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Monitoring Neutron flux at Research Reactors in
Horizontal and Vertical Position

A. Sarheel and N A-Sornel
Atomic Energy Commission, Damascus, Syria

Thermal Neutron FIux)4j%..Il Lii-631

(99.98 %i_911D UL--_9 (1mmI&_,J:�-9)

(monitor) 4;.S 4i.31 iNJ L'_�I L�L'D-3
(90 rnm "LJ1 'j -kU .1

J.U. ) omw --,LI
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(la LIS,2 _L31) F I -J if

ij _1-41
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0_1 1E12 n.CM-2.S-1 til"J:-� ties _� Z ri
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Li�A (counts per second ) ��j.�l ;L,01 :� Iraqi e.A- L�A�j La� .(3J i4
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Abstract

The flux of termal neutrons at different locations in cylindrical
irradiation container in both positions horizontal and vertical was determined
in rsearch reactor by using iron and copper wires 99.98% purity).

Two iron wires were used as a neutron flux monitors in I MW
research reactor (Austrian Research reactor, Seibersdorf). One wire was
fixed i vertical position parallel to te axis of cylindrical aluminum
container by using aluminum paper (total length 90 mm) along the cylinder
wall (see figure la), the second (total length 190 mm) was placed in the
botiorn of the container in circle shaped.

Four copper wires were used as flux monitor in 35 kW NSR
(Sy�riari Research reactor, Damascus), in four inner irradiation position, wires
were placed in vertical position (see figure I b). Iron and copper wires were
divided to sub-samples, see tables 1,2and 3.
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21 ;'Lg

�4�11 ,�A �)_5S3 (Neutron Activation analysis),.,ij I 4' I
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L�'_q (Z�.]I Z:�� ;alJ

u�-_ J.-J ppb

(Correction Factors),�-,�I
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J�)_&

1__JL, ji, L,S Lil L� -k2 (Absolute method);!U--J
jji::J - �1

11.2](Comparative �-3 L,"w L� -�_� -, )m CUI I.LID
_)UJ L. j+

.:.,L�,a �uuwi ,� ijili Z,,Jl method)

LL D� �� (Standard Reference Material) �41 ZI�Au

ko -ethod Standardization �1- US �!U 4 N� .1. -- 9 71- -5->-

[3,4,5] (Single Comparator Method) ;UAJ �kk�=

JIIJJZ�j

99.98 % purity) ia, kL

j,�
04

10 MW Lk-Li.

30 kW (NTNSR) r-U.

20 % Zu_,� s�L& EG&G Ortec GEM Pop Top Hp-Ge

1332 keV 6U.11 -c, 1.8 keV (FWfIM) L.,-i

1.85 (FNN7HM) 2.5% ;_6 Coaxial P-Ge

1332 keV �jU-31 ak- keV

Canberra GENIE-PC 400 vi4L 3A�'

Silena Gammaplus 102 "

.Sample changer :14-3 J_.

1:1410

180 mm J_�-

US vkjl ;-.cow C"

JJ-9 J1 j"a LIS go MMAJ_%L
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50 mm Y"

Qu.am &L

3.7 El 3 L�_qj,�3 60 min ;,J 10 MWLk L- Fi

ni i n 3 k W (NIN S R) k-U- i L�A-.b ��I US n.cm-2. I

2 -IIE12 n.cm- .S Ls 5_�3 6�

I n-1 'AIL tlg

L��I Lj�- s1,-.J -- M &L� tns 34 days

�-J !1U1 ti,� Ul:p 22 days L�I_�-

1,2 �jj J_91-11 j�l (1.5 2.5 mg &3 5 mm z-9 J_�L)

L 140I

L�A;ll

EG&G Ortec GEM Pop L.Ii-

1332.5 �,Klzll a3r 1.8 keV LL.-Li ;_pL 20% soUS) Top Hp-Ge

-9 25% ;,,US ) Silena HP-Ge Coaxial (60- :LP

.(60- L:-�U 1332.5 61.1.11 aic 1.85 keV ,..:

Ganiniaplus 60 min W
Ll J -

-,- I J. 4hours ;LJ_g

coaxial I-- Oiil L,4,2 :U= -9 Genie-PC .I--.-JI CU-V

-3 L4� (Geometry) 5cm tli�j lr

4 cm U" 1r_q Pop Top
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;-.V Lan,� HillA

Gen'e-Pc, Gammaplus ;�4

�j� LA;dl LL& aZal, level -,-q (decay time) jla

1345.77 keV U1.11 aa&:--J .(dead time) :4j J-,.l
1099 L�,UIIJ-q 64Cu Ti = 12.7hours) � 2,:1 I 

-wL -0

."Fej,, � 44.5days) J! keV, 1291 keN7

U"j E=l

L��l t� t"LM jjI-q �� l Cb=10 e" kj-pJI L..�

;ii� 31-A l& -.A ki-YL. rL?,�j Z-Z Fi

'Ir J- LW

JL&,.)i J-J ;.II-WI

�Jj--g J-tL Uk Lji-f-D t-o 32 dli2il j:)+p-

"I Lp

-A LLSJ (Relative Standard Deviation)
-lux Rate) L3i-Lll ku �Ll I

(Deviations of Neutron F L. 4� 0.4%

US L:-,LkJ LJI-4 D �,- U& L-� ±4%

ty.:-j &j Lj-q!!� J, L,-J;a & "43, -)la 4-0 C.--

Z13.11 U - ,"I :�L,.. .,-i ALI kiwdl kSj% Lixt US LW Lya_%.r-

'W 6Lall

_;j La

2% A- �k-A tP 3 X111 US ki�3-

e-131 i Zujl o-A �" Jil 61u Lai., tp--= U_f" 40mm tW-) ZakuJI

u- 6-J-9 L-+:-, 0+� ;d" Lis wa L _>j -U�-
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Z.111 :� il lid (LLL� .3Lul i

4�iL6 Lk. (counts per second/ img) 51ax.2 �Oj

:(1099.3, 1291.6 keV)j:ia�
;,iL-,Ji annual Miami

mg mm
mm Cps/ mg Cps/ mg

air ;�iull ak
1099.3 keV 1291.6 keV

1 2.49 7.91 3.95 3.49 2.32

1.81 5.75 10.78 3.51 2.35

3 2.08 6.6 I 16.96 3.48 2.3

4 1.47 4.6,7 22.6 3.45 2.31

5 1.73 5.49 27.68 3.41 2.25

6 1.4 4.45 32.65 3.39 2.25

7 1.56 4.95 37.35 3.4 2.25

8 1.54 4.8( 42.27 3.45 2.27

9 1.71 5.43 47.43 3.48 2.29

1 0 1.36 4.32 52.30 3.49 2.33

1 1 1.59 5.05 56.99 3.53 2.34

2 1.51 4.8 61.91 3.51 2.34

1 3 1.32 4.11) 66.40 3.45 2.31

1 4 1.67 5.3( 71.15 3.59 2.38

1 5 1.55 4.92 76.26 3.41 2.25

1 6 1.5 4.76 81.11 3.42 2.27

1 7 1.71 5.43 86.21 3.38 2.27

1 8

1 9 1.32 4.19 91.02 3.45 2.29

2 0 1.57 4.9,9 95.61 3.58 2.39

2 1 1.72 5.46 100.83 3.51 2.35
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JL" 1.1i �Jlq

(counts per second/ mg) ila-iLZ ":.Jj aLil 

(1099.3 1291.6 keV)jOaJi -ALL a;r
mg Z�O� b_,j J_�6 i L-�� Z

-�-6 ,L,, �., -i3� I Z-I� :-.Z Aw1

Mm (�41) Mm t.U�i cps/ Cps/
Z;Ul -Ls� Mg aiL6jl -L-r� Mg

1099.3 keV 1291.6 keV

T? 2.06 6.54 106.83 3.52 2.33

2 3 1.71 5.43 112.82 3.5 2.33

24 2.14 6.8 118.93 3.53 2.34

2 5 1.82 5.78 125.22 3.51 2.32

2 6 1.9 6.03 131.13 3.51 2.33

27 2.05 6.51 137.4 3.58 2.39

2 1.63 5.18 143.24 3.52 2.33

29 1.71 5.34 148-54 3.56 2.35

3 0 2.00 6.35 154.44 3.47 2.31

3 1 1.96 6.22 160-72 3.55 2.36

-3 2 1.88 5.97 166.82 3.46 2.31

5.3 1.58 5.02 172.31 1 3.58 2.38

3 4 1.63 5.18 177.41 3.52 2.33
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JlAa� e.�Bj (LLI�� ) L:iUal .3Lxjj �j�j 2 J94

(counts per second/ mg) 1;4

(1099.3, 1291.6 keV)-�44zll

Z�.T jj�lz 5 Lan.5 -'Iax�jl Jax:jl

mg mm �IJ J51. ��j-� Z21

mni Cps/ mg Cps/ mg
;ULIJ Lic �Klll -c-

1099.3 keV 1291.6 keV

1 1.95 6.14 3.07 3.59 2.38

2 1.53 4.82 8.55 3.83 2.51

1.71 5.39 13.66 3.78 2.49

4 1.92 6.05 19.37 3.92 2.58

5 2.17 6.84 25.82 3.99 2.65

6 1.39 4.38 31.42 4.04 2.68

7 1.56 4.91 36.07 4.21 2.8

8 1.49 4.69 40.87 4.32 2.85

9 1.81 5.7 46.07 4.19 2.79

0 2.28 7.18 52.51 4.2 2.75

1 1.85 5.83 59.02 4.17 2.76

12 1.56 4.91 64.39 4.39 2.88

3 1.96 6.17 69.93 4.19 2.79

14 1.73 5.45 75.75 4.2 2.76

1 5 1.81 5.7 81.32 4.27 2.86

6 1.85 5.83 87.09 4.25 2.81



L�.ULil aN.1.111 4'�l Lil �:-� 4 1 �Oij CaULd Lsj_g cD)j &w 3 - jjj.A

(counts per second/ mg) :�axLll �-,Jsj (MNSR rLL vi LOj--r� L4,1-11

1345.77 keV ;iUl ;P
ti-g-J, -ij J-�� Jj� Lrl-- UL.,J ;-.21 :�

9 mm aul Cps/ mg
1345.77 ULIJ air

keV

BI 1 11.6 9.65 4.83 15.21

2 12.8 10.65 14.98 14.67

3 12.0 9.98 25.29 15.09

4 12.1 10.07 35.32 15.18

5 11.8 9.82 45.26 15.48

B2 1 11.4 9.88 4.94 15.20

2 11.6 10.05 14.90 15.17

3 11.3 9.79 24.83 14.97

4 11.7 10.14 34.79 15.04

5 11.8 10.23 44.97 15.19

B3 1 13.2 10.30 5.15 15.45

2 12.7 9.91 15.25 15.43

3 12.2 9.52 24.96 15.75

4 13.2 10.3 34.87 15.08

5 12.9 10.06 45.05 14.70

As 1 13.0 10.43 5.22 14.20

2 12.9 10.35 15.61 13.97

3 11.9 9.55 25.56 14.24

4 12.5 10.03 35.35 14.13

5 12.7 10.19 45.47 14.01
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CU wire

Al
50 Mrn Container

90 mm

Fe %vires

. .........

Polyethylene container Aluminum container

.U. "j I b JM
dbLi A.M�j a

n oa-a

0 1099 keV --a-- 1291.6 kev
1.06

E 1.04
S

1.02

0.98

-4 U.96

0.94
0 20 40 60 80 100 120 140 160 180 200

Location at irradiation container horizontal position (mm)

ZI &-A j jIj2.U W,= LO-0 gx.-, C*-. :2a "

10 MW a";w jrLi. 'i
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3

4 F----F. 099 31
1--s-F. 1291 6

29

28

27 9

26 10

25

23

4.�jj= 2b s-,�J

10 MW JC�Li. L'i (Lai) �,-

r 1.15 - 1099 keV 1292 keV
R

E 1.10 -

1.05
C 1.00 -

�2 0.95 -
�E

0.90 -

0. a5 -75

0.80

0.00 20.00 40.00 6D. OD 80.00 1 00. 00

Location at irradiation container viertical position (mm)

j-V- J,346 crII-- 4JP-� LO-C &�-� 3 J= I

lo MNN, 6-A%-M LICLL.
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B1 -W- B2 A B3 As

1.05

E 1.03 -

1.01

0.99

0.97

0.95

0.00 10.00 20.00 30.00 40.00 50.00

Location at Tadiation container vertical position (mm)

L AU
4J J,�6 L :-W:, W;j,= LOJZ 4 S.-2

MNSR r-UA

16 0 -------
I 2

B 3 B 4
E 15 5

15.0

CL ,4.5
I

14.0

13.5
0 1 0 20 30 40 so

Location at polyethline contanir in (mm)

Z, (�j-o ;uh."y C�-)t ;L%�

.MNSR rAL WI &M-1-A
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Thermal-Hydraulic Analysis of Tajoura Research
Reactor during Primary Loop Pumps Failure

F. M. Ghanjirl, B. H. Arebi 2 :and N. M. Rouai2
I Tajoura Nuclear Research Centre, Tripoli, Libya
2 Nuclear Engineering Department, Al-Fateli University, Tripoli, Libya
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Abstract

One of the main requirements of the safety analysis report of Tajoura
Re3earch Reactor is the thermal hydraulic analysis and the determination of
the maximum fuel surface (clad) temperatures during the cut-off of the
electrical power and failure of the primary circuit pumps.

This paper is concerned with the thermal hydraulic analysis of the
Ta.' oura reactor and the calculation of the fuel and coolant temperatures. The
objective of te study is to asses the possibility of cooling the reactor core by
the eergency tank during the I" minute after pumps failure and by natural
correction after the automatic opening of the natural convection valves.

The results of the present study show that the reactor is cooled
properly by te primary circuit flow during normal operation with the
maximum power of 10 MW, and that the emergency tank and natural
convection provide sufficient cooling of the reactor after pump failure.

L.IL

j-11 ;�� 1 6 Olj5al� rLL "A 

LIS,- IU (Be-unit) 20

L�_4 Jj�l t4311 i4j_9.D L�U LDL- 9�

t-P J (3FA) -JI

JS .(4FA) _S_)J �aMLA

j.. _0_9

File

4.5 I,- L�� Ls _�&l fijWl

I ] 2) L�,Ilq US
J-11 i�UIJI JL jj--�LS Va!43

Lk-U4 I ji,2

;._qua. jS3 L -91 JL111

Lg jS SL.:o Z..U

-"A JS-L J! �,UL-J L)LSJ jA_9
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(3) .,i (Orifice tube) �4LUI iJ_��.T

4FA

3FA

Be-unit

16 t0,j_sa.U r�LL6..M IaL.;..4 (1) "

0.4 mm

mm Fuel

5 0. 8 in M

coolant Clad

channel

:(3) J" _0 C)A �S ILL :(2) "

JU JLwi LsJ_�1j, J.5_0 (4) S_:JI L�_
3 7 4.�]I Ls -V �,U__,

JjWl LDI_5& �jjS, -,.

jJ L.6Uj - _� A

U__) j AL JUJ "q jA .I �,z
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Abstract

In nuclear reactors of he Magnox or advanced gas Cooled type,
serpentine tubing is used in sorne designs to generate steam in a once
through arrangement. The calculation of accident conditions using two
phase flow codes requires knowledge of the heat transfer behaviour of tile
boiler steam side. A series of experiments to study the blowdown
characteristics of a typical serpentine boiler section was devised in order to
validate the MARTHA section of the MACE code used by nuclear Electric.
The tests were carried out on the Thermal Hydraulics Experimental Research
Assembly (THERA) loop at Manchester University.

Depressurization from a initial pressure of 60 bar, with fluid
subcooling of K, 50 K, and I OOK was controlled by discharging the test
section contents trough suitably chosen orifices to produce blowdown to
I 0% of te initial pressure over a time scale of 30 s to 3600 s. Pressures and
temperatures in the serpentine ere easured at average time intervals of
approximately I s.

29



L4�Li

ideal j L.

jL&J,

(Two Phase Fow

',A� I�A-3 '1-12.3 PL-3 jV)

-9 L:o

C�--L-jjj j& MARTHA 4-jill C.�jU� Ranks YJL I

Lo MACE

�JWI t(THER) -,tit

Ls 60 .J -�:w' I I�it L31-1 vl--O 1i -� I L3 --J

L)iI I 0 K 5 0 K 5 K LA�_q

LAJI r-9- ) '-,4� ;=JY ;��I *�A L'i

;jL&, ORIFICE) :,U-4i LDL&

,2j3u ' )600 - 30 S-;,i JL& Li %IO L�isz, L�I

Introduction

In the analysis of the safety of nuclear reactors, two phase flow

codes are used to predict the outcome of hypothetical accident. Codes

such as RELAP [1] and TRAC 2 have had some success in

predicting events in water cooled reactor, but they have been

continually modified and refined as a result of numerous comparisons

with experiments, both small scale and large scale. The prediction of

events in gas cooled reactors, being single phase on the primary side,

has led to te development of codes such as MACE 13], but te boiler

model still requires a two pbase low program, ad this is

accomplished n te MARTHA section of MACE.

30



In both gas-cooled reactors and conventional plants, the boilers

are normally modelled as time dependent one dimensional flow

systerns. Since most of the concerns of reactor safety have been about

tire therrnohydraulics of the primary side, boiler model validation has

not been given the same attention. The gas cooled reactor boiler

dcsicm differs from water reactor construction in that serpentine or

helical tubing is used. Serpentine tubing in particular has long lengths

of horizontal piping, connected by 180 bends, and hence buoyancy

forces on the flow are radically different. To address some of these

problems, a set of experiments was devised in order to provide

validation data for the MARTHA subcode. These experiments were

mnducted on the Thermal Hydraulics Experimental Research

Assembly (THERA) loop of Manchester University.

THERA loop was designed as a forced circulation loop with a

heated riser tube power input of 200k VA, serpentine tubing was

installed as the main test section. The loop was constructed to address

the above problems ad as a general test facility for conventional and

nuclear reactor boiler tubing. It was also used to study fundamental

processes in flow boiling and to develop techniques in two-phase flow

measurement.

The results obtained showed interesting stratification effects in

dr tubing, with substantial variation in circumferential Nvall

temperatures, ad in some cases complete dryout of the upper passes

of te serpentine. Fluid discharge rates followed a consistent pattern

for orifice diameters above I mm, but below this value discharge rates

changed significantly. Preliminary comparison of the results with the

predictions of the boiler section (MARTHA) of the gas cooled reactor

code MACE showed reasonable agreement with the depressurization

irate :- orifice sizes above 2 m diameter. The code was not capable

31



of predicting stratification effects at te time and some modifications

have been made to the modelling to allow for stratification.

The Experimental Facility

Figure I shows a schematic of the THERA loop. The riser tube

forms the lower half of the riser section and is resistance heated

electrically by the thyristor controlled OkW supply. This feeds the

test section currently a serpentine) with steam-water mixtures of

variable quality and the outlet goes to the blast cooler located at the

highest point of the rig. The cooler controls the fluid conditions

entering the downcorner section, and delivers subcooled water to the

pump. The lower part of the downcomer houses the orifice plate and

venturi meter flow measuring devices, and delivers the fluid to the

base of the loop, where the flow is controlled by an air actuated valve

before returning to the riser tube inlet. Maximum operating

conditions in the riser section are 180 bar and 450 'C. Whilst the

do,.N-ncomer temperature is limited to 350 'C. The tubing materials

used were ASTM A312grade F316 or F321 stainless steel, except for

the heated riser and test section where Nimonic 75 was chosen. Wall

thickness sizing conformed to either BBS806:1991 or ANSI

1336.19m:1985 with a design pressure of 200 bar and a corrosion

allowance of 10% at the maximum operating temperatures.

Proprietary Grayloc fittings, confirmed to the above standards were

used to join sections of piping together.

The Test Section

Figure 2 shows the dimensions and layout of the serpentine test

section. Ten passes were cut from the top part of a typical AGR boiler

tube bank to form the working section. It is constructed from
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Ninionic 75 alloy with numerous butt welds with an outer diameter of

39.06 mm an inner diameter of 29.4 mm. The bottom pass is of a

smaller cross section .D. 28.7-mm I.D. 21.7 mm) and is butt welded

to the larger tubing via a rducer. Proprietary Grayloc fittings

manufactured from 316 Stainless Steel Schedule 160 are attached to

bot eds. The bottom of the erpentine is attached to the main loop

at te riser tube outlet via special section, containing an air operated

quick acting valves and a drain valve. Straight tubing, manufactured

from 321 stainless steel schedule 160, is used between the valves, and

small lengths with Grayloc fittings either end completes the section.

At the top of the serpentine a similar section containing the

blowdown arrangement and aother air operated quick acting valve

joins the test section to the tubing leading to the blast cooler.

The Blowdown System

A cross piece attaching a branch line 190 mm long to an air

actuated gate valves forms the blowdown system. The gate valve

outlet is joined to the discharge nozzle housing by a 200 mm length of

tubing. Figure 3 presents the details the orifice plate design, showing

a hole drilled at the center f a stainless steel disc according to

BS] 042 specifications. Ten such discs were manufactured with hole

sizes varying from 065 m to 94 mm diameter. The nozzle housing

was achined from stainless seel block to accommodate the disc, and

a scre\ved arrangernent was designed to hold the disc in position.

Venting of the discharge to atmosphere outside the laboratory is

through a steam pipe attached t te housing outlet by a standard BSP

fittino,

A separate control panel was constructed to manage the systern

durffl,, blowdown. Two quick actingvalves were eployed to trap te
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contents of the serpentine when initial conditions were attained, and

after a suitable settling time the contents were discharged through the

gate valve and orifice plate to a discharge pipe connected to the

atmosphere.

Instrumentation and Data Collection

Twenty four welded thermocouples type k) were organized in

banks of two or four at the mid position on eight passes and one bank

was positioned at a slightly offset position on the upper pass. The

banks were arranged to measure wall temperatures at the bottom and

top of the tubes in the case of TC2 and additionally at the sides in the

case of TC4. Stainless steel sheathed Imm diameter tp K

thermocouples were inserted trough compression fittings to the

center of the tube to measure fluid temperature, as illustrated at the

right hand side of the figure. All four were located near the serpentine

bottom. One branch of the cross piece forming the blowdown section

had provision for a further inserted thermocouple, making a total of

five measuring stations.

A pressure measurement tapping (PM) was available on the

serpentine in close proximity to one of the fluid measurement

connections at the bottom of the section. An absolute pressure

transducer rated at 344 bar was installed on the end of a long length of

a narrow bore tubing connected to this tapping. The cross piece

forming te blowdown branch also provided for a further pressure

measurement A differential transducer capable of recording pressures

differences in the ranae 350 to 200 millibars was attached between

the two PM tapping across the serpentine and gave additional

information o test section behaviour. Two tappings were also

ava'lable across the blowdo-wri discharge orifice. Connections
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through narrow bore tubing to two 60 bar transducer or one

differential transducer rated at 30 bar allowed measurement of orifice

behaviour during blowdown.

Data was collected on a Intercole logger at time interval of I s.

Channels numbers to 23 measured the wall temperatures illustrated

on figure 2 channels 24 to 26 measured the fluid temperatures and the

remainder of the 32 channels logged were attached to the pressure

measurement stations.

Results

Using the MARTHA code, an attempt was made to predict the

diameters required to achieve the above blowdown times in the range

30 s to 900 s with an initial pressure of 60 bar to a final pressure of 6

bar. Orifice sizes of 065 mm to 94 mm diameter were chosen as a

result of these calculations, and a total of 20 experiments were

perfon-ned. At starting pressures of 30 bar, similar sizes were to be

employed. However, the initially fluid enthalpy conditions were very

similar to the 60 bar runs i.e. 'C subcooling was equivalent to 50 T

subcooling at 60 bar and 50 'C was equivalent to 100 'C at 0 bar.

Since the initial fluid enthalpy is the dominant factor in subcooled

blowdown, only one nin was made at 30 bar 'C subcooling using the

largest orifice 9.4 mm) to verify this.

Figure 4 summarises the actual blowdown times achieved to

I % of the initial pressure. Te values obtained were reasonably

close to predictions above an orifice size of I mm, but were seriously

adrift at the smaller orifice sizes. The figure clearly shows that there

is a branch point at orifice sizes around I mm. The changes in trend is

quite startling and attempts to achieve a ten minute blowdown proved

impossible. Very sall changes in orifice size and housing insulation
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arrangement could more than double the times, ad the effect of

subcooling became erratic. The time to blowdown with an orifice of

0.98 mm and an insulated housing was 850 s, in contrast to a I mm

orifice size blowdown of 2312 s where the housing was uninsulated.

Typical results shown for an orifice diameter of 7 mm at 

subcooling and a pressure of 60 bar. Figure gives the pressure

behaviour at the serpentine inlet (bottom end), and near the discharge

orifice (see inset diagram for the measuring positions). The orifice

pressure drop is also displayed on this diagram with a plot of the

saturation pressure corresponding to the nearest fluid temperature,

showing only a small discrepancy between the measurements and

thermodynamic equilibrium values. Figure 6 shows the behaviour of

the wall temperatures at the bottom of the tubes. The lower part of the

serpentine has slightly worse heat transfer conditions than the top of

the section. Tube top temperatures are very different Figure 7 with

evidence of dryout occurring progressively from the bottom to the top

in approximately 20 s.

Stratification is severest towards the inlet of the serpentine see

Figure 8), where a plot of circumferential wall temperatures highlights

the phenomenon. It is interesting to note that, before stratification, the

tube tops seems to have slightly better heat transfer conditions, as

evidenced by the crossover of upper and lower temperatures when the

tube begins to stralif�,. The effect of serpentine bends ma be

important here. Where strong stratification has occurred. ts

phenomenon is easily discernible in all the results. Dryout and

rewetting of the tube tops can also occur during the blowdown.

Figure 9 shows the results for a 468 mm orifice diameter wit an

initial subcooling of 100T.
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The Differential pressure across the serpentine is sown in

Figure 10. This figure shows: large oscillations during blowdown,

which diminish slowly with time. Since the transducer lines contain

liquid, when voidage occurs in the serpentine, the value may become

negative, and in the absence of flow in the system, would indicate the

density difference between the serpentine tubing and the transducer

lines. The differential pressure fluctuations increase in amplitude with

an increase of the orifice size.

Figure I I shows the circumferential variation of wall

temperature at the bottom of te serpentine for the 50 T subcooling

case, appear consistent with the previous results, but the fluid

temperature exhibits a peculiar behaviour. Some evidence of the

existence of superheated fluid ear the thermocouple, which is located

in the center of the tube, is present before stratification.

A change of orifice size to 468 mm produces qualitatively

similar trends. The time scale has now changed to reflect the longer

blowdown time. Figure 12 has the first appearance of a complete

dryout of the tube near the top of the serpentine, with an

accompanying temperature rise at channel 19 near the end of

blowdown.

With 100 T subcooling, the temperature excursions are

restricted to a maximum of 16.7 T, making it difficult to detect

substantial stratification. Fluid temperatures exhibit small

perturbations (Figurel3) and circumferential wall temperatures sow

the same percentage variation as the results for lower subcoolings.

The smaller orifice size f 1.05 mm produces blowdown times

of approximately mins. For the lowest subcooling, substantial

dryout of the tube bottoms occurs (Figure 14) near the ed of

blowdown. with no defined direction of moverrient. The dryout
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appears to move from the top first (channels 19 and 15), and then the

bottom channel 5, with intermediate locations drying out later on.

The 100 T subcooling case shows oscillations in the pressure

difference across the orifice plate (Figure 15) and fluid temperature

fluctuations with strange behaviour (Figure 16), lying between the

wall temperatures. However the absolute values of these disturbances

is quite small (approximately I to 2 Q, but seem to indicate some

then-nodynamic inequilibrium. For all subcoolings at this orifice size,

there appears to be much smaller variation of parameters along the

length of the serpentine.

Below 1.05 mm orifice diameter, the blowdown times become

unpredictable and can be extremely long. During these slowdowns,

temperatures and pressures are well behaved with little evidence of

stratification, or streamwise variation.

Conclusions

The results indicated that the following conclusions can be

drawn:

• Blowdown times to 10% oof the initial pressure for serpentine

tubing are primarily dependent on the orifice sizes, and do not

change substantially with initial subcooling or pressure. Below

sizes of approximately 2 mm diameter, the mechanism of discharge

changes substantially.

• Serpentine tubing is likely to stratify under depressurization NNith

large circumferential variations in wall temperature developing.

• Dryout of tube tops proceeds from the bottom to the top of the

serpentine at a rate of approximately 2 m s-I after the tube tops

have experienced slightly better heat transfer than the bottom.
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• Tube tops may dryout and rewet for short periods during

blowdown.

• Reasonable predictions can be made for orifice sizes above 2 mm

using one dimensional time dependent codes with conventional

discharge models, provided stratification is allowed for in the

calculation of heat transfer rates. For smaller leakages, current

discharge models are inadequate.
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Abstract

Global core calculations use the diffusion equation to predict
theoretically the nuclear reactor core behaviour for several core loading
configurations. However this equation is not valid in strong absorbing
media where the neutron spectrum is a rapidly varying function of the
position, such as control rods or burnable poisons. To overcome this
misleading a special theory has been developed where the absorbing media
nuclear data are replaced by some effective value in such a way that the
diffusion equation can be applied within this medium.

The adopted methodology is presented both with the results which
were used to calculate the AgInCd control rod worth and to predict several
critical core configurations. Good agreement between the results is to be
mentioned
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Abstract

The Safe Integral Reactor (SIR) is one of the future new generation
reactor concepts recently designed. It is a small pressurized water reactor
which enhances inherent and assive safety features. The integral design
incorporates the primary system components such as steam generators,
pumps, pressurizer, all within a single pressure vessel. The overall reactor
model is based on previous separate modeling of its components. The
response of the reactor to a trbine trip is simulated and compared to a
published work.

61



(Safe j j.

��D ,�A LL�� Q U=" Jam.JS Integral Reactor (SIR))

13+3 (transient performance) _pWI �.-I o il *, . 1 ;�� I

li--& u-i �W L��l :Na. ,,i (perturbations)

L,-Ir (turbine trip) L�,u 5.j

61-A oJ )L�w-q -3 L

tj� L3.L J Lk

(inherent) -JUJ D"�l -,jan-31 JLJ ka),mLW �,12!- I �21 I

jL&-41 LJ --,I-9.-3 J � I 1�& (passive) &ASMj

4 --- � C�� j.. _9A L.9 :J ,Lr-_j Lj&Ij L%,.. Ij

_9 22x22, jB 65

j-� viLJ EI_A (once through) ka. 4WI ;JJI

SIR �---+L fi 1mr-LI.Olt tL_ 1-i I (core support barrel)

1 J5) jaL --L

.�-l D &3+3 ZL.A�I .-A3 I �Jl p1 S.�-

L131-111 11r-l L).4 L21 L�) _9

Ini &<J LA

62



taJ I�A vi SIR L10" 4-L41 -I J,94

MWe 320 r

MWth 1000

3 450

M 24 twj

MPa 15.5

kg/s 7500

C, 318

kW/1 55

Months 24

MPa 5.5 JULA

C, 44 JU-41

�wl

-- li L�- J-Li-JI 1�43_9S.,J 1A &4 Wl r�jjl :J.�

(lumped L:j1_;L-1jL-4 CV J - AIL Ima"

_�l _ NL-i (2 L! ;"_�l &Jz;L� l c�UWI parameter)

-9

14

L (Riser), i1ji

1 L�4 LIS L3," ?5 -ii &41 1�4

Lsz�, Sj 4<" J._q

63



L441 -� - r3-9-3 C>� JLOk , �4� 1,1� CA�M

I 1-9 4 31,-" ' jl&-Ai Jj�i 455wi -zj Uk

A.Mi, tk',� 4�11'M'Ijl - jAj jj�l, L

jL .,i ',13 k� L _yLJ

13A ,U�i j--JI L 4:�l (fluidic diode),.IA

-ZlUai (insurge)Ll la tliaNlj -i

(outsurge) I ;JL, ,Fi :

4--jPI �L-L:Al JLi4l lz-v. -,13

Jar

16,51 -ALL

eL-,Jl r,j-aill 4_j=- L� (3l.+JI �,i L. r CU?_3

I Lu 6uj �A -11

!J_)� ;a"jo I oil k�mUJ :.i �U" �� (feedback)

L,),.- unk:� 23 kU-1� ),j 1i-_9

-9 &At ? yj -)ZJj3*11-9

-.1Ij (Down comer) ILJ ?-aW
1.6L. _qti1jI_q (Lower plenum),U-ji

,:,aid

dx(t)
= Ax(t) + �fft)

dt -

(system state variables)�U:�-'M UWI x(t) J1

A LA !J->-JI

JLL3'1 !�Jl :-I 1c 4y=L L�4- (26x26) cA.Lzl

jl�,W , Zi� 41 L; -4 :-�A LkAWI (kinetics) A4Sj

yIjL--;-N Z4�Jl (forcing function) f(t) -9

yj.-L- J_�_)_90 ZJ L'-� l L I �JUI .a�" _3A b

64



SIRTRAN -U,.J

J1 as).J L�._q .4JJ C>4 L�i�l en-$ 14)

;JJ_

,,--a 14 J ;U I UWI

;jz

I V&a- Nlai s-)LL 41 LL3jaz, air-

SIRCODE ��U Iwi SIR "L

Y Z14_�I- 41 'I J LA U& 461
J_�._Oj J�-6j awl la&l,,�u u.,r _):�r- U -9 1-0

jul Y.5 L.-%:= J L� C

%50

,%-WI i-J64-1 �Jqsa- A.�Mj L.� Ls j

%50 _ij,.�. L_p:b , L,� i

tLi�j LA 1A SUl ,j

.. g Vs jjyJ L>.L;L%1_q

X, zyaj 31�jl

JI �Jl L L J

65



1�rl J�-z -6y LA Lk

4-:111 8 J 3 �- JUL I LZ

4 3 Ji�

Ls-J) Z�-jI4 4 0

I 0

C--)�L- LSj1-. Lk U I

-�A Jj�l Ly 6 J-i-L"

5 JL!

el)

[6 51am 41 �w. L3 rI.& L.&.L,

J- LJ) L,.?_) -IJ

_)45 Al L

-A 1:43 k,
L�- -Z�Uj 7 LLL: .,i -A 1,- II

S, _9� Jj
(+5 x 1 0 -'o (Ak k) Pa) � L j

1�i L �,i k&ui j. 'L

-V --l-4 1-44- eL -Ai �JA
yj,� l L11

,;jS-)'" Z"I y k3 S L L,;.B

RELAP %3 :�j ela

L54--B k4LJI Za-U-31 y-1, ZLL--Ull

JI Li -)I-> . -).� twj

p(t) aff, (t) + af bTf (1) + apbP(t) jjpj,. AJL, .,i L3
6Tf (1) -9 L54-.1, vi 'at

->, -�& 6T,

�,A cap -9 af -3 ac J 1-i I .,i -WJ'i -�o

66



U:�� LS�L jj-)n ,a' Ll� �-J- ;�&U- 1� Lp C�zj

4_aLjI Z_L I q

1 64 L��,.

Lj ;pL.�I JAz zk i% jji_)+� c.IJ ._)6�41 _13j.. .,i Z,.Uj L+iL--

"121 &C.IJ Z��2 Jo

sail U..31 ua,
,II J--.L -,21 j� LJ L)4 j+

;.Ojai. :Jks "1-4., !)�Ir L-)-' :.NL- L)_q_,q

[11 Broadgate, T. Jones, and M. Hayns, Nuclear Energy, V.30,

No123,1991.

[21 S. Ball, ISA Transactions, V.3, No.38,1964.

[3] R. Kuridan and T. Beynon, Progress in Nuclear Energy, V.31,

No.3, pp273-287, 1997.

[4] R. Kuridan and T. Beynon, Progress in Nuclear Energy, V.31,

No.3, pp289-301, 1997.

[5] R. Kuridan and T. Beynon, Progress in Nuclear Energy, V.33,

No.4, pp421-438, 1998.

[6] M. Algazir, and R. Kuridan, Fifth Arab Conference on the

Peaceful Uses of Atomic EnergyBeirut, 13-17 Nov., 2000

[71 D. Stevenson, and R. Hiles, BNES International Conference on

Dynamics and Control in Nuclear Power Stations, 22-24 Oct.

1991.

67



[8] Dictionary of Technical Terms in the Field of Atomic Energy,

English-Arabic, Syrian Atomic Energy Commission, Damascus,

Syria, 1999.

68



............

..........

69



JU..?

r. .. . . .............. .... .... ..................... ......

JU14 e..O

- --------------------- ----- ---

;11% owl

jjalI jowl &U%�l i...................... . ..........

SIR !,�-2 LAd Ll,� 2 "

70



2.5

Z.U

Model
1.5

..... SIROODE
S
01.0

........................................
0.5 4

CIO

u0.0 

0 20 40 60 80 100 120 140

Ti= (Sec)

%50 LA cw,C J" vi .6,u ;3 vi %p 3 1,1

16 -

14 -

12

9
E
.2 6 -

4 ----- Coolant
2

u 0 Steam superheat- -
_2 I I

0 20 40 60 80 100 120 140

Tinr (sec)

:4 JIZ

L.IU %50 Lft.

71



,-, 140 -
Ln

120 -
Spray line (model

I A
100 N Fluidic diode (model)

C=n 80 Spray line (SIRCODE)
----- Fluidic diode (SIRCODE)60

0
'Z� 40
(U

20

0
,2

-20 1

0 20 40 60 80 100
Time (sec)

V" .3_qw.0 111 4.0 pr IaE�Wan c ii.J Lj :5 IZ

VW -J Cjo %50 LA �wja &pJ

1600 -- Linear press. Model
Non linear press. Model1400 -

.... ..... SIROODE
1200 -
1000 

600 -
400 -

C

0
U

-200

0 20 40 60 80 100 120 140
Tune (sec)

%50 CFJ CwA J" vi &vA a,�Pg 4:4; J_*J "--,;3 vi )�L"A :6jSZ

VW

72



4.OE-04 -
- 2.OE-04 -

O.OE+00u
-2.OE-04

4 -OE-04
-6.OE-04 -

-8.OE-04 -
u 1. ..... SIROODE

-1.4E-03

0 20 40 60 80 100 120 140
Tune (sec)

%50 L-4 vi .6-uP 4:4; ��UJ v! ,.P :7 J14

100 

0 
-100 NWel
-200

..... SIRODDE

---AJU

400
-500 . . . . . . . . . . . . . . . . . . .. . . . .

0
C"

700

0 20 40 60 80 100 120 140

Tum (sec)

o-.A%50 LA CW-AD J-a vi &-.-J -6s.*D A+o� Jo" ;.j-i vi jo.'O :8 J"

VW a_j

73





EGO400136

Sixth Arab Conference on the Pe2ceful Uses of Atomic Energy. Cairo, Egypt 14-18 Dec. 2002

A Proposed Design for a Nuclear Fuel Pin of a Standard
Boiling Water Reactor

Al-Kheliewi A S.
Atomic Energy Research Institute, King Abdulaziz City for Science and
Technology, Riyadh, Saudi Arabia, E-mail: akheliwiCaAacst.edu.sa

V" VY" LA LID LW J,;j _�L

vuW

��' -wl L�

LZ I zu I ;ILJ L';_�_P ;�lj �ju _1'r- Awl "

Abstract

This paper aims at developing a consistent set of design parameters
for nuclear fuel pin of a standard boiling water reactor using FROD
computer code. Through the FROD code, different fuel pins diameters,
different fuel lengths, different void fractions as well as different power
arrangements or schemes were tested to reach the optimum design. The
output of FROD code encompasses fuel and cladding temperatures, fuel
bum-up, strain range, internal gas pressure, and equivalent stress. Of
different power schemes, two power schemes were chosen. Those two power
schemes were 65, 85, 110 kw/rod and 110, 85, 65 kw/rod respectively. Three
refueling cycles were chosen. Those cycles were applied at 550, 1100, and
1650 days. It was found that the ideal design for fuel pin was at 11.5 ft
length and 07 inch for fuel pin diameter. The maximum fuel bum-up
attained was at 28150 MVY'D/TON at power scheme of 110, 85, and 65
kw/rod.
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Introduction
Fuel elements are one of the primary components at the center

of a nuclear fission power reactor. In the design of nuclear fission

power reactors, the selection of materials and dimensions of fuel

elements depends mainly on the operating temperature, operating

pressure, power density, specific power, and maximum (rated) power

level of the reactor. The most useful fuel elements are those that have

great thermal, irradiation, and mechanical stability, good corrosion

resistance, and simple geometry. According to the types of fuel

material there are metal or metallic alloy fuel elements and ceramic or

cermet fuel element; and according to the geometry there are plate-

type fuel elements, and cylinder-type fuel elements. The ceramic

cylindrical fuel elements are most used in WR's. The primary

irradiation (or radiation) effects on the fuel elements are irradiation

swelling and irradiation creep while the principal thermal effects are

thermal shock and thermal cycling that are induced by the transient or

periodical behavior of the reactor kinetics can cause thermal stress

fatigue cracking (SFC). The chief corrosion effects of fuel element

cause stress corrosion cracking (SCC). The combination of SFC and

SCC can result in leaks and failure of fuel elements in reactor core.
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Fuel elements fabricated ith fissile fuel and nonfissile bonding

and cladding (structural) materials are the source of nuclear energy

release. In general, ia nuclear power reactor, the fuel elements are

normally subject to (1) highest neutron flux, 2) greatest intensity of

neutron irradiation, 3) highest temperature due to heat generation in

the fuel, and 4 largest radiation, thermal, and mechanical stresses

and strains in the central region of the reactor core [1-5]. the basic

functions of the fuel elements ae to generate nuclear fission energy in

the fuel, to transfer the nuclear fission energy or heat to the coolant

through the cladding, to retain te fission (product) gases, such as 'He,

85 Kr, and 133Xe, within the fuel. element, and to assure compatibility

among the fuel, bonding, cladding, and coolant matefials

In the design of nuclear fuel elements, there are three

temperatures or lineal power level limitations. For example, to restrict

fuel element operating conditions: (a) a maximum temperature, such

that the melting point temperature at the center of the fuel should not

occur, (b) an undesirable phase transforrnation temperature, at which

adverse effects take place, and (c a maximum heat flux, such that

continuous film boiling of the: liquid coolant, e.g., light or heavy

water, on the fuel element srface temperature to cause burnout

should not happen. The riteria of an ideal fuel element require

thermal, irradiation, and mchanical stability, good corrosion

resistance, little thermal fatigue and stress corrosion cracks occurring

in the inner surface of the cladding, ease of fuel fabrication anf fuel

reprocessing, good neutron economy and high fuel burnup, and long

service lifetime and low cost.

FROD or FuelRod is a nuclear fuel element behavior prediction

code for light water reactors. This computer code is written in the

Fortran IV language, intended to run with Fortran V/77 compilers
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(CYBER TN, MSFORTRAN). For the input supplied, the prograni

will provide the following information about fuel element behavior:

file! temperature, clad surface, clad inner, pellet surface and pellet

center temperatures as ell as strain range, equivalent stress, clad-fuel

intcractincy pressure and the fuel burnup in each segment of the fuel

element as a function of time.

The fuel pin is part of a fuel lattice in reactor core. This fuel pin

is cylindrical in shape and 10 to 13 ft long. It is very important i fuel

assernbly design to adjust the optimum design of fuel pins due to

studying of different parameters that have influence on reactor core

performance. Temperature of reactor coolant and coolant saturation

temperature have been determined at a core pressure of 1050 psia.

Three fuel cycles have been assigned at 550, 1100, and 1650 days

with two schemes of power distribution. The first power distribution

was at 110, 85, and 65 kw/rod while the other was at 65, 85, and 110

kw/rod. The minimum lengths of fuel rod tested were 11.5 ft and 12.5

ft respectively, while fuel pellet diameter was oscillating up and down

to get the highest fuel bumup.

Design Specifications and Requirements

There are many factors that affect the performance but the two

most important ones are the materials used ad the design. The

materials constitute an important consideration in overall reactor

design and often pose the limiting condition of operation. Proper

materials must be selected. Once the materials problem has been

optimized, there remains the problem of designing and manufacturing

to high precision and quality the enormous number of fuel rods

involved in a power reactor core loading. The ceramic fuel currently

in use is uranium dioxide (UO2)- This material is attractive because
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oxygen has a very low thermal neutron capture cross section, and thus

does not cause a serious loss of neutrons. Additionally, U02 is

chemically and structurally very stable, as demonstrated by the fact

that there is no reaction with high-temperature water. Also, many of

the fission products are retained within the U02 crystals even at high

burnup and the fabrication COS i lw U02 as a reactor fuel possesses

some undesirable features.

The thermal conductivity is very poor, and the strength is

inferior to that of the uranium metal. Although the then-nal

conductivity is low, very high temperatures are permissible in U02

because of its high melting pint. Foe every nuclear power plant, te

objective is to operate in such a fashion that the burnup of the fuel,

expressed in MWD[M, and the average linear power density,

expressed in kW/ft, are as high as possible. For WRs, typical

maximum burnup values are between 30,000 to 40,000 MWDTM,

and the linear heat rates are between 10 to 17 kW/ft 4].

Design Requirements

1) No fuel temperatures above 90% of fuel melting point during

plant operation

2) No fuel cladding temperatures above 70% of the melting point

during plant operation.

3) No fission products should be released to the coolant.

4) Long fuel residency in reactor core (high burnup).

5) Containment of radioactive materials under both normal and

abnormal conditions.

6) Adequate therma1hydraulic and heat transfer characteristics

(i.e., adequate heat transfer surface and coolant flow rates).
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7) Minimization of large neutron-absorbing impurities in all

materials.

8) Thermal, irradiation, and mechanical stability.

9) Good corrosion resistance.

10) High ductility of the cladding material to avoid SFC and SCC

in the inner surface of the cladding.

11) Low cost.

12) Each fuel rod must experience a high, intermediate, and low

power cycle.

The FROD computer code was run also at two different power

levels. The first power scheme was at 110, 85, and 65 k/rod whereas

the other scheme was at 65, 85, and 1 10 kW/rod with refueling time of

550, 1100, and 1650 days respectively. Ile sample input of FROD

code is illustrated below.

Results and Analysis

FROD computer code was run for different fuel pin dimensions

which were at 12.5 ft long and 07 and 095 in diameters respectively

and at 11.5 ft long and 07 and 095 in diameters respectively. The

clad thickness was at 0075 in and void fraction was 004. It has been

found that the fuel pin diameter had a greater effect on fuel

performance if compared with fuel pin length. The smaller the fuel pin

diameter the greater the fuel burnup and vice versa. In Figure 2 the

maximum cladding surface temperature goes up and down according

to te power level applied which indicated that the higher the power

level, the higher the cladding surface temperature into reactor core.

Figure 3 depicts the cladding inner temperature behavior during

fuel burnup in reactor core. It has to be noticed that the inner cladding
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temperature is higher than that of cladding surface temperature due to

the adherence of cladding material to the high temperature bumup

fuel. The maximum attained inner cladding temperature was 735 

while it did not exceed 563.4 F for cladding surface temperature. The

inner cladding temperature is within the permissible limits i.e., it

almost reaches 22% of melting oint of cladding temperature which is

3360 Ile behavior of inner cladding temperature is according to

the power level distribution aplied in the core. The pellet surface

temperature did not exceed 77's 'IF at maximum power 110 kW/rod

and 738 IF at intermediate power of 85 kW/rod and 704 F at

65kW/rod as indicated in Fig.4. Also, for the power scheme of 65, 85,

and 110 kW/rod, the pellet surface temperatures were 686, 738, and

above 800 T which give indication that this power scheme may lead

to undesirable effects.

T'he fuel pellet center temperature during fuel exposure in

reactor core reached 3550 F, as shown in Fig. 5, just before first fuel

refueling took place. The attained fuel pellet center temperature are

within the allowed limits i. e., it is 66% of the fuel melting point

which is 5072 IF. The temperatures of fuel pellet decreased as power

level decreased. It was 2580 F for intermediate power and 1951 F for

low power. In the same figure, the other power scheme Showed that

pellet center temperature increased up to 3650 "F which is still under

melting point of fuel but a little bit higher than pellet center

temperature of previous scheme.

The fuel bumup, as expected, increased rapidly as irradiation

exposure time increased no matter what power scheme is. Ile fuel

bum-up increases linearly which can be attributed to the fact that each

235U fission yields, in average 2 to 3 neutrons on a constant basis

along irradiation time. The highest attained fuel bumup in this design
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was 28150 MWDfrU as shown in Fig.6, while the average fuel

bumup for both power schemes were 20050 MV;DfM as shown in

Fig. 7.

"ridging" phenomenon of a ceramic fuel element or rod 3.

Besides the longitudinal elongation, lateral expansion outwards at the

ends of each fuel pellet is in contrast with the lateral shrinkage at its

central portion.

'Me buildup of gaseous fission products within the fuel pin can

cause a stress on the clad [5]. Moreover, the excessive stresses on fuel

pins inside nuclear reactor core may lead to fuel swelling and fuel

cracking. Of the outputs of FROD code is description of stress on fuel

pin. Stress analysis of this design showed that the stress line declined

while the exposure time increased. The maximum equivalent stress

range from 48 to 335 KSI as shown in Fig.9 that enhances the safety

of this proposed design.

'ne internal gas pressure increases, for both power schemes as

irradiation time increases no matter wat power scheme is. Small dips

in the two curves occur when refueling time took place following the

power scheme as illustrated in Fig. 10.

In general, fuel temperatures as well as clad temperatures of a

nuclear fuel pin into reactor core of WR change as irradiation time

changes. The power distribution is not flatten in reactor core nor is it

uniform. The large and very sophisticated computer codes play an

important role in adjusting the ideal power distribution into reactor

core. The two power schemes in this design showed the influence of

other therrnalhydraulic parameters with respect to power distribution.

The fuel temperatures as well as the cladding temperatures go up and

down tracing the power path in reactor core. On the other hnd, some

other parameters such as fuel bum-up and internal gas pressure do not
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follow the power path during the lifetime of the reactor core. The fuel

burn-up is usually rising all the way along the lifetime of the reactor

core regardless refueling periods because the refueling usually takes

place i 13 of reactor core. Hence, no dips are shown in the fuel burn-

up curves. This design that was conducted by the FROD computer

code gives a good indication of the safety and reliability of the

designed nuclear fuel pin.
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The sample output of the FORD computer code is as

follows:
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Conclusion

It has been found that the fuel bum-up is inversely proportional

to the fuel pin diameter and the fuel pin length. It has also been found

that the fuel bum-up is directly proportional to the fuel pellet void

fraction. Plenum gas volume as well as the filling gas pressure have

no effect on fuel bum-up. It has been CODCluded that fuel bum-up

increases as irradiation time increases. The optimum power scheme

was obtained at 110, 85, 65 kw/rod. The power line has an effect on

the fuel and cladding temperatures which leads to an increase in

thermal expansion of the fuel. The fuel pin diameter has a remarkable

effect on fuel bum-up. It has been found that the smaller the fuel pin

diameter, the higher the fuel bum-up and vice versa.
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Table 1: The general specifications of the proposed design
Standard Design Specifications Proposed

Design

Core pressure 1050 psia 1050 psia

Cladding thickness 0.06 - 009 in 0.06 in

Fuel/cladding gap 0.004 - 0006 in 0.00 in

Fuel pellet diameter 0.7 - 095 in 0.7 in

Plenum gas volume 0.7 - 20 in3 2.0 in 3

Axial channel factor 1.3 - 1.5 1.5

Void fraction 0.04 - 0.08 0.08

Actual fuel length 11.5 - 12.5 ft 11.5 ft

Maximum power 95 - 10 kW/rod 1 1 0 kW/rod

Average power 70 - 85 kW/rod 85 kW/rod

Low power 5 - 65 kW/rod 65 kW/rod

initial internal pressure in the range of 30 ksi. as requested

Strain range must not exceed 1.5% as requested

No internal gas pressure above 600 psia. as requested

Refueling must occur at 550, 1100, and 1650 days as requested

Core heat transfer coefficient is constant at 10,000 as requested

Btu/hr-ft2_ "F.
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Fig.1 Cross-sectional view of a nuclear fuel pin in reactor core
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Abstract

In the framework of the reactor safety analysis of he German high
flux reactor FRM-11 a design basis accident characterized by loss of
shutdown pumps after scram has been investigated, using the thermal
hydraulic safety code ATHLET, in order to estimate the mechanical and
thermal stresses caused by the spontaneous evaporation of coolant as
consequent of flow reversal from forced downward to natural upward
circulation. ATHLET is being developed by the German Society for Reactor
Safetv (GRS) for the application in the safety analysis of power reactors and
has been extended and verified to cover the application range for safety
analysis of research reactors. The results of simulation show that at the

moment of flow stagnation directly before the onset of flow reversal
accompanying with a suddenly evaporation of coolant is occurred with
significant void icreasing to more than 90% causing a suddenly pressure
peak of more than 6 bar at te channel outlet beginning with 2 bar, wich

induces mechanical shock affecting the fuel element structure. At onset of

flow reversal the coolant outlet temperature stepped up to about 25'C over

saturation and then stabilized 30 second later by saturation temperature.

About 2 second after voiding and pressure peaking the onset of flow reversal
is observed accompanying with high fluctuation of flow rate and coolant

temperature. During the next 50 second, as consequent of stabilization of
natural circulation, the flow rate stabilizes at about 7 kg/s and the outlet

coolant temperature decreases under saturation level suppressing the outlet
void to about 20%. However, te steam formation in the sub-cooled boiling

regime improves the heat transfer between channel wall and coolant.
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Abstract

The neutron transport equation represents the description of the
neutron flux in nuclear reactors as a fnction of seven independent variables.

Three of these are spacial (XYZ) , one for the neutron energy (E), and two

for the neutron direction (Q:O,� , and one for the time (t). This complicated
dependence makes the analytical solution of the neutron transport equation a
quite tedious job, and almost impossible even with the use of highly
sophisticated computers. his resulted in many simplification for the purpose
of its solution. In this study, te neural network concept has been adopted for
tackling such problem in stages. In Neural networks there is no need to know
the physica pinciples of the system, neither it necessitates the linearity of the

system to be analyzed, and furthermore, the network has the capability of
generalization. Special forms of te neutron transport equation have been
used as reference models to train the different neural network architectures 
Such reference models are; the time independent one group diffusion equation
in one dimensional, and three dimensional cases, and multi-energy two
dimensional diffusion equation, and finally the second order even parity form
of te neutron transport equation. After the appropriate training of the

designed networks, such networks were able to predict the flux behavior at
points not trained with. These networks can be used to calculate the desired
neutron fluxes without the use of complicated computer codes, and this can be

a valuable tool for descision support systems used by nuclear reactor
operators.
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Flux Profile of Neural Network Solution
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Neural Network Thermal Flux Profile
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Abstr-act

The thermal column in te ET-RR-2 reactor is intended to promote a
thermal neutron field of high intensity and purity, to be used in the following
tasks: (a) Provide a thermal neutron flux in the neutron transmutation silicon
doping. (b) Provide a thermal flux in the neutron activation analysis position.
(c) Provide a thermal neutron flux of high intensity to the head of one of the
beam tubes leading to the room specified for the boron thermal neutron
capture therapy. 11is study is concerned in determining the thermal neutron
flux for the two tasks (a) and (b) wile for te task (c) another study will be
performed later. In the present work the neutron flux in te ET-RR-2 reactor
system was calculated using the three dimensional diffusion depletion code
TRITON. In these calculations he reactor system was composed of the core,
surrounding external irradiation grid, beryllium block, thermal column, and
water reflector in te reactor tank till the tank wall. As a result of these
calculations the thermal neutron fluxes in the thermal column and in the
irradiation positions inside it were obtained. The thermal neutron flux in the
thermal column of the ET-RR-2 reactor is calculated here for the first time,
since it was neither calculated cm experimentally measured before.
Keywords: Thermal flux, thermal column, diffusion depletion code, reactor
system, start up core.
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Introduction

ET-RR-2 is a multi-purpose research reactor of type MTR

designed by the Argentinean Company IWAP. The reactor was

constructed with Egyptian anticipation by IWAP and went critical at

end of 1997 [1]. The reactor has a maximum power of 22 MW with

uranium fuel enriched to 19.7%. It is cooled and oderated by light

water and reflected by beryllium. The reactor core is situated inside an

open tank. The first core of the reactor consists of 29 fuel elements of

three types. In addition to the standard fuel elements (type 171), two
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other types (F2 and F3) with lower U-235 contents are used. These

fuel types are as follows:

- 7 fuel elements of 404.7 g U-235 per element (type Fl).

- 8 fuel elements of 148.2 g U-235 per element (type F2).

- 14 fuel elements of 209 g U-235 per element (type F3).

Position 15 in the core is occupied by the cobalt irradiation

device. Surrounding the Ce there is a zircalloy chimney and an

external grid with total 114 available locations for beryllium block,

beryllium reflector elements, aluminum elements, and water elements.

Part of the external grid is occupied by beryllium block on one side of

the core. Opposite to this side and next to the external grid with its

locations for beryllium reflector and aluminum elements is the

graphite thermal column. Ile thermal column is a graphite block

covered with aluminum and of dimensions in cm 122.5 x 113.5 x 62.5.

The thermal column is shielded to the core side with 10 cm lead and to

the tank wall side with 10 cm bismuth. Three vertical holes in

cylindrical form each with diameter 22 cm and depth of 50 cm are

located in the thermal column. They are indicated by A, B, and C in

fig. (1). Fig. 2 shows a vertical section in the thermal column.

The two positions A and are to be used as neutron

transmutation silicon doping positions, while the position C is used for

neutron activation analysis. Fig. (1) shows the reactor system from the

beryllium block to the eactor tank wall. T'he reactor tank is made of

stainless steel.

First Start up of Et-Rr-2 Reactor Core

Fig. gives the initial fuel loading of the first core of the

ET-RR-2 reactor, which consists of three types of fuel elements.

According to the proposed fuel management scheme for the reactor
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operation 2], the reactor operated since it went critical till nowadays

for a part of one cycle of length about 67 full power days. After this,

following fuel movements were achieved:

Fresh fuel element in 6 5 1,11 -0,16 out

Fresh fuel element i '- 30 --- 0-29 0 98 ----*22 out

Thus two fresh fuel elements of the standard type F1 were

inserted in positions 6 and 30 and two fuel elements removed from the

core from positions 16 and 22. The external grid configuration was

also changed because some beryllium reflectors were inserted to make

some irradiation locations aailable and to build up an operating fuel

cycle of length at least 15 full power days.

The code TRITON 4 was used in these calculations, where the

geometry of the reactor system was simulated in the three dimensions

by a section extending from the beryllium block to the wall of the

reactor pool tank. This section contains the beryllium block, the cobalt

irradiation device together with the six control plates, the chimney, the

outer grid with its beryllium reflector, aluminum and water elements,

the thermal column with full details, reactor pool water, and the pool

tank wall. This considered section of reactor system geometry as

simulated in the TRITON code has the dimensions in cm in the three

X, Y, and Z directions as 286 x 122.5 x 153.5. Fig. (1) illustrates a

view in X-Y plane of the simulated section of the reactor system

geometry.

Results and Discussions

TRITON code was validated and through many applications

verified in many papers before. For example TRITON results showed

good agreement with results calculated by Monte Carlo code in [5]

and with experimental measurements in 6]. In these calculations as
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well as in the present work the same sixteen energy groups cross

section library of Hansen-Roach 71 was used. This will give

confidence in the accuracy of our flux calculation results.

Fig. 3 shows the calculated thermal neutron flux along the

reactor system from the beryllium block passing through the reactor

core, the external iadiation grid, the graphite thermal column, and

water reflector till the reactor tank wall. This flux is for a longitudinal

distance of more than 28 meter.

Fig. 4 and show the cculated thermal neutron flux in the

longitudinal direction inside the irradiation positions and C in the

thermal column respectively.

Fig. 6 7 and show the calculated thermal neutron flux in the

vertical direction inside the irradiation positions A, B, and C in the

thermal column respectively. The thermal flux in the vertical direction

in these positions is at a maximum value at the bottom and at a

minimum value at the top.

The average thermal nutron flux in the three iadiation

positions A, B, and C in the thermal column is estimated from the

calculation results as follows:
- in position A: 4 x 1012 n/CM2 sec.

- in position B: 4 x 1012 n/CM2 sec.

- in position C: 05 x 1012 n/CM2 sec.

Therefore the two positions A and are to be used as neutron

transmutation silicon doping positions, while position C is an adequate

position for sample irradiation used in neutron activation analysis.
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Conclusion

This is the first time the thermal neutron flux in the thermal

column of the ET-RR-2 eacto i calculated. It was neither calculated

before nor experimentally measured. By the present work, the thermal

neutron flux in the three irradiation positions in the thermal column is

known.
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Fig. 2) Vertical Section in Ghrafite Thermal Column
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Fig. (5) Thermal Flux inside the Irradiation Position C
in the Thermal Column along the X-Direction
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Abstract

In te present work the effect of fast neutrons (E=14.6 MeV) and
gamma rays 117-1.33 MeV) on the electrical properties of some
semiconducting devices (Diode and Field Effect Transistor) was
investigated.

Measurements of the 1- V characteristic of the sample were done
before and after exposed these samples to different successive periods of
irradiation.

The resulted curves IN) showed that some changes in the properties
of tese samples start to appear such as:- te current begin to increase at
low-levels fluency and then decrease wit te increasing of neutron fluency.
This decreasing in the current continued as far as the neutron fluency
increased, till it goes back to a level near its original one. The result of te
samples, which were exposed to gamma rays, indicated a slight cange in
their properties, such as, the irradiation resulted in decrease in the current
level. This decreasing in te current continued with increasing in the does,
showing that te continuity of providing gamma doses leads to a nil current.
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jeu L.. I..I.U= Lan &�w�:(4) i-4

V=0.8 volt 4L� 41ji I;r

Fluence Current in mA at voltage = 0.8 it
(n/cm2) IN5406 Bax16 Bav2O BA159

1.88 x loll 218.3 35.4 22.6 38

3.2 x 108 226.3 37.73 33.3 47.9
2.04 x 10 9- 238 41.6 3T�3 � 65.6
4.7 x 109 286 45.6 38.6 79.4
2.1 x 10" 314 262.66 42.566 111.72
3.3 x 10" 278 157 29.5 98
3.4 x 1012 220 111.7 25 46.7
;--J,w ZjJji ak,) .3W 1 jLJ Lg '

f, , �.y :(5) J94

(-0.75 volt-9

VDs=7.5 Volt

Fluence Current in mA at voltage = 75 volt
VGs= 0 Volt VGs=-0.75 Vol,

(nlcm2)
2N5485 2N5457 2N5485 2N5457

1.94 x 106 6.7 6.4 4 3.8
3.2 x 109 7.3 7.8 4.5 4.6
2.5 x 10'0 8 8.2 5.2 5.2
1.8 x 10" 7.6 7.5 4.8 4.9

.3.3 x 1012 7 6.2 3.8 4

;A,11 CA ;w-J :,LJI= A�,j fA :(6) 

V=0.8 volt Z4U Aal LAS

Dose Current in mA at oltage = 0.8 volt
(Krad) IN5406 Bax16 Bav2O BA159

39.5 180 31083 30.43 32
158 167 30.8 26.2 31
355 149 29.8 24.6 29
632 90.7 27.7 23.16 27
984 68.3 21.6 15.48 24.6
1453 42.66 17.6 13.2 21.52
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Abstract

E911 steel is a high chroncuum 9% Cr) martensitic steel with 1% Mo
and I %Wwhich ave been developed as candidate structural material for the
application in fusion reactors ad steam power plants. One of te primary

concerns of materials in this application is service-induced embrittlement
due to ageing. The effect of thermal ageing at 600 'C for 1000 and 3000 h
on the impact properties of the individual regions (base metal, beat affected
zone and weld metal) of E911 9 Cr steel welded joints was studied.
Ageing treatment at 600 'C for 1000 and 3000 resulted in degradation of
the impact properties of the elded joint regions as compared to those
produced after post weld heat treatment PV1W), 760'C for 2h. This was
manifested as a reduction in he impact energy along the entire testing
temperature range and a shift in the fracture appearance transition
temperature ATI) to higher values. The fine grained region of the heat
affected zone displayed the highest impact properties both in the PYniT and
after ageing at 1000 and h The results were discussed in view of the
microstructural changes developed during post weld heat treatment and
ageing.
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Introduction

Tungsten-strengthened heat resistant martensitic steels with 9-

12% Cr have been developed as candidate structural materials for

first-wall and blanket structure components of fusion reactors 1,2].

They have also been considered for the application in steam power

plants at relatively high temperatures and/or pressures to improve

then-nal efficiency and reduce C02 emission 3-12]. In the early 1990's

W-strengthened steels with nominal composition of 912% Cr, 0.5%

Mo 12% W, such as the alloy "NF616" (designated as 92/P92) 6)

and the alloy "HCM12A" (designated as T122/P122) were developed

to improve the mechanical properties at elevated temperatures for use
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in advanced steam cycle power boilers. Recently, the new European

steel grade E911(1% W and 1% Mo) has been developed and showed

a substantial increase in creep rapture strength with respect to the 912

Cr% steel of % Mo [13]. While considerable amount of information

is available for the Japanese steel grade N17616, little is known about

E911 steel. The aim of this nvestigation is to study the effect of

thermal ageing at 600 'C on te impact properties of welded joints of

E911 steel produced by the manual are welding process (MAW).

Material and Methods

The material used in this study is E911 9 Cr steel and was

received from Mannesmann Comparly, Germany as a tube with 27

mm wall thickness and 154 mm outer diameter. Tablel gives the

chemical composition of this steel. This steel was austenitized at 1070

'C for 0.5h and air cooled, tempered at 770'C for lb and air cooled.

The welded joints were made by the manual arc welding (MAW)

process in MPA, Stuttgart, Germany. Post weld heat treatment

(PNV-UT) was applied at 760'C for followed by air cooling. le

welded joints were thermally aged at 600'C in air for 1000 and 3000 h

followed by air cooling.

Table 1: Chemical composi on of E911 steel

Element C Si Mn P S N

Wt % 0.11 0.3 0.45 0.02 0.01 0.05

Element Cr Ni MO V Nb W

Wt % 9.0 0.25 1.0 1 0.22 0.08T 1 0
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Impact Test
Standard Charpy V-notch specimens lOxlOx55mm) with notch

depth of 2 mm and root radius of 025 mm were machined from the

base metal and the welded joints. In the case of welded joints, the V-

notch was centred in the weld metal for some specimens and in the

fine grained region of the heat affected zone for other specimens.

Impact tests were performed in the temperature range 50 to 100'C

using an instrumented impact machine with a maximum energy of

300J.
Examination techniques
'Me microstructure of the welded joints individual zones were

examined using optical microscope and scanning electron microscope

(SEM) equipped with EDAX. The features of the martensite phase

that developed during heat treatment were revealed by etching the

polished specimens with a solution of 95 ml ethanol, ml HN03 and

3 gm picric acid. Fracture surface of broken specimens was
investigated by scanning electron microscopy.

Results
Microstructure of welded joints
The microstructure of the welCed joints of E911 steel after PWHT

(760'C, 2h) is shown in Fig.1 (a-c).The microstructure comprises

three well defined zones (base metal, heat affected zone and weld

metal). The weld metal zone consists of tempered martensite laths

within dendrites of prior austenite (ig.1a). The beat affected zone

(HA-Z) which forms next to the fusion line consists of two regions.

The first is located right next to the fusion line. The microstructure of

this region constitutes tempered martensite structure in coarse prior

austenite grains of an average size of 35 prn. This is followed by a

region with tempered martensite structure too but within finer prior
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Fig. 1: Microstructure of'E911 steel welded joints after
PWHT: (a) base metal, (b) AZ (FG), (c) weld metal
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austenite grains with an average size of 15,um (Fig.1b). In the HAZ

region the prior austenite grain size decreases as the distance from the

fusion line is increased. Fig.1c shows that the microstructure of the

base metal consists of tempered martensite within prior austenite

grains having an average grain size of 20,urn.

In addition, PWHT (760'C, 2h) of the E911 steel welded joints

led to the precipitation of fine particles along the martensite lath

interfaces and the prior austenite grain boundaries of the base metal,

as shown by the SEM micrograph in Fig.2. Analysis of these

precipitates by EDAX Fig 3 revealed that they were Cr-rich

carbides. Ageing of the E911 welded joint at 600'C for 3000 h led to

the formation of coarse particles mostly on martensite lath interfaces

and prior austenite grain boundaries of the base metal, as shown by

the SEM micrograph in Fig.4. Analysis of these particles with EDAX

showed that they were Laves phase (rich in Mo and W), Fig.5.

Impact properties

The ductile to brittle transition curves for the base metal, the

fine- grained region of the HAZ and the weld metal, in th Pv1HT

condition and after ageing, are shown in Fig. 6(a-c) in terms of the

ductile fracture percent. The ductile to brittle transition temperatures

at 50% ductile fracture (FATT) were deten-nined and are presented in

Table 2 In the PWHT condition, the fine grained region of the HAZ

has a FATT of about 30 C while that of the base metal is about -

25'C. The weld metal shows higher FATT value of about 10 'C.
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Fig. 2 SEM micrograph of E911 steel base metal after PiHI
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Fig. 3 EDAX spectrum of Cr- rich carbide particle,
observed in
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Fig. 4 SEM micrograph of E911 steel base metal after
ageing at 600'C for 3000 h
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Fig. 5: EDAX spectrum of Laves phase particle, observed in
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A-eing at 600'C for 1000 shifts the FATT of the weld joint regionsID
to higher values (Table2). Increasing ageing time from 1000 h to 3000

h results in slight increase in the FMT (Table2) for all the weld joint

region.

Table 2 Effect of ageing at 600 'C on the FATT of different zones
ofE911 steelweidjoint

FATT, C
Condition

Unaged Aged for 1000 h Aged for 3000 h

Base metal -25 0 5

HAZ (FG) -30 -5 -5

Weld metal 10 30 40

FG: Fine grained region

Table 3 presents room temperature impact properties of the weld joint

different zones before and after ageing. The total impact energy, I-,,

the fracture initiation energy E, and the fracture propagation energy Ep

along with the ductile fracture at room temperature are given. At

room temperature te base metal and the fine grained HAZ, in the

unaged (PVVHT) condition, exhibit 100% ductile fracture which

indicates upper shelf behaviour. From Table 3 it can be concluded that

the slightly higher upper shelf energy value of the HAZ can be due to

its higher E value. Room temperature impact energy value of the weld

metal, in the unaged (PWRT) condition, lies in the transition range

with about 60% ductile fracture (Table 3. Ageing at 600'C for 1000 h

reduces room temperature impact energy for the welded joint three
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zones due to reducing both E, ad E In this case, fracture energy of

the base metallies in the upper self range but at a lower energy level

while that of the fine grained HAZ region and the weld metal lie in the

transition range. Increasing ageing time at 600'C from 1000 to 3000 h

results i a reduction in room tmperature impact energy of the base

metal (decreased Ep) and the weld metal (decreased E). On the

contrary, it causes that of the ine grained HAZ region to increase

(increased Ep) to nearly upper shelf range.

Discussion

It was reported that PWHT at 760 C of 9% Cr martensitic steels, such

as E911 steel, lead to recovery of martensite. Features of such

recovery process is the gradual replacement of the original martensite

laths by subgrains with reduced dislocation density 11-14] and the

formation of coarse Cr- rich carbide particles (M23C6 Mstl on

martensite lath interfaces and rior austenite grain boundaries. This

last feature (precipitation of Cr- rich carbide particles on prior

austenite grain boundaries) was observed in the microstructure of the

base metal region of PWHT 911 steel welded joints of the present

study (Fig-2).
Ageing of E911 steel weldment at 600'C for 3000 h caused coarse

Laves phase particles, Fe2 (W, Mo), to form mostly along martensite

lath interfaces and prior austenite grain boundaries (as shown in Fig.4)

as well as the precipitation o both vanadium and niobium carbo-

nitride particles 11,12].

The observed lower FATT of both the fine grained region of the HAZ

and the base metal by comparison with the weld metal in the PMT

condition can be a result of two reasons. First, is the higher amount of
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residual stresses generated in the weld metal during the welding

process due to rapid cooling from elevated temperatures. Second, is

the finer prior austenite grain size for the base metal and the fine

grained region of the heat affected zone.

Fine austenite grain size suggests high grain boundary area per unit

volume of prior austenite. his accelerates the recovery rate of

martensite by increasing the rate of dislocation annihilation and

growth of subgrains produced from the annihilated martensite laths

[15]. Furthermore, the finer the grain size the higher is the resistance

to initiation and propagation of cracks and the higher is the

interparticle spacing along prior austenite grain boundaries. All these

factors contribute to the greater impact properties of the fine gained

region of the AZ and the base metal in omparison with the weld

metal (Table3).

The reduction in impact energy and the shift of the FATT to higher

temperature range for the welded joint individual zones after ageing at

600'C for 1000 h can be a consequence of the formation of coarse Cr-

rich carbide particles (M23C6) and Laves phase which precipitate

mostly along subgrain and prior austenite grain boundaries. This could

facilitate crack initiation and propagation processes which lead to

lowering both E and Ep values for the fine grained HAZ and the base

metal and only Ep for the weld metal (Table 3. Increasing ageing time

from 1000 to 3000 h decreased room temperature impact energy of the

base and welds metal and slightly increased teir FATT. This could be

174



due to coarsening of the M23C6 carbide particles and Laves phase

particles precipitated at grain boundaries thus promoting crack

propagation and resulting in a decrease in Ep for all welded joint zones

(Table 3).

Table 3 Effect of ageing at 600 'C on room temperature impact
energy of E911 steel weld joint different zones

Heat treatment
Cond-
ition

Unaged Aged (100 h Aged 3000 h)

F, Ei Ep DF E, Ei EP DF , Ei Ep DF
P) P) M % 0) P) P) % M P) M %

-- ase 124 44 80 100 94 31 63 100 76 32 44 77
metal

-fF 100 81 34 47
AY 132 53 79 62 95 35 60 98

(FG)
Weld 61 33 28 63 7 36 10 40 27 20 7 33
metal

DF: Ductile fracture percent
FG: Fine grained region

Conclusions

The individual zones (weld metal, HAZE and base metal) of the

welded joint of the E911 9 Cr steel were thermally aged at 600'C

for 1000 and 3000 h after a PWHT at 700'C for 2 h. The main

conclusions are:

1. In the PWHT condition, the base metal and the fine grained region

of the HAZ show higher room temperature impact energy and

lower FATT than the weld metal.
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2. Ageing at 600'C for both 1000 and 3000 h reduces room

temperature impact energy and shifts the FATT to higher values

due to the formation of coarse Cr-rich cabide particles (M23C6) and

Laves phase [Fe2 (MO, W)] along martensite lath interfaces

(martensite subgrain boundaries) and along prior austenite grain

boundaries.

3. The fine-grained region of the HAZ exhibits highest room

temperature impact energy and lowest FATT in comparison with

the base metal and weld metal after ageing at 600'C for 1000 and

3000 .
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Abstract

This paper dealt with the investigation on preparing new plastic
composite material, utilizing polyvinyl chloride polymer (a commercial

product in Abu-kammash chemical complex) and olive oil cake (a waste of
many olive oil production factories) followed by gamma irradiation 26.3
Kgry) to induce crosslinking of the polymer. The new material possess good,
electrical and mechanical properties as compared to plastic products of (PVC
plastic pipe factory), and which could be used as new construction
anticorrosive material, such as special roofing and partitioning or household
goods.
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Introduction

Composite materials have been extensively developed and they

are continuously growing. They are produced by various processes

from different component substances of different states, shapes and

sizes, and in which new physio-chemical structure atrix is initiated.

They can be classified into systems according to the combinations of

the component substances, e.g. metal-metal, metal-inorganic, mtal-

organic, inorganic-inorganic, inorganic-organic and organic-organic

[1]. Each composite material consists of a certain matrix system

including the formation of an interfacial structure confirmation. Many

composed processing methods are known which include mixing,

lamination, impregnation, special heat treatment and diversified

combination of them. The properties of the composite material depend

strongly on the composite structure, which is initiated by the

component substances and the composite processing. Although, much

theoretical and experimental work has been carried out, many aspects

of the process mechanism is still remaining imperfectly understood

[1]. However, possessing various peculiar characteristics such as good

thermal and dimensional stability, excellent mechanical strength, anti-

corrosion, good electrical properties and others are considered to be of

utmost important.

Fibrous materials such as wood, bagasse a crushed fibrous

residue of sugarcane plant), saw dust waste of timber factories),

cellulose paper were used with polymers to manufacture plastic
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composite materials 12,31. Majorities of these plastic composite

materials are manufactured y mixing or impregnating processing

followed by catalytic heating hemical process or radiation process or

both. Radiation processing is an easy operation of polymer

crosslinking in high yield at room temperature with a reasonable cost.

Radiation induced crosslinking of polymers is a well known process

for improving the chemical, physical and mechanical properties to

great extent 16]. Basically, high-energy photons break molecular

bonds and forming chain free adicals in close proximity to each other.

Combination of the radicals will occur resulting in crosslink.

PVC is one of the most widely used polymers in industry. In

practice, most PVC systems contain chemical additives, very often

various types of lubricants, stabilizers, plasticizers, antioxidants,

pigments and fillers for the rocessing of plastics, prevention of the

decomposition of the resin and for economic purposes. Olive oil cake

(OOC) a mixture of skins, pulp, and seeds obtained as an industrial

by-product from olive oil rocessing factories. It is available in

appreciable quantities in countries of the editerranean zone 7.

World olive oil cake product can be estimated at about 2 900 000 tons

[8]. Libya produces substantial quantities of OOC reaching an amount

of tens of thousands each year. 'Me composition of OOC varies

appreciably due to the different methods used in the processing of

olive. In Libya expeller method is used which results in the production

of OOC of high fatty acids ontent (10-15%). Studies indicated that

(65-85%) of the fatty acids were composed of oleic acid. OOC

contains high amounts of fiber and minor proportions of antioxidants

and minerals 9 0]. OOC can be considered as good source of

fibrous material.
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Material and Methods

Materials

Industrial grade PVC powder of Abu-kammash chemical

complex Type S6858, K-value is 68 and bulk density is 470 gm/ is

used. Olive oil cake is obtained from olive oil production plant in

Tajoura, dried at 1100C for five hours, grinded and screened 0.354

mm). Di-2-ethylhexylphthalate is used as Plasticiser. Chemical

additives used for PVC- plastic pipe manufacture were obtained from

Jarizour plastic pipes factory.

Experimental procedure
Preparation of PVC-OOC plastic composite materiel

The components (PVC and 3 wt. OOC) were weighted into a

beaker and mixed by hand mixer with speed up to 200 RPM for two

minutes at room temperature till typical dry blend (free flowing

powder without lamps) was obtained. The mixture was transferred

into a planetary mixer and 10 % Plasticiser was added. The mixer was

running at 60 RPM and at temperature of 85 C for 15 minutes. The

mixture was then charged onto heated rolls at average temperature of

165 C, the rolling was continued till a sheet of mm thickness was

formed. After the corresponding time of rolling, the plastic sheet was

removed and cooled. Square pieces of 2Ox2O cm) were cut from the

plastic sheets and placed between two press plates and subjected to

pressing operation in two steps. First, heating at low pressure 30-40

bar) for 23 minutes and finally heating at 165 OC at high pressure 200

bar) for two minutes. Bright red color plastic sheets with dimensions

of 20WO00.5mm) were obtained. The same procedure described
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above was followed to prepare sheets of PVC plastic using 3 weight

of Janzour chemical additives for the purpose of comparison.

Irradiation of the plastic composite material

The prepared sheets of PVC-OOC plastic composite materiel

were irradiated by Co-60 gamma rays with a dose rate of 73 Gry

min at room temperature for six hours.

Study of thermal stability

An automatic heating oven (Met stat, type S) with temperature

controlling device was used to determine the static thermal stability of

samples as rolled strips. The time until a sharp color change is

occurred on the sample strip is the then-nal stability expressed as

consumed minutes. For the calculation of termal stability the

following formula was used;

T = L/ V = (Ll L + L-5.1) 3 X (t / 25)

Where; T is the thermal stability in minutes, L is the distance

strip color change measured in cm, V is the speed of tray traveling in

cm/min, 5.1 cm is the amount which has to be subtracted from I,

(because it does not participate in the traveling), t is the time of

traveling in minutes, and 25 cm is the total distance covered by tray in

its motion. For t = 60 min, the above formula becomes:

T = .8 X (L1 + L2 + L - 5.1).

Study of dielectric constant

To determine the dielectric constant of samples in Farad/meter,

low voltage measuring bridge (Model NF Dekameter DK 05) and

plate electrode measuring (Type NFM 5/TS) were used. Two

measurements at 25 C are performed at test frequency of 50 Hz.
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Mechanical properties

Tensile specimens having the dimensions of (65xl3.5x3.5 mm)

were prepared. Tensile test performed at room temperature on an

Instron Universal Testing Machine at cross bead speed of 2 mm/min.

As a result of tensile test, load-elongation to fracture curves were

obtained from which stress and strain percent were calculated.

Results and Discussion

A new industrial plastic composite material has been prepared

by incorporation of olive oil cake with polyvinyl chloride followed by

gamma irradiation. A 3 by weight of OOC was selected because this

is the percentage of chemical additives used in the industrial

processing of PVC plastic pipe factory. he quantity of the component

substances with various shapes and sizes and the composite

processing conditions are considered to be especially important for the

manufaCtUTe of the composite, because they control the fon-nation of

matrices and the interfacial structure among these matrices. To obtain

the desired composite products, the composite components were

mixed homogeneously and the rolling conditions were controlled

carefully. Dispersion structure matrix is most likely formed in the

composite processing and the system can be considered as a state of

dispersed OOC particles in a network dimensional polymer medium.
Thermal stability and dielectric constant for te prepared

composite material as compared to the PVC plastic is shown in tablel.
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Table 1: Thermal stability and dielectric constants for the
prepared composite terial and the P C plasti

Material Dielectric Thermal
Constant Stability

FiM X 10 (min)
Irradiated (PVC + 3%00) 26.2 20.7

Plastic (PVC+3%chernica� 30.6 32.9
additives) I

From this table, it is obvious that the dielectric constant of the

irradiated (PVC 3 00C) has a lower value in comparison to

Plastic (PVC 3 chemical additives). On the other hand, the new

material shows lower value ofthermal stability.

Plastic (PVC 3 chemical additives). On the other hand, the new

material shows lower value oll" thermal stability.

Variation of stress with pcent strain for the prepared composite

i, iterial and the PVC pastic are presented in figures and 2

respectively.

6
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E
'�b
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0 r----------
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Fig. I Stress Strain curve for PVC-3 % OOC
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Fia 2 Stress Strain Curve for PVC-3% chemical additive

R can be observed from hese figures and figure 3 (superimpose

of e two stress-strain curves), that the new prepared composite

material, shows igher yield and ultimate strength. In addition, the

ductility was decreased as a result of cross-linking which resist the

, ovement of polymer molecules.
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6 - PVC 3 OOC
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5 .
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Fig. 3 Superimpose of the two stress-strain curves

Conclusion
Commercially produced PVC in Abu-kammash chemical

complex and olive oil cake waste of olive oil production plants have

been utilized for the manufacture of a new industrial plastic composite

material. The process comprises the incorporation of the OOC with

PVC followed by gamma irradiation. Electrical and mechanical
properties of the new material were improved as compared to PVC

plastic pipes factory. In addition, use of toxic chemical additives is

eliminated and the material cn ave a wide range of uses including

anticorrosive construction materials and household goods.
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Abstract
The aim of this work is to explain the preparation procedures of single

walled carbon nanotubes using arc discharge technique. The optimum
conditions of carbon nanotubes synthesis are given. It should be pointed out
that this sort of materials would be the twenty-first century materials.
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Abstract

The recovery behavior of the deformed aluminum in various stages of
isothermal annealing, for different times up to hours, as been investigated
by positron annihilation technique. The annealing temperature was 300 'C.
The positron lifetime spectra were analyzed for two and three components
using computer codes PSfTROP4'FIT and RESOLUTION after various

corrections related to the instrumental response and to Na-22 positron
source.
The experimental results show that te average lifetime of positron may
express as a function of annealing time. Lifetime of positions annihilating in
the perfect lattice was found to be 90 ps wereas the
Lifetime at defects was 217 p5.
The results are discussed aording to the trapping model. A strong
dependence of the positron mean lifetime and its trapping rate on the

annealing time was observed. The time necessary in -e samples as been

determined from te relation:

(Ar),iwi- = - at b
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where t is the annealing time, a and b are constants.
The concentration of defects in the investigated samples was calculated. It
was found that about 35 ��of defects were recovered after 2 hours of

annealing. The results show that the positron lifetime technique can be
employed to monitor the recovery process in metals in the submicroscopic
level.
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Introduction

The positron annihilation technique has been used for many

years for the investigation of various defect configurations in metals,

since the positron is very sensitive probe in particular for vacancy like

defects and vacancy agglomerates 1,2].

The thermal treatment of defects in aluminum has been studied

using the positron lifetime technique as a probe 3-5]. The effect of

isochronal annealing process on the lifetime parameters was

investigated. In this work, this technique was employed to

investigate the isothermal annealing of Al samples deformed by

compression. The recovery behavior of a highly deformed specimen

of Al metal is described in various stages of isothermal annealing.

Experimental

A rod of aluminum ith high purity 99.99% (from Johnson

Matthey Chem. Ltd.) of 6.5mm diameter was cut into four pieces of

cylindrical shapes. To get a reference sample, one pair was

compressed to 03 mm thick, and then annealed at 300 'C for hrs.

The other pair pieces of 7 mm thick were compressed by a hydraulic

compressor to 04 mm. The thickness reduction (Ad/d) due to

compression was 94%. The recovery process of this defon-ned pair

was then achieved by isothermal annealing at 300'C for 0.5, 1, 1.5 2,

3 4 and hours. All samples were hand polished and chemically

etched prior to lifetime measurements.

Sodium-22 was used as 'a source of energetic positrons. It was

placed between the pair of samples in a sandwich like arrangement. Its

activity was about 2u Ci.

The lifetime spectra were measured with the conventional fast-

slow coincidence system of suitable time resolution of 180 ps taken at
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6OCo energy window. The timing system used was set at 40% of Na-

22 energy windows. Total of about 0-4 to 1) x 106 coincidences were

accumulated for each measurement.

These spectra were analyzed by means of computer program

POSITRONFIT and RESOLUTION 6 to extract three life time

components. All spectra were corrected to the contribution of lifetime

components due to the annihilation of positron in the source Al

windows and for random coincidences. The corrected spectra were

analyzed first for three lifetime components in order to evaluate the

contribution of positronium annihilation. Two components analysis

was subsequently employed.

The lifetime spectrum of Al is shown in Fig. 1. the prompt

spectrum and the details of different contributions are illustrated.

Results and Discussion

The results of the three-component analysis are presented in

Table 1. The third component _C3 was varying around the average value

of 2444.0 t 11.8) ps with intensity % 4.48related to the annihilation

of positronium in the source and at the surface of samples. The results

of the two-component analysis are illustrated in Table 2 From this

table one can notice that the long lifetime -r2 varies around an average

value of 288.3±1.7) ps. This result indicates the existence of state of

defect lower than the average electron density. As the lifetimes of

positrons in di-vacancies micro-voids and dislocations in Al are-260)

(300ps 7], 380 PS [8], and 250 Ps 9] respectively, the lifetime value

288 PS it can be attributed to trapping in di-vacancies.
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The mean lifetime t reflects the characteristics of the defect
recovery process and is a function of the annealing time It decreases

with the increasing annealing time. This decrease reflects the recovery
of defe,�ts in the samples.

The variation of trapping rate k with annealing time is obvious 

The trapping rate decreases with increasing annealing time, this

behavior obeys the following euation
k = 244 t-0.037

The lifetime in the Al bulk (Tb) was determined by plotting the

annihilation rate Xi as a function of the trapping rate k, resulting in -rb
168.5±0.5ps.

The relative change of mean lifetime (T )relative:

1T(0-'r(t-OOA

as a function of annealing time (t) is illustrated in Fig. 2 (The

(AT)relative values decreases as increasing annealing time. This behavior

is found to obey the following empirical formula:
(AT),ej.tje =1-0.219 t0+43 (2)

According to this equation, the annealing time required for a complete

recovery of defects in the present Al samples, ie. ((AT),,�,iv,= (when
T 300'C) is 34.1 hrs.

The concentration of vacancies in aluminum was obtained from the

trapping rate to specific trapping rate ratio. The specific trapping rate

in di-vacancies of Al, JU2v is 564.8 ps- , as deduced from the results of

Jackmann et al. 7]. le concentration of vacancies in ppm unit as a

function of annealing time is shown in Fig. (3).The concentration of

defects was decreased as the annealing time increased. The defect

concentration decreased by a factor of 1.23as the annealing time
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increased from to 8 hrs., this means that the number of di-vacancies

in the sample decreases with increasing the annealing time and this
indicates the recovery of vacancies in the sample has been achieved.
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Table 1: Results of thr component nalysis of p sitron lifeti e spectra
Annealing Tj T2 T3 11% 12 13 %

time Ps Ps Ps
(hrs)

0 123.9t6.3 287.2t5.3 2515.6t36.4 41.4t3.0 54.2±3.0 4.4tO.1
0.5 123.4t4.7 284.8t4.6 2435.6±25.5 46.7±2.3 48.2±2.3 4.6±0.1
1.0 121.8±5.3 287.1±5.5 2406.7±33.9 45.4±2.8 49.9±2.8 4.6±0.1
1.5 123.1±5.6 285.3±5.9 2411.8±33.1 47.1±3.0 48.4±3.0 4.4±0.1
2.0 129.0±3.4 298.2±4.8 2490.8±27.4 53.3±2.0 42.1±2.0 4.4±0.1
3.0 122.4±5.4 287.7±6.8 2330.2±37.3 52.3±3.0 43.3±3.0 4.3±0.1
4.0 124.2±3.1 305.9±4.7 2657.3±52.7 55.8±1.7 40.0±1.7 4.1±0.1
5.0 143.0±4.8 312.5±10.7 2471.4±37.0 59.5±3.5 35.9±3.5 4.5±0.1
8.0 114.9±3.7 295.3±6.0 2277.0±30.1 55.7±2.1 39.5±2.1 4.7±0.1

Table 2 Results of two component analysis of positron lifetime spectra

Annealing Tj T2 11% 12 XI--rj-' k
time Ps Ps Ps (ns-') (ns"

0 121.1±6.4 282.5±4.8 40.8±3.0 59.1±3.0 216.6±10.0 8.25±0.43 2.79±0.75

0.5 124.4±4.4 285.8±4.4 49.7±2.3 50.3±2.3 205.4±7.9 8.02±0.33 2.27±0.1

1.0 119.8t5.5 282.1±5.2 45.7±2.9 54.4±2.9 207.8±9.7 8.39±0.38 2.63±0.1

1.5 120.1±5.7 281.3±5.5 47.6±3.1 52.4±3.1 204.9±10.5 8.27±0.39 2.47±0.1

-2.0 127.0±3.4 293.2±4.5 54.4±2.1 45.6±2.1 203.3±7.2 7.85±0.21 2.03±0.1
3.0 122.1±5.3 286.7±6.5 54.3±3.1 45.3±3.1 197.3±10.4 8.19±0.35 2.14±0.1
4.0 122.2±3.1 301.9±4.4 57.0--1.8 43.0±1.8 199.7±6.6 8.14±0.20 2.07±0.1
5.0 116.8±4.1 289.5±5.4 54.1+2.3 45.9±2.3 196.2±8.1 8.56±0.30 2.34±0.1
8.0 114.2±3.7 291.3±5.8 57.5:t2.3 42.4±2.1 189.5±7.8 1 8.75±0.28 1 2.26±0.1
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Abstract

During the operation of the nuclear power reactor, the pressure vessel
containing the reactor core is subjected to fast neutron iradiation. This could
cause "crostructural changes with consequent changes in te mechanical
properties of the steel used in the fabrication of the pressure vessel. This is
manifested mainly as an increase in the yield strength (i.e., strengthening)
and degradation in the fracture toughness (i.e., embrittlement). It was shown
that these effects depend mainly on the chemical composition, especially the
res'dual elements content (Cu and P), of the pressure vessel steel.

In the present work the effect of neutron irradiation to fluences
3.5xlO'9 and 7XIO'9 n/CM2 (E> Wev) at 290 T on the tensile and hardness
properties of an advanced pressure vessel steel candidate is examined. This
material contains less residual elements compared to conventional pressure
vessel steels. Ile results showed that the irradiation sensitivity of the present
steel is much less than that of the conventional PVSs. This could be
attributed to the lower residual elements content.
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Introduction

Nuclear reactor pressure vessel is subjected to neutron

irradiation in addition to t conventional effects affecting any

,-,�.,-,venfional pressure vessel uring operation. In general, neutron

ir-raiiation changes the mechanical properties of the vessel steel,

which influence the operation conditions of the pressure vessel, and

can limit the, life time of the reactor pressure vessel [1]. The design of

reactor pressure vessels requires a consideration of radiation-induced

changes in the strength and toughness of vessel materials. It is

essential to demonstrate that the vessel integrity will be maintained

during normal operation as well as during postulated transients.

Irradiation of pressure vessel steel (PVS) influences the tensile

properties of the material. It increases both yield and tensile strength

[2]. This strengthening effect can lead to embrittlement of the steel,

(Fig.1), which means an increase in the risk of brittle fracture of the

reactor pressure vessel. It has been demonstrated that that the change

in the ductile-to-brittle transition temperature (AT41), defined at 41 J

in the Charpy V-notch impact test, due to neutron irradiation can be

related to the corresponding changes in the yield strength or hardness

(or both) 3].
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Fig.1: Schematic diagram illustrating how
irradiation strengthening produces a shift in
transition temperature
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Fig. 2 Yield and ultimate strength of
unirradiated and irradiated 2OMnMoNi55
PVS weld
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The iff adiation sensitivity of the steel depends mainly on the

irradiation temperature and the chemical composition of the steel.

Chemical composition is a very important factor in determining

irradiation sensitivity of PVS. It was shown that low residual element

content is essential in this regard.

Two elements, namely copper and phosphorus were found to be

particularly important in controlling irradiation sensitivity at light

water, reactor service temperature (about 290 Q. Some alloying

elements, especially nickel, can also control irradiation sensitivity.

However, Cu has the most serious effect 14].

In the present work the effect of neutron irradiation on the

tensile and hardness properties of an advanced pressure vessel steel

candidate is examined. This material contains less residual elements

compared to conventional nuclear reactor pressure vessel steels.

ExpeHmental

The material used in the present investigation is a German

pressure vessel.steel weld material type DIN 2MnMoNi55. The

chemical composition is given in Table 1. The material was taken

from a test model container made by shape welding. This material

represents one of the advanced PVSs, and contains less residual

elements, especially Cu 0035 wt.%), compared to conventional

nuclear PVSs > 0.1 wt.% Cu). Irradiation was carried out to neutron

fluences of 35x10" and 7X10" /cm' (E> 1Mev) at irradiation

temperature 290:t 'C.
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Table 1: Chemical analysis of 2OMnMoNi55 PVS (wt%)

C Si Mn P I I Cr Cu Mo Ni I N Fe

0.08 0165 1.45 0.011 00065 002 0.035 0.61 0.93 1 0.01 bal.

Tensile testing was carried out using round specimens with

diameter 6 mm and gauge length 30 mm. The cross head speed was

0.5 mm/min. Testing was done in the temperature range 130 to

300T. Two specimens were tested at each testing temperature.

Vickers hardness was measured using 10 kg load. The measurements

were performed on three specimens of each condition. Five

measurements were carried out for each specimen. All tests for

unirradiated and irradiated conditions were carried out inside hot cells

using the same machines.

Results and Discussion

The results showed that fast neutron irradiation up to 7X10"

n/cm 2 (E> Mev) at irradiation temperature 290 T did not change the

general shape of the stress-strain curve of the candidate pressure

vessel steel under investigation. However, the yield point became

more pronounced and the IAder strain increased, after irradiation, at

most testing. temperatures. Irradiation increased both the yield and

ultimate tensile strength, Fig.2. The increase in room temperature

yield strength is 14 and 21% after irradiation by neutron fluences 3.5x
19 ' 1019n/CM210 and x , respectively. The corresponding increase in the

ultimate tensile strength is 11 and 14 %, respectively. A slight

increase in the yield strength to ultimate strength ratio occurred due to

irradiation. These changes in yield and ultimate strength are about 0
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% less than those observed with conventional PVSs A302B and

A533B for comparable irradiation conditions 5,6].

'Me irradiation-induced increase in yield strength, Fig.2 is more or

less independent of the testing temperature in the temperature range -

50 to 250 'C. Ibis is in agreement with the literature which showed

that fast neutron irradiation increases the athermal component of the

yield strength 2]. The hardness testing results are given in Table 2.

Irradiation increased the hardness by 9 and 12 for 3.5x 1019 and

7x1O19 n/CM2 , respectively. This is in agreement with the results of the

tensile testing above.

Table 2 Effect of neutron irradiation on hardness of
2OMnMoNi55 PVS Weld.

Fluence HV10 AHV10
(I o9n/CM2) %

0 207
3.5 223 9
7 232 12

Irradiation embrittlement of pressure vessel steels irradiated at

290 'C is believed to be the result of irradiation induced fine scale

microstructural features or defects <3 nm). These act as obstacles to

the free movement of dislocations thereby producing an increase in

the yield strength (hardening) and in the ductile-to-brittle transition

temperature (embrittlement) [4]_

Theoretical and experimental observations suggest that these

defects are mainly of two types or components 4]:

1. Radiation damage clusters. These are vacancy clusters or

microvoids created by neutron-lattice atom interactions.
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2. Metallic clusters. Solute clusters are formed during irradiation by

the enhanced solute diffusivity owing to elevated point defect

population. The diffusivity increases by a factor of about 105

during irradiation at 290'C 7]. These clusters are mostly coherent

BCC Cu clusters or precipitates [8]. There are also P-rich clusters

which are, whoever, much less in density number than Cu-rich

clusters. Cu-rich clusters also comprise high enrichments of Ni,

Mn and Si. Ni was also detected to be associated to P-rich clusters.

About 70%-80% of the effect is attributed to the metallic

clusters or, more precisely, to the Cu clusters or precipitates. 'Me

detrimental effect of Cu clusters and P clusters are attributed to an age

or precipitation hardening mechanism.

Serrations indicating dynamic strain ageing were noted in the

stress-strain curves both before and after irradiation. Before

irradiation, serrations were observed in testing temperature range 200-

250 'C. Irradiation extended the temperature range of dynamic strain

ageing. For neutron fluence 3.5xlO'9 n/CM2 serrated flow was

observed in the range 100-250 'C, while for 7x1O19 n/CM2 it took

place in the range 50-250 'C. In all cases., serrations amplitude

increased with both neutron fluence and testing temperature up to

250'C. However, the amplitude was rather small for all cases, the

rnavimurn value was 11 MPa corresponding to about 2 variation in

the flow stress.

In the dynamic strain ageing temperature range the yield

strength remained nearly constant while the ultimate tensile strength

showed some increase, Fig.2. This agrees with the published results

[9-12]. It has been suggested that the yield strength becomes athermal

in nature, the origin of which could be long range internal stress fields

due to solute atoms.
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Dynamic strain ageing is often observed when testing steels in

the temperature range 100-300 'C. However, the information

regarding dynamic strain ageing of PVSs is rather limited. Work on

carbon steels 9,10], alloy steels 11,12] and A203D reactor PVS 13]

showed that the yield strength remained almost independent of

temperature in the dynamic strain ageing range. Dynamic strain

ageing was observed also in A533B PVS 14]. The effect of neutron

irradiation on the dynamic strain ageing in mild steel irradiated at

about 85'C was studied by Murty[10] and in PVS A533B irradiated

at about 110 'C by Mahmoud et al 14] . He showed that the dynamic

strain ageing effect decreased due to irradiation. Iradiation raised the

critical temperature of the onset of serrated flow.

On the contrary, the present results showed that the dynamic

strain ageing effect increased after irradiation. The critical temperature

for the onset of serrated flow decreased from 200'C before irradiation

to 100'C and 50'C after irradiation to 3.5x 10'9 and 7x 10'9n/CM2,

respectively. This could be attributed to the effect of irradiation

temperature. In irradiations at temperatures below about 250'C

interstitial carbon and nitrogen atoms combine with irradiation-

induced defects to form carbon- and nitrogen- vacancy complexes

[15,16]. This leads to reduction in free carbon and nitrogen atoms

available to participate in the dynamic strain ageing process. This

explains the results in references 10 and 14. Ho wever, at higher

irradiation temperatures the C and N-vacancy complexes dissociate

and the interstitial atoms return free again. Therefore, one can expect

that for irradiations at 290'C there will be no reduction in the C and N

atoms available for dynamic strain ageing. Moreover, It is concluded

that the irradiation-induced vacancies enhance the diffusion of solute

atoms which enhances the dynamic strain ageing process. Also, the
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segregation produced by irradiation to mobile dislocations could

increase the dynamic strain ageing effect. However, the effect of

dynamic strain ageing before and after irradiation, is rather small and

can be neglected when considering the irradiation effect on the

mechanical properties of this steel.

Conclusion

In the present work the irradiation sensitivity of a candidate

material for advanced pressure vessel steels, MnMoNi55 weld

metal, was evaluated using tensile and hardness tests before and after

neutron irradiation.

'ne results showed that the irradiation sensitivity of the present

steel is much less than that of the conventional nuclear PVSs. These

results support the conclusions that the residual elements especially

Cu and P, control the irradiation sensitivity of PVS irradiated at about

290'C (the temperature at he PV wall of the pressurised water

reactors). These results also indicate that the effect of neutron

irradiation on the fracture properties during the life time of the reactor

(:5 3 x 1 0'9 n/cM2) , especially, te transition from ductile to brittle

behaviour, will be very small since the change in the ductile-to-brittle

transition temperature is mainly related to the increase in the yield

strength.

Therefore, it is concluded that the investigated material is

suitable for nuclear reactor pressure vessel construction from the

irradiation sensitivity point of view.
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Abstract

A technique for producing SM2Fe17 from cast ingots without the
presence of free iron (a-Fe) has been investigated by M6ssbauer
Spectroscopy. This technique involves the additions of between 4 and
5 at N to the melt.

The dendrites iron was replaced by paramagnetic Fe2 phase.
However the additions of higher than 4 at %Nb, gives arise the
presence of paramagnetic Fe2 phase at the expense Of Sn12FeJ7.

Tberefore the optimum addition to produce ingot without a-Fe, with
small amount of paramagnetic NFe2 phase and high amount of
SM2Fel7phase is 4 at % Nb.

1*i-l-p -� (a-Fe) J k� Sn12Fe17 rN ;4Z

L.- LS

SMYeVJJ�Wl -jLx lr NFe2 LS-3-3 LL
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A novel interstitial magnetic compound SM2 e7N3, was

discovered by Coey and Sun in 1990 [1). This material has a good

magnetic properties including Curie temperature in excess of 4500C.

These properties make the Sm2Fe17 materials an excellent candidate

for permanent -magnet applications.

Unfortunately, Sn12Fe17 forms through peritectic reaction

between solid iron and a samarium-rich liquid. This leads to

considerable amounts of free iron when cooling from the melt 3] 'Me

free iron produce demagnetizing field, which dramatically reduce the

corecevity of subsequently fabricated magnets. Therefore it must be

removed completely from the ingot materials.

Methods of creating a single-phase material including either

annealing a samarium-rich alloy or annealing under a samarium

atmosphere for up two weeks at 1000'C 2]. However, these energy-

intensive and time consuming producing, techniques would make the

Srn2Fe17 material industrially unattractive.

The aim of the present work is to investigate the effect of Nb

additions on S1112Fe17 ingot material by M6ssbauer spectroscopy

(especially their effects on removing the ct-Fe.). It was reported that

the niobium additions is effective on elimination the free iron from the

microstructure Of SM2Fe17 materials 4]. However, the other additions

are not effective on removing the free iron from ingot materials, such

as Ti forms an antiferromagnetic laves phase TiFe2, also the SM2Fe17

and TiFe2 phases are not in equilibrium at the melting temperature [5].
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Experimental procedure

Sm-Fe-Nb based alloys of different compositions were prepared

by arc melting. These alloys were supplied by Rare- Earth products,

UK. The different N content alloys were investigated by M6ssbauer

spectroscopy. A conventional M6ssbauer spectrometer of high

linearity by Wissel company and low drift was used to obtain the data

.The M6ssbauer measurements were carried out at room temperature in constant

acceleration mode with a 57 Co: Rh 100 m Ci source. The amounts of cE-Fe and

NbFe2 phases in different Srn-Fe-Nb alloys were measured by this technique.

M6ssbauer Win 30 program was used to fitt the spectra.

Results and Discussions

The niobium free and niobium containing cast alloys were

examined with M6ssbauer spectroscopy. The highest amount of D-Fe

is exist in SM2Fe17 cast alloy (see Fig.1).

Ile amount of free iron in this alloy measured by Mssbauer

spectroscopy was around 9.2%), (see Tablel).

Table (1): the amounts in of free iron and paramagnetic Fe2
phases calculated from the M6ssbauer spectra

at of Nb content a -Fe NbFe2
0 9.2
2 6_
4 6
5 I I I10 24
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Fig 1: Miissbauer spectrmm Of SM2FeI7 cast alloy

The cz-Fc has been slightly reduced in SM10.317e 87.7Nb2 (see Fig.2) and
its amount was about 6, as shown in Table.1, due to the initial
replacement of cc-Fe by NbFe2 phase.

86M80.

-3.M Zbo 'I.66 '19.0c
v [mreii

Fig.2 M6ssbauer spectrum Of SMI0_3Fe 87.7Nb2 cast alloy.
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The SM10.2Fe 85.:5Nb4 material has no cc-iron in the as cast state, due to
dendritic structure being replaced by a two phase alloy consisting of
SM2FeI7 and paramagnetic Fe2 phases, as Shown in Fig.3. Ile
fitted curve in Fig.3 includes aqudurpole doublet in the center of the
spectrum 6% of the total absorption corresponding to paramagnetic
NbFe2, (see table-1)

Chas
51 Z0000. 1

.-A-L
4 41' A fA

51 WOOD

MOO.

SW=

50200M

D.00 5.CD 10.00
V[M73f9J

Fig.3: Mbssbauer spectnim Of SMIO.2Fe WNb4 cast aloy

The higher Nb concentration alloys (SmI0Fe 8Nb5 and Sm. ..5Fe 80.5Nb

10) have no cc-iron, but on the other hand contains higher amounts of

paramagnetic Fe2 phase comparing to the SMIO.2Fe 85-5Nb4 alloy.

The amounts of Fe2 in these alloys was around 6%, 11% and 24

%), respectively. See Figs 4 and Table. .

The higher N the content alloys contains much more Fe2 phase at

the expense of some of the SM2Fe17 phase, which is not preferable.

Therefore the SMIO.2Fe 85.5Nb4 material is the optimum alloy for

permanent magnet applications, among the other Nb content alloys.

As this alloy contains the highest amount of ferromagnetic SM2FeI7

phase, which is subjected for permanent magnet applications, and the

lowest amount of paramagnetic NbFe2 phase.
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Fig.5: M6ssbauer spectrum Of SM 9.5Fe 80.5Nb lo cast alloy
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Conclusions
The M6ssbauer studies indicate that the proportion of a-Fe

diminishes progressively with increasing niobiurn content with the
corresponding appearance of faceted crystals of the Laves phase
NbFe2. The SM10.217e 85.5M4 material has no a-iron in the as cast
state, due to dendritic structure being replaced by a two phase alloy
consisting Of SM2Fe17 and paramagnetic NbFe2 phases. However the
amounts of paramagnetic Fe2 phase increases with niobiurn content
at the expense of some of the SM2Fe]7 phase, therefore the
SM10.2Fe85..5N`b4 material is the optimum cast alloy, among the other
Sm-Fe-Nb alloys, because this alloy contains the highest amounts of
ferromagnetic SnI2FeI7 phase and the lowest amounts of paramagnetic
NbFe2 phase.
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Abstract
Fuel rods in Light Water Reactors (LWR's) have to respond to the

new trends in increased bum-up and extended dwelling time in reactor.
Waterside orrosion of fuel cladding affects both wall thickness and

mechanical stability due to formation of corrosion products. Tese corrosion
products also affect the effeciency of beat transfer through the cladding
tubes. In WR's fuel element clad is Zircaloy tubes with end plugs.
in this study electrochemical techniques have been applied to investigate the
effect of high content of lithium and boron on the corrosion of welds of
Zircaloy-2 tubes to end plugs. Samples were welded by Tungsten Inert Gas
arc welding (TIG) process under controlled atmosphere. Welding current
was 50 ampere and arc length was 12 mm.
Cyclic polarization was used in this study. Corrosion tests were conducted in
various media solutions contain lithium ions (Li = 200ppm and 3OPpm),
solutions contain lithium and boron ions (300ppm Li + 100pp or
1000ppm B) concentrations which are at variance with concentrations used
in PWR's, were used make the medium more aggressive to the test
samples.
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The cyclic polarization runs showed tat increasing the Li ion concentration
made the corrosion potential less noble also increase of B ion concentration
increased the width of the loop between forward and back scan.
The surfaces of the end plug welds after corrosion runs were examined by
scanning electron microscopy (SEM).
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Introduction

Extending fuel burnup is limited mainly by waterside corrosion

and hydriding of fuel cladding material. This has raised concerns

about the significant cost in relation to working periods, maintaince,

repair and safety issues [1 2.

These concerns have led a large effort to generate data and

develop an understanding of material behaviur in typical WR

coolants and the role of water chemistry on the electrochemical

behaviour in WR condition Due to the addition of boric acid

(H3BO3) and lithium hydroxide (iOH) in the primary op, te

corrosion behaviuor of fuel cladding becames more complecated and

involves a large variety of mechanisms. Understanding of the process

is of more importance for safe operation 3 4.

Boric acid is added to coolant in a wide range begins from

100ppm depending on plant operation condition and age of

plant.Lithium hydroxide is added to coolant in range 22 3.5 ppm to

maintain the pH near neutral to very slightly alkaline.

The effect of LiOH or LiOH-H3BO3 on the corrosion behaviour

of fuel cladding ad the mechanism of IjOH and 131303 on Z02 M

have ben studied by many investigators [5 6.

Increasing the primary water temperture as an improvement of

the management of advanced PWR's may lead to local concentration

of LOH on the surface of fuel element [8], this may creat a new water

chemistry conditions.

Accelerated corrosion tests were applied to study the corrossion

behaviour of Zircaloys in aqueus loithium hydroxide solutions 7].

This study has been conducted to analyse and predict the effect

of localized water chemistry conditions on the electrochemical

corrosion behaviour of Zircaloy-2 end-plug welds at various water
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chemistry conditions (Li=200ppm and 300 ppm, 13=100 ppm and

1000 ppm), and to get more informations referring to the effcet of 

ions and Li ions on the corrosion behaviuor of end-plug welds at

250C.

Materials and Methods

Welding Conditions

Tungsten Inert Gas (TIG) welding machine was used to weld

Zry-2 tubes with 10 mm diameter and I mm thick to end plugs. The

welding pocess was performed in argon atmosphere at lbar which

was kept constant during welding process. The are heat made the

welds, so that the adjacent edges of Zry-2 tubes and end plugs were

melted and joined together as the weld metal solidifies.

The TIG welding process was perfon-ned at 50 A, the arc length

was 11.2 m ad welding speed was 8mm/sec. The optical photos of

the macrostructure of the TIG weld was shown elsewhere 9].

Specimens were welded using the welding facility of fuel

fabrication laboratory, which are well equipped and provided with

well developed chamber.

Electrochemical conditions

Electrochemical measurements were obtained using cyclic

polarization technique using Electrochemical Impedance Analyser

model 6310 produced by EG & G instruments. Tis technique is

directed towards determining the tendency of the materials to undergo

localized attack in testing environment. In the cyclic polarization

technique, two characteristic potentials are found namely, the

corrosion potential E,, and protection potential E pp, which defined

as the point where the reverse scan intersect the forward scan.
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The scanning rate was 0.5 mV/sec initial potential was -

1OOmV related to open circuit potential (OC), final potential was -100

related to reference electrode (SCE) and vertex potential was 5OOmV

related to reference electrode (SCE).

Test solutions used in experiments contain different

concentrations of Li and ions (Li = 200ppm and 300ppm, B=

100ppm and 1000ppm).

Results and Discussion

Cyclic potentiodynamic polarization tests were performed on

end-plug welds to Zry-2 tubes, welded by TIG at 50 A cur-rent and

1.2mm arc length. he results of the runs in testing solutions contain

different Li and ions concentrations and cl ions are given in Fig (I a-

e).

The results of runs in test solution containing 200ppm Li ions

(la) and 300ppm Li ions Fig (lb) show a positive loop (ie. Backward

scan current values are lower than the corresponding forward scan

values at same potential value) he backward scan cuts the forward

scan at 1OOrnV for testing solution with 200ppm Li ions Fig(la) and

+160mv for solution with 300ppm Li ions Fig(lb). According to the

corrosion potential, the specimens tested in 200ppm Li solution

shows a more noble corrosion potential (-255mV vs. SCE) than those

tested in 300ppm Li ions (-265mv vs. SCE).

From Figs (la and lb) it is observed that the current values at

vertex potential for specimens tested in two solutions are in the range

of 10'A.

Similar cyclic potential polarization runs (same scan rate) were

carried out for end-plugs welds in solution contain 300ppm Li ions,

but two different ions concentrations, namely 100ppm and 1000ppm
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are shown in Figs (1c) and (ld), respectively. It is observed that, in

both cases a negative loop is formed ( i.e backward scan current

values are higher tan corresponding forward scan current values at

same potential). The current values at vertex potential is in the range

of 10-4 A for specimens tested in solution contains 300ppm Li 

100ppm and in ange of 10-3 A i solution contains 300ppm Li 

1000pprn B. The corrosion potential in the solution with higher boron

ions (1000ppm) is less noble than that in solution contains less boron

ions (100ppm ). Specimen surfaces were examined by SEM after

cyclic polarization runs.

The electrochemical corrosion results of the cyclic polarization

TUnS of tested samples are given in Tables land 2 

Table 1: Electroche"cal corrosion results in solution 200pp or

300ppm L ions

200pp Li 300pp Li
mv MV

Ecorr Epp Ecorr Epp
5 I - i

-25", 100 265 160

Table 2 Electrochemical corrosion results in solutions 300 ppm Li

+100 pprn B or 1000 pprn B

300ppm Li +10 B 300ppm Li +100 B
MV MV

Ecoff Epp Ecorr Epp
-174 -370

Out-of-pile corrosion experiments form a part to progress in

understanding LWR's fuel rode waterside corrosion. Different types

of corrosion tests are performed in order to correlate the
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thermal/hydraulic and chemical environment of the fuel rods to the

corrosion rate of the Zircaloys cladding materials [10]. The

serviceability and resistance to corrosion of end plugs depends on

welds quality and chemical environment 11-13].

Different electrochemical techniques were used to evaluate the

susceptibility of alloys to localized corrosion in service environment.

One of the criteria used to characterize these phenomena, is te area

of the hysterysis loop obtained during cyclic potentiodynarnic

polarization of a specimen in a specified environments. The area of

the hysterysis loop is inversely proportional to the resistance of the

material to attack 14].

Figs(la-e) showed that, specimens tested in solutions contain Li ions

exhibited a positive loop, and a negative loop is formed in case of

solutions contain Li and ions.

At equipotential 6OOmV, the current on the forward scan are 2x 10-6

A/CM2 , 5x10-6 A/CM2' 8X10-6 A/CM2 and jX10-5 A/cM2 for specimens

tested in solutions contain 200pprn Li, 300ppm U, 300 ppm Li 

100ppm and 300ppm Li 1000ppin B, respectively. ne current
values on backward scan are 5x,0-6 A/CM2' jX10-5 A/CM2'2Xj01A/CM2

and 9x 10-5 A/CM2 for specimens tested in solutions 200 ppm. Li,

300pprn Li, 300ppin Li+ 100ppin and 300ppm Li 1000ppm B,

respectively. It is observed from Table 2 that the corrosion potential

of the end-plug weld in the solution containing 300ppm Li+100ppm B

ions is 174 mV which is more positive than these of end -plug weld

in solution containing 200ppm Li or 300ppin Li ions, this may be due

to formatiopm of comlex ions.

SEM examination of the specimen surface after electrochemical runs

are shown in Figs 24. Specimens tested in solutions contain Li ions a

very thin film on the surface as shown in Fig.2, that explains the
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formation of positive loop [15].It can be seen in SEM photo in Fig-2,

the formation of thin transparent film which may be zirconium oxide.

According to the Zr-water potential-pH diagram 16], Zr dissolves as

HZrO --and very alkaline solution (pH= 12.4- 15) and an oxide film is

formed of rO2.2H20 is formed in neutral and moderate alkaline

solutions this film is stable in potential ange from -1.2V to 1.2V.

Surfaces of specimens tested in solutions containing 300 ppm Li

+100 pprn B or 1000 ppm showed some sort of etching on surface

of welds Figs 24 ), these specimens displayed a negative loop, but

the loop areas are different. It is obvious that, the surface suffers some

etching, but no localized attack is observed, although there is negative

loop. From literature a negative loop may formed and no localized

attack is identified microscopically 17].

Conclusions

From electrochemical corrosion results, the follow-Ing conclusions can

be driven from the present study:

1. Increasing concentration of Li ions from 200ppm to 300ppm

shows small change in potential.

2. Negative loop is formed in presence of Boron ions in testing

solution.

3. Increasing of ions concentration in testing solution increases the

width of the negative loop.
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Fig (2)SEM of corroded weld zone tested in 200 ppm Li solution

4

Fig (3)SEM of corroded weld zone tested in
300 ppm Li + 100 ppm solution
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(b) in the middle of the weld
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Abstract
The second Egyptian research reactor (ETRR-2) is a Jighl water type

of 22 MW termal power. Proper cooling water treatment is necessary to set
the wate cemical caracteristics within a specified window to avoid or
minimize corrosion problems, scale formation, fouling, and rnicrobiological
contamination. Selection of a proper and econornic corrosion inhibitor is of
great importance. This selection depends, among other factors, on te
availability as well as cost. The corrosion behaviour of water of ETRR-2 site
and its inhibition by different inhibitors was studied in a special test rig
designt.j ';,r this purpose, Sodium salts of polyphosphate, phosphate,
molybdate, and tungstate were used to treat and qualify the cooling water.
Results showed that the corrosion resistance of the test material depends on
both type and concentration of the applied inhibitor. Using 30-ppm
tungstate, molybdate, and phosphate (as anodic inhibitors) reduced the
corrosion rate, and inhibitor efficiencies of about 97%, 86%, and 68% were
achieved respectively. Accordingly, sodium tungstate could be ranked as the
best anodic inhibitor used followed by molybdate. Sodium phosphate could
be ranked as the least efficient one. Adding the same concentration of
sodium polyphosphate (as a cathodic inhibitor) yields almost the same
inhibition efficiency as tungstate type. However, at higher concentration 40
ppm), an inhibition efficiency of 100% was obtained, which corresponds to
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almost zero- corrosion rate. Part of the corrosion experiments was devoted to
study the effect of aggressive ions (i.e. chlorides and sulphates) on the
performance of the used inhibitors. Chlorides and sulphates, among other
salts, ay be concentrated in cooling water during reactor operation due to
evaporation and other losses. Water containing 120-ppm chlorides and 150-
pprn sulphates shall be termed aggressive water. Upon adding 30 ppm of
tungstate, molybdate, phosphate, and polyphosphate a reduction in the
corrosion rate of the tested coupons was clear. The highest corrosion
resistance was offered by tungstate 78% inhibitor efficiency) followed by
the rest of the used inhibitors with almost the same efficiency.
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Introduction

Water chemistry efforts are basically aimed at producing and

maintaining coolant water quality suitable to prevent material

corrosion and its detrimental consequences. ne water characteristics

are plant specific; i.e. they depend on the particular design of the plant

and on the materials used i its construction.

ETRR-2 is a multi-purpose, pool-type reactor with an open-

water surface and variable core arrangement. The core power is 22

MWh, cooled and moderated by light water and with beryllium

reflectors. It contains plate-type fuel elements (MTR type, 19.7%

enriched uranium) cladded with 6061 auminum alloy [1].

The secondary cooling system of ETRR-2 is responsible for the

final dissipation of the energy produced in the reactor. This energy is

transferred as heat from the primary Circuit of the reactor to the

secondary system through heat exchangers. The energy is rejected to

the environment through a cooling tower consisting of six separate

cells, each equipped with its own blower and water supply 2] To

control corrosion, scale, microbial growth, and make-up water

consumption, a chemical treatment program is applied in the

secondary system 2]_

Corrosion ihibitors are an effective means of corrosion control

and they are required in highly corrosive environments, in which

carbon steel is used 3 Corrosion inhibitors may be classified as

inorganic and organic substances. Inorganic inhibitors may be further
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divided into anodic, cathodic, and precipitating-type inhibitors 34].

Chrornates [5] have been accepted for many years as anodic inhibitors

for ferrous metals in many commercial applications because of their

excellent performance in both aerated and de-aerated environments.

'Me toxicity of chromates, however, has restricted its use in recent

years�. Interest has therefore been directed towards the search for new

anodic inhibitors with no such adverse effects. Based on similarity in

chemical structure and expected behaviour between the chromate ions

and the ions of other group VI elements of the periodic table, attention

was focused on molybdate and tungstate ions 6].

The aim of the present work is to investigate the protection of

mild steel against corrosion by using different types of inhibitors. The

effect of concentration variation of each type was also considered.

Experimental

The material used in this study is low-carbon steel AISI 1010.

Chemical composition of the tested material is given in table 

Surface preparation of rectangular specimens involved successive

polishing down to grit 600, rinsing with distilled water, and

ultrasonically cleaning in acetone.

Table 1: Chemical composition of AISI 101 0 low carbon steel (wt.%)

Elements C Si Mn P s CT MO

wt. 0.132 1 0138 [U24 0.0014 0.006 <0.005
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A corrosion test rig is constructed to simulate the condition of the

secondary cooling system. Test rig specification is given in Figurel It

consists of two stainless steel pumps (each of one-horsepower), one of

them operates while the second is standby. The output of each pump is

6 m3/hr with a corresponding water velocity of 329 m/s. 'Ibis flowing

condition simulates the dynamic condition of

0

makeup water -6 bak valve
corrosion inhibitor -

-. 1 Check e

C�fn end con

0:Ej e COD With
coupon hot6er

Fig. 1: Corrosion test ig

the cooling tower of ETRR-2. All piping and fittings are made of PVC

to prevent corrosion. The pump sucks water from an open 200-liter

plastic container and discharges it through the corrosion test rack. Test

specimens are fully subjected to the flowing test environment for 7- 8

days duration. After the test was completed, test specimens are
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withdrawn from the test enviromnent, cleaned from any possible

corrosion products, rinsed, dried and weighed. From the weight

difference between the initial and final values the corrosion rate is

calculated. Water losses due to pump leakage and eventual

evaporation are compensated by fresh water with the corresponding

additive concentration. The amount of these losses is about 60- 100

liter per test.

T'he inhibitors used in this investigation are the sodium salts of

tungstate, molybdate, phosphate (as anodic inhibitors), and

polyphosphate (as cathodic inhibitor). These salts are of analytical

grade.

Two types of water are investigated. Normal tap water of
2-ETRR-2 site (Cl = 20- 40, S04 = 20- 45, Ca hardness = 70- 90, and

Mg hardness = 70- 100, all in ppm, hardness expressed as ppm

CaCO3) and aggressive water (i.e. tap water, to which 100 ppm NaCl

and 125 ppm Na2SO4 were added). This aggressive water simulates

the composition of that which may be formed due to evaporation and

other losses expected when the reactor is set in operation.

Results and Discussion

Most corrosion inhibitors have a certain amount of toxicity;

hence care must be taken to ensure that their application conforms to

prevailing environmental and health regulations, which are

progressively becoming more stringent. In general, the inhibitor

should be compatible with the metal and its environment.
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Figure 2 shows the relation between corrosion rate in mm/y and

concentration of the four tested corrosion inhibitors. As it is clear,

corrosion rate depends on both inhibitor type and its concentration.

Results of each type and its applied concentrations will be discussed

individually in the coming sections.

--w- Instate
0.1 * molybdate

i phosphate

0.08 polyphosphate

E
6 0.06

0

0.040

0.02

0

Figure 2 Corrosion rate against concentration of inhibitor in tp
water

Sodium tungstate

Figure 2 reveals that the tungstate ion enhances the corrosion

resistance of the tested mild steel alloy at all concentrations. The

corrosion rate decreases as the concentration of the inhibitive species

increases from 20 to 40 ppm. This indicates increased tungstate

adsorption onto the metal surface. Ile corrosion rate of untreated
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water is 0105 mm/y. By the addition of 20 ppm sodium tungstate, this

corrosion rate decreases drastically to 0021 mm/y, which corresponds

to an inhibitor efficiency of 80%. Upon increasing the inhibitor

concentration to 30 ppm a further decrease in corrosion rate is

attained to reach 0003 mm/y. Increasing the inhibitor concentration to

40-ppm results in a slight increase in the corrosion rate with a value of

0.008 mm/y (93%IE). This may indicate that 30 ppm is the optimum

concentration of tungstate ion that enhances the corrosion resistance

of the tested alloy. This optimum concentration corresponds to an

inhibitor efficiency of about 97%, which is an acceptable one. Fig. 3

Very little basic work has been devoted to the understanding of

the exact mechanism of inhibition by tungstate, but even so the

available data are not always in agreement. Ile first published

information on corrosion inhibition by tungstate appeared as a patent

in 1939 describing its use in organic anti-freeze solution. The first

reported experiments on corrosion inhibition by tungstate were in

1951 which lead to the conclusion that tungstate lacked the oxidizing

properties of chromate and nitrite 6 Sodium tungstate is a non-

oxidizing passivator and inhibition by tungstate requires the presence

of oxygen. It seems that oxygen and tungstate are physically adsorbed

with an ordered arrangement on the surface 6].

Some published results contradicted those found in the present

study regarding the efficiency of tungstate as a corrosion inhibitor 7].

it was found that tungstate had o positive effect o the pitting

resistance of iron sheet of 99.9% purity tested in a solution of AM

potassium phosphate 005M sodium tetraborate + 0.1 M chloride

with and without the addition of different tungstate concentrations.
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Sodium molybdate

Figure 2 points out that the increase of the added molybdate

leads to pronounced corrosion resistance. As the case of tungstate

inhibitor, a drastic decrease in corrosion rate is achieved pon adding

20-ppm molybdate salt. Increasing molybdate to 30 ppm then to 40

ppm resulted in a further decrease in corrosion rate. Corrosion

efficiencies corresponding to the three used concentrations 20, 30, and

40 ppm are about 78, 87, and 96% respectively Fig. 3 The higher

inhibition efficiency 96%) corresponding to 40 ppm points out that

this concentration might be the acceptable inhibitor concentration.

Corrosion-inhibiting behaviour was first attributed to the

molybdate anion in 1939. That year, two patents were issued

describing the utilization of soluble molybdates as corrosion inhibitors

in alcohol-water antifreezes of automobile cooling systems. While still

used in antifreezes, molybdate corrosion inhibition has been extended

to a diverse variety of other practical applications [8]. As with

tungstate, molybdate is a non-oxidizing passivator and the effect of

molybdate on steel corrosion would be negligible in totally de-aerated

media and steel would exhibit active dissolution 3,5]. The enhanced

corrosion resistance of the tested alloy by using molybdate ion, as a

corrosion inhibitor, was further confirmed by Kodama et al and others

[9, 5, 71. They attributed the effect of molybdate on enhancing the

corrosion resistance to the formation of an insoluble molybdate

compound (eMO04)- 'Me increase in efficiency with increased

molybdate concentration indicates the formation of an increasingly

protective film. The increased protective nature of the passive film

may be the result of film strengthening through increased

incorporation of adsorbed molybdate into the iron oxide film or to the

increased availability of adsorbed molybdate capable of repairing
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defects in the passive film5. In aqueous solution, however,

molybdenum chemistry is not so simple, because Mo(VI) can give a

variety of complexes with solvent species or polymerize on

acidification giving rise to a very complicated series of iso-polyanions

[5,7,8, 10].

100 
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20 - phosphate

polyphosphate
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Figure 3 Inhibitor efficiency against concentration of inhibitors

in tap water
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Sodium phosphate

Results depicted in Figs 2 and 3 show that the addition of 20-

ppm sodium bi-phosphate decreased the corrosion rate to about 17%

its initial value of the untreated water. The inhibition efficiency

corresponding to this concentration is about 75%, which is almost as

the same efficiency of the two other inhibitors discussed before. On

the other hand, when the inhibitor concentration increases from 20 to

30 and to 40 ppm, the corrosion rate begins to increase Fig. 2 and

accordingly the inhibition efficiency decreases from 75 at 20 ppm

to 68 and 62% respectively Fig. 3 According to these results, it is

clear that the corrosion performance of the tested alloy cannot be

improved at concentrations higher than 20-ppm sodium biphosphate.

These findings are in accordance with previous results

concerning the effect of phosphate concentration on the corrosion

resistance of carbon steel 3]. It was pointed out that for cooling water
3systems, phosphate is added in a concentration range of 15- 20 ppm .

It is cited in the literature 3] that phosphates are anodic inhibitors that

are effective in the presence of dissolved oxygen. Oxygen is the

primary reactant responsible for steel inhibition. Oxygen forms a

defective thin oxide film of yFe2O3- Phosphate ions block the voids

(film defect points) and accelerate film growth. As a result, ftirther

diffusion of Fe 2, ions from te metal surface is restricted 3]. It is

worth mentioning that the tri-substituted phosphate is the most

effective, whereas the mono-substituted is the least effective one 3].
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Sodium polyphosphate

Polyphosphates are widely used as cathodic inhibitors and they

are among the most economical of all inhibitor treatments. They are

also effective and commonly used. Sodium salts of polyphosphates are

normally used for corrosion control. Normal concentration in

recirculating waters is 15- 20 ppm 3, 41.

As a result of adding 20-ppm sodium polyphosphate to the test

solution, the corrosion rate and its corresponding inhibitor efficiency

are almost the same as that of the above used anodic inhibitors Figs 2
and 3 At 30-ppm concentration, the corrosion rate equals the value

obtained in tungstate-inhibited solution. However, increasing the

inhibitor concentration to 40-pprn results in zero-corrosion rate, which

corresponds to 100% inhibitor efficiency. After the test was

completed, a protective white layer was uniformly distributed along

the specimen surface. According to these findings, it is clear that

although polyphosphate is a cathodic inhibitor, which is considered to

be less effective than anodic one 3,41, it inhibits corrosion much more

effectively than phosphate corrosion inhibitors.

The protective film develops through the formation of positively

charged colloidal complexes that migrate to the cathode forming a

protective barrier. These complexes knit to each other through alcium

ions (divalent ions) forming colloidal particles 3,4]. Therefore a ratio

of Ca 2+ : polyphosphate of at least 02 and preferably 0.5 should be

maintained. A surplus of Ca 2+ causes the formation of a sparingly

soluble compound Ca5 (P3010) 213,4]-
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Corrosion Inhibitor Performance in Aggressive Water

In near-neutral aqueous systems, the presence of certain ions

tends to oppose the action of inhibitors. Chlorides and sulphates are

the most common examples of those aggressive ions. These ions tend

to accelerate dissolution and breakdown of the oxide film 4 Both

chloride and sulphate ions compete for active sites on the metal

surface 4, 11]. Therefore, inhibition of steel corrosion becomes more

difficult as the concentration of aggressive ions is increased 4].

Corrosion rate of carbon steel in aggressive water was found to

be 0154 mm/Y. his value is higher than the corresponding one

obtained in tap water free of additional chloride and sulphate ions

(0.105 mm/y). This demonstrates that the air formed oxide film on the

metal surface is not stable towards the aggressive action of the

solution'). After test duration, many corrosion areas were observed

over the specimen surface.

Corrosion tests were carried out at a pre-selected inhibitor

concentration of 30 ppm. Addition of 30-ppm sodium tungstate to the

aggressive water resulted in a sensible decrease in corrosion rate from

0.154 mm/y to 0034 mm/y. This corrosion rate corresponds to 78%

inhibitor efficiency Fig. 4 After test duration, most of the specimen

surface area was intact. In case of molybdate type, the corrosion rate

and inhibitor efficiency are 0.058 mm/y and 63% respectively. Ibis

efficiency is lower than that obtained in tungstate- inhibited

aggressive water. These findings confirm with those obtained in tap

water, which suggest that tungstate inhibitor is more effective than

molybdate. Almost the same results were obtained in case of addition

of 30-ppm sodium phosphate. Although the specimen surface was

covered with a white layer (after 7 days), some black corrosion
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products were found and seemed to be adherent to the specimen

surface. Addition of 30-ppm sodium polyphosphate (cathodic type

inhibitor) gave the same results as sodium phosphate inhibitor.

These findings are in agreement with those observed in previous

literature 3-5, 11-12). Abd El Kader et al.[111 demonstrated that in

the presence of aggressive ions higher amounts of tungstate is

necessary to provide complete inhibition. Sakashita and Sato 12] on

the other hand, have shown that the presence of an iron

oxide/molybdate film on steel will inhibit corrosion by preventing the

transport of aggressive anions to the metal surface as well as by

preventing metal cations from escaping into solution.

It is also cited in the literature 31 that inhibition by phosphate is

sensitive to chloride ions. This is because the protective oxide m

contains voids and other inclusions, so C- ions may be easily

adsorbed to sensible complexes. Film breakdown is thus a function of

aggressive ion concentration, wereas film repair depends on

phosphate level and oxygen concentration. The polyphosphates are

relatively insensitive to aggressive ion concentration, but do require an

increase in dosage level with an increase in water corrosivity 3].
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Conclusions:

According to the TeSUHS of the present investigation, the following

conclusions could be withdrawn:

1. The addition of corrosion inhibitors (anodic and cathodic)

resulted in decreasing the corrosion rate.

2. The reduction in corrosion rate depends upon both the

inhibitor type and concentration.

3. In t'ap water of ETRR-2 site, tungstate inhibitor gives the

least corrosion rates among the two other anodic inhibitors.

4. The addition of 30 ppm of all inhibitor types to aggressive

water containing 120 ppm chloride 150 ppm sulphate

reduces the corrosion rate.

5. The efficiencies of all the used inhibitors reduced markedly

in aggressive water.
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Abstract

In the present work te effect of different duration (1 2 and 3 hours)

of high temperatures (250T, 500T, 750'C and 950'Q on the physical and
mechanical properties of eavy concrete shields were studied. The effect of
fire fitting systems on ordinary concrete was investigated. Te work was
extended to determine the effect of high temperature or accidental fire on the
radiation proper-ties of heavy weight concrete. Results sowed that ilmenite

concrete had the highest density, absorption, and modulus of elasticity when

compared to the other types of studied concrete and it had also higher values
of compressive, tensile, bending and bonding strength than ordinary or

baryte concrete. menite concrete had te highest attenuation of transmitted

gamma rays in comparing to gravel concrete and baryte concrete.
11menite concrete was more resistant to elevated temperature than gravel

concrete and baryte concrete. Foam or air as a fire fitting system in concrete

structure that exposed to high temperature or accidental fire proved that

better tban'%vater.
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Introduction

At elevated high temperature or accidental fire, concrete

surfaces exposed to beat are significantly affected. At free surfaces

the heat flow is caused by convection and radiation [1]. A preliminary

evaluation of the failure criteria showed that failure of heated concrete

surface occurs most likely by crack formation parallel to the hot

surface, degradation of concrete strength, and pressurization of

concrete pores are observed 2 The behavior and load bearing

capacity of concrete elements exposed to fire is the main task in fire

engineering design. Simplifications using temperature dependent

266



stress/strain curves proved to be accurate 3 Also the required fire

duration for exceptional structures such as nuclear power plants or

large traffic tunnels is very important 4]. A concrete shield is exposed

to two sources of heat; heat transferred from the hot parts of the

reactor systems and heat produced internally by the attenuation of

neutrons and gamma rays [5]. Radiation attenuated by the shield does

not have a significantly deleterious effect on the shield itself. Energy

captured from the slowed down fast neutrons and the gamma rays

entering the shield from a reactor core is deposited within the

shielding material and liberated as heat. Its effect can be significant;

especially that most of the heat is produced in the layers of the shield

nearest to the reactor core [5]. In case of a burning sodium pool on a

concrete surface, the heat transferred from the sodium pool to the

concrete will cause release of physically and chemically bound water

from the concrete 6].

Kaplan et. al. found that some deterioration in the structural

properties would occur when mass concrete is exposed to high

temperatures, and also proved that the pattern of the changes in the

physical properties of unsealed specimens when heated to

temperatures of 70 C, 100 C and 150 T were different to that at

temperatures of 250 C and 400 C[7]. Also found that the changes in

concrete properties considered to be related mainly to the loss of water

from the cement gel and the capillary pores in the cement paste.

Gluekler was found that the local failures at the surface of concrete

structures (spallation) and significant water release have been

observed when surfaces were exposed to elevated temperatures as for

instance in building fires. In liquid metal fast breeder reactors, spillage

of hot sodium onto concrete structures could potentially cause such

failure 2].
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The aim of this work is to study the effect of accidental fire or

high temperature, ranging between 25 'C to 950 'C, and gamma

radiation on the mechanical properties of different types of heavy

concrete (gravel, baryle and ilmenite concrete) which used as shield in

nuclear facilities. The study was extended to investigate the effect of

fire protection painting material on concrete properties. Also to

studied the effect of different method re cooling on concrete

properties.

Material and Methods

The all properties of used cement were conformed to the

Egyptian Standard Specifications codes (ESS) of portland cement.

The physical and mechanical properties of used aggregates,

brought from natural mining in Egypt, were determined according to

American Standard for Testing Material codes (ASTM; C127, C128,

C- 29 and C-33). It was found that specific gravity, unite weight

(k g/M2) , and water absorption of gravel was 26, 1.7xl 03 and 09

respectively. While for bary-te it was 4 2.8x1 03 and 17 respectively

and for ilmemite it was 42, 2.9xl 03 and 2 respectively [8]. The grain

size distribution of used baryte and ilmenite was illustrated according

to ASTM C-637-84 while that of used gravel was compatible with

ASTM C702 which are acceptable to ESS. The main chemical

components of the used cement was found 63.5% CaO and 21.5%

SiO2 and for gravel it was found 95.5% SiO2 but for baryte it was

found 90.5% BaSO4 while for ilmenite it was found 21.5% TiO2 and

65.5% Fe2O3 [8]. The used water for concrete mixing was tap drinking

water, which is acceptable according to ESS No.190. FR2 viscous

colorless fire protection panting material supplied fom Chemicals for
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Modem Building company [CMB LEYDE] was used as protection

concrete paint from the effect of high temperatures.

Trial mix using the absolute volume method to obtain denser

concrete of used material was determined, and to avoid segregation of

heavy aggregate, smaller volume of heavy material were used, the

proportional of the final mix design to obtained 1 rn 3 of concrete is

given in Tab] e 1 

Table 1: Concrete proportional mix design

Used Fine Coarse Mixing Super-

material Cement aggregate aggregate water (W/C plasticizer
content (sikament-
gIM3 Of (< 5MM) (5-20mm) 40 %)

(k (kg/rr3 of (k g/M3 Of (lit./M3 Of 163�
Type of concrete) concrete) concrete) concrete) (lit./m of
concrete concrete)

Ordinary 400 750 1125 160

Baryte 400 1236 1510 160 1.5

11menite 400 1041 1933 1 160 1 2.1

Cubic, cylindrical and beam specimens were prepared according

to ASTM procedures to determine physical and mechanical properties

of the different types of tested concrete (ordinary, baryte and ilmenite

concrete. Other group of all samples was prepared and then painted by

FR2, as fire protection material (protected samples) to study the

mechanical properties.

Special specimens of 20OX200 mm in area but differing in

thickness 20, 40, 60, 80, and 100 mm) were mechanically cut to

measure the resistance (attenuation coefficient) of different types of

concrete to gamma radiation. Shielding tests for gamma rays were

performed using cobalt-60 and cesium-137 point sources of 37xI 04

Bq lpCi) activity. Computerized multichannel analyzer (MCA)
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connected to Nal (Sodium Iodide) detector was used to measure the

gamma activity.

Results and discussion

The physical properties of studied concrete types are shown in

Table2.

Table 2 Physical roperties of concrete

ysical Absorption %
per-ties Slump according Density after after 28 days

to ASTM C149- 28days (ASTM
Type of 90a) mm. (kg/mM 3 C462-90)
Concrete

Ordinary concrete 100-120 2.35x10-6 3.75

Baryte concrete 50 - 70 3.25 x10-6 2.8

limenite concrete 20 - 30 3.45 x10-6 2.5

It can be observed that the differences in slump values can be

attributed to the fact that the absorption of ilmenite aggregate is 2 ,

that of baryte aggregate is 17% while for gravel is 09%. ilmenite

concrete density was higher than gravel and baryte concrete by 47%

and 6 respectively. The difference of density can be attributed to the

difference in specific gravity of the used aggregates. Moreover,

ilmenite concrete showed the lowest value of water absorption. It was

lower than that gravel concrete by 33% while water absorption of

baryte concrete was lower than that of gravel concrete by 25%. The

difference of absorption percent can be attributed to the difference in

the void percent between gravel, baryte and ilmenite.

The mechanical properties of different types of studied concrete

at laboratory temperature 25 ± 3 Q were given in Table 3.
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Table 3 Mechanical properties of concrete

Mechanical
Flexural

roperhe Compressiv Tensile Bond Modulus of

e strength strength (Bending) strength elasticity

Type (F,) MPa (F,) MPa strength (Ff) MPa. GPa

Concrete (Ff) MPa

Ordinary 44 2.55 3.43 5.4 20.79

Baryte 47 2.85 4.42 6.89 29.03

11menite 1 51 1 3.53 5.4 1 6.87 34.43 1

It can be seen that the ilmenite concrete, in general, has higher

values of mechanical properties than baryte or ordinary concrete.

Ilmenite concrete showed an increase in compressive strength of 16%

and 8% when compared to gravel and baryte concrete respectively.

The ighest values of indirect tensile strength, flexural strength send

bond strength was obtained for the ilmenite concrete. The indirect

tensile strength of ilmenite concrete was higher than that of gravel and

baryte concrete by 38% and 24% respectivelywhile its was higher

than that of flexural strength of gravel and baryte concrete by 57% and

22% respectively. Increase in bond strength of ilmenite concrete was

achieved, it showed an increase of 27% and 17% when compared to

gravel and baryte concrete respectively. Modulus of elasticity of

ilmenite concrete was higher than that of gravel and baryte concrete

by 66% and 19% respectively. Ibis is attributed due to rigidity of the

aggregate.
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Results of the maximum compressive strength (MPa of

different types of concrete, at different degrees of temperature for 2

hours duration are given in Table 4.

Table 4 The effect of temperature on concrete compressive
strength

TemperatUTe

egree 25 C 250 C 500 C 750 OC 950 C
Type of
Concrete
Ordinary concrete 44 36.79 18.2 6.58 0.0

Baryte concrete 47 43.95 28.25 15.0 6.77
11menite concrete 51 47.58 43.2 29.92 13.44

Exposure to different temperatures leads to reductions in

compressive strength of concrete. From the obtained results it can

found tat the reduction percent in compressive strength of ordinary

gravel concrete was about 10%, 59%, 85% and 100% when exposed

for two hours to temperature of 250 T, 500 'C, 750 and 950 T

respectively. But for baryte concrete the reduction percent was found

to be about 7, 40%, 68% and 85% while for ilmenite concrete the

reduction percent in ompressive strength was 7, 15%, 40% and

74% for the same heat duration and temperatures respectively. Ile

reduction in compressive strength can be attributed to the driven out

of both free water and fraction water of hydration in of concrete due to

high temperatures, dehydration of concrete causes a decrease in its

strength, elastic modulus, coefficient of thermal expansion and

thermal conductivity.

The effect of heating duration at different degrees of

temperature on mechanical properties of protected and unprotected

ordinary concrete specimens are given in Table 5. From table it can be

seen that compressive strength of ordinary concrete sowed a minor
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reduction when heated at 250 C for 1 2 and 3 hours in both cases of

protected and unprotected concrete samples. But it was extremely

affected when heated at 500 for hour in case of unprotected

ordinary concrete, on the other hand the protected concrete was mildly

affected. The reduction in bending strength was higher than the

reduction in compressive strength of concrete when heated at the same

temperature and for the same duration. The bending strength of

ordinary concrete was extremely affected by exposure to beat at 250

T for 12 and 3 hours for both protected and unprotected specimens.

At temperatures above 500 for one hour duration, the concrete

progressively lost its compressive strength, which dropped to about

55% of the room temperature strength. Generally the mechanical

properties of concrete (compressive, tensile, bending and bonding

strength) were inversely proportional to heating temperatures or firing

time. The effect of different cooling methods on compressive strength

(MPa) of protected and unprotected ordinary concrete specimens for

different heating durations at different degrees of temperature are

given Table 6.
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Table5: Effect of different heating duration on mechanical
properti

emperature
degree C 0

25 T 250 C 500 C 750 C 950 C
properties of
Concrete

1 44 40.2 22.1 23.1 5.89
2 44 36.78 18.15 6.57 0.0

3 44 28.93 9.81 0.0 0.0

1 44 41.69 26.0 14.22 6.87
2 44 39.24 23.55 7.85 0.0
3 44 32.37 13.73 2.95 0.0

t; 1 2.55 1.96 0.98 0.59 0.11
2 2.55 1.77 0.78 0.0 0.0

C
3 2.55 1.37 0.39 0.0 0.0

1 2.55 2.21 1.40 0.74 0.15

2 2. 5 1.91 1.0 0.42 0.0 1
CL 3 2.55 1.52 0.66 0.0 0.0

1 3.43 2.71 1.01 0.30 0.10
2 3.43 1.96 1 0.69 0.0 0.0;T. C

3.43 1.21 0.59 0.0 0.0064

1 3.43 2.95 1.72 0.70 0.10

z 2 3.43 2.45 1.42 0.30 0.0
3 3.43 1.42 0.78 0.0 0.0
1 5.4 2.75 1.37 0.60 0.10

2 5.4 2.35 0.98 0.15 0.0

3 5.4 1.77 0.59 0.0 0.0

1 5.4 2.95 1.67 0.80 0.15

2 5.4 2.16 1.13 0.17 0.0

3 5.4 1.47 0.69 0.0 0.0

The coating material had no significant effect in temperatures higher

than 50 T but cooling by water lead to more reduction in

compressive strength of concrete than cooling by air or foam type

because using water as cooling system leads to a big damage in

concrete properties.
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Table 6 Effect of different cooling methods on concrete

compressive st ngth (MPa)
ature

O

0 25 C 250 C 500 C 750 C 950 C

Concrete
1 44 40.2 22.1 23.1 5.89
2 44 36.78 18.15 6.57 0.0.E
3 44 28.93 9.81 0.0 0.0
1 44 41.69 26.0 14.22 6.87t;

0.2 2 44 39.24 23.55 7.85 0.0
3 44 32.37 13.73 2.95 0.0
1 44 37.30 13.25 5.40 0.0
2 44 32.40 10.80 0.0 0.0

C
3 44 24.50 3.90 0.0 0.0
1 44 38.25 14.70 6.87 0.0

0 2 44 33.35 11.77 2.95 0.0
3 44 26.0 4.90 0.0 0.0

Z; 1 44 38.25 15.70 7.85 0.0
cc 2 44 34.35 12.75 4.90 0.0

3 44 25.50 5.90 0.0 0.0
1 44 39.25 16.68 .34 0.0
2 44 36.30 14.22 5.40 0.0lag

1 3 44 26.50 7.85 0.0 0.0

The attenuation coefficient percent g%) of 60 Co and 137CS gamma

sources for different types of concrete heated for 2 hours at different

degrees of temperature are shown in Table 7 Results showed that the

attenuation coefficient (p%) slightly depend on temperature and

decreased to about 16% for gravel concrete, 17% for baryte concrete

and 16% for ilmenite concrete at temperature of 750 C. lmenite

concrete showed the highest attenuation of transmitted gamma rays.
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Table 7 Concrete attenuation coefficient percent (p% at

different degrees of temperature.

Temperature 60co 137 Cs

Type of Oc 1330 (KeV) 1170 (KeV) (660 Kev)
Quite

25 12.72 12.21 7.33
250 11.53 11.16 6.67

>
0 500 11.01 10.55 6.28

750 10.69 10.31 6.15
950 9.55 9.18 5.50
25 15.97 15.54 9.83

250 14.53 14.14 8.94
500 13.89 13.52 8.54

0 750 13.25 12.91 8.15
950 12.61 12.27 7.76
25 16.59 16.22 9.81

250 14.61 14.27 8.66
U 500 14.27 13.95 8.46E - I I1393 -1 8.26750 13.62

950 13.61 13.31 8.1

It was higher than gravel concrete and bary-te concrete by 39.8%

and 8% respectively of ('OCo at laboratory temperature. At 137CS'

results showed the ilmenite concrete had the highest reduction by 20%

and 02% of gravel and bary-te concrete respectively at laboratory

temperature, this result can attributed to the fact that ilmenite concrete

has the highest density when compared to gravel and baryte concrete.

It found that an increase in the attenuation coefficient of about 30.5%

and 32.8% with respect to gravel concrete at 60 Co and about 33.8%

with respect to 137 Cs respectively. While the bary-te concrete has a less

increase in the attenuation coefficient p%) by 25.3% and 27.3% with

respect to gravel concrete at Co and about 34% with espect to 137CS

respectively. The reduction percent sof gamma attenuation coefficient

(P%) of Co and 137CS for ordinary gravel concrete was about 9,

14%, 16% and 25% at temperatures 250 C, 500 C, 750 C and 950
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T respectively. And for baryte concrete it was about 9, 13%, 17%

and 21 %, but for ilmenite concrete it was 12%, 14%, 16% and 18 at

same temperatures respectively. The reduction of gamma attenuation

coefficient (Rl can be attributed to the effect of high temperatures on

the properties, especially density due to losses of water due to

evaporation, of different types of tested concrete.

Conclusion

From the above results it can concluded that ilmenite concrete is

more suitable material to used as a shielding concrete rather than

gravel concrete and baryte concrete. Also ilmenite concrete is more

resistant, to elevated temperature ad gamma radiation, than gravel

concrete or baryte concrete. It is recommended to use the fire

protection material as coating layer at temperatures lower than 500 'C

and use foarn or air are better than water as a fire fighting system in

concrete structure exposed to high temperature or accidental fire.
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Abstract

The effect of specimen size and notch geometry on the impact
properties (upper shelf energy, USE and the ductile to brittle transition
temperature, DBTT) of the nuclear reactor pressure vessel steel A533B was
investigated. The study was carried out using Charpy V-notch specimens of:
full sze (10 x 10 x 55 mm), one third size 4 x 3 x 27 mm), short half size 5
x 5 x 27 mm) and long half size (5 x 5 x 55 mm). Each specimen size had
varying notch geometry parameters (notch depth, notch root radius, notch
angle). Specimens were tested at temperatures between 123 K and 423 K (-
150 'C and 150 'C) to generate ductile to brittle behaviour. Subsize
specimens displayed lower USE and DBTT values than the full size
specimens. The USE decreased with the increase in notch depth and the
decrease in notch root radius. On the other hand, the DBTT decreased with
the increase in notch root radius. Good correlation was obtained between te
full and te subsize specimens regarding te USE and the DBTT by using a
normalization factor involving the plastic stress concentration factor (K'j)
and te specimen dimensions (thickness and ligament). This correlation can
be used in determining the USE and DBT1' for full size specimens from
those of subsize specimens for the particular steel under investigations.
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Introduction

Neutron induced embrittlement of a nuclear reactor pressure

vessel steel (PVS) is associated with a reduction in USE and an

increase in DBTT. These irradiation effects on impact toughness of

PVS are monitored using the standard or fuli size (10 x 10 x 55 mm)

Charpy V-notch specimens. However, the use of full size specimens is

impractical because they are too large for the limited irradiation

volume available for surveillance specimens inside the vessel. Subsize

specimens have therefore been developed for use in irradiation

experiments. This would permit fabrication of many more specimens

from limited amount of materials. It would a]--o reduce the variation of
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temperature and neutron flux present in larger specimens. The major

problem with considering subsize specimens is that both USE and

DBT'T are considerably lower than those of full size specimens. It has

therefore been needed to develop a methodology to correlate the USE

and DBTIF of full size specimens with those determined by subsize

specimens. Many attempts 1-7] have been carried out to correlate the

USE and DBTT of full size specimens. This was achieved by using a

normalization factor which involves specimen dimensions (thickness

and ligament) and the stress concentration factor at the notch root (K',).

None of the attempts mentioned above has taken into account the

variation in notch dimensions.

The aim of the present work is to study the variation of specimen

size and notch dimensions (notch depth, notch root radius, notch

angle) on the impact properties (upper shelf energy, ductile to brittle

transition temperature), of the nuclear reactor pressure vessel steel

A532 3 B.

Expejimental

The chemical composition of the tested specimens is given in

Table 1. The heat treatment of this material includes austenitizing at

915 'C for 12 h, then water quenching; tempering was performed at

635 'C for 12 h followed by air cooling.

Table 1: Chemical composition of A533 B steel, wt. 

Element C Si Mn MO Ni Cr P Cu S

,%kt.% 0.25 0.25 , 133 0.51 , 0.65 0.1

The specimens used were the full size (10 x 10 x 55 mm), one

third size 4 x 3 x 27 mm), short half size (5 x 5 x 27 mm) and long

half size (5 x 5 x 55 rnrn). Tests were carried out on two instrumented
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impact machines according to ASTM E23 in the Fracture Mechanics

Testing Laboratory - at Inshas, Egypt. The full size specimens were

tested on the Amsler-300 impact testing machine which has maximum

impact energy of 300 Joule. The subsize specimens were tested on the

impact testing machine Tinius-Olsen 22 with a maximum energy of 22

Joule. The distance between the anvils supporting the specimens (span

length) is 22 and 40 mm for the smaller and larger machines,

respectively. Impact testing was conducted in a temperature range

between 123 K and 423 K (450 and 150 'Q.

Results and discussion

Effect of Specimen Size

Table 2 shows the impact properties (USE, DBTT) of all subsize

specimen groups. These properties were obtained from transition

curves of the tested specimens. Group D denotes full size specimen

results. The main observation is that the value of the USE of subsize

specimens is considerably lower than that of full size specimens. On

the other hand, the DBTT of subsize specimens is lower than that of

full size specimens.

It is expected that the impact properties determined by subsize

specimens would be different from those determined by full-size ones.

This is a consequence of the difference in specimen size which will,

under loading, produce different stresses and strains ahead of the

notch, and so the transition in fracture mode will occur at different

temperatures [8] 'Me lower DBTF values of the subsize specimens as

compared to those of full size specimens are due to a change in the

stress state, which exists at the notch front. For full size specimens the

stress
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Table 2 Impact properties of the tested steel

Group Group dimensions Notch parameters Impact properties

Name in mi notch depth a, mm

wid1h x thickness x length notch root radiusA mm USE DBTT

Wx B x L notch angle 0, (J) (K)

Full size

D 10 x 10 x 55 2.00,0.25,45 132 300

C1 1.00, 0.10, 45 6.0 258

C2 Third size 1.00, 0.10 30 5.8 243

C 1) 4 x 3 x 27 0.80 010,30 7.6 260

C4 1.00 025,30 6.4 215

C5 0.80 025,30 7.8 220

BI 1.00 025, 45 20.0 220

B2 1.00 025,30 21.0 245

B3 Short half size 1.00, 0.10, 30 17.6 234

B4 5 x 5 x 27 1.25 025,45 16.4 217

B6 1.25 025, 30 16.0 212

B7 1.25, 0.10, 30 14.4 248

El 1.00 025,45 19.5 247

E2 1.00 010,45 18.8 270

E3 Long half size 1.25 025,45 17.2 254

E4 5 x 5 x 27 1.25,0.10,45 15.2 277

E5 1.00, 0.10, 30 21.0 295

E6 1.00 025,30 22.0 263

283



state is mainly one of plane strain which tends to promote brittle

fracture 18]. Decreasing the specimen size increases the percentage of

the specimen cross section which is under plane stress, a condition

which promotes ductile failure by minimizing constraint. The shift from

plane strain to plane stress makes the material appears to be more ductile

at a given temperature and therefore decreases the DBTT. The energy

absorbed will obviously vary with specimen size. The observed

reduction in USE as the specimen size is decreased is primarily due to

the reduction in the specimen cross section which in turn reduces the

volume involved in the fracture process [8].

Effect of span length

Table 2 shows the effect of specimen length (and in turn the span

length); short half size and long half size specimens, on the USE and

the DBTT. Comparison is made between specimens selected so as to

have the same notch geometry parameters (a, p, 0); specimen groups

131-El, B2-E7, 133-E6, 135-E3. Specimen lengths 55 mm (long half

size) and 27 m (short half size) correspond to impact testing

machine span length of 40 mm and 22 mm, respectively. As shown

the span length has a slight effect on the upper shelf energy. On the

other hand, the variation in span length shows a strong effect on the

DBTL The DBTT decreases as the span length is decreased.

Effect of notch geometry

It can be seen from Table 2 that the USE decreases as the

specimen notch depth increases. In addition, the USE decreases as the

notch root radius decreases. In general, the notch root radius value has

an inverse relationship with the DBTT- The specimen notch angle does

not have a specific effect on both the USE and DBTT.
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Kurishita et. al. [9- 111 reviewed the effect of notch geometry on

the USE and DBTIF of ferritic- martensitic steels candidate for fusion

reactor applications. Variations in notch dimensions were: from 020 to

0.51 mm notch depth, from 002 to 025 mm notch root radius and from

30 to 45' notch angle. They found that USE is dependent on notch

deptia, but not on notch root radius or notch angle. On the other hand, the

DBTT depends trongly on notch dimensions (notch depth and root

radius); the DBTT increases as the notch depth increases and the notch

root radius decreases. This agrees partially with the findings in the

present work.

Normalization of energy

Correlation between the full and subsize specimens absorbed

energy was achieved by normalizing the impact energy for each

specimen by some normalization factor (NF) related to both the

specimen dimensions and notch geometry. Conventionally, this is done

by dividing the energy by either the area normalization factor (ANF or

the volume normalization factor VNF). ANF= Bb and VNF= (Bb)"',

where is the specimen width and b is the specimen ligament.

Normalization of energy of the present work based on fracture

area, using ANIF produced very poor agreement between the USE for

the full and subsize specimens. Slight improvement in the correlation

between the upper shelf energies for both sizes was obtained by using

the fracture volume normalization factor, VNTF.

Other investigators 12, 13] found that normalization by nominal

fracture volume below the notch has provided a reasonably good
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correlation between the full size and subsize specimens of several fusion

reactor candidate ferritic/martensitic steels 9 Cr-1 MoVNb) in the as

tempered condition with upper shelf energy in the range of 200-262 J.

However, poor agreement of the USE by the volume normalization was

reported 21 for pressure steels, A 302B and A508 with USE as low as

62-118J for the full size specimens. It appears then that good correlation

of USE by the nominal volume normalization is restricted to ductile

materials having relatively large USE. The poor agreement of USE by

using volume normalization f the presently investigated steel could

thus be explained since its USE has an intermediate value, 136J for the

full size specimens. Establishing a correlation procedure in low USE

steels such as the steel under investigation is important because neutron

irradiation leads to a significant decrease in USE and ductility of

pressure vessel steels.

A normalization factor (N.F) involving the plastic stress

concentration factor Kt and the specimen dimensions (ligament and

thickness) was attempted 14].

(Bb )
N.F [15],

K I t

&'=&-Qsub/Qf.11

where

Kt is an elastic stress concentration factor which is a function of notch

ligament b and notch root radius p. is a function of notch angle .
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The absorbed energy at each temperature was normalized by

dividing the absorbed energy by N.F. Applying this normalization

procedure, using NY yielded an improvement in the correspondence

between the USE for full size and subsize specimens than that produced

by the volume normalization factor. Table 3 presents the normalized

USE by using N. F. Most of the nearly 100% correspondence between

the full and subsize specimens was for C groups; third size specimens 4

x 3 x 27 mm), E groups; long half size specimens (5 x 5 x. 55mm).

Normalization of temperature

In order to get a correlation between the DBTT for the full and

subsize specimens, test temperatures were normalized by using plastic

constraint factor Kt. This was achieved by dividing each test

temperature by the normalization factor4k't. Table 3 presents the

normalized transition temperature results along with the normalized

USE values. As shown in Tables 3 the amount of the difference in the

DB'17 between the full and subsize specimen after normalization has

decreased to a great extent.
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Table 3 Impact properties of the tested steel after normalization

Group Group dimensions Notch parameters Before After

Name in mm notch depth a, mm Normalization Normalization

width x thickness x notch root radiusq USE DBTT USE D

length WX B XL ffm Q) (K) J/mrn' (K)
notch angle 

Full size

D 10 x 10 x 55 2.00,0.25,45 132 300 0.9 135

Cl 1.00,0.10, 45 6.0 258 0.9 123

C2 Third size 1.00 010,30 5.8 243 1.2 106

C3 4 x 3 x 27 0.80, 0.10, 30 7.6 260 1.28 115

C4 1.00,0.25,30 6.4 215 0.76 11

C5 0.80,0.25,30 7.8 220 0.86 118

BI 1.00,0.25, 45 20.0 220 0.72 120

B2 1.00 025, 30 21.0 245 0.84 136

B3 Short half size 1.00 010,30 17.6 234 1.10 141

B4 5 x 5 x 27 1.25 025, 45 16.4 217 0.70 92

136 1.25,0.25,30 16.0 212 0.72 127

B7 1.25, 0.10, 30 14.4 248 1.40 118

El 1.00 025, 45 19.5 247 0.72 133

E2 1.00,0.10,45 18.8 270 1.08 116

E3 Long half size 1.25 025,45 17.2 254 0.68 135

E4 5 x 5 x 27 1.25,0.10, 45 15.2 277 L.00 120

E5 1.00,0.10,30 21.0 295 0.78 15

1.00, 0.25,30 22.0 263 0.90 134
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The specimen gups that gave narly 100 correspondences

between the full and subsize specimens are: the one third size (Cl, C2),

the short half size (B2, B5), the long half size (El, E3, E5, E7).

Figure 1 shows plots of normalized USE (Fig. 1-a), and

normalized DBTT (Fig. I-b). For USE, the groups of subsize specimens

that can b elied upon to asses l size specimens are those that lie

within the shown 10 scatter band (Cl, C5; B2, E6) or those that lie

below the lower limit of the scatter band conservative values). For

DBT-f the groups of subsize specimens that can be relied upon to assess

full size specimens are those that lie within the shown 10 scatter band

(B2, B3, El, E3, E6). Those that lie below the lower limit of the scatter

band cannot be relied upon (non conservative values).

This normalization method is similar to that followed by Kayano et. a]

[15] who were able to obtain good correlation between the DBTT for the

full size and subsize specimens (1.0 mm x 1.0 mm x 20 mm) and (1.5

mm x 1.5 x 20 mm) of fusion reactor 9 Cr ferritic steels. Their work

showed that the shift between the DBTI' of different specimen sizes

could be narrowed by dividing the test temperatures by

289



(a)

1.5 -
B7

C3
1.2 - C2 B3 EZ

FA
0.9 - B2

C4 R E5

0.6 -

0.3
Z

0.0

0 5 10 15 20
Group Name

200 - (b)

15 -
1) Cl Hf B6 E2

es, c* cl F4

100 cl B4

5 -
0
Z

0

0 5 10 15 21
Group Name

Fig. I Plots of normalized USE (a), and normalized DBT ()

290



conclusions

The effect of reducing the size and notch dimensions of the full size

Charpy V-notch specimen, on the impact properties, was studied for te

nuclear pressure vessel steel A533 B 'Me main conclusions are:

1. Subsize specimens; one third size, short half size and long half size

exhibit lower alues for ductile to brittle transition temperature

(DBT-r) than those for full size specimens indicating non

conservative assessment of DBTT for full size specimens. Te

USE values of subsize specimens were also lower than those for

the full size specimens.

2. Reducing the span length from 40 mm (the full and long half size

specimens) to 22 mm (short half size and third size specimens)

results in a decrease in the DBT17.

3. Reduction of notch root radius of subsize specimens form 025 to

0.1 mm leads to inferior impact properties (decreased USE and

increased DBTIF).

4. Fairly good correlation was obtained between the full and the

subsize specimens regarding the USE and the DBTT by using a

normalization factor involving the plastic stress concentration

factor (K't) and the specimen dimensions.

5. 'Mese correlations can be used to determine the USE and DBTT of

full size specimens from those of subsize specimens for the steel

investigated in this study.

291



References

[1] W.R. Corwin, R.L. Klueh, and Vitek, J.M., J. Nucl. Mater. v. 122
& 123, pp. 343-348, 1984.

[2] W.R. Corwin, and AM. Hougland, ASTM STP 888, pp. 325-338,
1986.

[3) F. Abe, T. Noda, H. Araki, M. Okada, M. Narai, and H. Kayano J.
Nucl. Mater. v. 150, pp. 292-301, 1987.

[4] G.E. Lucas, G.R. Odette, J.W. Sheckherd, P.Mc. Connel, and J.
Perrin, ASTM STP 888, pp. 305- 324, 1986.

[5] G.E. Lucas, G.R. Odette, J.W. Sheckherd, and M.R. Kishnadev,
Fusion Technol. v. 10, pp. 728,1986.

[6] B.S. Louden, A.S. Kumar, F.A. Garner, M.L. Hamilton and WL.
Hu,;J.Nucl.Mater.V.155-157, pp.662-667,1988.

[7] A.S. Kumar, F.A. Garner, M.L. Hamilton, ASTM-STP 1046 v 11,
pp. 487-495, 1990.

[8] G. E. Dieter, Mechanical Metallurgy, McGraw-Hill, pp. 471, 1988.
[9] H. Kurishita, et al, J, Nucl. Mater. v. 179-181, pp. 425-4-18,

1991.
[10] H. Kurishita, et a], Mater. Trans. v. 34, pp. 1042-1052, 1993.
[11] H. Kurishita, et al, J, Nucl. Mater. v. 212-215, pp. 1682-

1687,1994.
[12] D.J. Alexander, and R.L. Klueh, ASTM STP1072, pp. 179-181,

1990.
[13] A.S. Kumar, S.T. Rosinski, N.S. Cannon, and M.L. Hamilton,

ASTM-STP 1175, pp.147,1994.
[14] A.S.Kurnar, et a], J. Nucl. Mater. v. 225, pp.238-244,1995.
[15] H. Kayano, et al., J. Nucl. Mater. pp-179-181, 1991.

292



EGO400151

Sixth Arab Conference on the Peaceful Uses of Atomic Energy, Cairo, Egypt, 14-18 Dec. 2002

Effect of Daylight and y-Radiation on the Colour of
Fabricated Textile Polymers

L.A. Wahabl, M.M. Saad 2and M.H. Talaae
I National Center for Radiation Research Technology, Cairo, Egypt
2 Faculty of Education, Suez Canal University
3 Faculty of Science Ain Shams University, Cairo, Egypt

Lk LAL-1 ;%,4J jjUL

.A.. L L'W

S-)AW1 t"T l.-� jlcz 3 '�Jy L ti

j�u yJ sLA k.-A�, & ku I L 2

0&� 1-j-Wl RA 3

Abstract
The effects of irradiation 0-60 Mrad) and natural daylight 0-6

months) on the color and other properties of undyed textile polymers
(cotton, nylon-6, polyester/cotton blend and wool/polyester blend) were
investigated using optical spectroscopy. The change in color was estimated
by the yellowness index (Y1) and color difference (AE) between the
irradiated and unirradiated samples. The analysis used for dosimeter is
mainly spectrophotometer in the UV and visible spectrum. Systems having a
reproducible response are selected. In the case of cotton fabric the change in
color and reflection are showing a promise for dosimeter of y- radiation. It
was concluded that the witeness (W) of synthetic and blend fabrics
decreased much more than that of cotton fabrics.
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Introduction

Extensive fundamental research on the effects of high energy

radiation on textiles has been undertaken for the possibility of using

radiation to induce desirable modification in textile. Textile fibers can

be classified into natural and man-made fibers. The latter can be

subdivided into regenerated and true synthetic fibers.

It is known that when a matter is exposed to a high radiation

energy physical and chemical changes occur [1]. The degree to which

radiation will affect the matter depends on the chemical composition,

general morphology, free energy state of polymer, type of radiation

and irradiation dose applied. y-Radiation interact with the materials

through the electronic excitations or electronic ionization and primary

atomic displacement that alter the physical properties of the materials.

In the case of polymers the main results of the interaction with

radiation is the creation of free radicals. These frequently result from

the breaking of carbon-hydrogen bonds leaving a polymer radical and

a hydrogen radical. The latter usually abstracts another hydrogen

forining hydrogen gas leading to another polymer radical. hese

polymeric radicals form the basis for the radiation treatments of textile

fibers.

Another factor of crucial importance in many uses of textiles is

the matter of weathering. he term weather refers to a complex system
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of many components for which there can be no actual standards. It is

well kown that sunlight is the prime caus o outdoor weathering.

-flie exposure of high polymers to the action of sunlight is known to

cause damage which increases as the wavelength of light decreases

[2]. In case of fibers, the action is especially severe because of the

high surface-to-volume ratio. The damage that occurs varies

considerably according to the nature of fibers, the climatic conditions

prevailing at the exposure site, seasons, geographical locations,

altitude, orientation of samples in relation to the sun and the presence

of contaminants in the atmosphere. The UV part of the daylight

spectrum is variable and largely unpredictable because part of the

solar radiation undergoes absorption by ozone, carbon dioxide and

water vapor in the atmosphere in some wavelengths, the complete cut

off of the UV and of the spectrum occurs near 290 nm 13].

'ne aim of the work is to study the effects of y-irradiation and natural

daylight with different doses and periods, respectively, on the color of

some textile fabrics (natural, synthetic and blends).

Expeiimental Technique

Four unfinished fabric samples were selected, pure cotton

(poplin), nylon-6, polyester/cotton 65/35) and wool/polyester 80120).

Table I shows the detailed specifications of these fabrics.

Table 1: Specifications of the selected fabiics

Fabrics Norninal weight, Thmad cm Linear density, Tex
g/M2 Warp Weft Warp Weft

Cotton 91 35 35 36 36
Nylon-6 158 - - - -
Polyester/cotton 243 21 19 76 76

1 Wool/polyester 1 224 1 26 19 1 81 81 1
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The reflection spectra in the visible range 400-700 rn) of te

investigated fabrics were taken using a Double Beam

Spectrophotometer, type: UV-300; Shimadzu, and an integrating

sphere. MgO was used as a standard white for 100% reflection.

Indian Gamma Cell 4000 were used The examined samples

were irradiated in atmospheric air with a dose rate 033 Mrad/h to

deliver dose between and 60 Mrad. Outdoor unprotected exposure

for the examined samples were performed at an urban (Giza) site in

1995 during the summer time (from April up to September) with

periods between and 6 months. The climatic conditions were

recorded continuously at the nearest meteorological station to the

exposure site by the aid of the 'Egyptian Meteorological Association'

and the data are given in Table 2.

Table 2 Monthly data of the climatic conditions in 1995 at an

urban site, Al-Haram, Giza, Egypt

Months I.S.E., UV, MJ/ m2 Total sun ours, Temp.,'C R.H., %
Mj/M2 hrs

Jan. 1134 0.380 224.91 19.6 65.1
Feb. 13.96 0.510 234.00 21.1 65.6

March 18.86 0.610 258.00 24.6 56.3
April 22.66 0.765 291.00 26.7 54.0
May 26.38 0.886 342.00 31.1 53.0
June 26.75 0.830 345.00 36.8 49.0
July 25.46 0.79 342.00 35.3 57.0
Aug. 24.08 0.758 321.00 34.9 62.0
Sep. 20.91 0.650 288.00 35.1 61.0
Oct. 16.22 0.480 279.00 30.7 62.0
Nov. 12.98 0.390 261.00 24.7 60.0
Dec. 10.04 0.290 183.00 21.6 68.8

Results and Discussion

The reflection spectra for the examined fabrics at different y-

irradiation doses are shown in Fig.(1). he reflection spectra of all

irradiated samples show lower values in the reflection at the lower
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wavelengths side 400-600 m) as the irradiation dose is increased.

However, this variation vanishes at the higher wavelengths side (600-

7OOm-n). This indicates that the examined fabrics become less white

after irradiation. The reflection spectra for the examined fabrics before

and after exposure to the natural daylight are shown in Fig.(2) for

varying periods of exposure.

The reflection spectra for the examined fabrics before and after

exposure to the natural daylight are shown in Fig.2 for varying periods

of exposure.

The figure illustrates a lower reflection that occurs for nylon-6,

poly/cotton blend and wool/poly blend as the daylight exposure is

increased. This also indicates that the samples become less white with

increasing the natural daylight exposure.

However, in the case of cotton the reflection spectra shows

higher values for the exposed samples than for the unexposed for the

first three months of exposure in the spectral range 400-450nm. This

indicate that cotton became more white for this time of exposure. This

was attributed to the fading of the natural creamy dye which presents

originally in the cotton fabrics. 'Me color of this dye had fade by

oxidation under the action of light, water, vapor and air causing an

increase in whitness of the samples and a decrease in the yellowness.

In the wavelength 450-700m-n the reflection shows a decrease with

increasing the exposure time.

Changes in whiteness (W) and yellowness (YI) indices are

commonly used in the evaluation of polymer degradation of yellowish

or white materials. Whiteness is the attribute by which an object is

judged to approach the perfect white and is given by the following

equation 3,4]:

W = 4(ZCIE/1.8103)-3Y =4Z%-3Y,
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where Z% is the blue reflectance (B).

Yellowness (Y1) is also given by the following equation 3,4]:

Yl=125[(CEE/0.9804)-(ZCIE/1.8103)]/Y

The tristimulus values XYZ of any color are obtained according to

the following equations 5-7]:

X= S) . R, ./Xk dx , Y= Sx . R% ./Yx dk , Z-- Sx . Rx ./Z?, dx

where XYZ, are the tristimulus values, /Xk , /Yk , x are the

tristimulus values of the equal energy spectrum for the C 1964

Standard Observer 6 ], S, is the energy distribution of the

illumination falling on the color at a given wavelength (k) and R is

the reflectance of the colour of a given wavelength.

The chromaticity coordinates values xyz) are also given according

to the following equations:

x=X/(X+Y+Z), y=Y/(X+Y+Z), z=Z�( X+Y+Z), where xy+z=l

The color difference E) of the irradiated samples with respect to the

non-irradiated one, can be calculated from the following equation:

AE =[(AL)' (Aa) + (b)']"

where E represents the vector sum of the three component

differences, Al, Aa and Ab where AL = ,-L,, A = a, - a, Ab = b -

b,. I, a& b are the Hunter Opponent Colors Scale", t, r represent test

and reference specimens, respectively 9-11]. 1, a, b were designed to

give measurements of color units of approximate visual uniformity

without the color solid. Thus, V measures brightness and varies from

100 (for perfect white) to zero (for black). 'a' measures redness when

+ve, gray when zero and greenness when -ve. V measures

yellowness when ve, gray when zero and blueness when -ve. Te

relationship between I, a &b values and the CE X, Y &Z values is as

follows 11,12]:
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L--10 (Y)"', a= 17.5 ((X/0.98041)-Y)/(Y)"2, b = 7Y-

(Z/1.18103))/(Y)"2

The calculated chromaticity coordinate values xy and z for irradiated

and non-irradiated samples are given in Table 3).

Table 3 The chromaticity coordinate data xy and z as a function

ofy-dose

Dose'Mrad Nylon-6 COHOD Poly/cotton Wool/Poly

0 0.319 0.332 0.319 0.325
10 0.320 0.335 0.328 0.337
20 0.322 0.340 0.332 0.342
30 0.326 0.345 0.333 0.346

X 40 0.335 0.351 0.337 0.349
50 0.338 0.355 0.338 0.352
60 0.343 0.356 0.342 0.356
0 0.326 0.339 0.335 0.333
10 0.327 0.342 0.334 0.339
20 0.331 0.347 0.339 0.341
30 0.337 0.349 0.338 0.345

y 40 0.345 0.352 0.341 0.347
50 0.348 0.355 0.343 0.348
60 0.352 0.355 0.344 0.353
0 0.354 0.329 0.356 0.342
10 0.353 0.323 0.338 0.324
20 0.348 0.313 0.330 0.316
30 0.337 0.306 0.329 0.309

z 40 0.320 0.297 0.322 0.304
50 0.314 0.290 0.320 0.300
60 0.304 1 0.289 0.314 0.291

The table shows that x & y are slightly increased with increasing

y-irradiation dose while z component tends to decrease. This means

that increasing the irradiation dose cause shift towards the red and

green components while the blue component decreased, this means

shift towards yellow component. Figure 3 gives the variation of AL

with towards yellow component. Figure 3 gives the variation of AL

with the irradiation dose. The figure shows that AL increased with

increasing the irradiation dose.

Figure 4 gives the variation of Ab as a function of the irradiation

dose for the investigated textiles.
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The figure shows that Ab decreased with increasing the

irradiation dose.

Figure illustrates the dependence of the calculated values W

and Y1 on the y-dose for the investigated fabrics. The figure shows

that W tends to decrease with increasing y-dose, while YI shows an

increase with increasing the irradiation dose.

The above data of Al, Ab, W and Y1 leads to the observation

that the investigated fabrics become less in whiteness and brightness

and tend to be more yellowness with increasing the irradiation dose.

The color differences (AE) between the iadiated and non-irradiated

samples were calculated using the CIE color difference formula and

plotted as a function of y-dose in Fig.(6) for the investigated fabrics.

Ile main factors responsible for coloration, generally, are the

formation of conjugated double bonds and free radicals. The former

produces the unsaturation which has electron excitation levels in the

visible spectral range and that may produce coloration and reduction

in light transmission. Moreover, the trapped free radicals, resulting

from y-radiation induced rupture of polymer molecules, have electrons

with unpaired spin. Such species may also cause coloration.

The calculated chromaticity coordinate values xy and z for

the samples exposed to daylight are given in Table 4).
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Table (4):The chromaticity coordinate against time of exposure

Time, Month Nylon-6 Cotton Poly/Cotton Wool/Poly

0 0.319 0.332 0.319 0.325
1 0.321 0.325 0.317 0.329
2 0.319 0.321 0.319 0.332
3 0.322 0.321 0.320 0.333
4 0.319 0.322 0.319 0.334

x 5 0.320 0.322 0.320 0.333
6 0.322 0.322 0.321 0.334
0 0.326 0.339 0.335 0.333
1 0.328 0.334 0.324 0.338
2 0.326 0.327 0.327 0.341
3 0.329 0.328 0.327 0.343
4 0.326 0328 0327 0.343

y 5 0.327 0.328 0.328 0.342
1 6 0.329 0.328 0.328 0.345

0 0.354 0.329 0.356 0.342
1 0.351 0.341 0.359 0.333
2 0.354 0.352 0.354 0.326
3 0.349 0.351 0.355 0.324
4 0.356 0.350 0.354 0.323

z 5 0.353 0.350 0.352 0.324
1 6 1 0.350 1 0.350 0.351 0.318

The table illustrates that for nylon-6, poly/cotton and wool/poly, x and
y are slightly increased while z tends to decrease with increasing the

time of exposure. his behavior means that there is a shift towards the
red and green components while the blue component decreases with
increasing the exposure time. Hence, there is a shift towards the

yellow component for these fabrics with the natural exposure time. In

case of cotton x and y are decreased while z tends to increase with

increasing the exposure time up to three months. On increasing the

exposure time more x and y slightly increased while z is slightly

decreased. So, cotton tends to be much white with increasing the
exposure time up to three months. Thereafter it is so difficult to get

white cotton due to the soiling and pollution of the atmosphere.

Figure 7 shows the variation of brightness L with the exposure time

for the investigated fabrics.
The figure illustrates that AL increases with prolonged duration

of exposure. Ibis means that all the investigated fabrics become less
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bright after exposure. Figure illustrates that the variation in

whiteness, Ab, shows fair increase for nylon-6 fabric and a remarkable

increase for cotton samples i.e. these materials tend to be less yellow

by exposure. For poly/cotton blend Ab shows fair decrease, this blend

tends to be gradually yellow by exposure. In case of wool/poly blend

Ab shows a remarkable decrease, this blend tends to be more yellow

by exposure.

This can be attributed to the photo-oxidation of tryptophan

groups to yellow colored N-formyl-kynurenine 131.

Figure 9 illustrates the dependence of whiteness W and

yellowness Y1 indices on the natural exposure time. From the figure it

is obvious that for nylon-6, wool/polyester and poly/cotton fabrics YI

indices tend to increase gradually with increasing the exposure time.

On the other hand, for cotton fabrics W index increases gradually up

to three months of accumulated exposure, thereafter it decreases,

while its Y1 decreases gradually.

The calculated exposed samples were plotted as a function of

the natural exposure time in Fig. 0

The figure shows that AE show a noticeable increment which

clarifies the continuous change in color that had occurred by the

accumulated exposure.

Conclusion

The above data showed that the cotton, nylon-6, polyester/cotton

and wool/polyester fabrics tend to become yellow on being irradiated

with y-rays; due to the formation of conjugated double bonds and free

radicals. On the other hand, the natural daylight exposure causes
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cotton fabrics tend to be more white up to three months of exposure,

thereafter, tend to be more yellow because of the soiling and pollution

in the atmosphere. The other fabrics become yellow with daylight

exposure as in the case of y-irradiation but with much less rate.
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Abstmct

The younger granites cropping out in Gabal Abu Hawis area are
considered as uraniferous (fertile) granites (the fertlity is mainly attributed to
presence of radioactive zircon). Abu Hawis granitic pluton is dissected by
j ol r: �, ind faults of different trends forming two mineralized sear zones in the
northern peripheries and southern border. The younger granites hosting
uranium ineralizations along the two mineralized sear zones. The uranium
minerals include uranopbane and carnotite.

The altered granites have much lower Th/U ratios 0.03-0.10) than those
of te fresh granites 1.69-2.05), indicating strong mobilization of uranium in
this pluton by super-heated solutions that resulted from supergene meteoric
water as well as U-addifion by hypogene fluids. T'hese solutions could pass
through the structural network of fractures, joints and fault planes and have
leached some of labile uranium from the surrounding rocks and/or the younger
granites themselves. Then, changing in the physicochemical conditions of these
solutions caused uranium precipitation as uranium minerals filling the cracks in
the rock and/or adsorbed on the surface of clay minerals and iron oxides in te
two shear zones.
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Introduction

Uranium exploration activity started in Egypt as early as 1956.

These activities led to the discovery of several uranium anomalies and

occurrences, either in the sedimentary rocks or in the younger

granites. The radiometric exploration works in the Eastern Desert of

Egypt showed potentiality of the younger granites as a source of

uranium. In almost all of these occurrences, the U-mineralization is

structurally controlled with preferable development at the marginal

zones of the enclosing granites ] or associated with wide scale

12]alteration features

The main target of this paper is studying the the factors

controlling U-distribution within the younger granites of Gabal Abu

Hawis area with special emphasis on the genesis of the mineralization.
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Geologic outline

Gabal Abu Hawis area is located in the central Eastern Desert of
Egypt between latitudes 26'41' and 26' 45' N and longitudes 33'35'

and 33' 38' E (Fig. 1), covering a total exposure surface area of about
241 km The rock types in the studied area can be arranged

chronologically as follow: 1) basic dikes (youngest), 2 granitic dikes,
3) younger granites, and 4 older granitoids (oldest).

Abu Hawis younger granites pluton is of oval shape and covers
about 10 km 2 and rises up to 900 in (a. s. 1.). It is dissected by joints

and faults of different trends. It is almost devoid of pegmatific bodies
but contain two mineralized shear zones in the northern peripheries
and southern border. The pink-red colouration of the younger granites

is due to the dominance of pink or red K-feldspar. The brick-red
colouration is found to concentrate along shear zones, fractures and

joints due to hernatization.
The studied younger granites can be classified, petrographically,

as syenogranites. They are mainly composed of perthites, quartz,
plagioclase, biotite and muscovite as essential minerals. Zircon,
apatite, sphene, iron oxides and clay minerals form the accessory and
secondary minerals. The mineralogic composition of fresh and
mineralized younger granites are approximately the same, but the
mineralized granites sow higher contents of quartz, muscovite,
opaques and clay minerals relative to the fresh younger granites.

Geochemically, the studied younger granites were considered as
S-type granites, originated from peraluminous calc-alkaline highly

[3 and 41fractionated magma . This magma is also rich in Rb and Ba
indicating that, these granites originated under low-pressure

15]condition They could be considered as post orogenic granites,

intruded in a crust of thickness greater than 30 km at water pressure
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141between and 3 kb . The area of Gabal Abu Hawis has suffered

from hydrothermal alteration, especially along joints, faults and shear

zones. The shear zones of the northern peripheries and southern

border of Gabal Abu Hawis are mostly occupied by massive,

annorphous silica of white to grey colour and highly silicified-
�41hernatitized granites . Sweewald and Sayfried 1990) suggested that

hernatitization in granitic rocks is related to alkaline hydrothermal

fluids (pH>10) of temperature varying between 350'and 500'C.

Methodology

In this work, the field radioactivity was measured in the field

using a portable five-channel, gamma-ray spectrometer (model UG -

130). The U and Th contents were also chemically determined using a

U-lazer analyzer and spectro-photometric techniques, respectively.

While, the trace elements (Zr, N, Rb and V) were analysed using

XRF technique. Wet chemical analysis technique [7] was used to

measure SiO2, K20, P205 and Fe2O3 to study the effect of silicification

and herritization on the distribution of uranium. The mineralogical

analysis was done by the X-ray diffraction XRD) and scanning

electron microscope (SEM) techniques. All the previously mentioned

analyses were measured in the laboratories of the Nuclear Materials

Authority of Egypt. The results of the chemical analyses are given in

table (1).

Field Radioactivity

In the field, during prospecting, only gamma rays (which are of

sufficient energy and have a long distance of penetration) could be

detected. During the radiometric survey, almost all lithologic types
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exposed in the studied area were more or less covered. Particular

attention was paid to all structural features such as contacts, joints and

fault planes.

The radiometric data has been classified into four zones; the

older granitoids are mainly restricted within the zone of radioactivity

ranging between 100 and 150 cps. The zone of 150-200 cps is very

narrow and represents the peripheral zone of the younger granites and

their contact with the older granitoids. The younger granites show the

highest radioactivity level ranging between 200 and 400 cps. Two

radioactive anomalous sites have been recognized near the northeni

peripheries and the southern border of Gabal Abu Hawis. They are

represented by a zone of radioactivity greater than five background.

Within these sites, their radioactivity levels range from 2500 to 6240

cps with an average of 4210 cps.

Uranium Mineralizations

The uranium mineralizations in Gabal Abu Hawis are found in

the altered samples (silicified hematitized granites) of the shear zones.

They are mostly represented by yellow secondary uranium minerals

and are usually associated with intense alteration halos, iron oxides

and clay minerals. These features support the hydrothermal (or super-

heated solution) concept of mineralization at Gabal Abu Hawis.

In this work, pure hand picked grains of uranium minerals were

separated from altered samples (from the shear zone) of Abu Hawis

younger granites. The corresponding X-ray diffraction XRD) and

scanning electron microscope (SEM) patterns indicate the presence of

uranophane 1Ca(UO3)2(SiO2)2(OH)2,5H20J and carnotite

[(VO4)2K,,(UO2)2,3H20J as principal secondary uranium minerals

(tables 2 and 3 and figure 2 In thin section, uranophane occurs as
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minute acicular or needle-like crystals forming fan shapes (Fig. 3)

with characteristic second order interference colours. It is always

associated with clay minerals and iron oxides. Sometimes, it coats the

iron oxides, chlorite and kaolinite as incrustation. The separated grains

of uranophane are present as massive, radiating and tufted aggregates.

'ney are pale yellow in colour (Fig. 4, but some of them are stained

with iron oxides and become light brown in colour. Carnotite occurs

as interstitial mineral associated with iron oxides and uranophane as

cracks fling in quartz and feldspars (Fig. 5) or as inclusions of

variable sizes and shapes within other minerals. The separated grains

of carnotite occur as translucent fine crystalline aggregates of canary

yellow colour and dull luster (Fig. 6 Elevatorski 1978) suggested

that, carnotite is associated with all types of hydrothermal solutions,

but its colour change according to the type of hydrothermal solution.

In strong acidic hydrothermal fluids (pH<4), carnotite occurs as

yellowish brown colour, but in strong alkaline hydrotherinal fluids

(pH>10) occurs as cannary yellow colour. Accordingly, in the studied

area, the uranium mineralizations are attributed to the same

hydrothernial fluids affected on granitic rocks at the shear zones; this

concept is supported by the presence of V only in the altered samples.

Berry et al. 2000) suggested that carnotite commonly occurs as

secondary mineral formed by the action of meteoric waters on

secondary uranium minerals.

Genetic Aspects of Uranium

The high uranium contents 11-25 ppm) and the low I / U

ratios 1.69-2.05) reflect the uraniferous nature of the studied fresh

younger granites. The question is what are the factors controlling

uranium distribution within the studied younger granites?

316



Generally, enrichment of uranium may be related to two main

factors:

1. Magmatic processes i.e., crystallization from U-rich

magma and/or contamination of magma during deuteric

processes and before complete consolidation by the labile

uranium of the surrounding older rocks.

2. Post magmatic processes by U-rich supergene and/or

hypogene fluids affecting the rock since its intrusion up to

present.

The genesis of uranium could be distinguished from the

relationships between uranium and some trace elements (lb, Zr, Rb

and Nb), major oxides iO2, P20.5 and Fe2O3) and geochemical ratios

(Th/IJ and K/Rb). The following paragraphs discuss the application of

these relations on the studied younger fresh and mineralized granites.

Normally, thorium is three times as abundant as uranium in all

rock types; the disturbance of this ratio indicates either depletion or

enrichment of uranium 1101 because h is considered as relatively

immobile element. The correlation between U and 'lb contents may

indicate the enrichment or depletion of U because h is chemically

stable. The fresh younger granites of the studied area show positive

correlation between uranium and thoriurn (ig. 7a). This indicates that

magmatic processes played an important role in the uranium

enrichment of these granites (the studied granitic plutons originated

from U-rich magma). The altered and mineralized granites also show

positive correlation with much higher uranium contents relative to

thorium, indicating uranium enrichment in mineralized granites by

secondary (post magmatic) processes. This concept is supported by

the negative relationship between U-Tb/U and U-K/Rb (Figs. 7b and
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c). The altered granites have much lower /U ratios 0.03-0.10) than

those of the fresh granites 1.69-2.05).

U, Th, Rb, N and Zr behave incompatibly in a granitic melt so

that, where U concentration is controlled by magmatic processes,

these elements would be expected to increase. Figures (7d, e and f)

shows the positive correlation between U-Rb, U-Nb and U-Zr for te

studied fresh younger granites, altered granites and mineralized

grapites. The mineralized granites show excess U relative to Rb, Nb

and Zr suggesting that uranium was added to these rocks during

secondary processes (post magmatically). The uranium and zirconium

contents in the mineralized granites are much higher than those of

fresh granites, indicating that U enrichment may be related to

hydrothermal fluids rich in both U and Zr 'll. The positive correlation

between U - Zr and U-P205 (Figs. 7f and g) supports the concept that

U was trapped in the accessory minerals (zircon and apatite).

Generally, along altered zones, tere is a positive correlation

between the degree of hematization and the intensity of uranium

mineralization 15-12-13-141 'nis may be due to the ability of iron oxides

to adsorb uranium from circulating solutions or due to te prevalence

of oxidation conditions that causes the precipitation of uranium as U,6.

(uranophane). The studied mineralized granites show strong positive

trend (Fig. 7h) between U and Fe203, suggesting that the enrichment

of uranium is related to post-magmatic processes. Petrographic studies

revealed that hematite is usually coated or stained with a thin film of

secondary uranium minerals such as uranophane.

Along the silicified zones, uranium shows strong positive

relationship with the silica content, due to the uranium precipitation
12 and 15]within the silica veinlets during their consolidation . The

studied granites show positive correlation between U and SiO2 (Fig.
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7i), suggesting U-enrichment by the effect of hydrothermal and/or

super-heated fluids. This contention is supported by the high U and

SiO2 contents within the mineralized granites relative to those of fresh

granites (Fig. 7i).

Conclusions

In Gabal Abu Hawis area, the younger granites are considered as

uranifeTOUS granites; the rocks in the shear zones represent the host

rocks for uranium mineralizations (uranophane and carnotite),

especially near the northern periphery and at the southern border of

Gabal Abu Hawis. In addition, the presence of the zircon mineral that

is highly radioactive confirms this phenomenon.

The fresh and mineralized younger granites show Th/TJ atios

less than 21, indicating U-addition by post magmatic processes that

causing mobilization and redistribution of uranium in this pluton.

Field works added several supporting evidences for U-enrichment by

hydrothermal and/or super-heated solutions; these evidences are:

I- Presence of high content of V >19 ppm), smoky quartz

pockets and veinlets of different thickness intersecting the

mineralized granites.

2- Presence of intense faulting, jointing and other forms of

fracturing, which act as easy channels f the passage of

solutions.

3- Intense alteration features (hematitization and silicification)

associated with U-mineralizations along shear zones. The iron

oxides and clay minerals could adsorb sufficient quantities of

uranium from circulating solutions.
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Accordingly, the origin of secondary uranium minerals in G.

Abu Hawis could be explained as follows: uranium during the Ie

magmatic crystallization stage was mainly trapped in the accessory

and secondary minerals in granites (e.g. zircon, apatite, sphene aid

iron oxides). After cooling and solidification, the area was affectedly

tectonic events forming joints, faults and other fractures, whch

provide ath ways for fluids. The aea was affected by hypogtne

fluids (alkaline hypothermal fluids) rich in uranium which caused lie

hydrothermal alterations of the accessory minerals and liberated

uranium from their lattices to redeposit it in the late brittle fractire

zones. The deposition of dissolved uranium takes place only a a

result of evaporation or by reaction with dissolved silica, formed fnm

hydrothernial solutions rich in uranium, to form secondary uraaiim

mineral (uranophane). The descending meteoric water which vas

heated later on (increase of temperature by 30' C with km deph)

injected in the granites as super-heated solutions and then react wth

the previously mentioned secondary uranium mineral to form UAV

secondary uranium mineral carnotite).
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Table (1): U and Th contents (ppm) with some trace elements (ppm)
and major oxides (wt %) of younger fresh, altered and
mineralized granites of Gabal Abu Hawis area.

Sample U Th ThfU Zr Nb V Fe2O3 SiO2
NO. R Y,�,O K/ P205

b Rb
1 17 31 1.82 170 52 225 3.95 145 0.12 1.00 74.28
2 13 22 1.69 164 50 212 4.11 161 0.11 1.07 73.41
3 21 43 2.04 181 57 235 4.07 144 0.12 1.18 74 '26
4 20 41 2.05 176 57 230 3.65 132 0.14 1.26 73.91
5 24 43 1.79 231 61 242 3.81 130 0.10 0.91 74.05
6 19 37 1.94 190 54 - 240 4.26 147 0.09 0.91 74.22
7 16 28 1.75 250 51 - 254 3.86 125 0.11 1.00 74.34
8 25 44 1.76 224 63 - 241 3.79 130 0.09 0.72 75.00
9 1 1 21 1.91 214 45 - 230 4.15 150 0.08 0.81 75.10

10 12 21 1.75 194 49 -- . 209 3.61 148 0.08 0.80 74.53
11 54 50 0.92 301 65 22 250 4.00 132 0.13 2.13 78.13
12 74 63 0.85 329 68 20 271 3.75 115 0.12 2.76 78.22
13 62 55 0.88 307 63 21 240 3.81 131 0.13 2.36 80.05
14 60 57 0.95 315 60 19 251 3.77 124 0.14 3.00 79.11
15 2522 334 0.13 70 20 266 4.02 125 0.15 4.92 81.62
16 21 7 228 0.11 463 72 28 298 3-54 100 0.15 4.51 81.11
17 1014 324 0.32 431 70 25 282 3.68 108 0.14 3.49 80 -75
18 812 "01 0.37 402 69 26 2 au d i t 3.08 79.18

Not detected

Samples from to 10 fresh younger granites
Samples from I I to 14 altered non mineralized granites
Samples from 15 to 18 altered mineralized granites

Table 2) Xray diffraction pattern of Table 3 X-ray diffraction pattern of
hand picked aranophane hand picked carnotite
mineral sample. mineral sample.

Sample Uranophane* Sample Carnotite*

dAO I 0 dAO 1/10 dAO I I/ dAII 1110

7.86 100 7.99 6.79 100 6.70 100
6.60 30 6.61 40 4.42 40 4.46 40
5.41 45 5.42 40 4.28 55 4.30 60
4.81 50 4.76 50 3.34 83 3.56 80
4.28 25 4.29 20 3.31 80 3.34 80
3.94 70 3.94 90 3.21 60 3.23 60
3.59 6 3.60 40 2.99 6 2.98 40
3.50 40 3.51 40 2.12 40 2.10 4
1.91 20 1.90 20 2.56 20 2.54 20
1 -99 10 1.88 10 2.03 42 2.03 4

*A"I card No. 8442 *ASTM card No. 1-336

325





EGO400153

Sixth Arab Conference on the Peaceful Uses of Atomic Enerz%-, Cairo.Epvpt 14 Dec. 2002

Study on the Relation between Uranium Content and
Total Phosphorus in some Sudanese Phosphate Ore
Samples

A. A. Mohammed', M.A.H. Eltayeb 2
1 Department of Chemistry, Faculty of Education University of Khartoum 
Sudan
2 Sudan Atomic Energy Commission, Khartoum, Sudan.

4.,,i V10 �j�j'lj_941 LZ ZtWI "Iji

J.aj"I , 406 ;-u di kE ?-A I

J-5J-JI 3001 y.L).o t ejsL_>� , k0l.)jJi ; I 2

u-LIJ aid, �,- WI'-Jl s-a�lj k--s t4l 1�& ,,-i eL

J-�� -5-)J-5 �JJ-)-�S Va" &- I-d-- ?� �-U-Jill k�- (P205 %)
�.j !u 'I -D ."J.3 � ;A 1

.1 _3�j jjJ1 LIL, L);._�J 1:43 O�jul JA--4 j�k - ->&3

Isn't, J-�" Z-�,JL. (4-p) () )�,

j ?,,pljj,�D aL -I 5 .L.Jl .Fi L-J.D jui

'I -VNI U14� jL,.iII

jiA v4jj-iA-8- (VI)

P205 WI-1 j"I a�S -_;1-j�U 400 L�,-- J -i-,- _>L-�I � BI
L3J j�

J11 A.-JI jJ" ;.41 �Yj 'LI. � 'AU3-5 (%

;.+Z -14, 880 v- J J -I i:- Dq,-1I

;U" Ciu-jiII CLLr- ,i " IJ zaa aa-� i L4� -Ij 58.8

�j,'Ijy 200

327



Abstract

In the present work uranium content and total phosphorous were
determined in 30 phosphate ore samples collected from Kur-un and Uro, areas
in Nuba Mountains in Sudan. Spectrophotornetry technique was used for this
purpose. Uranium analysis is based on the use of nitrogen (V) acid for leaching
the rock, and treatment with ammonium carbonate solution, whereby uranium
(VI) is kept in solution as its carbonate complex. The ion-excbange technique
was used for the recovery of uranium. Uranium was eluted from the resin with
1 M hydrochloric acid. In the elute, uranium was determined
spectrophotometrically by measurement of te absorbance of the yellow
uranium (VI) -8- hydroxquinolate complex at 400 nm. The total phosphorus
was measured as (P205%) by treatment of the leach liquor with ammonium
molybedate solution. The absorbance of the blue complex was measured at 
880 m. The results sow that a limited relation is existed between uranium
content and total phosphorus in phosphate samples from Kurtm area, which
contain 58.8 ppm, uranium in average, where there are no relation is
existed in phosphate samples from Uro area, which contain 200 ppm uranium
in average.
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Abstract

Natural phosphates are used on large scale in the Fertilizer industry and
large quantities of phosphates are processed each year all over the world from
fertilizer production. At Present world usage of rock phosphates is
approximately 90 million tons per annum. Because natural posphates are a
source of some valuable elements besides phosphorus used in fertilizers
production, te objective of this paper is to check the level of radioactive
elements of Uranium and ThOTium, and the stable environmental pollutants
like As and Cr in natural Arab phosphate. In addition, rare earth elements
(REEs) and other elements like (Fe, K, Mn, Na and T) were determined.
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Table 1: The World Chemical Industries in year 1989 (us

$ billions) 31

Product West North Japan Other Far All Total
Europe America East Other

Inorganic 31 19 12 2 27 91
Fertilizers and 24 18 10 4 27 83
agrochernicals
Petrochernicals 119 105 62 10 118 , 414

Man-made fibers 14 15 10 8 28 75
Pharmaceuticals 60 44 38 8 42 192
Other chemicals 92 74 58 7 44 275

Total 340 275 190 39 286 1130

Table 2 Elemental composition of IAEA soil-7 (in pg/g), using K.0-
method
Elements Our results Certified value

As 13.2 t 06 13.4
Ba 175 t 20 159
cc 59 t 2 61
co 8.8 ± 02 8,9
Cr 66 t 2 60

5-3 0.2 5.4
Eu 1.05 0.05 1.0

Fe% 2.4 0.1 2.57
Hf 5.1 0.1 5.1
La 28.0 0.3 28

0.31 0.05 0.3
Na 2800 ±100 2400
Rb 5 ± 51
Sb 1.65 ± .1 1.7
SC 8.2 0.1 8.3
M 5.08 0.1 5.1

Ta 0.71 0.05 0.8
'fb 0.64 0.05 0.6
Th 7.95 0.1 8.2
U 2.5 0.3 2.6
Yb 2.13 0.2 2.4
Zn 10 ± 104
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Table 3 Elemental composition of NBS SRM 1633a and Coal fly

ash, (in pg/g) using ko-method

Elements OUT Tesuits Certified value

As 140 5 145 t 15

Ba 1400 200 1420 ± 00

Ce 175 10 175 7

co 43.2 0.5 43 3

Cr 185 5 196 6

C 10.1 0.5 10.5 0.7

EU 3.8 ± 0.1 3.7 ± 02

Fe% 8. ± .1 9.4 ± .1

Hf 6.8 ± 02 7.4 ±03

La 80 2 84 8

LU 1.09 0.02 1.12 0.17

Na 2000± 200 1700 100

Rb 130 10 131 2

Sb 6.2 0.2 6.8 0.4

Sc 38 1 39 3

SM 17.5 0.5 17 0.5

Ta 1.94 0.1 2.0 0.2

Th 2.4 0.2 2.5 0.3

Th 24.5 0.5 24.7 ± 03

U 10.5±0.5 10.2 ± .1

Yb 7.3 ± 04 7.4 0.7

Zn 245 ± 220 10
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238-�j--lj--kU L�-4,L Lr-U6&1 *Lt� L�) gg/g C ��S-All ijq--� 4 ,94

awl

1700 136 1

450 36 2

638 5 1 3

738 139 0.1�' 4

1288 103

Table 5: Elements determined in the Arab phosphate rock used in

fertilizer industries using INAA (in [Lg/g).

Elemen Morocco Tunis Algeria Palestine Syria
t

As 12.2± 0.5 4.1 ± 03 4.0 ± 03 5.8 ± 04 3.9 0.3
Ca [%] 32 - 1 33 zt 1 34:t 1 35:t 32 1

co 0.51±0.05 0.72± 007 0.42: 04 0.38±0.04 0.41 ± 004

Cr 280 4 192. 3 220 4 62: 2 138. 2

Cs 0.24.-tO.06 0.41± 009 0.37 0.09 0.21±0.06 0.23 ± 006
Eu 4.2 ± 0. 3.8 ± 0.1 8.0: 02 0.9 : 003 1.50. 003

Fe j 800:t 90 1600:± 60 2200-± 100 500:L 30 1200:t 50

Hf 0.42t 011 0.60± 020 0.5 ± 017 0.19±0.09 0.16 ± 0.0
K 640.t 260 1600..i: 300 < 500 < 500 < 500

LId 109 ± 2 99 ± 2 188 2 126 ± 2 38t 1
LU 2.9 t 0. 2 1.9:t 0.1 2.2 0.1 0.68±0.08 0.88: 009

Mg[%] 0.38± 12 0.61± 013 0.58: 013 0.22:tO.10 0.36 ± 012

Mn 21.2: 41 13.6 37 18. ± 38 6.2 ± 1.1 8.3 13

Na [%) 0.53.tO.01 1. ± 002 0.67 t 0.01 0.45±0.01 0.41 ± .01
Rb 2.8 ± 07 4.3 ± 0.8 3.9 ± 07 < 1.0 < 1.0

SC 8.7 -t 0. 1 3.8 t 0. 1 3.8 --t 0. 1 2.6 ± 0.1 3.9 ± .1

Sm 10.9 02 15. ± 02 18 0.3 2.3 ± .1 9.1 0.1

T`b 2.7 02 1.9 0.1 3.4 0.3 0.48 1.0 t 0.08

Ti 230 t8O 310 120 340 130 120 70 130 70

Th 3.0 ± 02 10.2 0.2 18.8 t 02 0.5 0.05 2.3 0.2

U 136 3 36 ± 5 ± 2 139 2 103 2

v 153 25 51.2 ± 8.1 48.1 79 166 26 72 18

Yb 12.1 0.6 7.9 0.3 14.7 0.5 3.8 0.2 4.9 0.2

Zn 353 t 8 490 10 146 4 420 8 267 5
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Abstract

Aqueous effluent generated in processing of uranium especially in fuel
fabrication step, contains uranyl nitrate as a main constituent. This requires an
efficient treatment method before discharge into environment to satisfy safety
standards, and to keep precious material. These requirements could be achieved
by using reverse osmosis system with suitable number of stages and flow
pattern. In this study 3 mathematical models were derived for spiral wound
reverse osmosis system. Single unit model concerned with investigating the
performance of the system versus variation of both feed concentration and
operating pressure at steady state. The results of this model were compared
with experimental data, where good agreement was seen. Then, second model
for two stages in series showed that this number of stages is sufficient to reach
the required permeate concentration. Ile third model investigated the effect of
recycling the residue stream of the second stage to feed te first one. Reliable
decrease in concentration polarization was seen and hence, better recovery of
uranium in the process as a whole and lower permeates concentration.
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Introduction

Membrane processes, particularly reverse osmosis have been

found to be very useful in recent years, in the treatment of aqueous

effluent generated in uranium processing [1]. The application of reverse

osmosis to a specific process generally requires mathematical modeling

to correlate the system variables, parameters and constants. Modeling of

reverse osmosis system was found in literature with special emphasis on

desalination process 28]. In this study, models are derived for general

spiral wound system. Specific data of uranium purification were

obtained from literature [1] and fitted in this work as a complementary

modeling step.
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Model Equations

Mathematical models for spiral wound unit are derived with the,

help of the following set of assumptions:

1- Constant fluid physical properties: density and viscosity.

2- Validity of solution-diffusion model for the transport of solvent

through the membrane to get J, ad J, [5].

3-.Osmotic pressure is proportional to the concentration difference on

both membrane sides 6].

An = V.AC

where AC concentration difference of solute across membrane.

An: osmotic pressure.

and V osmotic pressure coefficient. ne Following data are

calculated from reference [11 and fitted in this work using least square

method yielding the following equation.

0.08838 77239 x 10-5Cf - 1342 x 10-5C2 (2)f
Where:

Cf : concentration of uranium in feed stream mgA.

4- Negligible pressure drop along central permeate collector. i.e.,

permeate pressure is atmospheric.

5- Variation of permeability constant of solvent, A,,,, and solute B., are

given by the respective pressure dependent these equations. These are

correlated for general case in reference 71 where constants are

determined for the special case of this study. and

A = 248 X 1 -5.e 0-00135 P cm / s.atm (3)

B, = 51714 x1O P )01 4N cm mg) (4)
40
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where:

P pressure , atm

Case 1: Single stage case

In this case, model I is derived for single reverse osmosis spiral

wound unit, by considering of both feed concentration and pressure as

process variables.

Model I is described by a set of basic and derived equations. These
are:

-solvent flux through the membrane, Jw

J, = A (AP - A it) cm s (5)

-solute flux, J,
J = B,.AC cm s (6)

AC is given by:

f (7

so,

J B � (C C (8)

where

f, p refer to feed and product, and

Cfw concentration polarization

- The relation between J, and Jw is given by 7]

350



J'�' - P", - CP is (9)
CP

where:

p,,: is the density of solvent

- concentration polarization, Cf�' is related to feed and product

concentrations in addition to solvent and solute fluxes beside mass

transfer coefficient by the following relation found in reference 7].

CW CP (J + W
Ln. (10)

Cf CP p w.k

where

k: is mass transfer coefficient cm/s

C fW

U C V C
membrane f f- RO unit P

boundary layer

Urcr

C P

NO) a Concentration Prorile b- Schematic Diagram
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Figure (1) sows concentration profile of the system across the

membrane [81, and a schematic diagram of spiral - wound permeator.

-permeate flow rate, V. is expressed by

V = A J ,, + J

where A: area of transfer cm2

-volumetric balance:

= V (12

-component mass balance

U f IC f = U'.C + .C P (13

Solving of model I

By combining equations, (5), (8) and 9) the following equation is

obtained:

W C (aC + b)
f � � = f (C (14

B p + aC 

a = AwV - , b = Bpw + A,,.AP

substitution of equations 7 and 9 into equation (10) yields the

following one:

Exp[ C C -C (15)P f P
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where;

C - B,
ko

equations 14) and (15) are combined to give one equation in Cp given

by:

Exp[c(f CP) - CO f (CI') - CP (16)

CP Cf CP

which is solved by trial and eor using computer program written

in FORTRAN 77, depending on Newton Raphson ethod. This is done

yassuming a Cp value and ceck equation 16) R.H.S. and L.H.S. until

they are matched. Then go back to calculate the rest of variables

Case II: Double stages in series

Double stages reverse osmosis in series is shown

diagrammatically - with suitable symbols used in model derivation in

Figure 2). Similar procedure is followed as that for model I with te

same mathematical treatment for both units. Hence, the two stages

equations can be expressed by:

Stage equations

- volurnetric balance

Uf = VI U'j (17)
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U. V, C., v C.,

I C V. C VC.

U.C.

flu IC,

Fig. 2 Presentation of Double Stages Systems

a- without recycle b- with recycle

- component mass balance

Cf Uf ICP1 + UrICrl (18)

- mass transfer equation

V, = A(j. + Jo) (19

in addition to the combined equation

f CPI) - CP1Exprcl (f Cp') C') = (20)
CP1 Cf, - CP1
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Stage 2 equations

- volumetric balance

I = 2 + 2 (21

- component mass balance

CPIV = 2CP2 + U,2Cr2 (22)

V2 = A 2(jw2 +js2) (23)
- mass transfer equation

and finally the combined equation

C2(f(CP2)-CP2) f(CP2) - Cp2Exp[ (24)
CP2 Cf2 Cp2

with

CP1 C,2 (25

These equations are solved by trial and error as mentioned for model I

case.

Case III: Double stages with recycle

Figure (2-b) shows the flow pattern and symbols used for the

case of residue recycle. The model M, equations are identical to those

derived for model R.
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Two additional equations are used for feed flow rate and concentration.

These are:

Uf + U,2 = Uf (26)

- flow rate equation

- mass balance equation

Uf q+U,2 C2=Uf q (2�)

Again, the same philosophy of trial and error method is followed

in model solving.

Results and Discussions

Model testing

The derived model I is solved according to the procedure described

using the following operating conditions:

Temperature :25'C

Applied pressure :40 atm

Feed flow rate :7.01/s

Feed concentration :20mg/l

Solvent permeability coeff. :2. 17 x 10-5 cm/s. atm

Solute permeability coeff. 51714 x 10-11 CM4 /S.Mg

Comparison of experimental and calculated percentage solute rejection

is shown in figure 3) which implied the reliability of the model.
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Case I results

The performance of the system versus either feed concentration

or operating pressure is investigated. The effect of the former on unit

behavior is shown in Fig.(4). Solute rejection percentage is presented in

part (a), where the increase in feed concentration leads to nonlinear

increase in its value. Accompanied; is

increase in solute escaping through the membrane, and permeate

94 -

92 

90W

86 - -- Calculated

84 experimental

82 __L__V I
0 20 60 '1�6 120 140 160 180 200

Fig. 3 Comparison of Experimental and Calculate
Percent Solute Rejection

concentration in addition to residue concentration as shown in

parts (b), (c) and (d) in order. The permeate flux will decrease as a result

of the continues increase in concentration polarization as shown in parts

(e) and (f) in respective order.

On the other hand, variation of operating pressure leads to a

different system performance as shown in Fig.5. The feed concentration
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used in model solving in this case is fixed at 200 mg1I and the results are

explained almost in the same sequence followed before.

The percent solute rejection increases by increasing the applied

pressure with a higher rate as compared with previous case. At the same

time, the solute flux decreases considerably in addition to permeate

concentration as shown in parts (b) and (c) in respective. The residue

concentration and flow rate are given in (d) and (e). The concentration

polarization increases almost in a straight line relation

94 a
92
90
eses
84 (2)
82

S.OX10-9
8.0XIO-9
7.Oxl"

rZ 6.OXID-9
S.OXIO-9

3.Ox1D-9 (b)

16
14
12

E 10
8

U 6
4 (C)
2

Uranium Concentration g/1)

Fig.(4): Effect of Feed Concentration on the System Performance.
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7.OxlO-4
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6.OX104

240
200
160
120
90
40 -A

. 11 a . 2 a a _ s- a j
o 20 40 W 80 100 120 140 160 180 20D 220

Uranium Concentration (mg/1)

Fig.(4): Effect of Feed Concentration on the System Performance.
(cont...
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W
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0.0

10080
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Fig. (5): Effect of Operating Pressure on the System Perfoninance.
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Fig. (5): Effect of Operating Pressure on the System Performance.
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with a lower slope than that in previous case (1 .05 versus 1.15). The

operating pressure can be matched with the feed concentration

conditions in order to obtain a constant permeate concentration meeting

the stringent standards, which is an optimal control problem.

Cases 11 and III results

The results of solving both models and is presented in a

comparative table (1) where the percentage difference of important

items are given. It is clear from the table that recycle stream has a strong

effect on modification of the system performance. The most important

are being the first stage retentate flow rate in addition to both

concentration polarization and hence permeate and retentate

concentrations of both stages.

Conclusions

The main conclusions obtained from this study can be summarized

in the following points:

1- The number of stages required to achieve the decontamination limit

is dependent on feed concentration to be processed.

2- The area of membrane required for the second stage is about 10-15%

of the first one, which means that one module is enough for the

second stage to complete the processing of 6 - 7 first stages residue

streams.

3- Recycling of the residue stream of the second stage has important

effect on decreasing of concentration polarization and hence,

membrane operating time and performance.
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Table 1: Results of solving models 11 and III

Item Model 11 (a) Model III units % change

cf 200.0 200.0 mm --

Uf 6.0 6.0 US --

V, 1.5071 1.4747 I/S -2.0

V2 2.4246 0.2442 I/S 0.7

10.8637 8.9825 CM/S 10-9 -17.3

J,2 10.1632 8.603 CM/S 10-10 -15.3%

J�, 6.1764 6.0438 CM/S X104 -2.0%

J,.2 8.0827 8.1409 CM/S X104 0.7%

wD 227.7173 188.6926 mgA -17.1%

Cwf2 20.9103 17.6926 mgA -15.4%

CP1 17.5885 14.8622 Mg/1 -15.5%

CP2 1.2575 1.0568 mg/] -16.0%

U 11 4.4929 5.7558 I/S 28.1%

U,2 1.2646 1.2305 I/S -2.8%

C�, 255.6275 204.9071 mg11 -19.8%

C�2 20.7167 17.6023 rngA -15%

SRI 92.28 92.12 % --

SR2 93.99 94.03 %

N.B.: % change

Cc

363



References

[1] I S. Prabakar, S.T. Paniker, B.M. Misra and M P.S. Raman.
Separation Science and Technology, V. 27, P. 349-359, 1992.

[2] V. V. Ranade, "Computational Flow Modeling for Chemical
Reactor Engineering", Academic Press, 2002.

[3] J. A. Moulijn, M. Makkee and A. V. Diepen, "Chemical Process
Engineering", Wiley, 2001.

[41 D. Hershey, "Chemical Engineering in Medicine and Biology",
Plenum Press, 1967.

[5] J. Perry, "Chemical Engineers' Handbook", 7 h edition, McGraw
Hill, 1998.

[6] C. S. Slater and C.A. Brooks, Separation Science and Technology,
V. 27, P. 1361-1388, 1992.

[7] S. Sourirajan, "Reverse Osmosis" 2 'd edition, Logos Press
Limited, London, 1971.

[8] A. Philip, "Handbook of Separation Techniques for Cemical
Engineers", McGraw Hill, 1997.

364



EGO400156

Sixth Arab Conference on the Peaceful Uses of Atomk EnEW. CaimFzypt: 14-18 D 22

Uranium Extraction from Uro Area Phosphate Ore, Nuba
Mountains, Sudan

A. A. Mohammed', M.A.H. Eltayeb2

1 Department of Chemistry, Faculty of Education, University of Khartoum,

Sudan

2 Sudan Atomic Energy Commission, Khartoum, Sudan

,;L C)A C"-_4 Lt4� j

406 �k-_ja its V4,40 �.� I

J1.1 3001 ;i�JayJ ;L W ;.� 2

JL- kl- Lj..- 1- L.- L�-� 2-J-A

�_j .0AP-A) (VI) L'4- Ws HO]'
Hill j-j-16 -U-1 JjJj 141A 4�4 . -3 f-d_j L-J

Li 1 'j:1 j-

L.�._ �,.�Jjjjl A:�Z C�. % 98 01 z, j OkJ

wk 3i U- ? Co--j-HSL "J
J, A I-

ka- . - L,

L'4 _)_0 L--; Lwjj

, ( jjLl,.�A_ 1:2 � U_'WJ J-I_>- tW J -. Li ly;-J,

jj.-L 41 Z�� ? 0.5 _)A_O q� ?_wyA �' L-Y-A J-4- rJa-:";L_.r5 V2-j- 4S-_

365



;z Ij -Ul " I �._W _11 ;LiZ & % 98 J)jL2Y jhj Lt

]4- j .1 .UY _j[UO 12(CO3)3 JL L;

jA % 98 L� -I -:--�-Jl 5 0A-all

1.�L4�1 4-2 Mll

4j:&

U04.2H20 e-9,u al_<�-31 d3i
450 L

A.�-3vu Carol -Ij IL I

J-41 L-N -&�l L:21 �"U]l

93 Z�-Sjl az

r1jaI oi-l L-.<� C�Jill ?L- 03 �-9161J-O

Abstact

This study was carried out mainly to extract uranium from Uro area
phosphate ore in the eastern part of Nuba Mountains near Abu Gibiha town in
the Southern Kurdufan State. For this purpose first, the phosphate ore samples
were decomposed with sulphuric acid. The resulting phosphoric acid was
filtered off, and pretreated with pyrite and activated charcoal. The chemical
analysis of the obtained green phosphoric acid sowed that about 98 % of
uranium content of the phosphate ore was rendered soluble in the phosphoric
acid. The clear green phosphoric acid was introduced to uranium extraction by
25 % tributylphosphate (TBP) in kerosene. The effect of several factors on the
extraction and stripping processes namely, interference's effect, the suitable
strip solution the required number of extraction and stripping stages, te
optimum phase ratio have been studied in details. A three stages extraction at a
phase ratio (aqueous/organic) of 1:2, followed by two stages stripping using
0.5 M sodium carbonate solution at a phase ratio (A/0) of 1:4 were found to be
the optimum conditions to report more than 98 % of uranium content in green
phosphoric acid to the aqueous phase as uranyl tricarbonate complex
[UO2(CO3)3]4- . By applying sodic decomposition upon the stripping carbonate
solution using 50% sodium hydroxide, about 98% of uranium content was
precipitated as sodium diuranate concentrate (Na2U207). The chemical analysis
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using Atomic Absorption Spectrometry (AAS) showed a good agreement
between the specifications of the obtained uranium concentrate with the
standard commercial specification of sodium diuranate concentrate. Further
purification was achieved for the yellow cake by selective precipitation of
uranium from the solution as uranium peroxide (UC4.2H20) using 30%
hydrogen peroxide. Finally the uranium peroxide precipitate was calcined at

450"C to obtain the orange powder uranium trioxide (UO3). The chemical
analysis of the final uranium trioxide product has prove its unclear purity and
meet the standard commercial specification. According to te obtained results,
it can be concluded that nuclear grade uranium trioxide can be successfully
produced with an overall uranium recovery percentage of 93 from Uro
phosphate ore. A proposed flow sheet was designed for this purpose.
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Abstract

Kinetic studies for the extraction of UVI) and 11QV) from nitric acid
solution by the extractants TBP and Cyanex-921 diluted with kerosene using a
single drop column technique have been investigated. It is found that the
extraction rates of uranium and thorium extracted by TBP and Cyanex-921
systems are independent on the organic drop diameter in the range 05-2.0 mm.
The flow rate of te rising drop was also found of minor contribution on the
extraction rate of the two elements in te range 50 drop/min. The extraction
rate equations for both elements ave been deduced, compared and discussed
in terms of metal ions concentration in the aqueous phase, nitric acid molarities
and extractants concentrations.
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Introduction

Uranium and thorium are of main importance in nuclear science

and industry. Recovery and purification of these elements from different

resources are generally carried out by solvent extraction techniques. In

this concern, tributyl phosphate (TBP) and trialkylphoshphine oxides

found many applications for this purpose [1 2. Concerning the kinetics

of the extraction process for these systems, limited investigations are so

far reported 3 4.

In a previous work, kinetic studies on the extraction of uranium

and other elements from phosphoric acid solution using a single drop

column technique were investigated [5,6]. In a continuation of this work,

the present work aimed to assess the extraction kinetics of U(VI) and

Tb(IV) from nitric acid solution by tri-n-butyl phosphate (TBP) and

Cyanex-921 (commercial extractant containing about 93% tri-

octylphosphine oxide).In this investigation, the concentration of uranium

and thorium are taken as comparable to their concentrations in leach

solutions obtained from monazite sand 7,81. ne rate equations for the

two systems obtained were deduced, compared and discussed.
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Experimental

Chemicals and Reagents

Cyanex-921 (a mixture of four tri-alkylphosphine oxides) which

contains - 93% TOPO was supplied by Cyanamid, Canada and its

specifications are given in Ref. 9]. Kerosene was supplied from Misr

Petroleum Company, Egypt. All other chemicals and reagents used wre

of analytical reagent grade. Stock solutions of U (VI), 0.15 g/l, and h

(IV), 1.5 g/l, were prepared in nitric acid solutions.

Procedures

Batch experiments were carried out by shaking equal volumes of

the organic and aqueous phases for 15 minutes at 259C. The two phases

were allowed to settle, centrifuged, separated and the concentration of

U(VI) and Th(IV) were determined spectrophotornetrically (10), using a

Shimadzu UV-visible spectrophotometer model UV-160A, Japan.

Kinetic studies were performed by the single drop method as

described by El-Reefy et. al. [5 6 8]. The apparatus used is shown in

Fig. 1. It consists of a jacketed column (A), 22 cm in diameter, which is

filled with a known volume of the aqueous phase from a reservoir (B).

The organic phase contained in ), is allowed to flow through a jack-

eted column (D) at a pre-adjusted flow rate and passed into the mass

transfer section of te column (A). Changing the diameter of the

capillary tube (H), varies the drop size of the organic phase. The drops

rose up the column and coalesced at the interface (E). Changing the

height of the organic phase in the reservoir (C) varies the rate of drop

admission. The volume of the organic phase is obtained by collecting the

overflow from the column (A) in a 10 cm 3burette ). Changing the

length of the column (A) varied contact times. The column lengths used
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were 20, 30, 40 and 50 cm. The interface level (E) was maintained

constant so that for any individually entrance and coalescence the end-

effects assumed to be constant. Wall effects were assumed negligible.

Unless otherwise stated, the aqueous phase was 100 cm 3 of 2M HN03

containing 015 g/ U (VI) and or 1.5 g/l Th (TV), the organic phase was

a kerosene solution containing 0.5M TBP or 0.1 M Cyanex-921 and the

temperature was controlled at 25 2 'C.

Results and Discussion

Batch extraction investigations were first carried out to deduce the

suitable conditions to be applied in the kinetic studies using the single

drop technique. The different parameters affecting the extraction process

of both UVI) and Th(IV) by each of the extractants, TBP and Cyanex-

921, diluted by kerosene were studied. The data obtained are given in

tables land 2.

it is clear from Table that, a maximum extraction of about 85%

for uranium and 44% for thorium from nitric acid medium starting from

2M acid concentration was obtained using 0.1 M TBP in kerosene. In

case of Cyanex-921, concentration 0.1 M in kerosene, the maximum

extraction was 85% and 26% for uranium and thorium from 2M nitric

acid solution, respectively. In table 2 the extraction percentage of both

elements from 2M nitric acid by different molar concentrations of the

two extractants is given. The results indicated that 0.5 M TBP or 0.1 M

Cyanex-921 is sufficient to extract more than 89% or 84% of uranium,

respectively. On the other hand, thorium is less extracted by TBP than

Cyanex-291 under similar conditions.
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Kinetic Studies

The extraction rate Rf of metal ion (M) from acid solution (A) by

an extractant (X) is expected to be as follows at constant organic drop

volume and constant temperature.
Rf = Kf [M]' [Alb [X],

where Rf is the forward extraction rate per unit area, Kf is the

fonvard extraction rate constant and abc are the corresponding

reactions orders. The reverse reaction was neglected since the contact

time between the rising drop and the aqueous phase is very small.

The effect of one variable on the value of Rf , while keeping the

other variables constant, takes a linear form when taking the logarithm

of the two sides of equation 1. Therefore, the variation,; of Rf in terms

of the molar concentration of the metal ions is given as follows

log Rf = a log [Ml constant (2)

Thus, plotting log Rf versus log [Ml should yield a straight line of

slope equals a, which is the reaction order dependent on the metal ion

concentration. The value of Rf was calculated from the following

equation 5,6)

R = 3&WT) X IdCM (3)
VT1 dt

where VT i the volume of organic phase collected, NT i the

number of organic drops, dCm/dt is the change in the concentration of

metal M with time per unit area.

Plotting Cm against the contact time t a straight line should be

obtained from which Rf can be calculated from its slope. The reaction

orders for the different variables were obtained by plotting log Rf against

log variable under investigation while keeping others constant. It is to be

noted that the effect of the diameter of the organic drop in the range 0.5-

2.0 mm on the value of Rf was not noticeable.The different parameters
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affecting the extraction rate of uranium and thorium for the two systems

under investigations were studied. These parameters include the

concentration of uranium and thorium together with HN03 in the

aqueous phase and the extactants concentrations in the organic phase.

The plot between the logarithm of Rf versus the logarithm of the

concentration of the variables under study, for the TBP system is given

in Fig. 2 From the slopes obtained for the different parameters, the

extraction rate for uranium and thorium by T`BP diluted with kerosene

can be represented as follows, provided that the nitric acid concentration

is less than or equals to 20 M;

RfuCq Kf [U(Vl)] [ HN031 0.5 [TBp]2

and

Rtn(M Kf [b(VI)] [ N0310-' [TBPI'

At higher nitric acid concentrations up to 5M, the extraction rate

constants for uranium and thorium are independent on nitric acid molar

concentration and te two equations are reduced to the following;

RfuM = Kf [ UVl)]' [ TBp]2

and

Rfn(M = Kf [n(Vl)]'[TBP]'

From the rate equations of uranium and thorium for the TBP

system, it is clear that the extraction rate constant of uranium is highly

affected by tributylphosphate concentration than that of thorium. This

variation adds extra factor to develop a separation process for uranium

from thorium.

For the Cyanex-921 system, the results obtained are given in Fig 3.

The extraction rate for both elements extracted by Cyanex-921 as

obtained from the slopes of these relationsFig.3, provided that the

concentration of nitric acid is less than or equals to 20 M and Cyanex-
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921 concentration is less than or equals to 0.1 M can be represented by

the following,

Rfu(vo Kf [U(Vl)]' [HNO31 0,8 [Cyanex-921]1

and

Rfrh(M Kf [h(VI)I' [HNO31 0,8 [Cyanex-921]1

At higher molar concentrations than 2M nitric acid and 0.1M

Cyanex-921, the extraction rate is independent on both nitric acid and

Cyanex-921 concentrations. This indicates that the extraction rate of

uranium and thorium are of similar nature.

From the previous results, the BP system shows more advantages

than the Cyanex-921 system for the separation of uranium from thorium.

This is based on the high extraction ability and better kinetics of TBP for

uranium than thorium.
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Fig. 1: Diagrams of single drop apparatus:

A: Jacketed mass transfer column, B: aqueous phase reservoir,

C: organic phase reservoir, D: organic phase column,

E: interface, F: organic phase collector,

G: aqueous phase outlet, H: organic phase inlet

(capillary tube)
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Table 1: Effect of HN03 Concentration on Extraction Percentage

(%) of Uranium (0.15 g/L) and Thorium (1.5 g/L by

O.1M TBP or Cyanex 92 in Kerosene

eagent, M %E, U %E, Th

HN03 TBP Cyanex- 21 TBP Cyanex 921

0.1 33.3 57.0 2.8 4.0

0.5 66.6 72.0 3.6 12.0

1.0 83.3 78.0 3.8 20.0

1.5 83.8 82.0 4.2 25.0

2.0 84.8 84.8 4.4 26.7

3.0 85.07 80.2 4.8 24.0

5.0 85.4 79.2 5.0 22.0

Table 2 Effect of Extractants Concentrations on Extraction

Percentage(%E) of Uranium (0.15 g/L) and Thorium (1.5

gjL) from 20 M Nitric Acid Solution
%E, U %E, Th

Extraclant, M TBP Cyanex-921 TBP Cyanex-921

0.01 75.0 68.0 2.1 6.0

0.05 84.0 78.0 3.0 10.0

0.1 85.0 84.8 4.4 26.5

0.2 87.5 84.5 4.5 27.0

0.3 88.9 84.0 4.5 28.0

0.5 89.4 82.7 4.8 29.0

0.8 87.2 81.2 4.9 29.5

1 1.0 86.9 1 80.0 5.0 30.1
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Abstract

The effect of iron as Fe(Ill) or Fe(II) ions in the oxidation-reduction of
uranium was investigated to understand its role on the extraction process of
uranium(IV) by di(2-ethylhexyl)phosphoric acid (HDEHIP) or octylphenyl acid
phosphate (OPAP) in kerosene solutions. In this context, reduction of U(VI in
5M phosphoric acid by FeSO4 or iron powder was studied and the effect of the
different parameters affecting the reduction process were separately
investigated. The effect of Fe(Ill) which is generally found in excess in the
phosphoric acid medium on the oxidation of U(fV) was also considered. The

effect of Fe(Ill), time and temperature on the oxidation process were studied.
The effect of different concentrations of Fe(O), Fe(1l) or Fe(Ill) on the
extraction of U(fV) by di (2-ethylhexyl)phosphoric acid (HDEHP or
octylphenyl acid phosphate (OPAP) in kerosene were also tested. The
extraction of Fe(M) by these two extractants were investigated and the effects
of the extractants and te metal ion concentration as well as temperature on the
extraction process were studied. The results are elaborated to assess the
conditions for the reduction of U(Vl) and the maximum extraction of uranium
from wet-process phosphoric acid by HDEHIP or OPAP in kerosene.
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Introduction

Phosphoric acid produced by the wet-process contains small

amounts of uranium as a mixture of UVI) and U(IV) with other ions-

Iron is the main reducing agent usually used to reduce U(VI) to U(IV in

phosphoric acid medium. In addition, it is one of te main ions which are

found in appreciable amounts in the wt-phosphoric acid and have to be

considered when dealing with the extraction of uranium. Studies

involving oxidation-reduction of UM-U(VI) in phosphoric acid

medium is therefore of major importance for the optimization of uranium

recovery from wet-process phosphoric acid. Brejmak and Pink-as [11

studied the reduction of U(VI) in phosphoric acid by means of metallic

iron and reported that the oxidation-reduction process depends on the

contact time of the acid with the metal and the temperature. Bases 121
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reported that the introduction of fluorides into the phosphoric acid

solution increases both the extent and the rate of U(VI) reduction by

Fe(II). The oxidation of U(IV) by Fe(HI) or hydrogen peroxide in

sulfuric medium 351 or by bromate ion in nitrate medium are also

reported 6]. Daoud et al. 7] studied the extraction of U(IV) by OPAP or

HDEHP in kerosene from phosphoric acid and reported that, under

certain experimental conditions, HDEHP could be a more favourable

extractant for the tetravalent uranium extraction. Detailed studies on this

extraction indicated that the extent of U(I`V) extraction increases with

the increase in HDEHP concentration and the decrease in phosphoric

acid molarity [8]. In the present work, the role of iron as Fe(O), Fe(III or

Fe(H) in the oxidation-reduction of uranium are investigated to

understand its effect on the extraction process of uranium by HDEH or

OPAP/ kerosene solutions. The reduction by iron powder or ferrous

sulphate was carried out. The results are compared and discussed in

terms of their effect on the extraction process of U (IV) from M

phosphoric acid.

Materials and Methods

Reagents

Uranyl nitrate and phosphoric acid are AR products of BDH

(England). The iron powder and ferrous sulphate used for reductio of

U(Vl) are products of Aldrich Germany). Di-(2-ethylhexyl) phosphoric

acid (HDEHP) is a Sigma product (Germany) and octylphenyl acid

phosphate (OPAP) was kindly supplied by Mobil Chemical Co. (USA)

and used without purification.
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Determination of uranium and Fe 3

The concentration of uranium in the aqueous phosphoric acid

solution was determined spectrophotornetrically using a Shimadzu V-

visible double beam spectrophotorneter type 160A. 'Me detection

measurements of U(VI) and U(IV) concentration were determined

through their maximum absorbance in phosphoric acid at 420 and 660

nm, respectively. The concentration of Fe(IR) ions in phosphoric acid

were determined at 415 rn.

Procedures
The reduction of 6.3x,0,4 M (150ppm) UVI) in 5M phosphoric

acid was carried out by using 027 M iron powder or 1.5XIO-2 M FeSO4

at 50'C, unless otherwise stated. The extraction of the reduced uranium

was carried out by contacting equal volumes of the aqueous phosphoric

solution containing U(IV) with 0.05M HDEBIP or 5g/l OPAP in kerosene

solution.

Results and Discussion

Uranium Reduction

I-Reduction using Fe+2

The reduction by using Fe +2 in acidic medium is represented by the

following equation:

U02+2 +2Fe +2 +4H+qweU+4 +2Fe+'+2H20 (1)

The reduction investigations of 6.3xlO-4 M UVI) in M

phosphoric acid were first carried out using FeSO4 at 50T. The effect of

contact time on the reduction of UVI) by 1.5x,0-2 M FeSO4 showed a

gradual increase in the reduction process with time and reaches its

maximum after 30 min. then remained constant with further increase in

time.
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The effect of Fe'2 concentration on the reduction process

investigated in the range 3x,0-4 _,M showed an increase in the

reduction of U(VI) up to 10-2 M after which a negligible effect was

observed, Tablel. Similarly, the increase in temperature from 20 to 60'C

increased the reduction of UVI) by 0.2M FeSO4 up to 40'C while any

further increase had nearly no effect on the reduction process, Figure .

The use of Fe'2 increases the concentration of Fe 3 which already

exists in excessive amounts in the wet-phosphoric acid and has a marked

suppressing effect on the reduction reaction of Fe+2 in equation as well

as on the extraction of U(IV) by OPAP or HDEHP[7].

Table 1: Effect of Fe+2] and [Fe] on the reduction of U(VI) in M

phosphoric acid

AFe +21'M [U(TV)IM [FejM [U(IV)IM

3xl 04 6.6 x10-5 0.005 1.76 X104

7.5xlO' 8.49 xlO--5 0.010 4.33 X104

1.2xl 0-3 1.45 X104 0.013 4.88 x10-4

1.5xlO-' 2.15 x10-4 0.027 5.28xIO-4

3 xIO-' 3.92 X104 0.045 5.49 X104

7.5x 10-3 5.82 X104 0.090 5.79 X104

1.5X10-1 6.31 X104 0.134 6.15 X104

3 X10-2 6.28 X104 0.179 6.32 X104

7.5X10-2 6.30 X104 0.269 6.27 x10-4

0.1 6.26 X104 0.358 6.23 X104
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Figurel: Effect of temperature on the reduction of U(VI) by Fe 2

and Fe in phosphoric acid

2-Reduction using iron powder

The effect of using Fe'2 in the reduction of UVI) represented by

equation (1) necessitates the use of another reducing agent which has the

dual ability of reducing both UVI) and Fe!3 In this context, when iron

powder is used in the reduction of UVI) in phosphoric acid it acts

according to the following equations:

U02+2 +Fe+4H+qWCU+4 +2Fe +2 +2H20 (2)

2Fe+3 +Feqwe3Fe+2 (3)

T'he dependence of UVI) reduction by 0.2M iron powder

investigated in the range 290 min. sowed an increase in the
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concentration of the obtained U(IV) with time till 30 min. after which it

remained constant with further increase in time.

The effect of iron concentration on the reduction of 6.3x10 -4 M

U(VI) was studied in the range 5x,0-3 _ 0.36 M in 5M phosphoric acid.

'Me results represented in Tablel indicate the gradual increase in the

reduction with Fe powder concentration up to 0.18M after which it

remained nearly constant with further increase in its concentration.

On the other hand, the effect of temperature investigated in the same

range used in the reduction by FeSO4 showed that the increase in

temperature has nearly no effect on the reduction process, Figure 1. Mis

may be attributed to the used iron concentration and contact time which

are sufficient for the complete reduction of UVI) even at low

temperature.

Effect of Iron on UIV) Extraction

Previous studies on the individual effect of some interfering ions

which are present in the wet-phosphoric acid on the extraction of UW)

indicate that the increase in Fe 13 concentration decreases greatly the

extraction of uranium while the increase in the concentration of the other

ions(Cd +2' CU+2, Zn+2, Mg� 2 A3' F', S04-,-..) has either a slight or

negligible effect on the extraction process 9]. This decreasing effect may

be due to the increasing oxidation of UW) to U" by Fe+3 which

decreases the concentration of U(IV) in the medium and/or the

competition of Fe +3 ions to be extracted by the used extractants (HDEHP

or OPAP in kerosene). On the other hand, the increase in Fe powder in

the range 0.05-0.35M increased the extraction of U(IV) by these

extractants 9]. Detailed studies on the effect of Fe 43 on the oxidation

and extraction of U (TV) were therefore needed to throw light on the

proposed concepts.
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Oxidation of U (IV) by Fe(111)

The effect of Fe'3 which could be found in excess in the

phosphoric acid medium on the oxidation of the reduced UVI) is also

considered to define and decrease its effect to the possible lowest extent.

In this respect, the effect of contact time on the oxidation of 63x10-4 M

U(IV) using 0.25M Fe 13 at 500C indicated that the percent oxidation of

U(IV) increases with time and reaches its maximum after 90 min. then

remains constant, Table2.

The increase in Fe'3 over the range 6.25X,0-2_0 .375M was found

to increase the percent oxidation of U(IV) to UVI), Table 2 The

results of the effect of temperature given in the same table indicate that

the oxidation process increases also with the increase in temperature in

the range 20-70'C
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Table 2 Effect of [Fe') *, Time" and Temperature"* on

percent Oxidation of U (IV) by Fe (111) in M

Phosphoric Acid

-[Fe+'],M % oxid. t. min % oxid. T C % oxid.

0.063 25.80 1 5.67 20 33.25

0.125 49.04 2 4.75 25 63.00

0.188 77.51 5 8.58 30 67.02

0.250 77.51 10 10.92 40 75.20

0.313 83.67 15 15.25 50 77.52

0.375 88.48 20 20.50 60 96.60

30 26.00 70 96.50

40 31.42

60 43.75

80 55.50

100 77.6

120 76.8
140 77..5

160 77.7

T= 5rC, time = 90 min. ** T 50'C, [Fe +3] = 0.25M

[Fe+'] = 0.25M, time = 90 min

The tabulated data indicate that in order to minimize the oxidation of

U(IV) in phosphoric acid, the extraction process have to take place at

the possible lowest Fe+3 concentration, contact time and temperature.

Extraction of Fe(III) by HDERP or OPAP in Kerosene

Extraction investigations on the extraction of Fe +3 by HDEHP or

OPAP which are used in the extraction of U(IV) from phosphoric acid
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were performed in order to assess the conditions which reduce the

transfer of Fe+3 in the organic phase and consequently increases the

extraction of U(fV).

The effect of shaking time on the extraction of 0.25M Fe+3 by

2.5x 10-2 M HDEHP or 1.75xlO-2M OPAP in kerosene over a period of

1-60 min. indicated tat the extraction by HDEHP increases slightly

with shaking time up to 20 min. then decreases with further increase in

contact time while the extraction by OPAP increased gradually with

contact time. The respective increase in the extractant concentration in

the range 0.01-0.1M and 1.75x 10-2 -3.49x 10-2M for HEBP and OPAP
+3increases linearly the extraction of 0.25M Fe

The increase in [Fe +3 ] extracted by 2.5x,0-2 M HDEHP over a

range of 0.125-0.625M indicates that the extraction of Fe+3 increases

with the increase in its concentration up to 05M then remains constant

with further increase in its concentration. Similarly, the variation in Fe +3

in the range 0125-0.625 M indicates that the extraction of Fe'3 by

1.75x 10-2M OPAP increases with Fe +3 concentration up to 05M then

remains constant with further increase in its concentration.

'ne extraction of 0.25M of Fe 13 by 2.5x 10-2 M HDEHP was

found to be nearly unaffected by the variation in temperature in the

range 20-60T while the extraction by 1.75x,0-2M OPAP decreased the
3percent extraction of Fe'
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Table 3 Effect of [HDEHPI or [OPAP] and Fe") on the extraction

of Fe 3 by HDEHP* or OPAP** in kerosene from 5M

Phosphoric Acid

JFfDEHP % Fe .3 [OPAP], %FC.3 [Fe"], M [R 3j.., IFe,3j.,

I'm M M*. M.*

0.02 12.62 0.018 8.81 0.125 0.020 0.013

0.05 13.72 0.021 10.20 0.250 0.034 0.022

-0.08 18.18 0.024 9.69 0.375 0.042 0.027

0.12 19.70 0.028 11.22 0.500 0.048 0.029

0.16 23.23 0.031 12.24 0.625 0.048 0.029

0.20 1 26.26 1 0.035 1 12.75 1 1

[HDEHP]= 2.5X10-2M [OPAPI= 1.75x 10-2M

Ile extraction of Fe +3 by HDEHP or OPAP and its decreasing

effect on the extraction of UfV) from phosphoric acid justify the use of

iron powder instead of FeSO4 Iron powder has the advantage of
+3 12 12reducing not only UVI) but also Fe to Fe . The produced Fe

stabilizes the formed U(IV) and avoids its re-oxidation by the

atmospheric oxygen without te need of an external stabilizing agent,

Figure 2.

401



-5 0.8 Fe(II)

e - Fe(111)
.2
co U.10 

0.4-

C)
co
C 0.2-
0
C
0

0.0

0.00 0-�5 0.10 0.15 OM 0.25 0.30
[Fe], M

Figure 2 Effect of [Fe] on iron ions concentration in M

phosphoric acid

Conclusions

- Reduction of UVI) by FeSO4 increases with the increase in

[Fe(Il)] Up to 1-2 M, contact time till 30 min. and temperature up to

400C.

- Reduction of UVI) in 5M phosphoric acid by Fe powder increases

with [Fe] till 0.18M and contact time up to 30 min. while it is nearly

unaffected by increasing the temperature in the range 20-700C.

- Excess e(Ill) in the medium leads to the oxidation of U(IV to

U(VI) which explains the decrease of U(IV) extraction by

increasing Fe(HI) concentration.

- The increase in Fe(IH) concentration in the aqueous phosphoric acid

medium decreased the extraction of U(IV) by HDERP or OPAP in

kerosene.
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Fe(Ill) was found to be extracted by both HDEHP and OPAP in

kerosene which explains its decreasing effect on the extraction of

U(fV) by these extractants.

The increase in Fe concentration in the reduction of uranium

increased the extraction of the produced U(IV) by HDEHP in

kerosene.

Fe powder is preferred for uranium reduction in phosphoric acid as

it reduces not only U(VI) but also reduces Fe'3 to Fe'2 which in

turns stabilizes the formed U(I'V)
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Abstract

Rapid and reliable volumetric analysis method has been developed to
determine uranium, on line, at uranium extraction unit from wet-process
phosphoric acid, in aqueous and organic phases.
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This process enable up 300 mg of uranium to be determined in the
presence of nitric acid in a sample volume of up to at least 10 ml. The volume
of the sample, the amounts of reagents added, the temperature of the reagents
and the standing time of various stages were investigated to ensure tat te
conditions selected for the final procedure were reasonably non-critical.
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Abstract

In this study, the kinetics of the chemical reactions involved dufing
the precipitation of Ammonium Diuranate (ADU) inside the Sernibatch
Precipitation Reactor of the Fuel Manufacturing Plant (FMPP) at Inshas
site were analyzed. ne involved experimental technique depends on
electrical conductivity measurements as one of the fast measuring
techniques.

ne experiments were conducted at two different temperatures,
using the same conditions of the precipitation process in the (FMPP),
especially the rate of addition of the ammonium hydroxide solution, in
order to evaluate the two Arhenius type equations describing the

precipitation systern.
'ne resulted equations were used to build the mathematical models

describing the dynamic behavior of the ADU precipitation system [1].
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Introduction

Ammonium Diuranate is the nominal name for ammonium

polyuranate. The later is a complex compound whose polymeric

structure may have different chemical composition and/or a

crystallographic structure according to the precipitation conditions 2].

The precipitation of the Ammonium Diuranate (ADU by

ammonium hydroxide is not complete at the stoichiometric point

because of the complex nature of te uranyl fluoride solutions [3].

The precipitation reaction resulting from the addition of

ammonium hydroxide solution to uranyl fluoride solution has been

always expressed as 4, 5]:

2UO2F2 6NH40H (NH4) 2U207 4NH4 + 3H20, (1)

along with the neutralization reaction:

HF N40H --> NH4F + H20 (2)

It has been reported [5 6 7 that more than one chemical formula

for that precipitate which suggested that the kinetics of the reaction are

complicated and the non existence of a clear reaction mechanism.

Besides there has been no published research on the kinetics of the

precipitation reaction itself.
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The aim of this work, is to evaluate experimentally the two

Arhenius type equations, which represent the kinetics of the chemical

reactions involved inside BR-5005 Semibatch Precipitation Reactor in

the Fuel Manufacturing Plant (FMPP), at Inshas site. In order to test the

mathematical models describing the dynamic behavior of the BR-5005

precipitation systern.

Experimental Technique

As known precipitation reactions are fast reactions. The method of

Kinetics of Relaxation [8 9 has been always used to evaluate the rate

constants of this type of reactions.

The involved experimental technique accompanying the relaxation

method, however, depends on the electrical conductivity as one of the

fast measuring technique [8 9 For this reason, decision was made to

evaluate the reaction rates experimentally using the same conditions of

the process in the Fuel Manufacturing Plant (FMPP), especially the rate

of addition of the ammonium hydroxide solution, which is normally in

the range of 20 - 24 liters NH40H/h, 25 by wt ammonia 3 4.

The experimental measurements, included three groups of conductivity

measurements using (TUV PRODUCT SERVICE-984 Conductivity

Meter).

The first group: Construction of the calibration curves, which

establish the relation between conductivity versus each of the

concentration for U02F2 solution, NH40H solution, and H solution,

independently, at two different temperatures. These calibration curves

were used to check the value of the conductivity of each solution and

compare it to the conductivity value, which appeared in the main

reactions, as shown in Figures (1), 2), and 3), respectively.
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The second group: A second set of measurements of conductivity

during the addition of NH40H solution on the blank RF solution was

carried out at two different temperatures, as shown in Fig 4 The

results of this set were used to evaluate the kinetics of the second

reaction at certain onditions.

E
50
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E 30 - ------
0
U 20
'a 10 
.2

0

LU 0 5 10 15 20 25 30

Ammonia Solution Added, ml

Fig 4 Addition of Ammonia Solution to HF Blank Solution

The third group: Adding ammonium hydroxide solution to samples

taken from the hydrolysis of UF6 (which contains U02F2 and H in

order to find an expression between reactions rate constant and
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temperature. The measurements were carried out at two different

temperatures.

In order to evaluate the reaction rate constants of the two reactions

from Figures (5) and 6 the following limiting conditions were

considered:

At the beginning of the addition of the ammonium hydroxide

solution, a sharp drop in the conductivity occurred, suggesting a

decrease in the U02F2 concentration and a little contribution, if any,

to the formation of the NH4F. Te limiting value for the conversion

of the 2 dreaction was taken zero.

Close to the theoretical amount of ammonium hydroxide solution,

the conversion of the first reaction was taken to be unity, as all of the

U02F2 was considered to have been reacted.

The reaction rate constants of the two reactions were then

evaluated at 23.5 & 55 C, using the titration curves of Fig (5), and 6),

and the calibration curves in Figures (1), 2), and 3).
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Results and Discussions

The reaction rate constants calculated from these groups of

experiments are considered as apparent kinetics values but not the ral

values associated with the real reaction mechanism. Ilese values,

however, have allowed to understand the experimental data obtained at

the same operating conditions of the BR-5005 precipitation reactor, as
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well as, the ability to obtain reasonable rate constant values in order to

test the mathematical models that describe the ADU precipitation system

dynamic behavior.

The two resulted Arhenius type equations are as follows:
-2381.25

KI = 32 * 104e T

-3859.45

K2 = 208 *107e T

Where,

K = Precipitation reaction rate constant, liters/(mole.sec)

K2 = neutralization reaction rate constant, liters/(mole.sec)

T = Absolute temperature, K

Conclusions

- Two Arhenius type equations describing the kinetics of the

chemical reactions involved in the ADU precipitation system

were evaluated experimentally.

- The reaction rate constants obtained are considered as apparent

kinetics values but not the real values describing the real reaction

mechanism.

- The resulted equations were used in the mathematical models

describing the BR-5005 Semibatch Precipitation Ractor

dynamic behavior in the Fuel Manufacturing Plant (FMPP) at

Inshas site.
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Abstract
Numerous pegmatite pockets of unzoned and zoned types are te most

important rock types from te radioactive point of view. They occur at the
marginal parts and higher topographic level of G.Dara younger granites. Zoned
pegmatites are composed of extremely coarse-grained mky quartz core,
intermediate zone and wall zone. The alteration zone is found at the contact
between quartz core and intermediate zone. It is recorded the highest
radioactive values due to their mineral composition, as a esult of alteration
processes associated with radioactive minerals. Only two alteration zones (PI
and P) has been studied in this paper.

The late magmatic alteration process (hematization, kaolinization,
chloritization and fluortization) of the pegmatite resulted in te formation of
chlorite, fluorite, clay minerals and carbonates (calcite) in the alteration zones
as mineral assemblage. Opaque minerals are found as pyrite, ron
oxyhydroxides and garnet.

Fluid inclusion studies by microthermometry were carried out on
authigenic minerals (such as quartz and fluorite) in alteration zones (primary
fluid inclusions). This study revealed that, at least two stages of the post-
magmatic hydrothermal alteration are involved. The first stage is of igh
temperature, low saline fluids which caracterized with hematization and
and/or chloritization resulted from fluid-rock interaction with late magmatic
fluids that very probably mixed with external low salinity fluids along brittle
structure. The second stage is of low temperature high saline fluids
characterized the fluoritized alteration due to consequent reaction with
warlocks and ixing with meteoric water.

Mixing of low salinity meteoric water with hot ascending saline
hydrothermal solution leads to pH change and continuous interaction
with wall rock. The change in pH plays the main role in rernobilization
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and precipitation of many rare metals such as U, N, Zr, Th, REEs + Y
in minerals assemblage such as euxenite, zircon, thorianite, allanite,
bastnesite and Y- fluorite. Heating of slightly saline meteoric water by
convection acting on the pegmatites along shallow shear zone causes
fluorite and uranium mineralization.
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Introduction

Gabal Dara area is bounded by latitudes 27' 52'and 28' 00' N and
2longitudes 32' 52' and 33' 03' E, covering an area of about 15 km

The investigated area is mostly covered by granitoid rocks forming high

mountainous terrain reaching up to 1077m as- (ig.1).

Younger granites form the prominent mass of G. Dara. 'De

marginal parts of G.Dara are characterized by the presence of numerous

pegmatitic bodies mainly of unzoned type, while zoned pegmatites are

located at the higher parts. Pegmatites are strongly related to the younger

granites, but some of them are recorded invading the older granitoids

especially on the peripheral zones of the granitic masses. The pegmatites

occur as pockets lenses or small veins, sometimes circular and pod like.
2They are of limited dimension not exceeding 40 m . he pegmatites are

abundantly encountered at the northern and eastern parts of G. Dara

granitic mass and at different topographic levels.

Abdel Monem et al. 1988) stated that the younger granites

fon-ning the mass of Dara pluton could be regarded as representing a

uniforin radiometric unit with respect to their absolute potassium and
121equivalent uranium contents . The structural conditions played an

important role in the localization of the identified radiornetric anomalies
[3]which was found closely related to the faulting pattern in the area

Uranium and thorium are the main radioactive elements in the

pegmatite bodies. heir concentration being a result of post magmatic

processes. The minerals identified in the investigated pegmatites by

XRD technique can be divided into non-radioactive and radioactive

types, grouped in three main classes 14]:

(1)- Non-radioactive minerals such as haernatite, goethite,

pyrite, utile and calcite

425



(2)- Radioactive minerals such as, euxenite, carnotite, curite, zircon and

thorianite

(3)- Rare-earth radioactive minerals such as bastnaesite, allanite and

associated fluorite.

The present study is concerned with the fluid inclusions of two-

alteration zone of pegmatites of the G.Dara area, in order to estimate the

physicochemical conditions of alteration processes.

Distribution of U and Th in the zoned Pegmatites

Concentration of the total soluble uranium ions in the samples was

estimated using laser induced fluorescence technique following the

scheme of 151. Thorium was colourimetrically estimated using arzenazo,

HI method following the scheme of 161.

Uranium and thoriurn distributions in the zoned pegmatites are

studied in the present work in three zones named, wall zone,

intermediate zone and altered zone (Table 1). It is observed that there is

a systematic pattern for U and Th distributions within the different zones

(Fig. 2. It is clear from this figure, that U and Th decrease from crosscut

secondary altered zones toward wall zones. In the wall zone, the average

of U content is 56.5 ppm, while Th average content is 47 ppm. These

values reflect primary sites for the two radioactive elements where

zircon, allanite and apatite are the main accessory minerals in this zone-

ne intermediate zone which is in crosscut with altered zone,

represents the most suitable host zone for radio-elements with

progressively fewer occurrences noted in the secondary alteration zone.

The average of both U and Th are 143.5 ppm and 105.5 ppm

respectively. The high U and Th content is due to primary magmatic

radioactive minerals and secondary alteration products due to

fractionation, hydrotbermal activity and weathering.
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Secondary alteration zone represents the most populer host for the

radioclernent. Uranium average content in two secondary alteration

zones is 233 ppm while n average content is 205 ppm. The enrichment

in both radioelements exhibits extensive replacement of primary mineral

phases by secondary phases produced during late-stage hydrothernial

activity that have been accentuated through microffacturing in the host

granite. Secondary products include chlorite-replacing biotite,

ferruginous clays replacing biotite and calcic plagioclase, and also

hernatitization as a result of chlorite alteration to carbonate and clay
171minerals. This alteration has increased the radio- element contents

Fluid inclusion

Fluid inclusion provides geologist with what can only be

observed as unique samples of the total spectrum of fluids that

have interacted with an developed in the earth's crust and upper

mantle throughout the whole of the geologic time. Historically,

their most important contribution has been to understand the

character, origin and evolution of the hydrothermal ore forming

and ultimately, oTe genesis17-9]

Fluid inclusions in ores and gangue minerals can be used to

fingerprint certain type of ore forming fluids, to characterize

particular ore mineral assemblages and to define areas where these

fluids are most likely to concentrate

In igneous rocks, fluid inclusions are especially common in

the quartz of granitic rocks. The fluids trapped in granite quartz

can either represent the earliest fluids from the cooling magma or

later fluids developed during hydrotherinal circulation. Both types

of fluids developed may be trapped in apparently unaltered

samples of rock 1121 and it can prove exceedingly difficult to find a
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sample where the inclusion population only represents the

magmatic fluid phase.

Methodology

Representative samples of two alteration zones (P1 and P2) in the

studies pegmatite were chosen for the fluid inclusion study. In this study

microthermometric measurements on authigenic minerals formed during

alteration are carried out in order to estimate the physico-

chemical conditions of alteration. Fluorite and quartz in (P?) alteration

zone and quartz of (PI) alteration zone represent the studied minerals.

Double polished thin sections of selected samples (250-300[tm)

were prepared. Freezing/heating microthermometric measurements were

carried out using a fluid inclusion adopted to USGS gas flow

heating/freezing stage emanated to petrographic microscope, at Geol.

Dept. Faculty of Science, Cairo University. Homogenization

temperature (Th) is the temperature at which gas bubble can not be

observed. All the fluids in the studied sample homogenize to liquid

phase. Freezing run to 900 C followed by heating one enable us to

record melting temperature (Te). The final ice melting temperature (Ti)

enables calculations of fluid inclusion salinities. Table 2) shows Th, Ti,

Te and salinity values of the two alteration zones of mineralized

pegmatites (P1 and P2). Figure 3) shows the Th'C versus salinity for

fluid inclusions in the studied samples.

Fluid inclusion petrography

Fluid inclusions are abundant in quartz and fluorite samples. A

small number of fluid inclusions are trapped during the growth of

surrounding host crystals and occur as isolated groups, sometimes

confined within growth zone of quartz and fluorite crystals and these

assumed to be primary. A great number of fluid inclusions is related to
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fractures and/or cleavage planes, and therefore, these inclusions were

assumed to be secondary. Inclusions shape may vary from negative

crystals to subspherical or iregular branched shapes (obviously necked

down) and dimensions range from 10 to 20 mm. Primary fluid inclusions

in quartz and fluorite minerals are two-phase, water-rich at room

temperature, with constant liquid/ vapor ratio at-95:5. No

microthennometric evidences Of C02 have been found in any fluid

inclusions described above. The results presented below are referred to

the primary fluid inclusions (Fig. 4.

Results

Small size of most quartz inclusions is typical for low salinity fluid

inclusions. However tere is great range between the melting

temperature (Te) values for fluorite and quartz. Te values in quartz of

the both alteration zones range from -32.40C to 44.1 C oinciding

with Mg, Na chlorite water system. Te values of fluorite in the second

alteration zones (P2) range from -49.2'C to 59.1 C which are much

closer to eutectic for chlorite water system containing bivalent ins

(notably Ca, M) than those containing only NaCl and or KCL The Te

below 54.4 'C of pure system H20- CaCl- NaCl may be explained
1131metastability .The last ice melting temperature (Ti) shows different

population. It ranges from -0.80 to 3.1 for quartz samples

strongly indicate low salinity. Ti for fluorite sample ranges from 16.4

T to 18.0 T suggesting high salinity of the forming hydrothermal

solution. Total salinities deduced from these temperature ranges from

1.4 to 39 Eq. Wt % NaCl (i --e the amount of NaCl which would

produce an equivalent lowering) for quartz of both alteration zones and

from 14.3 to 15.9 eq. Wt. NaCl for fluorite of the second zones. All

investigated inclusions homogenize into liquid state during heating runs,
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at homogenization temperature h) which represent minimum trapping

temperature. Most of homogenization temperature h) range from 100

OC to 240 C. These values of h for quartz samples range from 240 T

to 185 T while for fluorite samples it ranges from 104 C to 135 C

Discussion

The ascending hot fluids, after being acted on pre-enriched granitic

volume, were alkaline and oxidizing when reached the shallow shear

zone and caused intensive subsolidus alterations. The evidences of the

alkaline nature of the hot-saline fluids are:

-Precipitation of iron as (hydro) oxides (i.e. hernatization in

(P2)-

2- Chloritization of primary silica in (P2)-

3- Metamictization of stable accessory minerals such as zircon

and allanite in (P2) and thorianite in Pi).

4- Presence of both carnotite and euxenite in W2). Elevatorski 1978)

suggested that, carnotite is associated with all types of hydrothermal

solutions, but its colour change according to the type of

hydrothermal solution. In strong acidic hydrothermal fluids (pH<4),

carnotite occurs as yellowish brown colour, but in strong alkaline

hydrothermal fluids (pH>10) occurs as cannary yellow colour In

the studied area, carnotite is cannary yellow colour 4 suggesting

strong alkaline hydrothermal solution.

5- Alteration of the allanite by the effect of the alkaline hydrothermal

fluids according to equation given by 15-16] as below

allanite+ alkaline fluids 10 bastenasite clay minerals 

thorianite+ hematite

The physico chemical conditions of these fluids were ever

changing due to consequent reaction with wallrocks and mixing with
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meteoric water which leads to low temperature, high saline fluids.

Accordingly, the hydrothermal fluids should have high saline fluids and

should have developed a low pH. These conditions lead to reduction of

iron oxide and formation of pyrite and most probably motivated the

reduction and fixation of uranium from mineralized hydrothen-nal

solutions.

2UO2 CO3)2-2 +4FeS2 +2H20 702 = 2O2+ 2H2CO3 +2Fe2O3+

4SO, 2-

Rapid cooling or dilution with colder water will cause the solution

to become reactive with respect to hydrolytic alteration, boiling well

tender them inert with respect to this process will cause deposition of

additional calcite, at more shallow depth chlorite and kaoline minerals

were deposited. This alteration assemblage is enclosed by rocks affected

to varying degrees of ateration caused by interaction with descending

recharge of essentially meteoric ogin.

Accepting that the removal of solutes and vapor species from the

cooling intrusion is a dynamic process. With the respective alteration

zones following the advancing front of brittle fracturing to more deeper

levels, it is unlikely that the alteration patterns will be preserved in such

simple form of actual ore bodies. In addition to the "stretching out" of

alteration zones to progressively deeper levels, overprinting and

remobilization of components, in response to repeated episodes of
117-20]intrusive activity and cooling , can be expected to lead to the

rearrangement of alteration zones to pattems much more complex than

the monogenetic ones.

Conclusions

The studied area is bounded by latitudes 27' 52' and 28' 00' N and

longitudes 32' 52' and 33' 03' E, covering an area of about 185 kM2.
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The investigated area is mostly covered by granitoid rocks forming high

mountainous terrain reaching up to 1077m a.s.l.

Regarding to U and h evaluation in the study area, pegmatites are

the most important types. Zoned pegmatite records the highest

radioactive level than unzoned pegmatite. Within the zoned pegmatites,

it was noticed that U content decreases from inner zones toward outer

zones. The alteration zones recorded the highest U and h contents due

to their mineral composition, as a result of alteration processes

(hematization, kaolinitization, chloritization and fluortization),

associated with radioactive minerals (zircon, euxenite, and thorianite),

and rare earth radioactive minerals as (allanite, bastnaesite and fluorite)-

Fluid inclusion studies of the investigated quartz and fluorite were

conducted to elucidate te chemical characters of the hydrothermal

solutions. They also allow us to depict the hydrothermal activities,

acting on the pegmatites and their hosting Dara granitic pluton. It is

possible to define two different acting solutions. The first one is marked

by low to medium salinity, of hot circulating solutions acting under

different physico-chemical conditions, while the second is marked by

high salinity low temperature. The quartz seems to be linked to an early

independent hydrothermal event during a reactivation on fracture

system, which caused circulation of low salinity hot fluids. Since

alteration zones are related to tectonic, variable fluid flux together with

change in their pbysico - chemical potential of the fluid yield fluorite

crystallization with variable salinity and temperature. The change in pH

plays the main role in remobilization and precipitation of many rare

metals such as U, N, Zr, Th, REE + Y in minerals assemblage such as

euxenite, zircon, thorianite, allanite, bastnesite and Y- fluorite.

Mixing of low salinity meteoric water with hot ascending saline

hydrothermal solution leads to pH change and continuous interaction
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with wall rock. Therefore the mechanism of fluorite precipitation is

accompanied with a rather complicated series of alteration processes

such as hernatitizationn, fluoritization, silicification and kaolinization.

Heating of slightly saline meteoric water by convection acting on the

pegmatites along shallow shear zone causes fluorite and uranium

mineralization.

References

(1] H. Abdel Monem M H.Shalaby and A.B. Salman, 4 Nuc.sc &

appl., Conf. Cairo, Egypt, 1. 269 - 277. 1988)

[2] A.M. El Sirafe: In: Rep. 31p. 1990)

[3] A.A Ammar, AM. El Sirafi and M.A. Guda J. Geol. 35, 203 - 219.

(1991)

[41 B. H. Ali. Ph.D, Thesis, Ain Shams university, 170 p. 1999)

[5] P.J.Adrian, , W. Frances, and C.T. Williams Min. Soc. 357p.

(1996)

[61 M.M. Aly, E.M. Ibrahim, and M.A. Abdel Hamid,. Egypt. J. Phys.

16, 87-99. 1985)

[71 M.M. Aly, S.N. Wassef, and M.H. Hathout, Chem. Erde.,5, 336-

342. 1977)

[8] S.T. Richard, G.T.Andrew, and W.T. lwen, Geol. Mag 4 413-

425. 1995)

[9] E. Roedder, In .H. Wolf (ed.): Handbook of stratabound and

stratiform. ore deposits, 2 67-110. Elseevier, Amsterdam. 1976)

[10] E. Roedder 2 d edition, John Wiley & Sons, New York. (1979a)

[11] E.T.C. Spooner,. Mineral. Assoc. Canada, short course handbook

6, 209-240. 1981)

[12] A.M. Boulier, K. Firdaous, and F. Robert, Econ. Geol., 93, 216-

223. 1998)

433



[13] A.H. Rankin, and D.H.M. Alderton, Mineral. Dep., 18, 335-347.

(1983)

[14] E. A. Elevatorski,: Uranium ores and minerals. 88 p. Organized by

IAEA, 1978. 1978)

[15] R. Lira, and E.M. Ripley, Geochim. Cornochim. Acta, 54, 663-671.

(1990)

[16] Y an., M.E. Flect, and R.L. Barnett, Con. Mineral. 32, 133-147.

(1994)

[17] J. A. Whitney, Econ. Geol. 70,346-358.,(1975).

(18] L.m. Cathles, Econ. Geol. 72,804-826.(1977)

[19] J.W.Hedenquist,andJ.B.lowenstemNature370,519-527.(1994)

[20) R.H. Siltitore,: Geology 22, 954-948.(1994)

[211 M.H. Shalaby, A.M. Osman, M.M.Ali, F.Y.Ahmed and B.H.Ali

Bulletin of the Polish Acadamy of earth .50. 1 2002)

434



able 1: U Th and Th/U for the different zones of pegmatites

Wall zones Intermediate zones Alteration zones

WI W2 Average 11 I2 Average Pi P2 Average

47 66 56.5 120 167 143.5 266 200 233

50 47 III 100 105.5 250 160 205

ThfU 0.94 0.76 0.85 0.92 0.60 0.76 0 90 0.80 0.85

UGUM swssi

Si Al

V'O

27

t)oro -J
30

0 2

LEGEND

Basement rocks
G.DARA

F!� Pegmatite bdies

Major fault

Study area

Fig. 1: Geologic niap of G. Dara area,

Northern Eastern Desert, Egypt.
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Fig. 2 Average of U and Th distribution in different
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Fig. 3 Th (c) Vs. salinity for fluid inclusions in te studied samples. circles:
samples from quartz of PI, squares: samples from quartz of P2,

triangles: samples from fluorite of P2



Fig. 4 Photornicrographs and sketch vieA of fluid inclusions in quartz.

(a) quartz from first alteration zone (PI)

(b) quartz from second alteration zone (P2)

438



Table 2) Homogenization temperature (Th), melting temperature Te), Ice temperature (Ti) and salinity

values of the fluid inclusion for twr, alteration zones of mineralized pegmatites(PI and P2)

1 2 3

Th 238.1 129.7 235.S 230.7 24D 1 220 143.1 185 1 192.9 220.4 187 229 106.6 105 110 135.2 120 104

Ti -0.8 -0.9 .1 I .0.8 -1.3 1.0 -2.8 .2.7 -3.1 .2.4 -2.6 -2.5 -19.4 .17.7 .16.4 .16.9 .17.7 -18

Te -36.4 -35.8 -38.4 -32.4 .33.7 -54.2 -37.9 -38.7 -43.2 -35.3 -40.1 -4411 .59.1 -49.2 -55.1 .56.1 -57.3 -58.1 0%
en

a nity 1.6 1.4 2.0 1.6 2.1 1.9 3.2 2.5 3.9 2.9 3.4 3.0 15.9 14.3 13.2 14.0 14.3 14.8

Eq. NaFMI I I I I I f I I I

I-Quartz of first alteration zones (PI),

2-Quartz of first alteration zones 2),

3-Fluorite of second alteration zones (P2)
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Abstract

This paper specifies the main elements of the radiation protection
programme (RPP) that should be established for each practice, which
involves radiation exposure. Practices of nuclear medicine have been
considered as an example, since among the 245 installations which are
conducting different practices with radiation sources in the Kingdom of
Saudi Arabia, there are 78 installations dealing with nuclear medicine
practices. Reviewing the RPP in these nuclear medicine installations, it may
be easily concluded that the RPPs for the majority of these installations do
not respond to the requirements of the regulatory body of the Kingdom,
which is King Abdulaziz City for Science and Technology (KACST). This
may be attributed to a set of different reasons, such as shortage in
understanding the main elements of the RPP as well as in applying
methodologies.
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Abstract

The present work has been undertaken to study the existing E6ptian
Laws which regulate the applications of ionizing radiations in medicine and
the criminal responsibility related to the violations of these regulations by
the medical staff and the hospital's adminstrative body.
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The study involves te nature of pysicians relationship and attitudes
towards teir patients on applying te recent techinques in nuclear medicine
and the requirements imposed by law concerning the habilitation of the
medical staff, and their licensing.lt is assumed that the physicians should
apply the most recent scientific knowledge and medical practices in nuclear
medicine One of the requirements of the law is that the physician should
inform the patient about his medical problem and seek his consent about the
radiation treatment necessary for him 

The present work also indentifies the responsibility of the hospital of
the use of ionizing radiations in medicine and the necessary permits needed
in this respect, the radiation protection requirements and the management
policy of the radioactive wastes resulting from the daily use of radioactive
materials in nuclear medicine.
It was concluded that it is necessary to arnmend and modemize the
prevailing regulations and grant the necessary authority to the Atomic
Energy Inspectors to enable them to seize and stop any violations of the laws
and regulations in order to avoid any radiation injuries 
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Abstract

Safe Management of the Regulatory Authority Information is one of
the essential elements to ensure the effectiveness of te regulatory program
as a whole. This paper briefly describes the information management basis
in RNRO, which is in charge of the regulatory authority tasks in Syria.
SINA-2 a computational too] prepared in RNRO for managing the
information related to the inventory of radiation sources and users, is also
introduced.
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Abstract

The nuclear power plant is provided with features to insure safety. The
engineered safety features (ESFs) are devoted to set operating conditions
under accident conditions. If ESFs fail to apply in some accidents, this
would lead to what called severe accident and core damage. In this case
hydrogen will be generated from different sources particularly from metal-
water reactions. Since the containment is the final barrier to protect the
environment from the release of radioactive materials; its integrity should
not be threatened. In recent years, hydrogen concentration represents a real
problem if it exceeds the combustibility limits. This work is devoted to
calculate the amount of hydrogen to be generated, indicate its combustibility
and bow to inertize the containment using different gases to maintain its
integrity and protect the environment from the release of radioactive
materials.
Key words: severe accident, hydrogen generation; combustion; mitigation
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Introduction

The large net free volume inside a PWR dry containment and

structural strength of the containment building are designed to accept

the internal pressure resulting from design basis accidents (DBAs).

However, the containment may be exposed to pressure and

temperature loads associated with some low frequency core meltdown

accidents which are potentially more severe than DBAs. In accidents

which exhibit a prolonged overheating of fuel and core components,

metal-steam reactions are major sources of hydrogen. The amount of

hydrogen produced by these reactions can be high. These large

quantities can be released into the containment in a relatively short

period of time. The assessment of the total hydrogen source for a

given reactor are quantified in section 21, Containment atmosphere

combustibility is governed by equations in sec. 22 and containment

response is governed by equations in sec.2.3.

Hydrogen combustion in the containment building could

produce pressure and temperature levels that threaten the integrity of

the containment boundary. A threat to containment integrity arises for

peak pressures that exceed the failure limit of the containment and

high gas temperatures associated with deflagrations would be a threat

to equipment survivability in the event of combustion. Final pressure

and temperature of containment are evaluated in section 32.

Post-inerting involves injection of noncombustible or

combustion-inhibiting gases into the containment atmosphere

following the onset of an accident (but before release of significant

quantities of hydrogen). The amount and concentration of diluent

required to completely suppress combustion is determined by the

flammability limits. Mitigation by inerting, and in particular post-
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inerting is quantified in section 33. Different inerting diluents are

chosen (N2, C02, steam) and their effectiveness are compared. In this

paper, the following parameters are quantified:

1. The amount of the hydrogen expected to be generated in the

containment atmosphere, from metal- water reactions, i.eZr, Fe,

etc

2. The expected pressure and temperature after H2 combustion dry

containment.

I The selection of inert gases to be used for inertization and the

advantages and disadvantages of these gases comparison to be

concluded), and finally the proper gas to be used in inertization. A

computer program 4G has been made for all different

calculations aiming to hydrogen problem mitigation.

2- Hydrogen Generation and Containment Response

2.1 Hydrogen Generation

2.1.1 Zirconium- Steam Reaction

The reaction between Zirconium and steam is exothermic and

can be represented by the equation:

Zr + 2H20 - Z02 2H2 Z

Where 0 = the heat of reaction which varies from 6300 to 6530

J/g-Zrj3j. Thus for every mole of Zr reacted, two moles of H2 are

produced.

'Me mass of hydrogen generated from Zr oxidation

mass of Z (oxidized) 491.22 2

and the maximum fraction of the Zr to be oxidized is 75 2

The rate at which hydrogen is produced from the steam-

zirconium reaction depends upon the accident scenario, and in

particular, upon the clad temperature and availability of steam.
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Assuming that steam is present in sufficient quantities, the amount of

zirconium reacted as a function of time (t) and temperature (T) can be

calculated from the following expression f 1 :
W. [ KT) t 2 (k g/M2) (3

WZr the mass of metal reacted per unit surface area, kg/m).

K(T)= an experimentally determined parabolic rate constant, kg2

/M4.S). t= the time, s.

K(T) = is usually expressed in the following form:

K(T = A exp [- B / R-T) 4

Where 

A= 294 Kg 2 / m.4s

B= 1672 10 J / kg-mol

R= 831429 10 3J/kg-mol.OK,

As in The Cathcart-Pawel KI) formulation.

Knowing that the reaction of 1.0 kg of zirconium with steam

will produce 004385 kg of hydrogen 4/91.22) as in Eq.2 , we can

combine the previous equations in order to determine the amount of

hydrogen produced per unit surface area as a function of time:

WH2=0.04385[294. exp f-1.672-10 /8.31429. 10'.T].t]"' kg/m2 ( 5

Where: WH2 = the mass of hydrogen produced per unit surface area.

It is generally accepted that the Cathcart-Pawel formulation

describes the process well for temperature up to 1850 k 141. The

results show that for all temperatures and complete Zr reaction, the

mass of H2 generated is the same even the rate varies as shown in

Fig.( 
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Fig 1: H2 generation from H20: Zr for different times and clad

temperatures
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2.1.2 Steam- Steel Reaction

The iron reaction is:

3Fe + 4H20 - Fe3O4 4H2 QF (6)

In the above reaction every 3 moles of Fe reacted would produce

4. moles of H2- QF i the heat of reaction which varies from about 500

to 1000 J/g-steel and, therefore, is considerably less than that for the

zircaloys 3 By using the Eq.( 6 :

H2 generated from Fe oxidation =mass of Fe (oxidized)* 4* 2 (7)
3 55.84

The steel-steam reactions should depend upon the local steam-

hydrogen ratio because of thermodynamic considerations. And the

results calculated for a sphere diameter of 300,um agreed with

experimental results, for the following parabolic rate law f 51:
WF = A exp[-B /RT] t]"2 (Mg/CM2) ( 8

Where WF = mass of metal reacted per unit surface area,(mg/cm2)
A (constant) = 3. 107 Mg2 /CM2.S

B (is activation energy) = 50,000 kcal/mg-mol

t= time, s

R= universal gas constant = 198583 cal/mole-K

T= temperature, K

Eq.(8) can be expressed in k g/M2 as follows:
WR =[3.. 107. exp( 50,000/RT).t )1112.101/106 (k g/M2) 9)

Fig.(2 sows the hydrogen generated for different temperatures of

steel from 1620 to 18200K (molten range for the same time of Zrl.

'This assumption is quite reasonable since the reaction is ighly exothermic which

encourage Fe oxidation. Even the Fe oxidation is exothermic but it needs heat to rise

the temperature of steam to the oxidation temperature.
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Fig. 2: Hydrogen Generation from H20: steel reactions

Knowing that the reaction of 1.0 kg of Fe with steam will

produce 00476 kg of hydrogen as in Eq.(7), we can combine the

previous equation in order to determine the amount of hydrogen

produced per unit surface area as a function of time:

WH2=0.0476[[3.- 107.eXp( -50,000/RT) t )] "2 .104/106 1 kg/M2 1 )

Where: WH2 = the mass of hydrogen produced per unit surface area.

Note: the amount of hydrogen calculated from equation 7 = 415.4 kg

from 8700 kg steel oxidized. According to Eq.(10 and Fig. 2 we
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will take the maximum expected mass of H2 generation from Fe = 415

Kg. ( for accurate melting point of Fe, 1720 OK, and t= 5 min).

2.2 Containment Atmosphere Combustibility

Flammability data exists for many temary mixtures of fuel,

oxidant, and a single inertant; those of importance here include

hydrogen as fuel, air as the oxidant, and steam, nitrogen, and carbon

dioxide as inertants A simple flammability curve, Fig. 3 shows the

flammability limits with the addition of excess nitrogen or carbon
0.8 

0.6 -

0.4

for H2 or C02

0.2 - - - - - - for 2

0 -T
0 0.2 0.4 0.6 0.8

Inertant Fraction

Fig. 3 Flarnability Limits of R2 with Air and Inertant

dioxide, where the inert gas concentration is the abscissa and the

fuel concentration is the ordinate.

The flammable mixtures lie inside the limit curve, and the

nonflammable mixtures lie outside the curve. A correlation for

generalized hydrogen- air - steam - carbon dioxide- nitrogen

flammability limits from standard temperature conditions to the
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autoignition temperature has been developed by Plys et alf6j. For a

ternary system, the flammability relation between the fuel

concentration X and inertant concentration Y in mole fraction is

given by:

a a a

Y=b + 1 1

- Y, Y,

where :

Y = Ml. X- xi)

Y = MT (X- XT)

xi, y coordinates of inerting point

xi, x,, lean and rich flammability limits for zero inertant

rn slope of asymptote

MI xi lean asymptote intercept

Mr Xr rich asymptote intercept

Value of parameters b, a, ml, MT, xi, x, for ternary systems are shown

in Table 1, 161. The values of x x, xi, y are temperature dependent

and are given for nominal conditions.

Table 1: Parameters for combustibility limits

Xi Xi X, Ml M, Y a B

(%) i0y)

1-12-air searn(or 4.5 2 78 22.5 9452 52 2,057 1.041

C02)

H2- air-N2 4.5 6 78 1000 1.0 70 1.420 1.023

2.3 Containment Response

Gases in containment free volume include: Steam, Air, N2- It is

assumed that each constituent has mass, mass produced, and mass
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consumed in the containment.

Conservation of mass of certain constituent may be stated as:

M2 = Ml [Madd - Mcon 12)

Where:

Ml = initial mass of the containment atmosphere kg

M, = mass of the containment atmosphere after any gas addition or

consumption kg

Madd = Added mass produced to the containment, kg

Mcon = consumed masses inside the containment, kg

For steam: MH20 (t2 = MH20 tl + Madd.

For N2: MN2(t2)add = 0.768/.23) * M02 n 13)

For Air: Mai, con= M02 con MN2 add 14 

M.i, (t2 = Mai, (h) - M,j, con (15

By considering the lumped parameter approach which here

mean: dealing with the containment atmosphere as one compartment

or free volume, and homogeneous hydrogen-distribution in the

containment. Te mass and energy conservation are analyzed for a

closed system to determine the pressure and temperature after

combustion. Conservation of energy for the containment atmosphere

may be stated as:

AU = Q 16

where AU = change in internal energy, kJ

Q = energy addition from chemical reaction (combustion of H2), kJ

Since :

AU= U - Ul (17

Where U1,U2 are the containment atmosphere internal energy before

and after H2 combustion respectively. Substitute in Eq.(16)

ZU2 = Y-Ul + Q (18

and according to the tables of ideal gases internal energy 1111, and by
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curve fitting their polynomials have been obtained as shown:

Ui�T)=3.5934+0.6682.T+8.77468E-05.T**2- kJ/kg) (19)

UH2(T)=776.954+17.9974*T+0.00202193.T**2. KJ/kg mol) (20)

UN2('I)=277.772+19.0983.T+0.0025089.T**2. (kJ/kg mol) (21)

UC02('I)=-3965.14+32.2965*T+0.0062332.T**2. ((KJ/Kg mol) 22)

Where Uair(T), UH2(T), UN2(T), and Uco2(T) are internal energy of

Air, H2, N2 and C02 respectively. And the internal energy of steam

UH20 can be obtained according the equation:

UH,)o= HH20 - MH20*RH20 *T (23)

Where RH20 is steam gas constant� and HH20 is the steam enthalpy and

can be obtained by the polynomial 171:

HH20 (T, P) =1.7524* (T-273.16) + 1.2468E-04* (T**2.0-

273.16**2.0) 1.0326E-07*(T**3.0-273.16**3.0) 0.4619*(-5.3391

*(P-0.006113)-7.4961E+01 * (P**2.0/T - 3.7368769E- 05/273.16) +

0.127735 * (P**2.0- 3.7368769E-05 - 2.967E 03*(P**3.0-

2.2843528 E07) + 41231333 * (P**3/T-8.3626915E-010) -1.4715E

+03*(P**3.0/T**2.0-3.0614627E-012))+2501.3 (24)

Since Eq.(18) is a nonlinear equation in temperature UT), it has

been solved numerically by simple iteration method. T2 is fmal

temperature that makes the two sides of equation are equal.

And the final pressure is calculated according the equation:

P = N* Ru. * T2 /V2 (25

Where:. N, and Run are sum of mixture moles and universal gas

constant, respectively, and the containment volume is constant.

2.4 Inert Gas Addition

A protective measure based on post inertization should not

incorporate the presence of steam but should be, based on the presence

of H2 onlyf 81. Applying the energy conservation law for steady state
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open system to address the effect of inert gase addition, we may state:

U1 + Uli = U2 ( 26 

Where 1 = the total internal energy of containment atmosphere

before adding te inertant-A = the total internal energy of

containment atmosphere after adding the inertantUl = the total

internal energy of inertant gas added.

U1 Ul.i, + 1H2 (27)

u1i Mi* uji (28)

Where Mi is the inert mass added, and uji is specific internal energy of

inert gas at inert gas temperature ji.

U2 = U2i + U26T U2H2 (29)

WhereU2 = total internal energy of inertant gas after addition at T2.

Substitute 27), 28),(29) in equation 26):

U2air + U2H2 + U2i = Ulair + UIH2 + Uli (30)

Iterative procedure is made for Mi (assumed inertant mass added) to

determine the smallest amount of inert gas needed to inertize the

containment from flammability curves. After that another iterative

procedure was made until we obtain value of T2 that makes U2 =1.

And the final pressure is calculated according the Eq. 25

3. Results and Results Analysis

3.1 Assessment of calculation program MITIG

The result of the hydrogen combustion program MITIG has

been compared with: STANJAN model' 110 .

Test facility experiment measured pressures described in 91.

Multiple runs have been performed using the same initial condition

1STANJAN is chemical equilibrium solver, IBM-PC D Standford University, 1987.
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and the same volume fractions. The output calculated pressures in

MMG and STANJAN are presented in Fig-(4) and tabulated in a

comparison in table 2 Pressure as being calculated by NIMG is in

good agreement with their correspondents in the STANJAN.

As expected, the calculated pressures are higher than measured in (test

facility) for hydrogen fraction smaller than 35%, the pressure deficit is

mainly due to radiation and conduction heat losses from burnt gases to

walls. Beyond 37% hydrogen, however, the measured (test facility 

pressures are higher than calculated, and the difference increases as

hydrogen concentration increases, and this is because the measured

pressures in detonable mixtures are expected to be higher tan
40 -

30 

20 -

10 Tesffacility
Stanjan
Mitig

0

0.1 0.2 0.3 0.4 0.5

Timesec

Fig.(4) MITIG validation with STANJAN & Testfacility
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adiabatic iscichoric complete combustion, and this is due to pressure

spikes in the system

Table 2 The utput Pressures ar), Comparison

H2 Vol. % Measured STANJAN MMG

18.87 18.2 23.8 23-55

22.22 21 25.7 25.29

28.57 24.5 28 27-82

37.03 29 28 26.98

47.61 35 1 26 1 25.22

16.00 

H20 % Fnal Tmp.
4�)_ H2 % Initial Temp.

1200

800

400
(:3 4E)-

0

0.1 0-2 0.3 0.4 0.5 0.6

H20 Concentration

Fig. 5: Effect of steam concentration on inal temper
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3.2 Post Inerting Analysis

Figs.5,6 show the effect of steam on final temperatures and pressures

respectively. It is clear that the mass capacity (mass*Cp dominates

this process and addition of more steam decreases the final

temperature. It is important here to note that the slight increase

ininitial temperature is due to the increase in saturation temperature

correspondent to the addition of steam. As the steam concentration

increases, the final pressure decreases in the direction of iner-ting

concentration of steam. The decrease of final pressure is expected

since the steam drives the atmosphere to be inert, or in another words,

the amount of H2 available for combustion becomes smaller. Finally

the atmosphere has become inert at the point of intersection (final
SOO 

400 

200 - -AC

-Ac
Ar

Initial pressure H20 %

Final pressure H20 %

U-
0.1 0.2 0.3 0.4 0.5 0.6

H20 Volurrm fraction

Fig. 6 Effect of steam concentration on rinal Pressure

pressure equals to initial and no combustion occurred). Mis means

that no value and no credit to add more steam after that.
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Fig. 7 shows the effect of inertant addition on combustibility situation

for containment. The minimum N2 concentration required to inert the

mixture is 70% and the inerting mass is nearly 262770 kg.

Ile minimum C02 concentration required to inert the mixture is 51.9

%, and the inerting mass required is 175560 kg.

Fig. shows the effect of inertant addition on the mixture

temperature. The containment atmosphere temperature has dropped to

287 OK 14 C) in case of N2 addition and in case Of C02 addition the

containment atmosphere tmperature as dropped to 245. K 28 C).

0.8 -
H2 fraction In case of (air N2)
Flamability limits of (Air N2 + 1-12)
Flamability Limits of (Air C02 + 1-12)
H2 Fraction In case of (Air C02)

0.6

0.4

0.2

0 -J

0 0.2 0.4 0.6 0.8
Inertant Fraction

Fig.7: Effect of inertant gas on combustibility
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For 2

240 G For C02

0 0.2 0.4 0.6 0.8

Inertant Volume traction

Fig. 8: Effect of Inertant addition on Temperature

3.3 Comparison between the Inertant Gases

Steam is considered as the primary inerting agent. Since it will

condense on all containment internal surfaces, initially at ambient

temperature, and after termination of blowdown phase and under

conditions of moderate subsequent steam release from the primary

system, the partial pressure of steam finally may decrease below the

minimum threshold for complete suppression of flammability. So a

post-inertization system should be able to replace condensing steam.

Carbon dioxide is more effective as diluent than nitrogen for

its least final temperature and pressure in spite of the effect resulting

from dropping the temperature to 28 C) as in Fig-(8). Table 3 shows

the comparison between different post-inerting methods.
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Table 3 Post- Inert g Methods Compan'son

Inert gas Temperature K) Pressure kPa) Mass (kg) Vol. %

Steam 396 311 70784. 52.1

N2 287. 1400. 262770 709

C02 7A5 201 175560 51.

4. Conclusions

The response of a large dry PWR ontainment for a typical

station 1121 is predicted and compared with Stanjan, and

experimental data (Test facility), and it has been found

reasonable and explainable results.

• Total amount of ydrogen expected to be generated is 1312

kg.

• It is found that the final temperature is 1487 OK, final pressure is

552 kPa., and these results are representing real threat to the

containment integrity compared to design pressure and

temperature 340 kPa, 423 'Kf 12 ).

• C02 is more effective as inertants than N2 for its least final

temperature and pressure in spite of the effect resulting from

dropping the temperature to 28 Q.

List of Symbols and Abbreviations

Cp Specific heat at constant pressure kJ/kg-OK

H, h Total enthalpy and specific enthalpy kJkJ kg

Uu Internal energy and specific internal energy kJ, kJ/kg

P = Pressure kPa

Q = Heat addition from chemical reaction(cornbustion of hydrogen) M

Run = Universal gas constant kJ/ kg-OK

T = Temperature OK
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Ti Temperature of inert gas. OK

V Containment volume M3

N Number of moles moles

Hmc = Hydrogen mass consumption kg

MH2 = Rate of hydrogen generated, kg /sec:
M,, Molecular weight

WZr Mass of zirconium per unit surface area, (kg/M2).

WFe Mass of steel reacted per unit surface area, (kg/M2)

WH2 Mass of hydrogen per unit surface area, (kg/M2)

B Activation energy J/kg-mol

t Time sec

P Density kg /M3

XH H2 volume Fraction.

XA Air volume Fraction.

Xs Steam volume fraction.
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Abstract

Study on the measurement of the Entrance Surface Dose to patients
(ESD) was conducted in 12 X-ray departments in different hospitals within
Khartoum State. The number of adult patients covered was 117.
Measurements were carried out in a situation were the diaphragm was
opened at maximum field size (absence of light beam in the collimators), and
another set when the diaphragm was opened at normal fieldsize (i.e when the
light beam is on).

The measurements of doses in the case of chest (PA) exposure where
collected from skull, cervical spine and lumbar spine (both males and
females) and gonads for females only.

In case of Abdomen (AP) exposure, the organs were chest, thyroid
(both males and females) and gonads for males.

TLD (LiF) were used for monitoring the radiation dose. The results
indicate wide variations between both situations.
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It was found that the mean difference of doses in the absence of field
collimation are greatest by 10 times for adiation dose reaching the chest
(male+female), 17 times in gonads (females) for abdomen exposure.

Hence, it can be deduce that an increase of fieldsize result in the
increase of radiation dose delivered to other organs in the body like gonads
and bone marrow for (males and females) that contain sensitive tissues.
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Introduction

It has been recognized that diagnostic radiology makes the

highest contribution to man-made radiation dose. An estimation of

over 90% of the total exposure of the population comes from X-rays

machine.

Presently there are 130 X-ray machines in both government and

private sector in Khartoum State. Regular quality control of these

machines hardly exists in developing countries like Sudan.

The investigation of the situations of number of these X-rays

machines were carried to check on the standards of good practice and

level of optimization of patient protection in government hospitals.

Two problems have been approach:

Firstly: It was found that 98% of these machines were brought in

Sudan as donations from other countries (second hand). Spare parts or

trouble shooting manuals did not accompany them.

Secondly: The beam alignment, which is connected in the collimator,

is presently not functioning in these machines. The center and exact
configuration of the fieldsize cannot be identified is such failures. The

diaphragm is therefore opened at maximum fieldsize. Thus, other

organs in the body that may contain sensitive tissues are exposed to

unnecessary radiation, mostly from both scattered radiation and the

primary beam. Examples of these organs are gonads and bone

marrow. They are highly proliferating tissues and are very

radiosensitive.

The locations of females' gonads are variable and cannot be well

defined therefore they are likely to get over irradiated if no

precautions were made [1].
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Damage for ovaries, testis can occur by irradiation and can

result in cancers, gene mutation or infertility.

Bone marrow is widely distributed in the body. They produce

large number of red and white blood cells. Due to over irradiation,

their amplifying function can be reduced and then initiate the

development of leukemia, anemia, pneumonia or immune deficiency.

The Entrance Surface Dose (ESD) depends primarily on the

patient thickness and beam qualities (KVp, mAs, filtration and

fieldsize of the collimators or beam restrictors). These settings differ

from one patient to another.

Some previous studies proved that 1cm extra fieldsize implies

irradiation of 600-900cc of unwanted Volume 2]. An alteration in the

setting of field collimators from 10*10cm to 20*20cm was also

proven to increase the area of irradiation of the patient by 4 to 

times[3].

Hazards from scattered radiation are produced when the primary

beam strikes collimators, beam stops, or shielding.

The intensity of the scattered radiation may exceed the

regulatory limits if the fieldsize is enlarged. Hence, it will increase the

dose to patients and reduce the image quality 3].

The NRPB and the Royal College of Radiologist (RCR) verified

that there is a potentiality of patient dose reduction without having any

lost of diagnostic efficiency. It is can be achieved by dose monitoring,

as part of a routine Quality Assurance program (Q.A). The Q.A also

include a constancy test program on which the alignment of the light

beam diaphragm and X-ray coincide together. The test can be repeated

whenever a bulb is replaced with another 4].
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An annual effective dose of ImSv to the population was

recommended in Basic Safety Standards 115. Some guidelines where

also presented for doses in diagnostic radiography for a typical adult

patient [5).

In this study, off-focus radiation dose were measured for skull,

cervical lumbar spine and gonads in case of chest (PA) exposure,

while thyroid, chest and gonads for abdomen (KUB) exposure.

Comparison was done between the doses received by these organs for

both situations of maximum and normal fieldsize opening.

Methods and Materials

The ESD for Chest (PA) exposure in situation of "with" and

46 without diaphragm" where collected from the following organs:

1- 72 patients for skull (male female).

2- 62 for cervical (male female)

3- 34 for lumbar (males).

4- 43 for gonads (female)

For Abdomen exposure, the organs were:

1- 45 patients for chest (male female)

2- 34 for thyroid (male female)

3- 18 for gonads (male)

The measuring technique relied on the readings of

Tbermolurninescence detector D-100 (LiF: Mg, Ti) using Harshaw

660O.The reader was calibrated in the Secondary Standard

Laboratories of Sudan Atomic Energy Commission and a calibration

factor was obtained for both the reader and the detectors.

Four annealed TLD cards were attached to patients'skin to

record the dose to the specified organ during the exposure. Average

readings were taken for these TDs.
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The ranges of exposure factors (K-Vp and mAs, filtration and

target to skin distance) were also collected for the awareness of the

different patients' sizes and thickness.

Results and Discussion

Table show the mean and standard deviation (Std) for the ESD

for skull, crvical, lumbar and gonads when the target for exposure is

Chest (PA). The readings were taken for cases of existence and

absence of the diaphragm for both males and females.

Table 1: Patient Entrance Surface Dose from Scatter edradiation

in Case Of Che (Pa) Exposure
Total No. No. Mean:t Std Mean ± Std

Organ No. or with without Dose/mSv Dose/mSv
Patients diaphragm diaphragm With diaphragm Without

diaphragm

swl 72 33 39 0.1672:6.06* 10-2 0.365-±-0.229

(M+F)

Cenical 65 32 33 0.23lt8.84* 10-2 0.653--f-0.391

(M+F)

Lumbar 37 14 23 0.169±6.80*10-2 0.498-+0.369

(M)

.Gonads () 43 20 23 0.146±3.03*10-' , 0625--0.543

As can be seen from the table (1) above, the mean ESD obtained

for organs exposed outside the field of interest in the situation of

"without diaphragm" are greater than those recorded "with

diaphragm".
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The difference amounts to twice for skull trice for cervical

spine, four times for lumbar and six times for gonads. By using the T-

Test it was found that there is a high significant difference between

the two sets with a probability (p=0.001) for these organs.

This variation in the two sets of data is presented in histograms

Fig (1) and Fig 2).

The results in Table 2) shows the mean and Std of the ESD for

chest, thyroid and gonads for Abdomen (KUB) exposure

(males+females).

Table 2 Patient Entrance Surface Dose from Scattered

Radiation In Case Of Abdomen Exposure Kub)

Total Number Number Mean±Std Mean:tStd
Organ No. with without Dose/msv Dose/mSv

of diaphragm diaphragm With Without
diaphragm

chest 45 20 25 0.191±5.7*10-' 1.3ft').68

"yrcid(M+F) 34 20 14 0.154±4.7010-' 0.213±7.8*10"

Gonads (M) 18 6 12 0.230±6.9*10-2 3-372±4.29

From table 2), it is appearantly clear that the mean ESD value

recorded in the situation of "without diaphragm" is relatively greater

compared to that obtained "with diaphragm" by 10, 17 times for chest

and gonads respectively, where as 2 times for thyroid. It appears that

there is a high significant difference between the values. =0.001) for

chest and gonads while =0.01 1) for thyroid.

The histograms shown in Fig 3 and Fig 4 indicate that the

variations between the mean variables are maximum for gonads and

chest while minimum for thyroid.
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Comparing the results obtained above, there is a lack of data

available in the literature for measurement of scattered radiation to

different organs in the body. One research was carried in Nigeria,

lbadan University on the measurement of gonadal dose to adult

patients during Chest radiography. The mean values of the gonadal

doses were found to be 0.02mSv per exposure for chest (PA) view

which is 30 times the value obtained in our study at maximum

fieldsize opening[6].

Conclusion

The ESD measured to patients from the primary and scattered

radiation to organs outside the field of interest are above the

acceptable levels and thus are deemed to be unjustifiable. Further

investigations should be carried.

On the Recommendations

• Regular Quality Control program should be introduced,

especially if a replacement of a bulb takes place 7] .

• Additional training of radiographers is essential to make

them aware of the vitality of dose reduction [7].

• Methods leading to the reduction of mAs and modification of

KVp should be discussed to minimize ESD and to extend the

life of X-ray machines. This is highly recommended for

developing countries where it is difficult to replace X-ray

tubes [8].

• To introduce the Q.A program in private and public clinics.
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Abstract

About 160 industrial radiation facilities using Co6o are currently in
operation in about 45 countries, many of them in developing countries. Most
of these facilities are used for sterilization of medical products and
pharmaceuticals, with a small number being used for processing of food
items. The total installed capacity for processing of medical products at 20-
25 k.Gy is about one million ton annually.

There is a need to make some modifications on the design of these
radiation canyons to allow radiation research, during mass production. By
designing a new track for experimental research which can pass inside and
outside radiation canyon trough a special maze (labyrinth). The research
samples will be put in two boxes out side the research door and they will go
inside the canyon through research maze and stopped behind the products
cars on two position, facing the source rack which will be in radiation
position. The boxes will return back after finishing the exposure period.
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Introduction

The radioactive isotope Co 60 is the main source of gamma

radiation for industrial applications. The isotope is artificially

produced in nuclear reactors or cyclotrons by exposure of metallic

cobalt to high intensity neutron flux.

After irradiation in the eactor, each C060 source is sealed inside

a double stainless capsule. Over 60.000 individual source elements

(Pencils) are in use world wide, corresponding to a total activity of

about 4000-5000) PBq 120 Mci). There has never been a case of
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major contamination of the immediate environment with such sources.

Many of these have been in operation for 20-25 years.

In a typical industrial irradiation canyon, the Co 60 pencils are

arranged in a source rack which can be lifted into a radiation area for

processing and afterwards lowered back into a safe position, usually at

the bottom of a pool of water of 5.5m depth. During processing the

source is stationary and products are moved on converse around it.

The source-product geometry, product density, source activity and

total time of irradiation determine the absorbed dose. Since the first

three parameters are normally constant Co 60 source decays by about

1% per month and is regularly recalibrated, the irradiation time

remains the chief process parameter.

The irradiation area is surrounded by a thick concrete wall to

prevent radiation exposure of the operators and public the wall

thickness is determined on the basis of the maximum foreseen activity

and the criterion that the radiation level outside the radiation area

remain lower than the maximum permissible level, very often it is the

room on a conveyer belt which is exposed to the radiation. When the

products have been exposed for a sufficient a mount of time, the rack

is owered back into storage pool. The irradiated products leave the

shielded room. Personnel are operating the irradiator work outside the

room and are protected by thick concrete walls. When the rack is in

the storage pool, it is safe for workers to enter the room as shown in

Fig (1), 2).
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Material and Methods

Al aze Design:

Accurate calculations of the exposure rate and energy spectra

c;l points along a concrete maze are difficult to perform. At present

dc tailed calculations of the attenuation in concrete mazes have been

cc,Tined to two-legged concrete ducts 3].

The amount of work required for detailed calculations for mazes

, I h more than one right-angle bend becomes prohibitive and maze

dcsigners must either rely on measurements to determine exposure

rates at the entrance of maze with serial legs or must make order of

magnitude estimates using purely empirical formula. Maze enhances

for Industrial irradiation designed by (AECL) are based on both

calculations and measurements. The radiation incident upon the maze

walls due to singly-scattered radiation is alculated by dividing the

scattering areas into small segments and calculating the amount of

singly-scattered radiation from each segment. The dose rate from the

small scattering area 41 is given by:
Do a Eo I 00 I 9) Acos 0

D 2 2
r r2

where:
a E01 00, 0 is the differential exposure albedo.

A is the area of the scattering surface

Do is the exposure rate at one unit length from the source

Eo is the initial energy of the gmma rays from the source values of

the differential dose albedo.
a (E0 00.)OV) have been calculated by Rosso using the Monte Carlo

method. Using the Rasso data, chilton and Huddleston developed the

following semi empirical equation for the differential exposure albedo
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C(E 0)K(E) s)I 0-6 + C E 0)

a E0, 00, OP) 1 + cos E / cos E)
0

where C (E.) and C (Eo) are constants for a given energy, K 0,) is the

Klein Nishina differential energy scattering coefficient

0, is the angle through which the radiation is scattered and is given by

cos 0 = sin 00 sin 0 cos 0 cos cos 00 cos 0.

For cobalt-60 gamma rays E = 125 Mev.

C 1.25 MeV = 00665

C' 1.25 MeV = 0107

The calculated values of the differential exposure albedo for

cobalt-60 gamma rays have been verified by measurements at AECL.

The energy of the single scattered radiation is given by:
E

E 0
E

+ 0 (I-COSOS)
0.511

The required thickness of the maze walls required to attenuate

the singly scattered radiation of energy E and corrections for lower

multiply scattered radiation are made using information obtained from

measurement of the radiation fields in and around mazes built by

AECL.

For maze walls where no singly scattered radiation is incident

and the maximum radiation s energy is due to doubly scattered

radiation an estimate of the incident doubly scattered exposure rate is

obtained by calculating the scattering from one surface to another

surface and then the wall.

The energy of the gamma rays impinging on the second area is

assumed to be the energy of a gamma ray having one Compton scatter

at the centre of the first area and going to the centre of the second
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area. For the second scattering the parameters C (F,) and C' (,) are

approximated by

C E,, = 00561 E 0-174 and C (E.) = 00122 E - 633 . Again corrections
0 0

for lower energy multiplye scattered radiation are made from

measurement data.

Detailed measurements of radiation fields inside maze have

been performed by AECL for two shielded room facilities in Ottawa,

the irradiation at St. Hilaire, Quebec and the Ethicon medical products

sterilizing irradiator in Somerville, New Jersey. In addition, surveys of

the exterior radiation fields were performed on numerous other

industrial irradiators built by AECL.

These extensive measurements confirm that the recommended

maze shielding provides adequate protection.

-All calculations and radiation measurements cleared that it

useful to design a research track for experimental research in the

Eastern Irradiation canyon Co 60 irradiator. Such as iadiation canyon

in Egypt is shown in Fig 3).

-In the Le Doux-Chilton program rl, r2 , 02 0 ad were

considered constants over primary scattering area. This would not be a

bad approximation for ducts with very long legs, but could give

erroneous answers for ducts with legs of medium for short lengths.

-All the dimensions of the Eastern irradiation Canyon are longer

than the western design.
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Results and discussions

Pdrnary Shielding:

The transmission of cobalt-60 gamma radiation in concrete is

shown in Fig 4 The exposure rate from curie point source of

cobalt-60 is 1.3x103 m rem and varies inversely with the square of the

distance, plus concrete thickness for the primary shielding. This is

determined by calculating the maximum exposure rate outside the

shielding wall for a point source with correcting for source geometry

and absorption within the source plaque. Some sample calculation are

given below.

Maximum field outside external wall parallel to source plaque.

Concrete thickness = 67.0 in 170.18 cm

Transmission = 113 x 10-8

Distance from source plane to exterior surface of wall = 208.in

(520 cm).

Exposure rate due to point source of 1,000,000 curies of cobalt-

5 (39.37 2 10- =
60 = 13 x103 x 1.0 x 10' x 113 x 0.5 m rad/h

� 208

1.3 x 103x 20 x 10 39.37 )' X 19 x 10-9 = 04 mrh
208

Self absorption factor and geometry for transferring point source

calculation to that for 36.0 in 91.4 cm) x 60.0 in 152.4 cm) plaque

source =0.65.

Maximum exposure rate = 077 m rad/h

This is below the design level of 20 m rad/h

Maximum field on roof.

Concrete thickness = 57.0 in 144.8 cm)

Transmission = 193 x 10-7
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Assume point source of centere of source plaque.

Distance from source to roof = 119.0 in 302.3 cm)

Exposure rate due to point sources of 1,000,000 curies of Cobalt 60

1.3 x. 103 X l. X 106 39.37 T' x 193 x 10-7 =9.7 m rad/h
( 200

103 48 21.3 x x 2 x 106 x 19 x I = .0 mrh
200

Self absorption and geometry factory for vertical source plaque = 020

Maximum exposure rate = 5.5 m rad/h This is below design level of 15.0

m rad/h as a maximum.

Monte Carlo Calculations

Monte Carlo calculations have been carried out using te

MULTIKENO-NIEW code for the new gamma irradiation facility with

geometry as shown (in plan view) in the figure 3). The calculations

were performed for 150 generations, each with 127000 particle

history. The three dimensional flux was calculated at different

positions 26 position), from which the gamma volume dose was

obtained for these positions.

Tables ) to 4) give the results of the volume dose of gamma at

the different positions indicated in the figure (5) inside and outside the

facility.

Design description:

Figure 3) shows the geometry design of the gamma iadiation

canyon where its dimension in meters is 21.8xI7.4x5. All shielding

,%valls are of concrete of density 23 g/CM3. The thickness of ceiling is

1.8 m, while the ground is one meter depth. The iadiation source is
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cobalt-60 of activity 2 mega curies with dimensions: 2Oxl.Oxl5O (in

cm) of position Cl.

The lower edge of the source rack is 50 cm above the ground.

Table (1): Volume Dose at 32 positions in Irradiation Facility

Position Volume Dose (rem/h) Position Volume Dose (rem/h)

1 9.96 E-4 17 1.28 E-5

2 0.0 18 0.0

3 0.0 19 0.0

4 7.15 E2 20 0.0

5 0.0 21 0.0

6 0.0 22 0.0

7 1.30 E-6 23 2.39 E-5

8 0.0 24 0.65

9 0.0 25 3.45 E-2

10 0.0 26 3.40 E-3

1 1 0.43 27 1.99 E-1

12 23.06 28 0.0

13 31.68 29 0.0

14 10.15 30 0.0

15 4.07 31 0.0

16 2.02 32 0.0
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Table 2): Maze for Sample Irradiation:

Position Dose (rem/h) Position Dose (rem/h)

16 2.02 5 0.0

11 0.43 9 0.0

4 7.15 E-2 19 0.0

I 1 9.96 E-4 21 0.0

Table 3): Maze for Product and Workers:

Position Dose (rem/h) Position Dose remfh)

13 31.68 6 0.0

12 23.06 8 0.0

14 10.15 18 0.0

27 1.99 E-1 22 0.0

25 3.45 E-2 28 0.0

26 3.40 E-3 30 0.0

23 2.39 E-5 31 0.0

17 1.28 -5 32 0.0

7 1.30 E-6
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Table 4): Doses in Direction Across Shielding Walls:

0) H)
Positio Dose Dose Dose

n (rern/h) Position (rem/h) Position (rern/h)

1 1 0.43 12 23.06 17 1.28 E-5

7 1.30 E-6 14 10.15 18 0.0

8 0.0 15 4.07 19 0.0

9 0.0 16 2.02 1 20 0.0

10 0.0

(iii) OV)

Position Dose (rem[h) Position Dose (rern/h)

24 0.65 27 1.99 E-1

23 2.39 E-5 25 3.45 E-2

22 0.0 26 3.40 E-3

21 0.0 28 0.0

29 0.0

Conclusion:

'ne need to make a research track for Eastern Irradiation Canyon

become necessity through designing a research maze (Z maze) see Fig

(3).

The design will maintain safety, where the legs of this concrete maze

has the same dimension as the Western radiation research maze. If the

legs dimensions become longer than in the western canyon it is not a

problem because the eastern irradiation Canyon is bigger than the

western one. The research maze will be safe.
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-Dose level outside the facility is Zero

-Dose level at the entrance of each of the main maze for operators and

mass production and the new suggested maze for research samples are

zero

-Dose level at the first path from the entrance of each of the two

mazes is also zero.
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Abstract

This Paper describes the role played by International Organization and
Egyptian Legislation in the Protection of the Environment Individuals
from the Hazardous Ionizing Radiation. In 1986 in the aftermath of the
Chernobyl Nuclear power station accident, the International Organization
performs many important tasks. As an example, te MEA took swift action
to promote ratification of two Conventions related to nuclear safety. On the
other hand Egyptian Legislation has gone beyond these cases and developed
rules of more general scope Law N. 4 for 1994, Prime Minister'Decree
No.338 of the year 1995 .

The debate on the Radiation Protection in general, and in Particular on
the role played by International Organization and Egyptian Legislation in the
Protection of te Environment Individuals from the Hazardous Ionizing Is
one of the most extended and pervasive that have seen for many years. It is
also one of the most important for safety of our Children and future
generations.
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