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leached. The achieved results were also applied on conventional marine
phosphate ores (Nile Valley phosphate).

Such a proposed technique was then applied upon Qatrani carbonaceous

shale where the only constituents susceptible for reaction with citric acid

involve mainly the carbonate minerals calcite and dolomite beside some iron

oxides. From the general leaching characteristics of this ore material in citric acid

it was found that uranium could be completely leached while carbonate

minerals have been partially dissolved by applying the selective technique

involving calcium citrate, it has been possible to prevent completely the

dissolution of calcite mineral while dolomite was converted to insoluble calcium

carbonate and soluble magnesium citrate.

Based upon chemical treatment, it has indeed been possible to design two

comparable flowsheets in which most of the reagents could be recycled. In case

of Qatrani phosphatic sandstone(flowsheet 1), citric acid was primarily

separated by methyl alcohol, while the salted out uranyl and calcium citrates

were separated from each other by making use of their differential solubility

values in water. Thus while calcium citrate is sparingly soluble, uranyl citrate is

highly soluble. In solution, uranium was then converted to uranyl carbonate

after adding ammonium carbonate, followed by evaporation to dryness and

calcination to obtain the uranyl trioxide. In case of leach liquors of Qatrani

carbonaceous shale flowsheet 2, separation of uranium, citric acid and calcium

citrate from each other is identical to the procedure used for phosphatic

sandstone. However since the equivalent leach liquor would contain

magnesium and iron citrates, they have been converted to their equivalent

insoluble carbonates by adding ammonium carbonate.
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URANIUM LEACHING FROM PHOSPHATIC SANDSTONE AND
SHALE OF QATRANI USING CITRATE AS A NEW LEACHING

REAGENT

E. M. Hussein
(Nuclear Materials Authority, Cairo, Egypt)

Ph. D. Thesis, Faculty of Science, Ain Shams Univ., Cairo (1980)

Abstract
Uranium is found in Qatrani area (Southwest of Cairo and North of lake

Qarun) in various forms in sedimentary rocks. Two important ore materials have

been chosen for studying the recovery of their uranium contents namely; the

phosphatic sandstone and the carbonaceous shale.

The main emphasis in this Thesis is the choice of an acid that would

selectively leach uranium from these ores while leaving calcium phosphate and

carbonate minerals almost completely intact. Citric acid was indeed found

advantageous due primarily to its strong ability to form stable complexes with

uranium over a wide range of pH values beside the possibility of controlling the

solubility of calcium-bearing compounds by adding calcium citrate. The latter is

actually characterized by its ability to exist in an unionized or associated from in

citric acid solutions.

From the general leaching characteristics of both uranium and P2O5 from

Qatrani phosphatic sandstone by citric acid, it was found that uranium could be

completely leached beside the possibility of realizing a differential leaching

percent values vs P2O5 which is generally of limited solubility. Such a low

solubility of P2O5 has even been completely inhibited by providing calcium

citrate to the citric acid solutions in amounts sufficient to exist in an optimum

ionized non-associated state. Such a provision would render the solution

unable to carry any further calcium ions and thus the breakdown of the

phosphate mineral was hindered while uranium has completely been selectively















































produced via two leaching circuits by sulfuric acid and ammonium carbonate,

and in the third, sulfuric acid, aluminum and uranium concentrate have been

produced via two leaching circuits by sodium hydroxide and ammonium

carbonate.
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A COMPARATIVE STUDY FOR THE CONDITIONS OF
CONCENTRATION AND EXTRACTION OF URANIUM FROM ITS

ORES IN SEDIMENTARY ROCKS FROM EGYPT AND IRAQ

E. M. Hussein
(Nuclear Materials Authority, Cairo, Egypt)

M. Sc. Thesis, Faculty of Science, Ain Shams Univ., Cairo (I97T)

Abstract

Uranium has been recently discovered in a sedimentary rock in Meshraq

locality (North of Iraq). This rock composed mainly of gypsum with different

proportions of dolomite and sand, thus it could be termed: dolomitic sandy

gypseous. On the other hand, the Oligocene deposits of Qatrani area (located at

the Northern part of the Western Desert, Egypt) in which gypsum and dolomite

are the main constituents, contains various forms of uranium mineralizations.

Thus, the latter could be technologically compared with the uraniferous samples

of Iraq.

This Thesis concerned with the study of uranium concentration and

extraction from the two ore materials. Uranium leaching study has been carried

out by using many leaching variants, i. e.; sulfuric acid, sodium carbonate,

sodium hydroxide and ammonium carbonate. Also, a detailed study for the

possibility of producing sulfuric acid from gypsum by the reaction with

ammonium carbonate has been performed. During uranium recovery from the

acidic leach liquors, the "Uranous phosphate" method has been studied, and

during uranium recovery from the alkaline leach liquors (ammonium carbonate),

the process of uranium precipitation with steam has been studied.

On the light of the obtained results, three economic flowsheets have been

suggested. The first one concerns with production of sulfuric acid (as the main

product) and uranium trioxide (as the by-product) via simultaneous leaching by

ammonium carbonate, in the second, sulfuric acid and uranium concentrate were
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Table (1): Results of Leaching Efficiencies of PgO-,
U and Th from Catrani Phosphatic Sandstone
at Room T. and at 9O"c. Using 2Lllc~<ez.t Acid
Amounts at a Constant Concentration (80 g/1)
and 3 Hours Agitation Tine.

HNOjCkg/t)

100

1150

200

250

300

330

Roora

3?. S

64.6

84.5

90.9

96.6

Dissol.(!l)

T. 90° c.

33.7

4 7 . 8

<5.7

62.9

92-0

97.5

0 Leach

Room T.

45.5

S5.8

St.5

92.3

9S.9

98.6

lns(

90°

4 8 .

£ 9 .

92

96

S9

9 .

S)

c .

£

5

7

8

4

.3

Th Leach

}
Room 7 .

47.2

&6.1

83.3

90.8

99.2

99-4

Lng(

90* c

46.

70

91

95

98

59

•

4

1

2

3

. 3

.1

Tabl* (2): Effect of Agitation Time on P2°5» 0 "id Th
Leaching Proa Qatranl Phoaphatic Sandstone
Using 250 kg Htrcu/Ton la a Concentration of
80 g/1 at ROOD temperature and at 90°c.

Agitation

Tine(h.)

X

1

3

4

5

6

P205Sl33Ol.(S)

Room I .

53.6

66.2

75.7

80.1

84.5

S4.9

S5.6

9C°c.

65.8

7B.9

80.6

81.7

82.9

' 82.5

80.1

U Leachiag(*)

Room T.

80.9

85.6

88.7

92.3

92.8

93.0

92-9

90°=.

86.8

93.1

95.6

96.8

96.1

91.4

84.8

Th LeachlngCS)

Room T.

81.4

82.6

89.2

90.6

91.3

S8.2

36.1

90-c.

84.7

88.4

92.7

95.3

90.5
80.9

62.8
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URANIUM AND THORIUM LEACHING FROM
QATRANI PHOSPHATIC SANDSTONE

E. M. Hussein

(Nuclear Materials Authority, Cairo, Egypt)
Arab J. Nucl. Sci. Appl. 16-2,pp. 495-517 (1983).

Abstract

A representative sample of phosphatic sandstone of Qatrani was subjected

to a series of U and Th leaching experiments under variable conditions of

temperature, acid concentrations and time of agitation. Leached U, Th and P2O5

do not show any appreciable difference between experiments performed at

room temperature and those performed at 90°C. Inside any series, U and Th

went to solution in a parallel manner. When the stoichiometric acid amount is

increased to more than 100%, P2O5 was not completely dissolved (the complete

dissolution obtained when 113% acid is used). This is explained in terms of the

transformation of some of Ca(H2PO4)2 - the probable form in solution - to

CaHPCU the less soluble form. However, continued stirring time caused decrease

in U and Th in solution which is very pronounced in case of Th. This is perhaps

due to the formation of CaHPC>4 which leads to the precipitation of some U as

UO2HPO4 especially at higher temperature. However, long time and elevated

temperature may cause CaF2 to be dissolved and hence the formation of HF

which acts together with H3PO4 in depositing some of dissolved Th.

According to the attained optimum conditions a suggested flow sheet is

given for the recovery of U and Th in addition of obtaining a useful by-product

nitrato-phosphate fertilizer.
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Tab It (1) : Kiineralogical Composition of Pliosphatic
Sandstone of Qatranl

Component

Quartz Sand

Apatite (Carbonate-fluoro)

Iron Oxide ( F e ^ )

' Calcite (CaCO,)

: Calcium Chloride (CaClo)

wt.ft

68.93

25.87

1.50

0.50

0.38

Component

Organic Matter

Accessory Minerals

Uranium

Thorium

Total

Vt.%

0.56

1.96

0.145

0.087

99.93

Table (2) : Effect of Increasing Citric Acid Input Amount on U and ?2

Leaching Sf f ic ienc ies ?or 9 Hecycles ?*rcclatlon Leaching
(14 hr Quiescent Time Intervals) .

Recycle*

1— Percol.
\Sl Recycle
2nd „

4*
jth

7*i

cl& «

Washings
Total

Citr ic Acid Input Aaour.-ts, Kg/Ton

1— Colunui
(200 Kg/T)

U55

5.2
0.9

21.9
22.4
24.2
25.2
25.3
25.3
25.4
25.4

8.2
33.6

?2°5*

6.8
7.7
7.9
8.9
9.1
9.5
9.S
9.9

10.1
10.1

1.7
11.3

PH

2.60

2.65

2.85

2.95

2.00

2.95

2.95

2.95

3.10

3.10

2— Column

(300 Kg/T)

23.6

26.2

35.8

37.3

37.9

38.2

38.4

38.5

38.6

38.6

10.4
49.0

p2o5s

8.2
9.7

10.5
1*2.2
13.4
13.5
13.5
13.6
13.6
13.6

1.9
15.5

PH

2.35
2.55
2.70
2.80
2.85
2.85
2.80
2.85
2.85
2.90

3*^ Column
(400 Kg/?)

US

48.2
50.6
60.8
64.2
65.1
66.1
66.2
66.2
66.2
66.3

10.3
76.8

°2C5%

10.9

11.2

14.3

14.5

14.6

14.9

15.0

15.2

15.3

15.3

2.2
17.5

pH

2.20

2.35

2.40

2.40

2.45

2.45

2.50

2.45
2.50
2.50

4 ^ Column
(500 Kg/T)

V%

68.3

74.9

85.3

66.6

87.2

87.4

es.o
3S.5
88.6
85.6

10.3
9? . 5

?2o.r.

13.0

-5.7

15.7

17.5

17.8

17.9

18.1

18.1

IB.2

15.3

1.6
19.9

pE

2.15
2.2C
2.35
2.40
2.45
2.45
2.50
2.50
2.50
2.5C



Table (3) Analysis of U,
Portions.

a n d PH Measurements in Water Y/eshing

Washing
Portions

1— Portion

2M -
yZi •

4*1
jth »

<£J -
Total

1— Column
(200 Kg/T)

US

3.5
2.2
1.5
0.7
0.2
0.1

6.2

0.7
0.5
0.2
0.2
0.1

1.7

PH

4.80
5.25
5.85
6.25
6.95
7.20

2~ Column
(300 Kg/T)

4.1
2.9
2.1
o.a
0.4
0.1

10.4

0.9
0.4
0.3
0.2
0.1

1.9

PE

4.40
5.50
6.45
6.80
6.95
7.05

3 S Column
(400 Kg/T)

U%

4.9
3.4
1.7
0.3
0.1
0.1

10.5

0.9
0.5
0.3
0.2
0.2
0.1

2.2

PH

4.60
4.95
5.SO
6.75
6.80
6.95

4— Column
(500 Ks/T)

US

5-0
3.S
1.4
0.3
0.2
0.1

10.9

p2o5*

0.7
0 . ;
0.3
0.1

1.6

PH

4.15
4.6C
5.45
6.50
6.95
7.05

Table (4) : Results 0/ Agitation Leaching Efficien-
cies of U and P20j Prom Qatrani Phocphi-
t ic SandatMM Using 300 Kg Citric Ac-A/tor.
at Different Solid/liquid Ratioa at Roo*
Temperstura and 2.5 hr Agitation Ti»e
(After Hussein, 1980).

Solid/Liquid
Ratio

1/1
1/5
1/10
1/50

u
Leaching %

29.5
47.3
49.8
56.5

P2°5
Leaching %

10.8
13.5
15.6
21.2

rijxa.1

oH

2.7
2.8
J.Z
3-1

(



DIRECT SEPARATION OP URANIUM AND THORIUM . etc.
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Table V&) : Analysis of V and P 2 °r and j>H Measurements, in Water

Washing Por t ions .

CO
era

s
CO

«

Washing

Port iona

1— Port.

2M »

4*1 ..
£h »
6& «

Total

Cone, of Leeching Solution (g/1)

US

4.1

2.9

2.1

0.8

0.4

0.1

10.4

w
0.9

6.4
0.3

0.2

0.1

1.9

PH

4.40

5.50

6.45

6.80

6.95

7.05

60

US

4.5

2.6

2.4

1.1

0.5

Ll.l

P2O5%

1.1

0.4

0.3

0.2

0.1

0.1

2.2

pK

4.50

4.95

6.55

6.88

7.05

7.00

30

U%

5.1

3.4

2.6

1.4

1.4

0.1

14.0

P2°5*

1.0

0.5

0.2

0.1

0.1

1.9

pli

4.55

4.85

4.85

6.50

6.95

7.00

6

us

5.5

3.8

2.5

1.7

0.1

0.1

13.7

2 o 5 *

0.9

0.6

0.3

0.2

0.1

2.1

pH

5.5C

6.00

6.25

6.85

6.90

7.05

Table (7) : Effect of Increasing Hitrie Acid Input

Amount; on Th and po°s Caching

Efficiencies Por 7 Recycles (J4 hr

Quiescent Time Intervals).

Experiment

1^1 Column

2M n
y£& it

4 « 1 •«

5th

6S5

HJJO. Input

Amount,Kg/T

200

225

250

260

2 8 0

300

Th Leaching

%

86.8

95.9

98.4

98.5
98.6

59.2

P20,.Di3sel.

*

65.7

76.2

88.2

95.3

9S.4

99.5

HNOjConc.

g / 1

40

45
50

52
56

60

Table (81 • Effect of Recycle Times on Improving Per-
colation Leaching Efficiencies For Th ana
P2O5 Using 250 Kg HK03/Ton (50 g/l).

Experiment

1^~ Column (no Hecycle)
2?£ " ( 1 Recycle)
3f£ " ( 2 Recycle)
4 ^ " ( 3 " )

6|£ " ( 5 " )
glS « ( 7 " )

rhorium Leaching^

57.9
66.5
7S.2
90.6
98.4

se.5
98.8
96.8

P-0- Dissol.%

4S.4
56.£•
6 4 . Q
75.3
81.6
8S.3
86.4
88.4
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DIRECT SEPARATION OF URANIUM AND THORIUM FROM
QATRANIPHOSPHATIC RAW ORE BY CONSECUTIVE

PERCOLATION LEACHING

E. M. Hussein
(Nuclear Materials Authority, Cairo, Egypt)

Arab J. Nucl. Sci. Appi, 17-2, pp. 357-384, (1994).

Abstract
Phosphatic sandstone of Qatrani area contains high concentrations of

uranium and thorium (1450 and 870 ppm respectively). These elements were

directly separated from a representative sample of the ore by percolation

leaching. Separation made was carried out by using two different leaching

reagents, citric and nitric acids for obtaining two separate concentrates of U and

Th consecutively from the sample.

Uranium was leached first by using citric acid where other rock ingredients

were left intact. The effects of : (a) increasing acid input amounts and (b)

increasing leaching solution volumes (dilution) on U leaching efficiency were

studied. The results revealed that citric acid reaction upon phosphate is limited

inspite of higher residual acidity reported in the leach liquors. Regarding

uranium, its leaching efficiency increased by increasing acid amounts and/or

leaching solution volumes while fixing the acid input amounts. The efficiency of

U leaching is more pronounced in the second case than in the first. Increasing U

leaching while phosphate dissolution is limited could be interpreted as that the

relative complexing affinity of citrate anion for hexavalent uranium is by far

much greater than with phosphate.

Thorium was thereafter leached by using dilute solutions of nitric acid to

avoid dissolution of impurities. Percolation leaching experiments were

performed on the uranium-free samples in the columns used previously in

uranium leaching. The effects of increasing acid amounts and increasing leach

liquor recycles on Th (and P2O5) leaching efficiency were studied.
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Table (1): Chemical composition (WL%) of input pbospoaie ore. low (28. P2O5) and

high< 48% P2O5) pbospbonc acids of Abu-Zaabal Phosphocic Acid plant. Egypt.

Constituent

SiCh

PnOj

ClO

Fe2(>l

AI1O3

no?
M11O

K2O

NaTO

L12O

so2-4
Free H2SO4

H:O-

Org. Mailer

Ign. loss

Total loss

U, ppin

Input ore (average)

11.30

25.59

46.80

0.89

1.05

0.23

0.06

0.04

0.04

0.32

0.01

-

0.70

0.40

5.54

6.64

60

28% acid

0.09

27.75

1.22

1.07

0.04

0.05

0.03

0.06

0.05

0.01

4.68

3.07

-

-

-

-

60

48% acid

0.15

48.40

4.50

3.52

0.16

0.08

0.07

0.12

0.13

0.01

9.37

8.52

-

-

-

-

120
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Table (2): Effect of pre-lrcauncnt (U reduction "and SO2 '4 rcinovnl) of Abu-Znaba] low (28% P2O5) and high (48% P2O5)

concenirmion phosphoric acids on U precipitation efficiency.

U reduction

no

yes

yes

y*s

yes

4 removal

no

IIO

yes

yes

yes

28% acid

gNH4F/

Kg P2O5

--

--

--

60

120

Kg acelonc/

Kg P2O5

10.2

9.5

7.3

--

I!

7,

95

96

96

84

48

ppln..

.6

.2

.5

.7

.7

U reduction

no

yes

yes

yes

yes

48% acid

SO"4 removal

no

n o

yes

yes

yes

gNH4F/

Kg P2O5

--

--

-

60

120

Kg

Kg

7

6

6

accione/

P2O5

.2

.8

.0

U ppln..

"'

95.8

95.2

97.0

20.6

25.9



Table (3): Effect of dispersing agent (acetone) on U precipitation efficiency from the U-reduced Abu-Zaabal low (28%

P2O5) and High (48% P2O5) concentration phosphoric acids.

S O 2 ' 4 not

Kg aceton/

kg P2O5

2.5

4.5

6.5

8.5

9.5

removed

U pptn..

%

27.8

51.2

74.5

93.2

96.3

28% acid

SO2"4

Kg aceton/

kgP2O 5

2.5

4.5

6.0

6.5

7.0

removed

U pptn.,

%

38.3

68.9

91.8

94.5

96.5

SO2"4 not

Kg aceton/

kg P2O5

2.5

4.5

6.0

6.5

6.6

48%

removed

U pptn..

%

36.2

66.4

87.6

95.2

95.3

acid

SO2~4 removed

Kg aceton/

kg P2O5

4.5

5.0

5.5

5.7

5.8

U pptn..

%

76.6

85.3

93.5

97.0

97.1



Table (4): Effect of precipitating agent (NH4F) on U precipitation efficiency from the U-reduced Abu-Zaabal low (28%

P2O5) and high (48% P2O5) concentration phosphoric acids.

S O 2 ' 4 not

gNH4F/

kg P2O5

30

60

100

120

180

removed

U pptn.

%

25.3

42.0

44.2

46.5

50.9

28% acid

SO2"4

gNH4F/

kg P2O5

30

60

100

120

180

removed

U ppm..

%

28.8

45.4

46.6

48.4

52.7

SO2"4 not

gNH4F/

kg P2O5

30

60

100

120

180

48%

removed

U pptn..

%

10.5

15.8

18.7

21.9

26.6

acid

so2-4

gNI-LjF/

kg P2O5

30

60

100

120

180

removed

U ppln.,

%

13.6

20.5

22.9

25.8

31.9



Table (5-a): Effect of first addition of the precipitating agent (NH4F) on U precipitation efficiency from the U-reduced Abu-

Zaabal low (28% P2O5) and high (48%> P2O5) concentration phosphoric acids.

28% acid

not removed removed

48% acid

not removed SO^"^ removed

Kg acetone/ U pptn.. gNH4F/ Kg acetone/ U pptn.. gNlfyF/ Kg acetone/ U pptn.. gNH4F/ Kg acetone/ U pptn.

kgP2O,5 % kg P2O5 kg P2O5 % kg P2O5 kg P2O5 % kg P2O5 kgP2C>5 %

—

10

30

60

9.4

7.5

6.1

5.2

95.0

95.4

95.3

95.1

—

10

30

60

7.0

6.7

3.6

2.4

95.6

95.3

95.4

95.5

..

10

30

60

6.7'

5.6

4.2

1.3

95.8

95.6

95.8

95.9

-

10

30

60

6.0

5.2

3.1

1.2

96.0

96.3

96.2

96.1



Table (5-b): Effect of first addiiion of the dispersing agent (acetone) (in U precipitation efficiency from Uie U-reduced Abu-

ZaabaJ low (28% P2O5) and high (-489! P2O5) concentration phosphoric ncids.

28% acid

not removed removed

48% acid

not removed ' ^ removed

SNII4!'/ Kg acetone/ U ppm.. gNIÎ I-V Kg accionc/- Uppti).. gNM^jF/ Kj aceione/ llpptn.. gNII^F/ Kg acetone/ U pptn..

kg!>2C)5 kgl'205 9, kg P2O5 kg l'2()'5 <*• kg I^O^ kg P2O5 % kg P2O5 kg P2O5 %

--

10

30

60

9.40

3.40

1.30

0.55

95.4

95.2

95.0

95.0

—

10

30

60

7

3

1

0

.00

.20

.10

.50

95.5

95.4

95.5

95.0

..

10

30

60

6.70

2.60

1.80

0.65

95.5

95.4

95.6

95.8

—

10

30

60

6

2

1

0

.00

.40

.70

.60

97.3

96.2

95.9

96.0





APPLICATION OF A PRECIPITATION METHOD FOR URANIUM
RECOVERY FROM ABU-ZAABAL PHOSPHORIC ACID PLANT,

EGYPT
N. M. T. El-Hazek and E. M. Hussein
(Nuclear Materials Authority, Cairo, Egypt)

Proc. Egypt. Acad. Sci. 45, Jan. pp. 159-173, (1995).

Abstract

Current industrial recovery of uranium from 30% phosphoric acid-produced

by the dihydrate process-is based on solvent extraction method. Uranium

recovery from concentrated phosphoric acid (45-52% P2O5) produced by

evaporation of the 30% acid or directly produced by the hemihydrate process,

by solvent extraction is difficult to apply in practice. In addition to possible

contamination of the acid by the organic solvents and/or their deterioration.

This paper investigates the possibility of applying a precipitation method

(Weterings and Janssen, 1985) for uranium recovery from both low (28% P2O5)

and high (48% P2O5) concentration phosphoric acids produced by Abu-Zaabal

Phosphoric Acid Plant (Abu-Zaabal Fertilizers and Chemicals Co., Egypt). The

28% acid produced by H2SO4 dihydrate method and the 48% acid produced by

evaporation of the 28% acid.

The applied precipitation method depends on using NH4F as a uranium

precipitant from both low and high concentration phosphoric acids in presence

of acetone as a dispersing agent. All the relevant factors have been studied.

On the basis of treatment of one ton of low and high concentration

phosphoric acids, an economic flowsheet for uranium recovery has been

suggested.
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Preparation and study of oxalatozirconyl complexes and their
thermolysis

Abstract

Several oxalatozirconyl complexes were prepared and used as precursors

for the low temperature preparation of oxide T^O-i or double oxides

MZrC>3 (Mu = bivalent metal). The precursors we characterized by

chemical analysis and x-raydiffraction. Thermal decomposition studies

were performed using thermogravimetry, differential thermal analysis

and mass spectroscopy. The decomposition was found to proceed

through four steps. The fourth step involves the final stage of

decomposition of oxalatozirconyl, giving oxide powder as the end

product. If Mu = Ca, Sr, Ba, Pb the ultimate product is M Z A but if Ml!

= Ni, Co or Cu, the final product is a mixed

MO + Z,O2 . The influence of the introduction of yttrium in ZrO2 under

yttrium carbonate form in the acid H2 (Z,O(C2O4)).x H2O, precursor, was

studied, leading to metastable tetragonal phase formation at lower

temperatures. The powder specimens produced after the pyrolysis have

been characterized by x-raydiffraction, scanning electron microscopy and

granulometric distribution analysis.
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STUDY OF THE EFFECT OF SOME ORGANIC SOLVENTS ON
THE PROCESS OF SEPARATION OF STEARIC ACID FROM

NATURAL FATTY MATERIALS

Imad AL-Wahaib and Ramadan Bawa

Chemistry Department, College of Science, Nasser University

P.O. Box 18478, Misurata, Libya

SUMMARY

This work is related to the field of separating of higher fatty acids. It is
directed mainly to treat fatty raw materials from which stearic and oleic acids are
obtained. The process of separating tallow fatty acids using acetone was studied.
The experimental data were processed on a computer with the goal of finding the
coefficients of emperical correlations of yield of stearic and oleic acids as a function
of solvent ratio and process temperature.

These correlations were found to be adequatly describe the experimental data
(maximum error 5% ).

In addition, a process of separation by methyl acetate was firstly investigated.
The advantage of this method is the feasibility of separation of acids at relatively
high temperature.
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POTENTIOMETRIC AND OPTICAL MEASUREMENTS FOR THE
DETERMINATION OF EPHEDRINE

MM.Zareh**, R-El-Shiekh, RJEl-Bahnasawy* andD.O.Abo-El-Naga.
Department of Chemistry, Faculty of Science, Zagazig and Manofia* Universities,
Egypt.

SUMMARY
A PVC-membrane electrode based on the use of ephedrine-reineckate ion-pair was

performed. Small ion-pair percentages (0.1-5% wt./wt.) were tested successfully giving
Nernstian behaviour. The slope of the calibration graph was 56 mV/decade for 5% ion
pair. The optimum pH-range is (2-9). The linear usable concentrartion range is 2x10-6-10-
1M ephedrine. Suitable selectivity of the electrode towards ephedrine relative to other
cations, amines, sugars and some Pharmaceuticals were recorded. The determination of
ephedrine in its pharmaceutical preparations was performed with a mean recovery of
98.7% and average relative standard deviation of 1.9%. The application of the membrane
to be an optical sensor for ephedrine was tried at different pH-values Also the
applicability of Beer's law was tested and a promising results were obtained.

KEYWORDS: ephedrine determination, ephedrine ion-selective electrode, potentiometric
measurements, optical measurements, drug analysis.

INTRODUCTION
Ephedrine (C6H5.CH(OH).CH(NHCH3).CH3.1/2H2O) (EP) is a sympathomimtic amine

which resembles adriualine and amphetamine in its action. When ephedrine is given by
mouth in therapeutic doses, it constracts the perpheral vessels and raising the blood
pressure.

"Assistant professor of Analytical Chemistry, Faculty of Science, Zagazig University, Zagazig,
Egypt.



It relaxes the bronchioles and decreases the tone and perstalitic movements of the
intestine, but contracts the uterus. It contracts the sphincter but relaxes the detrusor
muscle of the bladder, dilates the pupil and stimulates the central nervous system. The
prolonged adminstration of ephedrine has no cumulative effect but tolerance develop.

When ephedrine is given by interamuscular injection to combt a fall in blood pressure
arising from attaks of syncope or anaphylatic shock. It is given by mouth or by
subcutaneous injection to prevent attaks of bronchial sparsm. Epedrine is used to the
treatment of allergic conditions, such as hay fever, urticaria and serum sickness. When
applied locally to mucous membranes, ephedrine causing blanching and reduction in the
secration of the area to which it is applied. Also, it relieves the symptoms of painful
swelling and catarrh of an inflamed mucous surface.

The determination of ephedrine is widely applied by different methods like
spectrophotometric methods [1-4], polarographic methods [5] and potentiometric analysis
[5-7]. The application of ion-selective electrodes for ephedrine was widely applied. The
use of liquid ion-exchangers were introduced by Kuchkarev et ul [8] and Hassan et ul [9-
11]. The PVC-matrix was used by Zareh el al [12] for determination of this drug.
Ephedrine tetraphenyleborate was applied as a polymeric membrane [13,14], coated on
Hg-Hg2Cl2 [15] or in a liquid membrane [16,17]. The double membranes were explained
by Chamorro and Diaz [18,19]. Ephedrine-picrate [20] and ephedrine-tetra-kis(4-
chlorophenyl)borate [21] were used as an ion - pairs for preparing ion selective
electrodes for this drug.

In the present work, ephedrine reineckate is introduced as a new sensor for
determination of ephedrine. Typical Nernstian response for the electrode is obtained (56
mV/decade). The electrode is characterized by a wide linear concentration range ( 2x10-6
- 10-1 M ) and working pH-range ( 2 - 9 ) which is not the case for the most of the
previous electrodes. The electrode response is instantanously ( 3 seconds). The membrane
of the same composition as for ISE is used for optical measurements for the drug
analysis.

EXPERIMENTAL
Equipment:

The measurement of potential was performed using Siebold G-301 digital pH/mV-
meter (Siebold, Vienna, Austria). The potentiometric cell comprise EP-selective electrode
and double junction Ag-AgCl reference electrode (Orion model 90-02-00) with the outer
compartment filled with 10 % of KN03 (w/v). The Milton Roy Spectrophotomeler
(model 1201) was applied for spectrophotometric measurments. The pH-adjustments were
carried out using a pH-meter (Orion-model 407). To constract a calibration curve,
solutions of concentrations 10-7- 10-1 M of ephedrine were used.

Ion-pair preparation:
Bidistilled water was used for the preparation of solutions. Ephedrine hydrochloride
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(EPHCI) [Sigma], ammonium reineckate [BDH] and poly-vinylchloridc (PVC) fFluka]
were used. The pharmaceutical preparations were obtained from the local drug stores. To
prepare the ion-pair [C|oHi5NOH]+[Cr(NH3)2(SCN)4]- (for simplicity, IP), 25 ml 10-2
M of ephedrine was mixed with 25 ml 10-2M of ammonium reineckate. The obtained
precipitate was filtered, washed and dried in air [23 j . The results of elemental analysis and
IR-spectra of the ion-pair agrees with the composition
[C|OH|5NOH]>[Cr(NH3)2(SCN)4]-

Membrane and electrode preparation:
Different amounts of EP-reineckate (0.3, 1.6, 3.2, 6.5, 16, 36 and 56 mg) were used to

prepare different membrane compositions. For each case, the estimated amount of the ion-
pair was mixed with the corresponding quantities of PVC (0.16 g) and DOP. These
constituents were disolved in THF, poured in a flat petri dish and left to dry. A circuie of
the formed membrane was glued to the end of a PTFE - tube. An inner tilling solution
consisting of ( 10-2 M EPHCI +10-1 M NaCl) was used with a Ag-AgCl as an inner
reference electrode. The cell may be represented as :
Ag-AgCl / (10-2M NuCI + 10-2 M EPH+) / membrane // lest solution //10% KNO3 / 4
MKCl/Ag-AgCl.

Membrane selectivity:
The selectivity coefficient values (Kpot£pH+j+z) were evaluated towards several

amines, sugars and Pharmaceuticals by the separate solution method [22] using the
following equation:

log KpotE P H+J+2 = [(E2-E1) / S ] log [EPH+] - log [ jz+] l/z

where Jz + is the interfurent. El and E2 are the electrode potential in 10-3 M solution of
EPH+ and Jz+, respectively ; S is the slope of the calibration graph.

RESULTS AND DISCUSSION

Effect of ion-pair percentage:
Ammonium reineckate was found to form insoluble salts with some organic bases[23].

Some of them were used to prepare electrodes for the determination of drugs. Ephedrine-
reineckate was found as a suitable ion-pair for the preparation of an ephedrine-sensitive
membranes. The performance of it depends largely on the amount of the active
membrane component ( Figure 1). The slope of the calibration graph changes according
to the IP %. The electrode of the 5%(wt./wt.) IP, 47.5%(wt./wt.) PVC and
47.5%(wt./wt.) DOP gives the best Nernstian slope (56 mV/decade) The linear
concentration range is ( 2x10-6 - 10-1 M EPH+ ), is wider performance when compared
to the previously reported electrodes [10-12, 15, 17].
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Effect of pH on the electrode performance:
The optimum pH-range within which the ion-selective electrode exhibits plateau

potentials is a very important property. From figure (2) it is seen that the usable pH-range
of the electrode depends on the concentration of the primary ion. This is observed in the
acidic pan, where the break of the curve starts at pH 4, 3 and 2 for 10-4,10-3 and 10-2
M EPH+ solutions, respectively. The deviation from the stable potentials in the alkaline
portion of the curve occurs at pH 9 independently on the ephedrine concentration used
The calculated potential changes are (1.4, 1.5 and 1.0) for the ephedrine concentrations
(10-4, io-3 and 10-2 M). Above pH 9, the decrease in potential is due to the decrease of
the concentration of the protonated EP-species. Below pH 2, 3 or 4 ( for 10-2, 10-3 and
10-4 M EPI1+ ) the H+-inierfcrence leads to the potential raising.

Interferent effects and slope-changes:
The etFect of different cations, sugars, amines and some pharmaceutical compounds on

the electrode response was investigated. The studies involved the calculation of the
selectivity coetVecient values Kpotr£PH+jz+ (Table 1). The obtained values of the
selectivity coetlecient values for the divalent cations reveals the high electrode selectivity
towards EPH+. For monovalent cations higher selectivity coell'ecieni values than those for
the divalent ones are found. This may be due to the resemblence of the hydration energies
for the monovalents with that of the primary ion But the values of Kpot|£pi-{+, jz+ still
within the acceptable range , which shows a suitable electrode selectivity. The Nernstian
response of the electrode towards each interferent was found by measuring the potential
values for (10-4-l0-2)M of interferent solutions. For both the inonovalent and the divalent
cations, the mV/C-values are away from the Nernstian behaviour of the electrode (59 for
inonovalent and 29 for divalent ions). In case of the monovalent ions, the observed inV/C
varies between +17 5 for Na+ to +25.5 for NH+4. Among the divalent cations, Ni++
hardly gives Nernstian behaviour (+23 mV/C). This may be attributed to the ability of
Ni++ to combine with the reineckate ion. The other divalent cations produce the mV/C-
values between -5 to +15, which shows that there is no real response to the corresponding
cations. The disaccarides and most of the tested aminoacids do not interfere. While
glucose exhibits slight interfereance due to the cationic impurities those are couaminated
in the solid salt But in case of valine and tryptophan, the interferences are due to the
confusion from amino-group with that of ephedrinium ion Pyridoxine and plienylephrine
were tested as examples of pharmaceutical compounds with a suitable selectivity None of
sugars, amines or the tested pharmaceutical give Nernstian behaviour. This is shown by
the mV/C -values, which are away from the acceptable Nernslian values.

Effect of increasing KCl-concentration:
Table 2 shows how the ionic strength produce a comparable changes on the electrode

behaviour The siope of the calibration graph increases till reaching 59 mV/decade at 10-2
M ionic strength. The linear concentration range remains unchanged till 10-2 M of KCI. At
that cocentration (10-2 M ), the linear range will be shorter (7.9x10-5-10-1 MEPH+)
The detection limit exhibits the lowest value (1.6xlO-6)M in presence of 10-3 M KCI
concentration. From this we recommend that the electrode produce the best performance
in presence of 10-3 M KCI concentration.
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Electrode life and potential drift :
The changes of the electrode-slope, linear range and detection limit are presented in

Table 3. From the table it is seen that the electrode works Nernstianly (55 mV/decade)
after electrode's conditioning for at least 1/2 h. The electrode should be soaked at least I
h in order to reach stable reproducible slope (56 mV/decade) and detection limit
(7.9x10-7 M). From the table, it can be easily detected that the electrode life approaches
21 clays.

The potential drift of the electrode is related to the dissolution of the ion-exchanger
[24] and its value is equal dE/dt. It can be estimated for the electrode in different EPH+
cocentrations. For 10-1 M it is 0.25 mV / day, but for 10-2 -10-5 solutions the value is
0.42 mV/day. While for 10-6 M, the potential drift increases to 0.58 mV/day. Since all of
the obtained values are less than 2 mV/day, we can say that the electrode reading is stable
[25]. Also, the potential drift value is constant within a large part of the usable
concentration range .

Thermal stability of the electrode:
Table 4 show the slopes , linear concentration ranges and detection limits of the

electrode at different temperatures. The electrode works perfectly at room temperature
and up to 85oC compared to the Nernstian slope values at different temperatures For the
linear usable concentration ranges , no large changes were observed except at 5 and 95oC.
The detection limit have the best values within the temperature range of 25 -75oC. The
deviation of the slope from the Nernstian values at 5 and 15oC may be due to the slow ion
exchange process at the electrode surface. At 95oC, the decomposition of EPH+-
reineckate and/or collapse of the external thin layer of the polymeric membrane may lead
to the observed changes.

Optical response of the membrane:
The optical properties of the membrane (10%lP) was studied when it is in contact of its

ephedrine solution. Then, the absorbance was measured at different pH-values (1-12) for
10-3 M EPH+-solution. The maximuim absorbance is observed at 310 nm for pH-values
10 and 3 (Fig.3). This higher values may be explained due to the formation ofthe
diprotonated species at pH 3. But at pH 10, it may be arised from the presence of the
free base. At pH 5 and 8 a smaller peaks are observed at the same wave length 310 nm.
These smaller peaks may be due to the aforementioned reasons. The applicability of Beer's
law is checked at the pH of the solution. The absorbance of different EP-conccntrations
(10-7-10-4 M) are measured in presence of the membrane in the path of light Figure (4)
shows the obtained linearity for the use ofthe proposed membrane as an optical sensor.

Determination of ephedrine:
Ephedrine in its pharmaceutical preparations was determined using the presented ion-

selective electrode. The obtained results (table 5 are compared to the analytical assyment
of the the drug by the spectrometric method recommended by the BPC [1]. In this
method, the base is extracted in cyclohexanone and measured at 241 nm The electrode
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method is simple, sensitive (lower detection limit = 2x10-6 M EPH+) and no extraction
procedure is required Only simple dissolution of the sample followed by potential
measurements By comparison of the reading to a previously prepared calibration graph,
the concentration of El' in the sample can be obtained. For injection samples 1 ml is
diluted to 25 ml; while for syrup, 10 nil is diluted to 100 nil by bidistilled water The solid
tablet must be ground in a mortar and is dissolved in bidistilled water up to 25 ml The
average recovery is 98.7% and the mean relative standard deviation is 1.9%.
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Table 1: Selectivity coeftecient values.

Interferent

BaCl2
MgSO4
ZnSO4
CaCl2
NiCl2
C11SO4
NH4CI
KN03
NaCl
Glycine
Lysine
Arginin
Tryptophan
Cystine
PyridoxineHCI
PhenylepherineHCl

K-PotEPH+,JZ+

2.1x10-3
1.0x10-3
1.3x10-3
1.4x10-3
2.0x10-3
4.2x10-3
3.5x10-2
6.9x10-2
3.8x10-2
1.7x10-2
2.0x10-2
1.3x10-2
4.8x10-1
8.3x10-2
1.5x10-1
5.0x10-1

mV/C

+ 8,5
+ 11.5
+ 100
+ 150
+23.0
-5.0

+25.5
+25.0
+17.5
+ 20.0
+ 140
+ 16.0
+32.0
+ 13.0
+370
+36.0

Table 2: Effect of increasing KCl-concentration:

KCl-conc.
(M)

0
10-3
10-2
10-1

2x10-1

Linear range
pEP,(M)

2xl0-6-10-t
2x10-6-10-1
7.9x10-5-10-1
5.0x10-5-10-1
7.9x10-5-10-1

Slope
(mV/decade)

56
58
59
52
48

Detection limit
(M)

1.6x10-6
1.6x10-6
4.0x10-5
4.0x10-5
4.0x10-5



Table 3 Effect of soaking time on electrode behaviour

Time,
(h)

0
1/2
]

8

12
18
24
48
120
168
336
504

Slope,
(mV/decade)

49
55
56
56
56
56
55
55
49
49
46

43

Linear range.
(M)

10-5-10-1
3 2x10-6-10-
20x10-6-10-
2 0x10-6-10-
2.0x10-6-10-
20x10-6-10-
2.5x10-6-10-
32x10-6-10-
10-5-10-1
10-5-10-1
1 6x10-5-10-
2 5x10-5-10-

Detection limit.
(M)

4 0x10-6
25x10-6
1 6x10-6
63x10-7

- < 9x10-7
79x10-7
79x10-7
10-6
16x10-6
2.0x10-6
3.2x10-6
10-5

Table4: Temperature efTect:

Temperature,

(oC)

5
15
25
35
45
55
65
75
85
95

Slope,( mV/decade)

Nernstian Electrode

55 04
57 18
59 16
61.14
63.00
65.00
67 90
68 45
71 91
72 89

41

48

56
60
60
61
65
62
68
65

Linear range, Detection limit.

(M)

7 9x10-5-10-
40x10-6-10-
20x10-6-10-
32x10-6-10-
2 5x10-6-10-
25x10-6-10-
32x10-6-10-
3.2x10-6-10-
5x10-6-10-1
7 9x10-5-10-

(M)

79x10-6
40x10-6
1 6x10-6
20x10-6
20x10-6
2.0x10-6
2.0x10-6
2 0x10-6
79x10-6
79x10-6

Fable 5 Determination of ephednne in its preparations.

Pharmaceutical
^reparation

EP-iimounl,
(mg/ml)

1-Ephednne sulphate 50 0
(injection)

2-Hfanol (tablet)
3-Asmolin (tablet)
4-Bronchophane

(syrup)
5-Coldal (syrup)

*BPC-mcthod(ref.
"Relative standarc

20.0
200

1.5

2.7

1).
deviation

Present electrode. Certified mehod*
EP-mg

498

197
20.1

1.47

26

S%*

1.9

18
19
2.0

1.7

EP-my S % "

50 2 1.7

19 6 2 2
194 19
148 2.4

2.6 1 8
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Solar Photochemistry: Present Challenges and Future Opportunities
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Abstract:
Although photochemistry reactions have experienced impressive growth and

considerable progress; the number of industrial applications of these reactions are
relatively limited. Solar photochemistry represents and gives chance for a fruitful
exchange of ideas from the basic to the applied research. When carrying out research
and development in the field of solar photoconversion, it should be remembered that
the ultimate goal of these efforts is to contribute to both the energetic and the material
conversions.

The applied aspects of the solar photochemical reactions are numerous and
they represent potential opportunities in terms of their applications. The study of the
solar photochemical reaction transformation of industrial byproducts into useful
chemical compounds in an aqueous driven environment is considered an unsolved
challenge that has to be faced nowdays. Also, the use of solar synthesis for the
generation of H2O2 which in integrated system could be applied to purify polluted
water. Technically several systems work in an engineering scale for water
detoxification and disinfection as well as for the solar photochemical manufacture of
fine chemicals and intermediates.

Introduction:
Although sunlight induced photochemistry must have occurred on the planet

Earth for billions of years, the chemical changes caused by light have attracted
systematic scientific scrutiny only relatively recently. How did scientists first conceive
the idea that the interaction of materials with light could not only cause physical
phenomena, but could also alter their chemical nature? One can envision three types
of changes that would have aroused the curiosity of laboratory chemists: color
changes, the evolution of gas bubles (oxygen in photosynthesis) and the precipitation
of a photoproduct less soluble than its precursor'. In the course of the twentieth
century a variety of photochemical reactions, some observed and others uncovered by
carefully planned studies, ultimately led to a major systematic investigation that
established photochemistry as a viable branch of chemistry".

Key words:
Photochemistry, Solar photochemistry. Synthesis and catalysis. Water purification,
Hydrogen production.



Given the fundamental importance of the action of light on chemical and
biological compounds, the term photochemistry represents the common denominator
of a large scientific specialties which constitute an enormous interdisciplinary
domain. When carrying out research and development in the field of
photoconversion of solar radiation one should not forget the ultimate goal of these
efforts, i.e. to contribute to both the energetic and materials conversion needs of the
human society in a future when fossil fuels are exhausted or cannot be accepted
anymore as primary energy carriers due to the effects of CO2 in global wanning of the
atmosphere. Apart from that one should also bear in mind that the price of fossil fuels
distinctly governs development chances, in particular in the non-industrialized
countries (which have often good solar conditions). Two thirds of the African
countries spend 50-70 % of their national surplus value fot their oil bills. Another
drastic oil price increase - like the one in the year 1981 when the debts of the
developing countries increased seven fold - would jeopardize any sustainable
development.

Research Opportunities in Photochemical Sciences:
Much research has been and is still going on studying the basics and

mechanisms of photochemistry. A good understanding and theoretical background of
the subject is without doubt of utmost importance to photochemists and a
comprehensive literature survey is a must.

A workshop held in Esters Park, Colombia, U.S.A., Feb. 1996, tried to identify
and define the science related to photochemistry that underpins, and is critical for, the
ultimate success of such energy technologies as photovoltaics, biofuels, hydrogen
energy, photodetoxification, and remediation of carbon dioxide. This workshop
provided a forum to discuss and highlight the importance and relevance of basic
research in various facets of photochemistry and related scientific fields to present and
future technologies.
The plenary lectures and panel reports included:

- Light energy harvesting and conversion by mesoporous thin film devices.
- A critical test of organic P-N photovoltaic cells .
- Light-induced metastable structural changes in amorphous semiconductors.
- Molecular precusors for electronic materials.
- Photoreduction of CO? using metal complexes.
- Revisiting the solar hydrogen alternative.
- Application driven fundamental needs in homogenous and heterogenous
photochemistry.
- Photosynthetic antennae and reaction centers: current understanding and prospects
for improvement.
- Photochemical and organic-based solar cells.
- Solid-state photochemistry
- Solar hydrogen production photodetoxification and purification of water and air
- Basic mechanisms of photosynthesis and applications to improved production and
conversion of biomass.

Potential applications of solar photochemistry:
A report on the 41*1 International Conference on Solar Energy Storage and

Applied Photochemistry held in Cairo in Jan. 1997 stated the following: Solar
photochemistry that really works, at least on a small scale, was shown for the
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generation of H2O2 which in an integrated system couid be applied to purify polluted
water; and for preparetively attractive reactions such as sensitized photolyses,
photodimerization, photooxygenation, or photohydrations.' The basic research on
water detoxification should lead to an industrial or municipal application eventually.
The chances of solar detoxification of water were further compared to the costs to be
expected for different solar photoactivated systems: the dye-sensitized systems have
the potential for lowest costs, but singlet oxygen did not appear to be promising for
complete mineralization. Photo-Fenton-based systems have the potential to be ten-fold
cheaper than TiOj. An overview on advances and applications of solar photochemical
technology: Technically several systems work in an engineering scale for water
detoxification and disinfection as well as for the photochemical manufacture of fine
chemicals and intermediates. It was found that the joint action of ozone and light on
the oxidation of toluene in the presence of TiO2 is more than a sum of the separate
actions of these factors. On the role of photochemistry in the degradation of
chlorinated contaminants, it is interesting to note that polychlorinated dibenzofurans
apparently photograde more rapidly in natural water than in distilled water. The TiO2

solar photocatalytic minerilization of the pesticides metribuzin and brmacil were also
studied. The dye sensitized formation of H2 and O2 at SrTiC>3 photoanodes was
investigated.

Photoinduced valence isomerization of norbomadiene substrates were reported
to store solar energy and news on the usefulness of polymers bearing the
norbomadiene moiety for the same purpose were presented. Also on photosensitive
triazene groups incorporated in polymers for potential apllications in excimer laser
microlithography were discussed.

Manufacturing of Vitamin D because of its industrial interest was studied and
the previtamin D Z/E isomerization into tachysterol is a most undesirable
photoreaction in the complex network of isomerization. A research on extremely high
thermal and photochemical stabilities of preyiene tetracarboxylic acid-bis-alkyl
diimides were presented which appear to be very useful sensitizers for solar
photooxidations. An overview on photochemistry in Turkey was given and reported
on a catalyst for solar photoorganic chemical synthesis. The affinity of phthalocynines
and naphthalocynines was discussed which can absorb light in the 700-800 nm
regionm for a variety of experimental tumors considering that light can penetrate
deeper in this wavelength region.

International advanced trends in applied photochemistry:
An example is photoconversion. Photoconversion which is the direct

conversion of simple substrates such as water, carbon dioxide (CO2), and nitrogen
into fuels and chemicals by means of natural or artificial photosynthetic systems. Such
systems include photobiological, photochemical, photoelectrochemical, and catalytic
approaches that use photosynthetic organisms, organic or inorganic photosensitizers
and catalysts, and semiconductor or liquid-crystal photoelectrodes.

Photoconversion promises conversion efficiencies approaching
thermodynamic limits (as high as 60%), low cost and long lifetime. Recently,
important discoveries has been made in areas as diverse as photobiological production
of hydrogen and biodegradable thermoplastics, electrocatalytic CO2 reduction,
conductive polymer functional mechanisms, photosynthetic and liquid-crystal electron
transport, and semiconductor superlattice/quantum effects. Research on advanced
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batteries, fuel cells, and smart vacuum insulation for automotive applications and on
electrochromics for energy-conserving windows is also performed.
Areas of photoconversion research are:

Photobiology:
Research on microorganisms includes photosynthetic bacteria and algae that

generate hydrogen, and produce valuable reduced-carbon compounds using solar
irradiation. Photosynthetic bacteria can use industrial or residential waste substrates
(such as simple organic acids or thermally gasfied biomass) in aqueous medium or at
a liquid/gas interface to generate hydrogen and ammonia.

Also, examining the use of these microorganisms as catalysts in other
bioprocesses for the production of single-cell proteins and commodity chemicals such
as biodegradable plastics.

Through photosynthesis, algae can split water to produce hydrogen,
hydrocarbons, oils, lipids, and speciality products. Currently examining the basic
structural and functional aspects of the photosynthetic water-splitting process, the
ultimate source of reductant (electrons) for synthesizing biomass.

Also, the use classical and molecular genetics to increase the fundamental
knowledge and to enhance the potential of future applied hydrogen-producing systems
can be applied. Enhanced knowledge about natural photosynthesis may also facilitate
the design of artificial energy-producing systems.

Photoelectrochemistry:
Photoelectrochemistry uses semiconductors-liquid junctions to achieve

photoconversion of solar irradiance into stored chemical potential or into electricity.
Te former process, termed photoelectrosynthesis, includes photolytic water splitting
and photoreduction of CO2; chemical energy reactions can also be driven downhill in
a process called photocatlysis (e.g., photo-oxidation of organic pollutants). The latter
process can be achieved in electrochemical photovoltaic (PV) cells and in dye-
sensitized semiconductor electrode systems.

Studying the basics of photogenerated carrier dynamics in
photoelectrochemicai cells for various semiconductor electrode structures in the form
of bulk crystals, epilavers, and quantized structures suh as quantum wells and
superlattices (one-dimensional quantum confinement of charge carriers) and quantum
dots or nanocrystals (three-dimensional quantum confinement). The carrier dynamics
studies include carrier generation, cooling transport, and charge transfer across the
semiconductor-liquid junction: both experimental and theoretical work is being
conducted. Various semiconductor structures are produced by metal-organic chemical
vapor deposition or by colloidal chemical synthesis.

Interfacial Photochemistry:
Currently studying the performance, stability, and conversion efficiency of

photoelectrochemical and PV solar cells. Theoretical and experimental approaches are
being applied to evaluate , understand, and eventually control the principal
fundamental processes occurring at the semiconductor and in the electrolyte. The
surface properties of semiconductor electrodes and particles are chemically altered
with charge-transfer/catalytic agents (e.g., conductive polymers, redox polymers, and
coordination complexes) to control the interfacial charge-transfer energetics and
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kinetics for water splitting and electrical power generation, surface recombination,
photocorrosion spectral response, and reflection characteristics of the surface.

Also developing solid-state ionic conductors to replace conventional-
electrolyte-based systems. The knowledge gained from these studies will be used to
develop biologically modified electrode surfaces in specific biosensor and biological
fuel-cell applications and polymer electrolytes in fuel cells and electrochromic
devices.

Molecular Semiconductors:
Studying photoconversion processes in molecular semiconductors in highly

ordered films of perlenes, phthalocyanines, and liquid-crystal porphyrins contacted by
electrodes having discrete electronic states. The overlap of the energetic states at the
interface controls the rate and polarity of the exciton dissociation and electron transfer
processes. Studying the dynamics of these interfacial processes by tuning the energy
levels of the interfacial films throughout the band gap of the molecular semiconductor
and by measuring dark currents, photovoltaic effects, impedance properties, and
steady-state and time-resolved photoluminescence. Also, the effects of film order and
crystallite orientation and their relationship to carrier-trapping processes were
examined.

Synthesis and catalysis:
the research conducted to develop electrocatalysts for converting CO2, water

and electricity to gaseous and liquid fuels such as methane, ifiethanol, or ethanol. The
synthesis and characterization of novel inorganic and organometallic complexes and
evaluating them as precursors for novel semiconductor materials were studied. In
addition, developing of chemically modified electrodes for electrocatalysis
applications and exploring new approaches to develop more environmentally benign
chemical processes are studied.

Electrochromic materials applications:
Electrochromic materials undergo reversible changes in their optical

absorption when small ions are electrochemicaily inseted into their crystal lattices.
Thin films of these materials can be used in multilayer coatings to electronically
modulate the transmission or reflection of light. Such coatings are presntly used in
automatic, glare-reduction rearview mirrors for automobiles and trucks.

Also, electrochromic coatings for building windows to reduce glare and
eliminate excessive solar heat gain that adds to the expense and energy use of building
air conditionors are developed. The goal is to develop a retrofit PV-powered
elwctrochromic window covering that can reduce the energy waste caused by
excessive heat gain through many of the 20 billion square feet of building windows in
the United States.

Photoelectrolysis:
Photoelectrochemical water splitting, also known as photoelectrolysis

represents an advanced alternative to commercially available PV/electrolysis systems
for producing hydrogen. Photoelectrolysis occurs when an illuminated semiconductor
immersed in an aqueous solution decomposes water into its components of hydrogen
and oxygen. Shining light on the semiconductor electrode causes the water to be split
directly. Because external wiring in not used, all that required is piping needed tp



Transport the Hydrogen to an external storage system or gas pipeline.Currently.
semiconductors with band gaps greater than 1.7EV.and multiphoton devices such as
tandem cells are developed.
Photochemistry Activities on the National Level:
Eighty Egyptian Scientists_contributed in the recent Photochemistry conference in
Cairo,Jan.l997.The event indicated the great interest in the subject with a special
history in Egypt7 However , a plan should be put to strengthen and unite the efforts of
these groups and to create a general scientific strategy and choose targets of national
interest, to which research in Photochemistry would be directed. Examples of these
groups are to be given.

Conclusion:
The unsolved or only partly solved challenges regarding the use of solar energy can be
summarized as follows:
1 .How can decision makers and funding organizations be convinced that our future
(Which depends on the use of renewable energy sources) is more important than
today's economic advantages?A huge rechanneling of cash flow into the necessary
areas should become reality.
2.Combine solar photochemistry and microorganisms for an optimal performance of
e.g.Water Detoxification.
3.Optimization of photocatalysis for solar-driven synthetic chemistry.
4.The need for a practical energy-storage system.
S.The need for photochemical systems functioning in aqueous environment.
6.The overlap of research with industries and their needs.
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EFFECT OF L12O-DOPING ON SURFACE AND CATALYTIC
PROPERTIES OF Cr2O3/Al2O3 SYSTEM

G.A. El-Shobaky1, A.M. Ghozza1 and G.M. Mohamed

ABSTRACT

Two samples of C^CtyA^C^ having the nominal composition 0.06
Cr2O3/Al2O3 and 0.125 C^CtyA^Ch (AlCr-I & AJCr-II) were prepared by mixing a
known amount of finely - powedered A1(OH)3 with calculated amounts of 0 0 3
followed by drying at 120°C and calcination at 700 and 800°C. The doped solid
specimens were prepared by treating AJ(OH)3 samples with known amounts ofLiNC>3
dissolved in least amount of distilled water prior to mixing with CrO3 The dopant
concentration was 0.75, 1.5 and 3 mol% U2O the surface and catalytic properites of
pure and doped solids were investigated using nitrogen adsorption conducted at -196°C
and catalysis of CO-oxidation by O2 at 300-400°C.

The results revealed that I^O-doping followed by heating at 700°C brought
about a noticeable increase in the specific surface areas of AlCr-I and AlCr-II adsorbents
of 26 and 55% for the first and second specimen, respectively. Opposite effect was found
when the calcination temperature was increased to 800°C, where a decrease of about
34% in the SQ£J of AlCr-II was detected upon doping with 3mol% L12O. The catalytic
activities measured at 35O°C over pure and doped catalysts were found to decrease by
increasing the dopant concentration, the maximum decrease in the catalytic activity due
to doping reached about 33 and 50% for AlCr-I and AlCr-II preheated at 700°C.

The doping process effected noticeable changes in the magnitude of the apparent
activation energy of the catalytic reaction which was accompanied by parallel changes in
the value of the pre-exponential term in the Arrhenius equation. These results may
indicate that Li2O-doping did not change the mechanism of the catalytic reaction but
modified (decreased) the concentration of catalytically-active sites taking part in
chemisoption as catalysis of CO-oxidation by O2.

Key words: Doping, chromia/alumina, oxidation of CO, surface characteristics.

1 National Research Center Dokki.Cairo - Egypt.
: Dcpt. of Chemistry, Faculty of Science, Zagazig University, Egypt.
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INTRODUCTION

Binary oxide systems may have several applications as catalysts, adsorbents and
semiconductonsO"4) Their catalytic, surface and electrical properties depend mainly on
the prehistory of the solids, calcination temperature and chemical composition of the
mixed oxides (1,5-7). These properties could also be modified by doping with certain
foreign cations or treating with ionizing radiation(8"18) The doping process might alter
the concentration and/or the nature of the catalytically-active species leading, thus to an
effective change in their catalytic activities. The metal support interactions can be
affected by doping the alumina with certain cations such as Li, Be, Mg, Na, K, Rb, Cs,
Zn, Ca, Sr, Ba, Ga and Ge. These cations are expected to modify the activity and
selectivity of different doped oxidesC9 '2 4). The effect of Na20 and JL^O-doping on
catalytic activites, surface and physicochemical properties of CO3O4/AI2O3, NiO/A^C^,
CUO/AJ2O3 and V2O5/AI2O3 have been investigated by El-Shobaky et al. (18, 25-24).

The present investigation reports a study on the effect of Li2O-doping on surface
and catalytic properties of 0 2 0 3 / ^ 2 0 3 system using N2 - adsorption at - 196°C and
catalysis of CO-oxidation by O2 at 300-400°C.

MATERIAL AND EXPERIMENTAL TECHNIQUES

Materials

A given mass of Al(0H)3 was impregnated with a solution containing different
proportions of lithium nitrate then dried at 100°C. The amounts of lithium expressed as
mol% Li2<3 were 0.75, 1.5, 3 and 6. The lithium impregnated-A^C^ solids were mixed
with a calculated amount of chromic oxide CrO3 then heated in air at 700 and 800°C for
5h. The amounts of chromium expressed as mol.% Q2O3 were 5.7 and 11.1 These
samples were designated as AJCr-I and AJ Cr-II, respectively. The employed A1(OH)3
solid was prepared by precipitation from A1(NO3)3 solution using 0.2M NH4OH at 70°
C and pH ~ 8, the precipitate was washed with distalled water and dried at 120°C till
constant weight. The chemicals employed were of analytical grad supply by Prolabo
company.

Techniques

An X-ray investigation of the treated mixed solids preheated in air at 700 and
800°C was carried out using a Philips diffractometer (type PW 1390) Patterns were run
with Ni-Filtered cupper radiation (k= 1.5405 A) at 30 kV and 10 mA with a scanning
speed of 2° in 26/niin.

The surface properties, i.e. SB£j,Vp and 7, of the various treated samples were
determined from ^-adsorption isotherms at -I96°C using a conventional volumetric
apparatus. Before carrying out the measurments, each sample was degassed for 2h at
200°C under a reduced of 10"5 Torr.

Catalytic oxidation of CO with O2 over various catalyst samples was carried out
at temperatures in the range 300-400°C using a static method. A stoichiometric mixture
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of CO and O2 at a presure of 2 Torr was used. A fresh catalyst sample (400mg) was
employed for each kinetic experiment and was activated by heating under a reduced
pressure of 10"6 Torr for 2h at 400°C.

RESULTS AND DISCUSSION

Surface properties of pure and doped solids

Various surface characteristics of pure and doped mixed solids precalcined in air
at 700 and 800°C were determined from nitrogen adsorption isotherms conducted at -
196°C. These characteristics include specific surface area ( S Q E T ) , total pore volume
(Vp) and mean pore radius (r).

The obtained adsorption isotherms belong to type II of Brunauer
classification^0) and given in Fig. (1) for pure and doped adsorbents precalcined at 700°
C. The different surface parmeters of various investigated solids are give in Table (1).
This table includes also another series of specific surface areas (S() which were
calculated from V|. t plots of various adsorbents. The Vj. t plots were constructed using
convenient t-curves depending on the magnitude of the BET-C constant for each
adsorbent. The obtained V|. t plots are similar to each other for all investigated solids.
Representative V[_t plots for the adsorbents preheated at 800°C are given in Fig. (2). It
seen from this figure that pure and doped mixed solids constitute of wide pores as
dominant porosity. The comparsion of S J J E J and S{ areas indicates that these values are
close to each other which justifies the correct choice of the t-curve for the analysis and
also reveals the absence of uitramicropores in the investigated adsorbents.

Inspection of the results given in Table (1) revealed that: (i) the S g g j of l ^ O -
doped mixed oxides calcined at 700°C increases by increasing the dopant concentration.
The maximum increase in the Sgr£T due to doping with 3 mol% Li2O was 27 and 55%
for AJCr-I and AlCr-Il specimens respectively. (H) The doping of AlCr-Il being carried
out at 800°C resulted in a decrease in the S U E T of the treated solid. A decrease of 33%
was attained by treating with 3 moi% U2O. (iii) The S Q E T °f AlCr-I sample doped with
L12O and preheated at 800°C was not much affected till 1.5 mole%, while doping with 3
mole % U2O led to an increase of 23% in the specific surface area of AJCr-1 The
observed increase in the Srjgx of chromium/aluminium mixed oxides due to U2O -
doping at 700°C could be attributed to creation of new pores resulting from liberation of
nitrogen oxide gases produced during the thermal decompostion of L1NO3. Similar
results have been reported in the case of NiO/Fe2O3 (14,15) and CUO/AI2O3 systems
(18). The dectected decrease in the specific surface area of AJCr-II due to doping with
LioO at 800°C can be attributed, mainly, to a progressive widening of the pores present.
In fact, the value of mean pore radius r increases from 49 to 57 and 66 A by increasing
the dopant concentration from 0.75 to 1.5 and 3 mol%, respecitvely.

Catalytic activities of pure and doped catalysts

The catalysis of CO oxidation by O2 over pure and doped solids was carried out
at temperature ranged between 300 and 400°C. First order-kinetics were found in all
cases.



Figs. (3 and 4) show representative kinetic curves and first order-plots of the
catalytic reaction conducted at 350 and 400°C over pure and doped solids (AICr-lI)
preheated at 700 and 800°C. The slope of the first order-plots determines the magnitude
of the reaction rate constant (k) of the catalyzed reaction carried out at a given
temperature. The values of k were calculated in each case and the data obtained are
graphically represented in Figs. (5,6) for the solids preheated at 700 and 800°C.

It is clearly shown from Figs. (5,6) that the catalytic activity decreases
progressively by increasing the amount of l ^ O present in the solid preheated in air at
700 and 800°C.

In order to account for the modification in specific surface area due to the doping
process, the reaction rate constant per unit surface area (k) was calculated for each
reaction conducted at given temperature over vairous catalysts. It can be seen from Figs
(5,6) that k decreases also as a function of dopant concentration. So the observed
decrease in the catalytic activity due to Li20-doping could not be attributed to the
induced changes in the surface characteristics of the treated catalysts. It seems that a
portion of L12O present was uptaken on the catalyst surface and hence covering a
portion of the catalyst's surface thus reducing the concentration of active sites
participating in chemisorption and catalysis of CO oxidation by O2

Activation energy of CO oxidation by O2 over pureand doped solids

The determination of apparent activation energy (AE) of catalysis of CO-
oxidation over pure and doped mixed oxides can throw some light on the possible
change in the mechanism of catalytic reaction.

The data of k measured at different temperatures over various solids permitted A
E to be colculated by direct application of the Arrhenius equation The calculated values
of AE are given in Table (2) Included, also, in Table (2) are the values of pre-
exponential factor (A) of the Arrhenins equation. It is seen from Table (2) that the
observed decrease in catalytic activity was followed by a corresponding increase in the
value of activation energy AE. The observed chage in the magnitude of AE, due to L12O
doping was accompanied by a parallel change in the value of the pre-exponential term
(A) in the Arrhenius equation. The values of AE were recalculated adopting the A value
for pure solids to the doped catalysts, the computed values of the activation energy AE
are given in Table (2). The AE values are of the same order of magnitude for pure and
doped solids. These results suggest that Li2O-doping did not modify the mechanism of
the catalyzed reation but decreased the number of catalytically active constituents
(surface Q2O3) without changing their energetic nature. Similar results have been
reported in the case of N1O/AJ2O3, CuO/AbO3 and C03O4/AI2O3 solids (9,10,14)

CONCLUSIONS

These are the main conclusions that can be derived from the results obtained

(1) L bO-doping of chromia/alimina solids modified their surface properties.
These modifications depend upon calcination temperature, dopant concentration and
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chromia content. Heating of doped solids, treated with 3 mol% L^O at 700°C resulted
in an increase of 26 and 55% of the SDET of mixed oxide dolids containing 5.7 and 11.1
mol% Cr2O3, respectively. Opposite effect was observed upon heating the treated solids
at 800°C.

(2) The catalytic activity, in CO oxidation by 02 , of the various doped solids
decreased by increasing the dopant concentration and &2O3 content. The maximum
decrease in the catalytic activity due to doping with 3 mol% l^Ofollowed by heating at
700°C attained 33 and 50% for the catalysts containing 5.7 and 11.1 mol%

(3) Li20-doping did not modify the mechanism of the catalytic oxidation of CO
by O2 conducted over 0 ^ ) 3 / AI2O3 but dcreased the concentration of catalytically-
active constituents (surface 0 ^ 0 3 crystallites) taking part in chemisorption and catalysis
of CO oxidation reaction.
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PREPARATION OF CHLROQUINE PHOSPHATE

EA. Abu-Mustafa, Mahmoud I. Nassar* and EA. M. El-Khrisy
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National Research Centre, Dokki, Cairo, Egypt

ABSTRACT

Chloroquine phosphate was prepared through the condensation of 4,7-

dichloroquiniline with l-diethylamino-4-aminopentane and the formed

compound was treated with orthophosphoric acid.

Optimum conditions for obtaining pure product in highest yield were

determined.

INTRODUCTION

Chloroquine phosphate "4-(7-chloro-4-quinolylamin()pcntyldicthylamine

diphosphate" (IV) is widely used as anti-malarial chemotherapeutic agent^1' '.

It was prepared through two steps^. The first is the condensation of 4,7-

dichloroquinoline (I) with l-diethylamino-4-aminopentanc "Noval diamine"

(II).



II

,CH3

NH-CH-(CH2)3M(C2H5)2

The second step is the treatment of the formed 4-(7-chloro-4-quinolylamino)-

pentyldiethylamine (III) with orthophosphoric acid to give chloroquine

phosphate (IV)

III + 2 H3PO4

N ( C 2 H 5 ) 2

EXPERIMENTAL

The reaction was caarried out in a three-necked flask equipped with

reflux condenser, thermometer and stirrer. Alter introducing the required

amounts of the solvent, 24.75 gm (0.125 mole)from 4,7-dichlrorquinoline was

added. The solution was heated at 60°C and the required amount of noval

diamine was added dropwise with stirring at a period of 30 min., then the

temperature was raised and kept for several hours. After cooling to 60°C,

methanolic sodium hydroxide solution (5 gm in 60 ml methanol) was added

and the resulted sod. chloride was filtered off. The filterate was treated with

30 ml phosphoric acid in 60 ml methanol with stirring. The product was

filtered off, washed with methanol and dried.
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DISCUSSION

Four sets of experiments were conducted to study the effect of the

following factors:

- Type of solvent

- Molar ratio of reactants

- Reaction temperature

- Time of reaction

Effect of solvents:

The condensation reaction was carried out using different solvents

namely; phenol, DMF and/or xylenc and also carried out without solvent.

The reaction temperature was 140°C, time of reaction 18 hours and the

amount of noval diamine was 19.75 gm (0.125 mole). The results are listed

in Table 1.

Table 1: Effect of solvent on reaction yield

Solvent

Phenol

DMF

Xylene

Without solvent

Yield

45

20

38

40

Yield %

69.23

30.76

57.57

61.54

Effect of time of reaction

The reaction between ccjuimolecular amounts of 4,7-dichloroquinolinc

and noval diamine was carried out using phenol as a solvent and in absence

of solvent for several hours at 140°C. The results are listed in Table 2
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Table 2: Effect of time on reaction yield

Time, hrs

4

6

7

9

12

Solvent

Phenol

Phenol

Phenol

Phenol

Phenol

Yield, g

0.0
30

0.0
35

0.0
40

20.0
40

0.0
40

Effect of reaction temperature

The condensation reaction between equimolecular amounts of 4,7-

dichloroquinoline and noval diamine was carried out in absence of solvent for

7 hours at different reaction temperatures. The results are listed in Table 3

Table 3: Effect of reaction temperature

Temperature °C

120

130

140

150

Yield, g

-

38

40

38

Yield %

-

57.57

61.54

69.23

Effect of molar ratio of reaactants

The condensation reaction was carried out using 24.75 gm (0.125 mole)

of 4,7-dichloroquinoline and different amounts of noval diamine were used.

Whereas 19.75 gm (0.125 mole) and/or 24.5 gm (0.155 mole) and/or 31 gm

(0.20 mole). The reaction temperature was 7 hours.
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The results are listed in Table 4.

Table 4: Effect of molar ratio on reaction yield

Molarity of noval diamine

0.125 mole

0.155 mole

0.200 mole

Yield, g

40

42

40

Yield, %

61.54

64.61

61.54

Conclusion

The optimum conditions for preparing chloroquine phosphate are

summarized as follow:

Table 5: Optimum conditions

Reeaction conditions

Solvent

Time of reaction

Reaction temperature

Molar ratio

Optimum

7 hours

140

1:1.24.
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Effect of silica fume on the slag cement
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Abstract

The present work aims to study the effect of various amounts of silica

fume on the physico-mechanical properties of slag cement with 5% raw

cement dust. Slag cement was substituted by 4, 8 and 12% silica fume. The

results revealed that the increase of silica fume tends to increase the water

of consistency . On the other side, 4% silica fume decreases the setting time

(Initial and final). 8 and 12% silica fume tend to lengthen the setting time

due to the increase of mixing water. The free lime content increases up to 7

days then decreases for all mixes . As the amount of silica fume increases

the free lime content decreases. Also, the combined water content increases

with the amount of silica fume. The compressive strength of cement paste

decreases with silica fume due to the increase of mixing water.

1 Author to whom correspondence should be addressed
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Introduction

Blended cements contain additive rather than that used in Portland

cement which have considerable scientific and technological interest,

because such addition increases the chemical resistance to sulphate attack,

impermeability, lowering heat of hydration and thermal expansion of the

hydrated cement pastes. There are strong environmental and energy

reasons for developing a wide range of hydraulic binders consisting of

Portland cement clinker and pozzolanic admixtures.

Condensed silica fume is a by-product of the manufacture of silicon or

silicon alloys which are produced in the "submerged-arc electric furnaces".

A series of complex chemical reactions occur in the furnace. Condensed

silica fume (SiO2) particles appear to be formed by the oxidation and

condensation of the gaseous silicon suboxide, SiO, which is formed in the

reaction zone.

The kiln dust represents a mixture of cement raw mix as well as

callcined mix, and clinker. The chemical composition of the dust also

influenced by the size of particles carried away by the kiln gases. The exit

dust shows a considerable concentration of alkalies volatilized in the burning

zone and subsequently condensed on the kiln dust particles. In fact,

approximately 12 % of the kiln feed exists from the kiln with the gas (up

steam of any air pollution control equipment). Throughout the industry,

roughly 73 % of the kiln dust is recycled to the cement-making processes1

Granulated blast-furnace slag by itself is hydraulically very weak , due

to its glassy structure, a highly alkaline medium is required in order to

disintegrate the silicate aluminate network of the slag glass. Portland cement

clinker is normally used to provide this alkalinity2

It was reported that3 the addition of cement kiln dust to either

ordinary portland or slag cement certainly adversely affects the physico-
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mechancal properties of ement paste. The magnitude of this affect is

generally proportional to the amount of cement dust which must not exceed

than 5-8% of portland cement.

The incorporation of silica fume in portland cement paste contributes

the hydration process by pozzolanic reaction with lime liberated to form

stable CSH and also by reaction with alkali and Ca2+ ions. The pozolanic

activity of silica fume in cement pastes has been demonstrated by measuring

the amount of Ca(0H)2 at different times with varying dosages of silica

fume. The results showed high pozzolanic activity4*. The aim of the

present investigation is to study the effect of varying amounts of silica fume

on the properties of slag cement in the presence of 5% cement kiln dust.

Experimental Procedure

The materials used in this work were granulated slag cement, cement

kiln dust (wet process) as well as silica fume. The chemical oxide composition

of each starting material is given in Table (1). The surface area of the slag

cement was 3528 cm2. Raw cement dust from wet process and silica fume

were mixed with slag cement. The ingredients of the different mixes in mass

proportions were homogenized in a ball mill for an hour to assure complete

homogeneity and given in Table ( 2).

A weighed amount of cement was placed on a smooth, non- absorbent

surface, and a crater was formed in the center. The water of consistency7

was poured into the crater by the aid of a trowel, and troweled to absorb the

water for about one minute. The mixing was then completed by vigorous

mixing for three minutes by means of trowel and the setting time was

measured. The paste was moulded in 2x2x2 cm cubic moulds , the surface of

the paste was made smooth by the aid of thin edged trowel. Immediately

after moulding, specimens were cured in (100 % R.H.) at room temperature

23 ± 1 °C for 24 hours, then demoulded and cured in tap-water up to 3, 7, 28

and 90 days for further investigations.
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Density (dp) was carried out before the specimens were subjected to

the compressive strength determination. Samples were weighted suspended

in water and in air (saturated surface dry). Each measurement was conducted

on at least three similar cubes of the same blend and age. The density was

calculated using the following formula:

Saturated weight
Bulk density = g/cm3

Volume of sample

Saturated wt.
Bulk density = g/cm3

Saturated wt. - Supended wt.

In each case, this test was carried out on three samples following the

procedure described by (ASTM, 1993). Three cubes from each cement paste

was prepared with a certain W/C ratio and cured for a prescribed period.

Compressive strength measurements were carried out using WYKEHAM

FARRANCE ENG. The hydration of the cement paste was stopped by

grinding in aceton-methanol mixture as described elsewhere8. The free lime

was determined by using ammonium acetate method9. The combined water

content was estimated by igniting the hydrated cement paste at1OOO°C

for 1 hr.

ResujtsjtndI Discussion

To show the effect of silica fume, on the properties of blended cement

in the presence of wet cement dust, different mixes were prepared with slag

cement pastes and various proportions of silica fume at 5 % wet cement dust.

The water of consistency and setting times of the blended cement pastes

made of 0, 4, 8 and 12 % silica fume and slag cement at 5 % wet cement dust

are shown in Fig.(1). The water of consistency of the cement pastes

containing silica fume is higher than those without silica fume. As the silica

fume replacement increases, the water of consistency increases due to the

relatively higher surface area of silica fume6 The initial and final setting

times of the blended cement pastes made with silica fume are shorter than
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those made without silica fume. The addition of 4 % silica fume decreases

the setting time (initial and final) due to the activation and consumption of

liberated Ca(0H)2 of cement paste. The silica fume reacts with the liberated

Ca(0H)2, therefore, the setting times are decreased at 4 % silica fume.

Higher values of silica fume, such as 8 % and 12, % tend to lengthen the

setting time. This is mainly attributed to the effect of higher values of mixing

water which affect the total porosity and then the setting time. As the

water/cement ratio increases the setting time (either initial or final) is

lengthened due to the presence of larger pores in the cement paste.

The influence of silica fume addition on the free lime contents of the

blended cement pastes made of 0, 4, 8 and 12 % silica fume and slag cement

at 5 % wet cement dust is plotted in Fig. (2).The free lime content of the

blended cement pastes increases up to 7 days followed by gradual decrease

up to 90 days. The rate of Ca(OH)2 liberation during the hydration is higher

than its consumption by silica fume forming additional amounts of CSH. At

later ages of. hydration the rate of liberation of Ca(OH)2 is slower than its

consumption, therefore, the free Ca(0H)2 decreases. Also as the amount of

silica fume increases, the free lime content decreases. Generally, the

blended cement pastes containing silica fume possess lower values of free

lime than those of free silica fume blended cement pastes.

The effect of silica fume on the combined water contents of the

blended cement pastes made of 0, 4, 8 and 12% silica fume and slag cement

at 5 % wet cement dust are graphically plotted in Fig. (3). Obviously, the

combined water content increases gradually with curing time for all cement

pastes. This is due to the continuous hydration and accumulation of hydration

products mainly as calcium silicate and sulphoaluminate hydrates. It was also

found that as the amount of silica fume increases, the combined water also

increases. This is due to the fact that the addition of silica fume activates the

hydration of blended cement. The presence of a larger amount of silica fume

leads to activate the hydration of cement pastes which is due to the



consumption of free Ca(OH)2,deposition of C-S-H and an increase of

combined water content.

The effect of silica fume addition on the bulk density of the hardened

blended cement pastes made of 0, 4, 8 and 12% silica fume and slag cement

at 5% wet cement kiln dust is plotted in Fig. (4). Evidently, the values of

bulk density of the hardened cement pastes made with silica fume increase

with curing time up to 90 days. On the other side, with the increase of silica

fume content, the values of bulk density decrease below that of the

blended cement paste made without silica fume. This is due to the fact that

the water of consistency of blended cement pastes containing silica fume was

higher than that of blended cement paste made without silica fume.

Therefore, the total porosity increases, meanwhile, the bulk density

decreases. The hardened blended cement paste made without silica fume

has the lowest amount of water of consistency, so that it is expected to

possess higher values of bulk density.

The influence of silica fume on the compressive strength of the

blended cement pastes made of 0, 4, 8 and 12% silica fume and slag

cement at 5 % wet cement dust is plotted in Fig. (5). The values of

compressive strength decrease with the increase of the amount of silica fume

in the blended cement pastes. The water of consistency increases, with the

amount of silica fume therefore, the free water as well as the total porosity

are increased and the compressive strength decreased. It can be concluded

that wet cement dust can be used as an activator for slag cement hydration. It

can be concluded that in blended cements using silica fume in addition to

cement kiln dust, a super plasticizer must be used to reduce the mixing

water which affects the physico - mechanical properties such as water of

consistency, setting time, porosity and finally compressive strength. These

investigations could be studied in details in another publication.
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ABSTRACT

The single stage hemihydrate process has been developed at the Nuclear

Materials Authority, Egypt and the new flowscheme was designed to improve process

efficiency. The hemihydrate route for producing phosphoric acid from El- Sebaiya

West phosphate rock has the advantage of generating a more concentrated acid (-52.7

% P2O5)(l)than does the commonly used dihydrate method. This in turn, leads to lower

energy costs since less evaporation is required to concentrate the phosphoric acid

product to working strengths. The use of hemihydrate process has been limited to

smaller capacity plants in the range of 40-350 m.t / day(2> because of problems with

filtration. These problems can be reduced by modifying the crystallization conditions

and adding proprietary additives

Accordingly, the single stage hemihydrate process can contribute in the

development of the phosphoric acid industry. This will be reflected in rum on the

increase in the national income.
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1-Features of the phosphoric acid industry:

Attacking the phosphate rock with sulphuric acid to give phosphoric acid and

hemihydrate by product ( CaSO4. 0.5 H2O) rather than the dihydrate (CaSO«. 2H2O)

requires the same basic equipment found in the reaction and filtration sections of athe

conventional dihydrate flowscheme, but capital costs are lower because the needs for

ancillaries are reduced or eliminated. Also, this process permits a reduction in reactor

retention volume'". The reactor operates at about 85°. C with a liquid phase containing

38% P2O5 and a low sulphate level. These advantages are true of the hemihydrate

process, either by itself or as the first part of the two stage design. The route also has

operational phases. Any strength from 45- 57 % P2O3 phosphoric acid can be utilized,

and the product concentration can be changed as desired within this range without any

equipment modification. Moreover, the phosphoric acid does not need treatment

before storage.ln conclusion the apphcation of the hemihydrate process itself, for most

rock types provides a lower P2Oj unit cost than dihydrate routes'3'.

2-Process characteristics :

2-l.Reaction:

In this process, El- Sebaiya phosphate rock, (98% passing through 10 mesh) is

fed to the reactor. In the same tank, 96% sulphuric acid diluted with a recycled

phosphoric acid (38% P2O5) from the first filter is also added. When a mixture of

sulphuric and phosphoric acids is used for the digestion of the ore, two processes will

occur more or less simultaneously : digestion of the phosphate ore and precipitation of

calcium sulphate. At sulphate concentrations in the digestion stage above 2w % H2SO4

the HH product tends to precipitate by itself HH crystals, and upon the ore particles.

Temperature of the reaction system is kept at 80-90°C. Vigorous agitation and

sufficient retention time (10 hrs) allow enhance the scope of carbon dioxide content of

the rock. Because this reaction is exothermic, control of the temperature is achieved

by evaporation of some water. In the meantime, 93% uranium leaching efficiency is

possible using KC1O4 as an oxidizing agent (Fig. 1 ).0>



jjl.Filtration;

The hemihydrate slurry now goes to a filter feed tank that acts as a process

surge tank. To overcome the gypseous separation problems which is a major factor in

the monitoring the economical and technical success of the phosphoric acid process, a

good filterability was attained by adding 40 lit glycerol / ton ore, which seems to be

high and needs further study. The high strength acid (52.7 % P2O5) is separated in the

first section of the filter, while a weaker (38% P2O5) stream is taken off the second

section. A slip stream of the product acid is added to the weaker acid, which is then

returned to the reactor to dilute the sulphuric acid and control both the PjOj

concentration and slurry solid content. Meanwhile, hemihydrate cake is removed from

the final section of the filter and is siurried with water where the hemihydrate is

converted to the dihydrate form (Fig. 2).w

The main phosphoric acid loss in this process occuredin the form of P2Os

coprecipitation with the hemihydrate. By adding a second stage, the process efficiency

can be increased from 94% to a guaranteed 98.5%, while dihydrate cake produced has

a PjOs content of only 0.5%, a level that allows the material to be used in place of

natural gypsum.

In the two stage filtration process, the discharged cake from the hemihydrate

stage filter is sent to an agitated tank, in which a small quantity of sulphuric acid is

added, the hemihydrate is transformed to dihydtate, from while P2O5 that was

coprecipitated is released into the liquid phase. The slurry is then filtered, and a

recycled filtrate to the first stage filter, while the dihydrate cake is washed with process

water before being discharged. Addition of the second stage leads higher PzOj

recovery more than to compensate the lower overall production cost.

3. Charac te r i s t i cs of the phosphoric acid p roduc t :

The development of the phosphoric acid industrythrough the single stage hemihydrate

process isfeaturedby the following characteristics:



1- The concentration of the phosphoric acid produced by the hemihydrate process

under normal and oxidizing conditions is almost twice that of the dihydrate

phosphoric acid ( 52.4, 52.7 and 26.8 % P2O5 respectively ) without

including any evaporation step in the process(tablel).

Table (1) : Chemical characteristics of phosphoric acid, hemihydrate and

dihydrate gypsum products of the hemihydrate process.*"

Oxide

we, %

P:OS

AhOj

SO,

F^Oj

CaO

MnO,

N.,O

KiO

SIOi

u,
ppra

Ore

23.31

1.24

1.2

2.02

49.67

0.14

-

0.15

U.I

50

Product

N

52 4

0.9

4.29

1.9

1.8

0.065

0.018

0.03

54

Acid

O

52.7

0 8

2.55

1.38

1.75

0.052

0012

0.024

90

Second

N

35.56

0,01

3.09

1.3

1.15

0.01

0.025

0.032

26

waib

O

32.44

0.015

3.54

1.61

1.1

0.004

0.028

0.042

38

First

N

18.23

0.007

3.97

0.75

0.956

0.009

0.037

0.061

34

wash

O

16.37

0.012

1.77

0.9

0.87

0.05

0.048

0.072

34

HH

N

2.5

051

50

0.72

37.5

002

0 08

0.07

118

48

gypsum

O

10 10

0.51

429

0.82

38.2

0 009

0.2

0.2

12.48

36

DH gypium

N

0.5

0.33

44.7

0.38

30.7

0.01

0.05

0 04

16 1

38

O

12

0.31

41.30

0.31

31.3

0.009

0.01

0 10

17 79

26

O: oxidized conditions.
N: normal conditions
HH: hemihydrate process
DH: dihydrate process
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Table (2) : Comparison of the chemical composition ofthe products of the HH

and OH processes of El Sebaiya phosphate rock (values in */• )." '

Component

PjO,

so,-
SiO2

CaO

Re,O,

AliOj

Na,O

K,0

MgO

MnO,

F

U, ppm

Sp. Gr.

Hemlhydrate

Phosphoric

N

52.4

4.29

-

ISO

1.9

09

0.018

0.03

-

0.065

-

54

1.562

acid

O

52.7

2.55

-

1.75

1.88

0.8

0.012

0.024

-

0.052

-

90

1.562

process

Gypseous

N

0.5

44.75

16.15

30.7

0.38

0.33

0.045

0.045

-

0.01

-

38

-

material

O

2.2

41 5

17.79

31.5

0.31

0.31

0.001

0.001

-

0.0075

-

3-4

-

Dihydrate

Phosphoric

acid

26.8

1.30

0.88

0.17

1.96

0.435

0.044

0.019

0.400

00755

1.85

59

1.302

Process

Gypseous

material

0.65

41.96

10.20

30.2

0.033

0.053

0.100

0.023

0.009

-

0.16

3

•After a feasibility study performed in (1990) on uranium extraction from Abu Zaabal phosphoric

acid

-: Not analysed.

(2) Comparing the characteristics ofthe hemihydrate and dihydrate processes (table 2)

the followingcan be reported:

a- The sulphate and aluminum contents ofthe hemihydrate ( normal and oxidizing

conditions ) remarkably higher than those reported for the dihydrate process

( 4.29, 2.55 & 1.14 % SO, and 0.9, 0.8 & 0.44 % A13O3 respectively ) .

However, the sulphate content in the hemihydrate phosphoric acid prepared

under normal conditions ( 4.29 % SO4— ) is nearly twice the value under

oxidizing conditions. This might be due to the formation of very fine sulfate

particles under normal conditions and which might have passed during the

filtration process to the phosphoric acid and increased its sulphate content.
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The relatively increased alumina content in the HH process might be due to

the increase in the acid strength .

b- The iron content in both the HH and DH is nearly the same ( 1.90 & 1.88% under

normal and oxidizing conditions compared with 1.96 in the dihydrate

phosphoric acid.

c-The CaO content in the HH phosphoric acid ( 1.8 % ) is about 10 times its content

in the dihydrate phosphoric acid ( 0.17 % ) which might be due to the

increased formation of the dissolved calcium salts by the reaction of the

concentrated phosphoric acid with Ca and other cations.

d- As expected, the concentrated HH phosphoric acid has a higher specific gravity

( 1.562 ) if compared with that of the DH phosphoric acid ( 1.302 ).

^Characteristics of the gypseous product:

1- The gypseous product in the present work of the HH phosphoric acid process is

characterized by its relatively lower P2O5 content ( 0.5 % PjOs under normal

conditions) if compared with the analogous product of the DH process (

average 0.73 % P2O5). This might due to the application of two washing

stages. However, under oxidizing conditions, the P2Os content of the DH

product reached 2.2% which is more than 4 times that prepared under normal

conditions. This might be due to the dissolution of higher amounts of organic

matter which caused a lot of problems to the filtration step and hence trapped

extra amounts of PjO; in the gypseous material.

2- The silica conteut in the calcium sulphate produced by the HH process ( 16.15 and

17.79 % under normal and oxidizing conditions respectively ) is higher than

that produced by the DH process ( 10.2 %) due to the increase of fluorine '

dissolution during the HH process and formation of extra amounts of

hydrofluorosilicic acid.



3- The uranium content of the gypseous material prepared by the HH process is

remarkably high under normal conditions ( 38 ppm ) However, it is only 3-4ppm

under oxidizing conditions.which is similar to that produced by the DH process.
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KINETICS AND MECHANISM OF THE DIAZO
COUPLING REACTION OF 1-ARYL-3.3-DI-

ETHYLTRIAZINES WITH b-NAPHTHOL
IN NON-AQUEOUS ACID SOLUTIONS
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12, Ramses Street, Cairo 11522, Egypt.

ABSTRACT

Rates of reaction of l-aryl-3,3-diethyltriazines with (J-naphthol in acid media

to yield azo dyes have been measured in dimethylformamide solution at 25°C.

For a series of four acids of different acid strengths, pseudo-first order rate

constants were obtained, and the reaction was found to be of third order, first

order in triazine, and second order in acid. The verification of the linear

relationship between the calculated rate constants, kcat (as estimated by the

goodness of fit in kobs versus [HA]2 correlations), and the acid strengths, Ka, in

dimethylformamide is satisfactory. Thus, it was possible to determine a Bronsted

a-value for the reaction, which was in accordance with the behaviour normally

observed for reactions experiencing general acid catalysis. The kinetic results

support a mechanism in which the slow step is bimolecular decomposition of the

protonated triazine, TH+, with an acid, HA, to the coupling entity, the diazonium

ion, D+, which reacts rapidly with P-naphtho! to produce the azo dye.

INTRODUCTION

The preparation of l-aryl-3,3-diethyltriazines, and a proposed mechanism for

the diazo coupling reaction of the substrates (1) with P-naphthol had previously

been described [1]. The investigation was extended to involve a new variety of

acids in non-aqueous solvents of varied character. Dimethylformamide (DMF)



was used in this study, since it is a useful solvent in various fields of chemistry

[2], The moderately high dielectric constant (36.7 at 25°), and its aprotic nature

make it particularly useful for acid-base studies, and a good solvent for a wide

range of polar and nonpolar organic compounds. Moreover, azoic dyes are

readily stripped in a very pure form from the fibre by DMF [3].

The diazo coupling reaction of the triazines (la-j) [1] with (3-naphthol in

DMF was monitored spectrophotometrically at the absorbance maximum of the

corresponding dye (2) [1]. No reaction was observed in the dry organic solvent.

Since acids accelerate the production of colour, the effects of 2-

hydroxybenzoic (salicylic), 2,6-dihydroxybenzoic (y-resorcylic), hydrochloric,

and picric acids on the reaction rate were examined at 25°. Reactions were

carried out under pseudo-first-order conditions (a 100-fold excess of (3-naphthol

and at least a 180-fold excess of acid over the triazines examined were used

throughout). The wavelength for the kinetic runs corresponded to that at which

the greatest difference in absorbance between the reactants and products

occurred. In each case, this wavelength was found to be at XmaK for the dye and

was located at ca. 480 nm. Thus the reaction proceeded with an increase in

absorption and was assumed to be proportional to the concentration of the

reacted triazine, T. In all cases the extentof the reaction was not less than 98%.

RESULTS AND DISCUSSION

Reaction rates. The appearance of azo dyes was followed spectrophoto-

metrically and satisfactory first-order rate constants were obtained for the

reaction of the triazines (1) [1] with P-naphthol in four acids of varying acidity

using dimethylformamide as a protophilic solvent. Typical first order plots are

depicted in Figure 1. Values of k(,bS obtained under a variety of conditions are

given in Table 1. For each compound, the values seemed to be sensitive to the

acid concentrations over the range used (from 0.01 to 2M on going from picric
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to 2-hydroxybenzoic acid, where measurable rates were possible) and to

strength of the acid used. Kinetic studies were carried out at five different

concentrations for each acid with all the triazines examined (la-j) [1], the initial

triazine concentrations being ca. 10~5M throughout.

Table 1 records also the third-order rate constants as a function of acid

concentration. The correlation between kobs and [HA]2 for the acid-catalyzed

decomposition of 3,3-diethyl-l-phenyltriazine and its substituted derivatives in

DMF is evident. For each compound, a variation of acid concentration over an

order of magnitude produced approximately the same rate constant (I2 mol"2 s"1)

for each series of acids used. The kinetic behaviour conformed accurately to the

rate law (1).

(1)

Consequently, catalytic coefficients, kcal, could be evaluated as slopes of

plots of kobs versus [HA]2. Figure 2 illustrates the plots of kobs versus [HA]2

which are linear within the error of the data. The zero intercept of these linear

plots is consistent with the fact that no reaction in the absence of acid catalyst

could be detected. Catalytic coefficients, kcal, obtained from the slopes of the

linear plots shown in Figure 2 are listed in Table 1.

It is worth noting from the data shown in Table I, that for each compound,

the catalytic rate ratios (kca^HA / (kcaih-hydroxybenzoic acid are: 1. 220. 330. 2090 for

2-hydroxybenzoic, 2,6-dihydroxybenzoic, hydrochloric, and picric acid.

respectively. Thus, the change from 2-hydroxybenzoic to picric acid results in

an increase in the observed catalytic rate for a reaction experiencing general

acid catalysis [4]. Consequently, it is possible to construct a Bronsted plot for

this reaction.

The acidity constants of the various acids used in DMF [5], and the

corresponding catalytic rate constants, kca, (I2 mol"2 s ' l . for the acid-catalvzed



diazo coupling reaction of compound lc [1] with [3-naphthol are given in Table

2. Figure 3 is the logarithmic plot of k^, (I2 mol~2 s"1) versus Ka. A linear relation

is observed between kca, (Table 1) and Ka (Table 2, column 2) [5] for the acid-

catalyzed decomposition of triazines (1) in DMF. The mathematical expression

of these correlation lines (Figure 3) satisfies the equation

log kcat = a log Ka +C (2)

Equation (2) is similar in its form to the Bronsted relation (equation 3), which

correlates catalytic constants, ICHA. for a given reaction with acid dissociation

constants of the catalysts, KHA* by equation (3) [6].

kHA = G(KHA) (3)

Whichever way the line is represented, a is its slope, and C or G is its intercept.

A constant value of 0.5 ± 0.02 for the Bronsted parameter was estimated from

the goodness of fit in log kcal versus log Ka correlations (Figure 3). This

moderate magnitude of a [6,7] leads to the conclusion that decomposition of

each of the triazines in acid media exhibits general acid catalysis.

The dependence of the rate of reaction upon the square of the acid

concentration, the fact that electron-withdrawing substituents in the

benzenediazo residue of substrates decrease the values of kohs [1], and the linear

relationship between values of k^i and Ka in dimethylformamide are compatible

with the following scheme (equations 4-6):

Ar N2N (C2H5J2 + HA = Ar N2N
+H (C2H5)2 + A" (4)

ArN2N+H(C2H5)2+HA • D+ + (C2H5):NH+
2A (5)

D+ +HOC10H7-P +A" • ArN2CioH6(OH)-(3 + HA (6)

- A - T -



The slow step (Equation 5) is bimolecular decomposition of the protonated

substrate TH+ (equation (4)) to give the diazonium ion, D+. which instantly

reacts with P-naphthol to give products. The rate of reaction, obtained by the

steady-state approximation, is represented by equation (7), where IQ is the rate

constant for the slow step.

(7)
k.|+k2lHAJ

If k . | > k2 [HA], the reaction becomes second order in acid, and the

experimental first-order rate constant (kobs) is given by equation (8).

kobs = K [HA]2 (8)

where; K = - ^ - = k<.al
k-i

The results obtained for the diazo coupling reaction of l-aryl-3,3-

diethyltriazines with P-naphthol is consistent with the steps presented in the

equations above. In consequence, the predicted rate equation (Equation 1) for

reactions (4) - (6) is in agreement with experiment.
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Table 1.

Rate constants for the acid-catalyzed diazo coupling reaction of l-aryl-3,3-

diethyltriazines XC6H4N3 (C2H5)2 (la-j) [1] with P-naphthol in dimethyl-

formamide at 25°Ca.

X

compound

[HA]
M

105k [HA]
M

0.50 6.20 24.80

0.80 16.19 25.30

1.20 36.58 25.40

1.60 63.74 24.90

2.00 100.80 25.20

kca, = 2.51 x I0-4 I2 mol2 s 1

HC1

0.02

0.04

0.06

0.08

0.10

3.26

13.40

30.31

53.00

83.65

8150

8375

8419

8281

8365

kca, = 8.32 x 10"5 I2 mo l 2 s1

2,4,6-fNO2)jC6H2 OH

4-McO 0.02

( l a l 0.04

0.06

0.08

0.10

k r i l t = 5 .5Ox \ 0 2 1 2

2-OHCftH,CO7H

0.50

0.80

1.20

1.60

2.00

k,n,= 1.95 x

2.24

8.77

19.58

35.52

54.05

molds ' '

4.93

12.26

28.22

50.47

77.25

lO'4 I2 mol

5600.00

5481.00

5439.00

5550.00

5405.00

19.72

19.16

19.60

19.72

19.31

-2 s- l

0.01

0.02

0.03

0.04

0.05

kcat=5.25 x 10-' 1

HCl

0.02

0.04

O.Oh

0.08

0.10

k,m = 6.46 x 10-2

5.25

20.72

48.14

84.21

129.95

2 mol-2 s-

2.61

10.40

23.11

40.99

64.35

I2 mol-2 s

52500

51800

53489

52631

51980

1

6525.0

6500.0

6419.4

6404.7

6435.0

-1
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0.50 0.42 1.68

0.80 I.I I 1.73

1.20 2.47 1.72

1.60 4.36 1.70

2.00 6.67 1.67

1 ^ = 1.70 x lO"5 I2 m o l 2 s '

2 , 6 - ( O H ) J C 6 H J C O 2 H

4-NO2 0.02 0.15

( l j ) d 0.04 0.59

0.06 1.34

0.08 2.35

0.10 3.74

k c a=3.72x 103 I2 molds '

HCI

0.02

0.04

0.06

0.08

0.10

0.22

(1.90

2.07

3.57

5.66

550.0

562.5

575.0

557.8

566.0

kcal = 5.62 x 1 0 ' I2 m o l 2 s '

375.00

369.00

372.20

367.20

374.00

2,4,6-(NO!)jC,,HiOH

0.01

0.02

0.03

0.04

0.05

0.36

1.41

3.18

5.75

8.72

3600.0

3525.0

3533.3

3593.8

3488.0

kcat = 3.55 x 1O-2 I2 molds '

a Concentration varies from 3.5 x 10"5 M [for (lj)] to 5.5 x 10"5 M [for ( l a ) ] .
b ^max 460 nm. c Xmax 470 nm. d XmM 480 n m . c Xmax 490 nm.
r Average of at least two runs, rates were reproducible to ± 3 % .
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Figure 1.
Representative pseudo-first-order kinetic plots for the diaio coupling reaction of I-ary(-3.3-dielhyllriazines (I) (IJ with 0-
naphtho! in DMF at 25° Reactions were canied out al constant concentration of triazincs (Table I), P-naphthol (4 5 n 1O3M)
and variable concentrations of acids: a- (Ib). ! 2M 2-OHC6H4 CO,H: b- (le). O.IM HCI; c- (la), 0.06M 2.6-
( O H ) J Q H J C O , H ; d-(lc). 0.06M HC1; e-(lf). 0.03M 2.4.6-(NO2), C6H,OH; f- (Id), 0.02M 2.4.6-(NO,)i QH,OH; g- (Ig).
0 08M 2,6-(OH)2C6HjCO3H; h- (Ih), 1.2M 2-OHC6H4 CO3H; i- ( l i ) . 0.08M HCI; j - (Ij). 0.08M 2,6-(OH)2 QH,CO,H.
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Table 2.
Acidity constants (Ka) of acids in dimethylformamide (25°C) [5], and the
corresponding catalytic rate constants (kcat) for the diazo coupling reaction of
compound lc (Table 1) with (3-naphthol at 25°C.

Acid

2,4,6-(NO2)3C6H2OH

HC1

2,6-(OH2)2C6H3CO2H

2-OH-C6H4CO2H

Ka

(PK.)

2.50 x 10-2

(1.60)

6.30 x 10-4

(3.20)

2.75 x 10-4

(3.56)

2.75 x 10-9

(8.24)

104 k c a t

( I 2 m o l - 2 s 1 )

2650

416

275

1.27
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EXPERIMENTAL

Materials.

The ten triazines used in this investigation, namely; 1-p-methoxyphenyl-, 1-p-

tolyl-, 1-phenyl-, 1-p-biphenyl-, 1-p-chlorophenyl-, 1-p-bromophenyl-, 1-p-

carboxyphenyl-, 1-m-carboxyphenyl-, 1-m-nitrophenyl-, and 1-p-nitrophenyl-

3,3-diethyltriazines were prepared, purified and standardized by the procedure

described earlier [1]. [3-Naphthol was available in pure form from a previous

study [1]. Sepectrophotometric grade dimethylformamide (Jansen Chimica) was

further dried and purified according to literature procedure [8]. The purified

solvent was used within 48 h. following preparation. 2-Hydroxybenzoic and

picric acids were used previously [9], as well as hydrochloric acid [10,11]. 2, 6-

Dihydroxybenzoic acid, obtained from Jansen Chimica was recrystallized from

water and dried under vacuum at 70° [12].

Kinetic measurements.

Rates of reaction were determined by spectrophotometric analysis for azo

dyes using a Bausch and Lomb spectronic 21 UVD spectrophotometer. The

technique used in the present study is the same as previously reported [1],

Reactions were studied under pseudo-first-order conditions, with p-naphlhol

and acids in excess. The measured first-order rate constants (k,,bs) were deduced

from plots of log ([T]0/[T]t) versus time.

Therefore, kobs = (2.3 /1) log

where; subscripts o and t refer to zero time and time t, respectively. Any reported

rate constant is in fact an average of duplicate runs. Rate constants obtained

from such runs agree within 3%.
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Concentration ranges.

The required concentration (e.g. 3.5 x !0"5 M for lj) of the triazines

investigated was fixed by the need for a change of optical density of ca. 0.9 in

the 10 mm cell. [3-Naphthol was required to be in large excess, and its

concentration (4.5 x 1O3 M) remained constant throughout. The maximum

concentration of acids (e.g. 2 M for 2-hydroxybenzoic acid, and 0.05 M for

picric acid) was fixed by the maximum rate which could conveniently be

measured. In all cases at least a 180-fold excess of acid was used.
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THE SPECT0ROPH0TOMETRIC DETERMINATION OF COBALT BY

EXTRACTION OF BENZYLTRIBUTYLAMMONIUM TETRATHIOCYANATO
COBALTATE (II)

S.A BarakaL. Department of Chemistry, Jordan University of Science &
Technology, IRBID-JORDAN

D. Thorbum Burns . Department of Analytical Chemistry, The Queen's University
of Belfast, Belfast, BT9 SAG (Northern Ireland, U.K).

Abstract Cobalt (0-120 ug) can be determined spectrophotometrically at 625 nm
after its extraction as benzyltributylammonium tetrathiocyanatocobaltate (II) into
chloroform at pH 7. The effects of pH, diverse ions and masking studies are reported.
The method is applied to the determination of cobalt (0.2-10.0%) in high - speed tool
steels without prior separation of iron, and in vitamin B12

Keywords : Spectrophotometry, extraction, cobalt(II), tetrathiocyanocobaltate(n),
benzyitributylammonium, steels.

1. Introduction Various onium cations have been proposed for the extraction of
complex anions of transition metals [1]. Among these anions, the blue tetrahedral
tetrathiocyanatocobaltate(l 1) ion has been widely studied [2-10]. Extracts may be
examined by atomic absorption spectrophotometry[9,10] or by uv-visible
spectrophotometry [2-8].

Certain onium anions have become readily available because of their
use by organic chemists as "naked anions" in phase transfer and related synthetic
materials [1 lJ.Benzyltributylammonium chloride has been used as a phase transfer
catalyst [12]and for the determination of chromium(VI) as dichromate [13] and
manganese(VII) as permanganate[14] Here-in we report the novel extraction of
tetrathiocyanocobaltate anion with the relatively inexpensive
benzyltributylammonium cation.
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2. Experimental Apparatus. A Jasco 7800 and Spectronic 2000 spectropliotometers
were used for recording absorption spectra and for routine measurements respectively,
using 1 cm matched quartz cells.

2.1 Regents and solutions. Benzyltributylammonim chloride (Fluka, Purum) 98%
[Cl]. was used as supplied. A stock 1% (w/w) solution was prepared by dissolving
. 1.0 g of the reagent in 100 of distilled water.

A stock solution of 1000 mg 1"' cobalt (II) was prepared by dissolving
2.630g of anhydrous cobalt (II) sulfate (analytical grade dried to constant weight at
400°C) in one liter of distilled water. More dilute standard solutions were prepared as
required. A pH 7 buffer was prepared by mixing 30.5 ml of 0.2M disodium
hydrogenphosphate and 19.5 ml of 0.2M sodium dihydrogenphosphate and diluting to
100ml with distilled water. All other reagents were of analytical grade and doubly
distilled water was used throughout.

2.2 General Procedure.
Place a 2-ml aliquot containing ca. 40 pig of cobalt (II) in a 100-ml separating

Benzyltributylammonium chloride solution, and funnel Add 3.0 ml of 5M ammonium
thiocyanate, 4 ml of pH 7 buffer and 2 ml of 1% dilute to 15 ml with water. Add 2ml
acetone and mix. Extract with 8-ml and 1-ml portions of chloroform. Run separated
organic phases into a dry 50ml beaker containing about 1.0 g anhydrous sodium
sulfate. Transfer the organic phase to 10ml volumetric flask. Wash the sodium
sulfate with 1 ml chloroform, transfere and make up to volume. Measure the
absorbance of the extract at 625nm against chloroform.

2.3 Procedure for steel samples.
For steel samples containing 2-10% or 0.2-1% cobalt, dissolve accurately

weighed 0.05- or 0.5g samples, respectively, in a mixture of 5 or 50 ml of distilled
water, 3 or 30 ml of concentrated hydrochloric acid and 1 or 10 ml of concentrated
nitric acid, in 250-ml conical flasks. Warm to aid dissolution. Boil to near dryness,
cool, and add 1 or 10ml of concentrated hydrochloric acid and evaporate to near
dryness Cool, add 50 ml of distilled water and warm to dissolve the solids. Cool and
filter through a Whatman No 1 paper into a 100-ml volumetric flask. Wash the
residual solids (silica, tungstic acid) with a small volume of hot 2% (v/v) hydrochloric
acid followed by water, and make up to volume. Mix well and dilute quantitatively 1:5
with distilled water. Transfer 5 or 10-ml aliquots of this solution, containing 10-60 ug
of cobalt, into 100-ml beakers. Add 5ml of saturated ammonium D-tartrate solution (in
the case of a steel sample containing copper, add 3ml of 0.2M sodium thiosulphate
after the addition of the tartrate), 3ml of 5M ammonium thiocynate and 4ml of pH 7
buffer. Mix thoroughly, check the pH., and if necessary readjust to 7 0 with 5M
ammonia. Transfer to a 100-ml separating funnel Add 3 ml of 1.0% Benzyltributyl
ammonium chloride, and continue as in the general procedure

Prepare a calibration graph for the range 0-150ug of cobalt after adding 10ml
of iron (III) nitrate solution, containing an equivalent amount of iron as the steel
sample to the sample aliquots.
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2.4 Examination of main experimental variables.
A variety of solvents including alcohols, ketones, esters, ethers and chlorinated

and aromatic hydrocarbons were examined for extraction efficiency, using 40u.g of
cobalt (II) in the general procedure. Nitrobenzene, acetone, propylene carbonate and
chloroform 1,2-dichloroethane were the most efficient extractants Extractant
nitrobenzene was rejected because of its toxicity; propylene carbonate, benzaldehyde
gave higher blanks than the chloroform which was therefore selected.

The pH of the aqueous phase was adjusted before extraction by addition of 5M
hydrochloric acid or 5M ammonia. The absorbance of the extract was constant over
the pH range 3-9. Below pH 3 a slight increase in sensitivity was noted but the
solution was unstable, Whilst above pH 9 the sensitivity decreased. In subsequent
work, the aqueous phase was buffered at pH 6-8; of the various buffers tested,
disodimium hydrogenphosphate / sodium dihydrogenphosphate gave the lowest blank.

The effects of varying the amounts of the regents (ammonium thiocyanate, ion
pair reagent and buffer) were examined for 40 ug amounts of cobalt (II) in solution.
In each case, the absorbance of the extract increased up to a constant value with
increase in amount of reagent. Convenient amounts in the plateau regions are specified
in the general procedure. The extent of extraction was found to be unaffected by ionic
strength, or by phase volume ratio provided that the pH remained at 6-8,.

The composition of the ion pair was established by Job's method of continuos
variations to be (C,9H3^2[Co(SCN)4].

Results and discussion:
A linear calibration graph was obtained over the range 0-120 \xg of cobalt at

625 nm (molar absorptivity = 1327 /mol'1 cm'). For the determination of 40 u.g of
cobalt, the coefficient of variation was 0.93 (7 results)

The possible interferences of various cations and anions on the extraction of
40^g of cobalt were examined as in the general procedure. Decreased extraction
occurred (-3.1% for 4\xg and -3.5% for 40ug of iron (III)), when 4ml of saturated
ammonium tartrate was used as masking agent for iron (III). These interfering effects
in the determination of cobalt in steel and that of the blank were compensated for by
addition of an equivalent amount of iron to the standards and blank. The results of the
interference and masking study are summarized in Table 1. The only ions which
interfered significantly and are of interest in the analysis of steels-, were iron (III)
(500:1), niobium and tin (300.1) and copper (100:1). The interferences of iron (III),
niobium and tin can be masked by ammonium fluoride and that of cooper by sodium
thiosulphate. An alternatives to ammonium fluoride was sought to avoid attack on
glassware, an addition of 1.5 ml of saturated ammonium tartrate solution was found to
be satisfactory to mask 5mg of cooper (II) or iron (III), lmg of tin (IV) or lmgof
niobium in the determination of 40ug of cobalt.



Table (1)
Effect of various ions on the determination of cobalt (II)

Ion'

Pd2*

Fe2+

Fe+J

Bi(UI)

Hg2*

U(1V)

Za2t

Ralio to
Co(ll)
(w/wj
100

300
10
300b

500
300
500'
500*
300
300°
500
100
500b

500
100
500'
500
10

Change in
absorbancc
(%)
-

+55
+5

44

+3
-17

+15

-22
-5

-75

Ion1

Crdll)

Cu*

Sn(IV)

Nb(V)

WO42

CN"

EDTA

Ration to
Co(ll) (w/w)

500
500°

100
lOO*

300
10
300°

300
300'
50
2500
500
2500
25

2500
25

Change in
absorbance
(%)
+ 11

+43

-66

-8

-22

-101
-100

-100
-100

'Cations added as chloride, sulphate or nitrate; anions added as sodium salts, except ascorbate as
ascorbic acid bHydrazing hydrate added 'Ammonium fluoride added 'Sodium thiosulphate added
'Saturated ammonium tartrate solution added

Under the conditions of the above procedure the following cations in the weight
ration 500:1 were without significant effect( less than 5%): Al3+, Ca2*,Cd2\ K\
Mg2*, Mn2\ Na*, NH4*, Ni2*, Pb2+ and Zr(IV). Other cations which interfered were
Cr3*, U(IV), Hg~ and Zn2* at 500:1 ratios, and Bi(IU) and Fe2* at 300:1 ratios. The
effects of iron(II) and mercury(II) were overcome by the addition of hydrazine
hydrate, and Bi(III) and Cr3f can be masked by ammonium fluoride. Among the anions
that do not interfere are ascorbate, carbonate, chloride, citrate, fluoride,
hydrogenphoshate, molybdate, nitrate, sulphate, thiosulphate and vanedate. Cyanide
and EDTA should be absent.

The results for the determination of cobalt in eight steel samples (Table 2) are
in excellent agreement with the certificate values.

Benzyltributylammonium chloride may also be used as an alternative to
(ethoxycarbonylpentadecyl)trimethylammonium bromide [15], hexamethyl
phosphoramide [16] for the extraction-photometric determination of cobalt in Vitamin
B12 following wet oxidation with nitric/perchloric acid [ 17]. The results by direct
calibration and standard addition, 3 914%(w/w)±0.008 and 3.951%(w/w) ±0.058 are
in good agreement, but due to sample impurity below the theoretical value
4 34%(w/w) The absorbance of extracts were more stable( 6 days in diffused
daylight) than that found using other reagents[7].



Table (2)
Analysis of high - speed tool steels

BSC Steel
No.
220/2
241/2
481
482
483
484
485
481/1

Cobalt in steel (%w/w
Certified value
0.32
5.70
0.21
0.24
1.94
10.20
5.06
0.31

Certified ran^e
0.31-0.33
5.64-4.73
0.19-0.22
0.21-027
1.90-1.99
10.10-10.39
5.0O-5.11
0.30-0.32

Founda

O.310±0.0O5
5.70±0.111
O.212±0.OO3
0.255±0.007
1.91O±0.03O
10I7±0.O37
5.1IO±0.O3O
0.3U±0.041

"Mean ± standaid deviation (10 results).
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SYNTHESIS OF SOME BICYCLIC PHOSPHANES AND PHOSPHORANES

Fayez Hassan Osman

Department of Pesticide Chemistry, National Research Center,

Dokki, Cairo 12622, EGYPT

It has been reported that diethanolamine and diisopropanolamine reacted with

hexamethylphosphorus triamide or phosphorus trichloride in presence of triethylamine

as a base to form the bicyclic 2,8-dioxa-5-aza-l-phosphani bicyclo[3,3,3]octanes

(phosphanes) (1) and (2). These compounds are structurally quite simple but the

isolation of the monomeric forms met some difficulties. The phosphane 1 go on

oligomerization so fast and could not be isolated. The other phosphane 2 was obtained

in its monomeric form in low yield.

60 "6O-Me

1

Also, diethanolamine and diisopropanolamine reacted with phenylphosphonous

dichloride in presence of triethylamine or with N,N,N\N'-tetramethyl-

P-phenylphosphonous diamide to give bicyclic phosphoranes 3 and 4 with P-H bond."

Me

• M . . . .
P—N

Me
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We report here the synthesis of some bicyclic phosphanes and phosphoranes using

substituted diethanolamine such as 4,4-dimethyl-3-azapentane-l,5-diol, 1-phenyl-

2-methyl-3-azapentane-l,5-dioi and l-phenyl-4,4-dimethyl-3-azapentane-l,5-diol.

We have found that phosphorus trichloride reacted with the substituted

3-azapentane-l,5-diols in benzene solution in the presence of triethylamine at O'C to

give the corresponding bicyclic phosphanes 5, 6 and 7. Similar results were also

obtained from the alcoholysis of hexamethylphosphorus triamide with the same

substituted 3-azapentane-l,5-diols in boiling xylene.

Mt

These products 5, 6 and 7 were isolated in the pure forms by distillation under

reduced pressure and their structural assignments were based on correct elemental

analysis, P and H NMR spectra as shown in Table 1.

When the bicyclic phosphane 5 was left in benzene solution at room temperature for

about one week go on dimerization to form compound 8 in good yield. This process

leads to ten-membered ring derivative which takes into account the higher stability of

the substituted ring. This product was characterized by mass spectra, P NMR (signal

at 5 149.7 ppm) and H NMR spectra (the four methyl groups appeared as two singlets

at 5 0.80 and 0.95 ppm).







/ P — N
0 )

— p
I
0

g

The phosphoranes 9,10 and 11 were prepared from the reaction of the substituted

3-azapentane-l,5-diols with phenylphosphonous dichloride in benzene solution at O'C

in presence of triethylamine as a base or with N,N,N',N'-tetramethyl-P-

phenylphosphonous diamide in boiling xylene. The reaction products were isolated

and purified by distillation under reduced pressure and confirmed by p and H NMR

spectra as shown in Table 2.

Ph u Ph

Me
0'

P h - . I
"P—H

H ; " « H 7 - 6 H? h s

10 11

References

(1) D. Houaila, F.H. Osman, M. Sanchez and R.Wolf, Tetrahedron Letters, 3041

(1977).

(2) D. Houaila, T. Mouheich, M. Sanchez and R. Wolf, Phosphorus, 5, 229 (1975).





^ ^ A - 1 i ^ U J I ) ..... *»iaa,fe».UI * U M X U JjXI

SYNTHESIS OF PYRIMIDO [4,5-d] PYRIMIDINETHIONE
DERIVATIVES AS BIOCIDAL AGENTS

Mohamed Abdei - Megid
Department of Chemistry, Faculty of Education Ain-Shams University, Roxy,

Cairo, Egypt

Key words : Pyrimidopyrimidinethiones, spectral, biological activity.

In the search for new antimicrobial compounds, several new pyrimido [4,5-d]
pyrimidinethiones (6-14) have been synthesized from P-arylidene malononitriles (1) with
thiourea followed by cyclocondensation with nitrogen and oxygen compounds. Structure
of the new products was deduced form elemental analysis and spectral data [UV,IR,
'H NMR and mass]. Effect of the newly compounds on the activity of bacterial strains in
comparison with Streptomycin and Gentamicin was studied.

1- INTRODUCTION
The chemistry of pyrimidines is receiving much attention in recent years due to

the physical and chemical properties of such derivatives [1-3|, which have gained wide
applications as biocidal agents [4-9]. This together with our intrerest in this area,
prompted us to investigate the synthesis of some new pyrimido [4,5-d] pyrimidinethione
derivatives of potential biological activity. A relation between structure activity was
deduced.

2- INVESTIGATION AND RESULTS
2-1 Chemistry

The starting compound, 4-amino-6-aryl-5-cyanopyrimidin-2(3H)-thiones (2a-e)
was obtained by refluxing (P-arylidene malononitrile la-e with thiourea in the presence
of anhydrous K2COj [10] [Scheme 1). The structures of compounds 2a-e were deduced
from elemental analyses and spectral data. The IR spectrum of 2a showed absorption
bands in the region, 3304, 3117,2211, 1600, and 1177cm1 characteristic for NH2, NH,
CN, C-H aromatic and C-S groups respectively. The !H NMR spectrum of 2e showed
signals at 53.3, 3.5-4, 6.5,7.2, 10.5, 12 and 13 ppm attributed to OCH3, aromatic, NH
and NH2 protons. MS fragmentation of 2a exhibited an M* ion at m/z 234 (23.75%)
which underwent fragmentation typically exhibited by thiopyran moiety as base peak at

M Abdel-Mcgid; Chem. Depart. Fac. Education.Ain-Sliam Univ , Roxy-Cairo-Egpi
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m/z 97 (100%), followed by loss CN, NHj and fission of pyrimidinethione which
confirmed that elimination of the side chain was observed with the pyrimidinethione [11]
(Scheme3).

Alkylation of compound 2a,c,e with 3-chloro-5,6-diphenyl-l,2,4-triazine (3) in
DMF yielded 6-aryl-5-cyano-4-[5,6-dipheny 1-1,2,4-triazin-3-ylamino]-pyrimidin-
2(3H)-thiones (4a-c) presence of cyano group in compound 4a was established by the
acidic hydrolysis with dilute HC1 to give4-[5,6-diphenyl- 1,2,4- triazin-3-ylamino]-6-
[thiophen-2-yl]- pyrimidin-2 (3H)-thione (5). The structure of 4 was confirmed from IR
spectral data which exhibited the absorption bands due to bonded-NH-,CN in additional
of C-H,C-N and C-S for aromatic and hetero groups, while that of 5 revealed the
absence of only CN group. UV spectrum of both 4 and 5 give a well established
structure [12]. Thus, UV spectrum of 4 recorded [X^at 331.8 [e , 2.88] and 270.3
[e,3.44]nm while that of 5 recorded only (X™, at 272.4 )( e,3.03)nm. The reactivity of
the adjacent amino and cyano groups in compound 2 was arrived us to synthesize new
fused heterobicyclic systems, in order to give as conclusive proof for structure 2. This
has been carried out by fusion of compound 4 with thiourea, compound 2 with formic
acid and or with phenyl isocyanate in DMF to give 4-amino-l-[5,6-diphenyl-2,4-triazin-
3-yl]-5-(3,4,5- trimethoxyphenyl) pyrimido [4,5-d] pyrimidin-7(8H)- thione (6) 5-aryl-
4(3H)oxo-pyrimido [4,5-d] pyrimidin-7 (8H)- thiones (7a,b) and 5-aryl-4-imino-3-
phenyl-2(lH)-oxo-pyrimido[4,5-d] primidin-7(8H)- thiones (8a,b) respectively (Scheme
1). The lack of absorption in the region 2200-2300cm"' (C=N) in the IR spectra of 6-8
suggested the cyclic structure. The apprarance of a signal at 53.7-3.9 (OMe) 6.8-7
(CiHj), 7.2-7.5 (aryl), 7.8,8.5 (NH, NH) 10 (OH) and 12.7 ppm (=NH) in the PMR
spectrum of 8a established the postulated structrue. High resolution mass spectrum was
recorded for 7a and 8b. The molecular ion appears with mild abundance indicating its
stability under electron impact. The base peak of 7a at m/z 222 and 93 for 8b. These
fragmentation processes are in agreement with these reported earlier for similar
compunds [13J.

The original objective of the present work was the formation of fused pyrimido-
pynmidinethiones in view of biological activity. Thus, the fusion of compound 2c with
urea and or thiourea resulted 4-amino-5-(2,4-dichlorophenyl)-2)(lH)oxo-pyrimido
[4,5-d]pyrimidin-7(8H)- thione (9) and or 4-amino-5-(2,4-dichlorophenyl)-2(lH)-thioxo-
pyrimido [4,5-d] pyrimidin-7(8H)-thione (10) (Scheme 2).

The structure for compounds 9 and 10 was confirmed by spectral data. The IR
spectra of 9 and 10 showed the presence of strong bands at y 3000, 3100, 1750, 1600
and 1200 cm"1 due to NH2 NH, C=O, N=N and C-S functional groups. The MS of 9 was
characterized by the appearance of a molecular ion peak at m/z 340 (1.36%) and the base
peak at m/z 301, while that of 10b recorded the molecular ion peak at m/z 363 [0.9%]
with the base peak at m/z 299. The observed ions at high abundance for compounds 9
and 10 is due to the stability of fused pyrimido [4,5-d] pyrimidinedithione (Scheme 4)
On the other hand, the synthesis of 2-amino-5-aryl pyrimido [4,5-d] pyrimdin-7(8H)-
thiones (lla,b) have been accomplished by reacting of compound 2d,e with formamide
(Scheme 2). The structure of 11 was confirmed from IR spectrum which exhibited the
absorption bands at y 3300, 3100, 1600,1175 and 1050cm"1 due to NH2, NH, C=N, C-S,





and C-O-C functional groups 'HNMR spectrum of 11 showed a signals due to OMe,
aromatic and hetero C-H and NH protons.

The target 5-(3,4,5-trimethoxyphenyl)-l,3-dihydro-2,4-dithioxopyrimido [4,5-d]
pyrimidin-7(8H)-thione (12) has been obtained from the interaction between compound
2e with CS3 in DMF. Alkylation of compound 12 with monochloroacetic acid in the
presence of DMFafforded5- (3,4,5-trimethoxyphenyl-2,3,7-tricarboxymethylthio-
pyrimido [4,5-d] pyrimidine (13) which on heating above its melting point yielded 2,3,7-
trimethylthio-5-[3,4,5-trirnethoxyphenyl] pyrimido[4,5-d]pyrimidine (14). Compound 14
was also obtained from treatment of compound 12 with Mel in aqueous KOH which
confirmed the fine structrue of both 12 and /or 14. 'H NMR spectrum of 13 recorded a
signals at 5 3.3-4, 6.6-7.0, 9.5,9.9,10.2 and 10.7 ppm assigned to the OMe, 3CHj,
aromatic and hetero C-H and 3 COOH protons. The structure of 14 was also supported
from MS which give a molecular peak ion at m/z 346 (1.14%) which underwent
fragmentation to give a well established fragment trimethoxy benzyl at m/z 181 (100%).

2-2 Antimicrobial activity

The antimicrobial activity of these compounds were investigated against gram
positive bacteriums {Staphyloccus aureus and Bacillus subiilis) and gram negative
bacterium {Escherichia coli and Pseudomonas aermginuosa) by the disc method [14]. In
each plate, one filter disc was saturated with DMF as a negative control. Streptomyein
(10 u.g/disc) and Gentamicin (10 u.g/disc) discs were used as positive controls. The
plates were then incubated at 37° for 24h at different concentrations and growth
inhibition calculated with reference to control. The results of in vitro antibacterial
screening of tested compounds are shown in Tabel 1.

The results obtained showed that the first group involves pyrimidin-2(3H)-thione
ring having amino and cyano groups at 4-and 5-positions displayed a wider spectrum
activity compared with other gorup, and showed significant activity against E.coli, P.
aerugmosa and S. aureus.

In the other group, compounds 4b, 5a, 6 and 7a displayed marginal activity
against all tested bacterial species. Undetectable activity were noticed when compounds
7-14 were applied at the two concentrations used, except, compound 11 which exhibited
significant activity against all bacterial species tested except P.acmginmosa In addition
compound 10a showed a promising effect on the microbial growth especially against E.
coli and S. aureus.

Quantitative structure activity relationship for the tested compounds towards
E.coli, S. aureus and B. svbtilis compared with streptomycin and gentamyicin shown
that the relative inhibitions for the compouns 2a, 7a and 11 equivalent and more than
antibiotic used which confirmed that pyrimido [4,5-d] pyrimidinethione derivatives have
a broad biocidal spectrum [15] Table 2.
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3- Experimental
M.p.s reported were uncorrected. UV spectra were recorded in absolute EtOH

on a Perkin-Elmer, Lambda 4B Controller Accessory Interface, UV-VIS
spectrophotometer in (X™, nm). IR spectra in KBr were recoreded in a Perkin-Elmer,
1430 Ratio Recording spectrophotometer (y in cm'1) *H NMR spectra were recorded on
Bruker 200 MHz/52 MM spectrometer using DMSO-d« as a solvent and TMS as internal
reference (Chemical shift in 8,ppm). Mass spectra were recorded using Finningan SSQ
700 spectrometer (70eV).

3.1. Synthesis of 4-amino-6-aryl-5-cyanopyrimidin-2(3H)-thiones(2a-e).
A mixture of la-e (0.01 mol), thiourea (0.01 mol), anhydrous K2CO} (0.03 mol)

in acetone [30 ml] was heated under reflux for 3h. The precipitiate obtained was washed
with water and crystallized to give 2a-« (Table3).

3.2 Alkylation of 2a,c,e : Formation of 6-aryl-5-cyano-4-[5,6-diphenyl-l,2,4-triaziii-
3-ylamino]-pyrimidin-2(3H) -thiones (4a-c)

To a solution of 3 (0.01 mol) in DMF, compound 2a, c, e (0.01 mol) was added
and the reaction mixture was refluxed for 30min and poured into ice. The solid obtained
was filtered, washed with cold H2O and recrystallized to give 4a-c (Table3).

3.3 Acidic hydrolysis of 4a : Formation of 4-[5,6-diphenyl-l,2,4-triazin-3-yIaiuino]-
6-[thiophen-2-yi]pyrimidin-2 (3H)- thione (S).

Compound 4a (1 gm) was added to a solution of HC1 (10%, 20 ml) and the
reaction mixture was refluxed for 4h. cooled and poured into ice. The solid obtained was
recrystallized to give 5 (Table 3).

3.4 Fusion of 4c with thiourea : Formation of 4-amino-l- [5,6-diphenyl-l,2,4-
triazin-3-yl]-5-[3,4,5-trimethoxyphenyl]-pyrimido[4,5-d]pyrimidin-7(8H)-thione
(6).

A mixture of compound 4c (0.01 mol) and thiourea (O.Olmol) was heated under
reflux in ethanol 2h cooled and treated with cold water. The solid obtained was
crystallized to give 6 (Table 3).

3.5 Action of formic acid on 2 : Formation of 5-aryl-4(3H)-oxo-pyriniido[4,5-d)
pyrimidin-7 (8H)-thiones (7a,b).

A solution of 2c,d (0.02 mol) in formic acid (15 ml) was heated under reflux for
6h. The excess of formic acid was removed. The residue was crystallized to give 7a,b
(Table 3).
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3.6. Addition of phenyl isocyanate to 2 : Synthesis of 5-aryl-4-imino-3- phenyi-
2(1H) oxo-pyrimido [4,5-d] pyrimidin-7(8H)-thiones (8a,b).

To a solution of 2b,e (0.01 mol) in DMF (20 ml) was added dropwise phenyl
isocyanate (0.01 mol) and reaction mixture was refluxed for 4h, cooled and poured into
ice. The solid obtained was recrystallized to give 8a,b (Table 3).

3.7. Fusion of amides with 2 : Synthesis of 4-amino-5-[2,4-dichlorophenyl]2(lH)
oxo-pyrimido [4,5-d] pyrimidin-7(8H)-thione (9] and 4-amino-5-[2,4-
dichlorophenyi]- 2(lH)-thioxo-pyrimido [4,5-d] pyrimidin-7(8H)-thione (10).

A mixture of 2c (0.01 mol) urea or thiourea (0.01 mol) was heated under reflux
in ethanol for 2h, cooled and washed with cold H2O. The solid obtained was
recrystallized to give 9 and 10 (Table 3).

3.8. Reaction of 2 with formamide : Synthesis of 4-amino-5-arylpyrimido [4,5-d]
pyrimidin-7 (8H)-thiones (lla,b)

A mixture of 2c,d (0.01 mol), formamide (15 ml) and formic acid (2 drops) was
heated under reflux for 6 h. After cooling, the reaction mixture, water had been added,
the solid obtained was collected, and crystallized to give l la,b (Table 3)

3.9. Reaction of 2 with carbon disulfide : Synthesis of 5-[3,4,5-trimethoxyphenyl]-
2,4,7-trithioxo-l,3,8-trihydropyrimido[4,5-d] pyrimidine (12).

To a solution of 2e (0.01 mol) in DMF (30 ml), CS2 (20 ml) was added. The
reaction mixture was heated under reflux on a water-bath for 12h. The solvent was
evaporated and the residue was treated with H2O and crystallized to give 12 (Table 3).

3.10. Reaction of 12 with monochloroacetic acid : Synthesis of 5-[3,4,5-
Trimethoxyphenyl]-2,4,7-tricarboxymethylthio-pyrimido[4,5-d]pyrimidine (13).

Amixture of 12 (0.01 mol) and monochloroacetic acid (0.03 mol) in DMF (20
ml) was refluxed for 3h, cooled and poured into crushed ice. The solid produced was
filtered off and crystallized to give 13 (Table 3)

3.11. Preparation of 2,4,7-trimethylthio-5-[3,4,5-trimethoxypheiiyl] pyrimido
[4,5d] pyrimidine (14).

A) Compound 13 (lg) was heated above its melting point for 15min, cooled and
triturated with methanol to give 14 (Table 3).

B) To a solution of 2e (0.01 mol) in aqueous KOH (1%, 20 ml), was added Mel (0.01
mol) and stirred for 24h at room temperature then triturated with methanol followed
poured into ice-HCl. The solid thus obtained was filtered and washed with cold
water and crystallized. Melting and mixed melting points of the solid which obtained
from methods (a) and (b) gave no depression.
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Table 3: Characterization data of the synthesized compounds

Compd;*

2a

2b

2c

2d

2c

4a

4b

4c

5

6

7a

7 b

8a

8 b

9

10

Ihi

l ib

12

13

14

Yield;
:(%),

55

40

85

70

60

62

65

60

75

85

72

75

60

55

80

90

50

ss

7 s'

OS

50

:J;M:piK.:

230-231

210-212

160-161

250-251

200-202

150-151

130-132

162-164

185-186

180-181

150-151

180-182

175-177

240-241

210-21 1

210-211

180-181

200-202

120-122

200-20!

170-171

Crystal.
^solvent;

DMF

EtOH

MeOH

EtOH

Dioxan

EtOH

MeOH

EtOH

DMF

DMF

DMF

DMF

AcOH

AcOH

Pct.etlier

Dioxan

litOH

Diaxon

DMF

EtOH

MeOH

Mol:,,
formulas

C,H6N4S2

CnHu^OiS

C,,H6C12N4S

C I 3H| 2N 4O,S

C,4H|4N4O3S

C2 4H I SN7S2

C26H|5CI2 N7S

C29H2jN7O3S

C23HioN6S2

C.,,,H24N8O?S2

C,2HACl2N4OS

CNH12N4O,S

C19H I5N5O;S

C2:HiyN5O,S

C2H7ON5CI2S

C J H T C U N S S J

CMHr,N5O,S

C|5Hi5N,(.),S

C I , 1 1 I J N , O ^

C2|H2uN,O.,S-,

CslhoN.O-.S;

•mm

234

274

297

304

318

465

528

549

440

608

325

332

393

437

340

356

331

345

394

568

436

336(M+2)

275(M+1)

3OO(M+3)

305(M+l)

320(M+2)

465(M+2)

530(M+3)

550(M+l)

442(M+2)

6I0(M+2)

328(M+3)

333(M+1)

394(M+1)

43S(M^1)

343(M4 3)

360{M+4)

332{M + I)

346(M+1)

397(MK3)

57K.M+3)

44()(M-4-4)

* S a i i s f a c l o i j C . 1 l . N , S a m i C\ a n a l y s e s w e r e o b t a i n e d I01 ;il i t l i c c o i u p o i n u l s
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PHOTODIODE ARRAY AS A GENIUS MONITOR FOR METHOMYL
IN POST-MORTEM MEDIA.

A. A. Ghanem1, A. E. EID', A. A. ELSIRAFY2, and S. A. ELDAKROORY1.

ABSTRACT
Photodiode array detector (PDAD) as an HPLC monitor indicates the extent of

separation by the peak purity index, 0.9426 in mean for Methomyl (M) in experimental
animal extracts. The identity of Mis confirmed by retention time and the similarity index
recognised by PDAD. For quantitation, besides standard addition, peak purity is also used
for calculation of true amounts of M in stomach/intestine (S/I) and liver (L) samples,
through a time interval of 8 weeks post-mortem.

The effect of putrefaction is more pronounced in the first month. The remaining of M
after two months is less than LD50 and the immediate post-mortem content by a factor of
110 and 40 respectively, a new forensic significance. High rate of absorption of Mis
noticed as the L integral content is 95% of that of S/I. Persistence of M is proved down to
77 and 31 (ig in S/I and L respectively, not detected by TLC.

Keywords: Photodiode array; HPLC; Methomyl; Putrefaction; Experimental animals.

INTRODUCTION
The detection of pesticides in a cadaver is normally required because of its

importance in pesticide poisoning cases where suspicion in the cause of death is evoked.
But the iength of time through which detection is still possible, is usually not defined.
Moreover, the literature is poor in the relation between the detected amount of pesticide and
its initial dose, as well as its rating as a function of time elapsed after death. In this respect
the present article on methomyl is a pioneer one on quantitative basis, similar to our
previous work on diazinon [1]. Methomyl {S-methyl-N-(methyl-carbamoyloxy)
thioacetimidate; M.W. 162.21; Tradename: Lannate} is one of the widely used insecticides
in the last decades in the Egyptian agricultural field, tested here on experimental animals.

Forensic Medicine and Clinical Toxicology Department. Faculty of Medicine, Mansoura University.

Mansoura, Egypt.
3 Department of Chemistry, Faculty of Science, Cairo University, Egypt.
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wavelength setting, i.e. uncalibration, or insufficient separation, or the solvent-solute
interaction. This doesn't matter here so long as the computerised detector recognises both
the standard peak and the corresponding sample peak as one and the same chemical site.
Thus, the identity of methomyl is verified quite well using both methods, RT matching and
computer search, up to the last sample group, viz. 8 weeks (Figs. 1& 2).

B) Quantitative analysis
Emphasis were also made on the methodology of quantification. One of these is the
sampling step which is as important as signal measurement and processing, the last step.
Firstly, replicates were considered for every data point, that is the one time sampling
eventhough gathered in one aliquot, to tolerate for the individual difference between rats [8-
10], as well as for experimental bias.

Secondly, the residue remaining after evaporation of the ethereal extract was
dissolved in an accurate volume of ethanol by dissolution and quantitative transfer to a
measuring tlask. then completion to mark with solvent, rather than adding a definite volume
for dissolution. The latter case which is followed by many clinical investigators [11J, does
not conform with accurate quantitation [12]. Thirdly, control of volume of the final extract
solution so as to permit replicate analysis, either by the same or many procedures if any, at
the same time attaining a reasonable S/N ratio without demand of excessive dilution or
preconcentration. A 50 mL volume satisfies the replicate requirements, but it was found
that it gives a too small S/N ratio which by turn leads to a great extent of error in signal
measurement, a reason why the standard addition methodology was applied.

/. Standard addition
Fig. 2 indicates that the S/N ratio is too small as absorbance of the methomyl peak
approximates 0.050 A, lying in the large error region of absorbance [13], even if the signal
is digitised [14]. Inspite of this low value of absorbance, the absorbance of the coextractive
products is about one tenth (-0.005 A), so that the error introduced due to their
interference, i.e. low values of peak purity, is also small and would be practically negligible
if die signal is raised.

The standard addition methodology is initially designed for those cases where
interference of the background or matrix effect is pronounced, like the case of atomic
absorption [15]. The method is applied here for similar reasons, primarily due to low S/N
ratio [16]. Absorbance of the methomyl peak is raised to about 0.400 A (Fig. 3). which
lessen the error due to absorbance measurement to its lower level [13. 14]. At the same
time the signal of the coextractive substances (a source of noise) is lessened so that one
cannot notice that methomyl is in a matrix. The base line appeal's as if it is a straight line
(Fig. 3) due to both the standard added that secures a high S/N ratio, and to subtraction of
the solvent absorbance by the detection system, which is fairly efficient via PDAD.

2. Basis of calculation:
i-Calibration standards: Further emphases were made on the accuracy of measurement ol
the signal of both standard and sample. With respect to the first, volumes of the standard
solution [WO ppm'i were selected so that the areas under peaks alter standard addition are
close to or bracket those of samples. The calibration curve was drawn at four wavelengths
to define the straight portion within which sample analysis using one standard is
recommended (14. 17}, the principle followed in instrumental derivation of concentration
parameters. The value of such point (2 uL) was estimated as the mean of only those points
aligned with the calibration line (Table II).

The volume of the injected standard addition mixture was 10 uL. containing 1.67
uL-standard solution, as the ratio of mixing is 1:5. The corresponding peak area is
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calculated from the mean area of the standard calibration point, 2 uL (Table II). Subtraction
of the area equivalent to 1.67 uL from the area measured for the mixture gives the area
corresponding to sample, that is the "net area" (Am - As) contained in equation 2. The latter
is an adaptation of equation (1) formally used in standard addition calculations, used to
calculate directly the content of methomyl in the organ:

where Cx is the concentration of methomyl in sample, and Cs that of standard in the
mixture (16.67 ppm); Ara = As+ Ax; and "A" refers to area under peak or absorbance.

Content (ug) = (C, / A,). (6/5). 50 . (Am - As) (2)
where the factor "6/5" cancels for sample dilution by the standard added, and "50" is the
volume of the final extract..

ii- Wavelength: Emphasis made on the measurement of the sample signal was made through
the capability of PDAD to measure absorbance at several wavelengths at one. Four
channels were defined prior to injection at four wavelengths including that of maximum
absorption of methomyl (Table II). Such facility, often called "On-the-fly" scanning
technique [18], replaces the formerly used "Stop-flow" technique in HPLC [19]. It makes
flow injection analysis possible and easier in a real time mode, saving time and effort, and
reducing errors in signal measurements without interruption of the chromatogram course.

The quantity (60 CJAS) in equation (2) is constant for constant wavelength, defined
as the factor "F", which converts the equation to its simple form appended to Table II. The
mean of contents calculated at the four wavelengths using the factor "F" (not presented)
was considered in the final results. Noteworthy that the quantity "Cj/A," is the slope of the
calibration curve which is wavelength dependent by virtue of Beer's Law, calculated using
one standard calibration point, viz. 2 ul,.

i/i- Peak purity: The peak purity is a parameter having qualitative as well as quantitative
significance. The first is the measure of the extent of separation, and the second is the
estimate of the true amount of analyte, its content. The calculated contents, using the mean
of the standard calibration points at the four wavelengths, is devised by the corresponding
peak purity to give the true organ contents, those given in Tables III and IV.

Because this parameter is an estimate of the true value, its variance should be
evaluated statistically. The statistical (-test designed for comparison of the measured and
standard values [20] is applied, based on one-tailed test, because the purity cannot be more
than one (= 100%). For calculation of the mean value of peak purities, the Q-test for
rejection of outliers [21] is firstly applied.

From tables 3 and 4, it is evident that the two values 0.8339 and 0.8023 are
suspected to be outlying. Considering a 90% confidence level, Q amounts to 0.353 for 14
replicates; those calculated for the suspected two values are 0.226 and 0.386 respectively.
So, the first is retained for the mean and the second is rejected. The bias in the first may be
of an experimental origin, but that in the second may be due to overlap of the methomyl
peak with those of the coextractive products. This is because broadening ofthebaseof
peak resulting from standard addition, is more pronounced and effective in cases of low
content as that of the last sample, viz 0.8023.

With respect to the /-test, it indicates that the mean peak purity of S/1-samples
(Table III) compared with the mean standard value (Table II), is reliable on basis of a 0.02
significance level, that of L-samples (Table IV) is so on a 0.01 level, while that of both
kinds together is reliable on a 0.005 level. Even on a 0.02 significance level, measures of
peak purity are in fairly good repeatability with acceptable extent of experimental bins.
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Table I

Program conditions ofHPLC analysis.

Column

Wavelength

Mobile phase

Pressure

Flow rate

Elution

Temperature

C18 0DS, 30-35m.

4 channels at: 219,230,235,

and 240 nm, scanned at once.

40% Acetonitrile : 60% water.

144 psi.

1 mL / min.

Isocratic.

Ambient.
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Table II

HPLC data of the standrd solution of Methomyi.

Parameter

2 /JL standard.

• )

4

Mean area (=2 uL).

Area (= 1.67 jjL}-.

Factor, F <c>

Wanelength, nm

219

7.185 <a)

10.807

15.051

7.195 (b)

5.996

166.8

230

4.752

7.198

10.024

4.776 (b)

3.98

251.3

235

2.495

3.799

5.273

2.514 (b)

2.095

477.4

240

1.266

1.887

2.643

1.282

1.068

936.3

Mean

Peak

purity

0.9999

0.9999

0.9994

RT

min

4.252

4.255

4.293

0.9997 4.276

(a) Area under peak is given in million counts.

(b) Mean of the aligned points only, the first two.

(c) Content of Methomyi per organ (nigj [ = F( Am - As )J.
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Table 111

Analysis data of S/I samples.

Time

(weeks)

0

1

2

4

5

6

8

Mean

CT

RSD%

RT

(min)

4.285

4.285

4.279

4.287

4.282

4.278

4.285

4.283

0.003416

0.08

Peak purity

0.8990

0.8784

0.9996

0.8339

0.9993

0.9196

0.8023

0.9216

0.0666

7.23

Mean weight

(g)

34.15

31.41

28.62

23.83

17.79*

8.05*

13.99*

Concentration

(mg/g)

8.31

6.48

6.08

3.91

5.22

10.67

5.51

Content

(mg)

284

203.4

174.1

93.13

92.84

85.84

77.03

Remaining

= 27.1%

(*) Derived from the ratio of the early weights, 0.714 for S/I samples.



Table IV

Analysis data of liver samples.

Time

(weeks)

0

1

2

4

5

6

8

Mean

a

RSD%

RT

(min)

4.291

4.289

4.291

4.279

4.282

4.278

4.285

4.285

0.005508

0.1285

Peak purity

0.9993

0.8874

0.9768

0.9986

0.9993

0.9196

0.8023

0.9635

0.0484

5.02

Mean weight

(B)

17.18

12.33

9.82

7.96

7.12

3.22

5.60

. ...

Concentration

21.43

15.40

20.63

12.35

5.22

10.67

5.51

Content

(M-g/g)

386.1

189.9

202.6

98.3

37.2

34.4

30.9

Remaining

= 15.2%
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ABREVIATIONS

A

Am

A,

Q

c,
°c
F

g

HPLC

Kg

L

LD50

m

Hg

HL

mg

mL

rain

MS

M.W.

nm

PDAD

pH

ppm

psi

RSD

RT

a

S/I

S/N

TLC

UV/VIS

Absorbance, spectrophotometry.

Absorbance or area underpieak of mixture.

standard.

Concentration of standard.

" sample.

Degree centigrade, temperature.

Factor, mathematical.

Gram.

High performance liquid cliromatograph.

Kilogram.

Liver sample.

Lethal dose, toxicology.

Meter.

Microgram.

Microlitre.

Milligram.

Millilitre.

Minute.

Mass spectrometry.

Molecular weight.

Wavelength, spectrophotometry.

Photodiode array detector, chromatograph.

Hydrogen ion parameter, concentration.

Parts per million, concentration.

Unit, pressure.

Relative standard deviation, statistics.

Retention time, chromatography.

Standard deviation, statistics.

Stomach/intestine sample.

Signal-to-noise ratio, instrumetal.

Thin layer chromatography.

Ultraviolet and visible range, electromagnetic spectrum



FIGURE CAPTIONS

Fig. 1: HPLC chromatogram of a methomyl putrefied viscera sample, last group;

RT of the methomyl peak = 4.292 min.

Fig. 2: Computer search for methomyl separated by a gradient- elution HPLC
program.

Fig. 3: HPLC chromatograph obtained following tha standard addition method:

A) Last group; B) Immediate group, liver.

Fig. 4: Relation between weight of organ (S/l), curve A, and content of methomyl

curve B, versus time.

* * * * * * * * * * * * * * * * * * * *
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APPLICATION OF "3-METHYL-I-PHENYL-2-
PYRAZOLINE-4,5-DIONE" AS A NOVEL

REAGENT FOR DEVELOPMENT OF LATENT
FINGERPRINTS ON PAPER

*Afaf M.A. Farghaly and Saoud A.M. Metwally"

* Department of Forensic Medicine and Toxicology, Faculty
of Medicine, Assiut University, Assiut, A.R. Egypt.

"Department of Chemistry, Faculty of Science, Assiut
University, Assiut, A.R. Egypt.

SUMMARY
3-Methyl-l-phenyl-2-pyrazoline-4,5-dione is a new substance
which has been prepared in the laboratory for detection of
amino-acids. In this work we used this substance for
developing latent fingerprints on paper. It was compared with
a well-known developer "ninhydrin" and was found to be the
same as regard to sensitivity, clarity and contrast, whether
the latent fingerprints were new or old, but the new
substance is superior with regard to it's preparation as it is
easily prepared in the laboratory from available cheap
substances i.e. it is economically better than ninhydrin.

INTRODUCTION

Latent fingerprints on paper have been used in
identification. It is now one of the successful tools widely
used in forensic studies.

When handling a paper, a person may leave his
fingerprints on it. A spontaneous fingerprint contains 98.5-
99.5 percent water, the rest being organic and inorganic
compounds. Normally, the water will evaporate, leaving the
rest as a fingerprint pattern containing fats, salts, amino-
acids, etc. (Hofsten and Oden, 1954 and Dikshitulu et al.,
1986). The last group of substances gives the well-known
reaction with ninhydrin.

Since the late 1960s ninhydrin has been the most
important reagent for chemical development of latent
fingerprints on paper. Even the advent of latent fingerprint
development by laser in 1976 has not diminished the use of
ninhydrin (Menzel and Almog, 1985 and Almog, 1987).
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In this work we try to use a new substance (3-methyl-1-
phenyl-2-pyrazoline-4,5-dione) for the chemical development
of latent fingerprints on paper and to compare the results
with those obtained by ninhydrin. This substance has been
prepared in 'the department of chemistry and used for the
detection and estimation of amino-acids. This work is a new
application for its uses.

MATERIALS AND METHODS

Preparation of 3-methyl-1-phenyl-2-pyrazoline-4,5-
dione (I):

We used the method of-El-Zohry, et a l , (1984) using
3-methyl-4, 4-dibromo-1 -phenyl-2-pyrazoline-5-one.

Lead acetate (30 grams) is added portion wise to a
stirred solution of 4,4-dibromo-3-methyl-1-phenyl-2-
pyrazoline-5-one (12.8 grams) in glacial acetic acid (200 ml).
The mixture is then heated under reflax for ten hours during
which time the colour changes to deep red. The precipitated
lead bromide (13.9 grams) is filtered off, and the clear red
solution concentrated to half its volume. Product (I) is
precipitated as a red amorphous substance by addition of
ether (100 ml) It is recrystallised from petroleum ether
(grade 60:80) to give red needles, melting point 120-121°C,
yield 68%.

The chemical structure of (I) was proved by the
following:
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a) Elemental analysis:

Molecular formula Ci0H8, N2O2, molecular weight=188
Theoretical: C=63.83%, H=4.26%, N=14.89%.

Found : C=64.26%, H=4.62%, N=14.72%.

b) Spectral analysis:

i) Infra-red (Kbr): =1715 (C=0); 1590, 1470, 1380 cm'1.
ii) Nuclear Magnetic Resonance 1H-N.M.R. in CDCI3

(deutrated chloroform) using tetramethylsilane (internal
standard) 5=2.2 (s, 3H); 7.5 ppm (m, 5H arom).

Fingerprint samples:

Fingerprint samples of 20 individuals of both sexes (10
males and 10 females) were collected on white paper (used
for writing), 10 prints from each individual (5 for development
with ninhydrin and the other five prints for the new
substance). The samples were kept at room temperature and
developed at intervals from one day to two months.

Development of the latent fingerprints:

The first reagent: 2% ninhydrin in ethanol containing
1% glacial acetic acid (Almog, 1987). The second reagent:
2% of the new substance in ethanol without additives.

The latent fingerprints were developed by spraying the
paper with the first or the second reagent, followed by
heating the paper in an oven at 80°C for 1-2 minutes to
initiate and complete the chemical transformation. The
results then were compared.

RESULTS

Latent ' fingerprints were developed by ninhydrin
(91 %). The ridge details appeared pink with no background
discoloration (Fig. 1). Positive results were also obtained by
the new substance, compound (I) (89%), and background
discoloration was noticed but with good contrast (the ridge
details were red while the background was yellow) (Fig. 2).
Both ninhydrin and the new substance developed the latent
fingerprints of one week, two weeks, one month and two
months-old with nearly the same results.

DISCUSSION
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3-Methyl-1-phenyl-2-Pyrazoline-4,5-dione(l) is a very
effective substance for developing latent fingerprints on
white paper. It reacts with amino-acids present in the
fingerprint residues to give rubazonic acid (II) characterised
by its red colouration as seen in Scheme (B) which is
proposed according to Strecker's degradation pathway
(Strecker, 1862),

N-CH-COOH

R

Scheme (B)

Scheme (B)

The sensitivity of this substance is comparable to that
achieved with ninhydrin (89%, 91% respectively). However,
the desired objective of being able to develop latent
fingerprints with 100% success by an appropriate method
still requires more research and development. Multiple
factors affect the development of latent fingerprints which
include the physical and chemical nature of the surface,
donor, contaminants, storage conditions, age of latent
fingerprints and weather conditions (Haque et al., 1989).



Excellent results were obtained by ninhydrin and the
new substance for developing aged latent fingerprints up to
two months old. Hofsten and Oden, 1954 and Almog, 1987
reported the development of old latent fingerprints of twelve
years and two months (respectively) by ninhydrin.

Ethyl-1-phenyl-2-pyrazoline-4,5-dione is easily
prepared in the laboratory from available cheap chemicals
(lead acetate and 4,4-dibromo-3-methyl-1-phenyl-2-
pyrazoline-5-one), and can be used without additives, thus
from the economic points of view and application it is better
than the expensive ninhydrin, but up till now the substance is
not a commercial product and may become available on the
market upon demand.
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Conclusion

Model aged cotton fabrics were produced by accelerated aging using three

different methods namely: Thermal heating, Acid hydrolysis and Exposure to natural day

light. Thus one set of the examined samples were heated at (150, 160 170 ° C) for

(1,2,5.5 and 7.5 hrs). another set were immersed in HjSO* aF a concentration of (10,

20 & 30 %) and liquor ratio of (1:50), and for time intervals of (2,5 and 9 hrs). The

third set was exposed directly to weathering conditions at Jeddah , Saudi Arabia for 70

days.

To assess how well the artificial degradation mimics the properties of the naturally

aged fabrics, the characteristic properties e.g. the mechanical expressed as percentage

loss in tensile strength and elongation % for each of the applied aging method together

with the percentage loss in samples weight were determined and compared. Moreover,

changes of the samples colour produced by each aging methods were represented by

reflection spectra.

Jt was observed that the change and percent of the examined properties increase by

treatment time, heating temperature, concentration of the applied acid. When comparing

the three aging method, it was concluded that, aging by daylight exposure produced

more white samples but needs longer time intervals to produce considerable damage

where it showed only 11.5% loss of weight while 34.5 % by heating and 40% by acid

hydrolysis, and that, for strength loss 40%, 68% and 69% while for elongation, 22%,

40%, 31% for the three treatments respectively at the maximum applied aging

conditions.

Thermal aging produced harsh, rough, dark samples with less water content and

elasticity. It was concluded that accelerated aging by acid hydrolysis proved to be more

convenient, easy and fast to apply for fabrics to be used as model aged fabrics and may

replace textile samples of historic and artistic values and serve as fabric material for

evaluating conservation and consolidation treatments.
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Conclusion

• Light fastness values of the different examined coloured fabrics having variable counts

, densities and weaving constructions made of: cotton, polyester, cotton/polyester.

nylon/polyester, and wool were assessed visually after being exposed for 50 days (10

March - 30 April 1997 ) at an urban site in Jeddah .Saudi Arabia. The obtained results

showed that:

• Weathering conditions at the exposure site were sever and caused a pronounced

colour fading for all exposed textile fabric samples.

• Nylon/Polyester fabrics were the mostly affected samples and their assessed light

fastness values ranged [2,4-5] of the standard Blue Scale.

• The examined polyester samples were also greatly changed by sucli exposure giving

light fastness values of the order [3, 4-5].

• Cotton and/or cotton/polyester samples showed better fastness to light. The assessed

values were of the order [4-5 , 6].

• Highest values of light fastness were observed for the exposed wool samples.

• The obtained results showed that it is preferable- when evaluating the colour fastness

- to use spectral data for evaluating the colour change that had occurred after

exposure to light by comparing the value of the colour difference AE , (AL) the

brightness and the colour components (Aa) & (Ab), and the saturation (Ac) These

parameters may be used to follow the occurring colour changes caused by prolong

exposure to light sources.

• Evaluating colour fastness by visual assessing against the standard Blue Scale may not

be accurate for the following reasons:

(a) It depends on human inspection and the ability to judge degree of colours changes,

(b) Differentiation between small colour differences especially at very intense and/or

weak shades is very difficult to be assessed by human eyes.

(c) Besides the colour fastness is determined by one single value e.g.[4 or 3-4 i etc..

of the Blue Scale without any other description of the occurring colour changes
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Abstract

The aim of the present research was to study some factors that may influence

dyeing. Three yellow, three red and three blue direct dyes were synthesized and used for

dyeing cotson substrates. The dyeing involves a result of nwoerous complex phenomenon

proceeding sooaitaQeously : mass transfer, adsorption and equilibrium phenomena. Many

empirical tests fcr the behavior of dyes have been devised by presenting a picture of the

process based on the concepts of affinity and diffusion coefficient and the part that change

on those two panasetm play in the observed differences between dyes1 .

The overall dye- transfer process be split up into the following basic processes2

dye transfer, dye adsorption and dye diffusion. The slowest of the three steps ultimately

has the greatest influence on the overall rate of dyeing process.

when adsorption and desorption process are going on at the fiber surface during

dyeing, diffusion of the dye molecules takes place, thereby disturbing the adsorption -

desorption processes, so for diffusion to continue breaking the bonds moving towards

the center forming fresh bonds, and so on. This necessarily means thai diffusion is a

slow process2.

Direct dyes show typical diffuse adsorption models on unmodified cotton3. The

penetnuion rate depends on the penetrate reaction with hydroxyl group4. As a result of

complicated interactions arising, diffusion coefficients of many dyes increase with salt

concentration to a maiimnm value and then begin to decrease at high concentration-5.

Time absorption isotherms provide a complete description of the rate of absorption of any

dye under the particular dyeing6-7 . The magnitude of the affinity of dye to pass from the

aqueous phase to fiber phase for particular dye and fiber varies only with temperature,

and is independent of pH and presence of electrolytes. The dye which lias the greater



affinity will show the greater absorption at equilibrium, but may show less absorption

during the early stage of dyeing, because it is absorbed more slowly 8 .

As for heat of dyeing , it characterizes a dyeing process asd provides a quantitative

description of the effect of temperature on the dyeing equilibria'. Hence , the entropy

change may be expected to increase with increasing heat of reaction10. It is important to

observe that small changes in dye structure markedly affect the saturation values of the

dyes". Which was shown also to increase markedly with salt concentration12.

Experemestai

/ - Preparation of dyestuffs :

Dyes were prepared1-'114 and purified6'^-'^ as mentioned in references .

2 - Materials end chemicals for dyeing :

The cotton fabric used was mill- scoured and bleached , supplied by Misr Helwan

Co., Egypt. The fabric was treated with 5 g/L sodium carbonate solution and 3 g/L non-

ionic detergent (Hostapal CV. Hoechst) at 90 *C for 4-hours, the fabric was then

thoroughly washed with cold water and dried at the ambient temperature.

3 - Chemicals amd Reagents :

a - Chemicals; All the chemicals used were of the laboratory grade,

b - Weeing and leveling agent; Ismawet LCB, sodium salt of highly sulfonaioj oil

in liquid form was supplied by Ismadye Co., Egypt.

4 - Dyeing Method :

Samples were dyed using exhausion method17.

5 - Determination of the Dyeing Parameters :

a - Diffusion coefficient, rate of dyeing, energy of dyeing, heal of dyeing, and

maximum dye absorition were determind as mentioned in lcterature 2-6'18

b - Computer Programming :

For the ease of calculations, we have designed a simpte computer program made







(Table 2) '• The Physical Parameters of Dyeing Cotton With Direct Dyes

Dye Name ,(Symbol)

Cbryjophenine (Y,)

Yellow G (Y2)

Yellow RL (Y3)

Fast Scarlet 4BS (K,)

Pink 3B (R2)

Violet 2RLL (R3)

Blue RLfB,)

BlueBLfBj)

Blue4GL(B3)

a
b
a
b
a
b
a
b
a
b

a
b
a
b
a
b
a
b

D x 10 l 0

(CmV )
3.00
2.44
3.20
2.99
3.05
1.80
2.78
2.79
3.14
4.04
3.85
4.28
3.10
4.31
2.79
2.65
1.49
2.82

(M. l . e
J )

0.09
0 J 6
0.26
0.29
0.14
0.63
0.51
0.74
0.16
0.07
0.03
0.05
0.19
0.03
0.14
0.10
0.88
0.46

k
(M.s-1)

0.76
0.33
0.26
0.36
0.50
0.24
0.15
0.14
0.43
0.94
1.68
1.27
0 J 6
1.77
0.56
1.06
0.15
0.22

dA
(Kcal.M1)

-7.36

-8.92

-10.91

-10.86

-8.08

-9.89

-11.26

-10.24

-12.79

dH
(Kcal.M1)

8.67

7.43

8.41

6.72

8.16

9.43

8.29

9.06

7.44

dS
(Kcal.M-'.deg-1)

-43.58

-44.45

-52.49

-47.76

-44.12

-52.51

-53.13

-52.45

-54.96

E
(Kcal.M"1)

0.47
1.89
2.29
1.84
1.17
2.41
3.17
3.34
1.42
1.05

-0.88
-0.40
1.74
-0.96
1.11
-0.1

1 3.21
: 2.55

PilO"5

(M-g-1)
1.26

0.60

0.63

2.07

0.57

i 1 . 1 9

O_54

i 0.28

\ 2.23
j

Where D = Diffusion Coefficient, n =
dA=Dye Affinity, dH= Heat of Dyeing,
absorption Capacity of The Dye and a and

Diffusion Resistance Constant, k = Specific Rate Constant
dS=£ntropy of Dyeing, E= Energy of Dyeing, p= Maximum

b denote dilute and cocmtrated dyeing baths respecteviiv

I
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(Table 3 ) : Factors Affecting Tbe Diffusion Coefficients of Direct

Dye

Yl

Y2

Y3

» l

« 2

R3

»1

B2

B3

D

x 10 - 10

a

3.00

3.20

3.05

2.78

3.14

3.85

3.10

2.79

1.49

(Cm2. s'»)

b

2.44

2.99

1.80

2.79

4.04

4.28

4.31

2.65

.2.82

No. of Hydrogen

Bonding Groups

4

5

2

6

5

7

5

5

5

Equivalent Mass

680/2

733.5/2

1041.5/4

813/2

713/2

1149.1/4

979/4

1055/4

1055/4

Considering the correlation coefficients between each pair of variables for the

relation between number of Hydrogen fonning groups and the Diffusion Coefficients. It

was found that ra = 0.19 and r^ = 0.69. This means that there is a direct relationship

between the number of hydrogen bond forming groups and the diffusion coefficient for

dyes under investigation . Hydrogen bonding groups of a dye which is responsible for

the bonding interaction with tbe fiber enhance the diffusion of dye molecules through the

fiber especially in case of concentrated solutions. While the relation between the ratio of

molecular weight to the number of solubilizing groups (The equivalent mass) and the

diffusion coefficient ra = 0.16, reflects a weak direct relationship, the less soluble is the

dye, the easier penetration of its molecule through the fiber than the more soluble one as

the latter would be attracted more to the solution as a single molecule. Fot concentrated

solutions r^ = -0.05 which is a very weak reversible relation. This could be understood

if we considered that in concentrated solutions dyes of high equivalent masses are highly

aggregated.



2) DIFFUSION RESISTANCE CONSTANT, (n) :

The constant n characterizes the overall hctcrogereeous diffusion structure of the

adsorbent In systems strongly limited by diffusion resistance, n < 19 . Table 2 exhibits

the calculated n values for direct dyes in dilute, a, and concentrated, b, dyeing bathes.

Results obtained show a reversed relationship between the diffusion resistance constants

and the diffusion coeffkents except for the cases when n is very small as for Direct Violet

2RLL, and when \hc overall diffusion coefficients are relatively equal, as for Fast Scarlet

4BS and Direct Blue BL. This result suggests the relations established in Table 3 with

Diffusion coefficient to be reversed also with n . It was also noticed that all the values of

n for direct dyeing systems are less than one which confirms in&t direct dyeing processes

are diffusion limited

3) RATE OF DYEING, (K) :

The rates of dyeing of direct dyes on cotton fibers under conditions approaching

more closely those of technical practice have been measured. It was shown from Table 2

that the specific rate constants, ik values, for the systems under study are directly

proportional to their diffusion coefficients. Exceptions are fat Direct violet 2RLL, in that

case the diffusion resistance constant is very small and n approaches zero, wherein

another kinetic model may be valid, and for Direct Yellow G and Direct Blue BL, the

trend for both may be discussed on the light of that increajenls in their dye concentrations

cause rapid exhaustion rates as a result of a common ion effect Meanwhile this cause

some crowd at the fiber pores which, in turn, may results in diffusion coefficients

decrement, the phenomenon is dependent upon the aggregation number of each dye.

4) DYE AFFINITY, (dA):

The affinities of direct dyes dA values were studied at 96*C, i.e., with the same

conditions that are used in dychouses' practice.

In Tablo 4 a correlation between direct dye affinities and the number of hydrogen

bond forming groups in the dye molecule and the ratio of mokcular weigt to the number

of solubilizing groups (equivalent mass), that is a representation of the dye

hydrophobicity. The correlation coefficient between affinity and the number of hydrogen
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bood forming groups in tbe dye molecule r = 0.03, this means that there is a very weak

relationship between tbe dycaffinity and the number of hydrogen bond forming groups ,

limitations might be due to the relativity in planer geometries of the dyes as well as the

unsuitable directions and distances between hydrogen bond forming groups in the dye

and the fiber. On the other hand r= 0.52 for the relation between affinity and the ratio of

the molecular weight to the number of solubilizing groups (equivalent mass), this

indicates that there is a linear relationship between the dye affinity and the ratio of

molecular weight to the number of solubilizing groups.

(Table 4) : Fasten AJSwtisg tbcAffiaityValoe of Direct Dy«s

Dye

Yl

Y2

Y3

R ,
R2

R3

B l

*2
B3

-dA (Kcal. M'1)

7.36

8.92

10.91

10.86

8.08

9.89

11.26

10.24

12.79

No. of Hydrogen

Bonding Groups

4

5

2

6

5

7

5

5

5

Equivalent Mass

680/2

733.5/2

1041.5/4

813/2

713/2

1149.1/4

979/4

1055/4

1055/4

5) HEAT OF DYEING, (dH):

The heats of dyeing of direct dyes were studied and results obtained are listed in

Table 2 , it was observed from this table that the dye which has the lowest enthalpy value

as Fast Scarict 4BS has the highest equivalent mass and a high number of hydrogen

bonding groups (813/2 and 6 respectively), Table 3 Also, the dye which has the highest

enthalpy value, as Violet 2RLL, has the largest number of hydrogen bond forming

groups, 7, and a moderate equivalent mass. The correlation coefficients for the relations



between dH values and ratio of molecular weights to number of sotubilizing groups

(equivalent mass) was found to be r = -0.02, while it was fousd to be equal to 0.56 for

its relation with the number of hydrogen bond forming groups. This value agree with that

dli is generally related to the bonding forces that exist between the dye and the fiber2.

6) ENTROPY OF DYEING, (dS):

Table 2 shows ds values for the direct dyes under investigation, it is apparent that

these values are the net resultants of forces that tighten dye molecules to each other and /

or to the fiber inner walls. Hence, dye pink 3B could be expected to enjoys the least

restraint within the fiber as it has the highest dS value (-44.12 Cal. M"1 deg"1, while,

conversely, die dye Blue 4GL have the strongest restraints, as it has the lowest dS value

(-54.%CaLM1 .deg l).

7) ENERGY OF DYEING, (E) :

The energy of dyeing for the direct dye systems was studied and the results

obtained have been listed in Table 2 For diffusion controlled processes it is expected that

the more resistant is the system to diffusion the higher die energy barrier that need to be

passed to carry out the reaction, consequently, the higher is the £ value. This explains the

negative E values obtained for systems which possesses very low diffusion resistance

constants (For Violet 2RLL, na = 0.03, n0 = 0.05 and Ej = -0.88 and Eb = -0.4 ) and the

larger positive E values obtained for die dye Blue 4 GL (Ea = 3.21 and E^ = 2.25) which

has na value of 0.88 and n^ value of 0.46. Table 5 manifests the relation between

diffusion resistance constant n and the energy of dyeing E, for dilute and concentrated

•Jycing baths (a, b). direct relationship is established widi correlation coefficients ra =

0.82 and r^ = 0.9. As a direct result from this relation, the Energy values may be related

lo specific structural and geometrical features of dyes and substrates.



(Tab!* 5) : Effect of Dtffeslos Resistant COBSUBJ oa Tfet Eeergj of Dyeing In

Direct !>fe4sg Prvessses .

°J* n(Mlg"2) E (Kcal. M 1 )

Yt

Y2

Y3
R l
R2

R3

B^
B3

0.09
0.26
0.14
0.51
0.16
0.03
0.19
0.14
0.88

0.36
0.29
0.36
0.74
0.07
0.05
0.03
0.10
0.46

0.47
2.29
1.17
3.17
1.42
-0.88
1.74
1.11
3.21

1.89
1.84
2.41
3.34
1.05
-0.40
-0.96
-0.10
2.55

8) MAXIMUM DYE ABSORPTION, (B ) :

Planarity, electronic structure, dipoic moment, dipok vector, and molecular volume

of a dye molecule are expected to affect the number of dye molecules that tend to

aggregate in certain volume fiber pores at specific dyeing conditions. The maximum dye

absorption for the direct dyes under study , fi values, on cotton fabrics are shown in

Table 2 .

It could be observed from the results that the dye Blue 4GL has the highest fi -

value as well as the lowest entropy value this suggests a large number of molecules to be

absorbed in such a way that they are strongly interacted to each other and / or to the fiber.

While for thc'dye Yellow G thcjB - value is low and the entropy value is high, this may

be interpreted on the light of that smaller numbers of dye molecules arc being absorbed

with less interactions. However, the general trend for the effect of entropy value of a

direct dye on its maximum absorption value was investigated and the correlation

coefficient was found to be r = - 0.06, which indicates very weak reversed relationship

that when the dye molecules tend to be well arranged in the fiber, their maximum

absorption capacity increases.
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STUDIES ON GRANULATION IN A FLUTDIZED - BED PART 1 -THE EFFECT OF
OPERATING PARAMETERS ON PHYSICAL PROPERTIES OF GRANULES

EL-NAWAWI, SOHAIR A. ' . MOSTAFA . HAJMDI A.2 and EL-KHATEB ,
KAMEL, M. '

1 J National Research Center
2 Faculty 0 f Engineering , Cairo University

SUMMARY

The effect of process variables on the mean particle size , particle size distribution , and
physical properties of batch granulations produced in a fluid-bed spray granulator were
investigated. It was found that the mean particle size decreases with increasing air fhndization
velocity . bed load , and inlet air temperature The investigation of physical properties of
granule product shows that the granule friability increases with increasing superficial gas
velocity , bed load, and inlet Air temperature. The granulate flowability decreases with
increasing granule size The optimum bed height is that at which there is no channelling or
slugging.

1 INTRODUCTION

Production of non-dusty granular products has become increasingly desirable Products
in powder form are often dusty which makes handling dirty, threatens the health of the users
and may even present a dust explosion hazard Products in Powder form like dyestuifs,
fertilizers, pesticides or detergents are not free-flowing and thus difficult to meter, transport
store or pack. Granulation in a fluidized bed was first introduced by Wurster'"' Theory .
design , and operation of equipment for the continuous production of tablet granulations in ;i
lluidized bed were presented by Scott et al and Rankel et al. Spray granulation in a
lluidized bed can transform originally liquid products (suspensions, melts, solutions) into free-
flowing, larger dust free granular solids In the ideal case, the process steps of nucleation.
drying/crystallization, shapmg, and selective exiting of those particles which have reached the
desired size proceed simultaneously in a single unit Fluid bed agglonierator ' dryer were
introduced lo the paharmaceutica! industry in the United States in 1975 Since then, they have
seen wide acceptance and technical relllnement primarily in tiieir use as a single vessel
processor in the preparation of granulated material for solid dosage forms in single or
continuous batches [ Thiel and Sbema . Tlnel and Nguyen. '" Yanmdn and Sunada, '*''•
Lauaa et al P 1; Waldie[S|P! . Uhlemann, m : Aiastoopour et al. ! l" . Olsen.l1'1] JJI many cases
however . the tluidized beds are operated under conditions where particles agglomeration can
occur The tendency of particles to agglomerate is a direct result ot adhesion of the bed
material. The degree of agglomeration varies from a barely perceptible interparticle
aggregation to an unacceptable situation where big lumps are formed. For the proper operation
m which desired agglomerates can be generated without excessive sinter formation, it is
important to understand the dependence of the rate and extent of agglomeration on gas velocities
and other operating variables and the characteristics ot the bed material The intent ol
the present investigation was to determine the effect of air fluidization velocity bed load
nozzle height, and inlet air temperature on physical properties of the final product
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1 EXPERIMENTAL

The material used in this study is a mixture of lactose ( anhydrous) 80 % , and starch
20% by weight is widely used as a carrier in pharmaceutical industry . The mean particle size
ot'the mixture is 90 uni , and the particle size distribution is shown in fig (1). The bulk
density oi mixture is 0 66 g / cm , true density is 1.52 g / cm' , and percentage poroKitv
is 56 6 % 'Die binders used in tins study are gelatine solution , and sodium carboxy melhyl
cellulose ( Na CMC). Gelatine solution was made immediately before use by dissolving
gelatine powder in water at 5U UC for 1 lir. Sodium carboxy methyl cellulose was dispersed by
addition of water at room temperalure and were leit to stand for about 2<1 hrs with occasional
stirring . The solution is gradually heated in water - balh at 50 °C with constant stirring for
about 1 hr before use

The experimental set - up constructed to meet the requirements of tins investigation is
illustrated in fig . (2) . The maiapart of the apparatus is the 0 9 rn long granulator of 0.16 m ID
The tluidized bed is upheld and air is evenly distributed by the tnulti-orifice distributor plate
with 343 holes of 0.001 m. diameter . The mam air stream enter the conical - cylinder bottom
under the plate via the flow meter , and the electrical heater Wet and dry bulb temperatures are
measured before entering the chamber . The dry temperature of the air at inlet is controlled by
temperature control unit The air leaves the granulalor via the cyclone and its temperature is
measured by thermometer A movable binary atomization nozzle for binder solution addition is
centered in the chamber . The granulating binder solution is fed into the nozzle by avartablu
metering pump. The amount of air in the nozzle can be measured by a flow meter . Spray from
the nozzle is in a downward direction , countercurrent to the air flow Air supplied from the
blower is regulated and metered by the standard orifice meter. The humidity of the incoming;
air is calculated after measuring by thewet and dry bulb temperature . The electric heaters
are switched on , the temperature is adjusted at the desired value (40 °C at granulation
period and 60 UC al drying period ) by means of the thermostats. The raw material to be
eranulaled ( weight 1 kg ) is fed to the tluidized bed granulator , the quantity of the
air was adjusted according to the fluidization properties of the raw material Afler the
temperature of the raw material attained (he required value , the atomization of (lie
granulating binder solution starts Owing to the effect of wetting agent , the particles
agglomerate , hence particle size steadily increases. Therefore , to maintain the same bed
expansion and motion of particles, the gas velocity must continuously be increased . Afler
feeding the planned amount of granulating binder solution , the product is then dried by raising
the inlet air temperalure from 40 C to 60°C with maintaining the ilmdizalion state Die
dn/mg step is stopped when the percentage humidity of inlel air is equal to the percentage
humidity of exit air.'Hie product is then discharged . sample is taken lor measuring particle
size and particle size distribution .

Granule triabililv was determined using a modification of the ASTM lest for the
friability ol" coal ' ' " ' L o o s e bulk density was determined by tilling a 100 ml beaker undo
constant condition Taking care not to shake the beaker , the sample was struck off level wilh a
knife edge Beaker and contents were then weighed , and the loose bulk density calculated ' ' ^
Granule density was determined by a method outlined by Bauer and Lewm (l '.Approximately
3 gm of granulation was accurately weighed to the nearest 0 1 gm , and transferred to a 50 ml
pyenometer . Enough kerosme was added to fill the pyenometer , and the total weight was
accurately determined All granule density determinations are mads at 2? °C. Using the method
of Martin ' l7 ' , percent enter pnrticle porosity was calculated from the bulk and granule density



measurements obtained from the individual granulations:

pb
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Granule flowability was measured using a standard glass tunnel of 100 ml diameter.
60 ° bowel angle , with a 36 cm stem length , and a 6 mm internal stem diameter '" ' The tunnel
was equipped with a stopper in the stem orifice and was supported by a ring stand-
Seventy - tlve grams of granules was carefully poured into the funnel , the stopper was
removed, and the flow time was determined to the nearest 0.3 sec.

3 RESULTS AND DISCUSSION

Fig.(3) shows the relation between the pressure drop and superficial gas velocity
through the bed. At point A particles begin to move , at this point the superficial gas velocity
equal to minimum fluidization velocity. Further increase in air velocity causes the bed to
expand, the true fluidization begins , and the pressure drop converges to a constant value . this
constancy is attributed to the bed is well aerated and there is no resistance to the flow of the
gas. Further increase of air velocity results in an eutnunment of the powder , and pneumatic
transportation occurs . Fig. (4) shows the relation between the pressure drop and superficial
gas velocity during granulation This Fig. shows that the pressure drop through the bed increase
during granulation process , as a result of spray ing binder solution which results in an increase
in static weight of the bed . The increase of bed weight, and the increase in mean particle size
may cause defluidization , therefore the superficial gas velocity was increased to maintain
tUndization.

The effect of air fluidization velocity on physical properties of granulation product i.=
studied at different superficial gas velocities , ranging from 1.5 to 3.5 Urf, with the other
parameter kept constant at 4 % w/ w gelatine solution, 3 ml / mm binder solution flow rale.
110 ml quantity of binder solution, 35 cm nozzle height, 40° C temperature of inlet air, and
27.2 g/rnin air nozzle mass flow rate. The granulation process is completed in practice by
the increase in mean particle size and wetness during granulation. In this study the bed
expansion was maintained constant during the operation by continuous increase m superficial
,aas velocity along the run. Table (1) represents the effect of superficial gas velocity on mean
particle size and physical properties of granules. Fig. (5) shows that the mean particle size
decreases with increasing superficial gas velocity. This decrease is probably attributed to the
increase of evaporation rate of binder which decrease the wetting ot the bed, and the great
attrition of granules due to the vigorous motion. At relatively high velocity the mean particle
size increases as a result of the increase of the percentage of fine entnuuinent, which leads to
removal of the percentage of line enrnunment, which leads to removal of tine fraction from the
bed. Fig. (6) represents the relation between superficial gas velocity and percentage
entrainment of fines. Tins representation shows that the percentage entrairunent of fine«
increase with increasing superficial gas velocity, it reach 24 % at air velocity 3.5 UnU

l'i lability tests show increase in friability with increasing superficial gas velocity due to the
decrease of the wetting of the bed. This is clear from the results shown in table (1). Crosly ! '
stated that the principle factors affecting the flowability of particulate solids are size, shape,
size distribution, density, porosity, and surface characteristics. All factors must be considered
'Alien evaluating the flow rate of granulated material, because one factor may contradict with
the effect of another. A reduction of flow rate was observed with increasing average
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granule size. Tlie increased porosity associated with the larger granule size signifies more
volume per unit weight of granules. Since tlie How rate is expressed in weight of granule (low
per unit time, the flow rate is inversely related to the porosity of the granules. The bulk density
of granulation is primarily dependent upon particle size, particle size distribution, and particle
shape. Table (1) shows that the bulk density decreases with increasing average granule size,
and the granule density increases with increasing average granule size, so there waf> an increase
in % porosity of granulated material.

To study the effect of bed load , the static height was increased from 8 cm to 12 cu>, in
steps of 2 cm, the amount of granulating liquid was also increased , so as to have a constant
ratio of amount of binder liquid to the weight of tlie material to be granulated. This ratio was
0.11 v/w, with the other parameters kept constant at 4 % w/w gelatine solution, 3 ml/min binder
solution flow rate, 35 cm nozzle height, 40" C temperature of inlet air, and 27.2 g/min air nozzle
mass flow rate. Fig. (7) shows that with increasing initial bed height, the mean granule size
shows at first an abrupt decrease and it converges to a constant value. An explanation for this
phenomenon can be given in two reasons. Increasing the bed height over a certain limit results
in decreasing uniformity of the fluidization, slugging and strong bubble formation are produced.
The second important effect of increasing initial bed height is the decrease of the probability of
the solid particles to meet a liquid droplet. So, the optimum initial bed height i-anges from 8 to
12 cm (i.e. 1/2 to 3/4 bed diameter), where higher as well as lower bed height result in
channelling or slugging. Table (2) shows the change in physical properties of granulated
material with change of initial bed height. It is apparent that an increase in % friability, granule
density, and % porosity; and a decrease in bulk density, and flowability take place with an
increase in initial bed height.

The effect of nozzle height on physical properties of granulation product is studied ;ii
different nozzle heights from the distributor, with the other parameter kept constant at 4 % w/w
gelatine solution, 3 ml/mm binder solution flow rate, 137.5 ml quantity of binder. 40" C
temperature of inlet air, and 27.2 g/min air nozzle mass flow rate. The position of the nozzle
from the air distributor plate determines the welted area of the bed. In the case of unchanged
spray angle, the higher position of the nozzle increases the wetted surface area of the bed. Table
{}) represents the effect of nozzle height on mean particle size and physical properties of
granules. Fig. (8) shows that the nozzle height at 3 5 cm is a suitable position. At lower heights
the wet area decreases and the percentage of fines increases which results in a decrease in
mean granule size. At higher heights wetting of the wall of the chamber and a spray drying of the
binder solution take place with little granulation. The increase in average granule size, with
corresponding decrease in granule friability, and bulk density, IK attributed to the great welled

Effect of temperature of air on mean particle size, and physical properties of granules is
studied at different temperatures of fluidizalion air, ranging from 30 to 60°C, with other
parameters kept constant. The fluidizuig air temperature during granulation is of majoi
importance to the success of the operation. Table (4) relates the mlel ajr temperature during the
granulation cycle to the mean particle size , and physical properties of granulating product.
A higher mlet air temperature during granule formation results in a decrease in mean granule
size as shown in Fig.(9). A decrease in granule density, porosity and an increase in bulk

friability of granule product take place with increasing inlet mr temperature
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All increase in inlet air temperature results in a decrease in flowability of granule product
which reaches zero at 50, and 60° C. The elevated air temperature increases the rate of
evaporation of the aqueous binder solvent. and a spray drying of the fine droplets of the binder
takes place, thereby lowering the extent of wetting and penetration of the fluidized bed powders
by the binder solution.

4 CONCLUSIONS

The results obtained in this work show that , the mean particle size increases with
decreasing iluidization air velocity, bed load, and inlet air temperature The granule friability
increase with increasing superficial gas velocity, inlet air temperature, and bed load.
The granule flowabtlity decrease with increasing average granule size The optimum bed height
is the height at which there is no channelling or slugging. The suitable height of atomizer above
the air distributor plate is the height at which the spray regime wet a large surface area of the
bed without wetting the walls. The optimum superficial gas velocity is 1 5 U^.
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HYDROMAG :

THE NOVEL TREND OF INDUSTRIAL WASTE WATER
TREATMENT
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Dokki, Cairo, Egypt

SUMMARY

A highly dispersed aqueous suspension of Hydromag, a sparingly
soluble base, was prepared through reaction of desulphated sea-bittern
with dolime under specified experimental conditions
Hydromag is suitable for use in treatment of industrial waste water It
can be effectively used in other various chemical processing applications

KEYWORDS

Acid effluent, dispersed suspension, heavy metals, hydromag,
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INTRODUCTION

In the face of increasing severity of environmental damage, seen
during the twentieth century, there has been a growing awareness on the
part of the public and government organization that strategic actions are
needed to maintain and restore environmental quality ensuring that
unreliable environmental information is confronted and discredited

Today, major amendments are being introduced including tighter
enforcement and a statutory duty of care on factories and complexes to
ensure safe disposal of wastes especially controlling discharges of
hazardous materials into rivers and waterways It is industry that has to
demonstrate that it can achieve the higher standards required to
safeguard the environment

Many alkalies are currently being used for environmental control
purposes particularly in waste water and acid effluent treatment (Estefan
1992 and Venkobachar !989) The most commonly used " traditional
alkaiies " are lime, sodium hydroxide and sodium carbonate
Noteworthy, none of these alkalies can safely manage the problem of
waste water treatment satisfactorily

The novel trend of industrial waste water treatment adopted by
the author comprised the use of highly dispersed aqueous suspension of
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Hydromag, a sparingly soluble base, which is now recognized as having
significant technical advantages

MATERIALS AND METHOD

Hydromag was prepared through reacting desulphated sea-bittern,
the liquor discarded in the common salt manufacturing plants, with
dolime under specified experimental conditions. The'reaction product
was thoroughly washed with fresh water till chloride-free, and was
dispersed in water at solid-liquid ratio of 1:4 , using some types of
highly effective dispersing agents which occur naturally in the oleoresin
of pine trees. The prepared Hydromag was subjected to investigation of
particle size distribution (Table 1). Each of Hydromag, lime and sodium
hydroxide were applied for treatment of one litre aliquots of some forms
of artificial waste water e.g. a solution containing 50 g of ZnSO4 per
litre and a solution containing 50 g of CdCh per litre using 2 litre
measuring cylinders of uniform cross sections. The slurries were left for
an interval of ten minutes to settle down. Hydromag was also used to
neutralize sulphuric acid effluent of pH 2.

RESULTS AND DISCUSSION

Due to concern over potential of human health risks associated
with environmental degradation in the Third world, UNEP has adopted
scenarios for environmental sustainability and improvement and has
supported projects and provided technical assistance to encourage the
development and adoption of technologies, products, and pollution
prevention techniques to abate environmental pollution Sustained
industrialization development also necessitates concurrent development
of appropriate infrastructure and capabilities to tackle all aspects of the
generation, prevention, control, treatment or detoxification of all forms
of hazardous industrial wastes

With the rapid progress in industrialization, there has appeared a
major problem of how to safely dispose of industrial waste water. The
need to establish a strong capability in this area becomes apparent when
reviewing some recent reports dealing with the catastrophe of industrial
pollution in Egypt. Since few months it has been reported that 1200
factories and industrial complexes in Egypt discard 876 million cubic
meters of untreated industrial waste water in the River Nile and water
canals every year . This huge amount of waste water carries markedly
detectable concentrations of heavy metals such as Cd, Hg, As, Cu, Pb,
Ba, Cr and Fe and of hazardous organic compounds of pesticides,
chlorocarbons, chlorohydrocarbons and phenols. Water contaminated
with such hazardous pollutants poses potential adverse effect on
environment degradation encompassing damage of fauna, flora and
fishes, deterioration of arable land and crops, impairment of
entertainment and tourism sector, hindrance to marine transportation,



damage to the main drainage pipelines. Moreover, it results in
widespread health risks in the Country including chronic infectious
diseasses such as hepatic fibrosis, Kidney failure and urinary tract
infection, cardiovascular disturbances, silcosis, male potency, female
infertility and significantly reduces learning ability in children and
causes growth retardation in new born.

The development of innovative technologies for the reclamation
and reuse of industrial waste water has become an attractive option
allover the world especially in the arid countries for conserving and
extending available water supplies.

The abundance of solar energy everywhere has prompted
environmentalists to investigate the possibility of adopting
photocatalytic oxidation process which uses natural UV radiation
combined with certain semiconductor materials such as titanium dioxide
to treat hazardous organic pollutants in waste water (Estefan 1992,
Muneer et al . 1992 and Sabin et al . 1992) .

However, inorganic contaminants of heavy metals in waste water
are currently precipitated by applying chemical treatment using one of
the traditional alkalies : lime, sodium hydroxide or sodium carbonate.
Application of any of these alkalies for treatment of industrial waste
water is oftenly associated with a number of technical difficulties as
they liberate heat on dissolution regardless that the slurry is subject to
reach high pH levels in case that excess alkali over the stoichiometric
equivalance is added. Therefore, the use of any of these alkalies requires
stringint safety precautions during handling and use.

With limited resources environmental researchers are forced to
utilize the most proper and cost-effective techiques available . The
novel Hydromag technique for industrial waste water treatment is now
recognized as having significant technical and cost advantages.
Hydromag is classified as a sparingly soluble base, and as it is in the
form of a suspension, the problems of wetting and hydration are
avoided. Its pulp does not reach high pH levels, buffering to about pH 9
even if excess quantities are added. This advantage prevents re-
dissolution of contaminants of amphoteric oxides which may be present
in the waste water. The lower pH levels achieved with Hydromag also
cause the precipitation reaction to be slower, generally producing
larger particulates. This can give lower sludge volumes which may be
more readily filtered, producing a more manageable residue for disposal.
Sludge disposal costs are excessively high. Any reduction in volume of
sludge for disposal will be of considerable benefit .

Table 2 shows a comparison between the relative sludge volumes
obtained when precipitating aliquots of either ZnSO4 or CdCh solutions
using Hydromag and other alkalies. The results reveal that aliquots of
waste water treated with Hydromag have relatively provided the



smallest sludge volumes as compared with those treated with either lime
or sodium hydroxide Hydromag has certainly realized our major target
of achieving the smallest sludge volumes through treatment of industrial
waste water .

Hydromag has many advantages over other alkalies when used to
neutralize acid effluents. The use of either lime or limestone for
neutralization of sulphuric acid effluents results in the prodution of
insoluble calcium sulphate which increases sludge volume and may
reduce the effectiveness of the precipitating agents by coating them On
the other hand, Hydromag forms soluble magnesium sulphate thus
avoiding this problem and once more greatly reducing the sludge
volumes obtained .

Hydromag has been proven to be effective in treatment of
industrial waste water , and in a number of chemical processing
applications and is beneficial in the neutralization of a wide range of
acid effluents, effluents from mineral processing plants and in
precipitation of heavy metals and in coagulation of a large number of
hazardous organic contaminants . Hydromag is non-corrsive and is much
safer to handle than either lime or sodium hydroxide. Hydromag is easily
handled, easily pumpable, and easily stored. A controlled, consistent
safe product .

An appeal is being launched to help with the substantial funding
required to go ahead with such important environmental projects for
monitoring the health of ecosystems .
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Table 1 Particle size distribution for the prepared Hydromag

Particle Size, Microns
1.6
2.0
2.5
3.2
4.0
5.0
6.3
8.0
10.0

Percentage
12.36
19.49
23.27
26.66

. 12.14
4.15
1.34
0.35
0.08

Table 2 Comparison between the sludge volumes obtained for aliquots
of waste water treated with Hydromag , lime or sodium hydroxide
after 10 minutes settling .

Material used

Hydromag
NaOH

Ca (OH)2

Relative
ZnSO4 Solution

2
7
4.

Sludge
50g/L

Volumes
CdCh Solution,

3
5

10

50g/L
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SUMMARY

The problem of producing blended cements, namely pozzolanic and blast-

furnace slag cements, has been of considerable scientific and technological interest

because such additions increase the chemical resistance to sulphate attack,

impermeability lowering heat of hydration and thermal expansion of blended cement

pastes. The blended cements need less energy for production. It is well known that

pozzolanas are siliceous and aluminous materials which, in the presence of moisture at

normal temperatures react with lime to form cementitious products.

The limestone filled cement has been developed in Europe during the last

twenty years, there are different types of blended cements in France in which

limestone could be used. Limestone can be used with other pozzolanic materials or

alone in the preparation of blended cements. The purity of limestone should be greater

than 75% of CaCC>3, clay content is not more than 1.20% and the organic mater

ranges between 0.20-0.50%.

Condensed silica fume is the by-product from the production of silicon or its

alloys. Silica fume acts as filler and has a good pozzolanic activity. Therefore, the aim

of the present work is to study the effect of limestone as well as the silican fume with

limestone on the properties of portland cement. This study includes the degree of

hydration as measured by the free lime and combined water contents of the cement

pailes with curing time. Also the water of consistency, initial, final selling times and

compressive strength of the cement pastes were determined.

The results revealed that the water of consistency increases with limestone

content whereas the setting time was elongated. The free lime and combined water

contents increase with the amount of limestone and curing time. Also, the compressive

strength increases with limestone up lo 15% and then decreases whereas the pH value

of the cement pastes increases with limestone content.

The substitution of limestone with silica fume shows little effect on the water

of consistency and elongate the setting time (initial and final). The inciease of silica

fume decreases the free lime content as detected from chemical and thermal analysis.

On the other side, the silica fume increases the combined water and compressive

strength of cement pastes. Also, it decreases the pH value of the cement paste.

The aggressive resistivity of the blended cement mortars that containing silica

fume mix (X) (70% clinker: 15% silica fume: 10% limestone, 5% gypsum), Mix (11.4)

(80% clinker, 15% silica fume: 5% gypsum) in sulphate and chloride solution is

higher than ordinary portland cement, sulphate resisting cement and (11 1) which

contains 15% limestone. These blended cements show low free lime, sulphate as well

as chloride contents. The results fo compressive strength in a good agreement with

those of free lime, sulphate and chloride values.
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A Remedy for the Active Corrosion of Reinforcing
Steel During the Storage Periods

Prof. Hamdy A.El-Sayed
Building Research Center - Dokki - Cairo

Abstract

Reinforcing steel is always prone to corrosive attack within short
time intervals following its cold-drawing and mechanical straightening.
This phenomenon is attributed to cracking-almost removal-of the natural
protective layer covering the reinforcing steel due to the pressures applied
during the straightening process. In addition, the steel reinforcement would
restrain significant internal pressures during cold-drawing. These
conditions would enhance corrosive attack. The corrosion rate is greatly
aggravated by the effect of the surrounding environmental (specially
coastal and industrial) conditions during the storage periods, that usually
exceed one month.

Consequently, experimental research has been carried out at the
Building Research Center, Cairo and field applications have been
performed at a number of iron and steel companies. The conclusion was
defining a solution that could be applied cold by spraying onto the
reinforcing steel bars at the end of the production line, thus, preventing
corrosion during the storage period under affecting severe conditions
(humidity, sea breeze, industrial pollution, rain, dust, differential
temperatures between day and night, etc.). Field testing duration extended
up to 3 months without any visible sign of corrosive attack. It is
worthmentioning that, laboratory testing revealed that the applied steel
treatment had no adverse effects on the bond strength towards surrounding
concrete. Also, the solution applied, besides its technical inent, has been
found suitable from the economial point of view. It is , also, free of any
toxic components or environmental pollutants.

In addition, laboratory and field testing clarified that such innovated
solution is relevant for preventing iron appliances and sections from
corrosive attack before painting operations
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INHIBITION OF PITTING CORROSION OF METALS

By

5. M. Abd El Jialeem and W. Zakaria

% V3

The theory and characteristics of pitting corrosion of metals and

alloys have been discussed in detail by several authors (1-6| The initiation

and development of such type of attack on metal surface can occur only in

solution containing the halo ions e.g. Cl" Pitting occurs within a definite

potential range lying in the passive region [1|. The critical potential at

which pitting is initiated is reported by several investigators |7-10| and

found to depend on many factors including type and concentration of the

aggressive ions, type of metal used, presence and relative concentration of

other anions and also on temperature [7|. The importance of the value of

the critical pitting potential is related both to an understanding of pitting

mechanism and to the prediction of the suitable method for its inhibition

|1,6|.

Pitting corrosion can be inhibited or in many instances prevented by

the presence of some anions |11-13|. Perhaps the most stnckmg example

of pitting corrosion inlnbitition is the action of nitrate to Fe CI-, solutions

[14,15|. Uhlig [ 14], Kolotyrikin | 1 | , Roseufeld |16| among others,

showed that various anions e.g. H CO", OH", and SO2"4 when added to a

chloride solutions shift the critical potential lor pitting towards more noble

values accounting for increased resistance to pitting corrosion



In the present investigation trials were made to use some inorganic

anions to inhibit the pitting corrosion of Zinc and low carbon steel in

alkaline media in presence of chloride ions as pitting agent

The test electrodes (Zinc and low carbon steel) used through out

this work were machined in the form of short rods fixed to Pyrex glass

tubings with neutral wax. Electrical contacts was achieved through thick

copper wires soldered to the ends of the rod, not exposed to the solution.

The pretreatment of the electrodes including polishing with the finest grade

emerg paper, degreasing with acetone and finally washing with bistilled

water, before being introduced into the solution. All chemical used were of

analytical grade quality and were used without any further purification

The solutions were prepared using bi-distilled water The polarization cell

used is similar to that previously described |17| .

Potentiodynamic anodic polarization curves were traced at a rate of

1 mV/ sec using a Wenking potentioscan Type POS.73 and X-Y recorder

Type Advance 2000 :

All potentials were measured relative to a saturated calomel

electrode (SCE ). Each experiment was carried out with fresh solution and

a newly polished electrode at 25° C ± 1° C

Resu.lts and. <Xi.scx3.ssio it

The amount of the foreign ions necessary to reduce the pitting

corrosion of a certain metal or alloy depends on the concentration of the

aggressive anions in solution [2,IS].

In the present study, the effect on the critical pitting potential of zinc

and low carbon steel in alkali solutions containing Cl" ions as aggressive

amons of additions of increasing concentration oflhe inhibitors chromate.

phosphate, tungestate, and carbonate has been determined The curves of



Fig. (1) A and B represent the effect of increasing concentrations of

Na2Cr O4 and Na2HPC>4, respectively, on the anodic polarization of the Zn

electrode in 0 01 M Na OH containing 0.005 M Na Cl as a pitting

corrosion agent.
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Fig. (1) Effect of the addition of increasing concentrations of (A) Nai CrOj and
(B) Na2 HPO, on the value of E n ,, in 0.01 M NaOH + 0.005 M NaCI.

The curves of Fig. (2) represent the effect of the presence of

increasing concentration of Na2 COv However, the curves of Fig. (3)

represent the same behaviour for the steel electrode in 0 01 M KOU + 0.008

M Cl" ions in presence of increasing concentration of WO2"4 as an example

of the pitting .corrosion inhibitors.
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Fig. (2) Effect of the addition of increasing concentrations of Na: C03

on the value of E „*«•„,, in 0.01 M NaOH + 0.005 M NaCI.
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Fig. (3) Potentiodynamic anodic polarization curves of the steel electrode in 0.0!

M KOH +• 0.008 M KCI solutions in presence of increasing concentration oi

WO2', ion.

From the curves of Figs (1-3) it is clearlv seen that the presence ot

increasing concentrations of these mlnbitive anions causes the cnticn

pitting potential of both zinc and steel electrodes to shift into the more

noble direction accounting for increased resistance to pitting attack.

The dependence of the critical pitting potential. Epmin2. on the

concentration ot these inlnbitive anions can he seen in the curves ol Figs

i4 and 5) which represent the plots w I.„„„„,, versus the logarithm ol iIn



concentration of the inhibitive anions. S- shaped relationship were

obtained from which we can draw the following conclusions regarding the

possibility and extent of pitting corrosion inhibition by the present anions.

Fig. (4) Variation of EpilUne forZn vs log Cm,, in 0.01 M NaOH + 0.005 M NaCI
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Fig. (5) Variation of the pitting potential with the logarithm of a) CrCTj and b)
HPO1, concentrations in (0.01 M KOH + 0.008 M KCI).

1) Addition of the inhibiting anions at concentrations lower than definite

minimum values that depend on the type of metal and inliibitive anions,

has no or slight effect on the value of the critical pitting corrosion

potential. However, increasing the concentration of the added anions

above these threshold inhibitor concentrations cause nearly linear shift

of the critical pitting potential, Epmm!., m the positive (noble) direction

according to :

Epmmg = a + (3 IogC.,,1, (1)

where a and p are constants found to depend on the nature of both the

corrosive and inlnbitive anions |6,10|, as well as on the type of metal

(10,18).

2) The extent of the potential shift in the noble direction, on addition of the

same concentration of the used mhibitive ions increases in the order

HPO;.t •'-' CrO2"4 < CO2", m the case of Zn and in the order HPO2"j ••-

WO".i < CrO2~4 in the case of low carbon steel. These orders reflect the

r-



relative inhibiting efficiency of these anions towards pitting corrosion of

botli metals

3 The fact that the inhibitor concentrations lower than the threshold

values cause slight rise of EpiU,n(, in case of CiO2",*, WO2., and CO2'} but

has no influence in the case of HPO2'4 is evidently due to the nature of

the inhibition process. While CrO2",*, WO2"4 and nearly CO2"? cause

films repair which would start at any inhibitor concentration, HPO2\|

functions by blocking of metal surface [4,9,111. Microscopic

examination of the rate of pitting initiation on the surface of the tested

metals confirms the proceeding observations.

4) The addition of even higher concentrations of CrO2"4, HPO2
4 and WO2~<<

has practically no further effect on the value of the critical pitting

potential. On the other hand, in the presence of sufficient higher

concentrations of the CO2~3 ions, the polarization causes recorded in the

presence of the aggressive anions resemble those obtained in the

halogen- free solutions indicating complete protection of the metal

againest pitting corrosion [4,9|.

The shift of the critical pitting potential in the noble direction upon

adding increased concentrations of the inhibitive anions, can be explained

in terms of the oxide film theory proposed by Hoar 119|, that is. as due to

the penetration of (he inhibitive anions through the oxide Him on the metal

surface, contaminating the film and making it a better ionic conductor,

thereby favouring oxide growth and pitting inhibition.

Leckie and L'lilig [15| on the other hand, attributed (his behaviour

to the competitive adsorption between the inlnbitive anions and chloride

ions on the metal surface. The latter process required a shift of (he

potential in the more noble direction in order to enable Cl" ions to reach a

concentration m the double layer sufficient to displace (he 0 ; of (lie



passivating Film, thereby destroying passivity and initiating pitting

corrosion.

In the present study one can attribute the inhibiting action of these

anions to their lower polarisability |7,9|. These anions are expected to

concentrate in the diffuse part of the electrical double layer and to inhibit

pitting corrosion through the reduction of the zeta- potential at the oxide

film/ solution interface |7,20|. This reduces the potential field and retards

the electrochemisorption of the Cl" ions from the solution on lo the oxide

film. Therefore, a shift of the potential in the more noble direction is

necessary to make the concentration of the Cl" ions in the electrical double

layer sufficient to overcome the effect of the inhibitive anions

- V
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Technical problems in soap manufacturing
technology

Dr. Fathy Hassan

Abstract

The water absorption and appearance of cracks during the
use of a bar soap cause a great problem to the customer.
It is a common belief that both the composition of a bar
( fat blend , special additives , salt and water content , ...
etc) and its manufacturing process and equipment have a
role in these problems .
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Abstract

South of Tunisia is characterised by the existence of lagunar depressions named

« Chott and Sebkha ». From this deposits, it is possible to extract a highly concentrated

brine witch contains various salts: sodium chloride, potassium chloride, magnesium

chloride, magnesium sulphate and some times bromides.

In the case of Sebkha El Melah of Zarzis, The area of the deposit is about 150

Km2, the reserves are estimated to be 160.106 m3 and the salinity is about 335 g/litre

Using solar evaporation, it is possible to recover, from this brine, a carnallite salt

mixed to sodium chloride, and kainate or kiesirite (source of magnesium sulphate)



Naturally carnallitic salt do not contains magnesium sulphate, and we use this raw

material to produce potassium chloride.

The carnallite salt obtained by solar evaporation of « Sebkha El Melah of Zarzis »

brine, contains some sulphate ions under Kainite or Kiesirite form. The recovery of KCI

by decomposing the carnallitic raw material may be affected by the presence of the

sulphated salts. The aim of this study is to determine the effect of the sulphate ion on the

process used for decomposing sulphated carnallite.

We start the study by doing theoretical calculations, based especially on quinary

diagrams, to have an idea on the theoretical recovery for a carnallite exempt of sulphate

ion and then for a carnallite containing sulphate ion. Then an experimental work is

developed and calculations are made to evaluate the experimental recovery At the end

the results are compared. We conclude that the effect of sulphate ions on the recovery of

Potassium from carnallite salt is estimated to be a loss of about 4 points on recovery























































THE ROLE OF CHEMICAL ANALYSIS
IN CONNECTION OF CHEMICAL RESEARCH

AND APPLIED FIELDS FOR HUMMAN BENIFITS

by
Prof.Dr.M.A.Zayed

Prof. Of Analytical and Inorganic Chemistry,
Chemistry Department,Faculty of Science,Cairo University.Giza, A.R.Egypt

ABSTRACT

Chemical analysis has an essential role in controlling quality and evaluation of
products in diffinent life fields. It is always required to descide the quality of natural and
synthetic materials by the chemical analysis into their main components or
elements,before use by human or animals.

It is always used for controlling the extent of pollution of air, waters and
materials-Therefore, the chemical analysis is a controlling key of material evaluation,
and life chemistry.

Chomical analysis mostly required the following steps to get accurate measurements:

1- Samples collection in a scientific way.
2-Samples preparations together with standards (eucentic materials) of elements or
components required to be analyzed.
3-The correct selection of accurate procedure and standardized instrument depending
upon the kind of analysis.
4- Tabulation of results and data assessments by applying analytical statistics.

Chemical analysis is of essential use in medicine in which most physicians
depend on analysis for detection of kind ol disease. Always the repressible people in
ministry of health depend upon the analysis of materials to know is that of acceptable
standard specifications for export or import or for the human and animal uses.

In geology: most ores are exposed to digestion and analysis to evaluate them
as sources for metals or non metals , and also to know the ages of their sources etc.

In Research work of different science fields chemical analysis is essential in
evaluation of chemical compounds, directions and mechanisms of chemical reactions,
etc.

Lot of examples are given for the role of chemical analysis in connection
between chemical research in our group of research in Chemistry Department, Faculty
of Science, Cairo University and applied fields such as High Dam Side Effect Institute
(HDSEI) in Ministry of Irrigation, Ministry of health and Food technology Ministry of
Agriculture, National Reseach Center etc.
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PHOTOENERGY CENTER FOR TRAINING,

RESEARCH & DEVELOPMENT:

Its Role in the Development of Future Sciences

By

M.S.A. Abdei-Mottaleb

Photoenergy Centre, Faculty of Science, Ain Shams University

Abbassia, Cairo, EGYPT

Abstract

This lecture gives a brief description of the Project of Photoenergy Centre and

its role in the development of future sciences. Egypt realizes that it is of utmost

importance to establish modern institutions and laboratories where young scientists and

technologists have access to diversified and advanced techniques and to the frontiers of

science development For this reason, and because of the very successful international

activities in the field of Photochemistry that initiated by our group, the Egyptian

Government responded favorably to the proposal from Ain Shams University (ASU)

based on the project document submitted by Sabry Abdel-Mottakb mid offered

substantial financial to establish a science and technology center of excellence for

PHOTOENERGY. The major task of the Center is to conduct basic as well as realistic

applied Photochemistry and PfesiGphysics research to develop solar energy storage and

conversion systems that use sunlight directly.

The lecture outlines the research as well as training objectives and activities in

selected areas of photochemistry and solar chemistry. The ultimate objective is to

achieve sustainable and clean industrial development. Moreover, infrastructure, funding

and organs of the Photoenergy Center are described. Moreover, the running and future

research projects are sketched with special reference to water purification projects.
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PHOTOENERGY CENTER FOR TRAINING,

RESEARCH & DEVELOPMENT:

Its Role in the Development of Future Sciences

By

M. S. A. Abdel-Mottaleb

Photoenergy Centre, Faculty of Science, Ain Shams University

Abbassia, Cairo, EGYPT

This lecture gives a brief description of the Project of Photoenergy Centre and its role in

the development of future sciences. It outlines the research as well as training objectives

and activities in selected areas of photochemistry and solar chemistry. The ultimate

objective is to achieve sustainable and clean industrial development Moreover,

infrastructure, funding and organs of the Photoenergy Center are described. Moreover,

the running and future research projects are sketched with special reference to water

purification projects.

Introduction

Why Photoenergy Center ?

Egypt realizes that it is of utmost importance to establish modern institutions and

laboratories where young scientists and technologists have access to diversified and

advanced techniques and to the frontiers of science development For this reason, and

because of the very successful international activities in the field of Photochemistry that

initiated by Professor Sabry Abdel-Mottaleb, the Egyptian Government responded

favorably to the proposal from Ain Shams University (ASU) based on the project

document submitted by Sabry Abdel-Mottaleb and offered substantial financial

contribution through the Ministry of International Cooperation to establish a science

and technology center of excellence for PHOTOENERGY.

Where ? The center of PHOTOENERGY is physically located in a separate building

(one-floor air-conditioned modern building) beside the Faculty of Science within ASU

Campus.
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What for ? This center is involved in education and training as well as in pure and

applied research in photochemical processes and Solar Chemistry, their realistic

industrial applications and their environmental implications,

How ? Research activities in this field have been initiated by Professor M. S. A. Abdel-

Mottaieb and bis research group at the Department of Chemistry of the Faculty of

Science since 15 years ago to establish the qualified scientists. Though different

scientific activities contacts have been established with some international active centers

in Europe, North America and Japan. The inspiration for the ASU Center came from

different sources, most importantly, from the history of photochemistry in Egypt, which

closely related to that of Egypt itself. It begins with the establishment of the worship of

the Sun god "Aton" by Akhenaten (18th. Dynasty "1550-1306 B.C.").

Moreover, a series of successful International Conferences on Solar Energy Storage and

Applied Photochemistry were organized by ASU (the first two conferences led to the

establishment of the Photoeaergy Center);

* The 1st was held on January 2-7,1991

* The second one was held on January 6-11,1993

* The 3rd was held on January 8-14,1995.

* The 4th. one was held on January 1- 6,1997.

Who Support? All conferences attracted many eminent photoscientists from all over

the world. Delegated were welcomed to Egypt and to the Conferences by dignitaries

from the Egyptian Ministry of Education, Ministry of Scientific Research, Ministry of

Military Production and the ASU. The second Conference was held under the auspices

of Mr. President Homy Mubarak reflecting tht commitments of the top Egyptian

authorities towards the development of science and technology in Egypt through

constructive internaticaai cooperation. Starting from mid 1993, this series of

Conferences was Organized by the Photoenergy Center in cooperation with the

Department of Chemistry, Faculty of Science. They were sponsored by many local as

well as international organizations and institutions, such as:

Ministry of High Education, Ministry of Petroleum, Ministry of Agriculture, Ministry of

Foreign Affairs, Ministry of International Cooperation, Ministry of Scientific Research,

Ministry of Public Sector, Cairo Governorate, Egyptian Environment Affairs Agency

(Cabinet of Ministries), Supreme Council of the Universities, Egyptian Academy of

Science and Technology, ICS and ICTP, Trieste, Italy, DAAD, the British Council,



Austarian Embassy (cultural Attachee) and European Research Offices ERO of US

Army, Navy and Air Force in London.

W h a t Objectives? The Photoenergy Center serves as a national as well as

international Center of excellence to promote, develop and stimulate high - level

research for the development of science - based technologies. In particular, the objective

of the PHOTOENERGY Center is to support training, research and development

programs aimed towards an understanding of the aspects of the realistic applied

photochemical research activities and utilization in main areas of importance to

sustainable development that includes environmental sciences, photocatalyais, photo

degradable polymers and new materials.

The Center provides conditions and structures (utilization of new instruments and

techniques) for the professional promotion of scientists and technicians. Thus, the

Center makes its facilities available for photochemists and photoscientists, in general, in

other branches of Egyptian research establishments. It is ready to offer its assistance to

establish industries, eg. the stability of the dyes used in the large textile industries now

present in Egypt

Specific Tasks

The major task of the Center is to conduct basic as well as realistic applied

Photochemistry and Photophysics research to develop solar energy storage and

conversion systems that use sunlight directly for

1' production and development of small equipment for photocatalytic degradation

(destruction and transformation) of toxic substances and pollutants (detoxification of

pollutants by photocatalytic 'photo-oxidation' effects 'using sunlight') including waste

water treatment, water purification for re-use e.g. in irrigation.

2- photovoltage generation using new materials (semiconductors and some pigments and

dye systems) which have potential applications in solar energy conversion.

3- production of valuable chemicals of phannaceutical and agrochemical potentials using

bacterial active centers (selective photosynthesis) as well as the clean synthesis of effect

chemicals. The emphasis .vould be to use photochemistry as the key clean-technology

step. Efforts should be directed to identifying and exploiting the potential of

photochemical reactions. The ultimate aim would be to use sunlight to induce the

reactions (Le. factories without chimneys).



4- production ass? testing of soSar energy materials: solar energy collectors and,

concentrators eg. SssuffiiesceBt solar concentrators "LSC" for photovoltaic cells, storage

and converters. This also includes piiotocatalysis for hydrogen production (Future fuel).

5- Solar thermal applications in chemistry, power generation,... etc

Know-how - Idaeatisa, training and Knowledge Transfer (know - how) are among its

major duties to Initiate a graduate degree programs and training programs in

photochemical sciences for established industrial scientists from Egypt and developing

countries to assist develop potential chemistries. Short courses, hands-on experiments

and saninars (in the fields of photochemistry, photophysics, laser and its environmental

and possible medical applications and production of new materials) sponsored by the

Center are also included sad particularly aimed at industrial scientists. These courses

will be taught by Center faculty and invited lecturers from other international

universities and corporations. The Center will continue organizing biannual

Conferences to bring together members of the international community of photoscientists

to share insights aad expertise and to increase the awareness and interest in studying

applied photochemical sciences. This will provide a vital link between academia and

industry and eshanee and strengthen the international relationships.

Activities

1- The first major function of the Center was the organization of the 3rd Internationa!

Conference on Solar Energy Storage and Applied Photochemistry, Cairo 8- 14 January

199S. The conference was very successful. Forty eminent photoscientists from all over the

world delivered up to date lectures. The Conference attracted a sum of 300 scientists

from 20 countries. A special meeting of the International Advisory and Scientific

Committee was held on January 12,1995 during the Conference to review and plan the

future activities of the Centre.

2- The organization of the 4th International Conference on Solar Energy Storage and

Applied Photochemistry that held in Cairo on January 1-6,1997. A some of 104 foreign

photoscientista joined over 80 of Egyptian scientists at this International Conference.

The scientific program included extended opening lectures followed by 50 other invited

lectures and short talks. More than 70 poster presentations wer scheduled. The research

reported ranged from studies of fundamental processes in light-induced electron-transfer

and eaergy-traasfer reactions is homogeneous and heterogeneous media to the different

practical use of photochemistry for the synthesis of chemicals, waste water treatments

and degradation of industrial effluents that polluted global as well as local environment,

atmospheric photochemistry, the treatment of tumors by lasers, solar fuel generation
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and many other important applications. The systems under investigation included those

of organic, inorganic, biological, theoretical, electrochemical, solid state and surface

chemistry.

3- The center is currently engaged in a research project on Silicon optoelectrodes

(Corrosion and optostability) for solar applications and electronic fabrication. The

project is financially supported by the European Community (EC). Partners are from

France (CNRS, Drs. M Etman and Gorshov, Ecole Polytechnique; Drs. J-N Chazalviel

and F Ozanam), from England (Bath University, Prof. L Peter), Algeria and Egypt

(ASU, JEng. Prof. H Ragaie).

4- Two other projects are in preparation stage within the EU projects (for 1997/98). The

subjects deal with the Utilization of Renewable Energies for water treatment and re-use.

Several partners from EC countries and Mediterranean region are involved.

5- The preparation for the 1st International Workshop and Training Course on

Photochemistry and the Environment "ENPHO '97", Cairo on December 17 - 22,1997

in cooperation with the Department of Chemistry, the University of Winnipeg, Canada,

Funding Sources - To date, the project of the PHOTOENERGY Center has received

financial support from the Egyptian Government amounting to LE 2 millions (about

$600,000 US) and procedures are underway to secure a further donation (from the

Donor Countries) to meet the total requirements of the activities of the Center in its first

phase (estimated at S3 millions US for three years).

Furthermore, the German Government of the Fedral Republic of Germany, Ministry of

Foreign Affairs offered technical/financial assistance to the Center for 1996/1997. This

German contribution recognizes the efforts we have exerted here in the filed of

particular importance to both Egypt and Germany, namely the field of photoenergy.

Via Shams University (under Professor A. M. Abdel-Hafez, President) managed to offer

(through the Ministry of Planning from foreign donations) about LE 1,500,000 (about

$400,000 US) and also offered the land for the building (about 400 square meter) that is

ready now for use.

Infrastructure (Facilities Available)

Available Initial infrastructure facilities that are essential for education, training &

research are:

|A| Fast Kinetics:
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(I) LIFETIME-TIME RESOLVED SPECTROSCOPY SYSTEM (EDINBURGH)

Time Correlate? Single Photoa Counting (TCSPQ luminescence life time decay

spectrometer C3sa!»aed with steady state systems for fluorescence and phosphorescence

measurements - time resolved spectra capability and polarization/anisotropy option with

Glan-Thompsos polarizer. The ssost advanced software package for all possible types of

lifetime and steady state data analysis including global analysis, transient quenching

analysis, energy transfer, micelle quenching, asisotropy and distribution of decay times,

with 2-D and 3-D screen graphics capabilities, statistical and file manipulation utilities

etc Data acqussfisa and data system (fast PC-80486 based processor and 4096 Channel

MCA card). Moreover, singlet oxygen high sensitive Ge detector is also available for

medical applications and semiconductor investigations.

(II) DIODE ARRAY SPECTROMETER (POLYTECH)

Adapted to fiber optics and thickness measuring system for optically transparent films

and layers ?,wi color measurement computer controlled and software or all possible

types of appiicstions; absorption (transmission, absorbency), reflection, emission with

modules for covering wavelength range 260 - 1200 nm (UV/VIS/NTR).

[B] Photochemical Reaction Efficiences for New Materials and Lasers:

(HI) LIGHT SOURCES (PTQ

(TV) MONOCHROMATORS (PTI)

(V)QUANTUM YIELD DETERMINATION SYSTEM QUANTACOUNT {PTI}

(VI) PHOTOREACTORS (ACE GLASS)

[C] Photodynamics and Electrochemical Stability of Semiconductors and New Materials:

(VII) POTENTIOSTATE/GALVANOSTAT (£<7<66)

with capabilities to measure: cyclic Voltametry, chronoamperometry, double potential

step chronoaEs^arometry, controlled potential coulometry, square wave Voltametry, etc

Electrochemical analysis software.

(Vm) PHOTOCONDUCTIVITY SET-UP Computer controlled.

[D| Analytical Tools:

(LX) Total Organic Carbon (TOQ Analyzer.

- im-



(X) Spectrofluorometer (Shimadzu 5301 PC)

(XI) DV-VIS Spectrophotometers (Shimadzu 160A and Bye Unicam, Uelios alpha PC).

(XII) Standard lab facilities including pH-meters, conductivity meters, computer

controlled viscometer and Radiometer (Polytecb).

[£] Educational-Aid Tools

(XDJ) Complete lab of computers (LAN-a server and 8 workstations), Laser Printers and

Color Ink-Jet Printers (HP, Epson).

(XIV) Video -, Opject and Overhead-Projectors and Video Recorder.

(XV) Photocopiers (Sharp and Canon).

(XVI) A Ubrary U being established.

Organs?

The Organs of the Center are as follows:

(a) International Advisory Board (Eminent Professors and Researchers from

Industrialized Countries).

(b) The Steering Committee (vice-president of ASU for Research and Higher studies, the

Dean of the Faculty of Science, Five Professors from the Department of Chemistry, Two

from the Department of Physics, One from Microbiology Department, One from the

Department of Electronics "Eng." and Three Public Persons (from the Egyptian

Environment Aflairs Agency and National Research Center).

(c) Associate members (Faculty members and postgraduate Ph.D. and M.Sc. Students).

The Steering Committee - The ASU, through the steering committee of the Center,

is responsible for planning, operating and management of the Center. The ultimate

responsibility for running the Center lies with its founder; the director, Sabry Abdel-

Mottaleb (Professor of Chemistry).

It is expected according to the its plans that this Center will play an important role not

only for promoting industrial photochemistry development in Egypt by transferring

knowledge and skill in new technology but also to the well-being of all countries in the

Middle East, Africa and other developing countries.

International Relationships

The Center has established excellent relationships with several international laboratories

and institutions. Some examples are:



1. The University of Winnipeg, Canada, K Frieaen.

2. Xerox Research Center of Canada, R O Loutfy.

3. The Imperial Co"tge of Science, Department of Materials,

4. The CNRS, Bepartraent of Chemical Sciences, Poitier University and Ecole

Polytechnique, Paris, France.

5. EPFL (Lausanne) Prof. J. Kiwi

6. The ICS/ICTP Trieste Italy.

7. The Katholic UasseFsity of Leuven, Belgium F C DeSchryver.

8. Tohokn University, Japan, T Azumi and H Ogino.

9. Max-Planck InsdM of Radiation Chemistry, Muetheim (Ruhr), Germany.

10. Hahn Meitner festitnte, Berlin Germany, H Tributsch.

11. DLR (Koeln), Dr. K-H Funkec,

12. Loughborough Uaiversity of Technology, F. Wilkinson.

And many others _. The Center wishes to initiate collaborative links in all passible

scientific forms with regional and international institutions and Centers.
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