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Chemical Behaviour of Zinc in Cover Gas Environments

A W Thorley, A Blundell and R Lloyd

1. INTRODUCTION

The possibility that enhancement of 65Zn in the cover gas regions of
reactor plant may increase levels of radioactivity and provide potentially
embrittling situations has lead to a limited metallurgical and chemical
investigation into how this element behaves in cover gas environments. This
paper reports the chemical findings from those investigations and compares the
results obtained with those anticipated from thermodynamic predictions.

2. EXPERIMENTAL PROGRAMME

The experimental programme has consisted of three main topics. (1) An
investigation into the thermodynamic behaviour of zinc in the vapour phase
above the sodium pool. (2) The behaviour of zinc when it condenses onto
cooler steel surfaces; and (3) The behaviour of zinc in sodium in a pumped
loop and demonstration of the levels of zinc which condense in the vapour
phase as the liquid metal is pumped around the circuit.

Behaviour of zinc in vapour phase environments. Estimates made by
Rand(l) of zinc enhancement in the vapour phase above sodium-zinc solutions
indicate that at sodium pool temperatures of 460°C zinc enhancement under
equilibrium conditions is about 100 x the concentration of zinc in the pool
and a factor of 10 less at plate surfaces heated to 330°C because of
differences in temperature between the pool and the plate. In order to
establish whether these estimates are valid, tests have been undertaken to
establish the magnitude of zinc enhancement in the vapour phase above the
sodium pool and in the condensate on the cooler surfaces above the sodium
pool.

Vapour studies. In the vapour phase experiments, argon gas has been
passed over a long shallow pool of liquid zinc or solutions of zinc in sodium
contained in a U-tube. The vapours in the gas have then been passed to a
condenser unit where they have been condensed and the amounts of entrained
sodium and zinc measured. During the experiment the tube was immersed in a
lead bath to maintain constant temperature conditions and during the period
that the argon was passed over the 'liquid surface the contents of the tube
were oscillated +̂ 20° over an internal weir to stir and break up the surface.
As preliminary tests had shown that there was no detectable dependence of
vapour pressure on oscillation rate, most experiments were conducted at a 7
second period of oscillation. To promote adequate mixing of the gas inside
the tube, deflectors were also provided at the inner wall and after the gas
had passed over the liquid surface it was then passed into the condenser unit.
The tube and condenser were constructed from pyrex glass and cone and socket
ground joints were used to provide reliable quick-change connections.

Solutions of condensate for subsequent analysis were prepared by washing
the contents of the condensers with 4% HC1. The liquid metal composition in
the pool before and after a run was also checked by siphoning samples from the
liquid solution. Initially the argon gas flow rates were varied in order to
find the range over which the apparent vapour pressure remained constant.
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These tests showed that low flow rates lead to collection of an excessive
amount of metal deposit whereas at high flow rates the system failed to reach
a steady state and produced too little deposit.

As uniform temperatures had to be maintained over the metal pool and its
immediate environment, including gas entry and condenser entry systems,
temperature surveys were undertaken with Pyrotenax (chromel/alumel)
thermocouples. These showed good temperature stability throughout the lead
bath and temperatures were within +̂ 2°C over the swept volume of the U tube.
During the zinc runs the temperature was monitored at a central position,
remaining -fl°C from the set temperature and often maintaining +0.5°C during a
run. For the sodium runs a more reliable chromel/constantan thermocouple was
used.

The first part of the experiment involved calibration of the apparatus
using 25ml charges of pure zinc. Following satisfactory operation with pure
zinc, dilute zinc in sodium alloys (16 gram quantities) containing 60, 100 and
25Oppm zinc were loaded into the tube which was then evacuated. Argon was
passed through drier and oxygen getter tubes, and then through a flow
controller to the U—tube. Oxygen levels in the gas stream were monitored with
a DS 2500 oxygen analyser. The measured values were below 5ppm, normally
about lppm. After purging and filling with argon the U-tube and condenser
assembly was inserted into the preheated lead bath. Once the internal
temperatures reached that of the lead bath (time ^ 10 minutes) the first
condenser was removed and replaced with a fresh condenser, cleaned in acid.
This point marked the beginning of the run and further runs were made with
replacement condensers. Great care was taken throughout the experiments to
avoid the introduction of oxygen or metallic impurities. Glassware was
cleaned with acid and dried and blank assemblies analysed for background zinc
and sodium levels. During the zinc runs the zinc background level was of the
order of 20ygm compared to 50mg of condensed zinc.

Condensate experiments. Sodium containing different amounts of zinc has
been sealed into steel capsules under 1 atmos of argon and then heated for
various periods of time with a AT of 450 to 35O°C between the sodium-zinc
solution and the top of the capsule respectively. Specimens made from 2^CrlMo
ferritic steel, were also suspended, both horizontally and vertically, at
different temperatures in the gas space of one of the RNL test loops which
contains sodium-zinc solutions heated to 46O°C. An iron plate with a heater
attached was also positioned horizontally in the upper part of the gas space
so that by varying the heater temperature the effect of changing the AT
between the sodium pool and the plate could be assessed (Fig 1). In a
separate experiment the distillation rate of zinc from sodium solutions
containing different levels of zinc (133-6OOppm) was investigated by heating
the solution for various periods of time at 320°C and allowing the zinc and
sodium vapours to condense onto a surface cooled to 20°C. After the
appropriate period of distillation the ratio of zinc to sodium in the
condensate was compared with the ratio remaining in the solution.

In all the experiments representative samples of sodium were obtained by
adding known amounts of zinc to sodium, thoroughly stirring the liquid and
quickly pouring the solution into the containers. This procedure was adopted
because initial experience showed that it was difficult to obtain
representative samples either because zinc or sodium-zinc compounds did not
readily dissolve in sodium on melting or they segregate to the wall of the
containment on cooling, even when the solutions were rapidly quenched or
slowly stirred and then quenched. However, from a number of alloys involving
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different concentrations of zinc it was found that rapidly stirring the
solution before pouring provided solutions where the zinc concentration was
homogeneous throughout. Also after exposure to either liquid or vapour
environments, specimens were removed and washed in alcohol to dissolve the
sodium and also the zinc in the sodium wetted layer. The zinc in the steel
was then removed by washing in dilute acid. Similar procedures were also
adopted for the larger iron plate specimens with the exception that after
removing the sodium the plate is cut into three pieces. One piece was used
for controlled acid washing (chemical milling) of the iron surface to
determine its zinc content, another was used for surface analysis measurements
(Auger and SIMS) while the third was kept in reserve.

3. RESULTS

3.1 Vapour Phase Studies

Zinc enhancement in the vapour phase above the sodium pool. The results
from the trial runs using pure zinc are detailed in Fig 2. During the tests
the measured vapour pressures were found to be constant over a range of gas
flow rates from 0.15 to 0.45 litres/min (NTP) and it was estimated that the
combined errors of measurement were of the order of +5%. Figure 2 illustrates
the values obtained and how they compare with data obtained from Ref 1.

The results from the sodium-zinc solution studies are illustrated in Fig
3. In these experiments it was found that the flow-rate of the argon gas was
an important parameter and at low flow rates excess sodium started to condense
in the system. However at the flow rates used in the pure zinc runs, constant
vapour pressures, close to theoretical, were obtained and the values
illustrated in Fig 3 are taken from those runs where the measured pressures
were >757o of theoretical. The enhancement factor K in this figure is the
ratio of the amount of zinc determined in the vapour phase (condenser values)
compared with that in the liquid solution where the latter is based on
mass-balance estimates (starting values - condenser values), sodium vapour
pressures and, where possible, siphon analyses. It is to be noted that the
figure contains two theoretical curves: one relates to the situation where
pure zinc is dissolved in the pool (a ^ 1) while the other assumes that the
zinc exists as a compound of composition of NaZn _(a ^ 0 . 7 ) .

1 J LtXi

Zinc enhancement on plate specimens. The results obtained on specimens
suspended in the cover gas region of the sodium loop for times up to three
months and the findings from the simple capsule tests are illustrated in Fig
4. The enhancement coefficient K which is plotted on the ordinate in the
figure is related to the expression.

K = concentration of zinc in the sodium wetted film
concentration of zinc in the sodium pool

Inspection of the figure shows that at inlet evaporator operating temperatures
(sodium pool 460°C plate 32O°C) the enhancement is not far removed from the
predicted values. Departure from predictions does occur, however, at lower
temperatures and this is attributed in part to inadequate wetting by the
sodium and the absence of liquid film formation on the surface of the plate.

The distillation experiments also indicate that the removal of zinc from
sodium by vacuum distillation is a very effective process at pressures of 3 m
and temperatures of 32O°C. The results show for example, that, irrespective
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of the original zinc concentration, 70% of the zinc and 207, of the sodium are
removed from the bulk solution in 3 to 5 mins and 95% of the zinc and 50% of
the sodium are removed in 15 minutes.

Sodium loop studies. The behaviour of zinc in a pumped sodium loop
after certain periods of loop operation is illustrated in Fig 5. The figure
shows that after each addition of zinc to the sodium, the zinc level falls to
a near constant value of approximately 6ppm. The figure also illustrates the
behaviour of zinc on the iron plates which are positioned horizontally in the
gas phase above the pool. Here it is seen that the amounts of zinc taken up
by the steel after different periods of exposure, decrease in phase with the
zinc level in the sodium pool. Similar effects have also been observed on
other material exposed in the vapour environment, when for example, strips of
material have been cut from a large specimen after different periods of
exposure. Again, the zinc levels recorded on the strips showed that the
initial high levels of zinc reduced as the zinc level in the bulk sodium
decreased and increased again when more zinc was added to the sodium. Figure
6 illustrates the relationship between the level of zinc in the sodium and
that recorded in the plate.

On the basis that the zinc in the sodium wetted film may be partitioning
between the film and the underlying steel, attempts have been made to see
whether the values obtained by controlled acid washing of 0.03 to 0.3 m layers
from the steel's surface can be related in a thermodynamic sense to the zinc
level in the sodium wetted film, assuming that both the alcohol soluble zinc
and the acid dissolved material are representative of zinc concentrations in
the sodium film and steel respectively. The results from this exercise which
extend to exposures of three months are illustrated in Fig 7.

Consideration of those specimens immersed in the sodium pool show that
the levels of zinc taken up by the ferritic and stainless steels are within a
factor of two of each other, whereas nickel has picked up about ten times as
much zinc.

As regards the effect of changing loop operating variables on zinc
behaviour in sodium circuits, it has been found that changing the sodium mass
flow rate from 3.5 to 8 Kgs/min had no significant influence on the measured
zinc level in the loop sodium and as the surface of the sodium pool was
disturbed during the tests we do not feel the amount of zinc deposited on the
iron plate is supply limited in the bulk solution. However, increasing the
temperature of the cold trap and associated pipework did increase the zinc
content of the sodium and it does seem, in line with thermodynamic
predictions, Fig 8, that zinc is depositing in this part of the loop system.
Immersion of nickel foils of significantly different surface area in the
sodium pool indicated that although nickel was a good getter for zinc, it did
not, within the analytical capability of measurement, significantly reduce the
zinc level of the pool. The implication of this observation is that any
initial migration of zinc to the loop pipework can be easily reversed when
alternative sinks are immersed in the sodium.

4. DISCUSSION

In order to provide some theoretical guidance as to how zinc may behave
in liquid sodium systems and how it interacts with steel surfaces, estimates
have been made of the chemical activity of zinc in sodium-zinc solutions
containing different levels of zinc and also the corresponding concentrations
of zinc which could be taken up by the iron at these different activity
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levels. In these calculations the free energy of formation of the sodium-zinc
compound NaZn _ was estimated from excess free energy values provided by
Lantratov(2) and the chemical activities of zinc in sodium-zinc solutions were
obtained by combining the G° values for NaZn „ with the solubility data of
Lamprecht and Crowther(3). The zinc activity of the most thermodynamically
stable Fe-Zn compounds Fe_Znin (T phase) has also been estimated for liquid
zinc and solid zinc equilibria from the Fe-Zn equilibrium diagram (Fig 9).
The values obtained were then combined with vapour phase data obtained by
Gellings(4) to derive the curves illustrated in Fig 8. Concentrations of zinc
in solid solution in Fe in equilibrium with different zinc activities in
sodium were then determined by combining the AG° value for the gamma phase (F)
with partial free energies for iron-zinc solutions which were derived using
Fig 9 and data from references (4) and (5). The values obtained from these
calculations are illustrated in Fig 8.

Similar estimates for vapour phase environments are very dependent upon
the magnitude of the enhancement factors in operation at the various surfaces
in the gas space. For example the transpiration studies coupled with the
sodium loop and supporting capsule tests indicate that if the steel surface is
fully wetted and zinc transport is not supply-controlled, then the
concentration of zinc in the sodium on the underside of the plate could be
M O x greater than the zinc condentrations in the sodium pool at temperatures
of 350 and 460°C respectively. If however zinc transport is supply controlled
then the zinc concentration in the wetted film and on the tube plate will be
less than predicted by this figure. In practice it has been found that the
enhancement of zinc in the vapour phase above the sodium pool is slightly less
than the earlier predicted values of xlOO. Although the difference (new value
x70) can possibly be attributed to the presence of compounds such as NaZn „ or
NaZn.„ and not pure zinc in the liquid phase, it should be pointed out that
the transpiration method does not readily lend itself to situations where both
elements of interest have relatively high vapour pressure. In addition,
problems were encountered with certain volatile constituents in the sodium
which tended to interfere with the experimental determinations. On this basis
the values quoted in Fig 3 should not be treated as absolute values but more
as a confirmation of the expected trends.

Although it is difficult to be precise about the behaviour of zinc at
the interface between the deposited sodium film and the metal plate, it is
considered from a comparison of the experimental data obtained from a number
of experiments, that in the initial stages the sodium-zinc condensate on the
plate is rich in zinc, probably due to some zinc 'flashing-off' from the
surface layers of the sodium pool. This zinc is then thermodynamically
attracted to the steel and over some finite time zinc moves from the deposited
film into the plate. However, once the sodium fully wets the surface of the
plate and reflux conditions are established, the zinc level in the plate then
appears to re-adjust to lower values to meet the thermodynamic requirements of
the system which now includes the pool, the wetted film and the plate. The
implication of these observations, as far as zinc take-up by the plate is
concerned, is that initially high zinc levels could deposit on the relatively
clean surface of the plate until reflux conditions are established.

In trying to make an assessment of whether the zinc partitions between
the sodium film and the steel plate, difficulties have been encountered in
assigning a true value for concentration (Cs) of zinc in the steel's surface.
The problem centres around the fact that firstly there is very little
penetration of zinc into the underlying metal at temperatures of 320°C over
exposure periods up to three months; consequently extrapolating to zero
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distance from a very steep concentration-penetration curve is a very
subjective process and secondly, although the surface concentration in terms
of weight % appears to be significant it should be pointed out that in terms
of weight of zinc we are only talking of 0.1-1.0 pgram/cm2 in a distance of
O.O2/O.O3nm. In the light of these difficulties, the data presented in Fig 7
are based on zinc levels determined in the first O.O2/O.O3ym of the steel's
thickness. They also relate to exposure periods greater than two days
duration so that any high levels of zinc which may deposit during the initial
non-equilibrium stage of exposure to the vapour are not included. Inspection
of the figure shows that although there is a trend towards greater surface
concentrations in the steel with increasing zinc concentration in the adjacent
sodium film, the data are insufficient and too random to provide a meaningful
thermodynamic correlation. It should also be noted that one or two of the
values are anomalous in relation to expected trends, however these values have
not been discarded because the experimental data indicates no reason for their
elimination. However because of the scatter, the results so far obtained tend
to accommodate all the theoretical thermodynamic correlations based on
solubility data for zinc in iron derived from the iron and zinc equilibrium
diagram, the work of Knights(6) and zinc in sodium values obtained from Kef 3.
More work is obviously required to obtain a more precise relationship.

As far as zinc behaviour in the pumped sodium environment is concerned,
it should be noted that only a small proportion of the total zinc added to the
loop is transported in the vapour phase above the sodium pool onto the iron
plate. In fact, it seems from experiments associated with raising the
cold-trap and adjacent pipework temperatures that, in line with thermodynamic
prediction (Fig 8), most of the zinc is deposited in cooler parts of the loop
system. Also it should be noted that if the solubility data for zinc in
sodium are correct(3) then the zinc level in the main loop does not appear to
be controlled by the cold-trap.

5. CONCLUSIONS

The main conclusions drawn from the sodium-zinc studies are:

1. Zinc concentrations in the vapour phase above a sodium pool heated to
460°C and in the sodium wetted film formed on steel plates suspended in the
vapour phase at 35O°C are respectively 70 and lOx higher than the
concentrations in the bulk sodium. These values are broadly in line with
theoretical predictions.

2. The amounts of zinc which deposit onto the surface of an iron plate
positioned horizontally in the vapour phase in one of the RNL sodium loops is
controlled by the concentration of zinc being transported in the sodium which
in turn is affected by deposition processes in the cooler parts of the loop.
Pre-seeding the sodium loop with 50ppm zinc on four separate occasions for
example has resulted in rapid reductions in zinc level of the sodium to a
steady value of 6-8ppm zinc. Such reductions and subsequent additions of zinc
to the liquid sodium also cause concomitant reductions and increases in the
zinc content of the iron plate. Preliminary evidence suggests that the bulk
of the zinc has deposited in the cooler parts of the loop system, but not
necessarily the cold-trap.

3. Enhancement of zinc also appears to occur in the sodium film adhering to
both steel and nickel specimens when they are removed from the sodium pool.
The amounts of zinc taken up by the different steel surfaces are within a
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factor of 2 of each other, whereas nickel picks-up larger amounts of zinc.
The depth of penetration of zinc into the steels at pool temperatures of 460°C
after varying exposure to 45 weeks is not greater than 0.05 jim.

4. Attempts to establish whether zinc partitions between liquid sodium and
steel in both liquid and vapour environments have not been completely
successful. Data so far obtained from vapour phase experiments, although
showing a trend, are insufficient to provide a precise correlation. The
spread in the results is sufficient to cover all theoretical predictions using
fundamental data from different sources.
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APPENDIX 1

Thermodynamic Behaviour of Zinc in the Vapour Phase

1. INTRODUCTION

This appendix discusses the thermodynamic behaviour of zinc in liquid
sodium and its vapour at temperatures typical of these anticipated in cover
gas environments operating at 460°C.

2. BEHAVIOUR OF ZINC IN THE SODIUM POOL AND ADJACENT GAS SPACE

The solubility of zinc in sodium has been determined by Lamprecht and
Growther(l). Typical values for the terminal solubility of zinc in sodium at
temperatures of interest are 1700 ppm at plate temperatures of 33O°C and 900
ppm at the sodium pool temperature of 46O°C.

Estimates of the thermodynamic behaviour of zinc in sodium solutions
undertaken by Rand(2) have identified positive deviations from Raoult's law
and molar concentrations of zinc in the vapour phase 100 x greater than the
mole concentration of zinc in the adjacent liquid. These estimates which
assume Henrian behaviour for dilute solutions were obtained as follows:

where a_
Zn

XZn

y°
Zn

Y

Y

The activity

XZn
a — z

X°Zn

=• activity

Zn

of Zn in solution

= mole fraction of zinc in solution

= terminal

= activity

aZn
XZn "

of zinc in

sol of zinc in solution in moles

coefficient

XZn 1 1 „
~~ X° ' X ~ X° ~Zn Zn Zn

the vapour phase a Zn

= Pzn^Zn

•*• PZn = P°

(3.1

Zn X '

(1)

x 10~3 at 46C

(2)

(3)

iV (4)

Mole fraction of zinc in the vapour phase (X )v

(5)
Na

Mole fraction of zinc in liquid
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(XZn)v = P°Zn (8)

For a sodium solution at 460°C (733°K)

-4
p° = 6.7 x 10 atm

_3
p° M = 2.1 x 10 atm Ref 3r Na

(X7 ) = 102 (X, ) (9)
Zn v Zn S,

3. ZINC BEHAVIOUR AT A STEEL SURFACE AT REDUCED TEMPERATURE (330°)

Once zinc and sodium vapours arrive at the steel surface, condensation
will occur due to a decrease in temperature from 460°C (pool) to 33O°C
(plate). This decrease in temperature also increases the zinc activity of the
vapour adjacent to the tube plate by a factor x 6. In the initial stages of
condensation, that is before the sodium forms a continuous wetted film, it is
anticipated, because zinc and iron have a certain thermodynamic affinity for
each other, zinc may be preferentially removed from the condensate by the
iron. However, once a wetted film has been established and refluxing
conditions pertain, then the direction which zinc moves will depend on the
relative chemical activities of the deposited zinc on the tube plate and the
activity of zinc in the adjacent sodium film.

The amount of zinc which can concentrate in the wetted film on the tube
plate, assuming dynamic equilibrium conditions prevail in the gas space, can
be estimated using data from equations 1, 2 and 4. For example the activity
of zinc in the gas phase above the pool (temperature 460°C) is:

a_ = pZn = 320 X (10)
Zn —-— Zn

P°Zn
p 7 = 320 . 6.7 x 10~4 X_ (11)
Zn Zn

= 0.214 X7Zn

If zinc at this pressure arrives at the tube plate then the value of the
activity coefficient (Y) changes to 1823 because of the reduction in
temperature to 33O°C (6O3°K) and the new chemical activity of zinc becomes:

PZn = 1823 X C, ( 1 2 )

—o— " n

where X = mole fraction of Zn in the condensed phase and p° is vapour
pressure at saturation at 330°

Yc
 PZn . 1 (13)

A Zn " p° 1823
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Substituting for P from equation 4

1 0 5 X Z n = 1 2 X Z n

Thus if a wetted sodium film containing zinc forms on the steel plate in
equilibrium with zinc vapour coming from the pool, the molar concentration of
zinc in the sodium film will be 12 x that in the sodium pool.

It is to be noted that in these calculations the assumption has been
made that the co-existing phase at the limit of solubility of zinc in sodium
is relatively pure zinc which has an activity of approximate unity. However,
the phase diagram suggests that the coexisting phase is NaZn.. ~ in which case
the activity of zinc at the phase boundary could be less than unity.

4. REFERENCES

1. LAMPRECHT G J and CROWTHER. Solubility of metals in liquid sodium Trans
Met Soc AIME Vol 242, October 1968.

2. RAND M J. AERE, Private Communication.

3. JANAF. Thermochemical Tables NBS-37. NSRDS-NBS-37 (1970).

-189-



320/330

O
I

FOILS
PLATE

-a a a a •
WELL

460

428

HCATER

427 428

I I
433..

HEAT EXCHANGER

F I G . 1 T Y P I C A L T E M P E R A T U R E D I S T R I B U T I O N S I N ° C
Z I N C IN S O D I U M T E S T S

310



4UU

0 EXPERIMENTAL POINTS

1.25 1.30 1.35

±
T-191

1.40

,10* K

1.45 1.50

FIGURE 2

1.55 1.60

VAPOUR PRESSURE OF
ZINC AND SODIUM



150

100

K » Zn vapour

Zn liquid

50 -

500

EXPERIMENTAL POINTS

THEORETICAL CURVES

—

35 0»C

1
400°C

« ' I

+

+

PFR POOL TEMP.

450°C

!

460°C

500°C .

t I

azn«i.o

GZn = 0.7

552°C

700 TEMP. °K

F I G . 3 E N H A N C E M E N T OF 7 I N T !M T H P V A P n i l R P M A 9 F A B O V P

800

ninn SODIUM



THEORETICAL CURVE

HORIZONTAL PLATES

• 7 TUBE TESTS
+ ARGON FILLED CAPSULES
• FOILS IN GAS SPACE

O ' REFERENCE N o 7

SODIUM POOL TEMPERATURE 460°C

PLATE TEMPERATURE , °C



§

•• ©
^ ew m •«
• O • •

9

a

A

^J

^

o

aa

8

o
a
ui
u
en
K
ui

s
a.

a

i

H
t/I

o
ou

I
s
M

§

O

UI
t !
do

N

o

-194-



IOV

10

1

1X5

°/o
IN

Zn
Fe

1.0

0.1

F I G . 6 EFFECT OF ZINC CONCENTRATION IN SODIUM POOL ON LEVEL
OF ZINC PICK-UP BY IRON IN THE VAPOUR PHASE

H.

9

10 10'

O CAPSULE TESTS

• HORIZONTAL PLATE TESTS

10' 10'



1 (Tr-

1 Wt •/. Zn
IN Fe

1.0 -

0.1

F I G . 7

- • SOLUBILITY LI
oC PHASE

—

PARTITIONI

MIT

/

' 0

/
1

NG

A

/

BETWEEN

4

/

0

•

J

•

SOOIUM

/
o

0

4

AND IRON

o

/

AT

O CAPSULE TESTS

• HORIZONTAL

1

320

/

PLATE

°C

TESTS

I
10 10' 10'



m.p. Zn

4 -
in \l

Liquid Solns.

Solid Solns.
based on Gellings dafa

6.0

B.O
Tube plate temp

100 200 300 400 500 600 700 800

FIG. 8 THERMODYNAMIC BEHAVIOUR OF ZINC IN SODIUM

AND ZINC IN IRON

-197-



L U

^ ~
i/>

I I

o

CL

t o
I I

L U

i n
i n
o
*~

o
CM
CD

6

i n
»^
t y .

0
Cvl

e
o
in

o
O

o
CO

LU

>-
t/1

o
in OC

LU
Q .

E
o

1

O

a:

UJ

D. '3«niVa3dW31

-198-


