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ABSTRACT 
The reaction of decomposition of hydroiodic acid is inclu

ded in a promising water splitting process (sulfur-iodine cycle). 
It was found that one could unify the decomposition step with 
the iodine,condensation step by increasing the pressure and 
decreasing the temperature. At a 60 bar total pressure and at 
200°C one could achieve effective conversion of 21 % to liquid 
iodine which is well competitive to the gas reaction conver
sion at 600°C. It is estimated that by the suggested modifica
tion together with a simultaneous separation of hydrogen by a 
palladium membrane one could save a heat loss of about 5 % of 
the heat content of the produced hydrogen. 

An experimental programm is running in order to overcome 
some basic difficulties and data shortcomings which stand in 
the way of achieving that target. The core of the experimental 
system is the palladium silver (23 % Ag) membrane tube reactor 
in which the feed gas entered the inner side of the tube. Four 
series of different kinds of experiments have been performed : 
1 - diffusion of hydrogen from a pure feed hydrogen stream 

through the membrane ; the results are statistically ana-
lized due to the present correlations of the H? specific 
permeability as a function of temperature and pressure (up 
to 600°C and 20 bar) ; 

2 - separation of hydrogen from a binary feed mixture H2~He ; 
a mathematical model is developed for this operation ; 

3 - indication of the poisoning effect of a little amount of 
hydroiodic acid en the hydrogen permeability ; this effect 
is partly reversible at high temperatures ; 

4 - a performance of one continuous experiment of HI decomposi
tion into the membrane tube at steady pressure and tempe
rature of 8 bar and 500°C ; the results prove the catalytic 
activity of the membrane surface. 

Research fellow from Atomic Energy Commission of Israel, 
Beer-Cheva. 



INTRODUCTION 
The reaction of thermal decomposition of hydroiodic acid 

is involved in one of the most promising cycles that have been 
investigated for the thermochemical production of hydrogen from 
water, namely, the sulfur-iodine cycle / 1 - 6 /. Moreover it 
may take part in other suggested cycles, as the step of the 
direct hydrogen production / 7 /. 

It is conventional that one of the difficult problems in 
thermochemical cycles is the problem of purification and sepa
ration of the produced hydrogen. The permeability of hydrogen 
through palladium membranes has been known since many years and 
used whenever highly -jure hydrogen was needed / 8 - 9 /. It has 
been lately suggested to take advantage of this phenomenon in 
the hydroiodic acid decomposition reaction / 6 /. The use of 
those selective membranes may be advantageous also for the puri
fication of great masses of hydrogen produced in many other 
reactions. 

A unit process design for the thermal decomposition of HI 
was suggested and discussed by the Ispra research group. Results 
were reported at the early days of 1976. The reaction was consi
dered practicable in relatively low pressure and high temperature 
of about 600-800°C, producing iodine vapor beside the hydrogen, 
as follows : 
(1) 2 HI (g) • H 2 (g) • I 2 (g) 

This reaction is endothermic (AH = 3.26 - 3.44 Kcal/mole 
}^2t in t n e mentioned range of temperatures) and its conversion 
in equilibrium conditions is independent of pressure. Actual 
pressures have been determined due to the needs of product 
separation and preparations for further steps in the cycles. 
This reaction will be refered to henceforward as the High Tem
perature Reaction (H.T.R.). 

It was thought in our Laboratory and in G.A. Laboratory 
/ 2 / that one could unify the decomposition step of this 
process with the iodine condensation by increasing the pressure 
and decreasing the temperature. The first part of this paper is 
devoted to a renewed thermochemical analysis of the decomposi
tion reaction. 

It is estimated that by the suggested modification together 
with a simultaneous separation of hydrogen by a palladium mem
brane, the overall thermal efficiency could be increased. 

The use of palladium membrane forms some problems. One 
problem lays in the effect of the other reaction compounds on 

- 2 -



the permeability of the hydrogen through the membrane, that is 
to say, iodine, hydroiodic acid and probably water vapor. 
Darling / 10 / stated that "traces of iodine and chlorine have 
deleterious effect upon cell permeability". Others, stated that 
at high temperatures there should be total decomposition of any 
possible palladium-iodine compound. We, do think that such 
effects and other similar ones should be tested experimentaly. 

In order to avoid the needs for too high a temperature 
and toc long a residence time of the reactants, it is suggested 
to carry out the decomposition reaction under catalysis by pla
tinum / 2 - 6 /. Theoretically, the palladium should have simi
lar activity like this • metal and moreover it is rather known 
as a good practical catalyst for dehydrohalogenation reactions 
in organic chemistry / 9 /. Hence, there exist a real need to 
investigate whether the palladium membrane will be able to 
achieve the target of catalysis in addition to its separation 
activity. 

The second part of this paper deals with our experimental 
work related to the permeability of the hydrogen, the poisoning 
effect of iodine, the catalytic activity of palladiun. 

THE ^COMPOSITION REACTION 
Pressure temperature conditions 

The equilibrium conversion values of the H.T.R. reaction 
(n° 1, above) as a function of temperature are described in 
fig. 1. On the same graph a set of curves related to the low 
temperature (L.T.R.)-high pressure reaction is drawn, namely, 
for the reaction : 
(2) 2 HI (g) —> H 2 (g) • I 2 (1) 
The equilibrium conversion values of this liquid-iodine produ
cing reaction depend en pressure as well as on temperature. 
From fig. 1 it is seen that at significant pressures the con
version values are well competitive with the maximum conversion 
of the H.T.R. in the highest temperature actually available. High 
pressures are obviously demanded for the maintenance of high par
tial pressures of hydrogen that are needed to keep the diffusion 
potential, if a membrane separation is in use. 

The enthalpy changes of the both reactions are described 
in fig. 2 for a wide range of temperatures. The curves of fig. 2 
clearly show that the actual act of unifying the decomposition 
step with the iodine condensation step in the same reaction 
vessel leads to an exothermic overall reaction through a wide 
range of temperatures, and saves heat-exchange requirements. 
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In figure 1 another line (dotted) is introduced which 
includes those temperature values for which the vapor pressure 
of the produced iodine equals the total pressure of the reac
tion medium. It is obvious that to the right side of this line 
only the gas producing reaction, n° 1, can occur. To the left 
side of this line reaction n* 1 ioay always occur beside reac
tion n* 2. A simple model for the calculation of concentrations 
resulted in the mixture of two simultaneous occuring reactions 
(n° 1 and n° 2) is presented as follows : 

We consider a base of initial quantity of one mole of the 
sole reactant (HI) and mark the calculated conversions of the 
gaseous-iodine producing reaction and the liquid-iodine produ
cing one by "Cg" and "C\" respectively. If we assume a "Z" pait 
of the reactant to the gaseous-producing reaction we get the 
following stochiometric relations : 

C C 
2 (HI) -i. (H2) • (I2) ; 2 (HI) -I (H,) • (d 2)) 

initial 
quanti- 2 , 0 , 0 ; (1-Z) , 0 , 0 
ties : 

final 
quanti- Z(l-C_) , Z C_/2 , Z C /2; (1-Z)(1-C,),(1-Z)C,/2, 
ties » * •» 
X i e S ' (l-ZKj/2 
If we assign the molar fractions of the iodine in the gas and 
the liquid phases by y and X respectively, we can further assume 
a physical equilibrium between the phases to exist, and accor
ding to Raoult-Law we get the relation : 

-r-
P (vapor pressure of pure iodine) 
P T (total pressure of the mixture) 

Since the iodine is the only constituent in the liquid phase we 
assume X - 1 and from the stochiometric relations depicted above 
we get the equation : 

P C Z 
y = *5J = 2 - c\ (1 - 2) 

And by a simple algebric transformation it leads into the follo
wing expression for the partition parameter, Z : 

Z - y (2 - Cj) / (Cg - Cl y) 



Since we are dealing with conditions in which Cg and Ci are of 
the same order we see that the gas producing reaction will abso
lutely stop only when 

P v 

*T 
in other words, when the temperature is so low that the vapor 
pressure can be neglected. This is one extremum of the above 
expression. The other extremum may be defined fcr the value 
Z * 1, then we get : 

y - C / 2 when Z = 1 
That is to say that the gas-iodine producing reaction will be 
entirely preferable as long as the partial pressure of the pro
duced iodine is less than its vapor pressure in the same tempe
rature. This condition may be satisfied in a quite significant 
area immediately to the left of the dotted line in fig. i. 
Mass and energy balances 

With a computer programme we calculated 
equilibrium conversions of reactions in different P-T conditions 
and with different initial concentrations of products, reactants 
and inert gases. In order to show the advantages of the sugges
ted L.T.R., three sets of a calculations have been carried out 
with the aid of this programme. Resulting mass and energy balances 
for a production rate of 500 mole/hr of hydrogen (11.2 N.m3/hr) 
are depicted in figure I. Terminal conditions for these ptrts of 
cycles are related to the sulphuric acid cycle due to reference 
/ 6 /. 

Figure 3 includes two versions of recycling for the L.T.R. 
conditions in addition to one for the H.T.R. conditions. The 
two L.T.R. versions are calculated due to the model mentioned 
above. Version I (fig. 3B^)includes recycling of all the 
vapor iodine presented in the reaction untill the gas producing 
reaction is totally stopped. Version II (fig. 3B7)includes a 
continuation of the gas producing reaction to some extent, an 
equilibrium liquet'ication of the produced vapor iodine and a 
recycling of a vapor iodine quantity due to vapor pressure of 
iodine in the temperature of the reactor. 

In the calculation of the H.T.R. version (fig.3A) a recy
cle of the vapor pressure quantity of the iodine is also assu
med (in this case, in the iodine condenser temperature). 

Other common recycling effect which was assumed for all 
versions is the recycling of hydrogen due to the requirement of 
a minimum partial pressure, over 1 atm, in thé reactor for the 
maintenance of hydrogen diffusion through a palladium membrane. 
The calculations showet' that those apparently fine recycles may 
have a significant effect on the equilibrium conveicion of reac-
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tions and they should be well considered in actual calculations. 
Data of vapo*- pressures and other physical properties 

are taken from relevant handbooks and a relatively newly edited 
book / 17 /. 

The schematic diagrams of heat balance in the lower part 
of fig. 3 show that with the L.T.R. we may save an excess heat 
exchange of about 7 000 Kcal/hr and assuming a heat loss of 20 % 
during the exchange it means a net saving of 2.78 Kcal/mole H2. 
Considering the L.H.V. of the hydrogen (58 Kcal/mole) this quan
tity match the value of 5 I of the heat content of the produced 
hydrogen. 

Anoter outstanding advantage of the L.T.R. lays in the 
investment requirement of such a plant in comparison with an 
H.T.R. plant, mainly in saving condensation and heat-exchange 
facilities and in working in low temperature atmosphere. 

In the comparison of mass balances between the H.T.R. and 
L.T.R. we assumed equilibrium conditions in the reactions. 
Though it is shown elsewhere that one could possibly enhance 
the effective conversion by a rapid capture of the products or 
by the use of a two stage reactor, it seems that such improve
ments may be effective as well for both versions of reactions. 
Anyhow, exact comparison with a full thermodynamic and enginee
ring evaluation is beyond our reach unless we go into the details 
of the flowchart of the whole process. Such analysis require 
specifications of reactants and products streams, heat-exchange 
facilities within température range requirements, etc... 

EXPERIMENTAL RESEARCH 
The experimental system 

The apparatus is described in fig. 4. The gas are stored 
in the pressure bottle B>, B3, B4, and mixed in B-j. The total 
pressure is measured with the pressure sensor PC 1. The mem
brane tube (24.3 cm length, 10.8 mm external diameter and 0.2 mm 
thickness) is held in the thermostated reactor (thermocouple T4). 
The feed gas enters the inner side of the tube. Two pressure 
reducers made from monel (PR, in the diagram) were proved to 
keep a proper pressure regime in the system. The steady diffu
sion flow of pure diffused hydrogen is measured after cooling 
by the flowmeter F1. The steady bleed flow out of the reactor 
is measured F2 and eventually analysed. 

Three condensation traps are added when HI gas entered the 
system : an ice-salt trap to separate a possible iodine product, 
a liquid nitrogen trap for the recovery of HI and a water 
security trap for the residual amount of HI. 
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Description of the experiments 
With developing certain routines, we achieved a good repea-

tibility of the results within the precision of our instruments. 
We tried to prevent poisoning by always keeping a considerable 
bleed rate of the entering flow; we used highly pure gases and 
we cleaned the system from time to time by a long term evacua
tion and by passing a current of clean H2 at high temperature. 

A considerable experimental effort was dedicated to the 
calibration of the electric resistance flowmeters together with 
the wet-gas meters, because the flows are the key parameters of 
the experiments. Measuring the output signal of the flowmeters 
with H2 and with He, we found that down to a very low flow rates 
(̂  2 lit./hr) they fit exactly the calibration charts of the pro
ducer. The wet gas meters are found to be exact within the pre
cision of the reading (0.01 lit) by gas-meter displacement tests. 

At first the experiments included measurements of permea
bility of pure hydrogen through the membrane and separation of 
hydrogen from a binary feed mixture H2-He. During an experiment 
the temperature is kept constant and st-p changes of pressure 
take place. An experiment follows those stages : heating ; sta
bilization of the temperature ; passing a current of hydrogen 
during two hours ; regulation of the pressure inside the mem
brane tube to different values by the pressure reducer PR! and 
the bleed flow rate by PR2. The measurements include a simulta
neous record of T4, P4, Fi and F2 (see fig. 4) and a check of 
the integral outlet gas flows by wet-gas-meters from time to 
time. 

Experiments were also undertook with a feed which contai
ned small amounts of hydroiodic acid. 

Finally one experiment was carried out to study the decom
position of HI in a continuous process. A gaseois feed mixture 
of about 25 '. HI in He, as an inert carrier, was prepared in B1. 
Then, it was feeded for several hours through the membrane tube 
at 500°C and 10 bar pressure. From the product g?s stream of an 
order of 20 lit/hr the produced iodine was captured by an ice-
salt cool trap and the residual HI by the liquid nitrogen trap 
(see fig. 4). After a consequent water trap, the remaining gas 
was analyzed by the gas chromatograph of the laboratory to the 
content of product hydrogen in the helium stream. More experi
mental details will be described in connection with the results, 
ir. the next paragraph. 

Representation and analysis of results 
1. Permeabilities of pure hydrogen. During the experiments, 

the outlet flows temperatures were almost constant in the order 
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of 23 • 1*C, and the bleed flows at the order of 15-22 lit/hr. 
The vaïues of hydrogen diffusion flows are then normalized to 
specific permeabilities by the linear surface dependence and 
by the assumption of inverse membrane thickness dependence. The 
values of specific permeabilities expressec'in 10-3 (N.lit./hr. 
cm2) x inch(are depicted as a function of temperature and pres
sure in fig. S and 6 respectively. 

A comparison with others' data / 10 , 11 , 1 2 / shows 
that here we have achieved some finer mesh of temperature and 
pressure values and expanded the data to a lower range of tem
peratures, due to the needs of our program. From figure 5, we 
can see that the isobaric curves have the same general shapes 
of those found in literature with two apparent changes of cur
vature, one between 200 - 300°C and the other between 400 -
500*C. The absolute values of specific permeabilities are lower 
than those achieved by Johnson and Matthey / 12 / for instance, 
by about 20 \ . This result may be explained by an average devia
tion in the surface purity of the membrane. 

The experimental results were analyzed by a statistical 
regression curve fitting program which is based on lineariza
tion by transformation of variables. The startpoint of the 
analysis is a correlation of the shape : 
(1) R - k exp (£) (Pj 1 / 2 - P 0

1 / 2 ) 
of which a rational physical explanation is well discussed by 
Ackerman and Koskinas / 15 / ; where : 

-3 2 
R is the specific permeability in 10 (N.lit/hr.cm ). 
T is the absolute temprature, °K. 
Pj is the upflow membrane pressure, bar. 
P 0 is the downflow membrane pressure (= 1 bar). 
k is a dimentional constant of correlation. 

In reference to the curve families in figures 5 and 6 the 
above correlation is divided, for the sake of curve fitting, to 
(2) R * A (P) exp (£), for 396°K < T < 865°K 

(3) R T = C (T) ? ^ / 2 + D (T). 
Testing equation (2) for the whole range of temperatures, 

one finds the coefficients values to violence the mathematical 
model. One finds a non linearity of the coefficient A with the 
pressure function [*P - 1) and a non constancy of the coeffi
cient B, as it is shown by the dashed lines of figure 7. The 
situation is much improved when we consider only the data of 
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temperatures above 300*C, and this is shown by the solid lines 
in figure 7. In both cases we get satisfactory values of the 
statistics of corrélation, namely, a value of R-Square above 0.9 
and value of F within 99 » limits of confidence. This result may 
be explained by the possible a/0 phase change in the palladium 
membrane at a temperature below 300-C / 8 , 13 /. Thus the cur
ves calculated for the high temperature range are shown in fi
gure 2 (in dashed lines). It seems that the assumed model of 
temperature dependence almost linearizes the curves ignoring 
the typical change of curvature around 450°C which is found also 
by others. The average value of the temperature constant B is 
found to be about - 1 100°K. This value indicates a sharper 
change with temperature than that suggested by Ackerman and 
Koskinas which found a B value of - 794°K / 14 /. 

The statistical test of the family of curves of equation 
(3) also reveals an evolution of the shape of the curves when 
temperature varies, which may be attributed to a corresponding 
evolution of the Pd-23 \ Ag-H alloy (*). In figure 8 we test 
the values of coefficients of equation (3) to the necessary con
dition, C • - D, for the validity of the correlation form (1) 
(when P » 1 bar). 

The curve in figure 8 shows that only at temperature values 
above 300°C, this condition is satisfied and there is a clear 
inclination to diminish the effect of back pressure (D—?0) on 
the diffusion rate when the temperature decreases. The partition 
of the isothermal curves to t*o different ranges is mentioned in 
figure 3. The statistics of correlation are fornix to be in 
excellent agreeme.it with the mathematical modrl of the pressure 
dependence. In all curves, the R-Square values are above 0.99 
and the F values are by two orders of magnitude greater than 
those needed for 99 *. limits of confidence. The correlation cur
ves overlap the hand-drawn curves of figure 6. 

2. Separation of hydrogen from a binary mixture. Due to the 
shape of the tube and to the nature of the flow inside it, some 
mathematical model is needed in order to couple the problem of 
the flow with that of the hydrogen diffusion through the wall. 
We try here a simple one-dimensional model with the following 
assumptions : 

(») Pd-Ag-H alloys up to about 19 % Ag exhibit an a-6 change, 
above 19 % Ag, this phase change disappears, but the lattice 
parameters still continues to vary. Such evolution is well 
known in the hydrogen diffusion isotherms. 
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- the hydrogen diffuses through the membrane as if it presents 
alone with its partial pressure in the mixture ; 

- the mixture is considered an ideal mixture because of the 
nature of the gases ; 

- we neglect any radial gradient of the hydrogen concentration ; 
- the resistance of the membrane to the diffusion of hydrogen is 
much higher than that of its diffusion through the mixture in
cluding the boundary layer ; 

- the total pressure is constant along the tube ; 
- we neglect end and back mixing effects. 

For the case of pure hydrogen flow we can adapt equation 
(1) with a shape modification as follows : 
(4) K 1 f (T) (. 
where Ri expresses the diffusion flow of H-, in lit/hr. In refe
rence to the schematic diagram of figure 9," we can write for the 
local diffusion rate in a differential length dx of the tube : 

R 2 - - G d H - K dx f (T) (/~P̂  (5) 
Where : 
G is the constant flow of inert gas, mole/hr. 
H is the local concentration of hydrogen. 
P H /P H - mole H2/mole He * N.lit.HL/N.lit.He. 
P 2 is the local partial concentration of H 2. 
A total integration of equation (5) gives : 

^V 

(6) 

Assigning : 

K 1 f (T) - G d H 

P x • P T H / (1 • H) and P Q » 1 bar of H 2 , 
then, from a comparison between equation (4) and (6) we get 

(7) 
R1 (\ G d H 

/~PT • H / (1 • H) - 1 

G and I!' may be calculated from the directly measured parameters 
which are : the total bleed rate - B, the total diffusion rate of 
H2 - R2 and the initial concentration of hydrogen - M 0, by an 
overall material balance as follows : 
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G H » G H' • L O L 

B = G (1 + H') 
These two equations may be rea»\ anged to give : 
(8) H« = (B H o - R 2) / (B + R 2) 
(9) G - (B + R 2) / (1 + H 0) 
The experimental results are analyzed by equation (7). The right 
side of that equation is calculated with the inlet concentration 
of hydrogen H 0 » 0,52207 = mole H2/mole He, and will be assigned 
by leal.» The l^ft side is calculated from the corresponding 
pure hydrogen experiment at Pj - P r and the same temperature T, 
and will be assigned by I r ef- The experimental results within 
the calculated values of I r ef and I c aj are summarized in 
Table I. 

A statistical analysis for a linear correlation between 
leal. a n (* Iref. indicates that we have a good start of corre
lation but it also stresses the need of more dr.ta production, of 
elimination of experimental errors and refinement of the mathe
matical model. 

It is worth while mentioning one outstanding result of 
the binary mixture experiments which is the clear and certain 
dependence of the diffusion flow rate on the bleed flow rate as 
well as on the P-T conditions, unlike that of the pure hydrogen 
experiments. This result is comparable to the results obtained 
in other works / 15 /. 

3. The effect of HI presence on the diffusion rate of hydro
gen. After the primary finding of a severe damage to the hyaro-
gen diffusion, by surface poisoning of the membrane, we have 
designed a series of systematic experiments in order to get some 
quantitative estimation of the poisoning effect. 

The experimental results are briefly presented in Table II. 
A constant pressure of 10 bar in the tube and a constant content 
of 2.4 % HI in hydrogen in the feed flow were maintained during 
those experiments. The third and the fourth columns of the table 
indicate that regeneration steps of the membrane were carried 
out either by pure hydrogen feed or by temperature increase or 
by both. The measure parameter, R, indicates the diffusion flow 
rate of hydrogen in each experiment. The reference flow rate 
Rref.i is derived by interpolation from the measurements of the 
pure hydrogen series (fig. 5,6). Finally the percentage ratio 
between the two is considered as an estimate of the non-poisoning 
or of the permeability of the membrane relative to that obtained 
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in the absence of HI. This series is divided to four sets of 
experiments where each set includes consequent step-changes 
starting from certain conditions. 

The first experiments (set n° 1) ihow that the poisoning 
effect at about 300°C is immediate and almost total. Moreover 
we have actually seen that at such order of temperature, rege
neration was entirely impossible (The time scale is not taken 
care by Table II , but it is included in this discussion). 
From the consequent sets we can see that the relative poisoning 
by the HI containing feed is lower the higher the temperature is. 
The regeneration on experiments showed that a certain part of 
the poisoning is reversiole within an order of time of some 
minutes. 

The results of set n° 4 in the table well indicate the 
dependence of the reversible part on temperature. At a tempera
ture of 4O0°C, about 50 % of the permeability potential have 
been regenerated and at 550°C, 75 % of it could be regenerated. 
From a long time experiment which is not included in the table we 
could see that a total regeneration of the membrane by heating 
and refreshment of surface by pure hydrogen is not impossible 
but it demands an order of time of many hours to days. 

4. Decomposition of HI in a continuous process. The results 
to be reported here may be considered as a rough estimate rather 
than exact results, because just one experiment was done in a 
preliminary manner. Moreover, this experiment suffered from 
shortime disturbances caused by obstructions in the product line 
valves or captures. Thus, we shall consider the integral mate
rial conversion as more precise than that calculated from rate 
flow measurements. 

The main features of the experiment were : 
- the composition of feed pas : 25 % HI in helium ; 
- reactor temperature : 50i°C ; 
- --eactor pressure : 8 bar ; 
- duration of the experiment : about G hours. 

The principal integral measurements and results were : 
a - The crystallized iodine product was measured by gravimetry 

of an analytic alcohol solution and checked by direct crys
tals weight : 
. proved weight of iodine crystals 2.82 gr. 
. 20 % estimate of loses by cleaning, etc.. 0.56 gr. 
. overal production : Pr » 3.38 gr. 

b - The amount of HI feed was measured by the pressure drop in 
the feed known volume tank : F - 85 gr. HI. 
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c - No hydrogen diffusion was indicated at the outside part of 
the membrane tube. 

d - A rough gas chromatographic analysis of the product gas 
after III capture and wash, revealed a hydrogen content of 
6 - 12 % in helium. 
The conversion percentage which was achieved here may be 

estimated by : 
, 3.38 x (128 / 127) a 

This conversion value is further confirmed by the presence 
of hydrogen in the product gas. 

The mean residence time of the feed gas in the reactor tube 
is calculated to be about 20 sec. from the rate of flow and the 
volume of the tube. Referring to the conversion time diagram of 
the gaseous homogeneous reaction obtained at Ispra, we find that 
residence time corresponds to about 0.2 *. of conversion. So, we 
can explain the achieved conversion whose value is 20 times 
greater than the mentioned value by a catalytic effect of the 
membrane in spite of its poor specific surface area, of about 
1 cm2/ 1 cm3. 

During the experiment we have observed some additional 
facts wh^ch may be valuable to the development of the research : 
a - A severe attack by the HI on the silver welding between the 

membrane tube and the stainless steel attached tubes. We 
have clearly found a product of Agi and a leak in the wel
ding, which forced us to close the external part of the 
reactor during the experiment. 

b - An undefined yet, biack powder which is produced by the 
attack of HI on the surface area of the membrane tube and 
the stainless steel parts. 

c - Most of the produced iodine was crystallized at the outlet 
reactor tube, rather than into iodine captured which was 
designed for that operation. 

CONCLUDING REMARKS 
We consider it a clear way to treat the effect of the 

present results on the future developement of the results by 
two separate branches : 
- the problems which concern the diffusion and separation of 
hydrogen ; 

- the problem which concerns the HI presence and its decomposi 
tion. 
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The hydrogen separation problem has a basic engineering 
value. The results which are discussed in paragraphs 1 and 2 
may be considered as a scientific contribution to the subject. 
We now expect the achievement of more data from the current 
series of experiments in a second version of reactor which 
comprises an assembly of five tubes (thickness of 0.1 mm). 
Then, we can further extend the mathematical analyses which 
were started here. By that we can achieve a significant impro
vement of the present correlations, both that of the pressure 
temperature dependence and that of the effect of mixing with 
inert gases. The results of the binary mixture experiments have 
a direct effect on design of the membrane assembly in a separa
tion unit or particularly in a reactor vessel. Actually, it is 
suggested to test more membrane assemblies in the direction of 
a realistic reactor concept. 

The experimental results which are discussed in paragraphs 
3 and 4 refer to the HI problem. During the experimental work, 
we have faced quite discouraging problems. The main problems 
are that of the corrosion attack and that of the poisoning of 
the membrane surface and damaging the permeability potential of 
the membrane. These problems are naturally out of the scope of 
the present work. 

They may be solved by a proper metallurgical operations 
of alloying and surface treatments / 16 /. In addition to that, 
the poisoning quantitative assesment may directly contribute to 
the determination of a proper regeneration operation regime of 
separation units. 

Finally, the research of HI decomposition reaction may be 
continued into two directions due to the findings of the last 
experiment : 
a - Since the results have evidently proved the catalytic acti

vity of the membrane, we can develop the design and optimize 
the specific surface area of the catalyst. 

b - The results have indicated the possibility of liquid iodine 
production into the reactor. So, we can investigate the con
ditions of the achievment of that advantageous operation. 
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TABLE I 

Results of the binary mixture experiments 

Exp. 
n° 

°C bar N . l i t / h r N . l i t / h r a tm . Exp. 
n° T V p i A R 2 B G I . c a l . W 
1 

2 

3 

4 

5 

6 

7 

8 

402 

222 

402 

222 

402 

222 

402 

402 

4 

S 

8 

12 

12 

16 

16 

20 

17.65 

13.61 

30 .76 

21 . IS 

42 .86 

23.70 

54.45 

64.03 

2.60 

5.33 

8 .00 

7.05 

11.26 

9.00 

14.24 

16.11 

33.77 

34.78 

72 .89 

32.31 

67.61 

61.23 

68.68 

65 .79 

23 ,89 

26.35 

53.14 

25 .86 

51.82 

46.14 

54.48 

53.81 

21.20 

10.19 

14.18 

8.92 

13.19 

7.70 

13.10 

12.64 

17.65 

7.44 

16.82 

8 .59 

17.39 

7 .90 

18.14 

18.44 

Remarks : 
* Calculated from the pure hydrogen r e s u l t s by in t e rpo la t i on 

( f igures 5 ,6) . 



TABLE II 
Ditfusion flows of hydrogen in the presence of HI in the entering mixture 

Set 
n° 

EXJ. Tempera
ture 

Feed-
gas 

R 
lit/hr 

H2 

Rref 
lit/hr 

R v f 
% 

Remarks 

1 
1 
1 
1 

1 
2 
3 
4 

319 
319 
505 
505 

H 2 
H 2+ HI 

H2 
H 2+ HI 

35.7 
0.3 
36.4 
20.8 

30.2 
30.2 
47.4 
47.4 

100 
1 

77 
44 

Starting with extrapure membrane 
Extra poisoning 
Partial regeneration 
Partial poisoning 

2 

1 

2 
3 

408 

408 
458 

H 2 
H 2 + HI 

H 2 

17.3 

1.4 
21.5 

37,3 

37,3 
41,3 

46 

4 
52 

Starting with contaminated 
membrane 
Poisoning 
Partial regeneration 

3 

3 

1 

2 

405 

405 

H2 
H 2+ HI 

16.6 

4.9 

37.3 

37.3 

44 

13 

Starting with contaminated 
membrane 
Poisoning 

4 

4 
4 
4 

1 

2 
3 
4 

402 

458 
509 
558 

«2 

"2 
H2 
H2 

17.3 

20.1 
29.1 
40.8 

36.8 

41.3 
47.9 
53.4 

47 

49 
61 
76 

Starting vith contamined 
membrane 

I Partial regeneration by 
J temperature increase by 
1 steps of 30 min. 
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