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ABSTRACT 

Some aspects of the use of heat of nuclear origin for the production of 
hydrogen by water-splitt ing a re considered. General notions 
pertaining to the yield of chemical cycles are discussed and the heat 
balance corresponding to two specific processes is evaluated. The 
possibilities of high temperature r eac to r s , with respect to the coolant 
temperature levels, a re examined from the standpoint of core design 
and technology of some components. Fur the rmore , subject to a 
judicious selection of their charac ter i s t ics , these r eac to r s can lead to 
excellent use of nuclear fuel. The coupling of the nuclear reactor 
with the chemical plant by means of a secondary helium circuit gives 
r i se to the design of an intermediate heat exchanger, which is an 
important component of the overall installation. 
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HYDROGEN PRODUCTION BY WATER-SPLITTING AND HTGR 

P . COURVOISIER J . RASTOIN Z . C . TILLIETTE 

1 INTRODUCTION 

Hydrogen, considered as an energy ca r r i e r , posses ses charac ter is t ics 
comparable to those of natural gas: economical, t rouble-free 
transportation, flexibility of use. It is distinguished from electricity 
by its storage possibili t ies, which represent a decisive advantage for 
certain uses and for the use of power plants during slack hours . It 
i s a non-pollutant fuel. The introduction of hydrogen into the energy 
market may be gradual, and at the outset may exploit existing 
installations for transpoi t, storage, distribution and use of natural 
gas , which can henceforth accommodate, without transformation, 10 to 
15% of hydrogen (1, 2). 

Tne use of hydrogen as a second energy ca r r i e r jointly with electr ici ty 
offers considerable advantages for future energy distribution sys tems. 
It implies the development of economic processes for producing this 
gas by the dissociation of water through nuclear energy. The only 
proven process immediately available to split water is electrolysis in 
i ts traditional form, which can be coupled with an electrici ty-producing 
reac tor . 

In order to avoid the intermediate conversion of heat into electrici ty, 
Funk (3) followed by several authors (4,5,6) suggested the implementation 
of chemical cycles designed for the thermolysis of water at 
temperatures accessible with high temperature r e a c t o r s . These 
processes are at the stage of laboratory research and energy balance 
assessment on the basis of thermochemical data. Much work remains 
to be done to determine their competitivity. 

The outlook for their growth, as compared with e lect rolys is , depends 
in part icular on the efficiencies of use of pr imary energy which can be 
achieved, and the possibil i t ies of coupling with a heat-producing nuclear 
reac to r . In order to clarify this potential, this ar t ic le deals with the 
following aspects: chemical cycles and thermal efficiency, nuclear 
fuel cycle economy, high temperature heat-producing reac to r s , and 
adaptations necessary for coupling with the thermochemical p r o c e s s . 
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2 CHEMICAL CYCLES 

2.1 GENERAL OBSERVATIONS CONCERNING YIELDS 

We know that a sequence of chemical react ions, equivalent in overall 
t e rms to the decomposition of water, necessar i ly includes one or m e r e 
endothermic steps and one or more exothermic s teps . In order to 
maintain the endothermic chemical reactions at high temperature, 
heat needs to be added, and the exothermic react ions of the sequence 
liberate heat to a cold source. In order to complete a cycle in the 
tiïermodynamic sense, in other words, to re turn to the initial s tate, 
it is necessary to add to the sequence the reaction H2 + ^02 "* H2O. 
This reaction vnay be effected reversibly in a fuel cell which supplies 
usable energy. This implies a cycle similar to that of a thermal 
power plant producing power from heat and featuring a theoretical 
yield which can be computed from the second principle (7,8) . 

Cyclic thermochemical processes for water splitting which convert 
the heat into chemical energy held by the hydrogen, are fully 
comparable from the thermodynamic standpoint to electrolysis 
combined with an electricity-producing plant. The maximum 
'theoretical ' yields a re the same. The comparison must hence 
deal with the practical yields resulting from optimization, with due 
consideration of the additional investments required to reduce the 
i rreversibi l i t ies (9, 10). 

For chemical cycles, an evaluation of the i r revers ib i l i t ies of thermal 
origin was carr ied out by means of a theoretical and general approach 
involving statistical values defining the energy content of 
intermediate compounds exploited (10). For average values, it 
appears that the thermal yields cf chemical p rocesses are comparable 
to the net electrical outputs of electric power plants employing the 
same nuclear r eac to r s . The need to also consider the chemical 
i r reversibi l i t ies (as compared with the i r revers ibi l i t ies of the 
electrolysis cell) leads to the consideration that the two systems, 
thermochemical and electrochemical, a re closely comparable. 

The propert ies of the reactions and compounds involved in chemical 
cycles can nevertheless have a substantial effect on losses due to 
i r reversibi l i t ies in heat transfer, and each cycle must be suDJected to 
a specific assessment of the energy balance, and must account for 
coupling with a specific heat-generating reactor and of the possibilit ies 
of internal heat recovery . 

The results of es t imates made for two thermochemical cycles are 
given in ar t ic les 2. 2 and 2. 3. 
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2.2 IODINE-ARSENIC CYCLE 

This process , which includes four react ions , i s based on the 
decomposition of water under the combined action of an oxidizing 
agent, iodine, and a reducing agent, arsenous oxide: 

(1) A s

2 ° 3 + 2 I

2

 + 5 H

2 ° "* 2 H 3 A s 0 4 + 4HI 

Reaction (1) is well known in an aqueous medium; however, in order 
to facilitate the separation of reaction products , it is better to work in 
a solvent, such as ethyl ether, in which the arsenic and hydriodic 
acids ar^ slightly soluble. The arsenic acid precipitate is separated 
from the solution and then decomposed at 300° C under the action of 
heat according to the following reaction: 

(2) 2H AsO„ -* Â s 0 0 c + 3H.O 1 ' 3 4 2 5 2 
s s 

The solid arsenic pentoxide decomposes at 650 C as follows: 

(3) A s 2 0 5 ^ A s 2 0 3 + 0 2 

s g 

The arsenous oxide obtained in the gaseous state is separated from 
the oxygen and recycled to react with the wa te r . P a r t of the arsenous 
oxide is obtained in the state of the gaseous dimer A s ^ ^ . Finally, 
the hydriodic acid is decomposed by heat in accordance with the 
following reaction: 

(4) 4HI * 2H, T 2I_ 
g 2 2 

The cycle reaction temperatures and the variat ions in enthalpy A,H 
and free enthalpy £>G (Gibbs function) are indicated in Table I. The 
reaction temperatures correspond to the possibil i t ies of high 
temperature reac tors due to be achieved in the relatively near future, 
as indicated in Chapter 3. 

According to the thermodynamic data, the reactions of the sequence 
appear feasible. It should be s t ressed, however, from the kinetics 
standpoint, that the validity of the react ions still requires confirmation. 
In particular, an experimental study is necessary to determine whether 
reaction (1) can be realized at a sufficient ra te in a suitable solvent. 

As an example, we examined the coupling of the arsenic- iodine cycle 
with a nuclear reactor equipped with a secondary circuit in which the 
helium coolant is heated from 450 to 850° C. The minimum 
temperature difference to ensure heat t ransfer is set at 50° C. The 
enthalpy variations corresponding to the conversions occurring in the 
cycle were calculated: reactions, t cmpcia ture r i s e s and drops of 
reagents and products, as well as any phase changes. The enthalpy 
balance was prepared, accounting for the heat given up by the helium 
and received by the different steps of this chemical cycle, and lor the 
heat recovered and exploited inside the chemical plant. 



Par t of the sensible heat given up by the helium is not employed in the 
chemical p roces s . This heat can be converted into electrici ty in 
an electr ic power plant connected to the installation. The overal l 
efficiency of the process can be defined by the ratio R: 

power produced in the form of hydrogen and electricity 
thermal power produce1:! by the helium 

By defining the energy contained in the hydrogen by the lower caloric 
value (57.9 Kcal/molc) and assuming an efficiency of 33% for the heat-
electricity conversion, the efficiency R approaches 57%. 

In actual fact, this value cannot be achieved in pract ice, because the 
calculation fails to account for the chemical i r revers ib i l i t ies and 
energies required for the separation and flow of the products . 
However, it is interesting to note that, taking account of thermal 
i r revers ib i l i t ies , it is possible to find high efficiency chemical cycles, 
even for moderate maximum tempera tures . 

Various chemical cycles present the drawback of using toxic elements 
such as mercury , arsenic and other heavy metals , and corrosive 
compounds such as halogenated acids. In attempting to overcome 
this obstacle, we examined, from the thermodynamic standpoint, 
reaction sequences involving oxides of carbon and metall ic oxides and 
carbonates. One cycle involving this family of compounds is the 
carbon-manganese cycle described in paragraph 2. 3. 

2.3 CARBON-MANGANESE CYCLE 

This cycle involves three react ions: 

(1) CO + H 2 0 -» C 0 2 + H 2 

(2) 3 C 0 o + Mn.O. -> 3MnCO, + {O, * ' 2 3 4s 3s * 2 

(3) 3MnCO. -» M n O + 2CO + CO 

The feasible operating conditions are indicated in Table 2, with the 
corresponding values of variations in enthalpy A, H and free enthalpy ^G. 

The AG values which arc negative and approach zero confirm the 
validity of the cycle from the thermodynamic standpoint. Reaction (1) 
is already implemented in industry. The kinetics of reactions (2) 
and (3) must be specified . The key reaction is the oxygen liberation 
reaction. 
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Table 2 

Operating conditions for carbon-manganese cycle react ions 

reaction 
number 

temperature 6 
(°C) 

p r e s s u r e 
(atm) (Kcal) 

ÛG 
(Kcal) 

1 500 40 -9.8 -3.4 

2 60 100 -27.2 -0.16 

3 600 9.7 94.9 -8.5 



A first estimate of efficiency, made with the same assumptions and 
approximations as for the As-I cycle, gave the value of 38%. A more 
accurate estimate, taking account of the energies required for 
separations and recyclings of the gases , was made on a detailed bas i s , 
with special attention paid to energy recovery. The value calculated 
in this case was 35%. 

2.4 DISCUSSION • 

The example of the arsenic-iodine cycle confirms that efficiency is not 
directly dependent on maximum temperature; it shows that, at least in 
relation to thermodynamic est imates , a promising efficiency level can 
be obtained for a maximum coolant temperature in the neighborhood of 
850° C, which is an accessible level. However, some of the 
intermediate compounds a re toxic or corros ive . The carbon-
manganese cycle does not feature this disadvantage, but the gas 
separations are liable to lead to prohibitive energy consumption. 
By organizing the heat recovery in a suitable manner, it i s still 
possible to reach a satisfactory yield. This resul t does not appear 
to have been achieved at the cost of an inconsiderable increase in the 
ratio of total power exchanged in the chemical process to the power 
produced in the form of hydrogen, this rat io being equal to 5. 
These initial indications arc encouraging for further work in the area 
of chemical p rocesses . 

Adequate information is not available to select a chemical process on 
which efforts should be concentrated. Hence it is advisable to 
continue general investigations of cycles on the basis of existing 
thermochemical data. The main cr i ter ia for an initial selection are 
affinity for chemical react ions, the approximate heat balance, and the 
temperature level which depends on the nuclear reactor and which is 
discussed in Chapter 3. 

For selected chemical cycles, two activities may be undertaken 
simultaneously: 

. experimental verification that the reaction ra tes involved a re 
sufficient for industrial application, and that any disadvantages 
caused by spurious reactions are not insurmountable, 

. preparation of est imates covering the overall process in order to 
determine the various energy losses and efficiency, and to a s s e s s 
the possibilities of application from the mater ia ls compatibility 
technology and chemical engineering standpoints. 
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3 USE OF HICI. TEMPERATURE REACTORS (HTR) 

3.1 REASONS FOR CHOOSING HTR s 

How can thermochem'ical processes use heat of nuclear origin? 

The temperature level required eliminates light water reac tors and 
fast neutron reactors -currently on the boards . However, the la t ter , 
subject to core modifications, can give sodium temperatures of 700° C, 
an ultimate possibility. 

In this case, the coupling with a thermochemical process i s not 
inconceivable, to the extent that one of the r a r e cycles featuring a 
high temperature of 650° C is shown to be viable with a good yield. 

However, the most at tract ive possibilities are those of high 
temperature nuclear systems involving either helium or molten sa l t s . 
Molten salt reactors are in the stage of prel iminary studies and basic 
experiments: no power prototype has yet been planned. On the 
other hand, helium reac tors are close to an industrialization phase, 
and a 330 MV/e demonstration plant (Fort Saint-Vrain, United States) 
is in the process of s tar tup. Electricity-producing helium 
reactors today supply pr imary calorics at the core exit at 750 C. 
Plans for helium turbines call for core design involving a temperature 
of 815° C at leas t . Currently dev loped technology is expected to 
reach 850 C, and the next step should lead to a level exceeding 900° C. 

In the current context, helium reac tors consequently constitute the 
most promising means for hydrogen production by mean? of nuclear 
energy, and in practice they are the only ones to have been subjected 
to adaptation studies for this purpose. The following pages 
summarize their possibil i t ies and provide observations on certain 
specific aspects of their coupling to a thermochemical unit of the type 
considered. 
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3.2 FUEL C V C L E ECONOMY 

The massive production of hydrogen from nuclear energy poses the 
problem of long-term consumption of natural uranium. Whereas 
for the production of electrici ty the long-tei/ . i solution p resumes 
recourse to breeder reac tors which lead to a considerable decrease 
in natural uranium consumption, the production of hydrogen appears 
to be feasible by HTRs alone, which are not b r eede r s . 

This problem can be remedied by improving the conversion factor. 

Table 3 summarizes consumption figures of natural uranium over a 
40-year period for different HTR core designs intended to increase 
the conversion factor by the use of semi-annual refueling, an increase 
in the thorium load, and a decrease in power density, a factor which 
will also enhance the achievement of high t empera tu re s . Assuming 
a hydrogen production yield of 50%, the consumption of natural 
uranium would be 5 T/Gth; for the production of hydrogen by 
electrolysis using a PWR reactor , assuming an electrolysis yield of 
80%, this figure would be about 40 T/Gth. In the case of HTRs, it 
is necessary to add 0.4 T thorium/Gth, which can be reused after about 
ten years of storage. 

In the longer term, resort ing to a hybrid system employing a 
breeder reactor with a thorium blanket producing uranium 233 for use 
in the HTR, can be considered. A 1000 MWe breeder reactor 
with a conversion factor of 1.45 can supply three 3000 MWt HTRs 
with a conversion factor of 0.85 (12). Hydrogen production would be 
effected from the thorium only, and consumption, assuming recycling 
of all products, would be on the order of 0.1 T/Gth. 

9 



Table 3 
Natural uranium consumption for different tyoes of high temperature 

reactor 

reactor type uranium 
requirement 
for 40 years 
tons of l^Og /MWe 

conversion 
factor 

PWR: 6.8 0.61 

. HTR type GA 
8.4 MW/m 3 

C/Th= 230 3.7 0.66 

. same with semi
annual refueling 3.2 0.71 

. same C/Th = 180 2.7 0.76 

. same P = 4 MW/m 3 1.5 0.88 
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3.3 CORE DESIGN 

In current electricity-producing HTRs of the General Atomic type, 
the mean helium outlet temperature is 750° C, for a mean fuel 
temperature of 890° C and a maximum temperature of 1400° C. 
Several parameters may be adapted to obtain a higher helium 
temperature, while maintaining the current fuel technology. 

The first parameter involves the reactor inlet tempera ture . The 
choice of this temperature is fairly \/ide if, as will be seen la te r , one 
uses an intermediate helium circuit between the reactor and the 
chemical plant. Fig . 1 i l lustrates the variations in outlet 
temperature as a function of power density for different inlet 
temperatures , for a maximum fuel temperature of 1400 C. It can 
be seen that a gain of 100° C is achieved in the outlet temperature for 
an increase of 200° C in the inlet tempera ture . 

A second parameter concerns power density. Several factors argue 
in favor of reducing the power density of 8 MW/nr 5 of current 
electricity-producing reactors to 4 to 5 M W / m ' , As shown in the 
art icle 3 . 2 , this would immediately lead to high conversion 
factors and hence low raw mater ia l consumption. As shown in 
F i g . 1 , the helium exit temperature can be increased by about 50° C 
when going from 8 to 4 MW/m^. The p ressu re drop is also 
considerably decreased. 

The third parameter concerns power flattening within a blowing 
region, which can be improved by a better layout of control rods and 
by decreasing the age factor, which can be achieved by using high 
thorium loads, which also have the advantage of increasing the 
conversion factor. Fig', 2 shows the variat ion in outlet 
temperature as a function of power density for two flattening values 
1.25 and 1.65, and indicate the degree to which this parameter is 
sensitive. 

In conclusion, current fuel technology makes it possible to reach 
helium outlet temperatures of about 1000 C, provided one selects 
a low power density of 4 to 5 MW/m^, a helium inlet temperature 
of about 500° C, and good power flattening within a blowing region. 
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3.4 THE NEED FOR AN INTERMEDIATE HELIUM CIRCUIT 

It is obviously tempting to couple the chemical plant directly with a 
nuclear reactor without using an intermediate circuit, which implies 
a significant pr ice increase, a process temperature loss of about 
50 C, and an increase in power consumption required by 
supplementary blowing. 

The use of an intermediate circuit is mainly associated with the 
problem of hydrogen contamination in normal and accidental 
operation. At the outset it is important to define the permiss ib le 
contamination, knowing that the hydrogen may be consumed in 
domestic applications, and thus distributed throughout the country, or 
in a very concentrated manner in chemical plants, thermal power 
plants etc. in view of this fact, it appears reasonable to presume 
that the activity picked up by the hydrogen will be limited to the 
permissible value in radioactive wastes of a nuclear power station of 
the current generation. As an example, this leads to limiting the 
activity of iodine 131 to a value of 6 . 10" ^ Ci /m of hydrogen; 
this value is far lower than the maximum allowable concentration for 
the public, which is 3 . 10 Ci /m^. 

The adoption of these severe standards appears necessary to 
ultimately persuade the public to consume nuclear hydrogen and to 
guarantee that this type of hydrogen production effectively fails to 
involve any danger. 

The problems of hydrogen contamination by fission products also 
depend on the types of reagent employed in the chemical cycles. 
If gas phase reagents are employed at a pressure greater than the 
reactor helium press ire, it is perhaps unnecessary to use an 
intermediate circuit , provided that the chemical circuit is isolated 
by means of quick-closing gastight valves, a matter which r a i s e s 
certain technological problems. 

Unfortunately, in most chemical cycles considered for hydrogen 
production, many reagents are solid, practically eliminating the 
possibility of gastight isolation of the circuit, and the p r e s s u r e s of 
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gas phase reagents are often lower than the reactor p res su re , leading 
to leaks of fission products from the pr imary reactor circuit to the 
chemical plant. A study made with these hypotheses (13) shows that 
radioactive wastes in normal and accidental operation are significantly 
higher than the standards previously established in case of d i rect 
coupling of uie reactor with the chemical plant. The main problems 
were caused by iodine 1 3 1 in normal operation, with wastes twenty 
times higher, and strontium 90 in case of heat exchanger f racture , 
leading to wastes fifty t imes higher. A valid question is that of the 
design of the intermediate circuit intended to play the rôle of a 
supplementary ba r r i e r to fission products. 

The first criterion is concerned with the leakage of fission products 
in normal operation. It has been shown (13) that the rat io ^ 
permissible between the activity of the secondary circuit and that of 
the pr imary circuit is 0.42 for tr i t ium, 0.01 for cesium 137, and 0.002 
for strontium 90. This indicates that the use of carbon bearing 
mater ia ls which are not gastight, but have high retention power for 
metallic fission products, can be considered, provided that one 
employs a secondary circuit helium p res su re slightly greater than the 
pr imary circuit p r e s su re . The gastight level required depends on 
the flow rate in the purification circuit for pr imary helium which is 
reinjected into the secondary circuit . 

The second cri terion involves the behavior of the exchanger in case 
of secondary circuit f racture . In effect, the secondary circuit 
plays the rôle of a ba r r i e r against fission products, and the fracture 
of this ba r r i e r must not lead to fracture of the He-He heat exchanger. 
If this occurs, it will be necessary to isolate the secondary circui t 
by gastight valves at high temperature but operating in helium. 

4 SOME CONSTRUCTIONAL ASPECTS OF COMPONENTS OF 
AN IITK WITH SECONDARY HELIUM CIRCUIT 

Proceeding from the above, we may mention three components which 
drew our part icular attention in our deliberations concerning heat-
producing JITRs coupled with industrial units. These components 
are the following: 

... intermediate heat exchangers, 

. p r imary circuit gas c i rcula tors , • 

. auxiliary cooling loops. 
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4.1 INTERMEDIATE HEAT EXCHANGERS 

The previous chapter demonstrated the virtual necessity of 
satisfactory separation between the pr imary circuit fluid liable to 
convey fission products and the secondary circuit fluid which flows 
through the chemical,plant. The system must therefore include 
a group of intermediate heat exchangers ensuring both this separation 
between the fluids and also heat t ransfer . 

It has often been stated that metall ic heat exchangers are feasible up 
to a temperature level lying between 800 and 900° C. We a re in a 
position to provide indications concerning part icularly metall ic 
intermediate heat exchangers, thanks to a study made by the company 
CCM-Suk:er (Paris) for the CEA and Technicatome. The value of 
this feasibility study lies in its industrial character and in its technical 
data. 

The operating conditions of the unit investigated are the following: 

p r imary helium secondary helium 

. high temperature 800° C 750° C 

. low temperature 374 C 239 C 

. mean p ressu re 40 ba r s 45 b a r s 

. total helium flow rate 472 kg/s 393 kg/s 

. power exchanged 1043 MW 

. number of units 4 

. required service life 100,000 hours 

The heat exchanger is shown in Fig. 3 . It is subdivided into a 
large number of modules so as to avoid thick, large dimension tubesheets 
The cold manifolds connecting the upper par t of each module to the 'cold' 
penetration a re distributed at the periphery, and provide support for the 
tube bundle; the hot helium flows upwards from the bottom outside the 
tubes, while the cold helium flows from top to bottom inside the tubes. 

The mater ia l employed is Incol oy 800, for which the required service 
life leads to allowable s t resses of 1.4 hbar in the hottest, most highly 
s t ressed zones. Other mater ia l s are suitable for higher operating 
tempera tures . Behavior in case of depressurizat ion was examined. 
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The overall unit is integrated in a pres t ressed concrete p re s su re 
vessel , laid out in a 4 m diameter cavity. The bundle heat exchange 
length is 7.5 m. It should be s t ressed that a heat exchanger of this 
type is laid out in the cavity in the same manner as a steam generator; 
hence the same architectural principles are employed in this aroa. 

4.2 MOTOR-DRIVEN GAS CIRCULATORS 

The pr imary circulators a re responsible for creating p r imary helium 
flow through the core and the intermediate heat exchangers. As 
mentioned above, the company CCM-Sulzer (Paris) car r ied out a 
feasibility study of these machines. 

For the system in question, motor-driven gas c i rcula tors , namely, 
circulators driven by an electrical motor, were naturally adopted. 

The main character is t ics of the machines a re the following: 

. suction temperature 380 C 

. helium flow rate 122 kg / s 

. discharge p ressure 40 ba r s 

. overpressure 0.90 bar 

. speed of rotation 3000 r. p . m . 

. power consumption 4.6 MWe 

. impeller diameter 1.33 m 

With an 'open' centrifugal impeller of a suitable mater ia l , it is possible 
to ensure helium flow at temperatures exceeding 400 C. 

This machine is also shown in Fig. 3 . Similarly to the circulators 
of steam cyc1.e high temperature reac tors , it is placed above the 
intermediate heat exchanger, on the main plug blocking the cavity. 
Similar to the intermediate heat exchanger (article 4.1), a traditional 
type of assembly is shown here . Rotation is provided by a suitable 
combination of axial gas bearings and an upper oil type thrust bearing 
separated from sensitive a reas and readily accessible . The speed of 
rotation is adjustable, thanks to variable frequency power supply. 

In conclusion, the feasibility of the pr imary circulators for heat-
producing applications is confirmed. 
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4.3 AUXILIARY COOLING SYSTEMS 

Owing to the increased outlet temperature in reac tors intended for 
high level heat production or hydrogen production, it is probably 
advisable to define a satisfactory auxiliary cooling system, as 
current systems are likely to prove inadequate for the new conditions. 

A study has just been completed in this area and Fig . 4 provides 
an initial illustration. 

A system of this type must perform the following functions: 

. emergency cooling, 

shutdown cooling, 

. diminution of substantial temperature variations in internal 
s t ructures (main circuit configuration comprising gas-gas heat 
exchangers and not steam generators containing significant 
quantities of water), 

. cooling of some structures thanks to the presence of a permanent 
cold gas source, 

. trapping of some fission products in the coldest zones. 

It is distinguished by continuous operation and by auxiliary energy 
production, as a rule in the form of s t e a n employed directly for 
heat requirements or for supplementary electr ici ty production. The 
steam generators concerned operate at moderate temperatures and 
p i e s s u r e s , downstream from a heat exchanger- recupera tor . 

5 CONCLUSIONS 

The new specifications associated with coupling helium reac tors to 
chemical hydrogen production plants are essentially concerned with 
heat transfer from the nuclear core to the chemical r e a c t o r s . The 
fuel developed for electricity production, most of the internal s t ruc tures , 
the p ressu re vessel , c i r -u la tors and blowers can be maintained 
approximately in their current configuration. The r e sea rch effort 
should be directed into two areas of equal importance: 
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(1) The chemical cycle: 

. kinetics of chemical reactions, 

. energy and mater ia l balances, 

. chemical engineering (design and technology of reac tors and 
separators) , 

. choice of ma te r i a l s . 

(2) Heat t ransfer : ' 

. in 'ermediate heat exchanger, 

. hot piping and associated valves, 

. thermal insulation, 

. migration and trapping of fission products, 

. ' mater ia l problems, • y 

. operation and safety (emergency cooling). 

Only by moving simultaneously towards both these objectives can the 
best solution be found for thermochemical hydrogen production. At 
the present time, it is too early to select a chemical cycle for 
subsequent industrial development. Investigations undertaken 
concerning the intermediate heat exchangers and the secondary 
circuits make it possible to orient investigations relating to chemical 
p rocesses , by setting a maximum secondary helium temperature of 
about 850° C in an initial stage, and 950° C in the longer t e rm. The 
question as to whether the thermochcmistry-HTR complex will be 
Competitive v is -à-v is electrolysis cannot be answered conclusively 
today. Too many unknowns prevail on the subject of practical cycle 
yields and concerning the investment in the chemical plant and the 
intermediate circuit . Current est imates show that the complex 
offers the advantage of high uranium use efficiency, encouraging 
further investigations. If, following an initial research phase, 
a decision is taken to develop the process , it would be necessary to 
create relatively high financial commitment and set up a relatively long 
period for work, both comparable to those which distinguished the 
development of a given type of nuclear reac tor . It is desirable that 
the exchanges and, in certain cases , collaboration, which have been 
evidenced between countries interested in resort ing to the hydrogen 
car r ie r and nuclear energy, should continue acti vcly. 
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