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Background 

The Elpesa plant productions are: chlorine, caustica soda solution and 
soae chlorinated derivatives. 

The production capacities are relative to a 17.500 tons/year of chlorine. 

The plant has been built by Bl.Mr ICnox, an engineering North American 
Company. 

'lbe technology coses from Olin llathinson,a big North American chlorine 
producer. 

Nicaragua cheaical industrial development coming up in 1960 years from 
the intention of central American industrialized countries to create 
a Central .American Commun Market. 

In the frame of this comarun market, the basis chemical production has been 
entrusted to Nicaragua. 

Following to this decision, a chlorine caustic soda complex has been 
installed in Managua. 

The chemical complexes built in 1960-1970 years mainly were of North 
American origin and the utilized technologies were not very up··to date. 

Begininningfroml980 year,the political problems present in Central America 
countries caused a worsening in technical and economical relationships with 
United States. 

Mostly in Nicaragua from 1980 the relationships with United States were 
completely broken off. 

Due to this political situation, the ~icaragua industries, during these 
ten years, were left without technical assistance and without possibility 
to buy spare parts from the United States' liotller eompanies. 

'Ibis fact caused a rapid and progressive deterioration of Elpesa chlorine 
plant; the production has dramatically fallen with a contemporary strong 
efficiency decrease. 
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PUNT BASIC TECHNICAL DATA 

Technology: aercury process 

Flant sections: 

A) Cell room 

B) Brine systea 

C) Chlorine handling 

A) Cell room 

- No. cells 
- cathode 
- Anodic surface 
- Current density 
- Mercury inventory 
- No. metallic anodes 
- Metallic anode surface 
- Rectifyer section 

- Production capacity with 

- 14 
• steel - 14,5 aq 

- 14 a.q 
• 9 ICA/aq 

• 55 flaskes/cell 
- 50 
• 0,279 aq/each 
• no. 2 rectifiers 

A.C. 13.9 KV· 

C.C. 0-67 Volt 
0-62.500 Amp. 

95% efficiency • 52.8 tons chlorine/day 

Each electrolytic cell is connected with a vertical amalgam decomposer 
provided with beat exchanger for hydrogen cooling. 
Copper connections between the cells and aluminium bus bars between 
cells and rectifyer. 
Piping f~r brioe,chlorine,h)idrogen and caustic soda complete the 
cell rooai. 
Intermediate storage caustic soda tanks are installed with relative 
pumps. 

B) Brine system 

Capacity 
Saturator 
Settler 
Filters 
Filters surf ace 
Dechlorination system 

• 100 me/hr 
• made in concrete 
•made in steel f 7,3 m 
• no. 3 Durco precoat type 
• 75 mq, 35 mq, 109 mq 
• vacuum system consisting of a single 

stage, steam jet ejector with a 
barometric condenser 
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Tanks for depleted and concentrated brine with relative pumps 
(titaniua Durco type) and piping complete the section. 

C) Chlorine handling 

- Chlorine washing and cooling 

- Drying systea 

- Compression systea 

- Hydrochloric acid production 

- Scdiua hypcchlorite 

- Calcium hypochlorite 

- Liquid chlorine section 

... 

l tower with heat exchanger 
circulotion puaps and relevant 
piping 

no. 3 towers with heat exchangers 
for sulphuric acid cooling. 
The beat exchangers are plate type 
made of hastelloy C 
Pumps for sulphuric acid circulation 
and relative piping. 

no. 3 liquid ring coapressors 
type Nash 
Capacity 
Pressure 
Ring liquid 

20 tous/day each 
4 bar 

98% sulphuric acid 

20.000 tons/year HCl 33% solution 

consisting of absorption tank 
and titanium heat exchanger 
located on recycle line 
capacity: undetermined 

consisting of chlorine absorption 
tank 
capacity: undetermined 

The liquefaction system is equipped 
with 22 freon compressors and 
liquefyer equipment made by Carrier 
capacity: 10.000 tons/year liquid 

chlorine 
This sectionis completed with 3 
liquid chlorine tanks. 
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PROCESS DATA 

Coaparison between actual process data (A) and standard data (B). 
Considerable differences (~ 

tell room 

Inlet brine temp. 

Inlet brine PB 

Brine fluorate 

Outlet brine temp. 

Brine outlet PB 

Ollorine gas cmpos. 

Allalgaa outlet cone. 

Allalgaa inlet cone. 

Caustic soda cone. 

Ollorine pressure 

Operating 1111perage 
average 

Operating voltage 
average 

Current efficiency 

Power consumption 

fie. cells in operation 

Productio:i 

Brine svstem 

Inlet brine quality 

Hg 

Ca 

Activated Cl 
2 so 

4 
Fe 

Dechlorinated brine 

Activated Cl 
2 

Rav ut11:ruls and 

reagents cons!!!ption 

NaCl 

NaOH (l~ basis) 

Na CO Cl~ bas is) 
2 3 

HCl (J°' solution) 

H SO 
2 4 

Cl Cto waste) 
2 

Ha 

A 

65•c 

7-8 

8 •/hr per cell 

85-C 

4.2-4.5 

B 

15•c 

4 

7-8 K/br per cell 

85-C 

J-J.5 

lo•c 

very high 

ICl ~-B 2-41\-inerti 16-lft Cl 9ft-B 0.2'-inerti 1.6% Cl very low cone. 
2 2 2 2 2 

o.n 
0.001\. 

loft 

+100 - 100 - B 0 
2 

110 ICA 

s (5-3.2•1.8) 

~ 

4.720 lWH/ton Cl in c.c. 
2 

12 

33.6 ton Cl
2
/day 

l - 5 ppm 

800 - 900 ppm 

500 ppm 

1.600 ppm 

l - 2 ppm 

300 - 500 ppm 

2 ton/ton Cl 
2 

SO ks/ton Cl 
2 

so ks/ton c1
2 

300 ks/ton Cl 
2 

.. o kg/ton Cl 
2 

40 - 45\ prod. 

800 sr/ton Cl
2 

0.25"' 

0.001% 

loft 

·2/5 • B 0 
2 

125 ICA 

,. (4-3.2-0.8) 

96 - qn 
3.200 lWH/ton Cl in c.c 

2 
13.9 

53 ton Cl /day 
2 

l - 2 ppm 

5 - 10 ppm 

40 - 50 ppm 

6.000 - 8.000 ppm 

0.1 ppm mu 

40 - so PP" 

1.7 ton/ton Cl 
2 

15 ks/ton Cl 
2 

15 kg/ton Cl 
2 

60 kS/ton Cl 
'} 

25 ks/ton Cl 
2 

1\ prod. 

l - 5 1r/ton Cl 
2 

H very high cone. 
2 

very high instability 

12"41 less 

125% biiPV 
, 16 - 17% lover 

47% higher 

1.9 less 

36.6\ lover 

very high 

very very high 

very hi.gh 

very very high 

+ 18\o 

• 233'\ 

+ 233'-

~ 4~ 

+ 6019 

very high 

very very very high 
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CONSIDERATIONS ON PROCESS DATA 

Cell room 

The main problem::; are in the cell room operation. 

- The high PH of cell outlet brine indicates that the current 
efficiency is very low and this is confiraed by process data 
(efficiency 80% instead of 96-97%). This IDBY be caused by the 
following reasons: 

1. Mercury low level in the decoaposers, this could cause a 
vortex resulting in entrainment of caustic soda froa decoaposer 
to the cells through mercury flow. 

2. High hydrogen in chlorine composition, this is due to the bad 
brine quality (high iron content and may-be relative high 
concentration of heavy metals). 

3. Difficult brine mixing inside the cell due to the anodes geometry. 
This may cause a very low brine concentration in the region between 
anodes and cathode. 

4. High calcium content in inlet brine and difficult control in PH 
may cause mercury butter formation. This can provoke short circuits 
due to irregular mercury flow. 

5. The irregular chlorine suction value produces severe chlorine 
escapes from the cells cover or, alternatively, air entering 
with a striking reduction of chlorine concentration. 

6. The cells have not a centralized system for anodes adjustment. 
The copper connections between the cells are in very bad conditions 
for severe and generalized corrosions. 
Electrical contacts are in very bad conditions too. 
These elements prevent:; that a routine anodes adjusting operation 
takes place. Consequently the operating voltage is very high. 

7. The cells are in all their p~~ts in very bad maintenance conditions. 
This fact, with the proble~ .nected with butter formation and 
bad brine quality obliges f~-~uent shutdowns for maintenance. 
The cells are not equipped with short circuit, then when one cell 
must be taken out operation, it is necessary a complete shutdown 
of the plant. 
For these reasons the average number of the cells in op~ration is 
very low (12 instead of 13,9). 
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.8. The rectifier cond:i.tions and high cells voltage do not permit 
to operate at the target amperage. 
This and shutdown of rectifier for the diodes replacement are 
the c3use of low average operating amperage. 

Brine system 

The main problem is represented by ineffective brine dechlorination. 

1. The outlet brine (depleted brine) high PB makes difficult the 
brine PH reduction to 2 with consequent very high consumption 
of hydrochloric acid. 

2. ThP- brine vacuUll system does not work because the steam ejector 
is out of use; for this reason the concentration of activated 
chlorine in depleted brine after dechlorination, is about 300 ppm 
and sometimes 500 ppm. 

3. This high free chlorine concentration produces severe corrosions 
in all brine system, practically increasing iron content in the 
brine. 

4. The high activated chlorine in brine produces easily the solution of 
all heavy metals heldl.n the salt. 

5. A concentration of 300-500 ppm of activated chlorine in the brine, 
causes high difficulties in magnesium hydroxide and calcium carbonate 
precipitation. Consequently settling and filtering operations are 
very affected. 

6. The settler geometry is completely wrong; the surface of existing 
settler is 42 mq. This allowes an ascensional speed of the brine 
of 2.38 mc/hr/m.The right ascensional speed might be between 0.3 -
0.5 ac/hria. Consequently the right surface of the settler had to 
be 250 mq instead of 42 mq. 

Raw materials and reagents consumption 

1. High consumption of salt is caused by brine losses which are coming 
from all plant sections. 

2. High consumption of caustic soda and sodium carbonate are in part 
related to the salt consumption. 

3. The reagents dosing system is very poor for deficiency of equipment 
and for the use of very high concentrated reagents solutions. 
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4. The high depleted brine PH causes an extremely high hydrochloric 
acid consumption to obtain the maxiDlUlll dechlorination effect. 

5. High voltage and low current efficiency determine the very high 
consumption of current. 

6. The difficulties met in a good cooling system (inadequate surface 
of heat exchanger, shortage of cooling water) determine the high 
consumption of sulphuric acid, used for chlorine drying. 

7. The chlorine cOlli.ng from Elpesa plant has been mainly used for 
insecticides production. The chlorin4ted insecticides plant 
is located near to Elpesa factory, the name of the company is 
Ercasa. The quantity of chlorine absorbed by this company was, 
at the beginning, 7.200 ton/year, more than 40% of Elpesa production. 
Actually Ercasa have reduced, in a drastic way, their chlorine 
consumption to about 1.200 ton/year. 
The reasons of this reduction are connected with market and 
ecologycal problems. 
Due to this fact Elpesa is obliged to waste a large part of their 
chlorine production. 
The chlorine is wasted in form of calcium hypochlorite and this 
represents one of big negative ecologycal aspects of Elpesa 
production. 

8. The high consumption of mercury is due to: 

a) high brine losses (mercury content in the brine is in the range 
of 10 to 50 ppm) 

b) mercury evaporation from the cells and decomposer during shut­
down and maintenance operations; 

c) lack of equipment, in the plant site, for the recovery of m~rcury 
from waste water, caustic soda, hydrogen and air; 

d) very big and frequent mercury leakages from the various equipments. 
This mercury, due to the very poor condition· of the cell room floor,enters 
in the depth and it cannot be recovered. 
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RECOMMENDATIONS 

All the plant is in a very poor maintenance condition. Especially. 
the cell room is in so badly conditions that is very difficult and. 
surely not convenient, to make substantial aodificctions. 

We limit ourselves, therefore, to suggest soae maintenance and modification 
works only with the purpose to maintain the plant in operation till vhen 
Elpesa can take aore drastic dectsions. 

A. Cell room 

l. Check mercury level in each decoaposer. Make sure that this 
leval is kept the highest possi~le to avoid entrainment of 
caustic soda in the cells thrJugh mercury flow. 

2. Install an automatic pressure control device on the main chlorine 
header to control carefully the chlorine suction in the cell room. 
This device might avoid the chlorine pressure fluctuations in the 
cell rooua. 
Actually, these fluctuations cause chlorine escapes producing 
severe equipment corrosions and making difficult and dangerous 
the workers operations. 

3. Replace piping and valves that are in bad conditions to avoid 
the actual severe brine leakages. These leakages are one of the 
most important causes of the mercury consumption and therefore 
of ecologycal damage. 

4. Avoid, the most possible, the individual anodes adjustment, 
because this practice makes impossible keeping anodes planarity 
and then becoming very difficult to maintain cell voltage at 
a right value. 

B. Brine system 

1. It is absolutely necessary to restore the dechlorination brine 
system. At the first approach, we suggest to install an air 
stripping system. 
Elpesa zan do it very easily and with existing equipment. 
In second stage, ve suggest the installat•.on of a new dechlorination 
system based on the vacuum pumps use. 

2. Caustic soda, sodium carbonate and hydrochloric acid used a~ 
reagents must be utilized in dilute solut1on to make easier 
the control of PH process. 
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J. Increase the excess of sodium carbonate to reduce and 
minimize calcium content in the brine. 

Install reaction and digestion vessel before the settler. 

We point out that these few recommendations can help Elpesa to 
keep the plant in operation, waiting for more important decisions 
regarding the future of the plant. 

We are persuaded that more incisive modifications cannot, at the 
actual conditions of the plant, improve the plant operating at a 
reasonable cost. 

Elpesa must take a decisiD?l regarding to the chlorine production 
technology. If they deci~~ to carry on the mercury process, we 
suggest to change entirely the cell room utilizing the same building. 

The replacement of the cells can be done one by one, keeping in this 
way, the plant in operaticn. 

If they intend changing technology from mercury to membrane, we advise 
to set up a complete new cell room in a new building located by side 
of the old one. 

The mercury cell plant will be able to operate till the membrane cells 
will be ready for working. 

Our advise is changing technology from mercury to membrane for the 
following main reasons: 

a) Ecologycal problers related to mercury wastes. The problem of mercury 
wastes persists, even if we i~stall plants for mercury waste recovery. 

The mercury cell technology presents process difficulties principally 
in the treatment of the muds coming from brine filtration and settling. 

Actually, the biggest chlorine producing companies use a very pure 
crystallized salt to minimize mud problem. 

Elpesa, at present, is using solar salt. The quality of this salt 
is quite good but far from specifications of the pure crystallized 
salt which they would be compelled to imrort. 
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b) With the membrane technology the consumption of electrical 
energy is about 30% less than the consumption with mercury 
technology. 
In the case of Elpesa, energy consuaption with membrane cell, 
it could be 50% less than the actual Elpesa conSU111ption. 
At present, Elpesa consumption arises to 10.000 Kwh/hr. 
With membrane technology application, this consumption ~an be 
reduced t<:• 5. 000 Kwh/hr. 
In addition to the big economical saving, 1e have to take in 
consideration that Nicaragua suffers from electrical power 
shortage. 
The saving ~f 5.000 Kwh/hr can permit the development of other 
activities vitt. very important economical and political results. 

c) In the papers, whi.ch are enclosing in this report, you can see, 
more in de~ail, the technical and economical considerations that 
determine the choice of the membrane technology against mercury 
and diaphragm processes (see encl. no. 1 and no. 2) 
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CONCLUSIONS 

In the industrial area of Central America, Elpesa holds a very 
important and strategic place. 

The caustic soda and chlorine productions are utilized principally 
for export. 

In 1977 and 1978 years, the exports value was higher than 8.7 
aillions US $. From 1979 the exports have undergone a constant 
decrease. 

In 1987 Elpesa have exported products for a total of 1.9 millions 
US$ only. This export value is a further confirmation that the plant 
is working only at 35-40% of its project capacity. 

In this situation, it is very important that Elpesa is put in condition 
to restore the initial project capacity of the plant. Only in this way, 
Nicaragua can keep its leadership in Central American chlorine and 
caustic soda market. 

We advise that UNIDO might assist Elpesa in the revamping work of 
its industrial structure. 

The immediate goal is to enable Elpesa deciding on the establishment 
of a new membrane cell technology for chlorine caustic soda production, 
and on the viability of setting up new chlorine based products to 
avoid chlorine wastes. 

02.03.90 
EB/le 
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1. Preface 

current generally accepted thinking regards safety as 
the primary consideration in plant management and 

industrial people everywhere are keen in complying 

with such idea. 

The ion exchange membrane process is now accepted as 
superior to both the mercury and asbestos diaphragm 

process in both product quality and power 
effectiveness, and the general trend is to IDel!lbrane 

process plant construction as well as conversion of 
mercury or diaphragm process plants to the membrane 

process. Hcwever, a few problems peculiar to the 
membrane process are yet to be solved and performance 

data remains to be accumulated. Time and efforts are 
still required before the membrane process is called a 

•mature technology•. Above all, safety consideration 

as global results of plant management is a mojor 
concern. 

Chlorine Engineers, as a member of the industry, has 
been engaged in developing both soft and hardware for 

the membrane process, including development, 

designing, manufacturing and installation of 

electrolyzers. 

The following summarizes the safety considerations 
from ou: performance data and operation experience. 

2. Ion Exchange Membrane Properties 

Common ·to all the processes, hydrogen mixed with 
chlorine in the anode is a perpetual safety problem. 

Table-1 shows the major causes of hydrogen gas mixing. 

- 1 -



... 
• .. 

.. 

In the mercury and diaphraqm processes, electrolyzer 

design, operation parameters, and safety standards 
were deterr..ined after complete study of the mercury 
and diaphragm properties. For the membrane process 
also, the primary factor in safe operation with 
satisfactory performance is to know the membrane 
properties and reflect this knowledge in process 
development, cell design, and plant operation. 

With this in mind, the following properties of the 
membrane should be fully understood. 

(a) Mechanical Properties 

Under speci!ic conditions, a membrane can suffer 

deterioration in certain qualities including 
tensile strength, elongation, and fatigue rate, 
possibly causing a break in the membrane. 

(b) Chemical Properties 

In particular surroundings, a weakness in the 
membrane exposed to chlorine, though it is 

manufactured using a substrate of 
fluorine-contained resin, can result in a 

degradation of membrane performance and 
mechanical strength. 

(c) Electrochemical Properties 

The effects on performance by impurities and the 
accumulation of impurities within the matrix of 
the membrane have been elucidated in many 
published reports. Regarding safe operation, the 

- 2 -
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membrane's sensitivity to brine feed failure 
should be especially noted. 

(d) Electrical Properties 

The membrane, which is a conductor when wet, can 
be burnt by concentrated currents. 

3. Mechanical Prooerties of Membranes 

It is natural that aembranes from different suppliers 
or of different brands have different mechanical 
properties. All, however, as the suppliers claim, are 
adequate for brine electrolysis, if folding or 
abnormal loading is avoided. 

Possible changes in the mechanical pro?erties of 
membranes installed in electrolyzers are among the 
user's major concerns. Figure 1 shows an example of 
mechanical changes in a membrane. This figure shows 
that, so long as excess fatigue and the causes of 
degradation shortly to be described are avoided, the 
mechanical property change is not so serious as to 
necessitate special attention. Although most 
membranes are supported by backings which ensure 
mechanical strength, unbacked membranes are also 
acceptable under proper conditions. 

Table-2 gives the three conditions that are essential 
in mounting membranes in electrolyzers. For 
electrolyzer manufacturers, how to fulfill these 
conditions ~n the hardware is their central concern. 
The Chlorine Engineers' membrane installation method, 
shown in Table-3, can fulfill these three conditions 

I 
I I 

- 3 -
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in both periods of electrolyzer operation and 
shutdown, as shown in Figure 2. Somewhat more tention 
is given at shutdown due to 1) increased brine 
concentration resulting from the replacement by feed 
brine of the a.nolyte containing dissolved chlorine, 
and 2) aembra.ne contraction due to the drop in 
electrolyser t~rature to minimize the concentration 
of NaCl in llaOB. 

Another problem during electrolyzer shutdown is a 
decrease in t.!i= &nolyte level. Bow much the level 
lowers depends on the electrolyzer design, but the 
level lowers, at lea~t, by a portion corresponding to 
the gas bubble ratio during operation. In fact, the 
anolyte is replaced with brine, and therefore, the 
electrolyzer can not be left with a dropping solution 
level. 

~able-4 shows the evaluation of stress observed when a 
membrane exposed to the gas phase dries and contracts. 
Generally, the anolyte level drops more than the 
catholyte level and the exposed portion of the 
membrane is in contact with catholyte only. 
Contraction stress under such conditions was also 
examined. 

In the above case also, the contraction stress of the 
dried membrane was 10 t, at most, of the breaking 
stress, indicating no possible membrane damage at 
shutdowns unless special degradation had occurred. It 
should be noted, however, that the mechanical 

properties of the membrane mainly depend on those of 
the applied backinq; improperly embedded backings give 
different mechanical properties from those of the 
membrane film 

- 4 -
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itself, renderinq the fil.JD easily broken from any 
sliqht stress and further spread of such breaks. 

Needless to add, the aeabrane will break if any 
irregular pressure is i.llposed on either the chlorine 
or hydrogen side. To avoid this, care should be 

exercised in the desiqn of the associated equipment as 
well as in operation. 

We shculd mention one case of accident that we 
experienced during an overseas project, caused by a 
simple operating error. Feec! brine was supplied to 
the electrolyzer without openinq a valve connecting 
the manifold at the electrolyzer outlet and the header 
pipinq. The membrane, pushed against the cathode by 

the pressure of the feed brine, pressed into the 
loosened seam of the cathode, and was damaged. 
Fortunately, a serious situation was averted as the 
membrane damage was detected curing the pre-operation 
inspection. This case indicates the impor~ance of 
operator traininq in safe plant operation. 

4. Chemical Prooerties of Membranes 

All hiqh performance membranes now used in brine 
electrolysis have substrates of fluorine-containing 
resin, giving no problems of corrosion. However, if 
the membrane is in contact with .chlorine gas, the gas 
will disperse within the membrane and react with 
back-migratins OB-, forming NaOCl and NaCl. As a 
result, the membrane will over-swell and develop 
blisters. 

- s -
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An experi.aent was made using a lab cell, shown in 
Figure-3, in which the level of anolyte was lower than 
that of the corresponding catholyte. The result is 
shown in Photo-1. This lab cell also had an inferior 
current efficiency, as r.hown in Figure-4. 

Photos-2-1 and 2-2 show a membrane sent to us from a 
foreign user who asked our technical advice. The 
membrane, removed frOll an electrolyzer by a certain 
manufacturer, had developed blisters at the top. Due 
to its decreased current efficiency, we had expected 
degradation of the aembrane in the area of the 
chlorine qas phase at the top of the electrolyzer. 
The presence of the blisters proved our estimation 
co.,..rect. As shown in Figure-5, membrane deterioration 
results also in decreased mechanical properties. In 
the membrane with a backing, a decrease in the 
breaking strength was negliqihle, but the decrease in 
elongation was prominent; the membrane hac become 
embrittled. 

It should be noted that the degree of membrane 
degradation, which is not uniform, may be intensified 
with time, especially in elongation. 

We believe that every hardware manufacturer ~ays 
special attention in the electrolyzer design to avoid 
the exposure of membranes to chlorine gas. Chlorine 
Engineers' design philosophy in this regard is as 
shown in Fiqure-6. In this design, the level of the 
solution is maintained in the frame at the top of the 
element so that the membrane is totally immersed in 
the solution. At the same time, the internal solution 
circulation mode contributes to a reduced bubbling 

- 6 -
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ratio and mini.awn formation c! chlorine gas zones. 
Another effective way to prevent the forr1tion of a 
chlorine gas zone is to provide a baffle plate at the 
back of the anode mesh, as shown in Figure-7, to 
promote flow in the pass between the plate and the 
mesh. 

The formation of chlorine gas zones derives from 

electrolyzer design and also !rom the foaming of 
organic substances mingled vi~ the brine. Organic 
substances capable of minqlins with the brine inciudes 

coagulants added in the brine purification process, 
and chelate resin embrittled by chlorine attack. 

Photo-3 illustrates an experiment to elucidate the 
effects of organic substance foaming. For this reason, 
feed brine quality control is important, as well as 

for maintaining membrane perfo=mance. 

5. Electrochemical Prooerties of Membranes - brine feed 
failure 

Since the electrochemical pro?erties of membranes are 
vast, the discussion here focuses only on the effect 
of brine feed failure. 

When the brine supply is unexpectedly disturbed, the 
sodium chloride concentration of the anolyte is 

decreased by continued electrolysis, causing the 
membrane to be damaged eventually below a specific 
allowable limit to the membrane. With further passage 

of time, the extreme decrease in the sodium chloride 
concentration of the anolyte and the successive heat 
generation from the voltage escalation makes the brine 
boil, followed by an extraordinary internal vapor 

- 7 -
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pressure rise and generation of a kind of electric 
discharge on the bubble interface, causing a break in 
the membrane, and, in the worst case, an explosion 

initiated by hydrogen and chlorine gas mixing. Using 
a lab cell, Figure-8 examines the changes of voltage 
and temperature in an electrolyzer over a period after 
the suspension of brine feed. 

The allowable ti~ duration from this suspension 
untill the detection of brine feed failure cannot be 

determined uniformly, as it partially depends on the 
holdup capacity of each electrolyzer. Figure-9 

represents the data obtained from a lab cell testing 
the allowable safety time of our MBC(R) type 

electrolyzer. 

Electrolyzers are typically classified into bipolar 
and monopolar types. Effects of brine feed failure on 
the.whole elPr.trolyzer are the same for both types. 
However, in the monopolar type, when brine feed 

failure occurs only in one element, the membranes en 
both sides alte1· from Na-type to H-type with raised 
membrane resistance, decreasing the current load on 

the affected element and increasing the current load 
on the other elements. Fiqure-10 shows the results of 
the simulation. Only a monopolar type electrolyzer 

has a function of self-stabilization like this. 

As described above, brine feed failure is canqerous. 
Other processes are compared below. 

Mercury process - The brine volume retained in the 
cell against electric current 
capacity is small. 

- 8 -
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Asbestos diavhragm process -
Though the brine volume retained 
in the cell against electric 
current capacity is relatively 
large, a portion of brine is 

leached out through the diaphragm. 
The top of the asbestos diaphragm 
is exposed out of the solution and 

hydrogen gas can mingle with 
chlorine gas. 

Compared with other processes noted above, the 
membrane process has a relatively longer time 
allowance between the occurrence of brine feed failure 

and the moment when a hazardous situation occurs. 
Also, unless there ~s membrane Jamage, the chlo~ine 
gas cannot mix with hydrogen gas. The membrane 
process is considered to be generally safer than 
others. 

On the other hand, if the feed of diluted sodium 
hydroxide or water to the cathode chamber fails, the 
concentration of formed sodium hydroxide is increased 
(with some membrane, NaOH=40\) due to the entrainment 

of 3-4 mol water when Na+ transfers from the anolyte 

chamber to the catholyte chamber through a membrane. 
Therefore, this failure can not lead to accidents. 

6. Electrical Properties of Membranes 

A wet membrane is conductive. At a spot where current 
is concentrated, the generated heat burns the 
membrane, causing a pin hole. For instanre, during 
electrolyser installation at a place wi,ere current is 
short-circuited with a jumper switch, ii the anode 
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side and cathode side busbars are connected with the 
electrolyte left uncharged, a short-circuited voltage 
(about 0.6V) is induced between the anode and the 
cathode, and a concentrated current flows through the 
contact point with the membrane, burninq a pin hole. 
We have had such experiences in the past. The busbar 
should have been connected only after th~ electrolyte 
had been charged. 

7. Detection of Abnormal Conditions in the Electrolyz·..:r 

Abnormal pressure loading of the electrolyzer must be 
avoided. At the same time, the early detection of 
abnormal conditions in the elec~rolyzers, such as 

brine feed failure is essential. 

Chlorine Engineers has implemented the following 
practices. 

(1) Monitoring by DDP (Da~a Display Processing 
System) 

To prevent serious situation from occurring, the 
minor deviation alarm (dV/dt, dT/dt) linked to 
cell voltag~ and temperature change, for a 

specific time range, is employed to read minute 
variations, together with the alarm indication of 
actual measurements of voltage and temperature. 
The system, automatically correcting cell voltage 

against current load at every input signal, gives 
no erroneous alarms for load adjustment. 

- 10 -
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(2) Visual Check of Overflow from Electrolyzer 

Overflow condition, which can be observed through 
the transparent Teflon tube shown in Photo-4, is 
easily examined during periodical checks in the 
cell room. Membrane damage occurs mostly durin9 
electrolyzer shutdowns. Operation resumption 
without monitoring the situation leads to 
accidents. Prior to resumptions the presence of 
damaged membrane can be checked after brine 

chargings only to the cathode chamber through 
visual inspection of overflow from the anode 
chamber. 

(3) Analysis of Hydrogen or Oxygen in Anodic Gas 

8. Closing Remarks 

As described in the Preface, the membrane process is 
becoming mere and more popular as a trunk technology 
in the world chlorine industry. For safe operation of 

plants, the acquisition of full knowled9e of the 
properties of different membranes as well as 
suf fi~ient understanding of hardware design 

philosophy, and operation skills that utilize to their 
maximum the advantageous properties of membranes and 

electrolyzers will be of the.highest importance. 

We are happy if this report will make some 
contrib~tion to the plant safety. 

- 11 -
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PHOT0-1 BLISTERS DEVELOPED 
ON THE GAS ZONE 
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FIGURE-7 PREVENTION OF GAS PHASE 
BY BAFFLE PLATE 
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PHOT0-3 BUBBLE EFFECT CAUSED BY 
ORGANIC SUBSTANCE 
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FIGURE-8 TEST OF "BRINE FEED FAILURE» 
IN A LAB CELL 
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FIGURE-9 TEST OF «BRINE FEED FAILURE» 
ON MBC ® ELECTROLYZER 
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FIGURE-10 SIMULATION OF A .BRINE FEED 
FAILURE.BY DCM ELECTROLYZER 
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PHOT0-4 VISUAL INSPECTION OF 
OVERFLOW ELECTROLYZER 
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Membrane cells for ddar-lllkali el«tro/ysis 

A dacriplicm of the mcmbrw process for die elecbalytic pnidllClioD ol cWoriae. cmslic Mlda llM! 
..,..._ fram sodium cWoride sahalians is falowal by 1 dill:Ulliml of the praan aaic of the an.. This 
iacWa the dewl...-t or calioD a:cll ............... elecualJais eels. fiaally. ec ..UC 
qaatioas ud bads for the future ue disalmd. 

la m:mt ycus tbe membrane process for the 
electrolylic production of chlorine. caustic soda 
ad bydropn his achiewcd 1 recopized position 
alanpide the well CS11blilbcd mercury and 
diaphrqm processa. This dewelopmmt bas bma 
primarily due to.lilt appearance OD tht market of 
pufluorinated cation ncha• manbrana.. 

The manufacture and properties or hom~ 
pcClllS ion ndaanF membranes with I high 
acballl' capacity and hish electrical conductivity 
wm fmt described b>· Juda and McRae (I) and 
by Krasman (2) in 1950. The application of such 
ioo-permselec1ift membranes for lhe producii0n 
or cblorint and causlic soda by the electrolysii or 
brine was fust propmed by Ionics lac. in 1951 (3) 
and 1953 (4). At tba1 lime it w• alrady dearly 
ncopized that lhis process exbeittd imponant 
adWlllllPI &Mr lhe diaphrapn and mcn:ury pr~ 
cases (4). ltecaule the ion ncbanF mantmuaa 
wert made of hydrocarbon polymers with 
mlphaaic or Cllboxylic acid poups. however, they 
wae mmable iD the pmence of dllorine and · 
die manbrane pracas w• lhaclorc not sui&able 
fOf cblor41kali electrolysis. An lllCIDpt WIS made 
to prOIKt Ille ioft.achanae membrane from 
clllorine by CGlllbinfns i1 with a micPlporous dia­
pbrapn in a thntam,.nmtat cell (SJ or by 
mam of a pcdluoraatbon mtmbrane palled 
wilh •lphona•td 11yrent dmnylmmne (6). 

Chcmally ltlble ioMxdmlp memb11na did 
aoc became aaillble, howner, antD 1969. They 

were............_ membrnes coasis1inc of Ouoro­
carboa palymers wida peadut sulpboaic acid 
poupl and were f mt used IS solid electrolytes in 
fad eels (7). At the mne &De it was known lhat 
lhae ianadlaaF mcmbrua were suble to 
cblorine ud C8UStic soda at temperatures up to 
ll59C (7). bat the fmt report on the me o! these 
manbma for the production of chlorine and 
Cl8Stk soda was only published in 197 I by 
Michalek and Lei12 (8, 9i 

In contrast to diapbrapn celh, membrane cells 
lad to a ca:.IS1ic soda solution with 1 wcry low 
sodium chloride content. companblr 10 that from 
mercury cdJs. The incn perlluoropolymrr mern­
bflllC is used to separate the products in mem­
brane cells; thus the use or asbestos, IS in 
diaphflP' cells, and mercury. as in mercury cells 
is POided. Tbc CftCflY cor.swnption and capiw 
costs'" abo lower for the :ol!W procm. ln Table I 
it CID be AeD thaa membrane teehnolO&Y •"IS 

invoduced into commercial production in 1975. 
The aumbcf or membrz-· · ·"'-: in cammacial 
opaatiGD has increased siaclily and now since the 
warld produelioa of chlorine is about 30 mJ:lion 
tOllllll, the Dfl of lhe loW DW ICCOUIHCd (or 

by the menabrue proc:a1 is about 1 ~ This 
.mtMty nail art ii mainly clue to the 
.,,,_, state or die chlorine muket. Vinually 
DO DCW capechies '" beinJ buUI ud many plants 
'"workifts weD below capec:ity, bu1 when exis1in1 
electrolysis planu an 11placed, it is by membrane 
plants. A further obs&ade to lhe rapid introd&K· 
lion or mabrane eds is the con1inuin1 rapid 
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trated in the anode chamber. As a result, in mem­
brane cdls, which aJso pmnit &he: use or much 
lower sodium chloride concentrations (<200 
1c1m-> NaO) lhan, for example, mercury cells 
(> 265 1 drr. -> NaO). brine consumption is com­
para1iwely law. This is shown in Fig. 4, whm brine 
feed per unit charre consumed is ploned as a i unc­
tion or anolyte concentration 123). Thus. in com­
parison with the mercury process, the now raae or 
brine into membrane cdls is YCfY low, e.g., with a 
membrane cell wilh 100 & dm ->NaCl in the 
analy1e, the flaw rate may be only 0.2-0.25 that 
in a mercury ceD. This reduces subsunaially lhe 
c:apilll expenditure for setting up membrane dcc­
uolysis since Im brine need be purir.ed and 
pumps, pipes CIC nad DOI be IS larp. 

A phenomenon which cu C1U1C prablans par· 
ticularly when lhe membrane cells arc operated 
with minimum electrode pp, or so-callel 'Zero 
pp', ii the ldhaioa or ps bubbles IO the 
manb11DC. This .. mated in 11Udia or lhe 
illaaetion between die electrodes and die man­
branc in waler electrolysis. la&era1insfy this d'fcct 
ii more pronounced wtlh hydropn bubbles than 
with dlJorine bubbles. Further, 11 oc:cun lal with 
hydrophDic porfluorCllUlphonic acid mcmbSIMI 
and more wtlh die las hydrophlic but more ion· 
permldcclM perfluorocarboxylic acid 

C.h ...... 
~ 
uftllSI 

0 ' J ' 6 
CotllO*-INlllllrw gop 1-1 

Fii. 5. Cd ..... or I -blue all•• diffaelll 
disuaces lllawcca calbodc •• ---or diffaad 
11,.Sroplalimy. 

mcmbr.a~ Cas blinding mulls in hipa 
decuic:al resistance or the membrane and conse­
quently. in incrmcd cell •oltap and mcrcY con­
sumption by the electrolysis. Hydrophilicity can 
be increased by nrious measures, such as the 
intruduclion or inen ~rticla into the membrane 

,._(Ice J24) or mech#nical raupming or the 
"liiiinlnnc (:?SJ, so that the ps bubbles no lonpr 
adhere. This eff cct can be demons1r11Cd cxper'r­
mcntally by measurement or the c:ell YOltap or a 
mcrnbnne cell as one or the elccvodcs is lllOftCi 
doser 10 the membrane, a is shown in Fig.. 5 !l'.l}. 
As the cathode approach• the manbranc the ecD 
•oltap faDs. but contact or the hydropn<ew~ .. 
cathode wilh the lea hydropbiJic membrane lads 
to a Yohqc incrasc. Jr the manbnnr Im a hydr~ 
phDic surfacr this effect docs llOI appar. With 
such membranes i1 becomes,_.. IO opnalt 
the cell with zero or minimal pp, manias that 
both the cathode and the anode arc in conllel 

:with lhe mcmbruc •rfacc. This Im the followinl 
ldYlftllltS: 

J. The Yol&qc drop ICfOl5 bodt electrolyt& 
incluclinl the lddilionlt YOl&ase drop .... 11 .... 
from Che ps bubbles dillrlbuled lhftNthout lhc 
llcc&rolyaes, is dimina1cd. 
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2. nt wallap dr1lp ...tt.J1M ldheliaa or efrdalcy fds it is--. aro1r uwpon 
die ps ......aa 10 die •-'PM, ID'Clled ps ......... lhe IDlmbruc md dlil lads IO oatnen 
...,ill- • ..., ..... ..._ ..... at 11ae .... nus..,•..-.. br 

3. ne romatiolt arwn.t1es • .._........ • lhl lddition or Kill ao * blime ao ......-
• mply aWllided °"" 10 lhe pRIMt or lhe •· •• ,....,. iw daal,.. fram .... calbock daanlber 
lfodes OD bolb sides. ........ lbe ..... ,.. illlO tM ..... dlllllber 

4. lecwt Ille........_ is..,,.aed an bolh (11). To Klaft campleae .....mtiaD a ....a..c. 
sides by 1hulecuodel. dlilmer..-brueswilb Y(dm1 u·• ··• ).al'laJ•acMarieacid(l7SHO) 
lower electrical lllislwe CID be lllld. is nquired: 

S. For dae -e rasoa the risk or.-.10 
lhr aembrnt due 10 malian caDlld by preaure 
Oucaualiam cw prmure 1UJFS is nduced. 

The ceD •al• or a lllCllll:lrue ccD wilh 
minilDal elecuode pp is dnmnined solely by lhe 
miswlce of the manbnnt aad lhe owawoltaps 
ma the dccuodcs. lt caa be pmlic1cd lba1 such 
daips will teplace lhe older daips wilh l-4 nun 
decuade pps huuse or lheir lower eDlfD' coa-
111mp1ion and paaer opaalional reliability. 

J.3. E/lttn °" product qwlil)• 

In a discussion of product quality, intcrat centres 
on the c:aus1k; soda. The "1Dimum c:auaic soda 
cun.:marations th:n c:an bt ac:hicwcd. even with the 
newer membranes. lit in the qlll!C 33-4(11 NaOH 
I 18): tilt optimal conmura1ion in terms of 
effli:ien1 use of dc:trical energy probably lies 
belWttll 33 and 36~ NaOH. For mC111 applications 
these concanrations arc 111fr1Cienlly IUgt1, so that 
only a fraction of the tow output requires 
concen1ra1ion to SaAI NaOH. The mdling poinu 
of SUK and 33'K caustic soda solution arc approxi­
mately equal ( + 11 • C and + I Cf C"). so Iha• the 
same temperature conditions apply for the tmll­
pon of both pades of caustic soda. For lower 
caustic soda coacentralioas (I 0-lSS NaOH) and 
caustic potash production other special mem­
branes must be med I 18). The alt content of the 
causlic soda solution u it la• lht ceD is around 
l~SOppm NaO, which is rwn lower than that or 
lhe mercury ccU caustic solution. The chlorl11 
caatent or um solution has similarly low values. 

Wbereas the hydropn pnerated at the cathode 
is of hilh purity (>99.cn. H2), the chlorine con­
tent or lht anode ps is only about 98-fK, 
depmdina on the caustic current ef1"1eicncy and 
lhe anode material I 1 I ). Thr remainder consists 
larply or oxypn (1-~)and the hydropn content 
is neslislbly lm&ll. If lhe ausac soda cumnl 

Y • 3.1 (1-S.,..), 

w1aaes....,. is lhe ca.astit Qllftlll dliciency 
Apia.ad as a fractian or l. lfthe Kid addition to 
the briDe exceeds dais left] 10 lbat lhe acidity or 
the dilcbupd IDOlytc is pater lbaa pH .. 2. 
theft is a danger lbal hJdlOllD iam wiD lllipate 
throup lbe manbnme tOWUll lhe cathode. This 
would lead to danaqe to the carboxyl membrane 
or. in the case of sulphonyl manbranes. ao 1 

n:duc:lion in the caustic cumnt efraciency. 

A distinclion is usually made between monopolar 
and bipolar cells. It is based nol so much on a 
property of thr cdb as on the electrical in1ercon· 
nec:tion of the individual cells in an decuolyscr. 
which can consist of JS to 150 cdls. Jr the cells 
are connected in parallel, the dectrolyser is mono. 
polar; the eJec1rolyscr current is the sum of the 
inciiYidual cell currenu and lhe YOl1qe on the 
electrolyser is the same u that Kross a linpe cdl. 
If the cdis are connected in series, the decuolyscr 
is bipolar; lhe dectrolyscr •olllF is lhe 111111 of lht 
ccU YOltaps and the IOlal cumnt of the elecuo­
Jyser is equal IO that flowin& throup a linsle cclJ 
126). Jn a syaem coatliaina many cdis it is 
obvious that monopolu de:uolyms nquire con­
liclmble cumnu (SO-JOOkA)ancl bipolv tlec­
uolyms bip WJlsaps (100-.00 V). 

Fipse 6 Wustrata the consuuc1ion principles 
of both monopolar ud bipolar cdJs. 

Nonmlly Che anodes are Ullde of titanium and the 
cathodls of mUd steel, sllinJe8 saeeJ or nickel 127) • 
The ,..m1y of titanium undcr anodic conditions 
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is O'ICICODIC hr mide (c.&.. a.oJTI0a 1211. NO 
ll9J> • aelllic <e.a. Plllr l30D,......, cm-. 
illlllGWtllllllk;lbmdlC_.www,.......is 
wety IDlr. Tiie 3DG-400mV twenablte f•..,.... 
........ •lklb0ftca11M1de .... illscu 
be ndllCld hr calllylic (ldh •llllkmllillia&) 
.... mflcNra (e,a. ._, lli:bl) ..... 
Ill. llJ. la a.1111t n1a ae .... .....-. 
Rftict-lift prabllml lft 1111 ... DCGUleftd 
witb lbe cadlode m1mials.. l1 is w apected daal 
... wwa will be r...s iD ... cadladt CGltiap 
............... 1211. 

4.3.C.dl ... 

Tbt ~ttlb ... iD Fi&-6 camisl or 
squa.r • nclallplal rmnes. ua lbw1 1 m2

• 

whicla AlppOl1 GD boda Iida Qpudal metal cllc· 
uodcs or lhe mnr type. In lilt aaadt cmmbcr lht 
fnmt ud cleclladcs m made of liwlimn; lhe 
calhodt material is mid or 111ialm neel Tbt 
cumat supply ouuide dw cell is pnmded by 
copper rods or coppa busban. wbicft pencuaat 
lhe frame. ID lbe catbade chlnabcr they ue did 
with Sltd ud in die .... dllmbtr wilb 
~illnium. As lbowD ill F11- 6. lhe fnma are 
premd ••lher in u zmDFlllCDt in which 1nodc 
a!MI calhodc frames altamtc. The diwision into 
anode and calhodc chambers is pr0¥idcd by lhe 
ion rxdwasc manbranc. w!U.;h l&JFlhtr with 
pskcu is inscncd between the franacs. Not shuwn 
htre or in lht followin& figure arc tht ft:cl pipes 
foi brine and diluae causail: solution and the IHlllet 

pipes for chlori:::/uolytc and hydrogm/catholyae. 
Thus ada chamber. i.e., each fr11nc, lw one inlet 
pipe and ODC ou;Jea pipe. Also no1 shown are lhe 
end plalCS which ciOIC the IWO open end f nmcs of 
... elcctrol)'Rr. 4n inponanl falure or Ibis 
daip is lhla .. aDode and alhadc chambers ire 
ICpUlted rram one anolhcr only by manb11na 
ad DOI by 111nal walls. Ai.,. a.bcr of IUCb 
...., frmna uc pnued toplhcr iD 1 suillblc 
dmct like ... ,,.... or a fltcr prea. For Ibis 
puipase oac ma bydraulic prma (Asahi Claa) 
Ill) or lie rads (Uhde) 134). or 1he dilf'mnt •a-
111mu. e.a. the calhodc clancnu..,. bolted 
lopUacr indmdulJly (Dilmllld Slmnrock ) llSJ. 
Metal ..-n111 or 11w fJlur ,,.. .,,. .,. 
offend by Allhi ChenliaJ 136) and Tokuylma 
Soda 137). A bipolar ctD or I ditrcrcnl bllk 

daip is ........ iD F11- 6. nc daip lhcNrD heft is 
ao1 die fihn pms tJpe. lillcc ac1a ce1 comms or 
Wf.cels•IDOdtllld alllode Mlf11ds lha11re 
bahed _.,_ n.c cadaade ....,._. comms or 

• a aeel f- lbll isclmld •GM side by a steel 
· _. ud • lht odm hr* a, •ded •Ill 

calhodc.. nc blck ...... •cadMlde • c-. 
MCled by,.,......_. ... ..,,.... demeats or 
aecl. wbich any Oil die side ldjlcat IO the mmi­

iMIM, lplCal llllde of• ..... tiac •aerill . 
n.e ........ , .... is......,. CGllS1NCled 

Geepl lblt dais llnlClltrt, CGaliltias of I lillnium 
Met_. llld a tillllillm uodc. is prowided wilh a 
llnl support f,_ iD order IO DW lillDium. 
Apia; in Ibis CllC die .... ad die blct waD &ft 

cCIUICled by pc111m-aansnaitliD& suppan elerncnu 
or lillllillln _, lilted wilh ........ IJllCCB. 
Af acr lhc mcmbruc, IOpdaer wida pskeas. is 
imened, each allodc ~nmc is bolted to a e11hodc 
frame llaa& lhtir periphery to form a cdl. In prin­
ciple I lingle cc0 or Ibis IJPt CID be used alone for 
elccuolysis lfatr being hooked up 10 1 suitable 
powa-supply. Howt9U. sncraJly heft aoo.a larst 
Dumber or sinpe cdJs are mOIUlled in a fmne IJld 
pressed tCJFlber by mans or 1 single pressing 
dnice. The comprmift force is U'lftSmitted 
·:trough lhc abCM-mCDUoacd insulating spacers 
within IM cells and ahrousfi copper conaact pieces 
between lhe indiwiduaJ ceJJs. This compression 
serves to facili1a1e current aransmissioa from cell 
10 cell and no1 lhc sealin1 of the indiwidual cells. 
since Ibis seal is pnwidcd by bohin' the frames 
•oselhcr. A system or lhis aype has been dneiupcd 
by Hocchsl (381. 

Besides lhae two mew ceJJs lhorna here as 
examples. !here are also olher membrane cells whu 
piuUc f rama. They ue connnacted as bipolar 
rdacr press cclb. The fnmc and partition wall arc 
mlde of plastic; lhc anode and adaoclc or awo 
adjacent f rmnes arc connecud by ,_.,. 
uu.nilliDs coancccaors. The current caaduc1ors 
lhroup lhc panilion waD lllUSI be ps and liquid 
lisht. Funhennort, lhac plallie cells haw a 
IPldll f111UR lhll naeuJ cdb CUUIOt be provided 
with, llllllcly chaancls for feedina in 1ht clecuo-
1)'1el and dishlrsinl die producu. Thea channels 
us fonntd by opcniDp in the f rna limilar 10 
:hew iD,.... hat acb1Dp11.. From lhae ~ 
nek lhc Dode ind Cllhode chlmbcn an be 
•pplicd Ind lipped lhrocash .ut opcninp daal 
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arc allD drilled in die 6-c. Ccls of lhis IJPC are 
Gffered .,, Hooker (27. 39). loMcs 1401 • 
knll I IPO ('I.42). 

A 1JPC of eel llat difras pally flma dame 

delalaed llHM ii die ••llf * Al 21 al fram 
IO ~j. Tbedi4. a. '*'*'featmaaR.fint 
..... ... • orttac ....... -. aaly0.2Jm2

• 

llld --ay, a spec:ial a.cbode ..... wbich 
.... caapaed wilb lhe capllllled metal ..nety is 
wry simple but cxtl'llllely dfCC1M. Tiie cell has 
elecuoly1e disuibutiaD ad dilclmac cUmels llld 
is 11aus wry mapact. Tiie mall m or the elu­
tJodes is.........- iD t1aeir aa...racture and ·--and in rapec1 or 11ae wi1taae drop in the 
decuode material. Becuse or lheir special 
IUUC1Urc lhe dectrades are suilablc both for 
operation with nonnal dCC1roclc pp sizes 
(2-4111111) aad for opaalion wid! mmnal or zero 
pp. 

The newer cc& with minimal electrode pp 
hate aot been described in detaU. ln 1980 die 
"SPE" cell or die Oronzio de Nora company was 
inlrOcluced ("7. '8). II is a bipolar filter press ceD 
wilh an clccuode •rf.:e of about I m2• It is DOI 

knowr. whether tbeR cdJs are actually solid 
polymer dccuolyte cells. similar 10 thme 
dnclopcd by General Electric (49), where porous 
ps and ltquid permeable mctallic layers are 
bonded to lhe manbrane wrfacc u caaalytic clec· 
uocles. Jn addition to SPE technology, De Nora 
also describes in the patent spcdrauons ("8] 
the possibility of employin& zero pp dectrodes 
wilhout die special SP£ clecuode-membrane com­
pasite. It is poaible 1hat in the SPE process the 
manbrlnc amaces arc hydrophilizcd by the bond· 
... toplhcr or lhc electrodes and membrane. 
limDar to~ particle anbedment technique or 
roushial of the manbrane as descriNd in section 
3.2. If lhe cunmt coDcctors prased apinsl eidler 
lidt or the manbrane can funclion as electroda 
when lhe electrode-mnbrane band is dnapd, 
SPE electrolvlis lhGuJd conmi to zero.pp opera­
tion. Under lhac mumed conditions the zero pp 
prac:m ii ccnainly the las apemiw llamaatiYc. : 

Tiie Allhi Glas Zero Gap Elcctrolym Cell 
(AZ2C} (JI. 19) is not an SPE cell in the senae 
... 9boft, but a conr..,ration .. which boeh thr 
lllOdt ud the cadlode "'an inlt£rll pan of lhe 
Olll aructurc and in con&act with bolh Iida or the 
manbrane. This daip NqUira lplCially PflPlrtd 

laydrophilic IMlllbranes. Ilda a lhr Flmtian-DX 
1JPC ( 11). as daeribed ill llCliall 3.2. 

1lac ~and dilldwullps of lhe differ· 
eat eel types. for cxmaplr bipolar wnm ..._. 
polar cdls. arc bei111 cmsa.dy debated (IS). 
Heft maly two apecu .. be mo.a rm .... 
liaL A moaapalar cell comim mnlillly of 
ffllDC. pltet (or paat,iy a flame psket 
cambiaation). electrodes aad memblWS. A 
bipolu cell Im the s:ne- components. but 
8dditionally thc partilion wall between lhe anode 
and cathode daambers. The arpmcnt lhat dais fact 
makes bipolar cdls more camplic:ated aad apen­
sift caa be counteml With the obscnatiaa that 
small. isolated uaiu operate mort reliably. Nor is 
the arpment t~t the leak c:am:au in bipolar 
electrolysers lad to corrosion walid. Thm arr 
many Wl)'S or suppmsiag lhae leak cumats. 
which is prowcn by the fact lhat about ~or 
installed membranc<dl capacity inwolfts bipolar 
cells. 

Cunendy the appearance of cells with a small 
electrode surf.a has prowoked a discussion con­
cerning their ad'flntagcs nd disad'flntages. The 
advantaJCS or sman cells described abcwt are 
counterbalanced by the disadqntqt of lbc 
increased requirement for psket~ Thus. for 
example, for a JOOtday-s plant C:?kAm-2 ):3m2 

crlls have 3.8 km or psketing, I m2 cells haw 
6. ·· km and 0.25 m: cells 15.7 km or psketin&­
Wnich argument carries more wcisht? Which 
sysaan is bencr'! Only many years or operation or 
both cdl types can decide. The selcc:ic:: process 
wm dlen lead to I few very similar cell typa, a 
familiar occumnce in die history or ~t.nology. 

5. Ecoaomics of the membrane proces 

5.1. C'Jlpita/ COllS 

A comparison or die capiaal cosu for lhe dim 
elecuolysis procases is ntmndy difrlCUh. Hence 
the roDowina discussion will only prowide a mash 
lke&ch or the capital cosu situation. Whereas the 
capi&al costs for the power mpply. lhf brine 
supply and chlorine treatment an about the mne 
for an three elcc1rolylis procaMS, there art larpr 
cUfl'crnca bl the COIU for the ceD l'DOlll. which are 
lowlr for the IMlllbrue prOCllll lban for lbe 
nttrcwy ?fOClllS and lowes1 for the cHaphrapn 
procm. The cost or the caustic soda atllC1ion is 
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apccillly lailh ror lbe diapbrapD pnaa. las lban S.2. &t&u cosn 
was mp r. * ......... procea end miaimlJ 
far lbe-cmy proc:m. OD lbe odm llllul wilh 
lbe wc:ury ,._.. addilicml capilll &:mt& 8ft 

illcmnd rarwes aopmeat mae11ry1••a. 
Tiit Olllld pil:lwe .......... is. falows; If' 
dlt capital CCD ol lbe macury psocm lft Wen 
as JDC&, lbt ams of the ......... pracm nm to 
1• 111&1 for lbe membrac procm95 an die 
._ale. Similar lllUlu hlft been ab11iMd by 
Napmura ft .Z. (33). OweraJ1 lbcn. If' lhe estim­
lioD mw is mmned to t.e :! lcr.9 a all con­
dilioas alT equal, lhe capital costs arc lbe mac for 
all Ihm proccaes. lmponaa1 .clYillltqCS accrue 
for UM process ower 1hc Olhm wbrn lht con­
di&iuns pmaininc 10 lht fccds&.-:l or product arc 
~· For rumple. the _. uf solution-mineJ 
rui=t all favoun lhe diaphr.ai:m rrucas. and I( 
purt ~S~- caustic soda tall be used without 
c~~n1ra1a:m lhc advan&a,c would shift ICM'ard 
lhc membrane proc:as l SO J • 

Tabl~ ~ shov.·s lhc opm1inj? dw:ic1tris1ics for 
lht pro:cucs for sodium chloride dcctrolysis. Thr 
dificrmr:es ill current dmsil)· arc aprarcnt • .t>uut 
10Uat1 for lhc mercury cell and rouply 
2 U m •2 for lhc diaphrap1 and membrane cells. 
For lht membrane cell hip.er current densities up 
10 l li;A m -: arc used, even cunmt dcnsilics up &o 
4Um·2 have been achieved. Howevn, depenchng 
on mere>·, caphaJ and olher cosu the optimum 
cunen1 density lies between 2 and 3 kA m -2• 
Napmura et Ill fJ4) decided upon 2.1 kAm-= as 
lhr optimum under lheir lf'C(irlc conditions. The 
cell voJla,a ill Tele 2 art wlW for tht present 
sutt of tbc an. The Jast line sh0ws fipres for 
np.:1tJ l«hnol~ in the membrane proc:cu. 
i.e" ca&alylic calhodcs. thinnc:r. hydrophilic; man-
brana and minimal or zero electrode pp. 

lrotn1 °"""'' Ctll 
lll'fllil.'' Mllll'r 
CliA 111•1) (\') 

Manry 10 4.15 .,..,..,.,.. 2 u ... ,, .. 3.5 3.2 
lpre1en11.state o'f the art) .. ....,.., 4 2.9 
Cl•wrrw~) 

or apedaJ interest are the aaay CClmUlllp1ion 
• &para....._ iD TDlc l • d.c. power CllllUlll~ 
- tiaL n. pictwc-.S .... die_., Medccl 
rw camlic am nmliDD me indttNd. If' 600 
ltWJa 1·1 NIOH (I t - ii ...... to 2151tWb) 
mt added lO the 1M11Y CO'W''"'F tia9 fipns for 
CGDCeaVllina lhe cnllic mda IO 505 NaOH ill 
lbt diaplmsm pracm ud 2DOtWb 1·1 NaOH for 
1bc Ill~ prac:ell. .... ii wlJ be .. lbat the 
lllCIQU)' and diaplmpn procmcs are lht men 
eaersY-inleDSift prot (cf. also Napmun et oL 
(33) ). Also lO the adan1qe of lbt manlnae pro­
cmare the low CDCllY requiraDealS for Dilin& the 
CGUCCntralion or the caustic soda solution by a 
relatively small :nnauat frmi 35~ 10 SO'J NaOH 
nd lhe fact lhat w:mc heat !ram lhc electrolysis 
can be used in fbsn ewaporators. As mentioned in 
the cbsc:ussion of capital casts. 1bc picturt becomes 
ftfn more faYOUrablc tor lht membrane process if 
anc can umic the austic concea1ra1ion stage. h 
can already be said that with dccrasing ccJI 
•ohasc in lht membrane process, morr err1eient 
use must be made or waste bat (51). Otherwise it 
is not even possible to mainllia lhc ceD tempera· 
tu~ at 80-9o•c wilhout an additional heat supply 
if lhe current density is not to be ~rased. 

~"'""' ~~· C...ie .. 
'flk'imc>· nlOllll/llioll 
('JI ftMI 1·1 N:aOtU 11 NIOtl «.NIC'I 

t6 2900 so O.G06 
ts 2350 (12) ()4) 

so J 
ts 2280 
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