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(57) Abstract

The continuous generation of chlorine dioxide by re-
duction of sodium chlorate with sulphur dioxide, sodium
chloride, methanol or some other suitable reductant re-
quires acid reaction conditions. According to the inven-
tion, the acidity is maintained, completely or partially, with
acid produced by the electrolysis of a solution of sodium
sulphate (Na,SO4 or Na3zH[SOy],). This sulphate is ob-
tained by crystallization and redissolution of sodium
sulphate formed in the chlorine dioxide generating pro-
cess. The electrolysis of the sodium sulphate is limited
for reasons of efficiency, such that only a part of the sul-
phate is decomposed to acid, whereas the remainder is
recycled together with the acid to the reactor, where
chlorine dioxide is generated. Sodium hydroxide, oxy-
gen gas and hydrogen gas are also formed during the
process of electrolysis and are utilized within the pulp
manufacturing process.
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Acidity control in chlorine dioxide manufacture

Technical field

The present invention relates to a method for technically
producing chlorine dioxide intented for bleaching cellulose
pulp produced, for instance, chemically, such as sulphate
pulp or sulphite pulp, and involving a more effective use of
the chemicals used by combining the manufacturing process
with an electrolysis process for the purpose of controlling
acldity in the generation of chlorine dioxide. '

Background art

Chlorine dioxider}s manufactured on a technical scale, by
reacting sodium chlorate in aqueous solution with a suitable
reductant. Conventional reductants are sulphur dioxide,
sodium chloride, hydrogen chloride and methanol, although
other inorganic substances are also mentioned in the litera-
ture, such as nitrogen dioxide and sulphur, or organic sub-
stances such as ethanol and oxalic acid. Experience and
sclentific research have shown that the reduction of the
chlorate shall be carried out in a strongly acid solution.
Sulphuric acid or hydrochloric acid (hydiogen chloride) are
the substances most commonly used to effect such acidifica-
tion.
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subsequent to the chlorate having been consumed, there
remains a strongly acid solution of sulphuric acid and sodium
sulphate, or hydrochloric acid and éodium chloride, so-called
spent acid. Sulphur containing spent acid has hitherto been
used as a make-up chemical in the pulp mills, wherein the
acid has been utilized to cleave oOr split tall oil soap for
the production of tall oil, and the sodium sulphate is used
to make up alkali losses and sulphur losses in the cooking
chemical system of the pulp mills.

A modern variant of the chlorine dioxide process is based
on reacting a mixture of sodlum chloride and sodium chlorate
in a solution which is acidified with sulphuric acid. The
reaction takes place under vacuum conditions, 10-57 kPa, at a
temperature of 45-85°C. A mixture of water vapour (steam),
chlorine dioxide and chlorine departs during this reaction.
The reaction is represented by the formula:

NaCl0 +NaCl+HZSO4 = C102+1/2 C12+Na2804+H20

3

In view of present-day requirements on the limited use of
chlorine and hypochlorite in pulp bleaching processes, it 1is

desirable to 1limit the amount of molecular chlorine formed.

This can be achieved by also using sulphur dioxide as a
reductant, in accordance with the formula:

NaC103+1/2502 = C102+1/2Na2804

Sulphur dioxide can also be used to absorb in an aqueous
solution chlorine gas which has not dissolved 1in the water
washing tower used to produce chlorine dioxide water. This
results in a mixed acid according to the formula:

502+C12+2H20 = 2HC1+H2804

Y
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This mixed acid can be returned to the chlorine dioxide
reactor. Flows of sodium chlorate, sodium chloride and
sulphuric acid are delivered to the reactor. The reaction
products chlorine dioxide and chlorine are absorbed in a
tower to which pure water 1is delivered and which produces a
liquid which contains chlorine dioxide and chlorine. The
residual gas from the absorption tower is passed to a reac-
tion vessel, to which sulphur dioxide and water are supplied.
The resultant mixed acid 1is passed back to the reactor..
Crystals of sodium sulphate (Na2304) formed 1in the
chlorine dioxide reactor are pumped to a filter and ejected,

whereas the mother liquor is returned to the reactor.

N According to one alternative embodiment, methanol 1s used
as a reductant, which is supplied to the reactor along with
sodium chlorate and sulphuric acid. The chlorine dioxide gas
formed is passed to a tower in which the gas 1is absorbed in
water, and the resultant bleaching liquid is passed to the
bleaching department. Crystals of sodium sesquisulphate
(NaBH[SO4]2) formed in the <chlorine dioxide reactor are
pumped to a filter and ejected, whereas the mother liquor is
returned to the reactor. The following reaction formulas are
representative of this embodiment:

' 6NaC103+CH30H+4H2504
= 6C10,4CO +2Na3H(SO

2 2 +5H,0
respectively

4)2+%H,

l2NaClO3+3CH3OH+8H2504

= 12Cl0 +3HCOOH+4Na3H(SO

2 +9H,.0

4)2+%H,

Disclosure of the invention

The technical problem

In recent times, the chemical systems of pulp mills have
been closed very effectively and the need for make-up chemi-
cals has therewith decreased. At the same time, the use of
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chlorine dioxide has increased very considerably, in that
chlorine has been replaced, inter alia, with chlorine dioxide
to a great extent, for environmental reasons.

This has resulted in an imbalance which, in turn, has
resulted in an excess of spent acid. The situation has been
alleviated to some extent by the introduction of methods 1in
which the sulphate formed, 1in some cases sesquisulphate
(Na3H[SO4]2) and in other cases neutral sulphate (Naéso4) has
been removed from the generating liquid in the form of solid
crystals. This enables a certain'amount of acid to be saved
and also 1limits loading the pulp mill with undesirable
sulphur.

A further complication with this decrease in the consump-
tion of chlorine consumption is that sodium hydroxide, which
is formed in equivalent quantities with chlorine in the
electrolysis of sodium chloride (table salt) has Dbecome
scarce. It is therefore necessary to look for alternative
methods of producing sodium hydroxide.

The solution

The present invention solves these problems and relates
to a method for generating chlorine dioxide, by reducing a
chlorate solution in the presence'of hydrogen ions at a pH-
value below 7 with the use of one or more reductants and a
sulphur-containing compound in the form of a reductant and/or
an acid, characterized by maintaining the hydrogen ion con-
centration (the acidity) in the chlorine dioxide generating
process, completely or partially, with the aid of acid ob-
tained by the electrolysis of a solution of sodium sulphate
(Na,80,4 or Naj H[SO 415). produced by crystallization and
redissolution of sodium sulphate formed during the chlorine
dioxide generating process, the electrolysis being restricted
so that part of the sodium sulphate is recycled to the
chlorine dioxide generating process together with the acid
formed.
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The crystals of sodium sulphate formed in the chlorine
dioxide generating process are separated on a filter and re-
dissolved and passed to the anode chamber and there subjected
to electrolysis in, for instance, a membrane cell provided
with a unipolar cation-selective membrane. Part of the sodium
ions in the sodium sulphate solution is caused to pass the
membrane and forms sodium hydroxide in the cathode chamber,
this sodium hydroxide being removed from said chamber and
used, preferably in the alkaline bleaching stage of the pulp
mill. The remaining acid sulphate/sulphuric acid solution is
tapped off. Part of this acid solution is removed from the
system and used, for instance, for the production of tall oil
in the sulphate mill, and its corresponding sodium content 1is
used, for linstance, to make-up alkali losses in the cooking
chemical system of the mill. ,

The remainder of this acid solution 1is preferably sub-
jected to evaporation, so as to maintain the water balance in
the system. After the evaporation, the acid solution 1is re-
turned to the chlorine dioxide generator and there used to
control the acidity in the process.

In order to utilize the vapourized water, it 1s sultable
to pass this water vapour to the crystal dissolving vessel.
Furthermore, the water can be vapourized at a pressure level
such that the vapour formed can be used to heat the solution
in the chlorine dioxide generator.

In order to further save chemicals, the mixed acid formed
by reduction of chlorine gas with sulphur dioxide can be used
to acidify the pulp prior to the first bleaching stage, in
those instances when chlorine has been replaced to a great
extent with chlorine dioxide and the initial acidity 1in the
bleaching process 1is too low. The mixed acid used for this
purpose can be replaced in the chlorine dioxide generating
process with chlorine-free acid generated in the electrolysis
cell.
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By adapting the outtake of sodium sulphate, acid and
alkali in relation to'the chlorine dioxide generation, tall
0oil cooking and chemical losses 1in the pulp mill, 1t is
possible, 1in each individual case, to minimize the total
amount of chemicals used and to control the acidity in the
chlorine dioxide generating process in a satisfactory manner.
part of the acid required to control acidity can be taken
from an external source, in order to further increase flexi-
bility. -

Practical tests have been carried out with a simple mem-
brane cell provided with an iron cathode, platinated titanium
anode and a unipolar cation-selective membrane of perfluoro-
sulphonic acid or perfluorocarboxylic acid, 1i.e. the type
that has long been used in the production of chlorine and
alkali by electrolytic decomposition of sodium chloride.
These tests have shown that the sodium sulphate obtained in
crystal form in the chlorine dioxide generating process can
be worked-up surprisingly easily. The salt 1is dissolved in
pure water, such as to obtain a concentration of about
400 g/1 Nazso4. this solution being delivered continuous-
ly to the electrolysis plant.

In principle, it is possible to decompose - completely the
sodium sulphate to sulphuric acid and sodium hydroxide,
although practical tests have shown that it is suitable to
1imit the degree of decomposition (the degree of conversion)
to 40-80%, since the current yield falls with higher contents
of acid and alkali in the anode and cathode chambers respec-
tively. The hydrogen ion concentration of the liquid tapped
from the anode chamber is them 2-5 wval/l. For similar
reasons, it is suitable to add water in an amount such as to
1imit the sodium hydroxide concentration to 100-200 g/1 NaOH.

According to one preferred embodiment ¢f the invention,
the electrolysis vessel is divided by means of a membrane
into a chamber for the cathode and a chamber for the anode.
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Sodium sulphate solution is supplied through & conduit and
converted solution containing sulphuric acid, possibly with
residual non-converted sodium sulphate, is removed through
another conduit. Oxygen gas 1is generated at the anode. Sodium
lons diffuse through the cation-selective membrane, where
they form sodium hydroxide at the cathode and hydrogen gas is
generated at the same time. Pure water is delivered through a
conduit and the sodium hydroxide formed is removed through
another conduit. It is also possible to use other types of
electrolysis cells, although the effectiveness of these cells
is somewhat lower.

Advantages

The invention has enabled the consumption of acid and
alkali in a pulp mill to be reduced considerably, by com-
bining acid and alkali consuming processes with an electro-
lytic process, wherein salts which are formed in the chlorine
dioxide generating process are decomposed to their individual
consituents and reused. At the same time, the biproducts
oxygen gas and hydrogen gas are obtained, which can be
utilized in the pulp manufacturing process for bleaching and
for steam generation respectively.

Furthermore, the invention enables the quotient between
acld requirements in the production of tall oil and the
sulphate requirements for making-up losses in the cooking
chemical cycle to be varied in accordance with the local con-
ditions. Also of great value are the chemicals sodium
hydroxide, oxygen gas and hydrogen gas formed in accordance
with the invention and utilized within the pulp manufacturing
process.

- This reuse of chemicals improves the economy of pulp
manufacture and also reduces the load on the environment
caused by the emission of non-consumed chemicals.
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Brief description of the drawings

Figure 1 1is a flow sheet pertaining to a preferred
embodiment of the invention. Figure 2 illustrates the con-
struction of a suitable electrolysis cell in more detail.

Best mode of carrying out the invention

. In the following, preferred embodiments of the invention
are described with reference to the Figures, and an account
of the results achieved in accordance with the invention is

also given.

Example 1 _
Tests were carried out in accordance with the invention

. with the use of a chlorine dioxide generating plant which, in

principle, operated in accordance with Figure 1 with the use
of sodium chloride as a reductant for the chlorate in the
reactor 1 and with sulphur dioxide as the reductant in the
absorption tower 3. '

The reactor 1 was operated under the following conditions:

Temperature ' 70°C
Pressure : 30.7 kPa
Acidity ' 4.4 val/l
Amount of chlorate supplied (4) 1300 kg/h,(NaC103)
Amount of chloride supplied (5) 585 kg/h (NaCl)
Amount of chlorine dioxide
7 produced(9) 800 kg/h (C102)
Amount of chlorine produced ~ 361 kg/h (Clz)
Crystal concentration

(Na2504—crystals) 10%
Amount of crystals removed 2141 kg/h (Na2504)

Amount of steam supplied 6500 kg/h

.
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The generated mixture of chlorine dioxide and chlorine
gas was transported to the absorption tower 2 with the aid of
steam, where 100 m3/h cooled water (10°C) was dellvered
through the 1line 8. Practically all chlorine dioxide was
dissolved in this water, although only 168 kg/h chlorine gas
dissolved, and the water was pumped to the bleaching depart-
ment of the mill, through the line 9. Remaining chlorine gas,
193 kg/h, was passed further to the reactor 3, where the

.chlorine gas was reacted with 170 kg/h sulphur dioxide supp-

lied through the 1line 7, and 1100 1/h water supplied through
the line 11. Of the mixed acid formed, 720 1/h were returned
to the reactor 1 through the line 12, whereas 380 1/h was
passed to acidification of unbleached pulp upstream of the
first bleaching stage, through the line 13, The residual gas
was removed through the line 10.

2141 kg/h crystals of sodium sulphate were taken out of
the circulation circuit 16 over a filter 14 and were dissolv-
ed in 5352 1/h water in the vessel 23, this water being de-
livered mainly from the evaporator 29, through the line 28.
The solution obtained was delivered to the electrolysis plant
27 which was operated so that 75% of the sulphate was con-
verted to sulphuric acid and sodium hydroxide and the
sulphuric acid being obtained in mixture with the sodlum
sulphate in the - anode chamber and tapped-off through the llne
24. The composition of the acid solution was then:

Na2504 79 g per kg solution

sto4 163 g per kg solution
Pure water was supplied to the cathode chamber through
the 1line 25, and 9000 1/h sodium hydroxide having a 10%-con-
centration, corresponding to 904 kg/h NaOH, was tapped-off
through the line 26. In addition, 127 m3/h oxygen gas (181
kg/h) were generated in the anode chamber, and 253 m3/h

ihydrogen gas (22.6 kg/h) were generated in the cathode

chamber.
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The acid solution was pumped through the line 24 to the
evaporation vessel 29, which was operated under vacuum condi-
tions, 50 kPa and 82°C. 4614 kg/h water were evaporated and
passed to the dissolving tank 23. The concentrated acid now
had the composition: '

Na, S0 225 g per kg solution

274
H,SO 465 g per kg solution

2774

of this solution, 5% was passed to the tall 0il cooking

department of the sulphate mill through the line 30, for de-

composition of tall oil soap, and 95% to the chlorine dioxide
generator, through the line 31.

As a result of this recirculation of acid, it was possib-
le to maintain the acidity in the generation of chlorine
dioxide, without needing to supply acid from an external
source. The following savings were made possible in this

example:
Sulphuric acid 1108 kg/h
Sodium hydroxide 904 kg/h
Oxygen gas 181 kg/h
Hydrogen gas (fuel) 22.6 kg/h
Sodium sulphate 24 kg/h

The power consumed by the electrolysis process was 3460
kW at a current density of 30A/dm2, 70°C and the recited
concentrations of acid and alkalil.

Example 2
Bccording to another embodiment of the invention, sodium

chloride was similarly used as the reductant for the chlorate
in the reactor 1 and sulphur dioxide as the reductant in the
absorption tower 3, although with the difference in relation
to Example 1 that no solution was returned to the reactor 1

from the absorption tower 3.
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The reactor 1 worked under the following conditions:

Temperature 70°C
Pressure 30.7 kPa
Acidity 4.2 val/l
Amount of chlorate supplied (4) | 1300 kg/h (NaClOa)
Amount of chloride supplied (5) 702 kg/h (NaCl)
Amount of chlorine dioxide .

produced (9) 800 kg/h (C102)
Amount of chlorine produced 432 kg/h (Clz)
Crystal concentration

(Na2804-crystals) 9%
Amount of crystals removed 3436 kg/h (Na2304)
Amount of steam delivered o 7000 kg/h

The generated mixture of chlorine dioxide and chlorine
gas was transported to the absorption tower 2 with the aid of
steam, where 90 m3/h cooled water (10°C) were supplied
through the line 8. Practically all chlorine dioxide dis-
solved in this water, but only 170 kg/h chlorine gas, and the

. water was pumped to the bleaching department of the mill,

through the 1line 9. Remaining-chlorine gas, 262 kg/h, was
passed further to the reactor 3, where it was reacted with
236 kg/h sulphur dioxide supplied through the line 7 and 1500
1/h water supplied through the 1line 11. Of the mixed acid
formed, 500 1l/h were used to acidify unbleached pulp upstream
of the first bleaching stage and were removed through the
line 13, while the remainder was passed to a discharge outlet
subsequent to neutralization with dust from the lime kiln
filter.

3436 kg/h crystals of sodium sulphate were removed from
the circulation circuit 16 over a filter 14 and dissolved in
8590 1/h water in the vessel 23, the majority of this water
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being delivered from the evaporator 29, through the line 28.
The resultant solution was delivered to the electrolysis
plant 27, which was operated so that 50% of the sulphate was
converted to sulphuric acid and sodium hydroxide, of which
the sulphuric acid was obtained in mixture with the sodium
sulphate in the anode chamber and tapped-off through the line
24. The composition of the acid solution was then:

Nazso4 - 152 g per kg solution

H2504 105 g pér kg solution

Pure water was delivered to the cathode chamber through
the line 25, and 9600 kg/h sodium hydroxide having a concen-
tration of 10%, corresponding to 968 kg/h NaOH were tapped-
off through the line 26. In addition, 135 m°/h oxygen gas
(194 kg/h) were generated in the anode chamber, and 271 m”/h
hydrogen gas (24.2 kg/h) were generated in the cathode
chanmber.

The acid solution was pumped through the line 24 to the
evaporation vessel 29, which was operated under vacuun condi-
tions, 50 kPa and 82°C. 7071 kg/h water were evaporated and
delivered to the dissolving tank 23. The concentrated acid
now had the composition:

Nazso4 399 g per kg solution

H2804 275 g per kg solution
This solution was returned to the chlorine dioxide gene-
rator through the line 31. This recycling of acid enabled the
acidity of the chlorine dioxide generating process to be
maintained without needing to supply acid from an external
source. The example enabled the following savings to be made:

Sulphuric acid 1186 kg/h
Sodium hydroxide 968 kg/h
Oxygen gas 194 kg/h

Hydrogen gas (fuel) 24.2 kg/h

-1
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The power consumed by the electrolysis process was 2880
kW at a current density of 30 A/dmz, 70°C, and the recited
concentrations of acid and alkall.

Example 3
According to a third embodiment of the invention,

methanol was used as the reductant for the sodium chlorate 1n
the aforesaid reactor 1, which operated under the following
conditions:

Temperature 70°C
Pressure 30.7 kPa
Acidity 6.1 val/l

Amount of chlorate supplied (4) 1300 kg/h (NaC103)
Amount of methanol supplied (17) 98 kg/h (CH3OH)
Amount of chlorine dioxide

produced (9) 800 kg/h (0102)
Crystal concentration

(N§3H[504]2-crystals) 10%
Amount of crystals removed 2133 kg/h (Na3H[SO4]2)

Amount of steam supplied 6000 kg/h

Similar to Example 1, the chlorine dioxide gas was tran-
sported by steam to the absorptidn tower 2, although since
the gas was practically free from chlorine, no reaction stage
with Soz-reduction was required and no mixed acid was pro-
duced in this case.

2133 kg/h crystals were removed from the circulation cir-
cuit 16 over a filter 14 and dissolved in the vessel 23 in
4335 1/h water, which was supplied mainly from the evaporator
29. The resultant solution was delivered to the electrolysis
plant 27, which was operated so that 50% of the sodium con-
tent of the sulphate was converted to sodium hydroxide. This
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was formed in the cathode chamber while adding 4800 1/h water
and tapped-off at a concentration of 10% through the line 26,
corresponding to an amount of 488 kg/h NaOH. In addition, 136
m3/h hydrogen gas (12.2 kg/h) were generated in the cathode
chamber, and 68 m~ oxygen gas (98 kg/h) were generated 1in
the anode chamber.

The composition of the acid soiution after electrolysis

was:

Na2504 143 g per kg solution

H2304 164 g per kg solution

This solution was pumped through the line 24 to the eva-
poration vessel 29, which was operated under vacuum condi-
tions, 50 kPa and 82°C. 3348 kg/h water were evaporated and
delivered to the dissolving tank 23. The concentrated acid
had the composition:

N‘azso4 321 g per kg solutlon

H2504 _ 369 g per kg solutlon

This acid was supplied to the reactor 1 through the line
31. This recirculation of acid enabled the acidity to be
maintained in the chlorine dioxide generating process without
supplying acid from an external source. Acid from an external
source, however, can be supplied through the line 6 if con-
sidered suitable. The example has enabled the following
savings to be made: .

Sulphuric acid 598 kg/h

Sodium hydroxide - 488 kg/h
Oxygen gas 98 kg/h

Hydrogen gas (fuel) 12.2 kg/h
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The electrolysis had a power consumption of 1650 kW at
the current density of 30 A/dmz, 70°C, and the recited acid
and alkali concentrations.

The invention 1is not limited to the cases described in
Examples 1-3, but can also include chlorine dioxide generat-
ing processes which are based on reductants other than those
mentioned here, or on combinations of generating processes,
for instance reduction with sulphur dioxide in a first stage
followed by a second stage with chloride reduction, where-
after sodium sulphate crystallizes out.

Figure 2 illustrates a preferred embodiment of the elec-
trolysis cell 27, which is provided with an iron cathode 18,
a platinated titanium electrode 19 and a unipolar cation
selective membrane 20. Hydrogen gas 21 1is generated at the
cathode and oxygen gas 22 is generated at the anode. A solu-
tion of sodium sulphate is delivered to the anode chamber
through the line 23, and the acid formed is removed through
the line 24. Pure water is supplied to the cathode chamber
through the line 25, and the sodium hydroxide formed is re-
moved through the line 26. '

According to the invention, the chemical requirements of
the sulphate mill can be covered by taking out flows from
different points in the system, either separately or in com-
bination. A crystal mass of sodium sulphate can be taken out
through the line 15 in order to cover the sodium and sulphur
requirement of the pulp mill. An acid, highly concentrated
solution of sulphuric acid and sodium sulphate can be taken
out through the line 30 for the production of tall oil. A
dilute solution of corresponding composition appropriate in
those instances when the evaporation capacity is found avail-
able in another location in the mill can be taken out through
the line 32.
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CLAIMS

1. 2 method for generating chlorine dioxide by reduction of
a chlorate solution in the presence of hydrogen ions at a pH-
value below 7, while using one or more reductants and a
sulphur-containing compound in the form of a reductant and/or
an acid, characterized by maintaining the hydro-
gen ion concentration (the acidity) in the generation of
chlorine dioxide, completely or partially, with the aid of
acid obtained by the electrolysis of a solution of sodium
sulphate (Nazso4 or Na3H[SO4]2)7produced by crystallization
and redissolution of sodium sulphate formed in the chlorine
dioxide generation process, the electrolysis being restricted
so that part of the sodium sulphate is recycled to the
chlorine dioxide generating process together with the acid

formed.

2. A method according to Claim 1, character ized

by 1limiting the electrolytic decomposition of the sodium
sulphate so that the hydrogen ion concentration in the solu-
tion departing from the electrolysis cell is at most 5 val/l,

preferably 2-4 val/l.

3. A method according to Claim 1 and 2,
characterizedbycarrying out the electrolysis 1n
a cell provided with a cation-selective membrane, wherein the
sodium sulphate solution is supplied to the anode chamber,
and wherein acid is formed and oxygen gas developed at the
anode and hydrogen gas at the cathode, while supplying, at
the same time, pure water to the cathode chamber so as there
to form sodium hydroxide.

«

re
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4. A method according to Claims 1-3,

c haracterilzed by returning the acid solution
formed in the anode chamber to the chlorine dioxide genera-
tor, the water supplied by dissolution of the sodium sulphate
being removed by evaporation of the water either from the
acid solution or from the salt solution of the chlorine di-
oxide generator, or from both of said solutions.

5. A method according to Claims 1-3, ,
characterized by removing from the system an
amount of sulphate corresponding to the amount of sulphur
supplied to the system, this amount of sulphate comprising
alternatively sodium sulphate removed prior to the electro-
1ysis'stage, or acid sodium sulphate after the electrolysis
stage.



WO 93/04979 PCT/SE91/00605

1/1
— o
A S
El
—p |
N
T
o L | 30
e =
1% £ b4
.
f 28
-2—3_ -
il
_zsbn ; ; ﬂl 24
- ll ’l_ UI
26
21 * ﬁ;?
v _ 18 9 4
Ve Vo B A ﬂ 2 N
A
- || | f— -
25 ” | 57 I 23
| = I '
I
26 J } " 24




INTERNATIONAL SEARCH REPORT
7 International Application No PCT/ SE 91/ 00605

. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate alfy®

According to International Patent Classification (IPC) or-to both National Classification and IPC

IPC5: C 01 B 11/02, C 25 B 1/22

1l. FIELDS SEARCHED

Minimum Documentation Searched’

Classification System Classification Symbols

IPCS C01B; C25B

Dacumentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in Fields Searched®

SE,DK,FI,NO classes as above

Hl. DOCUMENTS CONSIDERED TO BE RELEVANT?

Category * Citation of Document,!! with indication, where appropriate, of the relevant passages 12 Relevant to Claim No,13

E,X W0, Al, 9118830 (TENNECO CANADA INC.) 1-5
12 December 1991, see page 19, line 16 -
page 22, line 2; figure 1;

claims 1,27

A EP, Al, 0353367 (TENNECO CANADA INC.) 1-5
7 February 1990,
see the whole document

AV US, A, 4678655 (ZBIGNIEW TWARDOWSKI) 1-5
. 7 Jduly 1987, )
see the whole document

A US, A, 4129484 (KARL-GEORG LARSSON) 1-5
12 December 1978, ,
see the whole document

R ot e oottt o T e orumert gl st e njeration Giog e
A ggg',';g::‘;d"sg‘g{,"g,'g:,.ﬁg"',f;:',:}:},:;gg'“ art which is not fnadnm: :‘mdauund the principie or theory oh erlying the
~g~ earlier document but published on or after the international = . . .
i X* d
filng date dacomens oL paptieupr elnancs, o Siimed aventn
e dnqumfnt which ma(y‘t row doubts rn &riori claim(s) or _ involve an inventive step
w_hu‘:]h y °"°'|’, e rl sh the publica o{hd: e of anolher “Y” document of particular relevance, the claimed invention
citation or other special reason (as specified) 3‘.,2{,‘ :f,m f:ns df, e Edm ,t'l:nlva i nvenhlv: ?': 3 v'rlll&en the
combined with one or other such dogu-
"o” grﬂ::g:n':::ghrﬂng to an oral disclosure, use, exhibition or mants, such combination being Sbvious 10 8 person Skilled
Y in the art.
P ?ﬁ%‘.’-":‘ﬁm ?.'.’3 l;.'-.':;.#t; '&‘2{.‘8.{']?,,'.'&"’“""’"" filing date but &’ document member of the same patent family
e cam———
IV. CERTIFICATION
Date of the Actual Complstion of the international Search Date of Mailing of this International Search Report
. ' 009 o
8th April 1992 1552 -0+ 13
= i

International Searching Authority




ANNEX TO THE INTERNATIONAL SEARCH REPORT
ON INTERNATIONAL PATENT APPLICATION NO.PCT/SE 91/00605

5

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report.
The members are as contained in the Swedish Patent Office EDP fila on 287 027 a2
The Swedish Patent Office is in no way liabie for these particulars which are merely given for the purpose of information.

-

Patant document Publication Patent family Publication
cited in search report 1 date mamber(s) date

WO-Al- 9118830 _ 91-12-12 NONE 7

EP-Al- 0353367 90-02-07 AU-B~ 606495 91-02-07
AU-D- 2852489 90-02-01
JP-C- 1606453 91-06-13
JP-B- 2032356 90-07-19
JP-A- 2047283 90-02-16

US-A- 4678655 87-07-07 NONE

US-A- 4129484 ' 78-12-12 NONE




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

