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[Detailed Description of the Invention]
[Field of the Invention]

The present invention relates to an improved 
process for producing hydrogen peroxide continuously by

5 subjecting anthraquinones contained in a working solu­
tion, to reduction and oxidation repeatedly. More parti­
cularly, the present invention relates to a process for 
producing hydrogen peroxide efficiently by (1) using, as 
the reaction medium, a mixture of an alkyl-substituted

•jq anthraquinone and an alkyl-substituted tetrahydroanthra- 
quinone (hereinafter, they are referred to simply as 
anthraquinone and tetrahydroanthraquinone, respectively, 
in some cases), (2) in the reduction step, reducing the 
total amount of tetrahydroanthraquinone and then reducing

15 part or the total amount of anthraquinone, and (3) in the 
working solution after the reduction operation, controll­
ing the content of the alkyl-substituted anthrahydroqui- 
none formed, at a level higher than the content of the 
alkyl-substituted tetrahydroanthrahydroquinone formed

2q (hereinafter, the alkyl-substituted anthrahydroquinone 
and the alkyl-substituted tetrahydroanthrahydroquinone 
are referred to simply as anthrahydroquinone and tetra­
hydroanthrahydroquinone, respectively, in some cases). 
[Prior Art]

25 The main process for industrial production of
hydrogen peroxide currently in use is an autoxidation 
process using anthraquinone or tetrahydroanthraquinone 
(hereinafter, the are referred to as anthraquinones) as 
the reduction medium. In general, the anthraquinones are

30 used by dissolving them in an appropriate organic sol­
vent. The organic solvent may be a single organic sol­
vent or a mixed organic solvent, but is ordinarily a 
mixture of two organic solvents. The solution obtained
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by dissolving the anthraquinones in the organic solvent 
is called "working solution".

In the autoxidation process, a working solution 
containing anthraquinones is reduced with hydrogen in the

5 presence of a catalyst to form anthrahydroquinones.
Then, the anthrahydroquinones are oxidized with air or an 
oxygen-containing gas to reconvert the anthrahydroqui­
nones into anthraquinones and simultaneously form hydro­
gen peroxide. The hydrogen peroxide formed in the work-

10 ing solution is ordinarily separated by extraction with 
water, and the working solution after hydrogen peroxide 
separation is resuhjected to the above reduction step. 
Thus, a cyclic process is conducted. This process pro­
duces hydrogen peroxide substantially from hydrogen and

15 air and is very efficient. This cyclic process is 
already in use for industrial production of hydrogen 
peroxide.

In this cyclic process, the working solution 
containing anthraquinone is circulated for repeated use

20 and anthraquinone is subjected to hydrogenation at the
nucleus, whereby tetrahydroanthraquinone is formed and is 
increasingly accumulated in the working solution. This 
tetrahydroanthraquinone, similarly to anthraquinone, is 
capable of forming hydrogen peroxide by being reduced and

25 oxidized.
Many proposals have been made for the propor­

tions of tetrahydroanthraquinone and anthraquinone pre­
sent in working solution. In U.K. Patent No. 856420, it 
was proposed to increase the proportion of tetrahydro-

30 anthraquinone to the total amount of anthraquinone and 
tetrahydroanthraquinone (hereinafter referred to as 
anthraquinones amount) in working solution, to at least 
8056 and, in the reduction step, reduce 5556 or less there­
of. In the literature, it was pointed out that the case

35 using tetrahydroanthraquinone as a reaction medium, as
compared with the case using anthraquinone as a reaction
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medium, is advantageous because it gives a smaller amount 
of deterioration products. In U.S. Patent No. 3073680, 
it was proposed, for the same reason as above, to 
increase the proportion of tetrahydroanthraquinone to at

5 least 85% and reduce 55-75% thereof. In U.S. Patent No. 
3767779, it was proposed to increase the proportion of 
tetrahydroanthraquinone to as high as 90% and reduce 
80-90% thereof. In U.S. Patent No. 3540847, it was 
proposed to control the content of tetrahydroanthraqui-

10 none preferably at least 35% of the content of anthra­
quinone and control the reduction level preferably below 
the content of tetrahydroanthraquinone. In U.K. Patent 
No. 1390408, it was proposed to use two amylanthraquinone 
isomers in the forms of tetrahydroanthraquinone and

15 anthraquinone, respectively, and reduce 90-100% of tetra­
hydroanthraquinone. U.S. Patent No. 4514376 proposed the 
superiority of a process using tetrahydroanthraquinone 
alone as the reduction medium, and disclosed a method for 
increasing the concentration of tetrahydroanthraquinone

20 in working solution to be supplemented.
It is generally known in, for example, Ind.

Eng. Chem. Process Des. Dev. 1983, 22, 150-153 that when 
a working solution containing a mixture of tetrahydro- 
anthraqhinone and anthraquinone is subjected to reduc-

25 tion, tetrahydroanthraquinone, which is easily reduced, 
is reduced predominantly and no reduction of anthraqui­
none takes place until the total amount of tetrahydro­
anthraquinone is reduced. Each of the above-mentioned 
literatures disclosed a process in which a working solu-

30 tion containing a mixture of tetrahydroanthraquinone and 
anthraquinone is used but only tetrahydroanthraquinone of 
easy reducibility is reduced by controlling the reduction 
level below the content of tetrahydroanthraquinone, i.a, 
a process utilizing tetrahydroanthraquinone alone as the

35 medium for hydrogen peroxide production.
However, the processes disclosed in the above
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literatures, for producing hydrogen peroxide by utilizing 
tetrahydroanthraquinone alone as the reaction medium and 
by subjecting it to reduction and oxidation, have a 
problnm that the oxidation rate of tetrahydroanthrahydro-

5 quinone is low. Hence, German Patent No. 2003268 pointed 
out that when tetrahydroanthraquinone is used as a reac­
tion medium, an extremely large energy is required in the 
oxidation step and more than half of the total energy 
required for the cyclic process is consumed in the oxida-

j0 tion step, and proposed an improved apparatus for
increasing the efficiency of the oxidation step. Also, 
for increasing the efficiency of the oxidation step, U.S. 
Patent Mo. 3323868 disclosed an oxidation apparatus of 
special shape and U.S. Patent No. 3073680 disclosed a

15 sparger ring of special shape used for blowing air into 
an oxidation apparatus. Each of these proposals or 
disclosures, however, requires a special apparatus in the 
oxidation step and consumes a large energy, and conse­
quently has large problems in apparatus and economy

20 aspects.
In order to overcome these problems, techniques 

were proposed in which anthrahydroquinone of high oxida­
tion rate is utilized as the reaction medium for hydrogen 
peroxide production, in place of tetrahydroanthrahydro-

25 quinone. Japanese Patent Publication No. 3573/1962
proposed a technique in which the content of tetrahydro­
anthraquinone in working solution is controlled at 10% or 
less, preferably 5% or less of the total content of 
anthraquinones in working solution and as a result only

30 anthraquinone is used as the reaction medium. U.S.
Patent No. 2739042 proposed a process in which the con­
tent of tetrahydroanthraquinone in working solution is 
controlled at 5% or less of the total content of anthra­
quinone in working solution for an economical reason.

35 When anthraquinone alone is used as the reac­
tion medium, however, its reduction product (i.e. anthra-
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hydroquinone) generally has a low solubility in organic 
solvent, as compared with tetrahydroanthrahydroquinone; 
consequently, there is a limit in increasing the concent­
ration of anthrahydroquinone in working solution and

5 accordingly there is a limit in the amount of hydrogen 
peroxide produced per one cycle of working solution. In 
order to solve this problem, Japanese Patent Publication 
No. 15777/1960 disclosed a process using, as the reaction 
medium, a mixture of alkylanthraquinones (the alkyl is a

Iq secondary amyl group and a tertiary amyl group) to
increase the solubility of amylanthrahydroquinones formed 
in the reduction step.

In summary, in the conventional processes for 
producing hydrogen peroxide by subjecting a working

15 solution containing anthraquinones, to reduction and
oxidation alternately, only either of anthraquinone and 
tetrahydroanthraquinone has been used as a substantial 
reaction medium. Any of the known literatures regarding 
the conventional processes makes no mention of the advan-

20 tages brought about by the present process which com­
prises reducing, in the reduction step, the total amount 
of tetrahydroanthraquinone and further even anthraquinone 
and controlling the content of anthrahydroquinone formed, 
at a level higher than the content of tetrahydroanthra-

25 hydroquinone formed.
[Problems to be Solved by the Invention]

In the prior art, when tetrahydroanthraquinone 
is used as the reaction medium, the conditions in the 
oxidation step must be intensified, which requires a very

30 large energy and is disadvantageous economically.
Meanwhile, when anthraquinone is used as the 

reaction medium, the solubility of anthrahydroquinone in 
organic solvent is relatively low, which makes it diffi­
cult to produce a sufficient amount of hydrogen peroxide

35 per one cycle of working solution.
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[Means for Solving the Problems]

The present inventors made an extensive study to solve the above problems 

present in the process for producing hydrogen peroxide by subjecting a working 

solution containing anthraquinones, to reduction and oxidation alternately. As a result,

5 the present inventors found that hydrogen peroxide can be produced efficiently 

economically by using, as the reaction medium, a mixture of tetrahydroanthraquinone 

and anthraquinone and conducting the reduction step so that the content of 

anthrahydroquinone formed becomes higher than the content of 

tetrahydroanthrahydroquinone formed.

10 The object of the present invention is to provide a process for producing

hydrogen peroxide by subjecting a working solution containing anthraquinones as the 

reaction medium, to reduction and oxidation alternately, wherein (1) the anthraquinones 

as the reaction medium contained in the working solution are a mixture of δη alkyl­

substituted anthraquinones and an alkyl-substituted tetrahydroanthraquinone, (2) in the

15 reduction step, the total amount of the alkyl-substituted tetrahydroanthraquinone in the 

working solution and part or the total amount of the alkyl-substituted anthraquinone in 

the working solution are reduced, and (3) in the working solution after the reduction 

step and before the oxidation step, the content of the alkyl-substituted 

anthrahydroquinone formed is higher than the content of the alkyl-substituted

. .. 20 tetrahydroanthrahydroquinone formed.• · .
• The alkyl-substituted anthraquinone used in the present invention is preferably 
·· '

an alkyl-substituted anthraquinone having a high solubility in the solvent in the working
• ·
,··. : solution. Preferable examples of the alkyl-anthraquinone are ethytlanthraquinone, tert-I · ·
: .··. butylanthraquinone and amyianthraquinone. Sec-amylanthraquinone and tert- 
»···

25 amyianthraquinone are particularly preferably. Use
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οί a mixture of a plurality of alkylanthraquinones is 
also preferable. As mentioned above, in the present 
invention, these alkyl-subjected anthraquinones are 
referred to simply as anthraquinone, and alkyl-substi-

5 tuted tetrahydroanthraquinones obtained by tetra-hydro­
genation of alkyl-substituted anthraquinone at one of the 
aromatic nuclei are referred to simply as tetrahydro­
anthraquinone. Anthraquinone and tetrahydroanthraquinone 
are used in combination in the present invention.

10 In the present invention, both of tetrahydro­
anthraquinone and anthraquinone are reduced and the 
working solution after the reduction contains different 
hydroquinones, whereby the total solubility of hydroqui­
nones is increased and the amount of hydrogen peroxide

15 produced per one cycle of working solution can be made 
large. Further in the present invention, there is used, 
as the reduction medium for hydrogen peroxide production, 
anthrahydroquinone of high oxidation rate in an amount 
larger than that of tetrahydroanthrahydroquinone of low

2o oxidation rate, whereby the overall oxidation rate is 
increased and the amount of energy consumed in the oxi­
dation step can be made small.

In the present invention, in order to increase 
the total solubility of hydroquinones, a working solution

25 containing both anthraquinone and tetrahydroanthraquinone 
is used; in the reduction step, the total amount of 
tetrahydroanthraquinone is reduced predominantly and then 
part or the total amount of anthraquinone is reduced; 
consequently, the working solution is allowed to contain

30 tetrahydroanthrahydroquinone and anthrahydroquinone. as 
shown in Fig. 1, in a system in which tetrahydroanthra­
hydroquinone and anthrahydroquinone coexist, the total 
solubility of the two hydroquinones in the system is 
higher than the solubility of anthrahydroquinone when

35 anthrahydroquinone alone is contained. By using, as a 
working solution, such a system in which tetrahydro-
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anthrahydroquinone and anbhrahydroquinone coexist, the 
amount of hydrogen peroxide produced per one cycle of 
working solution can be made large.

In the present invention, the amount of energy 
5 consumed in the oxidation step can be reduced by utiliz­

ing, as the reaction medium, mainly anthrahydroquinone of 
high oxidation rate. In order to enable it, the reduc­
tion operation is conducted so as to produce tetrahydro- 
anthrahydroquinone in an amount necessary for supplement-

1Q ing the relatively low solubility of anthrahydroquinone. 
In the present invention, the reduction of anthraquinones 
must be conducted so that the working solution after the 
reduction contains anthrahydroquinone in an amount larger 
than that of tetrahydroanthrahydroquinone.

15 The solubility of hydroquinones in working
solution varies depending upon the mixing ratio of tetra- 
hydroanthrahydroquinone and anthrahydroquinone in working 
solution. However, when the concentration of hydroqui­
nones in working solution is too high, the concentration

20 of the aqueous hydrogen peroxide solution partially
liberated in the oxidation step is too high, inviting a 
safety problem. Hence, a mixing ratio giving a prefer­
able solubility is selected in view of safety and 
economy. The ratio of anthraquinone and tetrahydro-

25 anthraquinone in working solution, used in the present 
invention is controlled preferably at 2 : 1 to 8 : 1, 
more preferably 3 : 1 to 6 : 1.

In the present invention, the solvent used for 
preparation of working solution is not particularly

30 restricted. However, preferable examples of the solvent 
are a combination of an aromatic hydrocarbon and a higher 
alcohol, a combination of an aromatic hydrocarbon and a 
carboxylate of qyclohexanol or an alkylcyclchsxanol, and 
a tetra-substituted urea.

35 In the present invention, the conditions
employed in the reduction step are not particularly
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restricted. However, the reduction step is generally 
conducted using hydrogen gas or a hydrogen-containing gas 
in the presence of a catalyst such as palladium catalyst, 
platinum catalyst, nickel catalyst or the like at a

5 temperature of 10-80°C at a pressure of 1-5 atm. The 
type of the reactor employed can be any of a fixed bed 
type, a fluidized bed type, a stirrer-equipped type, etc. 
[Effect of the Invention]

The present process for producing hydrogen 
IO peroxide can produce a large amount of hydrogen peroxide

in each reduction-oxidation cycle of the working solution 
and moreover can conduct the oxidation step efficiently 
and, as compared with the conventional processes, can 
produce hydrogen peroxide advantageously viewed from the

>15 operational and economical standpoints.
[Brief Description of Drawing]

Fig. 1 shows the solubilities of amylanthra- 
hydroquinone, amyltetrahydrcanthrahydroquinone and their 
mixture in a 1.5 : 1 (by volume ratio) mixed solvent

2o consisting of trimethylbenzene and diisobutylcarbincl. 
[Examples]

The present invention is described in more 
detail by way of Examples and Comparative Examples. In 
the Examples, the analytical values for the components of

25 each working solution are values obtained by liquid
chromatography, unless otherwise specified. The measure­
ment of hydrogen peroxide concentration was conducted by 
titration using potassium permanganate solution acidified 
with sulfuric acid.

3Q Example 1
The solubilities of hydroquinones in working 

solution were measured as follows. That is, various 
working solutions were prepared by using, as the mixed 
solvent, a 1.5 : 1 (by volume ratio) mixture of tri-

35 methylbenzene and diisobutylcarbinol and, as the solutes, 
amylanthraquinohe and arayltetrahydroanthraquinone. In
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each of these working solutions, the total concentration 
of amylanthraquinone and amyltetrahydroanthraquinone was 
0.8 mole/1 but their proportions were varied. 25 ml of 
each working solution was placed in a glass vessel; 3 g

5 of a catalyst (1ί Pd/AlgO^) was added; the mixture was 
reacted with hydrogen gas at 40°C. The reaction was 
lasted until the crystals of araylanthrahydroquinone could 
be seen in the working solution. After the completion of 
the reaction, the hydrogen gas in the glass vessel was

1q replaced by nitrogen gas, after which the glass vessel 
was stoppered, placed in a thermostat and allowed to 
stand therein at 35°C for 24 hours. Then, the catalyst 
and amylanthrahydroquinone crystals in the glass vessel 
were completely removed by filtration, and the anthra-

15 hydroquinones in the filtrate were completely oxidized 
with oxygen gas to form hydrogen peroxide. The hydrogen 
peroxide was separated by extraction with water and

• · 9

·.·..· subjected to Concentration measurement. P -ora this
*·!*·’ measurement were determined the concentrations of anthra·-

20 hydroquinones present in working solution, and the con-
• 9 ft.

*· *·· centrations were taken as the saturation solubilities of
• ft 9

··· * anthrahydroquinones in working solution. The correlation
between (1) mixing proportions of amylanthraquinone and

.. amyltetrahydroaf'^^raquinone and (2) anthrahydroquinone
9 9 9

25 solubilities is shown in Fig. 1.
** ’ Example 2
,. . There was prepared a working solution com-

9 ft 9

’’ prising a 1.5 : 1 (by volume ratio) mixed solvent of
9 9 9 ft 9 9

trimethylbenzene and diisobutylcarbinol, 0.15 mole/1 of 
. .., amyltetrahydroanthraquinone and 0.65 mole/1 of amyl-

anthraquinone. 200 ml of this working solution was 
placed in a glass reactor equipped with baffles and a 
stirrer. Thereto was added 20 g of 1% Pd/AlgOg as a 
catalyst. The reactor inside was replaced by nitrogen

35 gas and then by hydrogen gas. The temperature of the 
working solution was elevated to 40°C and stirring was
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started to initiate a reaction. The reaction was con­
tinued until the amount of hydrogen gas consumed for the 
reaction became 1.8 Nl, while supplying hydrogen gas so 
that the pressure inside the reactor was kept at normal

5 pressure. During the reaction, the reaction temperature 
was kept at 40°C. Right after the completion of the 
reaction, the reaction inside was replaced by argon gas 
and the working solution was allowed to stand at 35°C for 
1 hour in a hydrogen-free state. In the working solution

IQ after the standing, no crystals of anthrahydroquinones 
were precipitated. The above hydrogenation reaction 
produced, in the working solution, 0.407 mole/1 of 
anthrahydroquinones (0.15 mole/1 of amyltetrahydroanthra- 
hydroquinone and O.?57 mole/1 of amylanthrahydroquinone).

15 Then, the working solution was filtered in an
argon atmosphere (the use of this atmosphere prevented 
the contact of the working solution with air) to remove 
the catalyst. 100 ml of the filtrate (the working solu­
tion after the filtration) was replaced in an oxidation

20 reactor in an argon atmosphere. The oxidation reactor 
had been filled with argon gas and there was no contact 
of the working solution with air in the transfer of the 
working solution into the oxidation reactor. The oxida­
tion reactor was a 200-ml glass reactor of mechanical

25 stirring type, equipped with four baffles, an air inlet 
tube made of a sintered glass and a waste gas outlet with 
a cooling tube. Stirring was started at 1,000 rpm and 
air was supplied at a rate of 5 Nl/min for 10 minutes. 
Immediately, the stirring and air supply was stopped, and

30 the reactor inside was replaced by argon gas. The oxida­
tion reactor was normal pressure and the oxidation tem­
perature was 35°C (this temperature control was conducted 
by dipping the reactor in a thermostat). The working 
solution after the oxidation reaction was subjected to

35 extraction with water to recover hydrogen peroxide. 1.18 
g of a hydrogen peroxide was recovered. The amount of
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unoxidized anthrahydroquinones was 0.05 mole/1. 
Comparative Example 1

Hydrogenation was conducted in the same manner 
as in Example 2 except that there was prepared a working

5 solution comprising a 1.5 : 1 (by volume ratio) mixed 
solvent of trimethylbenzene and diisobutylcarbinol and 
0.80 mole/1 ox amylanthraquinone and comprising no amyl- 
tetrahydroanthraquinone. In the working solution after 
the hydrogenation, crystals of anthrahydroquinone were

1q precipitated.
Comparative Example 2

Hydrogenation and oxidation were conducted in 
the same manners as in Example 2 except that there was 
prepared a working solution comprising a 1.5 : 1 (by

15 volume ratio) mixed solvent of trimethylbenzene and 
diisobutylcarbinol and 0.80 mole/1 of amyltetrahydro- 
anthraquinone and comprising no amylanthraquinone. In 
the working solution after the hydrogenation, the amount 
of tetrahydroanthrahydroquinone formed was 0.413 mole/1

20 and no crystals of tetrahydroarithrahydroquinone were
precipitated. The amount of hydrogen peroxide recovered 
after the oxidation was 0.84 g and the amount of unoxi- 
dized tetrahydroanthrahydr-Oquinone was 0.161 mole/1.

As is clear from the above results, it is
25 difficult to produce hydrogen peroxide in a large amount 

in conventional processes (Comparative Examples 1 and 2) 
owing to the low solubility of amylanthrahydroquinone 
(Comparative Example 1 using amylanthraquinone alone) and 
the low·oxidation rate of amyltetrahydroanthrahydroqui-

30 none (Comparative Example 2 using amyltetrahydroanthra-
quinone alone). In contrast, in the present process
(Example 2), the amount of hydrogen peroxide produced can
be made large owing to the synergistic effect by the
combination use of amylanthraquinone and amyltetrahydro-

35 anthraquinone.
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Comparative Example 3
Hydrogenation and oxidation were conducted in 

the same manners as in Example 2 except that there was 
prepared a working solution comprising a1.5 : 1 (by

5 volume ratio) mixed solvent of trimethylbenzene and
diisobutylcarbinol, 0.65 mole/1 of amyltetrahydroanthra- 
quinone and 0.15 mole/1 of amylanthraquinone. In the 
working solution after the hydrogenation, the amount of 
anthrahydroquinones formed was 0.409 mole/1 (amyltetra-

10 hydroanthrahydroquinone) and no crystals of anthrahydro­
quinones were precipitated. The amount of hydrogen 
peroxide recovered after the oxidation was 0.80 g and the 
amount of unoxidized anthrahydroquinones was 0.170 
mole/1.

15 Comparative Example 4
Hydrogenation and oxidation were conducted in

the same manners as in Example 2 except that there was 
prepared a working solution comprising a 1.5 : 1 (by 
volume ratio) mixed solvent of trimethylbenzene and

20 diisobutylcarbinol, 0.30 mole/1 of amyltetrahydroanthra- 
quinone and 0.50 mole/1 of amylanthraquinone. In the 
working solution after the hydrogenation, the amount of 
anthrahydroquinones formed was 0.416 mole/1 (amyltetra- 
hydroanthrahydroquinone = 0.3 mole/1 and amylahthrahydro-

25 quinone = 0.116 mole/1) and no crystals of anthrahydro­
quinones were precipitated. The amount of hydrogen 
peroxide recovered after the oxidation was 1.01 g and the 
amount of unoxidized anthrahydroquinones was 0.135 
mole/1.

3q Thus, when the amount (0.116 mole/1) of amyl­
anthrahydroquinone formed is smaller than (about 0.38 
time) the amount (0.3 raole/1) of amyltetrahydroanthra- 
hydroquinone, the amount of hydrogen peroxide formed is 
small as compared with the case of Example 2 wherein the

35 amount of amylanthrahydroquinone is about 1.7 times the 
amount of amyltetrahydroanthrahydroquinone. This is due
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to the low oxidation rate of amyltetrahydroanthrahydro- 
quinone.
Example 3

Preparation of a working solution, hydrogena- 
5 tion and oxidation were conducted in the same manners as

in Example 2 except that the mixed solvent in the working 
solution was a 1.5 : 1 (by volume ratio) mixture of Ipsol 
# 100 (a high-boiling aromatic hydrocarbon manufactured 
by Idemitsu Petrochemical Co., Ltd) and octanol. In the

10 working solution after hydrogenation, the amount of
anthrahydroquinones formed was 0.411 mole/1 (amyltetra- 
hydroanthrahydroquinone = 0.15 mole/1 and amylanthra- 
hydroquinone =0.261 mole/1), and no crystals of anthra­
hydroquinones were precipitated. The amount of hydrogen

15 peroxide recovered after the oxidation was 1.17 g and the 
amount of unoxidized anthrahydroquinones was 0.06 mole/1. 
Comparative Example 5

Hydrogenation was conducted in the same manner 
as in Comparative Example 1 except that the mixed solvent

20 in the working solution was a 1.5 : 1 (by volume ratio) 
mixture Ipsol # 100 (a high-boiling aromatic hydrocarbon) 
and octanol. In the working solution after the hydro­
genation, crystals of anthrahydroquinone were precipi­
tated .

25 Comparative Example 6
Hydrogenation and oxidation were conducted in

the same manners as in Comparative Example 2 except that 
the mixed solvent in the working solution was a 1.5 : 1 
(by volume ratio) mixture of Ipsol # 100 fa high-boiling

30 aromatic hydrocarbon) and octanol. In the working solu­
tion after the hydrogenation, the amount of tetrahydro- 
anthrahydroquinone formed was 0.402 mole/1 and no 
crystals of anthrahydroquinones were precipitated. The 
amount of hydrogen peroxide recovered after the oxidation

35 was 0.76 g and the amount of unoxidized tetrahydroanthra- 
hydroquinone was 0.175 mole/1.
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Comparative Example 7

Hydrogenation and oxidation were conducted in 
the same manners as in Example 3 except that there was 
prepared a working solution comprising a 1.5 : 1 (by

5 volume ratio) mixed solvent of Ipsol # 100 (a high-
boiling aromatic hydrocarbon) and octanol, 0.4 mole/1 of 
amyltetrahydroanthraquinone and 0.4 mole/1 of amylanthra- 
quinone. In the working solution after the hydrogena­
tion, the amount of anthrahydroquinones formed was 0.415

Iq mole/1 (amyltetrahydroanthrahydroquinone= 0.4 raole/1 and 
amylanthrahydroquinone = 0.015 mole/1) and no crystals of 
anthrahydroquinones were precipitated. The amount of 
hydrogen peroxide recovered after the oxidation was 0.88 
g and the amount of unoxidized anthrahydroquinone was

15 0.157 mole/1.
• ··• · ·• ·· . ' :• ·· ?• · · ■ ■ ■• ··· . :
• ·
·· · ■ '• · · ■• ·· : ■ ·• · · :• · ···· ·

·· ··• · · • ·
·»··• · ··· β

• · · • ·« ··

• ··• · ·········
····



16

The claims defining the invention are as follows:

'1. A process for producing hydrogen peroxide by subjecting a working solution 

containing anthraquinones as the reaction medium, to reduction and oxidation

5 alternately, wherein (1) the anthraquinones as the reaction medium contained in the 

working solution are a mixture of an alkyl-substituted anthraquinone and an alkyl­

substituted tetrahydroanthraquinone, (2) in the reduction step, the total amount of the 

alkyl-substituted tetrahydroanthraquinone in the working solution and part or the total 

amount of the alkyl-substituted anthraquinone in the working solution are reduced, anb

10 (3) in the working solution after the reduction step and before the oxidation step, the

content of the aikyl-substituted anthrahydroquinone formed is higher than the content of 

the aikyl-substituted tetrahydroanthrahydroquinone formed.

2, The process set forth in claim 1, wherein the content of the mixture of the alkyl-

15 substituted anthraquinone and the aikyl-substituted tetrahydroanthraquinone in the

working solution is below the saturation concentration of the mixture in the solvent in 

the working solution.

3. The process set forth in claim 1 or claim 2, wherein the content of the mixture of

20 the aikyl-substituted anthrahydroquinone and the aikyl-substituted

tetrahydroanthrahydroquinone in the working solution is below the saturation 

concentration of the mixture in the solvent in the working solution.

j’,··’ 4. The process set forth in any one of claims 1 to 3, wherein the molar ratio of the
··· .

* 25 aikyl-substituted anthraquinone and the aikyl-substituted tetrahydroanthraquinone in the

: .··. working solution is 2: 1 to 8 :1.
• · · ··· · ·• · ·• · ·• · ■ :

5. The process set forth in any one of claims 1 to 4, wherein the aikyl-substituted• · :
anthraquinone is amyl-substituted anthraquinone.
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6. The process set forth in any one of claim 1 to 5, wherein the molar ratio of the

alkyl-substituted anthraquinone and the alkyl-substituted tetrahydroanthraquinone in the

working solution is 3 :1 to 6 :1.

5 7. The process set forth in any one of claims 1 to 6, wherein the solvent in the

working solution is a combination of an aromatic hydrocarbon and a higher alcohol.

8. The process set forth in any one of claims 1 to 7, wherein the solvent in the 

working solution is a combination of an aromatic hydrocarbon and a carboxylate of

10 cyclohexanol or an alkylcyclohexanol.

9. The process set forth in any one of claims 1 to 8, wherein the solvent in the 

working solution is a tefra-substituted urea.

15 10. The process set forth in any one of claims 1 to 9, wherein the reduction step for

the working solution includes reducing the working solution with hydrogen gas or a 

hydrogen containing gas in the presence of a catalyst at a temperature of 10-80°C at a 

pressure of 1-5 atm.

20 11. The process set forth in any one of claims 1 to 10, wherein the catalyst is a

·.·*. palladium catalyst, a platinum catalyst or a nickel catalyst.
····· '• ·• · :• ft 0 ·

12. The process set forth in claim 1 substantially as herein described with reference
·· ·
’·· to any one of the Examples.

» · ·» · · - _» · · 95»·· ·

• ··
DATED this 2nd day of February, 1995

• · ·• · ·• ··· ·
*· PHILLIPS ORMONDE & FITZPATRICK

.. 30 ATTORNEYS FOR:• . ·
: MITSUBISHI GAS CHEMICAL COMPANY, INC.
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Abstract of the Disclosure
A process for producing hydrogen peroxide by

subjecting a working solution containing anthraquinones 
as the reaction medium, to reduction and oxidation alter­
nately, which process is characterized in that (1) the 
anthraquinones as the reaction medium contained in the 
working solution are a mixture of an alkyl-substituted 
anthraquinone and an alkyl-substituted tetrahydroanthra­
quinone, (2) in the reduction step, the total amount of 
the alkyl-substituted tetrahydroanthraquinone in the 
working solution and part or the total amount of the 
alkyl-substituted anthraquinone in the working solution 
are reduced, and (3) in the working solution after the 
reduction step, the content of the alkyl-substituted 
anthrahydroquinone formed is kept higher than the content 
of the alkyl-substituted tetrahydroanthrahydroquinone 
formed.

• · · ·• · · • ·β · · ·• · ·• · ·

4 · ·· ··

• Oft• · · ····• · · ·
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Amyltetrahydroanthraquinone concentration
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Measurement conditions

• · · · Total amylanthraquinones concentration = 0.8 mole/1
Temperature = 35 °C


