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Abrégé : 
 
A device for mixing and cooling two reactive liquids, 
comprising a bundle type heat exchanger with parallel 
tubes, a head space open to one end of all tubes, a first 
inlet to the head space for introducing a first liquid and a 
second inlet to the head space with a multitude of nozzles 
for introducing a second liquid, the nozzles being located 
within the head space and oriented to direct the introduced 
liquid transverse to the axis of the tubes of the tube bundle, 
is useful for making peroxomonosulphuric acid from 85 to 
98 % by weight sulphuric acid introduced into the first inlet 
of the device and 50 to 80 % by weight aqueous hydrogen 
peroxide introduced into the second inlet of the device. 
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Device for mixing and cooling two reactive liquids and method of 

making peroxomonosulphuric acid with the device 

The invention relates to a device for mixing and cooling two 

5 reactive liquids and to a method of making peroxomonosulphuric 

acid with the device. 

When two reactive liquids, such as sulphuric acid and hydrogen 

peroxide, are mixed to give a heat sensitive reaction product, 

such as peroxomonosulphuric acid, by an exothermic chemical 

10 reaction, a device is needed that efficiently mixes the reactive 

liquids and rapidly cools the resulting mixture. 

US 2,789,954 describes a method of making peroxomonosulphuric 

acid by flowing together a stream of concentrated sulphuric acid 

and a stream of hydrogen peroxide at the mouth of a water-cooled 

15 condenser, so that the resulting mixture is cooled within 

several seconds. The device used in US 2,789,954 is useful only 

on a laboratory scale, but cannot be scaled up safely to an 

industrial scale. 

US 5,141,731 describes a method of making peroxomonosulphuric 

20 acid by adding a concentrated hydrogen peroxide to concentrated 

sulphuric acid in several portions using ejector/mixers for 

adding hydrogen peroxide streams to a stream of sulphuric acid. 

The mixture is cooled after every ejector/mixer in a heat 

exchanger, which can be of a shell and tube, a coil or a plate 

25 and frame design. 

WO 92/07791 describes a method of making peroxomonosulphuric 

acid in an adiabatic reactor, where hydrogen peroxide is 

injected into a stream of sulphuric acid, flowing through an 

annular reaction chamber, through an inlet directing the 

30 hydrogen peroxide transversely to the sulphuric acid flow. The 

document further describes cooling the mixture, which exits the 

adiabatic reactor with a temperature of 80 to 110  ° C, to about 

60 ° C by passing it through a cooling unit. 

However, there is still a need for a method of making 

35 peroxomonosulphuric acid that can be practiced on an industrial 
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scale, uses less equipment than the method disclosed in US 

5,141,731 and avoids the exposure of peroxomonosulphuric acid to 

high temperatures where decomposition of peroxomonosulphuric 

5 acid may become so fast as to lead to a runaway reaction. 

The instant inventors have found that the disadvantages of the 

prior art methods can be overcome by using a novel device for 

mixing and cooling two reactive liquids, which mixes the two 

liquids in the head space of a tube bundle type heat exchanger 

10 with suitably designed nozzles. 

One object of the invention is a device for mixing and cooling 

two reactive liquids, comprising a bundle type heat exchanger 

which comprises a multitude of parallel tubes arranged in a 

common enclosure, a head space open to one end of all tubes of 

15 the tube bundle, a first inlet to the head space for introducing 

a first liquid and a second inlet to the head space with a 

multitude of nozzles for introducing a second liquid, said 

nozzles being located within the head space and oriented to 

direct the introduced liquid transverse to the axis of the tubes 

20 of the tube bundle. 

A further object of the invention is a method for making 

peroxomonosulphuric acid, where 85 to 98 % by weight sulphuric 

acid is introduced into the first inlet of a device according to 

the invention, 50 to 80 % by weight aqueous hydrogen peroxide is 

25 introduced into the second inlet of said device and the 

resulting mixture is cooled in the tube bundle of said device. 

Fig. 1 shows a preferred embodiment of the device of the 

invention having slot nozzles and additional static mixers 

located inside the tubes of the tube bundle. 

30 The device of the invention comprises a tube bundle type heat 

exchanger which comprises a multitude of parallel tubes (1) 

arranged in a common enclosure (2). The tubes can be cooled by 

passing a cooling liquid through the space between the tubes and 

the common enclosure. 

35 
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The device also comprises a head space (3) open to one end of 

all tubes of the tube bundle, which serves to distribute liquid 

to be cooled to the tubes of the tube bundle. 

5 The device further comprises a first inlet (4) to the head space 

for introducing a first liquid (5) and a second inlet (6) to the 

head space with a multitude of nozzles (7) for introducing a 

second liquid (8). The nozzles (7) are located within the head 

space (3) and are oriented to direct the introduced liquid 

10 transverse to the axis of the tubes of the tube bundle. The 

nozzles (7) are preferably oriented to direct the introduced 

liquid at an angle essentially perpendicular to the axis of the 

tubes of the tube bundle. Introducing the second liquid through 

nozzles located within the head space (3) minimizes the time 

15 between mixing the liquids and cooling the liquids in tubes (1) 

of the heat exchanger. The specified orientation of the nozzles 

distributes the second liquid to all tubes (1) of the tube 

bundle. 

The first and the second inlet are preferably coaxial with the 

20 tube bundle, the first inlet being an outer tube (4) connected 

to the head space and the second inlet being an inner tube (6) 

arranged within the outer tube and protruding into the head 

space (3). More preferably, the tube (6) of the second inlet is 

closed at the end located within the head space and the nozzles 

25 are slot nozzles (7) in the tube walls. Most preferably, the 

slots of the slot nozzles are in the direction of the tube of 

the second inlet. If slot nozzles are used, the total area of 

the slots of the slot nozzles (7) is preferably from 0.5 to 2.0 

times the cross section area of the tube (6) of the second 

30 inlet. The coaxial arrangement of inlets and the use of slot 

nozzles provide even distribution of both reactive liquids to 

all tubes (1) of the tube bundle with a simple construction that 

can be manufactured from corrosion resistant materials at low 

cost. 

35 In a preferred embodiment of the device of the invention 

additional static mixers (9) are located inside the tubes of the 

tube bundle at the end of the tubes open to the head space. In 
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principle, all types of static mixers can be used. The 

additional static mixers improve mixing of the two reactive 

liquids and heat transfer from the mixture to the walls of the 

5 tubes (1) of the tube bundle. 

The device of the invention is a modification of a standard tube 

bundle type heat exchanger that can be manufactured at low cost 

and is easy to maintain, as it contains no moving parts. The 

device of the invention can mix and cool two reactive liquids on 

10 a large scale with low residence time before cooling. The 

arrangement of nozzles in the device of the invention provides 

an even distribution of both reactive liquids to all tubes of 

the tube bundle without the need of a manifold for liquid 

distribution. 

15 In the method of the invention for making peroxomonosulphuric 

acid, 85 to 98 % by weight sulphuric acid is introduced into the 

first inlet of a device of the invention, as described above, 50 

to 80 % by weight aqueous hydrogen peroxide is introduced into 

the second inlet of said device and the resulting mixture is 

20 cooled in the tube bundle of said device. Sulphuric acid and 

hydrogen peroxide are preferably introduced at a molar ratio of 

from 0.5 to 10, more preferably at a molar ratio of from 0.5 to 

5 and most preferably at a molar ratio of from 1 to 4. A molar 

ratio at the upper end of the ranges is preferred if high 

25 conversion of hydrogen peroxide is desired. A molar ratio at the 

lower end of the ranges is preferred if the resulting 

peroxomonosulphuric acid solution will be neutralized with a 

base before use. 

Sulphuric acid and hydrogen peroxide are preferably introduced 

30 at flow rates providing an average residence time in the head 

space of less than 10 seconds, more preferably less than 7 

seconds and most preferably less than 5 seconds, the average 

residence time being calculated as the ratio between the volume 

of the head space and the combined flow rates of sulphuric acid 

35 and hydrogen peroxide. The average residence time in the head 

space is preferably more than 1 second. A low residence time in 

the head space of the heat exchangers can lower the maximum 
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temperature reached by the reaction mixture and leads to less 

peroxide decomposition  in  the process. 

The mixture  resulting from mixing sulphuric acid and hydrogen 

5 peroxide in the head space of the heat exchanger is preferably 

cooled in the tube bundle to a temperature of less than 80  ° C, 

preferably less than 50 ° C and most preferably less than 40 ° C. 

The  mixture  is preferably cooled to a temperature of at least 27 

more  preferably  at  least 35 ° C.  Low  temperatures are 

10 preferred if the peroxomonosulphuric acid solution is to be 

stored, whereas higher temperatures can be used to lower coolant 

consumption if the peroxomonosulphuric acid solution is used 

within a short time. The mixture is preferably cooled using 

cooling water as the coolant. 

15 The method  of the invention for  making  peroxomonosulphuric acid 

requires less complicated equipment than prior art methods and 

can be operated safely on a large scale with high yields, 

because it avoids exposing peroxomonosulphuric acid and non-

reacted hydrogen peroxide to high temperatures that lead to 

20 peroxide decomposition. 
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Claims: 

1.A device for mixing and cooling two reactive liquids, 

comprising a bundle type heat exchanger, said heat exchanger 

5 	comprising a multitude of parallel tubes (1) arranged in a 

common enclosure (2), a head space (3) open to one end of all 

tubes of the tube bundle, and a first inlet (4) to the head 

space for introducing a first liquid (5), wherein the device 

comprises a second inlet (6) to the head space with a 

10 multitude of nozzles (7) for introducing a second liquid (8), 

said nozzles being located within the head space and oriented 

to direct the introduced liquid transverse to the axis of the 

tubes of the tube bundle. 

2. The device of claim 1, wherein said nozzles are oriented to 

15 	direct the introduced liquid at an angle essentially 

perpendicular to the axis of the tubes of the tube bundle. 

3. The device of claim 1 or 2, wherein the first and the second 

inlet are coaxial with the tube bundle, the first inlet is an 

outer tube (4) connected to the head space and the second 

20 

	

	inlet is an inner tube (6) arranged within the outer tube and 

protruding into the head space. 

4. The device of any one of claims 1 to 3, wherein the second 

inlet is a tube protruding into the head space, the tube being 

closed at the end located within the head space, and the 

25 	nozzles are slot nozzles (7) in the tube walls. 

5. The device of claim 4, wherein the slots of said slot nozzles 

are in the direction of the tube of the second inlet. 

6. The device of claim 4 or 5, wherein the total area of the 

slots of said slot nozzles is from 0.5 to 2.0 times the cross 

30 	section area of the tube of the second inlet. 

7. The device of any one of claims 1 to 6, wherein static mixers 

(9) are located inside the tubes of the tube bundle at the end 

of the tubes open to the head space. 

K 
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8.A method for making peroxomonosulphuric acid, wherein 85 to 98 

% by weight sulphuric acid is introduced into the first inlet 

5 

	

	of a device according to any one of claims 1 to 6, 50 to 80 % 

by weight aqueous hydrogen peroxide is introduced into the 

second inlet of said device and the resulting mixture is 

cooled in the tube bundle of said device. 

9.The method of claim 8, wherein sulphuric acid and hydrogen 

10 	peroxide are introduced at a molar ratio of from 0.5 to 10. 

10. The method of claim 8 or 9, wherein sulphuric acid and 

hydrogen peroxide are introduced at flow rates providing an 

average residence time in the head space of less than 10 

seconds, the average residence time being calculated as the 

15 

	

	ratio between the volume of the head space and the combined 

flow rates of sulphuric acid and hydrogen peroxide. 

11. The method of any one of claims 8 to 10, wherein said 

resulting mixture is cooled to a temperature of less than 80 
0 C. 

20 
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