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Description 

Title of Invention 

HYDROGEN CHLORIDE DEHYDRATION METHOD 

 

Technical Field  5 

[0001] 

 The present invention relates to a method for 

dehydrating hydrogen chloride gas.  

 

Background Art  10 

[0002] 

 Conventionally ,  an adsorption method, a cool ing 

condensation method, a concentrated sulfuric acid method, 

and the like have been used as a method for removing 

water from hydrogen chloride gas.  In the concentrated 15 

sulfuric acid method,  among these methods,  a 

concentration o f concentrated sulfuric acid used for 

dehydration and a water concentration of  hydrogen 

chloride after the dehydration are in a trade-off 

relationship.  That is,  in a case where  hydrogen chloride 20 

gas having a high water concentration  is treated or in a 

case where a large amount of hydrogen chloride gas having 

a high water concentration is treated, the concentration of 

water contained in the obtained hydrogen chloride gas 

increases with decrease in  concentration of concentrated 25 
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sulfuric acid. Thus, for example, Patent Literature 1 

describes a method in which water in hydrogen chloride 

gas is condensed by a cooling condensation method, and 

then the hydrogen chloride gas having a decreased water 

concentration is further dehydrated by using a 5 

concentrated sulfuric acid drying column. 

 

Citation List  

[Patent Literature]  

[0003] 10 

 [Patent Literature 1]  

 Chinese Util ity Model Publication No. 202265420 

(Registered on June 6, 2012)  

 

Summary of Invention 15 

Technical Problem 

[0004] 

 In a case where dehydration is carried out by  a 

concentrated sulfuric acid method, a large amount of  high -

concentration concentrated sulfuric acid is often used to 20 

increase the certainty of  dehydration of the obtained 

hydrogen chloride gas.  Thus, improvement in eff ic iency in 

util iz ing concentrated sulfuric acid is a very important 

problem from a cost and treatment ef f iciency  point of  view. 

Unfortunately ,  Patent Literature 1 does not disclose any 25 
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configuration for increasing the ef f iciency in uti l izing 

concentrated sulfuric acid.  

[0005] 

 An object of an aspect of the present invention is to 

increase the ef f ic iency in uti l iz ing concentrated sulfuric 5 

acid in the entire dehydration process. 

Solution to Problem 

[0006] 

 In order to solve the above problem, a dehydration 

method in accordance with an aspect of the present 10 

invention is a  hydrogen chloride gas  dehydration method of 

dehydrating hydrogen chloride gas through a multi-step 

process, the method including: a f irst dehydration step of 

bringing hydrogen chloride gas and concentrated sulfuric 

acid into contact with each other;  and a second 15 

dehydration step of bringing hydrogen chloride gas that 

has been obtained through the f irst dehydration step into 

contact with concentrated sulfuric acid , wherein a 

concentration of the concentrated sulfuric acid used in the 

second dehydration step is higher than a concentration of  20 

the concentrated sulfuric acid used in the f irst dehydration 

step.  

Advantageous Effects of  Invention  

[0007] 

 According to an aspect of  the present invention, i t is 25 
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possible to increase the ef f iciency  in util izing concentrated 

sulfuric acid in the entire dehydration process.  

Brief Description of Drawings  

[0008] 

 Fig. 1 is a schematic diagram of a dehydration 5 

apparatus in accordance with Embodiment 1.  

 Fig. 2 is a schematic diagram of a dehydration 

apparatus in accordance with Embodiment 2. 

 Fig.  3 is a graph showing a relationship between a 

sulfuric acid concentration in a most downstream drying 10 

column and an outlet water concentration of hydrogen 

chloride gas in the most downstream drying column. 

 Fig.  4 is a schematic diagram of a device used for 

derivation of  a relational expression of  a water removal 

rate of  hydrogen chloride gas, a concentrated sulfuric acid  15 

concentration, and a gas supply amount. 

 

Description of Embodiments  

[0009] 

 [Embodiment 1 ]  20 

 (Hydrogen chloride gas dehydration apparatus) 

 The fol lowing description will  discuss an embodiment 

of  the present invention in detail .  First, an exemplary 

dehydration apparatus 100 used in a hydrogen chloride gas 

dehydration method in accordance with an embodiment of 25 
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the present invention wil l  be described with reference to 

Fig.  1.  

[0010] 

 Fig. 1 is a schematic diagram i l lustrating the 

structure of  the dehydration apparatus 100. The 5 

dehydration apparatus 100 is an apparatus that removes 

water in hydrogen chloride gas through a multi -process 

step, that is,  an apparatus that dehydrates hydrogen 

chloride gas. More specif ically,  the dehydration apparatus 

100 is an apparatus that dehydrates hydrogen chloride gas 10 

by bringing hydrogen chloride gas into contact with 

concentrated sulfuric acid in a plural ity of drying columns 

to take advantage of  the dehydrating action of the 

concentrated sulfuric acid.  

[0011] 15 

 The dehydration apparatus 100  includes a f irst 

drying column 1A and a second drying column 1B. The first 

drying column 1A is a column for performing a f irst 

dehydration step of bringing pre-dehydration hydrogen 

chloride gas 21 and f irst concentrated sulfuric acid 13A, 20 

which is concentrated sulfuric acid for the first 

dehydration step, into contact with each other.  The second 

drying column 1B is a column for performing a second 

dehydration step of bringing hydrogen chloride gas 21A, 

which is obtained through the f irst dehydration step, into 25 
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contact with second concentrated sulfuric acid 13B, which 

is concentrated sulfuric acid for the second dehydration 

step.  The hydrogen chloride gas 21A  that has been 

obtained through the f irst dehydration step is supplied 

from the f irst drying column 1A to the second drying 5 

column 1B through a pipe 41. In contrast to  the 

embodiment d iscussed later,  in the dehydration apparatus 

100, the concentrated sulfuric acid  that has been used in 

the second drying column 1B is not reused in the f irst 

drying column 1A. 10 

[0012] 

 The f irst drying column 1A includes a concentrated 

sulfuric acid supply tank 31A for supplying concentrated 

sulfuric acid 11, a pump 2A, and a concentrated sulfuric 

acid col lection tank 32A for col lecting concentrated 15 

sulfuric acid 14A that has been used in the first 

dehydration step. Collected concentrated sulfuric acid is 

stored as col lected concentrated sulfuric acid 12 in the 

concentrated sulfuric acid collection tank 32A. To reuse 

the concentrated sulfuric acid in the first drying column 20 

1A, the pump 2A del ivers at least part of  the concentrated 

sulfuric acid in the first drying column 1A from a 

discharge port (not i l lustrated) at a bottom part  of  the first 

drying column 1A to a concentrated sulfuric acid supply 

port 6A formed at an upper part  of  the first drying column 25 
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1A. 

[0013] 

 Similarly, the second drying column 1B includes a 

concentrated sulfuric acid supply tank 31B, a pump 2B, 

and a concentrated sulfuric acid collection tank 32B for 5 

collecting concentrated sulfuric acid 14B that has been 

used in the second dehydration step. Collected 

concentrated sulfuric acid is stored  as the collected 

concentrated sulfuric acid 12 in the concentrated sulfuric  

acid collection tank 32B. The pump 2B delivers the 10 

concentrated sulfuric acid to the inside of  the second 

drying column 1B via a concentrated sulfuric acid supply 

port 6B of the second drying column 1B. 

[0014] 

 Provided in the middle of  the first drying column 1A 15 

is a packed bed 3A that is packed with a packing material  

made of a resin. Provision of  the packed bed 3A increases 

an area of contact between the pre-dehydration hydrogen 

chloride gas 21 and the first concentrated sulfuric acid 

13A, and thus leads to ef f icient dehydration of  the pre-20 

dehydration hydrogen chloride gas 21 . 

[0015] 

 Further, provided in the bottom part of the first 

drying column 1A is a storage section 4A for storing the 

concentrated sulfuric acid 14A that has been used in the 25 
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f irst dehydration step. Provided at a  posit ion of a  

predetermined height (vertical ly above the storage section 

4A) above the bottom of the f irst drying column 1A is an 

overflow pipe 8A for overf lowing and discharging the 

concentrated sulfuric acid 14A stored in the storage 5 

section 4A. The overf low pipe 8A is connected to the 

concentrated sulfuric acid col lection tank 32A such that a 

l iquid can pass between the overf low pipe 8A and the 

concentrated sulfuric acid col lection tank 32A. 

[0016] 10 

 A hydrogen chloride gas supply port 5A is provided 

so as to be continuous with a space under the packed bed 

3A, in order to supply the pre-dehydration hydrogen 

chloride gas 21. The concentrated sulfuric acid supply port 

6A is provided so as to  be continuous with a space above 15 

the packed bed 3A, in order to supply the first 

concentrated sulfuric acid 13A.  The concentrated sulfuric 

acid supply port 6A is connected to a spraying section 7A 

such that a l iquid can pass between the concentrated 

sulfuric acid supply port 6A and the spraying section 7A. 20 

The spraying section 7A is a member for spraying a 

concentrated sulfuric acid l iquid onto the packing material 

in the packed bed 3A.  

[0017] 

 The f irst drying column 1A further includes a control 25 
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device 60A and a monitoring device 61A for monitoring the 

concentration of the concentrated sulfuric acid 14A that 

has been used in the first dehydration step.  Upon receiving 

information on the concentration of the concentrated 

sulfuric acid 14A from the monitoring device 61A, the 5 

control  device 60A controls a supply amount of  the 

concentrated sulfuric acid 11 to be supplied from the 

concentrated sulfuric acid supply tank 31A in accordance 

with the concentration of the concentrated sulfuric acid 

14A. 10 

[0018] 

 Similarly, the second drying column 1B is provided 

with a packed bed 3B, a storage section 4B, a hydrogen 

chloride gas supply port 5B, a concentrated sulfuric acid 

supply port 6B, a spraying section 7B, and an overflow 15 

pipe 8B. A monitoring device 61B and a control  device 60B 

also serve in the same manner. 

[0019] 

 In controll ing the supply amount of the concentrated 

sulfuric acid 11,  the control device 60A and the control 20 

device 60B each control the supply amount of  the 

concentrated sulfuric acid 11 such that the concentration 

of the second concentrated sulfuric acid 13B used in the 

second dehydration step is higher than the concentration 

of the first concentrated sulfuric acid  13A used in the first 25 
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dehydration step. The control of the supply amount is 

real ized, for example,  by the control device 60A control l ing 

a control  valve 62A and by the control  device 60B 

control l ing a control  valve 62B.  The control  device 60A and 

the control  device 60B are communicably connected to 5 

each other, so that such control  of  the supply amount of  

the concentrated sulfuric acid 11 can be performed. 

[0020] 

 In Fig. 1, ST means steam. LT and AT mean a level  

transmitter and an analyzer transmitter, respectively.  10 

[0021] 

 (Flow of hydrogen chloride gas)  

 The pre-dehydration hydrogen chloride gas 21  is 

supplied to the inside of the f irst drying column 1A 

through the hydrogen chloride gas supply port 5A . Then, in 15 

the packed bed 3A, the pre-dehydration hydrogen chloride 

gas 21 comes into contact with the first concentrated 

sulfuric acid 13A and is dehydrated ( f irst dehydration 

step).  The hydrogen chloride gas 21A that has been 

obtained through the f irst dehydration step is discharged 20 

from the top of the first drying column 1A, and is supplied 

to the inside of  the second drying column 1B through the 

hydrogen chloride gas supply port 5B of the second drying 

column 1B. Then, in the packed bed 3B, the hydrogen 

chloride gas 21A comes into contact with the second 25 
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concentrated sulfuric acid 13B and is dehydrated (second 

dehydration step).  Hydrogen chloride gas 21B that has 

been obtained through the second dehydration step is 

discharged from the top of the second drying column 1B. 

[0022] 5 

 (Flow of concentrated sulfuric acid)  

 The concentrated sulfuric acid 11 stored in the 

concentrated sulfuric acid supply tank 31A is usually 

concentrated sulfuric acid  with a concentration of 

approximately 98 wt%. The concentrated sulfuric acid 10 

supply tank 31A is connected to the f irst drying column 1A 

via the control  valve 62A. The concentrated sulfuric acid 

11 is supplied, as part of  the first concentrated sulfuric 

acid 13A, from the concentrated sulfuric acid supply tank 

31A to the f irst drying column 1A via the concentrated 15 

sulfuric acid supply port 6A of the first drying column 1A.  

The supply amount of  the concentrated sulfuric acid 11 to 

be supplied from the concentrated sulfuric acid supply 

tank 31A is control led by the control  device 60A as 

described above.  20 

[0023] 

 The f irst concentrated sulfuric acid 13A is sprayed 

toward the packed bed 3A via the spraying section 7A. The 

concentrated sulfuric acid 14A that has been brought into 

contact with the pre-dehydration hydrogen chloride gas 21 25 
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in the packed bed 3A (the concentrated sulfuric acid 14A 

that has been used in the f irst dehydration step) is stored 

in the storage section 4A for storing the concentrated 

sulfuric acid 14A.  

[0024] 5 

 At least part of  the concentrated sulfuric acid 14A 

stored in the storage section 4A is delivered by the pump 

2A from the bottom part of the first drying column 1A to 

the concentrated sulfuric acid supply port 6A of the f irst 

drying column 1A.  The concentrated sulfuric acid 14A is  10 

supplied, as at least part of  the first concentrated sulfuric 

acid 13A ( in some cases, together with the concentrated 

sulfuric acid 11) ,  to the f irst drying column 1A. 

[0025] 

 The f low of the concentrated sulfuric acid is the same 15 

for the second drying column 1B. The second concentrated 

sulfuric acid 13B supplied through the concentrated 

sulfuric acid supply port 6B is sprayed toward the packed 

bed 3B via the spraying section 7B. In the packed bed 3B, 

the concentrated sulfuric acid 14B that has been brought 20 

into contact with the hydrogen chloride gas 21A  obtained 

through the first dehydration step (the concentrated 

sulfuric acid 14B that has been used in the second 

dehydration step) is stored in the storage section 4B.  

[0026] 25 
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 At least part of  the concentrated sulfuric acid 14B 

stored in the storage section 4B is del ivered by the pump 

2B from the bottom part of the second drying column 1B to 

the concentrated sulfuric acid supply port 6B.  The 

concentrated sulfuric acid 14B is supplied , as at least part 5 

of  the second concentrated sulfuric acid 13B ( in some 

cases, together with the concentrated sulfuric acid 11) ,  to 

the second drying column 1B. The supply amount of the 

concentrated sulfuric acid 11 to be supplied from the 

concentrated sulfuric acid supply tank 31B is control led by 10 

the control  device 60B as described above.  

[0027] 

 In Embodiment 1, the second concentrated sulfuric 

acid 13B (concentrated sulfuric acid used in the second 

dehydration step) has a higher concentration than the first 15 

concentrated sulfuric acid 13A (concentrated sulfuric acid 

used in the f irst dehydration step).  As the second 

concentrated sulfuric acid 13B, for example, concentrated 

sulfuric acid with a concentration of not lower than 96 wt% 

is used. As the first concentrated sulfur ic acid 13A, 20 

concentrated sulfuric acid  with a concentration of not 

lower than 80 wt% and lower than 95 wt%, preferably not 

lower than 85 wt% and lower than 90 wt%, is used.  

[0028] 

 Since the concentration of the first concentrated 25 
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sulfuric acid 13A is suf ficiently lower than 98 wt%, the 

concentrated sulfuric acid 11 in the concentrated sulfuric  

acid supply tank 31A does not have to be concentrated 

sulfuric acid with a concentration of 98 wt%. 

[0029] 5 

 Further, as described above, there is a dif ference in 

concentration between the concentrated sulfuric acid used 

in the first dehydration step and the concentrated sulfuric 

acid used in the second dehydration step. Thus, as the 

first concentrated sulfuric acid 13A, the concentrated 10 

sulfuric acid 14B collected after having been used  in the 

second dehydration step can also be used.  

[0030] 

 Although the above description  has discussed the 

case where there are two drying columns with reference to 15 

Fig.  1, the number of drying columns is not l imited to two 

and may be three or more.  

[0031] 

 Further,  the above description has discussed the 

embodiment in which the first dehydration step is 20 

performed in the f irst drying column 1A, and the second 

dehydration step is performed in the second drying column 

1B. However, there may be an embodiment in which a 

plural ity of  dehydration steps including the f irst 

dehydration step and the second dehydration step are 25 
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performed in one drying column.  

[0032] 

 (Effect of Embodiment 1)  

 As described above, the dehydration method of 

Embodiment 1 is a hydrogen chloride gas dehydration 5 

method of dehydrating hydrogen chloride gas through a 

multi-step process, and is performed using the dehydration 

apparatus 100. Further, the dehydration method of 

Embodiment 1 includes: a f irst dehydration step of 

bringing hydrogen chloride gas (pre-dehydration hydrogen 10 

chloride gas 21) and concentrated sulfuric acid ( f irst 

concentrated sulfuric acid 13A) into contact with each 

other;  and a second dehydration step of bringing hydrogen 

chloride gas (hydrogen chloride gas 21A)  that has been 

obtained through the first dehydration step into contact 15 

with concentrated sulfuric acid (second concentrated 

sulfuric acid 13B).  The concentration of the concentrated 

sulfuric acid (second concentrated sulfuric acid 13B) used 

in the second dehydration step is higher than the 

concentration of  the concentrated sulfuric acid ( f irst 20 

concentrated sulfuric acid 13A) used in the first 

dehydration step.  

[0033] 

 According to this dehydration method, after 

dehydration of hydrogen chloride gas has been carried out 25 
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in the f irst dehydration step, dehydration in the second 

dehydration step is carried out with use of  concentrated 

sulfuric acid that has a concentration higher than that of 

concentrated sulfuric acid used in the f irst dehydration 

step. Even though a low concentration of concentrated 5 

sulfuric acid is used in the f irst dehydration step, a 

relatively high dehydration effect is obtained. Therefore,  by 

ef f iciently uti l izing a low concentration of concentrated 

sulfuric acid in the upstream f irst dehydration step, i t is 

possible to increase the ef f iciency  in util izing concentrated 10 

sulfuric acid in the entire dehydration process of a 

plural ity of steps.  

[0034] 

 [Embodiment 2 ]  

 (Hydrogen chloride gas dehydration apparatus) 15 

 The fol lowing description will  discuss  another 

embodiment of  the present invention . Note that, for 

convenience, members having functions identical to those 

of  the respective members of  the foregoing embodiment are 

given respective identical reference numerals,  and a 20 

description of those members is not repeated. 

[0035] 

 Fig. 2 is a schematic diagram i l lustrating the 

structure of  a dehydration apparatus 101. The dehydration 

apparatus 101 is  an example of  an apparatus used in a 25 



- 17 - 

hydrogen chloride gas dehydration method in accordance 

with Embodiment 2 of  the present invention. The 

dehydration apparatus 101 includes a f irst drying column 

1A, a second drying column 1B, a third drying column 1C, 

and a mist separator 50. The third drying column 1C is a 5 

column for performing a third dehydration step of bringing 

hydrogen chloride gas 21B, which is obtained through the 

second dehydration step, and third concentrated sulfuric 

acid 13C, which is concentrated sulfuric acid for the third 

dehydration step, into contact with each other. The third 10 

drying column 1C includes a pump 2C for del iver ing the 

concentrated sulfuric acid to the inside of  the third drying 

column 1C via a concentrated sulfuric  acid supply port 6C 

of the third drying column 1C. The concentrated sulfuric 

acid supply tank 31 is connected via a control  valve 62  to 15 

the third drying column 1C such that a l iquid can pass 

between the concentrated sulfuric acid supply tank 31  and 

the third drying column 1C. The concentrated sulfuric acid 

collection tank 32 is connected to the overf low pipe 8A of 

the f irst drying column 1A such that a l iquid can pass 20 

between the concentrated sulfuric acid col lection tank 32 

and the overf low pipe 8A.  

[0036] 

 The mist separator 50 is provided with a glass fi lter 

51 for capturing sulfuric acid mist, and is a  device for 25 
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removing sulfuric acid mist from hydrogen chloride gas 22  

that has been obtained through a multi -step process.  

[0037] 

 In the f irst drying column 1A, a packed bed 3A, a 

storage section 4A, a hydrogen chloride gas supply port 5A, 5 

a concentrated sulfuric acid supply port 6A, a spraying 

section 7A, and an overflow pipe 8A are the same as those 

in Embodiment 1. 

[0038] 

 Similarly, the second dry ing column 1B is provided 10 

with a packed bed 3B, a storage section 4B, a hydrogen 

chloride gas supply port 5B, a concentrated sulfuric acid 

supply port 6B, a spraying section 7B, and an overflow 

pipe 8B. Similarly,  the third drying column 1C is provided 

with a packed bed 3C, a storage section 4C, a hydrogen 15 

chloride gas supply port 5C, a concentrated sulfuric acid 

supply port 6C, a spraying section 7C, and an overflow 

pipe 8C. 

[0039] 

 (Flow of hydrogen chloride gas)  20 

 Pre-dehydration hydrogen chloride gas 21 is supplied 

to the inside of  the first drying column 1A  through the 

hydrogen chloride gas supply port 5A. Then, in the packed 

bed 3A, the pre-dehydration hydrogen chloride gas 21  

comes into contact with the first concentrated sulfuric acid 25 
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13A and is dehydrated ( f irst dehydration step).  Hydrogen 

chloride gas 21A that has been obtained through the first 

dehydration step is discharged from the top of the f irst 

drying column 1A, passes through a pipe 41, and is 

supplied to the inside of  the second drying co lumn 1B 5 

through the hydrogen chloride gas supply port 5B of the 

second drying column 1B.  Then, in the packed bed 3B, the 

hydrogen chloride gas 21A comes into contact with the 

second concentrated sulfuric acid 13B and is dehydrated 

(second dehydration step).  Hydrogen chloride gas 21B that 10 

has been obtained through the second dehydration step, is 

discharged from the top of the second drying column 1B, 

passes through a pipe 42, and is supplied to the inside of 

the third drying column 1C through the hydrogen chloride 

gas supply port 5C of the third drying column 1C. Then, in 15 

the packed layer 3C, the hydrogen chloride gas 21B comes 

into contact with the third concentrated sulfuric acid 13C, 

which is the concentrated sulfuric acid for the third 

dehydration step, and is dehydrated (third dehydration 

step).  Hydrogen chloride gas 21C that has been obtained 20 

through the third dehydration step is discharged from the 

top of the third drying column 1C, passes through a pipe 

43, and is supplied to the mist separator 50.  

[0040] 

 By passage of the hydrogen chloride gas 22 supplied 25 



- 20 - 

to the mist separator 50 after al l  of the dehydration steps 

through the glass fi lter 51 in the mist separator 50, the 

sulfuric acid mist contained in the  hydrogen chloride gas 

22 is captured.  The hydrogen chloride gas having passed 

through the glass fi lter 51 is discharged , as treated 5 

hydrogen chloride gas 23 , from the mist separator 50, and 

is supplied to a storage tank or the like (not i l lustrated).  

[0041] 

 Concentrated sulfuric acid 11M col lected by the mist 

separator 50 can be reused as , for example,  concentrated 10 

sulfuric acid which is to be used for dehydration in the 

drying column.  

[0042] 

 (Flow of concentrated sulfuric acid)  

 The concentrated sulfuric acid 11 stored in the 15 

concentrated sulfuric acid supply tank 31 is usually  

concentrated sulfuric acid with a concentration of 

approximately 98 wt%. The concentrated sulfuric acid 11 is 

supplied, as at least part of  the third concentrated sulfuric 

acid 13C, from the concentrated sulfuric acid supply tank 20 

31 to the third drying column 1C via the concentrated 

sulfuric acid supply port 6C of the third drying column 1C. 

The third concentrated sulfuric acid 13C is sprayed toward 

the packed bed 3C via the spraying section 7C. 

Concentrated sulfuric acid 14C that has been brought into 25 
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contact with the hydrogen chloride gas 21C in the packed 

bed 3C (that has been used in the third dehydration step) 

is stored in the storage section 4C. The supply amount of 

the concentrated sulfuric acid 11 to be supplied from the 

concentrated sulfuric acid supply tank 31A is control led by 5 

the control  device 60. Details of a concentration control  

method performed by the control  device 60 will  be 

described later.  

[0043] 

 At least part of  the concentrated sulfuric acid 14 C 10 

that has been used in the third dehydration step and 

stored in the storage section 4C is del ivered by the pump 

2C from the bottom part of  the third drying column 1C to 

the concentrated sulfuric acid supply port 6C of the third 

drying column 1C. The concentrated sulfuric acid 14C is  15 

supplied as at least part of the third concentrated sulfuric 

acid 13C ( in some cases, together with the concentrated 

sulfuric acid 11) to the third drying column 1C. 

[0044] 

 In a case where the amount of the concentrated 20 

sulfuric acid 14C stored in the storage section 4C exceeds 

a predetermined amount, an excess amount of  the 

concentrated sulfuric acid 14C exceeding the 

predetermined amount is discharged from the third drying 

column 1C via the overflow pipe 8C, passes through a pipe 25 
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44, and is supplied to the inside of the storage section 4B 

of the second drying column 1B. That is,  at least part of  

the concentrated sulfuric acid 14C that has been used in 

the third dehydration step is reused as the second 

concentrated sulfuric acid 13B in the second dehydration 5 

step.  

[0045] 

 At least part of  concentrated sulfuric acid 1 5B stored 

in the storage section 4B of the second drying column is 

delivered by the pump 2B from the bottom part of the 10 

second drying column 1B to the concentrated sulfuric acid 

supply port 6B of the second drying column 1B. The 

concentrated sulfuric acid 15B is supplied, as the second 

concentrated sulfuric acid 13B, to the second drying 

column 1B. The second concentrated sulfuric acid 13B is 15 

sprayed toward the packed bed 3B via the spraying section 

7B. Concentrated sulfuric acid 14B that has been brought 

into contact with the hydrogen chloride gas 21A in  the 

packed bed 3B (that has been used in the second 

dehydration step) is stored in the storage section 4B. 20 

[0046] 

 In a case where the amount of the concentrated 

sulfuric acid 15B stored in the storage section 4B exceeds 

a predetermined amount, an excess amount of  the 

concentrated sulfuric acid 15B exceeding the 25 
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predetermined amount is discharged from the second 

drying column 1B via the overflow pipe 8B, passes through 

a pipe 45, and is supplied to the inside of the storage 

sect ion 4A of the first drying column 1A. That is, at least 

part of  the concentrated sulfuric acid 14B that has been 5 

used in the second dehydration step is reused as the first  

concentrated sulfuric acid 13A in the first dehydration 

step.  

[0047] 

 At least part of concentrated sulfuric acid 15A stored 10 

in the storage section 4A of the f irst drying column 1A  is 

delivered by the pump 2A from the bottom part  of  the f irst 

drying column 1A to the concentrated sulfuric acid supply 

port 6A of the f irst drying column 1A. The concentrated 

sulfuric acid 15A is supplied, as the f irst  concentrated 15 

sulfuric acid 13A, to the f irst  drying column 1A. The f irst  

concentrated sulfuric acid 13A is sprayed toward the 

packed bed 3A via the spraying section 7A. Concentrated 

sulfuric acid 14A that has been brought into contact with 

the pre-dehydration hydrogen chloride gas 21 in  the 20 

packed bed 3A (that has been used in the first  dehydration 

step) is stored in the storage section 4A. 

[0048] 

 In a case where the amount of the concentrated 

sulfuric acid (concentrated sulfuric acid 15A) stored in the 25 
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storage section 4A exceeds a predetermined amount, an 

excess amount of  the concentrated sulfuric acid 15A 

exceeding the predetermined amount is discharged from 

the f irst  drying column 1A via the overf low pipe 8A and is 

collected in the concentrated sulfuric acid collection tank 5 

32. The col lected concentrated sulfuric acid is stored , as 

the collected concentrated sulfur ic acid 12, in the 

concentrated sulfuric acid col lection tank 32.  

[0049] 

  As described above , by reusing, in the upstream 10 

dehydration step, the concentrated sulfuric acid  that has 

been used in the downstream dehydration step, i t  is 

possible to increase the ef f iciency in uti l iz ing the 

concentrated sulfuric acid in the entire multi-step 

dehydration process and further reduce the amount of 15 

concentrated sulfuric acid  discarded. 

[0050] 

 In Embodiment 2, the concentration of the 

concentrated sulfuric acid used in a most downstream 

dehydration step (third dehydration step) is the highest  20 

concentration, as compared with the concentrations of the 

concentrated sulfuric acids used in the other dehydration 

steps.  With this configuration , i t is possible to increase the 

certainty of  dehydration of  the hydrogen chloride gas in the 

most downstream dehydration step.  25 
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[0051] 

 In the method in accordance with Embodiment 2 in 

which hydrogen chloride gas  is dehydrated through a 

multi-step process,  the multi-step process consists of  the 

first dehydration step, the second dehydration step carried 5 

out after the first dehydration step, and the third 

dehydration step carried out after the second dehydration 

step. The concentration of the concentrated sulfuric acid 

(concentration of the concentrated sulfuric acid 14C) 

reused in the second dehydration step after having been 10 

used in the third dehydration step is not lower than 96 

wt%. Further, the concentration of the concentrated 

sulfuric acid (concentration of the concentrated sulfuric 

acid 15B) reused in the first dehydration step after having 

been used in the second dehydration step is not lower than 15 

85 wt% and lower than 96 wt%. Further,  the concentration 

of the concentrated sulfuric acid (concentration of the 

concentrated sulfuric acid 15A) after having been used in 

the first dehydration step is not lower than 75 wt% and 

lower than 85 wt%. 20 

[0052] 

 In Embodiment 2, the case where there are three 

drying columns has been discussed. However,  the number 

of drying columns is not l imited to three and only needs to 

be two or more. In a case where  there are two drying 25 
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columns, the multi -step process consists of  the f irst 

dehydration step and the second dehydration step. The 

concentration of the concentrated sulfuric acid 

(concentration of the concentrated sulfuric acid 15B) 

reused in the f irst dehydration step after having been used 5 

in the second dehydration step is not lower than 96 wt%. 

Further, the concentration of the concentrated sulfuric 

acid (concentration of the concentrated sulfuric acid 15A) 

after having been used in the f irst dehydration step is not 

lower than 85 wt% and lower than 90 wt%. 10 

[0053] 

 (Effect of Embodiment 2)  

 Fig.  3 is a graph showing a relationship between a 

sulfuric acid concentration in the most downstream drying 

column and an outlet water concentration of hydrogen 15 

chloride gas in the most downstream drying column when 

hydrogen chloride gas having a water concentration of 200 

ppm-mol is supplied at 5000 Nm 3/hr. Here, the sulfuric 

acid concentration in the most downstream drying column 

is a concentrated sulfuric acid concentration (wt%) in the 20 

storage section of the most downstream drying column. The 

outlet water  concentration of the hydrogen chloride gas is 

a water concentration (ppm-mol)  of the hydrogen chloride 

gas 22 that has obtained through the multi-step process.  

[0054] 25 
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 In Fig. 3, a l ine A shows a case where there is one 

drying column (the f irst dehydration step alone).  A l ine B 

shows a case where a double column operation (the multi -

step process consists of  the first dehydration step and the 

second dehydration step) is carried out by the method in 5 

Embodiment 2. A line C shows a case where a triple 

column operation (the multi -step process consists of  the 

first dehydration step, the second dehydration step, and 

the third dehydration step) is carried out by  the method in 

Embodiment 2. 10 

[0055] 

 The results indicated by the l ines A to C in Fig.  3 are 

respective calculated values. Detai ls of a method for 

calculating the calculated values will  be described later.  

[0056] 15 

 In Fig.  3, for example, in a case where the outlet 

water concentration is 15 ppm-mol,  the sulfuric acid 

concentration in the drying column is approximately  97 

wt% in a single column operation.  In contrast ,  i t can be 

seen that in the case of the double column operation, the 20 

sulfuric acid concentration in the drying column is 

approximately  94 wt%, and in the case of  the tr iple column 

operation, the sulfuric acid concentration in the drying 

column is approximately 92.5 wt%. This means that the 

concentrated sulfuric acid is more eff iciently  uti l ized by 25 
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the dehydration with use of  a plural ity of drying columns 

(dehydration carried out by the method in Embodiment 2) .  

[0057] 

 Thus, in a case where the water concentration of 

hydrogen chloride gas is reduced to a specific water 5 

concentration, the dehydration with use of  a plural ity of  

columns (by the multi-step process)  makes it possible to  

more ef f iciently  uti l ize concentrated sulfuric acid  and 

reduce the amount of  concentrated sulfuric acid  used. This 

ef fect is more remarkable in the case of  the tr iple column 10 

operation than in the case of  the double column operation.  

[0058] 

 (Relational expression of water removal rate of 

hydrogen chloride gas, concentrated sulfuric acid 

concentration, and gas supply amount)  15 

 Here, derivation of a relational expression of a water 

removal rate of  hydrogen chloride gas, a concentrated 

sulfuric acid concentration, and a gas supply amount wil l  

be described with reference to F ig.  4.  Fig.  4 is a schematic 

diagram of a device used for derivation of  the relational 20 

expression.  General ly,  in a case where  the flow rate of 

concentrated sulfuric acid circulat ed through the drying 

column was constant,  i t  was empirically clear  that the 

water removal rate of hydrogen chloride gas is expressed as 

a function of the concentrated sulfuric acid concentration 25 
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in the drying column and the supply amount of  hydrogen 

chloride gas.  

[0059] 

 Thus, the inventors measured, with use of a drying 

column 1 i l lustrated in Fig.  4,  a water removal rate K in a 5 

case where hydrogen chloride gas  in a predetermined 

supply amount F was supplied  to the drying column 1 

through which concentrated sulfuric acid having a 

predetermined sulfuric acid concentration C was 

circulated.  Here, the sulfuric acid concentration C is a 10 

concentration (wt%) of the concentrated sulfuric ac id 

circulating through the drying column 1. The hydrogen 

chloride gas supply amount F is a supply amount (Nm3/hr) 

of  the hydrogen chloride gas supplied to the drying column 

1. The water removal rate K is represented by the fol lowing 15 

expression (1) :  

[0060] 

 K = (α - β )/α  . . .  (1)  

 In the expression (1), α  and β mean the fol lowing 

numerical values : 20 

 α  = (water concentration (CHC l - in )  of  hydrogen chloride 

gas supplied to the dry ing column 1)  

 β  = (water concentration (CHCl -ou t )  of hydrogen 

chloride gas discharged from the drying column 1) 

 Table 1 shows an example of  the values of  the water 25 



- 30 - 

removal rate K when the hydrogen chloride gas supply 

amount F and the sulfuric acid concentration C were set to 

respectively predetermined values.  Note that the amount of 

circulating sulfuric acid per unit cross -sectional area of 

the drying column 1 was 5 m3/m2/hr. 5 

[0061] 

 [Table 1]  

C(wt%)  
 

F(Nm 3 /h r )  
80 94.5  97.8  

1300  0.835  0.918  0.926  

2600  0.764  0.889  0.912  

3200  0.739  0.877  0.908  

3900  0.715  0.864  0.903  

 

[0062] 

 From the results in Table 1 above, it  was found that 10 

the relationship of  the water removal rate K, the 

concentrated sulfuric acid concentration C, and the 

hydrogen chloride gas supply amount F is expressed by the 

following expression (2) :  

[0063] 15 

 K = 0.024 × ln(C) × ln(F) .. .  (2)  

 (Method for calculating hydrogen chloride gas water 

concentration and concentrated sulfuric acid concentration 

in each column) 

 The hydrogen chloride gas water concentration and 20 

the concentrated sulfuric acid concentration in each 
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column of Embodiment 2 can be calculated by using the 

expression (2)  which has been derived as described above.  

The above relationship of the water removal rate K, the 

concentrated sulfuric acid concentration C, and the 

hydrogen chloride gas supply amount F can be similarly 5 

applied to each column.  

[0064] 

 In this case, the sulfuric acid concentration C is a 

concentration (wt%) of concentrated sulfuric acid in the 

storage section (4A, 4B, 4C) of each column.  The hydrogen 10 

chloride gas supply amount F is a supply amount (Nm3/hr) 

of  hydrogen chloride gas to be supplied to each column. 

The water removal rate K in each drying column can be 

calculated by using the above expression (1) .  

[0065] 15 

 The above expressions (1) and (2)  are stored in a 

storage device 64 that is  communicably connected to the 

control device 60, and the control device 60  performs 

concentration control of  the concentrated sulfuric acid in 

the dehydration apparatus  101 with use of  a measured 20 

value (or a target value) .  A method for control l ing the 

supply amount of concentrated sulfuric acid by the control 

device 60 wil l  be described below. 

[0066] 

 (Control of supply amount of concentrated sulfuric 25 
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acid by control device)  

 A method of control l ing the supply amount of 

concentrated sulfuric acid by the control  device 60 in the 

dehydration apparatus 101  includes a target value 

determination step and an operation control  step.  5 

[0067] 

 <Target value determination step> 

 The purpose of the control  performed by the control  

device 60 is to achieve a target water concentration of 

hydrogen chloride gas by maintaining the sulfuric acid 10 

concentrations in the f irst to third drying columns within 

predetermined ranges through adjustment of  the supply 

amount of concentrated sulfuric acid supplied from the 

concentrated sulfuric acid supply tank 31 . For that 

purpose, in the target value determination step, a target 15 

value CA  of a concentration (C3 )  of the concentrated 

sulfuric acid 14C that has been used in the third 

dehydration step, which target value CA  is needed for 

adjustment of the supply amount of concentrated sulfuric 

acid, is determined.  20 

[0068] 

 In determining the target value C A  through steps (A2) 

to (A9) below, an initial  value is used at the start of 

operation. After the start of  operation, a measured value is 

used. In a case where  the measured value is changed due 25 
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to the operation control  step described later,  the target 

value CA  is updated by repeating the steps (A1) to (A8)  

below. 

[0069] 

 (A1) The control  device 60 receives, from a hydrogen 5 

chloride gas monitoring device 63 provided in a hydrogen 

chloride gas supply path 46 , information indicative of a  

water concentration (CHC l - in (1 ) )  of the pre-dehydration 

hydrogen chloride gas 21 to be supplied to the first drying 

column 1A and information indicative of  the supply amount 10 

(FHCl )  of hydrogen chloride gas  to be supplied to the f irst 

drying column 1A .  

[0070] 

 (A2) At the start of  operation, the control  device 60 

receives,  from an input device 65, information indicative of 15 

a target concentration (C1 ' )  of  waste concentrated sulfuric 

acid that has been inputted as an initial  value  to the input 

device 65 by a user.  After the start of  operation, the 

control  device 60 receives ,  from the monitoring device 61A, 

information indicative of the concentration (C1 )  of the 20 

concentrated sulfuric acid 15A stored in the storage 

section 4A of the f irst drying column 1A. 

[0071] 

 (A3) The control  device 60 calculates a  water 

concentration (CHCl -ou t (1 ) )  of the hydrogen chloride gas 21A 25 
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to be discharged from the f irst drying column 1A, by using 

(i )  FHC l ,  ( i i )  CHCl - in (1 )  having been received in the step  A1, 

( i i i )  C1 '  (or C1 )  having been received in the step  A2, and (iv)  

the expressions (1) and (2) . Here, CHC l -ou t (1 )  is equal to a 

water concentration (CHCl - in (2 ) )  of the hydrogen chloride gas 5 

21A to be supplied to the second drying column 1B.  

[0072] 

 Specif ically,  the control  device 60 performs the 

following operation:  

[0073] 10 

 CHCl -ou t (1 )  = CHC l - i n (1 ) {1 - 0.024 × ln(C1 ’ )  × ln(FHCl ) } .  

 (A4) The control  device 60  receives, from the input 

device 65, information indicative of  the concentration 

(C f e ed )  of  the concentrated sulfuric acid 11  that has been 

inputted to the input device 65, as an initial  value of 15 

information indicative of the concentration (C3 )  of the 

concentrated sulfuric acid 14C stored in the storage 

section 4C of the third drying column 1C. The 

concentration (C f e ed )  is usually 98 wt%.  

[0074] 20 

 (A5) The control  device 60 receives, from the input 

device 65, as an init ial value, information indicati ve of a 

target water concentration (C HCl -ou t (3 ) ' )  that has been 

inputted to the input device 65. After the start of  

operation, the control  device 60 receives,  from a hydrogen 25 
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chloride gas monitoring device 66 , information indicative of 

the water concentration (CHC l -ou t (3 ) )  of  the hydrogen 

chloride gas 21C obtained through the third dehydration 

step.  

[0075] 5 

 (A6) The control  device 60 calculates a  water 

concentration (CHCl - i n (3 ) )  of  the hydrogen chloride gas 21B 

to be supplied to the third drying column 1C, by using (i )  

FHCl ,  ( i i )  C f e ed  that has been received in the step A4 and 

CHCl -ou t (3 ) '  (or CH Cl -ou t (3 ) )  that has been received in the A5 10 

step, and (i i i )  the expressions (1)  and (2) . Here, CHCl - i n  (3 )  is 

equal to a water concentration (CHCl -ou t (2 ) )  of  the hydrogen 

chloride gas 21A to be discharged from the second drying 

column 1B. 

[0076] 15 

 Specif ically,  the control  device 60 performs the 

following operation:  

[0077] 

 CHCl - in (3 )  = CHCl -ou t (3 )/{1 - 0.024 × ln(C f e ed )  × ln(FHCl ) } .  

 (A7) The control  device 60 calculates the 20 

concentration (C 2 )  of  the concentrated sulfuric acid 15B in 

the second drying column 1B, by using ( i )  FHC l ,  ( i i )  CHCl - i n (2 )  

that has been calculated in the step  A3, ( i i i )  CHCl - ou t (2 )  that 

has been calculated in the step A6, and (iv)  the expressions 

(1) and (2) .  25 
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[0078] 

 Specif ically,  the control  device 60 performs the 

following operation:  

[0079] 

 ln(C2 )  = (CHCl - in ( 2 )  - CHCl -ou t (2 ) )/(CHCl - in (2 )  × 0.024 × 5 

ln(FHC l ) ) ,  

 that is, C2  = e^{ (CHC l - i n (2 )  - CH Cl -ou t (2 ) )/(CHCl - in (2 )  × 

0.024 × ln(FHCl ) ) } .  

 (A8) The control  device 60 calculates the target value 

CA  of  the concentration of the concentrated sulfuric acid 10 

14C in the third drying column 1C, by using ( i )  FHCl ,  ( i i )  

CHCl -ou t (3 )  received in the step  A5, ( i i i )  CHCl - in (3 )  calculated in 

the step A5, and (i i i )  the expressions (1)  and (2) .  

[0080] 

 Specif ically,  the control  device 60 performs the 15 

following operation:  

[0081] 

 CA  = e^{ (CHC l - i n ( 3 )  - CHCl -ou t (3 ) )/(CHCl - in (3 )  × 0.024 × 

ln(FHC l ) ) }  

 (A9) The control  device 60 sets ,  as the target value 20 

CA ,  CA  that has been calculated in the step A8. 

[0082] 

 <Operation control  step> 

 Following the target value determination step, the 

operation control  step is performed. In the operation 25 
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control step, steps B1 to B4 below are performed by the 

control  device 60.  

[0083] 

 (B1) The control  device 60 receives , from the 

monitoring device 61C, information indicative of the 5 

concentration (C 3 )  of  the concentrated sulfuric acid 14C 

that has been used in the third dehydration step.  

[0084] 

 (B2) The control  device 60 compares the information 

indicative of  C3  that has been obtained in the step B1 with 10 

the target value CA .  

[0085] 

 (B3) In a case where C3  is lower than the target value 

CA ,  the control device 60 increases the opening degree of  

the control valve 62 to increase the supply amount of  the 15 

concentrated sulfuric acid 11 to be supplied from the 

concentrated sulfuric acid supply tank 31 to the  third 

drying column 1C.  

[0086] 

 (B4) In a case where  C3  is higher than the target 20 

value CA ,  the control  device 60 decrease the opening degree 

of  the control valve 62 to decrease the supply amount of  

the concentrated sulfuric acid 11 to be supplied from the 

concentrated sulfuric acid supply tank 31 to the third 

drying column 1C.  25 
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[0087] 

 (B5) In a case where C3  is equal to the target value 

CA ,  the control  device 60 maintains the opening degree of 

the control valve 62 and maintains the supply amount of 

the concentrated sulfuric acid 11 to be supplied from the 5 

concentrated sulfuric acid supply tank 31 to the third 

drying column 1C.  

[0088] 

 (Operation example)  

 The conditions and results of the dehydration 10 

treatment performed by the dehydration apparatus 101 of 

Embodiment 2 under control  of the concentration control 

method as described above are shown in Table 2 below.  

[0089]
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 [Table 2]  

Conditions 

Hydrogen 
chloride gas 
water 
concentration 
(inlet) 

ppm-mol 2000 

Waste sulfuric 
acid target 
concentration 
(C1') 

wt% 80 

First drying 
column 
sulfuric acid 
concentration 

wt% 80 

Hydrogen 
chloride gas 
target water 
concentration 
(outlet) 

ppm-mol 5 

Amount of 
circulating 
sulfuric acid 

m3/m2/hr 5 

Hydrogen 
chloride gas 
supply amount 

Nm3/hr 130 320 

98 wt% 
concentrated 
sulfuric acid 
supply amount 

kg/hr 0.9 2.3 

  
 

Estimated 
values 

Measured 
values 

Estimated 
values 

Measured 
values 

Results 

First drying 
column 
sulfuric acid 
concentration 

wt% 80 81 80 82 

Second drying 
column 
sulfuric acid 
concentration 

wt% 94.5 93.7 93 92 

Third drying 
column 
sulfuric acid 
concentration 

wt% 97.8 97.8 97.4 97.8 

First drying 
column outlet 
water 
concentration 

ppm-mol 330 280 520 470 

Second drying 
column outlet 
water 
concentration 

ppm-mol 27 30 64 75 

Third drying 
column outlet 
water 
concentration 

ppm-mol 5 4 5 2 
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[0090] 

 Table 2 shows that there is close agreement between  

estimated values calculated with use of the conditions 

shown in Table 2 and measured values of the sulfuric acid 

concentrations actually measured under control  of  the 5 

control device 60. From this, it has been revealed that the 

above control  method suitably control s the sulfuric acid 

concentration of each column in the dehydration apparatus 

of Embodiment 2, and achieves the target water 

concentration at the outlet.  More specif ically,  regarding 10 

the control  of  the sulfuric acid concentrations, the 

following points were demonstrated:  ( i )  a third drying 

column sulfuric acid concentration ( the concentration of 

the concentrated sulfuric acid  reused in the second 

dehydration step after having been used in the third 15 

dehydration step) is not lower than 96 wt%; ( i i )  a second 

drying column sulfuric acid concentration (the 

concentration of the concentrated sulfuric acid reused in 

the f irst  dehydration step after having been used in the 

second dehydration step) falls within a range of not lower 20 

than 85 wt% and lower than 96 wt%; and ( i i i )  a f irst  drying 

column sulfuric acid concentration  (the concentration of 

the concentrated sulfuric acid after having been used in 

the first dehydration step) falls within a range of  not lower 

than 75 wt% and lower than 85 wt%.  25 
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[0091] 

 (Application in tr ichlorosi lane synthesis)  

 Hydrogen chloride gas with water content that has 

been reduced by the dehydration method of Embodiment 1 

or 2 can be used for synthesis of  tr ichlorosi lane.  That is, i t 5 

is possible to provide a method for producing 

tr ichlorosi lane by reacting hydrogen chloride gas with 

water content that has been reduced by the dehydration 

method of Embodiment 1 or 2 with metal l ic  si l icon.  

[0092] 10 

 Trichlorosi lane synthesis in which hydrogen chloride 

gas and metal l ic sil icon  are contained as raw materials is 

carried out in a synthesis column. Water contained in the 

hydrogen chloride gas  which is the raw material  can cause 

erosion of a dispersion plate in the synthesis column. 15 

Thus, it  is preferable that the concentration of water 

contained in the hydrogen chloride gas  for use in the 

reaction is lower.  

[0093] 

 By using the hydrogen chloride gas  with water 20 

content that has been reduced by the dehydration method 

of Embodiment 1 or 2,  it  is possible to reduce the erosion 

in the trichlorosi lane synthesis column. This makes it 

possible to increase a useful l i fe of  the dispersion plate.  

[0094] 25 
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 The present invention is not l imited to the 

embodiments, but can be altered by a skil led person in the 

art within the scope of the claims. The present invention 

also encompasses, in its technical scope, any embodiment 

derived by combining technical means disclosed in 5 

differing embodiments.  

Reference Signs List  

[0095] 

1A, 1B, 1C: f irst drying column, second drying column, 

third drying column 10 

2A, 2B, 2C: pump 

3A, 3B, 3C: packed bed 

4A, 4B, 4C: storage section 

5A, 5B, 5C: hydrogen chloride gas supply port  

6A, 6B, 6C: concentrated sulfuric acid supply port  15 

7A, 7B, 7C: spraying section 

8A, 8B, 8C: overf low pipe 

11, 11M: concentrated sulfuric acid  

14A, 14B, 14C: concentrated sulfuric acid  that has been 

used in the first dehydration step, concentrated sulfuric 20 

acid that has been used in the second dehydration step, 

and concentrated sulfuric acid  that has been used in the 

third dehydration step 

13A, 13B, 13C: f irst concentrated sulfuric acid , second 

concentrated sulfuric acid , and third concentrated sulfuric 25 
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acid (concentrated sulfuric acid used in the first 

dehydration step, concentrated sulfuric acid  used in the 

second dehydration step, and concentrated sulfuric acid  

used in the third dehydration step) 

21: pre-dehydration hydrogen chloride gas  5 

21A, 21B, 21C: hydrogen chloride gas  that has been 

obtained through the f irst dehydration step, hydrogen 

chloride gas that has been obtained through the second 

dehydration step, and hydrogen chloride gas  that has been 

obtained through the third dehydration step 10 

31, 31A, 31B: concentrated sulfuric acid supply tank 

32, 32A, 32B: concentrated sulfuric acid collection tank 

50: mist separator  

51: glass f i l ter  

60, 60A, 60B: control device  15 

61A, 61B, 61C: monitoring device  

62, 62A, 62B: control valve  

63: hydrogen chloride gas monitoring device  

64: storage device  

65: input device  20 

100, 101: dehydration apparatus  
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Claims 

 Claim 1 

 A hydrogen chloride gas  dehydration method of 

dehydrating hydrogen chloride gas through a multi-step 

process, the method comprising:  5 

 a f irst dehydration step of bringing hydrogen chloride 

gas and concentrated sulfuric acid  into contact with each 

other;  and 

 a second dehydration step of bringing hydrogen 

chloride gas that has been obtained through the first 10 

dehydration step into contact with concentrated sulfuric 

acid, 

 wherein a concentration of the concentrated sulfuric 

acid used in the second dehydration step is higher than a 

concentration of  the concentrated sulfuric acid used in the 15 

first dehydration step, 

 the multi-step process consists of  the f irst 

dehydration step, the second dehydration step, and a third 

dehydration step carried out after the second dehydration 

step, 20 

 at least part of the concentrated sulfuric acid that 

has been used in the second dehydration step is reused in 

the first  dehydration step, 
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 at least part of  concentrated sulfuric acid that has 

been used in the third dehydration step is reused in the 

second dehydration step, 

 a concentration of the concentrated sulfuric acid 

reused in the second dehydration step after having been 5 

used in the third dehydration step is not lower than 96 

wt%, 

 a concentration of the concentrated sulfuric acid 

reused in the f irst dehydration step after having been used 

in the second dehydration step is not lower than 85 wt% 10 

and lower than 96 wt%, and 

 a concentration of the concentrated sulfuric acid  

after having been used in the f irst dehydration step is not 

lower than 75 wt% and lower than 85 wt%. 

 15 

 Claim 2  

 A hydrogen chloride gas  dehydration method of 

dehydrating hydrogen chloride gas through a multi-step 

process, the method comprising:  

 a f irst dehydration step of bringing hydrogen chloride 20 

gas and concentrated sulfuric acid  into contact with each 

other;  and 

 a second dehydration step of bringing hydrogen 
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chloride gas that has been obtained through the first 

dehydration step into contact with concentrated sulfuric 

acid, 

 wherein a concentration of the concentrated sulfuric 

acid used in the second dehydration step is higher than a 5 

concentration of  the concentrated sulfuric acid used in the 

first dehydration step, 

 the multi-step process consists of  the f irst 

dehydration step and the second dehydration step, 

 at least part of the concentrated sulfuric acid that 10 

has been used in the second dehydration step is reused in 

the first  dehydration step, 

 a concentration of the concentrated sulfuric acid 

reused in the f irst dehydration step after having been used 

in the second dehydration step is not lower than 96 wt%, 15 

and 

 a concentration of the concentrated sulfuric acid 

after having been used in the f irst dehydration step is not 

lower than 85 wt% and lower than 90 wt%. 

 20 

 Claim 3  

 The dehydration method according to claim 1 or 2, 

further comprising:  
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 a step of removing sulfuric acid mist from hydrogen 

chloride gas that has been obtained through the multi-step 

process, by using a mist separator provided with a glass 

fi lter .  

 5 

 Claim 4  

 A method for producing tr ichlorosi lane by reacting 

hydrogen chloride gas  with water content  that has been 

reduced by a dehydration method according to any one of 

claims 1 to 3 with metal l ic si l icon.  10 


