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(57) Abrége/Abstract:
Sodium (bi)sulfites are produced by the steps of. (a) introducing a stream of agueous sodium carbonate into the top end of a
main packed column reactor; (b) introducing a stream of sulfur dioxide gas into the top end of the main packed column reactor
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(57) Abréege(suite)/Abstract(continued):

concurrently with the stream of aqueous sodium carbonate; (c) allowing the agueous sodium carbonate and sulfur dioxide to
cocurrently flow downward from the top end of the main packed column reactor to the bottom of the column in a cocurrent flow,
during which flow reaction occurs between the agueous sodium carbonate and the sulfur dioxide to produce sodium (bi)sulfite;
and (d) recovering the product sodium (bi)sulfite and a gas stream containing any excess sulfur dioxide from the bottom of the
main packed column reactor. The product (bi)sulfite can be separated from the gas stream In a separate recelving vessel and
then the gas Is sent to a scrubber to remove residual SO,. The scrubber may be a second packed column reactor operating with

cocurrent flow.
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ABSTRACT OF THE DISCLOSURE 2057413

Sodium (bi)sulfites are produced by the steps of:

(a) 1introducing a stream of agqueous sodium
carbonate into the top end of a main packed column reactor;

(b) introducing a stream of sulfur dioxide
gas into the top end of the main packed column readtor
concurrently with the stream of agqueous sodium carbonate;

(c) allowing the agueous sodium carbonate
and sulfur dioxide to cocurrently flow downward from the top
end of the main packed column reactor to the bottoﬁ of the
column in a cocurrent flow, during which flow reaction
occurs between the aqueous sodium carbonate and the sulfur
dioxide to produce sodium (bi)sulfite; and

(d) recovering the product sodium
(bi)sulfite and a gas stream containing any excess sulfur
dioxide from the bottom of the main packed column reactor.

The product (bi)sulfite can be separated from the gas stream

in a separate receiving vessel and then the gas is sent to a
scrubber to remove residual SO,. The scrubber may be a

second packed column reactor operating with cocurrent flow.
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BACKGROUND OF THE INVENTION

This invention relates to a method for producing
sodium sulfite (Na,SO;) and/or bisulfite (NaHSO,) solutions
(hereinafter sodium (bi)sulfite, collectively) in a packed
tower apparatus.

Sodium sulfite and bisulfite can be produced from
the reaction of sodium carbonate (soda ash) and sulfur
dioxide in accordance with the following reactions:

Na,CO; + SO, - Na,SO; + CO,
Na,CO; + 280, + H,0 -+ 2NaHSO,; + CO,
These reactions have been carried out in a number of ways,
including countercurrent passage of sodium carbonate/sodium

sulfite solution and SO, gas through a series of absorber
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vessels, and the processes described in U.S. Patents
2,245,697 to Melendy, 3,860,695 to Metzger et al. and

3,995,015 to Bean.

5 None of these patents disclose or discu'ss the use
of a packed tower reactor for the manufacture of sodium
sulfite and/or bisulfite. The advantages of packed tower
reactors include low capital, simple equipment, and high
throughput rates. On the other hand, control of this sort

10 of system must be precise all of the time it is operated.

Because there is relatively little material in process there

is little capacity lag so that process upsets can develop

rapidly.
In general, packed tower reactors are operated

15 with countercurrent flow (i.e., in the same manner as some

of the prior methods for making sodium (bi)sulfite). In the

manufacture of sodium (bi)sulfite from soda ash and sulfur
dioxide a stable foam is generated. This stable, viscous
foam will not flow down against the rising stream of gas in

20 the absorption column unless the gas velocity is quite low,

generally less than one foot per second. Thus, it has been

discovered that countercurrent operation in a packed tower
is not feasible for use in the manufacture of sodium

(bi)sulfites from sodium carbonate and S0,. In accordance
25 with the invention, this problem is avoided by the use of a
cocurrent flow arrangement. Cocurrent operation in a packed
tower is not only feasible, it provides for surprisingly
efficient operation. This invention thus provides an
improved method for manufacturing (bi)sulfites using a

30 packed column reactor with cocurrent flow.
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SUMMARY OF THE INVENTION 2 @ 5 7 A1 8

In accordance with the invention, sodium
(bi)sulfites are produced by the steps of:
(a) 1introducing a stream of agueous sodium
carbonate into the top end of a main packed column reactor;
(b) introducing a stream of sulfur dioxide
gas into the top end of the main packed column reactor
concurrently with the stream of agueous sodium carbonate;

(c) allowing the aqueous sodium carbonate
and sulfur dioxide to cocurrently flow downward from the top
end of the main packed column reactor to the bottom of the

column, during which flow reaction occurs between the

agqueous sodium carbonate and the sulfur dioxide to produce
sodium (bi)sulfite; and

’ (d) recovering the product sodium
(bi)éulfite and a gas stream containing any excess sulfur
dioxide from the bottom of the main packed column reactor.
The product (bi)sulfite is advantageously separated from the
gas stream in a separate receiving vessel and then the gas

ls sent to a scrubber to remove residual SO,. The scrubber
may be a second packed column reactor operating with

cocurrent flow.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows schematically a packed column reactor
with counter flow;
Fig. 2(a) and 2(b) show schematically two

approaches to packed column reactors with coflow; and
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Fig. 3 shows a combination of a main absorptiorx?@?{?ﬁ
' ; 24; a <l

} . n“h
O

tower and a scrubber in accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for
production of (bi)sulfites using cocurrent flow of a gas and
a liquid through a packed column reactor. Cocurrent flow,

and the distinction between cocurrent flow and

countercurrent floﬁ, can be understood from considefations
of Figs. 1 and 2.

In Fig. 1, the reactant and product streams for a
packed column reactor with countercurrent flow are shown.
Reactant solution is introduced through a first, top end 1
of packed column reactor 10 and flows downward to exit
through the opposite, bottom end 2 of the reactor 10. A gas
stream is introduced through the bottom end 2 of the reactor
10 and bubbles upward through the reactor 10 to be vented
through the top end of the reactor 10. Thus, the net flow
of liquid and gaseous reactants are in opposite directions
in a countercurrent flow system.

In contrast, in a cocurrent flow system, both
reactant solution and reactant gases are introduced through
the same (top) end 1 of the reactor 10 as shown in Fig. 2.
The flow of both reactant materials is thus in the same
direction and both liquid and gaseous materials are

recovered at the bottom end 2 of the reactor 10. This can
be accomplished by direct venting of the gas from the

reactor 10 as shown in Fig. 2(a) or preferably by

transportation of both gases and liquid to a receiver 3 of
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larger diameter than the column where venting of gases

occurs as 1in Fig 2(b). 2@57418

In the case of the manufacture of sodium
(bi)sulfite, it has been found that a cocurrent process, as
shown in Figs. 2(a) and 2(b) is far superior to a
countercurrent process. A two tower system (main column
plus scrubber) was therefore designed to take maxinum
advantage of this discovery. This two tower system is shown

schematically in Fig. 3.

In Fig. 3, the system is formed by combining a
scrubber 30 and a main absorption tower 31. In the scrubber
30, packing material 32 is disposed between a packing
support 33 and liquid distributor 34. Soda ash solution,
make-up water and SO,-containing gases to be scrubbed are
introduced through the top of the scrubber 30 and flow

cocurrently down through the packing material 32 from the

liquid distributor 34 to the packing support 33. After the
packing support 33, the gases are discharged via a vent 35
while the liquid is either recycled via recycle line 36 or
used as a feedstock in the main absorption tower 31.

The main absorption tower 31 1is connected to the

scrubber 30 by liquid seal 37 through which the feedstock

soda ash stream flows. The feedstock soda ash stream is
combined with an SO, stream in the region above the liquid
distributor 34' of the main absorption tower 31 and the two
streams then flow cocurrently through the packing material

38 of the main absorption tower 31. After the packing
support 33', the gas-liquid mixture is conveyed to a

receiver where the stream is separated into gaseous products

which are fed to the scrubber 30 and liquid products which
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are either recovered as product or recycled via line 32' to

the top of the main absorption tower 31. 2@57418

The operation of systems in accordance with the
invention has been tested in a pilot apparatus consisting of
a four-inch diameter, ten-foot long transparent PVC pipe
packed with 3/8 inch ceramic saddles. The packing support
and liquid distribution plates were 1/4 inch thick
perforated TFE plates separated by a distance of about nine
feet (i.e., the packed column length was about nine feet).
It is common commercial practice to use the bottom section
of an absorption column as an integral disengagement - pump

tank. This separates product solution from the gas stream.
In the pilot plant work with a four-inch diameter column it
was not possible to make this separation within the column.
It became necessary to convey the gas-liquid mixture to a
fifteen-inch diameter vessel 39 in order to provide
sufficient volume to effect a separation of gas from liquid.

The results of these tests are set forth in the following,

non~limiting examples.

CO VE E K
The pilot apparatus was used to make sodium

sulfite solution in a countercurrent flow mode. A soda ash

solution (27 weight %) and a small water stream were fed
into the top of the tower. An SO, stream (18% SO,, 79% N,,
3% air) was fed to the bottom of the column. Operating in
this configuration with a superficial gas velocity of 1.5
feet/second, flooding of the column and accumulation of
liquid above the support plate were observed soon after

starting. To eliminate flooding in the tower, the
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superficial velocity had to be reduced to significantly less

than 1 foot/second, which 1s usually too low to be 29575

considered acceptable commercially.

COMPARATIVE EXAMPLE 2

In an effort to obtain a workable countercurrent
flow process, the length of the packed column was shortened
to 45 inches and the support plate was changed to a 1/4 inch
TFE plate with a larger free area (more holes), specifically
51%. The liquid distribution plate had two sizes of holes,

37 of 1/8 inch diameter and 8 of 1/2 inch diameter. Metal

tubes were inserted into the large holes from above to
prevent the passage of gases from interfering with liquid

distribution. As shown in Table 1, this system could only

be operated at a gas velocity of 0.3 ft/sec.

EXAMPLE 1
The tower of Comparative Example 2 was used in a
cocurrent flow configuration as a main absorption tower to
produce sodium sulfite. Good operation was obtained with a
superficial gas velocity in this case of 1.5 ft/sec (i.e., 5

times higher than with counterflow).

EXAMPLE 2
The tower of Comparative Example 2 was operated as
a scrubber and fed a 27% solution of sodium carbonate. As

reflected in Table 1, the efficiency with which the scrubber
operated was so great that there was essentially no SO, in
the vent gases. Scrubber columns operated well in a

countercurrent flow configuration as well, but it is
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believed that the tolerance of the system to upsets is

greater with cocurrent flow.

2007415

EXAMPLE 3

The tower of Comparative Example 2 was used in a
cocurrent flow configuration as a main absorption tower to
produce sodium bisulfite on a cold day. The temperature
caused difficulty in vaporizing SO, leading to a lower rate,
(1.0 ft/sec), but operation was otherwise acceptable.

While the invention has been demonstrated with one
pilot system it will be understood that variations in size,
materials, temperatures and the like can be made without
departing from the scope of the invention. For example,

other packing materials such as plastic and metal in the
forms of rings, short lengths of pipes, spirals and other
shapes might be used with flow rates adjusted for optimal

operation.
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WE CLAIM:

1. A method for production of sodium sulfite or
sodium bisulfite comprising the steps of:
(a) 1introducing a stream of aqueoué sodium
carbonate into a top end of a main packed column reactor;
(b) introducing a stream of sulfur dioxide
gas into the top end of the main packed column reactor

concurrently with the stream of aqueous sodium carbonate:

(c) allowing the aqueous sodium carbonate
and sulfur dioxide to flow downward from the top end of the
main packed column reactor toward the bottom end of the main
packed column reactor in a cocurrent flow, during which flow
reaction.occurs between the aqueous sodium carbonate and the
sulfur dioxide to produce sodium sulfite or sodium

bisulfite; and

(d) recovering the product sodium
sulfite or sodiuﬁ bisulfite and a gas stream containing
any excess sulfur dioxide from the bottom end of the main

packed column reactor.

2. A method according to claim 1, wherein the

product sodium sulfite or sodium bisulfite and the gas

stream are recovered from the main packed column reactor

together and then separated in a receiving vessel.

3. A method according to claim 1, wherein the

recovered gas stream is introduced to a scrubber to remove

sulfur dioxide.

-10 -




4, A method according to claim 3, wherein the

scrubber 1s a second packed column reactor operated with

cocurrent flow. 7 5 101X

5. A method according to claim 4, wherein liquid

effluent recovered from the scrubber 1s used as the stream

of agueous sodium carbonate introduced into the main packed

column reactor.

....11_.
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