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LETDOWN IN STAGES OF THE CO2 SCRUBBING WATER

BY E. E. DONATH

SUMMARY

During discussions with Dr. R. C. Dressler, the possibility was
mentioned of recovering CO /~ H, by letdown in stages of CO, scrubbing water.
It was thought that this principle might have application in the proposed Gas
Synthesis Demonstration Plant. One of the principal costs of pressure water
scrubbing of CO, from gases is involved in the losses of CO /— H,. When the
scrubbing water is aerated prior to recirculation, this loss is usually
quoted to be from 3 to 5% of the gas scrubbed. Since the cost of manufacture
of CO £ H; is a major contributing factor in the cost of manufacturing
gasoline by the Fischer-Tropsch process, any saving of gas losses is
desirable.

The idea of partial letdown and subsequent recovery of CO /— H, for
recycle is not new. Mention is made of this principle by C. C. Wright and R.
F. Michell.Y However, no reference has been noted to the separation of H,S
and CO, by means of letdown in stages during the removal off these two
constituents from gas streams.

In the present paper, calculations are shown for three cases of
stepwise letdown:

a) Letdown to one intermediate stage at 64 psig resulting in a

recovery of 81% of the CO / H, which otherwise would have been lost
in the scrubbing water.

b) Letdown to 3 psig whereby 505 of the CO2 and 98% of the CO /— H, is
recovered for recycle to the gas generator.

c) Letdown in two intermediate stages (64 psig and 10-21 psia) to
recover 81% of the CO /£ H, and a second stream representing 50% of
the CO,.

Y The Production of Hydrogen and Synthesis Gas by the Oxygen Gasification of
Solid Fuels, presented at the American Chemical Society Meeting, September
15-19, 1%47.



It is to be noted that figures, tables and graphs given are the result
of calculations. The data, which are the basis for the calculations, were
taken mainly from actual plant operation of a CO, pressure w ater scrubbing
operation at the M.O.W. Plant, Louisiana, Missouri, and published solubility
data. Although the calculations indicate the general feasibility of such an
operation, it is believed that it would be desirable to conduct laboratory
trials to confirm the results given. Also, it would be desirable to make a
brief economic study of the proposed operation. It appears that the saving
may amount to about 3-4% of the CO /~ H,, corresponding to 0.2-0.3¢/1000
cu.ft. assuming the CO, saturation calcu lated from the M.O.W. data.

The data from the M.O.W. CO, scrubbing p lant, given in Appendix 1, show
51% CO, saturation. With these figures for a gas of the analysis
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the following figures were obtained by calculation, assuming for 100 cu.m.
gas at 20°C and 25 ata. water circulation rate of 89 cu.m., corresponding to
0.67 gal/cu.ft.:

a) Letdown to 64 psig (5.5 ata.)

Letdown pressure 64 psig (5.5 ata.)
Cu.ft. per 1000 cu.ft scrubbed gas

Dissolved Released Remaining % of Analysis

at 25 ata. at dissolved originally of 5.5 ata.

in the 5.5 ata. at 5.5 dissolved in release gas

scrubbing ata. 5.5 ata.

water release gas
H,S 7 0.3 6.7 4 0.5
CO, 100 8.0 92.0 8 10.0
H, 18.1 15.0 3.1 83 45.5
CO 22.9 18.4 4.5 80 44.0

Total 148.0 41.7 106.3 28 100
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b) Iotdem to 3 psiz (1.2 2is.)

Lotdgmn Praasurs 8 pﬂig {1.2 ata,)
Gasfbe par 1000 cueft. ascrubbesd ges
Diasplwad Puiensed Remaining % of criginally Analysis
at 25 oiz, in ab digsolvad diesolved in of 1.2 ata,
ths acrubbing 1.2 ata, - abt 1.2 ata. 1,2 eha. relsase  release gas
wator gas
B,E 7 1.7 5.3 25 2
€Oy 100 50,0 50,0 g0 54
H, 18,1 17.7 " 004 ge 20
4y 2209 224 0.5 98 24
Total 148.0 91.8 5642 62 100

5077 of the originally dissclved €O, is récovered togother with 987 of the
co A Hyo The CC y Hy loss in the scrubbing water is 0,17 of that originally

present, The 1.2 ata. gas with 547 002 ocontent could be recycled into the

gagification,

.-

c) Letdovm in 2 intermediate shages

Cu.f%, per 1000 cu.ft. scrubbed gas

Digsolved Released at Rsleased et RBomeining
at 25 ate. in G.5 ata. * 0.65 ata., 200C disgsolved
ths scrubbing (64 psiy) or 1.4 ata. at
water GOCC
st . 7 Ged 1'08 4.9
co, 100 8,0 49,0 43,0
H, 18.1 15,0 . 3,60 0.l
co 22.9 18.4 ‘ 4.4 0.1

Tctal 148 0 4107 ’ 58,2 48,1
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0,85 atn, 209C

Aralysis of relesse gas

595 :‘.":}'3'-0
reloass zas er 1.4 ata. 3C%C First Sacond
relassse gas
el & 28 Cab 3.2
Coy g 43 10.0 84,0
I ” 3: 160«) '.;565 551
2
Co 20 18 44,0 Ta7
Totel 28 40 100.0 100,0

In the gas of the first releass stage 815 of the dissclved CO £ [y can be
2

recovered and recycvled to the COy serubbing. ' In the second releese stage 50%

of the originally dissolved COp is recovered in a gas with 84% COp. This gas

could be recyclsd to the gasification zohe to increese the CO/H2 ratio. In

this cege about 25% of the originally present HoS returns to the gasification

Z0NH,

. The dstailed calculations are given in the following part of the report.

\iater Scrubbing of Synthesis Gas

Gas to be scrubbed at 28 ata.

0,73 H,S
1000?; COZ
24,77

44,85 CO

P HoS = 0,18 atm.,
b COZ = 25 ﬂmo’
P H2 21102 am-,

PCO =11,12 atm.,

1)

_ Solubility 20°

2,58 1/1 atn.

0,878 1/1 atm.
0.0182 1/1 atm.
0.0232 1/1 atn.

Scrubbing at 200C, solubility of COp = 2,2 1/1 or 0.878 1/1 atm., for

100 cuen. COz (= 1000 cuem. gas) with 517 saturation (see Appendix 1).

1) See TASCHENBUCH FUER CHEMIKSR UND PHYSIKER
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Zozlzoc TET— F 89 cuam. Hp0 ere roquired.

Then 83 cu.m. Hzo dissolvei

of
(39 x 0.18 x 2, 5 = 413 cuom.) 7 cu.me HoS (total) Lb%:gdo
(89 X 2.5 x 0,878 = 165 cuom.) 100 cum, COz (total) 6746
89 :x 11.2 x 0,0182 = 18.1 cuome Hy (= 4.17) 12,2
89 x 11,12 x 00,0232 = f2o9 cucne GO {m 5,173) . 15,5

I 1 cuem, watsr the following gas quantities are dissolved:

RS 0,079 cuen, -
€Oy 1,12 cu.mo -
Ho 0+,203 cuen,

co 0,257 cueme

For the letdown in stoges the following figures are obtained (p = v )

v
A= : v=z1. | vaoa
Solub. v v CUollo ‘ ~ Cuemo
Gas 1{1 atme ¥ | Do = I();s;c:{:ged 1(2;1:&;?& Patm = l()Ii;s;gs.vvad 1(2;1?;?1
HoS 2,58 0,079 | 0022 0,057 0,022 0,029 0,076 0,003
COp 0,878 1,12 [ 0,597  0.523 04597 1.146 1,01 0,11
H, 0.,0182 00203 | 0,199  C.004 0,199 1,72 0,031 0,172
O 0.0252 0,267 | 0.251 0,008 0,251 2,09 0,048  0.209
Total 1,859 | 1,069 0,590 1,069 f 4,98 1,165 0,494
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V-0 V= 0,2 V z 0,05 V= 2.0
- CUele CULlle Clele

e e il et Rl ol oy B kT
0,031 | 0,028  0.073 0,006 | 0.050 0.0775  0.0015 | 0.017 0,085  0.03¢
128 | 1.0¢ 0,91 0.21 1.21 1,06 0,06 0,39  0.34 0,78
11.15 | 0,95  0.017 0,186 | 2,98 0,058 0,149 0,101 0,002  0.201
11,08 | 1,15  0.027 04230 | "3.51  0.081  0.176 0,127  0.003 0,254
23,54 | 3.148 1,027 0,632 | 7.73  1.2725  0.5665 | 0.635 0.390  1.269
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With those data the following fizures are obiained:

Istdovm pressura atao 2305 X 567 351 1,1 0064
Released % of Tobal 0 23,3 20.8 38.1 64,4 76,3
E8 0 25 3.8  7o6 27,9 43,0
COs 0 Bk 9o8 187 53,2  70.5
E, 0 72,3 84,7 9l.6 98,0  99.0
ce 0 68,5 B8lo& 89,5 97,7 98,8
Letdowm gas
analysis % HoS 0c4 0.6 0.9 2.1 2.7
co, 15,5 22,2 33,3 55,8  61.5
Ho » 3805 34,8 29,4 18,6 15,8
o | 45,6 42.4 36,4 23.5 20,0
% HoS /4 €O, . . 28 2,7 2,9 8.7 4.4

 From thess figures o diagram, Fig. 1, is prepared. It shows under o)
which emount of the originally disaolved totel gas and of the individual
components is releasad &t various lgtdawn_»prezsuréso Under b) the analysis
.Of the released gas at varicﬁs presaures can be seen.

Assuning that by partial release o gas with the same COp contenmt (10%)
a8 the originally scrubbed gas shall bs obtairsd, a let.d'ovm pressure of 5.5

ata. is required., Then the following figures are obtained from Fig. l.

Letdo'm Prossure 5.5 atd, (64 psig)
% of criginally Analysis of release gas
dissolwved in % by Vol.
raleasa gas '
Total 28 ' 100

HpS 4 0.5

CO2 , 8 10

H, 83 . 45,5

GO 80 44



This means that a recovery of 80% of the originally dissolved CO and H, is
possible. The CO and H, loss of 4.6% ba sed on CO £ H, contained in the
scrubbed gas can be reduced by 3.7% to 0.9%. The gas released at 5.5 ata.
after compression can immediately be recycled to the CO, scru bbing plant.

In the gasification, assuming that CO, f rom the water scrubbing is
required, the water can be let down either in one step, to obtain a CO, rich
gas, or in two steps to obtain in the first letdown stage a CO /— H, fraction
and in the second a CO, rich fraction. For the one stage letdown and the
recovery of 50% of the originally dissolved CO, the followin g data are

obtained from Fig. 1:

Letdown pressure 1.2 ata. (3 psig)
% of originally dissolved Analysis of release
in release gas gas
% by Vol.
Total 62 100
H,S 25 2
CO, 50 54
H, 98 20
CO 98 24

Recycling of 50% of the CO, originally d issolved means a recovery of
98% of the CO / H, and recycling of 25% of the H,S.
For the two stage letdown in the first stage a pressure of 5.5 ata. may

be assumed. Then the following figures are obtained:



w {1 o

Virgt miage luhkdowr nrogsare 5,5 shae (84 psig)
In I cueme vmiar
ot &.& eba,
Digsolved Releaged
Gl s CoMa
Total 28 1,181 0,468
.5 2 0,076 0,003
By 33 0,034 0,159
6o 80 G.051 0.205
This gives for the seeond stapge letdom the following figuwres (p = v )
Y
Vel i V =0, V= 0.1
Zolub. Paim = CUols Poim = Cllelno Fatm = Cu.,
Cas  1/1 atm. v Diss, Rel. ‘Dias, FKel. Diss. BRel,
CEPIRCERS p=xA) (pxV) pzxA) (px¥V

E-3 2,58  0.078 106021 0.055 00021 (0,025 0,064 0,012 P.028 0,073 0.003

€O, 0,878 1.03 [0.,58 0,48 0655 10,75 00653 0.374 1,05 0,925 0,105
ﬁ? 0.0182 0.034 [0.035 10,0006 0.0334)0,086 0,0012 0.0328 0,29 0,005 0,029

CcO 0.0232 0,081 10,050 2,001 0,050 [0,098 0.0023 00,0487 0,41 0,010 0,043

Tctal 1,191 10,654 0a.5368 D.6544]00939 07235 (o4675{1,778 1,013 0c178

With thess data the following figures are obtained:

Second stage letdowm .
pressure ata. ' 1,78 0,94 e85 1,78 0,94 0,685
Released % of dissolved Released % of total
before seconi stage - dissolvsd before first stags
Total gas 13 39 55 11 28 40
HoS 4 16 27.8 4 18.5 20.4
COp 10 36 53 9 33 49
Ho 85 86,5 83 14,5 16.4 16,7
CcO 80.5 85,6 88 15,1 19.1 19.6
- becond stagze letdown -
gas analysis 7H,S 1.7 2.6 3.2
%C0g 59.0 80.0 84.0
% Hy 16,3 7.0 501
%C0 23 10.4 T o7




are obbained:

S2c0nd stoge letdomn

pregsure ate. (a5 609C)

104: 009

i : Aogvess oty g orede o 2000 msisad of Hhe previously
sEsuEl DUV ne Pellewire Limwes 133ulh (2oz A )
1Y
‘ , Vsl T o 0s5 V s 002
A 500 | SUaTa SilaTle GU cilts
Sciub, Pogm = Jisgoe Rsio M om Uias.  Helo Tatn = Dis3. Rel.
-~ - 3 Y - - “ . Y ES
Tam 3/l etm. v T o e Vi p Ao x W) (pxA){p =
oM 1,10 0073 0L0548  D,081 (035 0,045 0.053 00023 00055  0.06E Go0L:
Clg 9,353 1.03 jG.7E 2,27 .78 1.2 Q.43 0,80 1,84 0,88 0,37
[ 23
., 3,035 0s03410.033 2.001  Co058 {0,068  Go001 (o033 0. 1€ Col0% 0,031
Lo 3.0145 o33 I0.080 0001 (o000 10,099 00002 C.04H 0,24 Col04 004"
Totel 1,191,883 0313 06878 {142 0,486 0,706 l 3,00 06732 0.45!
[
fath these data the following {igures for tho escond stage letdowm at 60°C

3,0 1.4 0.9

Total gas

3,0

Released in ssoond
atege az [ of dis=
golwved before
second egtege
41

63 T8.5

Raleaged in second stage

- as % of total dissolvsd

befors first stage

29,5 45.5 56,5

H,S 14,5 30 46 14 29 44
COq 36 58,3 73.8 33 63,7 68
Hy gl o7 o8 15,8 . 1645 16.7
0] S 96 98 18,4 19.2 19.6
Sscond steze letdown N
ges enaslysis
S 2.4 349 4.0

p e
ot

L,
sico

80,5
6.8

10,3

85.2
4,6

6.9

865
3.8

5.7
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APTAIDIX 1

——

CCy Serubbing, [%0.7., Decembor 14 & 15, 1643

Sorubbing wrter GFI = 1051 = 3,97 ovam.Mmine.
Gasy SCrTA! = 3550 299.4  cuemc,Trin,
7 G0p in out gas SPp

Tenp. of watsr &307 « B8C

% CCp in in gas 17,3

40 ouen. H20/1000 CU.m. gas with 173 cu.m. CO,

P = 490 poip = 35.4 stme; rcoy = 6.12 atm,

Digsolved 173/40 = 4033 cu.n. CO,/cum. Hp0

T86DPs 4033 = 0.708 cu.m./cueme ¥ atila
Bei2 :

Solubility 6%C: &) 8.5 cu.m./su.m. Hp0
b) 1.377 ouem. foueme X atm.

Seturation: ‘a) = 4.33 = 51%

o

b) = 0.708 = 51

o

/me



