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Abstract: A flue gas treatment process which can realize simultaneous condensation and removal of CO and SO
through flue gas scrubbing by low temperature pentane liquid is developed. In this process, two spraying towers are
used to cool the flue gas. In the first spraying tower, the flue gas is cooled closed to freezing point of water by cold
water scrubbing. In the second spraying tower, the flue gas is further cooled to the desublimation temperatures of
S0, and CO; by low temperature n-pentane liquid spraying, the SO,, CO2 and H>O components obtained from
washing condensation are insoluble in n-pentane, so they can be separated from the washing solution. By using the
Aspen Plus software, this paper establishes the desulfurization and decarbonization process model of 600 MW coal-
fired units by low temperature condensation method. Through material and energy balance calculation, the SO, and
CO- removal efficiency as well as the system energy consumption are analyzed. The results show that, when the
flue gas temperature is decreased to —116 ‘C, the capture rate of CO; can reach 90% and that of SO can approach
to near 100%. The energy consumption of the system is about 80.25 MW (188.6 kW h/t CO;) when the captured
CO: is in gaseous form, and it is about 114.56 MW (269.2 kW h/t CO.) when the captured CO; is in liquid form.
The energy consumption is about 30% lower than that of the conventional amine-based CO, capture technology.

Key words: carbon dioxide capture, flue gas desulfurization, low temperature scrubbing method, n-pentane,
desublimation, simulation
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Fig.1 The process flow of desulfurization and
decarbonization by low temperature scrubbing
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Fig.2 Flow chart of the refrigeration system
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Tab.1 The prediction result of SOz dew point

 AkPa 2 R EEIK

NISTI4 PSRK J5 2 PR 712
2.64 203.15 203.15 201.11
5.75 213.15 213.25 211.30
1153 223.15 223.30 221.48
21.58 233.15 233.32 231.66
38.00 243.15 24331 240.98
63.51 253.15 253.26 252.01

A E'nggﬁﬁ 0.042/0.075 0.661/1.006
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Tab.2 The prediction result of CO2 sublimation temperature

HEARI%  JEJilkPa HEFL I

Agrawal®®  PSRK 58 PR JfE

0.12 855 148.8 152.8 145.9

0.97 2 068 172.0 172.4 168.2

1.80 2261 176.8 178.8 172.0

3.07 2785 184.0 186.2 179.6

10.67 1413 198.1 196.5 189.1
*Eﬁgj%?ﬁzli;ﬁ& 1.28/4.24 4.72/7.74
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Fig.3 The removal rate of SOz and CO; at low temperatures
(dry gas)
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Fig.4 The removal rate of SOz and CO: at low temperatures
(wet gas)
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Tab.3 Operating parameter of the scrubbing system

4 PeIE 1 Pl 2
TEIALE N B LB NB B
VA K K EREE  IESRE
TEH R/ h Y 5000 3000 3000 8000
PEIRBN DIREIC 35 2 —95 —118
PEIR R DR C 44 20 —49 —101
SRS C 37 4 —93 —116
K HIA H20 NH; CO; CF4
VB H TR C 30 0 —100 —120

x4 EETRBSSY
Tab.4 Flue gas parameter at various positions

TiH NS SREE Lm0 sk mn
REIC 70 4 -116
JE J1/kPa 101.3 104.3 102.3
JRERE(hT) 2639536 2521285 2078821
p(N2)/(kg hL) 1828 650 1828 649 1828233
p(02)/(kg hL) 171 682 171 682 171 628
p(H20)/(kg hY) 128 876 10 846 0
p(CO2)/(kg ) 472 249 472 237 47 356
p(SO2)/(kg h ) 6000 5994 15X105
p(C5H12)/(kg h) 0 0 39

5 9 2 ABHRIEHE 1) 3 R4 5y AN
M. K5 AL BUKIE 1O EER S, A
(IR AT HE, 28 SO, Al CO T /K R, &
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2 FEHEH I SO 43 B3 3 o Ho0 1 SO,, Horf
SO, fith#y2k 34.14%, HAMBEA D& COz 24015
0.3%; WitklE 2 FEFFH MR CO, &t B 2¢)i
RS BASG, 1531-20 CHRIMAAK CO2 /=i, 7 &
218 425.5th, IR EZ0N 99.84%, FAMEA b
& SO &) (R E 5 E208 0.044%)
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Tab.5 Parameter of the separated streams
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. R 6 AL, M CO BT, &)
AHKIEFE N 31 076.36 t/h, A4 CO2
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Tab.6 The cooing load analysis

et o A HATHMW A HKFER(t )
B 1 H20 H20 56.45 6 842.42
B 2 H.0 NH;s 67.05

%2 PRI CsHi CO; 79.81

B3 CsHyp CFy 86.06

AR 1 NH; H20 80.25 9727.27
Bl 2 CFs  AJHSICFs 131.70

Wik 3 NH; H20 48.81 5916.36
HK#3 CO; NH;s 39.95

JE4HL 1 NH; H20 0.81 98.18
JE4EHL 2 CF, H20 46.44 5 629.09
JE4EML 3 NH; H20 436 528.48
JE4EHL 4 CO; H20 19.26 233455
TS CO A HIK Rt 31076.36
Kt AA CO ¥ 2K FE ST 22 296.97

i H A SO, 73 Bl Witk COz
EEIC 44 —49 —20
J% J1/kPa 106.3 104.3 2000
FRERE/(hY) 118.2 17.0 425.5
p(N2)/(kg hY) 1.10 0.76 415
p(02)/(kg hY) 0.22 0.29 54
p(H20)/(kg hL) 118 030 10 846 0
p(COy)I(kg ht) 12 50 424 832
p(S02)/(kg hL) 5.8 5805 189

RTNEGPLRERESET, A 3 GHld s
il 16 AL, hR 7 . AN
PR Z Qs 4a )5, AR LK 1.5~2.0;
Hve ISAEHL 3 A AL RSPl 4 #RRDN 1AL
CO M &, FEMIHIRA CO KL T, IAELE
REFEN 99.19 MW, FE4iIHZ CO ITEIL R, JE
ANl AEFEN 66.88 MW,

R EENREFEDT

Tab.7 Energy consumption of the compressors

IfE Af/ Wl R4 BE ThR

AL i kPa kPa K R MW
JEZRL 1 NH; 430 1300 2 174 1154
FE4EHL 2 CF4 170 1 400 4 169 5534
JE4ENL 3 NH; 170 1300 3 197  12.94
JEZRNL 4 CO; 200 2000 4 178  19.37
A CO2 A fEFE 99.19
A CO2 R RERE 66.88
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Tab.8 Energy consumption of the fans and pumps

DR TAEBE WE(h?T)  EZEKPa  DFE/MW
AHL TS 2640 5 3.92
%1 K 5000 500 1.10
%2 K 3000 500 0.66
w3 K 3000 500 0.78
x4 IERHE 8000 500 2.08
BHIKIE K 31076 500 6.82
KA COz B fEFE 15.37
KA COz BfEFE 13.38

it FIRRE RSP T AT W TEH S CO2
PGSR, RELHFEN 11456 MW, HX T
269.2 KW hit; 7EHIHAZES CO BN T, RAEH
FEN 80.26 MW, 24T 188.6 KW hit. MEA figik
COHETZ (BRI RS BARBEFEST B FE
21789 382.7 KW h/tlsl, ] WL, fRIRGEIRIE T 2R84
ik 30%fE
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