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Abstract: Hydrate based gas separation (HBGS) technology is a relatively new approach for CO, removal.
Different operation conditions can significantly influence CO, separation. Addition of tetrabutylammonium
bromide (TBAB) can reduce the hydrate phase equilibrium requirements of CO,/CH4 mixture gases and
enhance CO, hydrate formation. Gas hydrate formation from a CO,/CH, mixture in distilled water with 40%
mass fraction of TBAB was examined at 3.2 MPa and different temperatures. The results indicate that CO,
separation factor increases with the decrease of gas/liquid ratio under same pressure and temperature.
Meanwhile, CO, separation factor is not fully proportio(mol) at 3.2 MPa and 286 K (supercooling degree is 6 K)
with a gas/liquid volume ratio(V,/V,) of 0.54. CO, gas separation factor is 4.43 under this condition.
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BARR—FIEERRIE, R 386, RS KEFIRE—EKy. REMREFMET, &M
AR A TR SR . BAAE RN RS REIR, RS CRFT . el R AR, Bl
BRI R SR SRR VR VBRI B A B (50%~80%), AN S KB CO, S 4 Ak, AT
CO, FUAMAFAE R TR SR IZ B 1E, PR RRAE, AR CO, LB — N2
L. HETCAR CO,y 4 Bk EEA RIS (BB BRI IE LR 4 A4, (B2
FESERR DAV FH A, IR AL SR8 BAPAE AR B A, BlnEs Y. KAERE. A LR B 75 2/
o Bk, A YBBEGR—FE M TG TR AR m A AT SR M B ER

SARIK G P — Bl B KR4 2 - FEARIR R 5 R 26 A T i — R AR Ak 2 12 10 28 B S i Ak &
AR ER, AR T, Bt E 1 em® FIRRSKEW T UMELE KL 160 cm’ 154Kk A
(A4 7 1T LA K AN R S oK &9, LA S [ (0 A ke v M P 5 ), IRk, RIFK A
P IXANEEE, BT DL SRR ST CO SR B0 K-G85 B CO, A HEAR J5 212 F FH AN R 7K
BV BRI . R A A, (R B SR B AR BUK &Y, ATTIA B4 TR
AR E o AR T8 G A 22 B ) BRI I S5 SRy B 5, KGR B L2, TTis g H o
BERCR A A H AT I 53 B AR 1 R ) A AT PR AR /K A P A e R PR 45 R R 0 DA S AR 3k K
EPPEE R TR RIS, BARK A&, 3T K EDAEBGERT,

VU T IR 5 (TBAB)Z —Fh B 7 B R NG MR, TR B B 5K B AE 8RR &4, FHES 7 TBA®
AR RUK SV — o ARG . [F, AR, 8RR E R K AW AR 2 1
1SRG AT LALE SEAR R D RE 3 1 26 RIS, 56T TBAB fE/K &AWL Sk B IR,
By Ah E AT T ARG 7T, H AT LR 2 1 R B P T K A I R(CONL) 43 B P2 I TR RS,
(COYHL) 143 B30, S5t F CHL/CO, IR A S B 788 L2 > « Deschamps! Wil it 7 P4 T 34k 4%(TBAB)
IINFAZR T Ny CO, BLK No/CO, Al CHY/CO, V8 A SR AW AR 15 Kb B 3 i der s Fanl'" Wil se T 24
ERRIINMFGFAE T, COy/CHL IR A KM 7241, Mohammadi®#ff 7T 1 CO/CH, ¥R &S H IIAAS [ i
% TBAB /KW K A0 A4 G R, Verrett i 78 T TBAB+CH,/CO, A2 B 28 B4 /K & W AR - i 26 5
W5E T ST R FE IR T A OB TR IR & 1A R KK & WA 4504 o X Sef 7i 45 R ] TBAB A
BEBRIRES ORG240, R, LRI 7 4ikik R, TBAB /KIETRMAK R KB 7k
1-2.3E-3 FH LR DU 5B R 25 ([BMIm]BF )+ TBAB & & H CH,/CO, WA S (BE/K B 67:33) KA1 A pliad
FE I CO, Moy B . S5 593RH, TBAB X/KEWZ5ES CHYCO IRESF CO AIRER, 2K
1200 ppm ffJ[BMIm]BF, & F& ¥ 5 TBAB &G /E NIMFING, CO, 70 BRI AT, KEWRLGE A H
CH, 1) 5 & f e ] LLIS 2 84%.

Zia kG, HETCARDEILT TBAB I R o CHY/CO, IRE& KGRI 5 2 5 T A0~ 1l
Jithl, SHRASKEWARSN 1% K CO, 73 BRI U6 L. Bk, ASCH#H TBAB+CH,/CO, fEH
A%, SRKEDE R, B AT RIS A X CHy/CO, IR &SR E YA RS 115 & CO, 57
R ESiEA
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SLUG % E S EASESAE B HAEE HIE KRS R N A A, 2 E R 1 TR . o 3167
AN 5 AR LB ke B E AR 5, RN 8 em, WHEEEEY 10 cm,  BTFAFA 500 em’,
KRN 15 MPa. [N ZERTJESAT — NIEVI B AL S, R AAE S A Rl I UL s o 588 P9 RPIRAS
NN Pt-100 JEEEAE RS, 70 ) MO B 38 A UM A RO R B, i B T AR IS RS 2
+0.1 Ko SN ZEPNSAMBRAT R/, ISR I8, T RIRES RGN £0.01 MPa. [N.E
WA MU PR E,  DRIEKR S B RE P RSB T 78 70 B, DA E K S0 K A 7



804 5Ok Kk ¥ I 4 F K 2017 %8 A

SEISFTRF B COL/CH, IR & Valve 6
PR B4 COA(99.99%) HIES @ S '"'\/’él(/e'zi"(;? .....
4 CH,(99.99%) IR e, — %11 X b K L
FE AR LI 0.5/0.5, ARG E T vavel vaes
A . DT A Reactor el _ i
(TBAB)F [ | e AL 2545 I wd e
AR, BERESS > 99.9%. BT ZEE : 2
KNSt . 5 Q
22 SRR S| vacuum pump _% Water bath ——
¥, R S50 57 R g e
FEH 40% 1) TBAB /KIEW(1%K BT SBe i
EF TBAB ﬂu‘iﬂ(ﬁiﬁiﬂ(ﬁﬁ Fig.1 Schematic diagram of the experimental setup

N 26 bR TBAB 288 KG4),  [EINS A FH Z8 18K R vk I B 28 9T B AR o SR JEH I B 38 5 1k
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JE¥ TBAB ZKIERWMAN R NZEN, FHFRA RBEHATMET . REFTFERET, 8, Lids
JESA e T S Sy | P i W 3 ISP 35S0 ¥ e W ek A B - OB 3 o e B O
LS RFFENG o 2 RS A R 77 DA S I P S R AR 1 B, 22 280 10 iR P55 T 3 2% A D S AT 2% A1
BRIE, FTHFFNUMRI R B, WE M K 100 rmin™', FFEKSYER IR . 1ERMIGEFES, HiE
— BN TA) gt 2 0 SN 38 N ASURE 2H 40 AT SR AR SR R SO BB (GO 70 AT, SRR s 8 5 A AU R
CO, F1 CH, I BE /R LU o SO RE A, SO 38 N AU IR il B SR 1B 38 1 Agilent B0 R AR (AT R 4R .

3 HR5VHL

SEES F EH B R FUAH E ) TBAB WK FESRAE T, AR A FEXT 58 BK G077 B8 CO, ik FR 152
Wi 7 BN LR H B S R S, S 43 il R AN R SRR EL 1], 43509 0.54,1 #1233,
IKARFR LAy S 3 58 S AR BT 30 AR R 5 TBAB /K TRUIT 3 30 AR EL AR, S B2 28 SRR A 500 em?,
TBAB 7KV T o 4 AR AR 23 3l 9 325, 250 #1150 mL.

Y ARG A TR, A S B — ANt A5 K 77 3.2 MPa SR JE 77 MR SCHER 45 5 2R, YR TBAB
IS EIRFE R 40% B, CHy5 CO, (BEZRELH 0.5/0.5) TR A S /KEWAE 3.2 MPa 5t B2 AR -7
%R 292 KU1, 4l () TBAB /KA W04 ffIEE N 284.6 Ko TEIXANE 1261 F, KEWA %KL
FEDCI], [AJEF, 72 TR iz ) 26 A Re A R IR R AR . SRER R B 4IR BE(K T~ 282 K i), TBAB /K
W EIZEBOKEY), W FBUREG RS 5 RPKEMAERGE A . Bk, A0 7Tk 282~290 K 1)
TP X IE], X RLIE VA BE 23 5l 10~2 Ko S0 I A2 R [ 5 1R 0 260, SO, B TS [R] ik 4 B 2644
TKEMPIEREE T RIER M 5EA, SCEHET T 60 min. {HZK-E PSRRI [ 2 /N T 60 mine
NT GE— Ui, SO ST KA YA RO A, BIA S ST A6 W AG B 21 B4 70T B e
(AP-min~")/NF 0.01 MPa BFFFEEIKII ], 247K &9 I B RFEE B FUR B ) 2 J5, OB VA BEAREE 3.

R 1 PR AR FAA TR R 0. AR RN SRR FER DR SR FER, RS
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%An; A DUARAE R 46 RS S B — B 2] t [ B3 A ISR 3R R AR . SRR R T, RIFPIRAS R
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1 ZTWEHRER, P=32MPa
Table 1 Experimental conditions and results, P = 3.2 MPa

Super-cooling Pressure after Gas consumption

Runs Vi T degree / AK reaction / MPa Ang/ mol per unit / mol-L™" YCHag YC02 x i/ min
1 282 10 1.79 0.403 1.24 73.25 26.75 2.74 45
2 283 9 1.73 0.434 1.34 78.45 21.55 3.64 30
3 284 8 1.45 0.501 1.54 79.23 20.77 3.81 35
4 285 7 1.35 0.541 1.66 79.81 20.19 3.95 52
5 0.54 286 6 1.41 0.504 1.55 81.59 18.41 4.43 55
6 287 5 1.60 0.455 1.40 77.41 22.59 3.44 56
7 288 4 2.37 0.248 0.76 69.91 30.09 2.32 20
8 289 3 2.40 0.230 0.71 68.21 31.79 2.15 18
9 290 2 2.38 0.224 0.69 60.65 39.35 1.54 15
10 282 10 2.06 0.551 22 66.73 33.27 2.01 45
11 283 9 2.12 0.604 2.42 67.12 32.88 2.04 55
12 284 8 2.02 0.670 2.68 69.08 30.92 2.23 35
13 285 7 1.15 1.010 4.04 71.44 28.56 2.50 56
14 1 286 6 1.85 0.717 2.87 69.19 30.81 2.25 42
15 287 5 1.84 0.714 2.86 69.07 30.93 2.23 49
16 288 4 1.84 0.713 2.86 68.98 31.02 2.22 38
17 289 3 2.68 0.284 1.14 66.94 33.06 2.02 11
18 290 2 2.75 0.272 1.09 62.60 37.40 1.67 10
19 282 10 2.76 0.603 4.02 60.95 39.05 1.56 29
20 283 9 2.74 0.622 4.15 61.10 38.90 1.57 35
21 284 8 2.54 0.813 542 62.22 37.78 1.65 50
22 285 7 2.60 0.770 5.14 56.97 43.03 1.32 45
23 2.33 286 6 291 0.436 291 59.13 40.87 1.45 30
24 287 5 2.92 0.431 2.88 58.64 41.36 1.42 31
25 288 4 2.90 0.335 2.23 61.01 38.99 1.56 21
26 289 3 2.94 0.299 1.99 58.34 41.66 1.40 15
27 290 2 3.08 0.277 1.85 58.24 41.76 1.39 12

1M CO, A 53 B8 2 %] LU I s BT 5 AR CHy 22 CO, I BE R LU v 549 3]
yCH4,g/yC02,g @)
yCHAsf/yCOZsf

H Yooy K Yoy, IIAAIRISEHIIG KRS A G TAR COL IIBEE/REEBI, Youy s 2 Yoy , NRBIIIE K
SNEE R G S A CHy B EEREL] . -1 B, KEVNEERA —EM CO, mEAUR, H CO, e E R
K, CO, B R AT . FASCHHILEI CO, 5 CH, IR LA 0.5/0.5, K CO, Sk 5
A< i, (EFNNZTIEEA CO, o B .

MEH G RE, SMHEFEERE S SRR LRI 3G i, 1445 00 B I S F8 o AR X i
=T MR K G YE O 2, ORGSR, (2, UK N 2.33 B, KEVRMES
FHHR ) CH, BE R EL BN TS KA RIEE R 0.54 T 1 AR, CO, I AR AR, 2i&% 8, TBAB K
TR FE TR IRE N 40% I, 0.54 FIS/KEFILLLLESE B CO, M, XK, HEN 286 K
i, CO, B ELF, CO, B RN 4.43.
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2 B AR SR B il 2 v K G R R AT RE R IS T AR 4k . SRR AR LR
1IN, IKEW N 25 R G COo/CHy YRGS FE B 2T SUAR LU 0.54 F12.33 I SUARTH FE 5 - [,
AR K il 2 v S T FE R AL B T AR, TEK SR IR 1 20 min P, K& R B
HRECK, KEMAARBTHFE, WA MM EDCEIE . BE RBHAT, KEWRNERA W TR,
AR R T R R B PRI, ROMEHEAT B 50 min A4, K EWRBIFEARLE R, SAAHFER A EA
o BT CO, 1E TBAB 7K H RV i FE 5 AR Al K IR A FEAR F30e, ARSI B 1228 T B e K &40
XFCO, I BB, KEVERE, KEVH T EEAS/KEVN COy UL EARR CO,, I
RPN 53 —E 153
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JEHOR,  COo/CHL IR &S KGR S IRE) Tk, B2, T TBAB £, TBAB WWER S 5/K4E
K EY, MR T 284.6 K i, FIERE N 40% [ TBAB /K& 7T LAAE 4l TBAB 2 R/K &
Y, IHEHRE SRS 5KEMER. TBA" BHE 7 HEKAMEMLEN, NS EmKkEWRESES COo,
M BBOR, BRI, R R CO, 7 B R T

M 4a il LLEH, 45K G0N 0.54, BT TBAB ZKIEWUHIXT I I, FE/K& Y ST B,
CO, J CHy H A3 ALK, R N HEAT 1 30 min Ji5, KM ZESAHH CO, K CH, 1B IR L B A e A=
A XN R, TERXFERR AT, CO, 43 B BURAE S B HT 30 min P ELECEA R . k7728 3.2
MPa, %) 286 K, RIR AR RITA BN 6 K B, [ M4 JESAHF CO, FIBE/RELGIR /N, N 18.41%,
CH, FIBE IR LB R, N 81.59%, CO, /3 BRI il » TERXR NSRBI AT, CO, HIA M B 3R B
I KGR NA Z R R G, ST CH, A1 CO, HIBE IR LA 2 i i A8 4k, X i B S 3
MBCRFFEEIT R LUK, BERTOKEWIA RO BTl H2, YA SR MR RS, S0 R SR 5y
WAL O AR N, SNSRI, &0 LLARAT.

[FIS, SR F LT CO, & CH, MBS R LB fb i — e e e . 243K 2.33
B, CO, AR Bk B v DAER S (I Rl N S5 0, K2908 20~25 min, 450KEH 1B, CO, Sk it
LB RME A 30~40 min, TWAUKEE N 0.54 B, CO, 7 B AR R4t ) b, KZ1F] 50 min /245
ABERGER . EAGERULEA, B OV R G AR S8 RARFRE N, CO, 43 B I B RF S8 ¥ B[] AF X 4
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5 RSB LA, AT RE b 12 o2 B el 7 50 eV, Vim0
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Fig.5 CO; separation factors under different systems
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