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Desulfurization performance of azole-based ionic liquids
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Abstract : In order to study the addition of functional groups in ionic liquid anion and cation to achieve better absorbing of SO, ,
the 1,1,3,3-tetramethylguanidine triazole ({ TMG][Triz]) is synthesized using 1,1, 3, 3-tetramethylguanidine and triazole as
raw materials. The desulfurization performance of the synthesized [ TMG][ Triz] is systematically studied. The desulfurization
performance and desulfurization mechanism of the [TMG][ Triz] are discussed. The results show that the [TMG][ Triz] has
good performance of desulfurization and regeneration. At the atmospheric pressure, 1 mol of the [ TMG][ Triz] absorbs 2. 964
mol of SO, at 20 ‘C. With the increase of temperature, the desulfurization capacity of the [TMG][ Triz] decreases gradually.
The molar absorption ratio increases with the increase of SO, partial pressure, and under the conditions of 130 “C, the desorp-
tion rate of the ionic liquid after saturated adsorption reaches over 95%. The mechanism investigation results show that the

interaction of SO, and [ TMG][Triz] is the combination of chemical absorption and physical absorption. The results have a cer-
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tain reference value to improve the efficiency of flue gas treatment.

Keywords : absorption; [ TMG][ Triz] ; desulfurization ; desorption ; desulfurization mechanism
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T {8 B AR 4 41 S Y% 4Y , AVANCE 500 MHz 78 % 5 L 3% 1Y , DCAT11EC %I 35 1 3% 774, Lovis2000M %
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BB P AR TMG][ Triz], &K 92.8%, [TMG][Triz]:'H NMR(500 MHz,DMSO-d): X 107¢.2. 769
(s,12H,—N=CH),8.080 (d,2H,—N—CH,); IR(cm ") :3 979(s),3 106(s),2 157(s),1 967(s),1 667
(s),1 604(s),1 569(s),1 448(s),1 410(s),1 273(s),1 151(s),978(s) ,681(s), HRUTFEIME 1 Fims.
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Fig.1 Synthesis of the [TMG][ Triz]



%5 X 2, 45 « M B T YR A O B 1 RE BT 5T 447

1.3 BFRELTMG][Triz] i mR a1 F ¥R E
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A SLH R A Anton paar DMA4500N %5 B2 & B M A L TMG ][ Triz ] i %5 B2 , {88 O I 06 B R &
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Fig.2 Schemtic diagram of the apparatus for the [TMG][ Triz] absorption and desorption
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Fig. 3 Molar absorption ratio of the [ TMG][ Triz]

at different times
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AU, EHR 1.0X10° Pa B, 5 B X B F AR L TMG [ Triz] #9551 14 BB 22 e 88K, W WO B2 20
T 80 C, BFWIALTMG][ Triz] iy BE /R W W FofE A 2. 964 FEH] 1. 005, BEEIREM &, B FIRAE
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Fig.4 Molar absorption ratio of SO, to [TMG][ Triz] Fig.5 Molar absorption ratio of the [TMG][ Triz]

at different temperatures at different SO, partial pressures
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[TMG L Triz 08 i # AR R SO, BB 25 B, (R BRI A AR AR, JATT 8 B A B T WA-SO, (R R B8 &
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Fig. 6 Density of the [TMG][Triz] at Fig.7 Viscosity of the [TMG][Triz] at different

different molar absorption ratios

molar absorption ratios
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It 2 K R M B 380 00 T AR, 26 1 SO, T LA 3 4 H1Fl i
YE R B B0 8 F AR TMG ][ Triz]H B8 B F&MH[TMG][Triz]#
2.3 BEFRELTMG] Triz]{E IR 1E B4 E 4 R RO PG R RS 1) 49 AL
BB F AR TMG][ Triz]7E 20 'C FHg Ykl SO, &= Fig. 8 Molar absorption ratio of the [ TMG][ Triz]
A B WU S 7E 130 °CF BA 50 mL/min @A N, #47 at different time
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SO, M A E FRARMB BRI KT 95% ., WU, @ B, BRI 5% 8 SO, NAE AR IR ok , X 1 B
£ 130 ‘CHIMPGRE T /08 SO, B T WAKR/E .

LEE U9 & 8 T — & 51 bR w5 3 7 W &, & 46 [BMIM] [CI], [BMIM][Ac], [BMIM] [ BF, ]
[BMIM][MeSO, ]. i tHaEHr 745 R R, Wik SO, MG /5 F 8 A& [BMIM][CIJfM[BMIM][Ac] R
R fift W 5% 4 B 00 R R B 4% 22 5 T [BMIM ][ MeSO, 18 F W R i SO, fERE# 8 2@, P ASZ B E &
Flo ZHAT 5557 4 B Y B e 25 B 1 Y00 1 38 B T mB A v » LIRS0 H R =2 /s ) A MR SR 850 100 04

g E B FWARLTMG] [ Triz ] f# W B 8K H R E FTBE & SO, 58 F W K[ TMG][ Triz] & 4 L% ]
T2 VB R ST A . (ER X RN L2 S A AR R IR R R 5 T A, L IR R e R R A
[TMG][Triz]JFEH KA FRZE  AFFERMFH.

2.4 BmERR

B WALTMG] [ Triz ] AT /5 #9 FT-IR 35 & W& 9, H NMR 3% & L& 10, WAE 9 AT LLE ), Bisi
JEBEFBAARLTMG][Triz]fy IR BIHETE 1 469 cm™ 'l 953 cm ™' AL 3L T B 2 A9 W Wi 0, HL 43 30 %o B2 T 2§
F WAL TMG] [ Triz]W ik SO, i HEA S=0 1 S—O0—H HH.

60 -
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...... (IMCITiiz4+50, e
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Or 953 h | ta6 7.‘759 |
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W/ em™ 10.0 5.0 0
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pLEiET e FT-IR £ § BLE e E'H NMR 2 B
Fig.9 FT-IR spectra of [TMG][ Triz] and Fig. 10 'H NMR spectra of [TMG][Triz] and
[TMG][Triz]+S0, [TMG][Triz]+ SO, before and after
absorption

ME 10 ATEAE B, Btk SO, S5 B FIBARLTMG] [ Triz |FHE FH & B H ) 2. 769 X107 ° [m {35 # 3l
F] 2,901 X10 B2 [ Triz ] BH B FBKMRER | 1 47 EAY H M 8. 08X 10 R EhF] 8. 279 X 10 15371, {3 B Iz i
SO, FEE FWALTMG][Triz]/ B HE 715 SO, KA THEAEM . Mo, 78 7. 759 X 10 USRI 4b
BB H, #ENZ AT RE - SO, §5—NH, 456485 S—O—H iy H,

BFBARLTMG][Triz]HR ik SO, FEEHE FRAEFHE F E—NH, EE 5 SO, RA MY KN, ™
AR B A B B T =AM R 2B U R B T 5 BRYE SO, 437 i IE B A AR R T 2 8] B9 A BLAE
ARSI SO, Bk, 1 mol B TR TMG][ Triz 78 20 C &4 T A LA Yk 2. 964 mol Ay SO, , it F
1 mol Fy P4 FHEEACFHES 7 AT A5 1 mol i SO, 458, ZAMMAE 7 i fa i A AR 77 L5 BRHE SO, il
EH B R F Z RAHEAE R WX SO, 74 —E & BB, AELE4r87 AT P B 7 AR [ TMG ][ Triz]
W T SO, JERAET WA 11 iy aEil.,

BFBARLTMG ][ Triz] % i SO, 2@t FEHE B FEREERAN, HEF AN =AM EHFAE
PR L F B BRI SO, B AL . BIR ERFE 20 "CHF, 1 mol B -F IR LUIL 2= ik 2 mol A SO, ,
T4 B W) & 4 0. 964 mol, HLEEZFHTR B, B F BRI TMG [ Triz] % W SO, A 2 #5=, AL R ik 5
Yy IR TR B A TE . X — 43T S RT T B AR R SO, JE R E LR RIN LI —3.
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Fig. 11 Mechanism of absorbing SO; by the [TMG][ Triz]
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£ T ,1 mol B FHBAKLTMG][ Triz] B4 2. 964 mol B SO, .,

2 BEE B BT B TR L TMG ][ Triz 5 B 5% BE 1 5 T P

3)SO, X B T AR B BE /R L B SO, 43 i B 38 10 T 48 A » 130 "C 45448 F e et A0 5 A B8 7 A
SO, fift W Z 5 F 9506 LAE, LA ICR B 2 » MR i L R 5 SR e, B B0 E R B PR R

DE W SO, Ja [ TMG][ Triz K% EHE SO, 58 7 AR B /R A9 3% R 2 ZHE KR BE . Bk
JE BT RARRI R EERE SO, 58 7 WA EE /R Wi L A 38 R 22 B 5B KR FEIR RO B 4

SPBEBTFERM B TWARLTMG ][ Triz]%} SO, B9 WO= Al 2 Oy Bl i 3L RIFE I 45 R .
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