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Preparation of amine-modified coal-based activated carbon and its adsorption
performance for formic acid in hydrogen

ZHOU Guanglin, YAN Chaoying, LI Jicong, XUAN Shouguo, JIANG Weili, DANG Jie, HE Haoyi
(School of New Energy and Materials, China University of Petroleum (Beijing), Beijing 102249, China)

Abstract: Highly efficient and low-cost deep removal of trace formic acid impurities in hydrogen produced by formic acid
decomposition has important applications in the development of formic acid hydrogen production technology. A series of adsorbents with
different triethanolamine loadings (mass fractions) were prepared by the impregnation method using industrial coal-based activated
carbon as the support. The physicochemical properties of the coal-based activated carbon before and after modification were
characterized by XRD, N, adsorption/desorption, FT-IR and elemental analysis. The effects of triethanolamine loading on the structure,
properties and adsorption performance of the adsorbents for formic acid in hydrogen were investigated. The cyclic performance of the
adsorbents was evaluated, and the mechanism for formic acid removal was analyzed in combination with FT-IR. The results show that
the formic acid adsorption capacities of the modified adsorbents prepared with different triethanolamine loadings are mainly related to
the specific surface area of the coal-based activated carbon and the nitrogen-containing functional groups on the surface. An increase in
specific surface area is beneficial for the loading of active components, while the surface-loaded triethanolamine enhances the chemical
adsorption performance. Among them, when the triethanolamine loading is 5%, the prepared adsorbent exhibits a relatively large specific
surface area (774 m?%g), and the mass fraction of N increases from 0.25% (for the coal-based activated carbon support) to 0.68%,
showing the best adsorption performance for formic acid in hydrogen. At an adsorption temperature of 30 °C and a hydrogen gas hourly
space velocity of 1000 h™', the breakthrough adsorption capacity for formic acid reaches 701 mg/g, which is 5.35 times that of the
unmodified coal-based activated carbon. After three regeneration cycles, the adsorption capacity remains at 694 mg/g. This is attributed
to the reaction between formic acid and triethanolamine to form triethanolamine formate, which significantly enhances the formic acid
adsorption performance of the adsorbent. This study provides a new strategy for the adsorption purification of trace formic acid
impurities in hydrogen produced by formic acid decomposition.
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Fig.1 Schematic diagram of evaluation apparatus
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Fig.2 Standard curve for formic acid concentration determined

by external standard method
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Table 1 Results of repeated measurements for 10 pmol/mol

formic acid sample

W REE R /(umol-mol™)

U KR /(umol-mol ™)

1 9.87 4 9.37
2 9.93 5 9.97
3 10.62 6 9.52

£ TSI 18] P35 WS B 770 PR B R 1) 5 A
VR RS 751 FR) 257 325 VIR W B 725 B o WP 790 28 i et Y R
MR B 75 o, TEROE (D) -

x (C,—Co) xtx 107

K, Cucoon I F IR I 75 &, mg/g; O IR -GS
FLE , mL/h; C, IRE IR & &, mg/L; C,,
NN A T PR R B, mag/Ls ¢ W BB T, b me
R PR g

2 HiRkEife

2.1 BUHERBRBE MR M RIE L RS
2,11 ZIRHE SR

FHE 5 3 A A TEA-x/AC W B 751) (6 N, IR/
PS5 IR 2 N FLAR 20 A DL 3. EH I 3(a) P A0 AR 4
BratibE 5 R A2 BE 22 (TUPAC) 73 25, BT A etk
SO 3 P R T B 7 A AR 2R 2 R T T R AR 2R B
Langmuir 145 , 2 #1784 L 3] 420 W5 B £ PR B iy 28624,
XU R T R A E E LA . |
B 3(b)yr] A, BT AW LR B3 ARTE 0.5~2.0 nm
2 V8] U5 BA OO AT S R B R B R L4
¥, 225 = B 5 S R B A P LB Y AN [
FEEEHE K, UL PR K.

Ciicoon=

(2
o
g
S
Wy .
sl TEA-3/AC
- TEA-5/AC
fffffff TEA-6/AC
"""""" TEA-7/AC
L L L L
0.0 0.2 0.4 0.6 0.8 1.0
HAXSHE J3(p/py)
300
®) AC
250 e TEA-3/AC
—————— TEA-5/AC
200 F e TEA-6/AC
===~ TEA-T/AC
1 2 3 4 5 6

L% /mm
E3 AEERMN, RS REFILENT
Fig.3 N, adsorption/desorption isotherms and pore size

distributions of different samples

BT AN ) = T A A R T P R IR
BRI RS MR R, g R K 2. hk2w]
I R = O R R, AT DA R SO
Jo TS R R R PR T, IR LR T AR S AL% , 1)
BEBE 2 R R EHAA . GBI FETER , bk
A 702 m*/g, FLA R4 FL4% 40 7108 0.33 em’/g
.87 nm. BlA = LG5 3R B3R & o
TP R ) LR AR L FLAR AP 2 FL AR 2 S B 1
KW M= O N 5% B, S
JRE PR B e KR B R TR LA AP 5L4E
4359 774 m¥/g. 0.40 cm®/g A1 2.06 nm. 4k £5 3 i
R M e = T e ) B R R e R 1 R
M LL R E A AL 2B/ A . = LR
7 3% L 2R AT R 1 ) 7% B SO JSRE E R ) B 3R TR
FIFLE 2 N2 671 m/g £10.34 cm®/g, HLEeE1E
ORI P i B TSR FL 22 ik /) 1D 256 1 S 488 K

BE AN, = 2 Jie A7 8 B o S R 3 ke e



BT AR BB R R 0 ) B A R I AT T BR A MR AR AT AL 5

AR LA w0 IF A 22 vE s . R i
M ¢ SURE) 1 518 S M0 2 T = B 3 i APURI FL A i 47
BRI KIS 1 5ok, HLAE /> B Dk B R 1k bl
R R S 2 1K, RN LA R g K. IX AT RE A
W TR BE R R R T RE 5 = Al B T
Mo SORE T A FLBE S5 K & 2R AR AL, TR AL T 1)
RAUESFLIE AL, SR1 , 3E— P3G = LR R S
R, & 3 EURTUEVE R FLIE HE 2 , LR i AL
R Bl o 3K U W8 ELR FE ) = 2 i bk
X i P S B S AL A KPR R A A T R
oY B A 1
®2 FREFRIAMER

Table 2 Textural properties of different samples

FE iy LR /(m>g")  BILE (em®gh)  FHHFLE /nm

AC 702 0.33 1.87
TEA-3/AC 731 0.38 1.92
TEA-5/AC 774 0.40 2.06
TEA-6/AC 753 0.38 2.00
TEA-7/AC 671 0.34 1.98
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Table 3 Elemental compositions of different samples

TRERERENED /%

i C H 0 N Hofth
AC 8343  0.61 225 025 1346
TEA-3/AC 82.65 088 355 047 1245
TEA-5/AC 8139 090 483 068 1220
TEA-6/AC 80.44 106 604 0091 11.55
TEA-7/AC 7973 124 711 1.09  10.83
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Fig. 6 Adsorption breakthrough curves and adsorption capacities of samples modified with different amines
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Fig.7 Adsorption breakthrough curves and adsorption capacities of samples with different amine loadings

T 7 R, SR = SR S PR R R0 R
(107 B R 2 325 s T B o i P R AR R . =
LT A7 B R T S I (] S S 2%, 5 I (] 5

b B BE A = LW R B 3 R 1 K 2 B 1 ) ik
ffash. Hd, = 28 738N 5% i % 1
TEA-5/AC % IR 1) W B 14 BE B AT, W B 2% =2



BT AR BB R R 0 ) B A R I AT T BR A MR AR AT AL 7

701 mg/g, I 1 R FAR 1) 5.35 1% , I HAEEANIR
B It FH R 1 H 19K S 46 2848 5€ £ 0.2 pmol/mol BA
R R B A R R R . (H2,
1= LRSI E KT 5% )5, BEE = LB AR
EIN, Bkl 4% (1 TEA-6/AC I TEA-7/AC [F) HI & %
Y AR B AR R AE T AT LRI, T AR
= TR RIS K SE , BRI R A T 1
SR M e L 3R TR BRI FL 2R I/ , BELAS PR 5 9% 1k
PF B fk s B 2 T SO BRHPE REFEAIR . B TEA-7/AC
(10 S 6 & SR W] R R T R R T R A B B )
PREER, = CBRERE SN E Re B BRI R 2 T
TERRBAIMER « BRI 5 B0 M R 1) bR
T FR 5 LA 45 1) WA 40 2, 8 G IO B P R ) 288 SR AT
L/ R N ¥ R N
2.2.3  F4 TEA-5/AC FITEIRIR B RE

NE— DRI = T e oV S v P R T
AR YERE , R FH BV T V25, R 8 R -T R B
FH IR i )0 P R S 70038 4 T B 13-4, - F 9 3L
APERE . BRI R < ¥ 2R 0 R B LR T
AT, 1200 °CHEE 6 h, B 25 IR 770 o )
P2, 49 31 A 5 B PR R s B S FE SRR 8
1000 h' I 4 30 °CHIE 724 0.1 MPa #2644 T i3
7 M0 e PR S 56 , -k 8 L3R vE AT 3 AR sk
5. LIRS R LS. MK 8 A, &l 3 IRIG M
A2 SEBG 5, TEA-S/AC W B AT R T R4 1) B
Jid FF R 1 e 5 FH R IR P 25 N 694 mg/g. X T B 1%
W BRI A B P A P R 2R AR 1

800
701 700 697 694

600

400

WL 2B A(mg g )

200

0 1 2 3
PRI EL /IR
ORI HTEFAE i o
8 TEA-5/AC HIEIRIR B {4k
Fig. 8 Cyclic adsorption performance of TEA-5/AC

2.3 WRHIHIIE S

N T 43 b HR R AR 5T RS R 9 P R R A 7 1
W BEATLE , 009 T TEA-5/AC WS B 751 76 W B FFY R i
Ji B B JE ) FT-IR 0% 1A, &5 SR LI 9 06 i 1
IR 3 THI ¥ —OH ff 45 % 2J) Ve Fl C—O {4 9% 20y Ve 7
BIALF 3431 cm A1 1075 em2%2, g W B 7
Bt FA R S 2L 4Nt OB g 1 3 AW, 4 il A T
3130 cm™. 1630 cm' A1 1398 em™'s H:H7,3130 em™' &b
(IR W U VA S8 T = R o3 A0 5 7 AR R N—H
4 3R 31075 1630 e A1 1398 em! Ak Fr) W WAL 1 4
SH JE T R R 5 (—CO0 ) B AS K B A 47 1% 5
(vas(COO™)) X} FR A 47§12 31 (vas(COO )P+, X
SeLT SMRFAER B, FR 4 T AE O ME B 77 B R AR T
JR P AR AR = 2 i HE R R R BB o R R 77
A JG FER T M B AR G5 M A R AR R, R —OH
IR B I 55 , S DRl LR THI I 25 A /K il b o 46
B AR A8 PR BV B (R VRN 5 SR, 12 B 7 5 B
FRAR G RER T R IR B AR 1

I
2356 1630 |
‘ |

B RS |

R |

BILE %

T

I
1 1398
L L 1 L - oL
3600 3150 2700 2250 1800 1350 900
WA fem!

E9 TEA-S/ACHIFT-IRiE

Fig.9 FT-IR spectra of TEA-5/AC
WANG 295 78 R = LB B T 5
SRR S fifd i B B TR BUN—H B, etk —
B = LW B . KHOSHRAFTAR 25557
TR I = CBERZ 5 A B K 43+ B AR AE 7K
I3 F ] LA AR TR AE = 2 B P B - BT B
SEE RAE T G R I 225 M S SR, HE T H IR AE
SV R o 750 2 TR (P VB BRIt R o A e IR B 7 2 T
IRy & Jeild o Ae A S AR, &
B8 TR P R 1) L R 5 ) S 3 T ¥ 1A i, [] I
SRR B 7] 3 A7 A /D B A K RIS PR IR R
T )7 73 TAE A BT, At R IR 25 9 HATHC OO,
T TR RIS R TR . BT =l



8 A FE BT

&5y T B T RA I BT, BT =% E
K, B 5R AP PIH GG, KA TR, A5
1E FLAAf 1) = W BH 2 - [(HOCH,CH,),NH] " %
FHES 75 B R T HCOO 2[RI 77 7E 58 Z1 i 5 i A P
AR 25 A T o e I S T8 AR BROAS B R 1 =
CIERE B LR, R P2 AR H 4k 4 2 5 R T N .
HAR R SR (2)~(4)o 1% N SEHL T 5 B R 1) v
BB BRI T WA B S R Y
HCOOH — H*+ HCOO 2)
(HOCH,CH, );N + H* - [(HOCH,CH,),NH]*  (3)
[(HOCH,CH, ),NH]* + HCOOH —
[(HOCH,CH,),NH]" * HCOO + H* 4)

ARSL UL S 3G 1 o R A, DL = ARG
T T 2HL 23 1 IR AA , SR AR RUR BOE I 4 T o A
o3 T R T B R S R AT = 2 S R R
PR FEALPE TR () 55 s I8 I R Bl A W B S8
BT T PR SN = 20 e A a8k B o0 SR R I B
PERE MRS, 25 %% 1 SO S5 0 e PR A 7510 1 0 20
Rtk . 7EOLIERE I, 45 O W PR 77 B R W B S AN
U6 Bt S5 %) 21 A 2R AE 5 SRR I T e v e R R )
PG AT, A3 T L.

(DI & = 2l i Bk n] DL 25 14 M o
PR AL LA FILE, U= R i E N
5% I, PR RRE o 1 ke B R () EE R T AR AL
FFLAE, 2 A F] 774 m/g.0.40 cm’/g F12.06 nm.
B B gk DK, S M R FLIE IS 2, LR TH
FREEFL G BB . = LI R B IR 244 1)
Tee A i, BB REME R BIN T SR B RER], Zo
TR EIE TS MR AT 0.25% 522 0.68% .

(2)IR I B = £ I fi mT LA S 25 4t v O B 7710 1
A 2B B 75 o IR BTG P R B ok SR R R 11
REA R . Y — CRERL AR 3B 5% I W B 71
W o 250 S A A, ZE B2 D 30 °C L 128 0.1 MPa Al
AAMAFRHE A 1000 b BIZEAET , IR B FHE R Rt ks
JEAE3.76 x 10™ mg/L LA, S KWK P28 514 701 mg/g,
2o 3 U EA P AR S0 ST I A T REIA 3 694 mg/g.

(3) = T i o Al R o v M R SR TH A 4 T K
EEERE R, XESAEFREISE5EASHN
H R R LB SN AR Jl = B R R 3, T R RR
SRR T R R 2 o 3 T o P O P e R A 51 5%
H R AL 52 B P e 3 IR P R B R . BRI, =
TR O J VR B 5510 ) P PR P R 5

[10]

[11]

[12]

[13]

S 3Lk

LEPA, DINHT YV, LONG N P, et al. The current status of
hydrogen energy: An overview [J]. RSC Advances, 2023, 13(40):
28262-28287.

BOETTCHER S W. Introduction to green hydrogen [J].
Chemical Reviews, 2024, 124(23): 13095-13098.

JATTAR, AEARIE, B S, &5 B Fe X NYNaY T b 77 i
Bl b SRR B e R g 0. IBRAL 2 S Ak L, 2026,
51(2): 99-106.

ZHOU G L, LI J C, YAN CYY, et al. Effect of Fe promoter
on performance of Ni/NaY adsorbent for removing
dichloromethane  from  hydrogen [J]. Low-Carbon
Chemistry and Chemical Industry, 2026, 51(2): 99-106.
AR, FUE, BT, S T ER I A B SR AR IR
5k eI (R 22 540 T, 2024, 49(9): 88-96.
DANG Z D, LI H X, LV X C, et al. Status and development
trends of hydrogen storage and production technology based
on formic acid [J]. Low-Carbon Chemistry and Chemical
Industry, 2024, 49(9): 88-96.

R, AE, TKRERIE, 55 IR AU Pd B2 AR fEAL
& Z Tt S 0], (B 516 T, 2025, 50(4): 140-148.
WANG Y, LI H J, ZHANG Y T, et al. Research progress of
Pd-based heterogeneous catalytic system for liquid phase
dehydrogenation of formic acid [J]. Low-carbon chemistry
and chemical engineering, 2025, 50(4): 140-148.

ZHANG X Y, GALINDO H M, GRACE H F, et al.
Influence of formic acid impurity on proton exchange
membrane fuel cell performance [J]. Journal of the
Electrochemical Society, 2010, 157(3): B409-B414.

KU . 5T A8 B BEARORE B vt &L o A= I [T, A3
JE S, 2022, 31(1): 17-22.

LIU H L. Quality control of hydrogen for proton-exchange
membrane fuel cell (PEMFC) [J]. Oil Depots and Gas
Stations, 2022, 31(1): 17-22.

SI M, SHEN B X, ADWEK G, et al. Review on the NO
removal from flue gas by oxidation methods [J]. Journal of
Environmental Sciences, 2021, 101(3): 49-71.

DEHGHAN P, ABBASI M, AZARI A, et al. Green and
sustainable synthesis of MWCNT@g-C;N,@Ag photocatalyst
from PET for efficient wastewater treatment [J]. Scientific
Reports, 2025, 15(1): 10601.

MALIK S, DHASMANA A, PREETAM S, et al. Exploring
microbial-based green nanobiotechnology for wastewater
remediation: A sustainable strategy [J]. Nanomaterials,
2022, 12(23): 4187.

KONG D X, LIAN L Q, WANG Y, et al. A review on
carbon-based and coordination polymer-based materials for
adsorption of SO, from flue gas [J]. Chemical Engineering
Journal, 2024, 500: 157089.

Wb, BRSNS, e, 55 UL anE £ 2 o mE AL )
Red R W 7T e (). AR 22 546 T 1-11[2026-03-06].
DOI https://link.cnki.net/urlid/51.1807.tq.20251216.1414.003.
CHEN J, ZHAO Z H, XIN J J, et al. Research progress on
high-value and functional utilization of main components of
coal gasification fine slag [J]. Low-Carbon Chemistry and
Chemical Industry: 1-11[2026-03-06]. DOI: https://link.cnki.
net/urlid/51.1807.tq.20251216.1414.003.

KUMAR N, PANDEY A, SHARMA Y C. A review on



BT AR BB R R 0 ) B A R I AT T BR A MR AR AT AL 9

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

sustainable mesoporous activated carbon as adsorbent for
efficient removal
wastewater [J]. Journal of Water Process Engineering, 2023,
54:104054.

R, PRWR, T 0, S AR R S B AR /K AR B e i
FARIE 783 e (3], ARBR AL 2% 546 T2: 1-10[2026-03-06]. DOL:
https:/link.cnki.net/urlid/51.1807.TQ.20260121.1112.006.
LIS L, LIN F, MAY L, et al. Research progress on biochar
modification and its applications in water treatment [J]. Low-
Carbon Chemistry and Chemical Industry: 1-10[2026-03-06].
DOL: https:/link.cnki.net/urlid/51.1807.TQ.20260121.1112.006.
XUSEA, AT, T 8, 5. PZ-AMP-IE | SR EAHARHE CO,
PERE KA LERATTFUI]. (bt 56T, 2025, 50(12): 110-119.
LIU Z W, HAO S N, DING J, et al. Study on performance
and mechanism of CO, capture by liquid-solid phase change
of PZ-AMP-n-butanol [J]. Low-Carbon Chemistry and
Chemical Engineering, 2025, 50 (12): 110-119.

H W, B2, 2, &8 A UK S BRI IR SRR R0
AR A TR IS A M B R S []. B AL, 2026, 55(1):
72-76.

TIAN G, TIAN Y H, YANG C, et al. . Study on the
absorption and desorption performance of SO, using
organic amine and acid additive blended systems [J].
Applied Chemicals, 2026, 55(1): 72-76.

4y, FLi, XEHA, & T E R AT mEl e R S
TEHAR R R[] AR 510 T, 2026, 51(1): 108-119.
LI X N, WANG R J, LIU J Y, et al. Progress on application
of carbon capture, utilization and storage technology in
China’s power industries [J]. Low-Carbon Chemistry and
Chemical Industry, 2026, 51(1): 108-119.

o, BRRE, IR, & IRt o 1 iR M Co, IIRE A
[7]. BARAL T, 2023, 43(S2): 228-232.

WEI W, CHEN J Y, LIU F X, et al. Study on adsorption of
CO, on amine modified molecular sieve [J]. Modern
Chemicals, 2023, 43(S2): 228-232.

BB, R4, BURT, 55 . CO, fili & F e KL W K R I 5
HERR D). AR 546 T, 2026, 51(1): 120-131.

LI Z Z, XV D, HANG V Z, et al. Research progress on
amine-based absorbents for CO, capture [J]. Low-Carbon
Chemistry and Chemical Engineering, 2026, 51(1): 120-131.
BRI, TRDUR, R, &5 BB ARG 5 1 1] 48 2 L AT
Fuidk R[], BN TR K =223k, 2024, 46(6): 649-656.
HUANG Y J, ZHANG H Q, YU H, et al. Research progress
in preparation and application of nitrogen-doped activated

of hazardous dyes from industrial

carbon [J]. Journal of Wuhan University of Engineering,
2024, 46(6): 649-656.

YANG F, XING L A, ZHONG X, et al. Volatile acetic acid
selective adsorption by biomass-derived activated carbon
with humidity-resistance: Tunable implanting and activation
approach of activator [J]. Separation and Purification Technology,
2024, 341: 126891.

YANG F, LI W H, ZHONG X, et al. The alkaline sites
integrated into biomass-carbon reinforce selective adsorption of
acetic acid: In situ implanting MgO during activation
operation [J]. Separation and Purification Technology, 2022,
297:121415.

BARBOSA J A, LABUTO G, CARRILHO E N V M.
Magnetic nanomodified activated carbon: Characterization
and use for organic acids sorption in aqueous medium [J].

(24]

(23]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Chemical Engineering Communications, 2021, 208(10):
1450-1463.

TR R, SEAE R, R, A AR A ] S 4
A A SRR AR IR S A (3] ol 2R CRaibiin 12D, 2024,
40(4): 862-871.

ZHANG X J, SHI' Y Q, YUAN H, et al. Application of the
gas physical adsorption in the research of petroleum
refining and chemical catalysts [J]. Petroleum Journal
(Petroleum Processing), 2024, 40(4): 862-871.

i, wh B, AR, A KB BSR4
B2 T7REMBEFLI]. TopLER Tk, 2026, 58(3): 65-71.

LI L, HAN E S, LI B, et al. Study on microwave modification
of activated carbon by ammonia and its adsorption for separation
of polycyclic aromatic hydrocarbons [J]. Inorganic Salt
Industry, 2026, 58(3): 65-71.

WRkse, REEIL, B2, 55 . BB ARG TR A E Ptk i
P R A o0 SR S 2RI A RO SR I [T]. Lk fE 4K,
2025, 33(7): 36-44.

CHEN F L, WU Z F, MIAO Y H, et al. Nitrogen-doped
activated carbon anchored Pt catalyst for highly selective
hydrogenation of p-chloronitrobenzene to p-chloroaniline
[J]. Industrial Catalysis, 2025, 33(7): 36-44.
TANNICELLI-ZUBIANI E M, STAMPINO P G, CRISTIANI C,
et al. Enhanced lanthanum adsorption by amine modified
activated carbon [J]. Chemical Engineering Journal, 2018,
341: 75-82.

SHAHCHERAGH S K, BAGHERI MOHAGHEGHI M M,
SHIRPAY A. Effect of physical and chemical activation
methods on the structure, optical absorbance, band gap and
urbach energy of porous activated carbon [J]. SN Applied
Sciences, 2023, 5(12): 313.

ROMANOS J, BECKNER M, STALLA D, et al. Infrared
study of boron—carbon chemical bonds in boron-doped
activated carbon [J]. Carbon, 2013, 54: 208-214.

DAN S X, LING G, JING Y, et al. Liquid film coated
porous sorbents to trap gaseous acetaldehyde [J]. Journal of
Environmental Chemical Engineering, 2023, 11(6): 111375.
EL-NEMR M A, AIGBE U O, UKHUREBOR K E, et al.
Modelling of a new form of nitrogen doped activated carbon
for adsorption of various dyes and hexavalent chromium
ions [J]. Scientific Reports, 2025, 15(1): 3896.

NARA M, MORII H, TANOKURA M. Coordination to
divalent cations by calcium-binding proteins studied by
FTIR spectroscopy [J]. Biochimica et Biophysica Acta
(BBA) - Biomembranes, 2013, 1828(10): 2319-2327.
MG, REDT, HEH, & B R DU R
il S PERERT T[] AL TR R R, 2025, 53(2): 258-263.
YI L P, ZHANG Z F, CUL Y J, et al. Preparation and
performance study of a novel oil shale carbocoal water-
retaining agent [J]. New Chemical Materials, 2025, 53(2):
258-263.

WANG C L, TANG L S, CUI L, et al. SO, adsorption and
kinetics analysis during supported triethanolamine acetate
ionic liquid desulfurization [J]. ACS Omega, 2022, 7(45):
41107-41119.

KHOSHRAFTAR Z, GHAEMI A, MOHSENI SIGAROODI
A H. The effect of solid adsorbents in triethanolamine
(TEA) solution for enhanced CO, absorption rate [J]. Research
on Chemical Intermediates, 2021, 47(10): 4349-4368.



