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Ammonia Modification on UTSA-280 for C,H,/C,H, Separation
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Abstract Recovering C,H, from refinery gas is an effective way to broaden the source of ethylene. However, it’s a chal-
lenging task to separate C,H, and C,Hg due to their very close physical properties and molecular size. Metal-organic frame-
works (MOFs) are shown broad prospects in the field of light hydrocarbon separation in recent years. In this work, NHj is
used to modify the structure of UTSA-280, the efficient separation of C,H,/C,Hg can be achieved through the adjustment of
one-dimensional channels. UTSA-280 has undergone stepwise adsorption of ammonia gas at 298 K and 100 kPa. After partial
ammonia removal, we obtained the modified UTSA-280 that ammonia adsorption modification with a mass loading of 5.6%
for UTSA-280-M1 and 2.8% for UTSA-280-M2. The NH; modified UTSA-280 shows a unique ultramicroporous structure
that can enhance the adsorption of C,H, and does not adsorb the slightly larger C,Hg, achieving the ideal C,H,/C,H¢ adsorp-
tion selectivity (more than 1000). Ammonia molecules play the role of perfectly adjusting the size of one-dimensional chan-
nels and realize the ideal screening effect of C,H,/C,Hg. The C,H, adsorption capacity of NH3; modified UTSA-280-M2 can
be improved to 2.83 mmol/g at 298 K and 100 kPa (an increase of 29% compared with initial material). And its ultrami-
croporous structure can fully block the adsorption of C,Hg, which finally achieves a C,H,/C,Hg selectivity over 1200. Grand
Canonical Monte Carlo (GCMC) simulation of C,H,/C,Hs mixed gases (equal volume) adsorption results showed that the
modified UTSA-280 had more C,H, adsorption distribution in the mixed components than C,Hg. Through the C,H4/C,Hg
mixed gases breakthrough test at 298 K, NH; modified UTSA-280-M2 shows a separation time of more than 48 min, which
is more than the initial 25 min. Compared with the unmodified material, the separation performance is nearly doubled. Scala-
ble synthesis, stable structure, and the advantages of controllable performance after ammonia modification have prompted
this material to have great prospects in the industrialization of C,H,/C,Hg separation.

Keywords metal-organic frameworks; NH; modification; C,H,/C,Hg separation; selectivity
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CoHy PEREARWTIE N, {EE C,H, 2t i SRR A Puidi g K,
A3 A ER CoH, T AA(EAL T B 7K, T oRFFLELHERE. DA
E A1, 2018 4EFRE CoH, MF=HEIA 2500 Jiml, 14
AU 1500 J3M. SR1 C,Hy Y& =M 2008
SRR 2100 JIMEMEEE 2017 £E1) 4100 50, 2T T80
fERIBEK, FEE AT e LA AL T P 7 R P K DUk
CoHy W AMKAEFE i, 3T 4 R AMK A7 B 38 ik
50%, 2TV T CoH, KIFLIEANRE C,H, At B 50,
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guit, FRIERHEME RS B A I 520 MR
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(1) CoH, BEUR, BETTZEMRIE CoH, MR &,
ERE A TE S ). (R CoHy B B, W
FUARERS M B T2, BEAK, ik, HFAE
M. FHH, JTEZAFER) CoHg (12%~15%)5 CoHy P34
P e R AN I | 275 I 28 D= 1 s e oI A = = R ol R e
BHENKX ) CH (18455 K, 0.4443 nm); C,H,
(169.42 K, 0.4163 nm). 1&4eM BRI £ B, IR B
KW B 23 85 5 s T CoHy ISR KR THES
IOk, FOoRAIH S R R CoHy WP R
J 7R CoHy [ sk Rl L A E g P

AR, &8 A VL 22 MR (MOFs) 1 T B A K1
FE AR . 20— FLIE A m] R AR ) 4l by Sl s 1417
AR B 43 B AT R L I o o H e RS L Ho
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CoHy/CoH, B B H AR 5 R B e B, LI — 4
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A REW IS h )5, HX CoHy Al CoHg MR B B #RAEIS
MIEALIR FEIR TR 103 CHY, 3 CH, B2 N 2
mmol/g, C,Hy/C,Hs (1 @ DFIESEEME ST 103, 2T
TEGERAE, METEALIR ST A 115 C, CoH, WLt i
2R B, B30 CHY/CH, e FE RFRAK. 534,
i 52 N SE PV R 57 22 B, UTSA-280 7E 100 “C & BL 250
112 h J5, CoHy WP R REA £ 2.25 mmol/g, {H C,Hg
R B B B 22 58 A 1.2 mmol/g, %% UTSA-280 )
CoHy/CoHg 3B PN 5.9, B EAT L, UTSA-280 I35 1L
MR CHy/CoHe MW B AN 2 B e, 45
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CoHy IR B B AT CoHlg BRI P 2 ¥k DASHE ML, 367 %41 )
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FE 5 B Tk RE 1 S ),
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HErhAiE T HIES CoHy W LAY 20 ORI B4
AR T 3 CoHe WP 2318, [RIRFREAK T CoHe 1)
W B, 285 U = B 2, CoHy OB SRR T &
2.83 mmol/g(F e MERTE N 29%), TR CoHq PR B 78
N, CHu/CoHe 3% B ML i 1000, SZHL T Xf
CoHy/CoHg VR A SR I e R 1 40 5.
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Bl 1 UTSA-280 MR /K S SR BH e 5 251 A Al s 3
Figure 1 Structure changes on UTSA-280 caused by H,O removal and
NH; modified
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Figure 2 PXRD patterns of UTSA-280 material after synthesized, acti-
vated, modified and gas sorption
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Figure 3 TG and DSC curves for as-synthesized UTSA-280

Hl % WAk M et 5 UTSA-280 (LA A 1] 4
fian. MBI BUE H, UTSA-280 7E3G4L T L& B
PERT G #B AT AT PR aE, BT HORRR R I E BE
[ B 2540, =B AE T 4% (1) UTSA-280 2544 h 4
ERKEKD T, FrLAERK 3000~3500 cm ™' Z [AIF 1R
st HLAR %8 K 2 FHRBNE. 3Gk G, AEHIX
T4 7K T IR Bl A B SR kL, ER G I £ A4 R R 4 1
K FHEMERE. Aot J5 1 UTSA-280 7£ 3250~3400
em ' ZHZH T HANRA R IRBIE, TR ER
HILHE T UTSA-280 Bt J5 g i il it 9 F 45 & 7 K&
oy TE R T UTSA-280 PR et Jm & 5
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Figure 4 IR spectra of UTSA-280 that as-synthesized and NH; modi-
fied

TR TSRS, UEREEAN DR AR, s
TEAAN G 8 2L P~ RE MR ROR, 76 2.5 kPa
i RIAE ik %) 7 mmol/g IR &, BEIE /1T A 50
kPa (PR, WP 2 S22 3R T, 50 kPa B 1) ~F- 1l
W Bt B35 9.4 mmol/g. 7 77 M 50 kPa Ft 22 60 kPa [)id
FE b, MAVRCBE i 28 b ng DA %2 2 B S5 fA B Aok e B B R,
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mmol/g & F+ 2 %) 12 mmol/g. X 3 4> # & HIh T
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Figure 5  Ammonia (NH;) adsorption-desorption isotherms for
UTSA-280 at 298 K
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CoHe HIHEN, MTTIAR] T 58 2B CoHg BIRCR. M
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PEFIRESREL T 5e 45 BH$Y CH, MITER. HE— L&A
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BHE CoHy WP o e PELF, = RO IR IR 5 #1075 A W b
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Figure 6 C,H, (solid points) and C,Hg (hollow points) adsorption iso-
therms for UTSA-280 (spherical points), UTSA-280-M1 (square points)
and UTSA-280-M2 (triangle points) at 298 K
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MGG CH,y M % BN L, HEGAFLIE
W Ay A ¥ 5T, T CoHe 40 AT % B B 1D
GCMC it 545 5 5 UTSA-280 &1 A J& CoH, Fl C,Hg
PR B 175 100 AR B — 550 R B T, et S i UTSA-280
PRI CoHy/CoHg TR A MR 73 B M RE 2 $2TF.

B 7 GCMC MUl % B IR CoHy(4L t 20)/CHy( St 15 ) IR & SUAE
UTSA-280 (a)F1 UTSA-280-M1 (b) H IR B 7345 (298 K 1 100 kPa)
Figure 7 Equimolar C,H, (red points)/C,H; (green points) adsorption
distribution in UTSA-280 (a) and UTSA-280-M1 (b) from GCMC simu-
lation at 298 K and 100 kPa

2.3 IASTEEMITE

T E B VAR R SO S AR A B AR, SR A B
VAL AR (Ideal Adsorbed Solution Theory, IAST)
X} UTSA-280. UTSA-280-M1 F1 UTSA-280-M2 [¥]
CoHy/CoHg 43 85 1 B8 30 AT 70000 A0 %6 b 1041 9 56 4R 4
CHy AT CoHe W P 55 i 26 I 28 A, B Y Langmuir-
Freundlich #284 #EAT LA

4

b
1+bp"

HH, o N PHET SRR &, BAL4 molkg; p A1
BISARE S, BN kPa; b NSEMRE, v ATLHIRS
K. WG WK s4 Ak S1.
T BB I E SR

5, =%

’ Pl/Pz

Hr, gy F gy 20 RSy 1 FIE 5y 2 8 W B AR H 0 BE 2R
I8 pL A py A 1 FNEL Gy 2 FESAH R R BE IR 20 3
UTSA-280. UTSA-280-M1 F1 UTSA-280-M2 %
BEFEREEWE 8 Fron. B4 LA & KK 1
UTSA-280 TEMRIER AR CHy/CoHe S F1E, B
JE 3380, CoHy PR B S 38R0, 17 CoH F P B B
S, EEAE 100 kPa IR EE N 16. 1S
J5 UTSA-280 #EFEA T KE CoHy W B & F0 AR
C,Hg W Fff &, 7£ 100 kPa I} UTSA-280-M1 [ n]
PLIZF] 1100, UTSA-280-M2 [ FE 5 22 280% 1200. A1
B T A T A i & DL S SCHR 4 38 ) UTSA-280, H
CHy/CH, 3% £ M A B K 722 stk s i
UTSA-280 #4845 SCHRHIE T B & Sk £ % Lk
S2 fiR. BEMEE CoHy/CoHg EFEME MR T, AR T2

q: qsat ( 1 )

@)

http://sioc-journal.cn 537



¥ F R

| ey

T AL TR S & CH, TR,
TRREDHTE T CoH, (ORI, I Lo o
T CoHg FOMRBH 23, BHLIET CoHe RBP4 0, f2&
SICEIL e PRI B 5

3000
2500
2000
1500

1000,
80 @
60F @
40fF
20

0 ' L Il Il Il '

0 20 40 60 80 100

Pressure/kPa

UTSA-280-M2

UTSA-280-M1

IAST Selectivity

UTSA-280

B8 UTSA-280(EKJE 1)« UTSA-280-M1(J7 1 )+ UTSA-280-M2(=
FR)E CoHA/CoH ARy 10 1 1Y) TAST etk

Figure 8 IAST selectivity of UTSA-280 (spherical points),
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C,H4/C,Hg volume ratio of 1 = 1

24 HEMEE
N T BRI T BN UTSA-280 18l C,H,/C,H,
TRAY 7 B MERERS W, FRATHAT 7 43X = Fib4 LR
EAEMRE 9). UTSA-280 #BHH T B A RAKK
CoHe W P 5, Xof 97 B HE 5 20 1) CoHLy/CoH g HE IR Bt s [,
CoHe 7E 3 min B At 23 5 H IR PR AT E HH 10 H e il
3], MBS, UTSA-280-M1 Hil UTSA-280-M2 A
AW CoHe, FTLL CoHg B2 LM MR P A3 28 . oA,
UTSA-280-M1 [ EAEF R34 N 40 min 47, 43 &1
Ae i, AN, BT UTSA-280-M2 f) CoH, " &
BEKMET, MWEFETLAOEE], CoH,y 7E 50 min J5 2>
TEE WP AE, CoHy/CoHg B2 B AR 7 48 min LA |,
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Figure 9  Breakthrough curves of UTSA-280 (spherical points),
UTSA-280-M1 (square points) and UTSA-280-M2 (triangle points) for
C,H4/CHg (1 * 1, equal volume) mixtures (298 K)
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B R Y UTSA-280 A4k PLZESR T CoH, MR B AR [R] B
FHA% C,He HIMR B, e & FEI HL 3R 8 1Y CoHW/CoH, 1 5
PEFIR B A 2 1 R

3 4

A TAEFI &3 UTSA-280 FLIE 45 # i 7 2tk
17 MOFs MRS, oo G s RhA S 717 CoH,
W B 5 LRI CoH WP S R, SEI T CoHy/CoH, VR
ARESMM T E. W ERRY, SHERFM
UTSA-280-M2 #4} FL A5 2.83 mmol/g WL I &, AHELT
JRAGHRHR B IR T 29%; JF H oot 5 A4 R e 4 AR
Bt CoHe, MTTSEZHLEL S 1200 H CoHy/CoHg 6 1.
GCMC BRI ZEAA TR CHY/CoHg VRA SRR 45 5 22
B, ootk S5 ) UTSA-280 7ER A 419 b B 3 s i CoH,
W B % R, T CoHe W PR S RH B 9 /D . d 2 ik
CHy/CoHs R B SRMRFEFE LW WAL T, M E MW
UTSA-280 #HELT AR fI R I T S8t 75 14>
BPERE, WD T IR BT R T CoHY/CoHg 43 B
B, BRI T 1T 100%.

4 SCERERSY

4.1 MREE

VY 7K 7l BR 5 (Ca(NO3),*4H,0, 99%) 1 7 2 (Squaric
acid, 98%) 1 T fif 4 Tl Al ( L) H R A A, &K
(NH3*H,0, 25%)14F E 254 7], 2 (NHs, 99.999%)1
T RN TH AR A RAR, LK N EE
FK.

UTSA-280 il 2% o SCHR v 08udt, KA NH;H,0
R NaOH F 7 2k R 15 7 BR i ¥R S pH (5% 22.656
g MUK ERES VA iR T 100 mL Z8518/K Hh, ¥ iR i gze
BN H 10.944 g 7R, 16 mL Z/K(25%)F1 100 mL 7K 20
FRIE G R, E=RBERE 30 min, P8, PREAT
M), B8R/ 4 pumX 6 pmX 50 pum IR B 5
UTSA-280(/4 S5), &N 12.6 g, 7% 78.4%. K%
) UTSA-280 #EHE T 160 CEEA(1X10° Pa)stt
T¥Ef 5 h, HESMT KD PR, SRR
UTSA-280 #FRHE %R T LA 20 kPa/min F 37538 R
F(LESE 99.999%), THEZE 100 kPa FF4RFF 1 h. S
SEBUE (AIR I 21%), fE 120 Crisas(1Xx10°°
Pa) 25/ T RS, MBS AEEN 5.6%0H5 1135
1, 12 E B B UTSA-280-M1; 7E 140 CriEL s (1
X107 Pa)%kfF R ER M EE N 2.8%HHE 1% 1k,
TR A R UTSA-280-M2.

4.2 MR

FE it BP0 AE 43 AR P A A & e XS ZRATHHMX (Cu
Ka radiation, Bruker D8 Advance). 73#7451F N Cu Ka
(A=1.5418 A), HLJE 40 kV, Hi 40 mA, K 0.02°, H
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JETE 30~800 Ciuf, FHEHEARA 10 C/min, KA
A, SARTEA 100 mL/min.
4.3 MR

FERHE NHy CoHy F1 CoHg WR B B il £ ph 2 ] iy i
B e H VR X (IGA 001, Hiden, UK)IE, 3R E
79298 K. Wl JE JJM 0 kPa JF44, LA 5 kPa/min fHES
TCRIZRW T ] 100 kPa. AN A A R 30
min. UTSA-280 ] NH; it FHIllAAE 160 C R 3L
5 h J5 52 . UTSA-280, UTSA-280-M1 Hil UTSA-280-M2
(1] CoHy A CoHg MR Bt it 2 2 78 e 58 S5 ELEe A A5 3.
UTSA-280 il UTSA-280-M2 ] C,H, 5 /7240 B ih 26 7F
298 K N5EK, BEEE /14 0 kPa 3] 100 kPa, #F %
20 kPa/min.
4.4 HEEN

2 BRSOk 1 7 1R R SR B 4 T
(GCMC) 15 CoHy/CoHg 1R A S M FAENIPE MOFs fL
SERIR R A A B BE, T 9 5 R B CoH AT CoH 43
T 153 A 5 R RO B L B S IR RN
298 K, JE /1N 100 kPa (C,Hy Al C,Hg I EHIA 50
kPa). BEAISEF COMPASS /13, BRI
XFRA 8 (2X2X )AL, BN 1.0X 107,
45 FTREEHFTE

W ) B S B AR B ) UTS A-280 WR B 7544 1 265 N 1
N @ 4 mm X 120 mm (ARG FE. % He /EA
WA, FEN 100 mL/min, 7£ 80~110 °C[KJiEE X [A]
JEALINAR, ASFIRPRLE B G A AR R S3 TR, i
b5 G A HIZE 25 °C, 4E 0.1 MPa Tl C,H,/C,H;
(V(CHy) = (CHg)=1 : 1)IREA, i#A 1.5 mL/min,
KA S (TCD A 88 ) S It <290 S &

o
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