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KD KoER' Bk RAER
B £E AR B0

LRI EAE R8E TR, 1 201418)
(ERRERE SHORSE S BHORBIS, BRI % A%, 1 200050)

B E ASMAISHE O R T E5E R G/ N SR T O SR AT | R o B A
oo ARFFEETPLH R GE (MEMS) B ARG T RO SH R R 7800 T AT —Fh 48 A HUAEZLAF
A HKUST-1, 2R A h A R B0 HKUST-1 i SR SO SAH i VN B A . X5 LA HKUST-1 by [ 52 A6
BB S AR B A T o B R, 25 SRR W, LR SR AR T USE @ B IR A (e . 2kt T
BEANE T e , Herbodfi LAy B 1 FGE R 068 1) B BB A 31 9.2,

KBRS GG SRAPUESREI R HKUST-1; Bl

RN TSR = sl = I S W N 17 N 2 AP ) s 2 78 1IN S 1 o DN X7 257
FIRETR IR AR ARG M R SR A S8R B 3T RIS I BE 7 (B HAARRUR . ke HEL)
T LA S ARSI P 5 2K, R AT B SOMH (0 R Gk (AT 2 S (0 R G A% OB i, JE
TRFTE R G o b, o O Ak A A TS B (38 RS HMOAL . Terry 260 B T RHLE R 48
(MEMS) AR RTERE A b i 2 B OB SO (B35 A (WG CC) B 7 B AR BLAY SCRE AN B e R L) K Sk ke Y
BEJT, LS, 3T MEMS HARMIWGCC 523 T RIS # )3z ey 10

RIRAN FZE A2 LA e S A 388 SR AR Gk A7 o A RS I i >y 17 6 2 ek
M EER A B BE (R)EA/INVT 1.5, P uGCC AR KE # 58 , SR WG CC 4y B e ki, L2
BEAN e ME LAAT B, R I T Bt 2 L i P B A8y () [T A A o 2481, FH T G CC 1 [ e A R A5 3R —
F R (PDMS) L 4202 A FLAENY | Si0, KSR (SNPs) ) IR IRAR S FrBERR 4K
U4 B A HIHESL (MOF) S 45kt . JHirfr ) MOF 2 3t i 42 @ B8 TR AILICAARSE o8 [ 236 T i 2L
A7 T R 25 5 M (4 A 2 ALARE 2 B LR | (R . KRR, LA R LA nT A
DA G S 1) PR S Wk R 2 R P S U 5, Vo (i [ A B 2 BIR ST & 1) 12 56 22 AR
HUISHEWGCC FIRBE PIRIALE AR B MOFs (ZIF-8 F1 Ui0-66) [ 5E A T4y B ke, Horhr e 2057
(94325 BE A 3.07, HKUST-1 WK Cus (BTC), B, MOF-199 , J&—Fhigk 2 WS (A 5 MOF- 22 4 iy vk
f o BN G B AL, WIVE R TR o . THHEEEAYE , HKUST-1 BYFLAR S 1 RS 40Ai
£ 0.59. 0.69 F10.86 nm, Fheke(Hhe . ke, TRBEFIIE T BE) 5T EARTE 0.38~0.43 nm Z[H], FI R
F HKUST-1 YE R nGCC e , A Bt — 254 = B e 2 B S5 19 4 B9

RS T MEMS £ ARG T HAWIEWEMR R HPGCC I, R T A& T MOF #8
HKUST-1, 385 X SIEATH (XRD) . F9$4 HL - 480858 (SEM ) 1 N, W - J58 B o 4 5 %o 5 U i el 47
fiEs SRS HKUST-1 R8T pGCC H, N T b s X iR & (W he . ZhE. ke
FE T %) B4 Bk fig
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1.1 8 5iRXF

JSM-7800F 414t Hi, 7 i ( H A JEOL /A1) 5 SU9000 4714 i 7 g A Al SU8220 14 H 1 ik i
(HARHSLAF]); D8 Advance fiT S (72 Bruker 23] ) ; ASAP 2460 L2 i FURIFLER R (35 [E 2
SANER A E]) s SE GC-2014 VS AREE (L ( H AR Shimadzu A F] )

AZ-4620 Y2 (L TR RR AT 1, 3, S-2K =R (H;BTC, 2l% 98%) . Cu(NO;),3H,0
(4 99%) . —H L[ DMSO, AR,>99% (GC)]. HEE(CH;0H, %4 , =99.9% ) Fil Z 5 (CH;CH,0H,
Jikal, =99.8% ) ¥ [ B4 TR (L) A RRA R BRIEEW(HEE. ke, WEERIE T 5, B
H0.5%(VIV) , RFARR) WA LA AR A BRAF
1.2 XWHE
1.2.1 pGCCHI%I&

WGCC 45 T 2RI 1 iR, 1 2646 750 pm JERYBULAEE A [ HER 10 wm JE K AZ-4620 S
(B 1A) , TR TRZ0 52 fE ik B 3R IR S B 2548 (K] 1B) 38 B O 25 ZI B R (DRIE) Zi i
K2m, FE250 um. ¥ 300 wm (8¢ TERGA T8 LA K 4 HERG 8T8 OE BE 31 | 9% T 25 B 32 1 110 96 20 i
(I 1C) Kk i S b4 T BHAR S G, T2 B8 PH IRy 3 (81 1D) | s ZE R s A7 3 53 i A AR A M
40.35 mm AN, AR IR ET T34

A B
C D
Si Photoresist Pyrex glass

Bl ORI RH & TR (A) JCZURREG (B) JEXIRRE; (C) WRINIES 1%l
(D) RE-BOHEHEE
Fig.1 Fabrication process of micro gas chromatography column (WGCC): (A) Photoresist coating;

(B) Photolithography and reactive ion etching; (C) Deep reactive ion etching; (D) Silicon-glass bonding

1.2.2 HKUST-1H9& A

S CHR[ 30 17 1245 i HKUST-1, #5 1.22 g Cu(NO;),-3H,0 #10.58 g H;BTC ¥f#AE 5 g DMSO
155 HKUST-1 BRTIRIE , SR 5 K Ok iR 22 02 i I 2126 47 50 mL H s R D AE SR R i dk 24 h
J A5 B0 W5 R IR o K I R OB 0 A, T R BRI 3 R, 15 21 R LR MA 7E 80 CHEAE P TR
12 h, 152 AR AR
1.2.3 RUEFHZE

K JSM-7800F 94 i F i MBS WA WG CC Il NI 2548 o R Cu-Kodfi it (A = 1.54 A)7E D8
Advance fiT5H L FICRFER LS S . SR SU9000 F3 B T W i X ke i 02 S kAT R 1E . SR
ASAP 2460 bR HEFUFIFLER R AE-196 °C Tl & N, W BF-JBERH 2k o ZEMBAZ /T, Bie i e 150 <C
TEZWA 8 he K Barrett-Emmett-Teller(BET) 77 vE A G 09 FL R THAR, IR FH % BEYZ pR 38 (DFT)
BRI FLAR S A o
1.2.4 EEHENEH

KBS HKUST-1 FESIR BT wGCC . /8RR 20 mg HKUST-1 AR, A
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5mL P, fEZ R T A 10 min, JE HKUST-1 202 . BORIRZE LA AR D —imBe /R, — o
RGCC #F Ao i) B, F T A, 8 A RS, DA E i 3 HKUST-1 232 £ A nGCC
HORFEE 1 h, FERGCC B BE B — 2 B AR, SR k20l AU K 2 R MR L ZE wGCC
T, R SUS220 4H HL T WA XT G CC PN e THI VR U1 0 A TR AIE
1.2.5 pGCCHERMRERIMIER

RGCC it BMEREINATE GC-2014 AYSAH GG L HEA T, Al 2k FH Z K HE B il 25 (FID) , £
ENEA, PEREZR ARSI 28R B Y AR5 7E 250 °C, MM FHAORE S R IRTIR A (I be . L%t TRBEAN
ET e EEEI R 0.5%(VIV) R RAR) R 0.2 mL.

2 FR5iTiE

2.1 pGCCERHIZEH

HT MEMS H AR B HIWGCC @ 2 Frn, Huls R SFH 4.5 emx3 em (K 2A) |, i85 F: VA B K
2m, %250 pm. ¥ 300 wm, >R HEIE VA E AR R VA TE N & A 4 HEIEDE GO R, 496 [RDE Sk A< il
A 250k 60 #1120 pm (& 2B) , 57598« [BUESUHAR EL , 80 18 PN 3l 5 B A 1B it oA B R
M RTRL, FI ST . S/ INE IR BN R /N TR

K2 (A) pGCC s (B) wGCC AFRESF I L 7 U5 (SEM) £
Fig.2  (A) Photograph of the packed wGCC; (B) Scanning electron microscopy (SEM) image of internal structure
of WGCC

2.2 HKUST-1HRESHH

HKUST-1 ) XRD K& 3A Fros, 76 (111) . (200) ., (220). (222). (400). (331). (422).
(333) F1(440) S TH AERAFIEEXT I 20 = 5.81°, 6.69°, 9.48°, 11.63°, 13.41°, 14.65°, 16.43°, 17.50°F/
19.03°f04 , 55 SCHK [ 30 14 IE (14 777 S i i 85 H RN ' — 2, U B A R A BHEA HKUST-1 1) S RS54 .
W& 3B i, A FE S A HKUST-1 SR p S A5

Y R ERE A B HE R TR ARFIFLAR 20 A5, AT T Ny MR- 5255 . 7E-196 “CF HKUST-1 Y N, %
B -0 RS £ 1] 4A s, SRIHR B T BRI RRAT R0 Y PP AE R AR, MR B o 2] b SRR
HAFENMAL. R BET It B A8 00RE 5 R m AR 992.7 mY/g, HKUST-1 fFLAE £ /0Ai 7
0.59. 0.69 #10.86 nm ([&4B).

XRD. SEM I Ny W - BBt i £ S5 SRR 25 S 3R BH , JUAE b HAG HKUST-1 (9 S RSS9 RRIE . HLAIAY /X
TATES . R LR AR LA R i ML (0.59 . 0.69 F110.86 nm) , UEHHAE =R N AEh4 M T HKUST-1,

KNS REEEA R WCCC NRINREE A ANE 5 iR, 7EwGCC IR HB LAY HKUST-1 J& K
3.37 pm, ERGCC MIEESURR HKUST-1 JEEH 1.04 pm. (ERERME, HKUST-1 fEpGCC AR 537
FEARYS) | JEEEB TR HKUST-1 Fo A REI AR Y5
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Fig.3 X-ray diffraction (XRD) pattern (A) and SEM image (B) of HKUST-1
A 350 B 1.1
—&— Adsorption
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Fig.4 Nitrogen adsorption-desorption isotherm of HKUST-1 at =196 °C (A) and the pore size distribution of

HKUST-1(B)

4 1.04 pm

3.37 um 3
= e 5.0 pm

KI5 DL HKUST-1 4 FEARA GCC RN (A) A wGCC YATEMIEERY HKUST-1 B%EA (B) # SEM [
Fig.5 SEM images of the inner surface of pGCC with HKUST-1 as stationary phase (A) and HKUST-1
stationary phase on the sidewall of the pnGCC (B)
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2.3 SHEfttaeit
TESA TS, o0 B (R) AELS I A & B (HETP ) S2 P E (s A PR RE R EE 2S8R T I
GBS AE SR T B 3 B D0, A3 2 BEAE A BB A B R R A , YR T TR B 1t 43 AT 38
M R=1.5 B E A B . R A BRI = s A B A
HETP =4+5 + cy (1)

Forb, w RSB , AL B, COAREL, A BIRTY BT, Blu NHNYHIR, Cu J & Bk 150,
ZORRRW] B IEAR S B HETP S5 sh AR w HAEAROC, Pt AR AETE IR 120 CRIG3 I
31 RYZRAETE IR T BeEAN [ 330U T B AR, Be Rl = HETP th/A50(2) 1534 -

L
HETP = 5 2)

Hidp LA N O BRI
A IH 22 T R YA AR 2R AN TR 6 BT, 24 wGCC IR B IRE ly 35.65 em/s I B IS M 5 i
/R 0.0634 em, BEESHRECH 3154,

0.100

0.095

0.090

0.085

0.080

HETP/cm

0.075

0.070

0.065

0.060

Gas velocity=35.65 cm/s |

0.055 L 1 " 1 1 1 i 1 i
8 16 24 32 40 48

Gas velocity/(cm/s)

K6 wGCC Pk T be R s s 2k
Fig.6 Van Deemter curve for n-butane of nGCC

TR AEER R4 (35.65 em/s) B, BEE MM LN 301, AR IRARTE 30 CARH% 1 min, SRS 42 °C/min 1Y
TFHEFH T2 120 °C, MREERAW (Fri. L5t PREFIE T e, Y 0.5%(VIV) SRR it
R4 B AR Gt I &l 7 BER  Wbe . Zbe . TRBERIE T hEst BB or i, Horpr | HBE AT 2 e 1Y
STESEER 9.2 WBEH L LEAE 30 CHEIR AT 40, HHS AR B 530 2 1833 A1 3270, 1 N 4 7E
87.8 C LIS IEMECH 15984, IE T HEAE 120 C N AYEEISHEARECH 28427, MIKL5 5L, L HKUST-1
K& E MBI WGCC AT I R B IRIRA Y (HhE . b NEERIE T %) , X TRIEIRA YT
FARTE 0.38~0.43 nm Z [H], 7] LA A HKUST-1 BFLBRIN , %241 53535 HKUST-1 PEE™ A T AN [A] 17
AR AR AT IR S B0 20 B AR
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Fig.7 Separation gas chromatogram of light alkanes mixture using wGCC with HKUST-1 as stationary phase.
Chromatographic conditions: gas velocity of 35.65 cm/s with a 3:1 split injection ratio and the following
temperature program (the column temperature is maintained at 30 °C for 1 min and ramps up to 120 °C at a rate
of 42 °C/min)
3 e

TEZEIE TN T —Fh 4 @A VAEZA R HKUST-1, S2302600 , HKUST-1 A K e m, Hd

HEFLAR R SF 4 0.59 . 0.69 F10.86 nm., ¥ HKUST-1 YE M wGCC B[ E A, 7T IR R B R RIR S (H
fe . OhbE. TNERNE T HE) , HBERI LA 2 BTk 3 9.2, 25 [ rik | PL HKUST-1 Ry [E A wGCC
XTI i 43 B BAT ) R A N FH R 5o
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Micro Gas Chromatographic Column with HKUST-1 as A
Stationary Phase

ZHANG Di'?, ZHANG Hai-Yan'?, CHEN Bo-Xin’, ZHU Yu-Chen’, ZHAO Bin’, LI Lei’,
ZHENG Dan"', FENG Fei”
Y(School of Chemical and Environmental Engineering, Shanghai
Institute of Technology, Shanghai 201418, China)

*(State Key Laboratory of Transducer Technology, Shanghai Institute of Microsystem and Information
Technology, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract The miniaturization of gas chromatographic columns is beneficial to the miniaturization of gas
chromatographic systems. The separation of light alkanes is a challenge for micro gas chromatographic columns
(WGCCQ). Metal organic framework material is a new type of porous material that has been developed rapidly in the
last two decades, and has attracted a lot of attention from researchers as stationary phases for gas chromatography.
In this study, a wGCC was prepared based on MEMS technology, and a metal organic framework material HKUST-1
was synthesized at room temperature. HKUST-1 was coated into the pGCC as a stationary phase by dynamic
coating method. The testing result of the wGCC with HKUST-1 stationary phase showed that the pwGCC could
completely separate light alkanes mixtures (methane, ethane, propane and n-butane), and the resolution of methane
and ethane that were difficult to separate was 9.2.

Keywords Micro gas chromatographic column; Metal organic framework material; HKUST-1; Separation of Light
alkanes
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