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Abstract: Metal-organic frameworks (MOFs) are a new class of nanoporous materials. An efficient and
environmentally friendly method for the synthesis of MOFs is needed for efficient industrial applications. In this
work, a porous metal-organic framework HKUST-1 was prepared by the mechano-chemical method. The effects
of different activation solvents (chloroform and ethanol) on the surface area, pore structure and benzene adsorption
of HKUST-1 were investigated. The mechano-chemical synthesis time of HKUST-1 could be reduced from 24 h to
30 min compared with the hydrothermal method. The surface area and pore volume of HKUST-1 were
significantly affected by activation solvents. Using ethanol as an activation solvent could more easily displace the
precursors remaining in the channels of HKUST-1, thus achieving a larger surface area (1442.7 m” * g”') and 25%
higher benzene adsorption (6.90 mmol *g ™' at 298 K and 8 kPa). Under the same condition, the benzene absorption
capacity of the HKUST-1 sample was higher than the regular absorbents, such as activated carbon, molecular sieve

and zeolite.

Key words: mechano-chemical method; HKUST-1; activation; benzene; adsorption; adsorption isotherm

2014-07-28 WCRIBIF, 2014-10-11 YL BIE R - Received date: 2014-07-28.
BRA: . F—1EH: ZEE (1990—), %, L. Corresponding author: XIA Qibin, gbxia@scut.edu.cn
EEWB: [E5E s SR R R (2013CB733506);  H 5K Foundation item: supported by the National Basic Research Program of

HARIEIESTE (21276092); R HEARF S % ESAWH  China (2013CB733506), the National Natural Science Foundation of China
(2013270060 ) ; V. #iy £ 50 B % 1B K 8 p S8 56 = 1 3 0 50 IR (21276092) and the Fundamental Research Funds for the Central Universities
(2014ZC12). of Ministry of Education of China(2013ZZ0060).



° 794 - . T

L

66 &

5l &

SRAENEEE (MOF) MARMEAB M —kE L
MEl, BRTFHIERmARER, LA, fLEZH.
Y R AN T R Vet AT Sk 48 %2 FLATR GV EE AL A
M TEARIAAE . IR AL T TR I B
KICTEAE L F AT 5% MOF A4 i) % 77 vk ZALHE
K GEFRD Bk, MokaE. B oy Eozgt,
Horr, K GEAD BOEHEAREREA, A1 715
# MOF MR FRI K, — B LA/
FHR . BRI S R R R PR VRS i T
SOSERFA], B IR 7 IEAE MOF AR & S 1L
TR A T B R K R S ECR FE A HLIA R, a0
DMF (N,N-—HIEH %), DEF (N,N- 2.3 Fit
i), FEESE, T ELIRIW R e, SRR S il ks
e, HIMTHR R WEW. SO0 MOF MR
G ROT R R B ILEE .

AR MU AL 2L 5 T T2 I RVE
Z I — R A R WU 2R R Y T
RUFI MU (B8 WA MEEE)E S T 56 MRk
Z IR RAA B OB, IR 4 B LA AR
SERITE R . S5ETHEAME I MOF MRH& 7
TEAREG, LA 92 B R T4 (— M 10~
60 min)!" . 2 R B IR0 AR K VA 770 (0.1 ~2
ul » mg™") BEELEFTHRINEAFZ. H&8KETET
LR AN Ta E NI HARAE TV R AL, {8 MOF
R & S T AL AT BE, B AR Tk
AT 5. 2006 4, James 25PN YR FALAL
% 250 MOF #RL, A 7 HLbk A 3%
A MOF FERHEISET, S AL 243255 i MOF
MR BB A EA 2 554 . Beldon £ ghih
G ZIF-4 ZIF-8, FEWFFL 1A WLk 5%
R ZIF MR R, RIS /b s iE R ZIF A4
BHE A A X E 2 ,2010 4F, Yuan 25511 Schlesinger
SOV MU 20, DAY 2R = W R RS IR 4 S I
KL Zh 4 T [Cus(BTC),],» 1 H. Schlesinger %!
TE AN TR I 7010 2% A TR SR AL AL 52 325 4 A 1)
HKUST-1 ] BET LLR A A 1119 m” g™ o HLI
RN R a5 MRS S AE MOF Mk}
(1 1) % AT R R R, IR TE HKUST-1 1l 4
JTE TSR T TZ M

£ MOF R H 2t R, AN 58 4 [ 1T
IR 5 3 3% & MOF #EHEIFLIE, i MOF #48HH
EU 2 TR AR B 12 BB R K PRI (Rt MOF AR

WAL RS AT HJGH B # . Nelson 250k R
FEATG 39 A0 1 S0 A S 58 0 7 791 i 0% v 2k 1 960 1
IRMOF-3 #4} 1 AN FLEE 4 H 5% B 117575 DMF,
WAL G RIAE 10 m® - g BORE 1800
m” +g”', Liu P50 R I, 7E/K %A B HKUST-1
(1 3o 2 SR Y PR R A1 A 5 F80e 7 751 A% 1 i, L 460 1
FLEER P IR B A TR EAAR Y T, BEIRHEE
T AR e AL B R AR o 3R SCHRIRE (19 5% MOF
EREAG I 7 229 DMF. IS S0 WL
F, XEEEHIAFEA R TFHEEK, HXHEEE
R Rk, G, &5 e
MOF MBS AR B EE ) & L.

ARHIF 78 A BEAR T B 2B X WL A S =
BN HI M HKUST-1 B TIE/4ith, FExt AT
SERRAEFIERE IR, BIF 78 Lh A B 2 B AN 07
PG AR BEXT HKUST-1 FIFLERSEH) . L&
TR A SR B RE ORI, DAER SR & (3R 1)
HKUST-1 il 8 FE AL 772, RS 4 R A4
AHVE ZER R B A P R A 2 A 4

1.1 SRR FI R ES

— KA BEFRH [Cu(OAc), » HyO]: L 545
g1 b L T, >99.0% ; = K & h B
[Cu(NOs), *3H,0]: g kG4 ), >99.0%;
YK ZHER(BTC): Hi1- Adamas Reagent Co. Ltd A
Al, >99%; TAKLEE: | ARECERH R A RA
A, =99.7%; A5 HRHHVE A TIAFIE R A
A, =99.0%; EETFK: SEIEAM, 100%.

QM-3C [RIEHRBNERENL (P 3t KA s
DZF-6020 H2= T (RSB A A IR A
AD; TG16-WS & B0l (B OHU A PR
AT ASAP-2020 HCERTHAR K FLFREE A (35
Micromertics 2~ ) ); HTG-1/2 #E 5 HriX (b5
TH AR} EACES ) D8 ADVANCE X SR AT5H X (18
[ Bruker A®]); S-3700N i 7B (HA
HIrAA]); 3Flex 78X (£ Micromertics
NCIDR
12 SKWHE
1.2.1 HKUST-1 #9414

(1) PUbb:i%: FREL 2.4 g Cu(OAc), * H,O
1.6 g ¥IZK =W, BT 80 ml NFNEREREF,
TN 4 @10 mm FIAFHWERELR, A QM-3C &
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ZE RN WU AV & R R A WL SRR HKUST-1 8% HC0 B 461 g

° 795

HIRZNERENL A, KRB R EEN 1100
remin' (44.73 Hz), BREE 30 min, 75285 G Ak
R I B B R AR A . BT AR AR S E A
HKUST-1(mech-none).

(2) KA IE: FREL 1.1 g Cu(NOs), * 3H,0,
WfET 15 ml £ -7/KH: BRI 0.5 g IR =HR,
TEART 15 ml S 4 P ME R & 5 B HE 30 min,
RIGE IR A L E 50 ml AT R VD5 205 AN
W MEF, 76 110°C N 24 h, FpRMEHAR
AHZRER, U, BREESEY. Bl
fmit. A HKUST-1(hydro-none).

122 HKUST-1 #9 &4k

C1)D) FH ¥k — ¥ B fl /0 F &
HKUST-1(mech-none)H ZEE/KIETR ( LB 5 KR
Fey 151 Pl 3 Ik, B QERRE 2 Ik, SRETE
SR 36 h, & 12h Hi— YOS, &G
16 180°C NEZ T8 6 h, 1593 & M AR E
B |45 32 4 HKUST-1(mech-CHCly).

(20 5k = KWL BRE SR
HKUST-1(mech-none) F1 7K # % #i] 18 19 ¥ &
HKUST-1(hydro-none) 4> il FH Z. B /KR ( LB 57K
LN 101D Pedk 3 Ik, FH OBEBER 2 I AR
JETELBEFIRE 36 h, B 12 h B —UCHT I LB,
BGAE 180°C FE 2 T4 6 h, 1333 &M A IR E
1o FTHASEE S 2 Bid 8 HKUST-1(mech-EtOH)
HKUST-1(hydro-EtOH).

1.2.3 HKUST-1 #9£&Mfatbb kit X FLATH
K Fl D8 ADVANCE X SR AT, 6K SRS,
J5 Cu #E Ka 585}, B 40kV, B 40 mA, 261U
FEl N 5°~500, EL:H4HE. FT-IR XA KBr JE ik,
SR N 4 em™, FHIECN 20 K, FETEREDN
400~4000 cm™'. SEM ¥ H 37 S-4800 N, ik
HLER 0.5~30 kV, 2 HF% K 2 nm, BOKREHEN
30X ~800000 X, FfanaRIMMTIREENE. AR
FURFLEE R AT R A ASAP-2020 4= H B HE EL 3R
AR S FLFBRFE /i A, A SERIEN B, VAR
ARIBE, FERTRACTE N 180°C F LA AL 12 h, 1E
77.3 K FHHT Ny B #daE MR H HTG-1/2 #4
HAHTACHATRAE, S8 H R FH (13 5 3 B = R
£ 500°C, JHEEFEAN 4C e min”', FHSEN 30
ml * min',

124 %4 HKUST-1 bRMEEB&anz KA
3Flex 7& W AN 2 298 K N #4E HKUST-1 |-/
WSR2 . 1 Je X R AT IR B, B R A

[ INFAE] 150°CALER, WFIEA 8 h, H FIET Hikk
PSP A SRR . TIACEREE SRS, B W
TP T U % PR R B SRl 5, A VI Bk 31 4
B PRI B 1 R B R R AR AR, B AR B TR e
J1FZR(E HKUST-1 ERPHR b, F75 200
HIRL . W R IR WIERN 0~8 kPa.

2 HRET®

2.1 AELERFE HKUST-1 B XRD. FT-IR

SEM 734

KF X S RATHNRE S AT 45 B i . A
1 WJLAER], XHEWHTE R T LR AT,
1k B i) HKUST-1(mech-none)7E 26=12.8° ¥ 1§l
KR Cu(OAc), « HyO [F5EfT I, 1 H HKUST-1
(PRFAERT ST IEA B2, RBERIEIIFE & h AR B A
B % [ BT UK /K Cu(OAc), * H,O . 3 1L J5 1
HKUST-1(mech-CHCl;)A1 HKUST-1 (mech-EtOH)#J
fE 26-59°. 9.5°. 11.6°%5 i & ¥l 7 # 5k
HKUST-1 $FAEAT 56, 1 ELAT 5 U6 14 58 5 RN TR ¥
ARKZERN, 75 LUHE W &AL S 15 B RS
HKUST-1 Z LKL, 1 BAE e S RE RS TR 35 A
B RIFFARE . HTERNSE T 8, @
I 2K UL 150°C 25 T4 mT LU R
Fr HKUST-1 "5k RIEERR . PRth, 3k e Bl
TR A i i B AR B AA DL R BRI R T AR
il = IR -

HKUST-1(mech-EtOH)

ﬂ A \ HKUST-1(mech-CHCI;)
M A A A
A HKUST-1(mech-none)

H,BTC

Cu(OAc),*H,0
AaA s

N N

10 20 30 40 50
26/(°)

Kl 1 HKUST-1 [j XRD &
Fig. 1 XRD patterns of HKUST-1

] 2 Jy HKUST-1 i) FT-IR % & . W 2 7] LAE
3|, ARIEIH HKUST-1 (mech-none) 7£ 1442 cm’™
FI1610 cm™ 47 B UL T BT K4 Cu(OAC),*Ho0
SRS, R AVEIL I HKUST-1 AR HE A K&
IRT IR B Cu(OAc),*H,0, X5 XRD K7 Hr 4k
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R—5. HKUST-1 2L B v BAoh 3 AN X8 —
FEE/NT 1300 em ™ JERE, NOE = R A
FRAE RS, —RAEALT 1300~1700 cm™' JEfH
W, PR BREE DL B - A 2R = PR R B 1) T
BB TE IR ARG . =2 3400 e 2, R
F31iF 16 . HKUST-1(mech-CHCl;)H! HKUST-1(mech-
EtOH)¥ iR T 5 SCikdRiE!" " —5) HKUST-1 ()
AN SO, iR R F C RS A5 1S Y B IR 4T
i 25 P R B B HT SRR o, A5 B v A )
HKUST-1.

NS

500

1000 1500 2000 2500 3000 3500 4000
wavenumber /cm-!

K2 HKUST-1 JZJLJERHE) FT-IR 14
Fig.2 FT-IR curves of HKUST-1
a—Cu(OAc), * H,0; b—H;BTC; c—HKUST-1(mech-none); d—
HKUST-1(mech-CHCls); e—HKUST-1(mech-EtOH)

KHI SEM XATRHERMLEE HIEAT 704, 5 30k
PIE K BGE A U HKUST-1 B (1) 1F )\ i 4
AR EE AR L, ANIE 3 T AR BINUIRAL 25 & R
HKUST-1 S A SESA N, i FLAORE K/ 73 A AN 2
5o IXATREAE HH T AENURR ] 5 B it (0 I R A LA
TVRER, SRR f R A SREE, SRR e B
FE M SARTENURO T K1 F R et ey, 3
D NAN SO

K3 HKUST-1(mech-EtOH)[] SEM
Fig. 3 SEM images of HKUST-1(mech-EtOH)

2.2 AELERFE HKUST-1 Bt REFRFNFLE

SR

F 15 T RAESR R KRIERYAL LS
Bt HKUST-1 (LR AR FIFLE M SH. sk 1
7~ » HKUST-1(mech-EtOH) [ EL R TH AR ik 1442.7
m® + g, $9F Hartmann 250550 K B B2 %
ff] HKUST-1 (1510 m* * g™"), itk Schlesinger 24!°
KA 2215 A B HKUST-1 52 30%.

MNE 1 v LUEF, HL A S E S R
HKUST-1(mech-EtOH) b 7K # ¥ il & 1
HKUST-1(hydro-EtOH) E. A 5 /& [ bk & [ #72 A L
2o MU SRR K #1145 1) HKUST-1 FA-fL/
KA AT B 4 BT o K HGE I % 1) HKUST-1
R FLFLAR E A TE 2~ 10 nm; UL A4 L
(1) HKUST-1 /~fL/KFLTE 2~100 nm ¥J6 5545, {H
£ 20~50 nm FLASEMEL L, BLETENUIRAL 25
B HKUST-1 fd 2R TR 2 1 A-FL/ K FL .

XoF AN [7)  7) 3 A Ak B PO 3E 47 L 2R T RRURD
FLEEM 31T . FE 1 1T LR B L BE S G HKUST-1
(mech-EtOH) ) BET [k 3% 1H #1 bb & 17 36 16 16
HKUST-1(mech-CHCL3) m1 2 13%, MALILE m L
15%, 1t B 2B AL AL FRAS B 1) HKUST-1 #5 2A

#F 1 HKUST-1 Bt REFAMFLRGS B

Table 1 Pore parameters and specific surface area of HKUST-1

Surface area /m” * g

-1

-1

3 .
Pore volume/cm” * g Pore size/nm

Sample Synthesis method Ref.
BET Total BJH desorption t-Plot micropore BJH desorption

HKUST-1 solvothermal 909 0.022 0.449 — [12]
HKUST-1 solvothermal 1009 0.064 - 32.25 [11]
HKUST-1 solvothermal 1510 0.570 - - - [13]
HKUST-1 mechanochemical 1119 0.590 — — - [6]
HKUST-1(hydro-EtOH) solvothermal 1237.9 0.717 0.324 0.390 3.664 this work
HKUST-1(mech-CHCl3) mechanochemical 1280.4 1.197 0.628 0.374 7.065 this work
HKUST-1(mech-EtOH) mechanochemical 1442.7 1.112 0.497 0.429 7.816 this work
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ZE RN WU AV & R R A WL SRR HKUST-1 8% HC0 B 461 g * 797 ¢

W LR BARILILES . X EERZ R T O
AT 2 g ), AT AR 1.04 D,
M ZEE BN 1.69 Do ZEEAE A —Fh s bl i
THA, 5o g EE, FILES S co AR
WAL SRS, B S Cu S AR RS T [
i, ATIXAAEZE = FER AT Cu(OAc),*H,O K it
T o A BRI B = A B TR TE i W 1k 1) S P ) A o
WY, Tl B & ER S Bl
HKUST-1 FLZ5#4 A 5% B B AT SRR R AR 401 OKS
BEMRE), 9K MOF M EHI LR AL . Yang 251
NA RV, ERIFIRPEX MOF # Rk HLER
T FANFLEE M B — @ s, BRI BOR B 7R
A5 2 M LB A B S I b R I AR AN AL 2

® HKUST-1(mech-CHCI;)

» HKUST-1(mech-EtOH)
4 HKUST-1(hydro-EtOH)

g 1

2 0,04

o

=}

s}
T

incremental pore volume /cm?

0

1 10 100
pore width/nm

4 HKUST-1 4L/ R AL A
Fig. 4 Meso/macropore size distribution of HKUST-1

K 5877 K N Ny 7 HKUST-1 _F % B 4535
k. N, fE/K#HGEH %1 HKUST-1(hydro-EtOH) I
AW B SR 2k o LR 1 T R PSR 2k, RN
UM o HUIAL 22384 B HKUST-1(mech-CHC;)
1 HKUST-1(mech-EtOH)7EAR K T 1 N, W b 25 IR 28
o T R PR ZL, 78 p/pe=0~~0.05 & J1 R
WIE A R, 0] HKUST-1 HA KE ML HE
LR A EY s A HKUST-1
(mech-CHCL) ] Ny W BRI AE p/pe=0.5~0.9 &7
TNEARHERET, FERFN Ny E LK
A BANE B, 1 QBEE A E HKUST-1(mech-EtOH)
LTI NS 6 2 e S L I A N 0 27 N
HKUST-1(mech-CHCls) bt HKUST-1(mech-EtOH) E
HEZHNFL, SIEM e BT MAEICE
N HKUST-1(mech-EtOH)X} N, EL A5 5 w5 f v A B
, UL AREE AR HKUST-1 HA o i 1
FLALEE . BAFIRER PR . X EER T L
AR EE S K, DRI T 202 A 6% B 4 b ' 96 tH MOF

VPV T Ve e e O\

= HKUST-1(mech-CHCl 5)

o HKUST-1(mech-EtOH)
4 HKUST-1(hydro-EtOH)

adsorption quantity /mmol .g-1

0 02 04 06 08 10
PP,
'S HKUST-1 % N, MW 4RIRLE (77 KD

Fig. 5 Nitrogen adsorption isotherms of HKUST-1 at 77 K

MRLFLBR 25 7 ik B (0 AT SR AR RIS IR . KSRk 4
T, PROLEZ AL, 5 N, BRI
2.3 AEIRFIENR HKUST-1 B9 FERE M

AN 5 )95 AL AL #E ) HKUST-1(mech-CHCl3)
A1 HKUST-1(mech-EtOH)[1] TG #ArHrhZe ik 6
PR HKUST-1 (R E SN 3 M B 55—
EERE 120CE LRI ERL, MR RIK
S FITER: BB BUZ 120~200°C A 5N
B, FENPOR IR 0B R 4 T B RS BR
5= B E N EE] 300°C HE R > (4
50%), FEZHIEAKY K =HRK KL,
HKUST-1 ‘B 345 /) 1R 515, 5 2445 27249 CuO.
ME 6 7T LLE 2 £ B R & A7 i 16453 2 i HKUST-1
MEHE 300°CLL T AR RiFHAFaEtE, 5
Bk AR R K G 4 19 HKUST-1 [ 348 4y
Hr 282K
2.4 ZK7E HKUST-1 RN MR

BT, USRS Th e 2 LA RN AZ O (R B
FEARME N E — PR R v ) PRI B R e

100

X — — - HKUST-1(mech-EtOH)
\\ —— HKUST-1(mech-CHCl})
80F  N. T~ ——— \
N |
B \
& 60 \
2 ‘\
g
40} \
\
\
e ——
20
100 200 300 400 500
temperature /°C

Kl 6 HKUST-1 [ TG K
Fig. 6 TG curves of HKUST-1
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HUG 3 (VOO JREER, BRI RN vOC A
A W 7 R R AR VOC A HEE AT
B . AWFRIE T LRSS E
HKUST-1 XJ 2828 W B AH P4, &7 9298 K T
FARSME HKUST-1 _ERIMR &R 2. HE 7 aTbd
EH|, KM HKUST-1 LR AR ZE Ny T B0
SERLE, 7 0.1 kPa J& 77N W RORGH A B,
FIATUFLIRBE, 158 B R F SRR & A R A 4
TR B K EMIFFL. WA 7 37T LEF], 75 298
K. 8 kPa B AU Ak 7% & i) HKUST-1(mech-EtOH)
$of R (% B9 6.90 mmol + g !, T K BVE R
53] HKUST-1(hydro-EtOH) (5.53 mmol * g™")
DA B S0 75 A AR 345 2 ) HKUST-1(mech-CHCl,)
(5.58 mmol *g ™). ZEEHLAL A F ) HKUST-1
Yo 2R PRI B o U7 v AL AR BRAS B HKUST-1 =
29 25%, FEEHTEWRER TR CES Cco®
i i, RIGERYS B AFHh B ¥ HKUST-1 1L
G L FLAR T iR B I AT IR AR S B TR 2 1, TR £
PR PR, B T R B P RE

adsorption quantity /mmol.g-1

m HKUST-1(mech-EtOH)
1r e HKUST-1(mech-CHCl,)
4 HKUST-1(hydro-EtOH)

o 1 2 3 4 5 6 1 38
pressure/kPa
K7 298 K FHAE HKUST-1 |- (i b5 3 2k
Fig.7 Benzene adsorption isotherms on HKUST-1 at 298 K

2 BT 43 SCHRIRIE 1 DA K ASHIT 55 6
HKUST-1 X 25 (1)~ F- e Bt 5, 32 h Bl R W] S BT
AL FEAS B ) HKUST-1(mech-EtOH) T 2 P47 W%
Bt 52 T A [RDRBE g 2% AR e PR . B
A R B TR 2R P A R B R, B SRR R
B HRUST-1 % 25 P 4 B B 240 28%.

3 4 ®

1) F FHAUBAY 55 AE R IS 18] A R D) & B T
Z LA B HKUST-1, A% T 7K #0985 B HKUST-1
AAHE R LR AR E SR ALE . YU 5E
B HKUST-1 BA R o fLa5 1, HA LA

R2  ANEWRBHFINT R H 2

Table 2 Adsorption capacity for benzene on different

absorbents
Ads. Ads. ]jenzer}e
Adsorbents Temperature Pressure & Sorpt}on Ref.
quantity
/K /kPa o
/mmol * g
activated carbon fibres 298 8 5 [16]
carbosieve 298 8 3.5 [17]
activated carbon 293 8 6 [18]
zeolite NaY 303 8 32 [19]
HKUST-1 300 8 5.38 [20]
HKUST-1(hydro-EtOH) 298 8 5.53 this
work
HKUST-1(mech-CHCls) 298 8 5.58 this
work
HKUST-1(mech-EtOH) 298 8 6.90 this
work
TR a5 IR AR T, R A A2 LA

TR B 2 TR B

(2) BHAEREFEE BT B2 HKUST-1 FL45
A J5e 3 T 7% B P T SR A AR s 7 3 R Al 1 s i 25
TR T KRN B HKUST-1 #48)
T ER . SR — s i BT Va5,
5 oA 1, 55 CoP ARG BT, B
H5 CO EEIRES T, RN SRR AT IR (A 2
= HERA Cu(OAc),*H,O ¥ R A TREF it &
22193y HKUST-1 #1%} BET LR A &1L 1442.7
m’ g_lo

(3) LENHENAFR) HKUST-1 4 &S A
FUF WP PERE, 7E 298 K. 8 kPa £51F XA
()T 187 W B 25 B ik 6.90 mmol = g7, ELEAGTEAL
331 HKUST-1 /K #3EA B HKUST-1 X 4511
W B 5 = 2 25%, 10 B TR Bor R
A SR B 70 06F 2R 1)~ 1 R B

References

[1] Stock N, Biswas S. Synthesis of metal-organic frameworks (MOFs):
routes to various MOF topologies, morphologies, and composites [J].
Chem. Rev., 2012, 112(2): 933-969

[2] Friscic T. New opportunities for materials synthesis using
mechanochemistry [J]. J. Mater. Chem., 2010, 20(36): 7599-7605

[3] Pichon A, Lazuen-Garay A, James S L. Solvent-free synthesis of a
microporous metal-organic framework [J]. Cryst. Eng. Comm., 2006,
8(3): 211-214

[4] Beldon P J, Fabian L, Stein R S, Thirumurugan A, Cheetham A K,
Friscic T. Rapid room-temperature synthesis of zeolitic imidazolate
frameworks by using mechanochemistry [J]. Angew. Chem. Int. Edit.,
2010, 49(50): 9640-9643



52

ZE RN WU AV & R R A WL SRR HKUST-1 8% HC0 B 461 g

* 799 -

[3]

(6]

(7]

(8]

]

(10]

(1]

Yuan W B, Garay A L, Pichon A, Clowes R, Wood C D, Cooper A1,
James S L. Study of the mechanochemical formation and resulting
properties MOF: Cuy(BTC), (BTC=1,3,5-
benzenetricarboxylate) [J]. Cryst. Eng. Comm., 2010, 12(12): 4063-
4065

Schlesinger M, Schulze S, Hietschold M, Mehring M. Evaluation of

of an archetypal

synthetic methods for microporous metal-organic frameworks
exemplified by the competitive formation of [Cu,(btc);(H,0);] and
[Cuy(btc)(OH)(H,0)] [J]. Microporous Mesoporous Mater., 2010,
132(1/2): 121-127

Klimakow M, Klobes P, Thiinemann A F, Rademann K, Emmerling F.
Mechanochemical synthesis of metal-organic frameworks: a fast and
facile approach toward quantitative yields and high specific surface
areas [J]. Chem. Mater., 2010, 22(18): 5216-5221

Nelson A P, Farha O K, Mulfort K L, Hupp J T. Supercritical

processing as a route to high internal surface areas and permanent

microporosity in metal-organic framework materials [J]. J. Am. Chem.

Soc. , 2009, 131(2): 458-460

Liu J C, Culp J T, Natesakhawat S, Bockrath B C, Zande B, Sankar S
G, Garberoglio G, Johnson J K. Experimental and theoretical studies
of gas adsorption in Cu3(BTC),: an effective activation procedure [J].
J. Phys. Chem. C, 2007, 111(26): 9305-9313

Xiang Z H, Cao D P, Shao X H, Wang W C, Zhang J W, Wu W Z.
Facile preparation of high-capacity hydrogen storage metal-organic
frameworks: a combination of microwave-assisted solvothermal
synthesis and supercritical activation [J]. Chem. Eng. Sci., 2010,
65(10): 3140-3146

Lin K S, Adhikari A K, Ku C N, Chiang C L, Kuo H. Synthesis and
characterization of porous HKUST-1 metal organic frameworks for
hydrogen storage [J]. Int. J. Hydrogen Energ., 2012, 37(18):
13865-13871

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Petit C, Bandosz T J. Exploring the coordination chemistry of
MOF-graphite oxide composites and their applications as adsorbents
[J]. Dalton T., 2012, 41(14): 4027-4035

Hartmann M, Kunz S, Himsl D, Tangermann O, Ernst S, Wagener A.
Adsorptive separation of isobutene and isobutane on Cus (BTC), [J].
Langmuir, 2008, 24(16): 8634-8642

Yang Y, Shukla P, Wang S B, Rudolph V, Chen X M, Zhu Z H.
Significant improvement of surface area and CO, adsorption of
Cu-BTC via solvent exchange activation [J]. Rsc Adv., 2013, 3(38):
17065-17072

Li Y W, Yang R T. Hydrogen storage in metal-organic and
covalent-organic frameworks by spillover [J]. AIChE Journal, 2008,
54(1): 269-279

Lillo-Rodenas M A, Cazorla-Amoros D, Linares-Solano A. Benzene
and toluene adsorption at low concentration on activated carbon fibres
[J]. Adsorption, 2011, 17(3): 473-481

Carrott P J M, Carrott M M L R, Cansado I P P, Nabais J M V.
Reference data for the adsorption of benzene on carbon materials [J].
Carbon, 2000, 38(3): 465-474

Diduszko R, Swiatkowski A, Trznadel B J. On surface of micropores
and fractal dimension of activated carbon determined on the basis of
adsorption and SAXS investigations [J]. Carbon, 2000, 38(8):
1153-1162

Jin W D, Zhu S L. Study of adsorption equilibrium and dynamics of
benzene, toluene, and xylene on zeolite NaY [J]. Chem. Eng. Technol.,
2000, 23(2): 151-156

Zeng Y P, Zhu X M, Yuan Y, Zhang X B, Ju S G Molecular
simulations for adsorption and separation of thiophene and benzene in
Cu-BTC and IRMOF-1 metal-organic frameworks [J]. Sep. Purif.
Technol., 2012, 95(19): 149-156



