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frameworks, IRMOFs). & BRI FEE 4241 £ (zeolitic
imidazolate frameworks, ZIFs). I FL75 /KB 22448}
(materials of Institute Lavoisier frameworks, MILs). %
Wbl K2 484 BH(University of Oslo, UiO). Z{LE
W25 25 #5 B1 BL(porous coordination network, PCN)FIE:
P 4 JR A5 WL 2284 Bl (coordination pillared-layer,
CPL)%. S1EG 2L BHAL, MOFsHELEA F L&
AR FLAR AT R 2 PR BT PTAE S5 Rr a, PRITTTE S
PRI BF L 7k D7 T B AT R A 0 N i R R R T
A nChae®e N i i 4 B BB T 51,3,5- (4R
BB A (H,btb) B3 i T MOF-177, HLangmuirlt
R 154500 m*/g. BhJS, M fTd4RIE T MOF-177%
A2 R iR 7. 5wt%(77 KFI70 bar, 1 bar=100
kPa)!"”. YangZ A MOF-177 FH F W I £ Fhf
VOCS SR, HIZE, %), Wong-Foy%s Ak
)& MUMCM-150#1 %}, H:BET(Brunauer-Emmett-Tell-
er) LR TR R 2300 m*/g, F7E77 K145 bar /4 T 4H,
I i T3R5 Twt%, BRITTUMCM-15040 BHE i S 07
TEA RN AT, Ah, MOFsHEHILEE 12 )i
TR B4R, A A bR/ A (CO,/Ny) 5
B R TP BE(CO/CH) M B LMl L5E(CoHY
CoHg) 7B TN/ KE(CsHy/CHg) 73 85 Befe i ik
Sras ST R, SEBR LA R AEE R ROKIR, T
AT 1 Rl J b DX 4 28 A R (R X 2 60 %~
90%). X F—2esKARE 22 MOF s BHUNHKUST .
Mg-MOF-74)1fii 75, S e TIRERT I, H,0%
T2 SMOFsHHBHY & & PO LAz, SEMOFsHT L
Ji A T A7 B ) DB 228 R B RS R IR, DA TG 7 B W
MOFsHAHx Heftn A e B REN™. T — sk 34y
FEVEAFIUMOFSHRHTT S, BARKZEFAAEA 2 il
TN E 2SRk, [EMOFsH R AR 4 )& 7
JEHO5r TG, H,0%0 F# 2 5 HAM SRS FIE
JISC 3R T 2P W T T 5 SCH At A 1) W B 25 ) B
WeAh, SEGEnEER . ML, —LEMOFskf
PAEtE 2, HAIMIREEFE200~400°C, S EA TN
PR BERT, BRI A e B S RO R A AL
SR TR, B RGE RS S A R AT B R,
X SEMOFs A BE KRR P ARG e P 22 1 it s R )
Hok—2 N .

ZALI B = LR TR AR 5 A F 25 5 1
P S AR B2 R, i EL R T s K P
P, PRI AT AR AR 8 1 1) 55 X 7K 231 B BT Sl 17

E— A HEHEMOF s AR B FHZERE, AT F| FHMOFsH1
ZING S R, BRI Ak A U
IKPEZALERFA R LAMOFsHR A A SR 1 45 22 FL%,
AL AR AT AT, HORNTE R, Xtk Z Lt
L R TR T S 1Y, T4k, MOFsiEZ
FLBAT R OB IE B s, IR R A <k
W EHERE. HET, MOFsIEZFLERATRIAY A B 15 2
A EEEmRAL . SMINBRIEBR L L R A E AR, Aljaz
g NP MIL-100(AL) BLERR AL 46 2 FLRRBTRH(E 1),
FHrp800°CHRAL A i (h-C8O0) ALK 1 J5tha 4 kit
JNIHARZE R AL, [RETfEE R 1A CO,(4.00 mmol/g,
273 KFI1 bar)ll &eH,(1.5wt%, 77 KF11 bar)W [l HE

KukulkaZs AP MOF-5 1 #2010 i 4 Z fLak L, A
LT RIAEMOF-5H1 KL, ik 5 BIRE R HLCO M Bt A T
TR (2.43 mmol/g, 298 K1 bar), J& L IAMOF-5
RS A, Cheng5 NP ER MR T 1 #5051k
MiFe 45 I Zn/Co X4 R ZIFALRL,  Hilf5— R A KL
FLBRFTRL, o725 CRRAL AIRE T HAT H% 2 I CO, IR B
Z545(3.22 mmol/g, 273 KFI1 bar), FHXFCO,/CH,F
CO/NIRA S LI RAFCO, WML £EME. B
T AR AN, ST S o S A M R
HAMOFsEEZ LA KL LinZ AP LIMOF-5 J ik
FIRTIRAA, KRR (FA)ZE 755 | A EIMOF-5 1Y H 44544
o, SR LEE TR PR TL LA A BUMOF s 3t £ £L i
o, HBETZ I FFUR /1 1] 152872 m*/g, I H AW 254
FEFIAMOF-5SARHI2A%. Ibabh, R LA AT DL
L FIMOFs5E L LA L ) 2 T ARG BFHPERE, T
KOH 2 —FA 2k iid A% i, KOHZEG
fad B v 2 SRR SR A R R e — RN, AR5 R

0. 0 /(i\..ﬁ ///
ALl . / ?\
[ ———"2\\
_ N\ /\
O. 0 \J
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800°C/Ar
Controlled £
HF etching /7
Hollow C800 W AlL,O,@C800

B 1 (R4 RU% () MIL-100(AD IS FLAR AT RHE & s 2 Y
Figure 1 (Color online) Schematic illustration of the synthesis of
MIL-100(Al) derived porous carbon™!
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H— B SUR(UTH,0. COMICO,), M= A B B i LN
. WangZs NP5 ZIF-705 | A B 2 MW HE(PET), JF
Wik, FHAKOHG il 2Lt Rt 51
1 C-100%-900FF i AH L,  {if b5 B9 C-100%-900-KOH
BEH LR (2108 m*/g) FIFLAS(1.09 m’ /gy T B3
FIdEE, IR B A CO, M it fE(5.46 mmol/g,
273 KAl bar). HuZ APV LIMOF-5 K R73RIK, LIPS
FRBR AN WA E R ANIBRIE,  BRALHl 8 MACZ fLI A
B, SRIE L IKOH AR, A TMAC-AZAL
kAl LR R AT 152222 m®/g, W] 4 THOE AL AT
FIMACHK B384 m’/g). MfiTHL R, ZKOHIEALS 1
MAC-AM R AL 2, [FIHE BT 8 i fL
(2~4 nm).

2 MOFsHE % LR BHE SR B 5 5 25
Ji i)

2.1 COWeFiH54y 88

TR AR RRHE R SR B I A A R E RN H 3R
PR A E RN Z —, R YT R AR CO
REFERE(CC)FAR, DI Brig iy A COo,HE
WP, MOFs#:ZALaAT R A TS . FLaB ST 5
SRR, TR N2 —Fh AR 19 CO M), FF32 3™
ZHRTEP FS15% T — e HAT R PERMOFs 3t
ZALBRATRIC, e bRl B B B CO, W B L
N RAF e RebE. A, X S6MOFsHEZ LRk R CO,
W B RE 222 H b R WA FLAR DL R R B SN &
AT
2.1.1 R EAARG

X FMOFsH:ZFLIRAT RN, 2 i R HL G jff
PEREA R KA. EAT 5 LR A AU MOF s 5 2 FLk
FAORHE I BT ACO, e P RER). Jayaramulus
APHLAIRMOF-3 itk LARERE R AR oM, 45 th &
FINPCsZ FLBRATRE. 38 o eOAE EMR A AR I o v] LAY
NPCsZFLEAT R FLEZEH.  IRMOF-3FLIE P A HERE AR
WAl i rh ST T L, (B i T2 IRMOF-3 4L 1)
BRI, a5 (0 AR L BEI R IRMOF-34 M6 1T, Bl AL
TSI EL, PRI Rt A 2 0388 0, NPCsZ FLA%
R H R BT N, A N300 me
T il & BINPC-300FF 5 H A d5 & 19 b 3 m A
(3120 m*/g) Fl BLIF 9 CO, W ff #EfiE (14.55 mmol/g,
195 Kf11 bar). Sivasankar: AN Zn-MOF & T AN
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T RIS — R 90 AL b R 1B, W&
PRI T, ZnOBGA i Rl ZnZ& RN &, AR HE
AR . 48k IR A 900°CHY, JZn-MOF
MR ZRZEA IR, A AR AT BENPC o019 L3R
MRUT R 2K, Z800°CHRALHI A NP CyoofF i 1 He
TR (1192 m/g), [FIA R B 40 CO, L i g
F3(4.71 mmol/g, 273 KA1 bar), Hom b2 HABRE & i)
2~4f%. Li% NPYSMOF-253 8 F AR F il fb i 5
MOFCs#1 8L, FFIk 7 HCOo, W MitEre. 458 &M
MOFCs PR Lt 2 1R B 2 B 0 7 i S 30 e
JEUNELE. 5 HABRRACRE AT, 42800°C Rk
3 E]MOF C-800 2 fLfilk bk} H A fe K Lb 3% 1 FH
(1087 m’/g) FIRAECO, M fi 25 (2.88 mmol/g, 293 KAl
1 bar). SrinivasZ: AP 3 ¥ AR [RIMOFs#1H(MOF-5.,
MOF-74FIMIL-53) T AR H4%mktl, 53— &
I 2 AT 5 L 2 1 BURN AL R R B 22 9 FL 45 K A R
(HPCs). WF5¢ & IMOFs Y Fl2EXTHPCsF R FLBRSS
FISEIRAR . DA . i LE 3 i AL AYMOF -5l RT3k
TRRT LASRAS i L 2R T AR HPCS 22 ALBR bR, 11 L 5
B AR R A A MOF-74 K B SRR AT LIS 3 B A &
LR HPC T4 ZFLBR AR S5 41, AT ARK S
MOF-5F1 2 K 2L MOF -5 5y 9K A4 43 551 5% Ak 1l 4 1y
HPC5b1FIHPCSb2. A HZ N, HPCSb2AF S HA B R
PR, XS DRl A ) 22 K HMOF-5 Ak i 78
i 1A PR AT DA AE AL M BE A T 22 LB, (]IS Bt o
TLIRE TS, X SEHPCSHE Y L2 i AU G 2 18 K,
HCO, Wit bt Z 3 (&2(a)). 348, XEEHPCsEE i
(1) L 2 T RS COL M B S 2R AMEAH SE (1 2(b)). Herhr,
MOF-52: 1100°CREAL 1M >k A HPC 5b2- 11004 & 1) Hb %
TR 352734 m’/g, H7E300 KFI30 bar £+ F H.CO, M
B =5 3527.41 mmol/g.

MOFs 3t £ FLag A4 L 3 1 B A 52 i I8 R £ B AR
MOFsFiZs . BHMIEF IR . fe b F
], BRI SA TRARIRE . IEARRTR] . TR AR R
FARAETI LB, B, 78418 kLR FMOFs%:
L FLBBR AL — B 23 1 B JF AT MOF s A4 44 4 FL 285 48 A
51, Ik, MOFs#PRMG R TR, FLIRRIESN S, &1
SR AT A AL AMOF s ZFLER B R FLES I RTE . 5
A YRR R CFLMOFsATRIA e, BA s e 2 i i
FNIHE BRI MOF s b} 5 25 5 A il ey b R T AR ) 2
FLERAT R, (AR BRI, SFefIMOFskHRHh T
TR L R P Fe s S Ak 1 BRALEE T i, S8 1L
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Figure 2 (Color online) Specific surface areas and CO, adsorption capacities of HPCs samples (a) and plot of CO, adsorption capacities of HPCs

samples as function of specific surface area (b)

ZERIREIR, M 5 A A IR e T A 2o F LB A ),
H A H A BMOF sk 22 FLAR AR ) 81 4 M I 35 B A7
BRSO W TN =W RAHE. TEME. ErEER AR AN
DU AR S, AT DAIE o V85 A0 Mt AR A o 25 DA B o
e b — s ZFLRAT RN FLBR S5 R, — b fb IR
DR R T MOFshRHY 52 4 i Ak, S22 m kb
TR ZFLIRATRL, (BRI &, — s
FHMOFsJFA LA RIYHE, 55— )7 A 5 4 i 524k
WREE Y, i1 ZFLESABIR, S8 Lk bk
AT, SRR A MOF s I R A I Bt A
Fr2 . E AL S, AEARIRE . SRRt iR Ak
PP DA B AT L B 2, R B R R T 5 A 2 1L
WA RIS A B FLEE RS, PRIk, 385 IR 1 MOF s
IRURFBIMRIR RN S ST, RIS TS AL 15 1L
T4, A B A 5 R AR R 4F-CO, M
BRI BEIMOF s £ F LR b4t
212 ILEHEH

W B 550 A L AR RS St AR B 5 1 B ok
T URARLALAR X AR S B AR A S
FATGrRUAR3RMEDL: (1) ML/,
SR ZS BT AS = AR S, (2) SRS TR
YT R/NEE, BT RIARFLEESBE S (10 B il A5 S A4 43
THOERERM, A5 TR 3) SRR T
T, SR FEAEFLIE N & A 2 L 22, At
ISR BMBERING, HAUIRIE SR T RN,
S TR M. Hi, X TCo,WkMt 5438, £41L
WA BHLAE R SF 5 CO, 00 F RS & 75 A DE it B 2 i

HCO MR, COmFa %A 3.3 A, MLz
YR CO T8 J12 HARRI WA, CO, MRt g B
PR Heah, 2L RHRALAR S X T-CO, M i 5
SYESTE RIBEEE. SLFL AT R COLFRAE K i A IR ko7
R, R CO MM A 5, A LATRAL AT A COL T
PEASALER S, i, AL, A FLARFLAY LR
IXHESE T ZFLBRRT COL MM 25, [R5 COL 7
ZFLBR N B %, ShiZs AP AL-MOF# EHR 1L
il & TN-NPCZ fLAx # kB, JHBET L3 i >
1244 m’/g, JEA FERFRMALAN LG, TEIUET
(<1 bar), CO,MIMEHH & FE HMAFL(<T nm)PEE, 1M
TEHE T (45 bar), CO,AYMFFHe 3222 LA FLAG
[FJE. N-NPCZALik# EHFE45 barFl313 KT HICO,
W B} 7T 35 10.00 mmol/g. RIfHi#E373 KT, N-NPCZAL
TR AT BTSSR B #7519 C O, W B B (7.20 mmol/g).
ZhangZ NS ZIF-8 B AL i % T ZIFC Z AL bt
A, Rl ) ZIF-85 | A JA] 28 — - ik - H A IR (RUF), JF
B Ha AL R ZIFC@RUFCZ FLE A RE.  ZIFCH R 3
A MALGE, M ZIFC@RUFCHBIAUEA E & 1
LS, IR R = A FL(2~4.1 nm). X EEA-FL
PIAETEA AT L4 25 ZIFC@RUF CHA A L 2 T FHUAN
LB, @A F]TCOML Y . ZIFC@RUFCH #}
1£298 KF1 bar | FICO, M f 5t 5 TZIFCH K} ZIFC@
RUFCHRHYCO, U Bt R ¥ 6.77%x107 " em’/s, & T
ZIFCHHH3.31x107"" em®/s), #I A FLEEHIMZIFC@
RUFCH BHEA LB CO, W B HiHE: fE.
FLESFRRIE, i RmA, LA, LR, #aH
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PR IMMOF s ZFLIR AR CO MBI BE. IE T (<1
bar), CO, MR 3222 AR fFL(<0.8~1 nm)PReE,  ifif
HEER IR, CO, B W i 32 22 h fcFL A FLAL ] e
FE. AL CO, WSS R, (ALK
FLWAREZE, KB4 R T COL e ZFLERAT RN
B I T CO, M it FOMOFs KL 2 F LR AT RHER: 1 5
HA R LRI ZAN, 07 ZE A F &ML, L
A B FLATRAL.
213 ABLEMYH

=R 1B 2% AT LI RO 22 FLAR M4 R C O, M BT
PERE, MEBA. AIBR. BB IS4,
Hop, ®B2 080 12 H T RIMOFsSE Z LAk A RHT)
CO, WLt 54 Btk e, PanZ AP [ibio-MOF-1H15]| A
K'A W K@bio-MOF-1#1 %}, 4K J5#bio-MOF-1£1
K@bio-MOF- 1535l T AN Al B T fefb il & 17— R 5N
BABM-THIKBM-TZ LAk R, B0 T e A1)
CO, WM, FHAGE T ENTICO,/N I B E 1 (#3).
Hrp 287000 CHR AL BT il 8 UK BM-7008E i Hh &5 45 K

@
g

Microporous carbon

© 5
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B BRI, HA S R10.2wt%, FHHHIH R0
BRI B 37 55 KBM-7007£298 KFI1 bar | XFCO, M fff
H1]343.29 mmol/g, HXFCO,/N, 1T it 5 553599,
X F AN F K TR IS AR BT P A 0 3 6 B L L
K CO,MINE el Z A #sm R IMAH BAE . Gadipelli
FGuo* ™ Z1F- 8T Ak il 45 75 AU E REMT 19 2 LR b1 R,
AR R S A AE AR Zn-NIL A, T FRUESS, K8 Zn
Bk 2e, MNIMFERRE 22 BT S NJE 7. Horp &
700°CHRAL FIFR YL BRE S CO, M it 1] 343,51 mmol/g
(298 KFI1 bar), B IAZIF-8MRHNSMEAAT. Afjazss
NSE S AT T ZIF-8 AR HINH,OH & T~
[ T — iR A kAL A5 S Fh Z LA BN C-600
NC-700. NC-800. NC-900FINC-1000). 7 Z,
NC-700FINC-1000FF i b R THBAHZ K, 73510
1022713268 m*/g, SR EATEICO,ME 503 3 H450T,
I3 R 4. 41714.48 mmol/g(273 KA1 bar). Xt HxX i fhA4
BHE A U] & BENC-100089 & B A 0. 7wt%, 1
NC-70019 & A m1520.9wt%. HILAl A, B F A
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Figure 3 (Color online) bio-MOF-1 and K@bio-MOF-1 derived porous carbon materials. (a) Schematic illustrations of the preparation of porous
carbon materials derived from bio-MOF-1 and K@bio-MOF-1 precursors; CO, and N, sorption isotherms of BM-700 (b) and KBM-700 (c); (d) IAST

predicted selectivity (CO,/N,) for BM-700 and KBM-700 at 298 K"
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P A

Ah, LRGN S B K i H.CO, el 25 . It
Ak, NC-700848HE273 KR XFCO,/N, AR Jé 31 45 1
PIEREE(S9), X FELE i TA R & T BB L5H
1o HL AT 2 B (NS 05 50 5 T AR AR R P C O, 43T (BB B
Je A AR - PO AR A A .

— s, SRS ERIAMUE A EEN
TRERRHA, FRS&A LT TR, et
T & AMOFsHE 2Lt R R 1 B iE A 5 CO T2
A B/ FPLER. MaZs A2 4 MOF-55 JR £ (urea) B T
AR N AL il B NB 22 2 AL BHMUCT), IR
IXSFEOEH T REIEHOR (XPS)XMUCT Z fLEx bkl
T AT 00T, AT XIN 1sIEHEAT A3 I 400575 3] H
RIRT EZAAAELLU I SMIES: MEBEN(398.6 V). MK
N(399.8 eV). ZHE(400.5 eV). f1HEN401 eV)FI%E L
N(402.4 eV). [AlA}, ff10F5E T MUCT ZfLIkZR AL
MESLRA ., MEREIEHA] . IR E R S5 COo,0 T2
B A ELAE FHMLEE. 7E X LAV E REFTH, mEREREA S
CO,MIZEARER T, 721.26 kI/mol. TEWER I FRrh, ik
e S A ) R T4 2 A PTG B BT R 25 COL B B LT,
T P2 2 8 o SRR . T 222 P 5 C O, L
AWREE G 72, HE5 G685 74 18.60F110.82 kJ/mol.
BAAEHCOMAMRLE G I, HE5GHE3h16.45
F15.72 kJ/mol. MM LRI 20 3 1 RE A 5 CO MU EA
%2 R B AE I, hi HLEA SR . J34h, B35 C0,
(254 e f e 14.88 kI/mol. CO4r T S5 5L AH .
YERAFAE PRSI (1) BEEPIEIRT5C0,50 11
SR T A AR AR (2) RAETP YA R —0.444¢
(AR AT HL AT, PRI AT 5 i e 3, Pl 4RIt
COM T, MIMTEIRHHRAER. B, MaE AL
ZIF-8 N, PRENIMINAIR, & T —FRFIZIF-83E
ZALt kL RIS A S XT L, BFFE T IREN . Nk
NALE BN =F S A B REA S5 CO, ML & RE. X3F & A
BB S CO,MSS A RES R F4 580, R RS A
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Figure 5 (Color online) N and BN doped porous carbon materials. (a) Schematic illustration of the synthetic procedure for N and BN doped
nanoporous carbons; TEM images and corresponding EELS mappings for C, N and B elements of BNC-800-1(b), NC800 (c) and their EELS elemental

spectra (d); H, uptake based on unit mass (¢) and unit surface area (f)[éo]
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Figure 6 (Color online) ZIF-8-derived porous carbon materials. (a) Illustration of synthesis of nanoporous carbons by direct carbonization of ZIF-8
crystals; SEM images of small-sized (b), middle-sized (c) and large-sized (d) ZIF-8 crystals; TEM images of small-sized (e), middle-sized (f) and large-

sized (g) nanoporous carbon particles[
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The adsorption and separation of gases are important for mitigating the greenhouse effect, popularizing clean energy and
treating volatile organic compounds (VOCs). Metal organic frameworks (MOFs) have been attracted broad attention due to
their high specific surface area, adjustable pore structure and surface functionality. MOFs have been widely applied in gas
adsorption and separation. The drawbacks of some MOFs are the high humidity sensitivity and poor thermal stability that
hinder their industrial applications. Porous carbon materials possess high specific surface area, exceptional chemical and
thermal stabilities. Porous carbon materials derived from MOFs as precursors not only overcome the shortcomings of some
MOFs with poor water and thermal stabilities, but also retain the advantages of MOFs materials effectively. MOFs-derived
porous carbon materials have good application prospects in gas adsorption and separation.

This paper introduces the research status of MOFs-derived porous carbon materials, and focuses on their applications in
the field of gas adsorption and separation. Synthesis methods for MOFs-derived porous carbon materials mainly include
direct carbonization, carbonization with additional precursor and chemical activation. Specific surface area, pore size and
surface functional groups of MOFs-derived porous carbon materials have great impact on their adsorption and separation
performances for gases (carbon dioxide, hydrogen and volatile organic compounds). In general, MOFs-derived porous
carbon materials with high surface area could exhibit excellent adsorption performance for CO,. And the pore size
characteristics of MOFs-derived porous carbon materials play important roles in the adsorption capacity and diffusion rate
of CO,. Nitrogen doping can improve CO, adsorption capacities owing to Lewis acid-base interaction, electrostatic
interaction and hydrogen bonding between the surface functional groups of MOFs-derived porous carbon materials and
CO,. Furthermore, H, storage is primarily determined by the narrow micropore, and chemical doping can effectively
promote H, storage of MOFs-derived porous carbon materials. In addition, VOCs adsorption is associated with the
physiochemical characters of adsorbents (e.g., specific surface area, pore size, pore volume, surface chemical functional
groups), properties of adsorbates (e.g., molecular weight, molecular structure, polarity, and boiling point) as well as the
adsorption conditions (e.g., temperature and humidity).

However, the researches on MOFs-derived porous carbon materials in gas adsorption and separation still face many
challenges. (1) The pore structure, morphology and surface chemical properties of MOFs-derived porous carbon materials
are directly affected by various factors, such as types of MOFs, types and amounts of additional carbon sources or
additional nitrogen sources, carbonization temperature, time and atmosphere, types and ratios of activators, activation
temperature and time, chemical doping and so on. (2) There are rare studies on the adsorption mechanism of MOF-derived
porous carbon materials for various gases, the multi-component competitive adsorption mechanism, and the influence of
environmental factors (such as environmental temperature and humidity) on the adsorption performance. (3)
Environmental pollution will be caused during the chemical activation process of MOFs-derived porous carbon materials.
At present, there are few reports on the recovery of pyrolysis gases and dispose of the generated waste during the activation
process. (4) There is an urgent need to develop new synthetic methods for MOFs-derived porous carbon materials to
achieve large-scale production. In a word, the related researches of MOFs-derived porous carbon materials can not only
expand the application range of MOFs materials, but also promote the development of gas adsorption and separation. We
believe that the application of MOFs-derived porous carbon materials in the field of gas adsorption and separation will
make great breakthrough in the future.

porous carbon, metal organic frameworks, adsorption, carbon dioxide, hydrogen storage, volatile organic
compounds
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