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[FAEK ZIF-8 s A EZ REFLIREHAIIEE S
Ry Mt S ORE R
B 12 BERE 02t pAEiE 3), #tesiE 102)
KENE D PHRE D I 12
D (REAASE Q650 AR S TRAE E A58, Jbst 102249)

2) (AR (50 kY B2 RE, dE 5T 102249)

3) GEMRZAAES B 5 A TIEERE, K& 130026)

KA AR (CO2) MR FE 35 2 T v {58 v AR A 45 « 1) 5 351 47 (carbon capture,
utilization and storage, CCUS) 5 R @ Inid ). B W CO NI SR RUK JZ A
AR AT b S5 B AE AT 7 AT T SRS (enhanced oil recovery, EOR), {H KRR E A
A7 R TETR B 78 0 AL BR R S PR i, i COr ZERK VR NI AR TR TS A7 £
LR 5 MR AR . B I — AR, AR IAE R E A (UE RS, BS)H R A A
K558 A HIHEZE A EHMOFs) (b A1 BRIEREHESE -8, ZIF-8)48K b A, 47 e LR AR
B SRR tE S AL B T e ZIF-8/BS &2 L. HHAMME LN,
ZIF-8 1E BS KM S 1 A MBOFORTF 1 5 B A fh AR 45 1 - COn W BT« N WRCBF L

JER(MIPYF To—T» 5§ A sk B HoR, ZIF-8 5] A f BS A tigfL. LA
KAGLEFEIM R 2 REFLBREG H; JEA A K G B ZIF-8 EEE AR 1 FLBR S FLhi s

AL SINTAFLTTIR, AR HI 55 BS BRAT FLRR 2% (R 1, JF HoRe LER T AR h 1.8197

E X HRBl RS (IS U24B6001, 42474165). E K BHL B KL TS -

2025ZD1400304) %% By f) 15
+ JBE/E#E. E-mail: liaoguangzhi@cup.edu.cn
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m? g VPR A 254238 m? g ', 7E 298 K. 100 kPa N, ZIF-8/BS ] CO2 Wi Fff &k
#2221 cm® g 'sre, WEET BS 9015 cm® g ste,  HLZ IRAEIAIR BB IS M RE

RFFREE . BEAh, 3PS5 &R A RIILIRONMR) W I T~ fA) B 1 57— S A B (sc-

COo)—/K/JH JRX 5 S5, ZIF-8/BS 7 /K AH A1 AH 90X i A 241 R 3 L BE G A AR

IT R RS /1 S IR 0 . MR T BS, ZIF-8/BS [RIFRA/KMAIE H 43.18% %%

32.34%, K IR H 56.82%4%E 51 28 67.66%; 5% 43 T AN 1 37.49% 4% 48 28.69%,

R 62.51%52 2 71.31%, A #1532 3R 10 A 2 ) FLEESR AR A

AR, ERIRE A LB AN MOF DifetH, I ELCREF E A FLRR
5Ll b SEHL CO2 W R 3G 55 5 BCE BCE IR & 1EH, D9 CO2-EOR 5 CO» Hi it daf

fE I RE 2 LR S SR AL SR 4 1T BT T AR i

KR SEAVUEZRMEL SOV BRIE. AN SEAE; COfEmaHR
e Rz ItR

i}

1 3

LR, NUEEIFEA R EBCONRFEE R, 2R URAGE
ARWE, W R AT 2 . T I BT R ARSI XS IR, A i = AR HE
TBOSE N A BRI [ T T P EE KPR AT VR DA S E LR 7 A R AT AT 1

FARMAE, Wfse . Al 534 (carbon capture, utilization and storage, CCUS)#% A

e SR R H AR BB B SRR 2 B, Hodr, S RET COL FENIR SR
JFAR, W SRR RK JZ  SEE K A 3 57 J5 77 5 e I 4 = A i K2R (enhanced oil

recovery, EOR), L8N HT CO2 IR AL AL ¥ i) 55 22 7 [m) B,
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JRE COy BT 37 B & ORI BEAR 28 BRI A ) AR A, (E K] 22 4
Y5 B R Z Bt E A BUAAE L 5T 1) 2 2 ) 290000 AT S A7 B ) 32 SR
TP M B R VAT S A A I AR, T X Le R R Y 5 i 2 AL 2
T B 3R SR B A M BB A G RN JZ A, Wb S AR 3
T R AU RIS, RUA R, X COy 1) F TR B 5 53 € Vit B3 e T AH XS
AR FERINEAME R Z 5T, TR A CO2 15 7T g i 2 4% sl il M B
HIFLBRIZR ISR, ARTE S| ) F s RS0 DRIL,  FECRFFA 2 2R 5T PR A5G
KIBPRESTIHTIE T, $2FHE AN BT CO2 MR 5 BE BB 77, 242 myHb it 77
A AR 2 2 o N ) 2 R A )

HAT, ZhREGK Z AL R T2 R T COr IRARIRA Ksrfk COx R
RS #E(CO2-EOR) T il Ay b 5t AR SR 1) — A B 2LA7F 5 77 [ O <5 @ AT HLAE
4861 B (Metal-Organic Frameworks, MOFs) i1 4 J& 5 & 5 HUECAR E 38 %, A

AR AR R LR RAMR DA AR E SR AL, B2 T CO I 52

LT . JLEER, MOFs HHICHEFE O B AR i b 2R i AL 4% 1A AL AR A . 2

Bef it AR PRSI AR A5 D5 1] o B0, Kim SE02HRAE [ PO RA

MOF 1}, Al by [0 ML SEEL CO, R AR A8 Lin ZR(DHRIE

T A HCKHI £ ) CALF-20 %Y MOF W57, HARRSAE AP R I

HEUFI) COp MEFRPEAIZERIRS . Shi 2509 1, MOF LI ) CFF i 586

[t

PRI A TR COL H4E R . % T ZIF 26 MOF #4 %}, Guan 25512554

T ZIF 3R & B FARLE COp 70 B IR FEBERE , 4 tH ZIF-8 SEARL I A A 2 e (1Y

gL A B A A AR e M e 5 R GV LR I B 671, £ COp I FETE

felin 500 B S BIFF S OGTE . EIRBE AR W], MOFs i fLAR0 7« I iE )&
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57 s G Ty BE A AR A IR B 7 R R 4% 25 I AR 1 5 COo IR B PEBE s (HIA BT %

b TR AR B0 JBERARE L [ R BB A R R TV A 4% 5101, K MOFs

SINRIRE A1 R LTS COr W IN-SXEAT VI SV AHXS A R . [, MOFs

AT AN RO AR B BT A AP A, AR /2 A5 T 5 e AR AT Bl o,

LB A AT e IS

BEX; LR R, ASHIE T BTt I OT R T AE R IR S A LRI 28 A B R A A K
MOF 40K ik, MEMAE A AFErES MOF AL IE S & 2L
Jit e 1ZJ7E— T HAMH RR G A RS 2, DR E R RHE LB RS 2
FRE ST ST B MOF ML /A m LU R TETRR, A A FLBR R S
RFAE, S4BT COL MR IR S53 BV FH o S H COo W PR SI236 5 A% R L 4R (NMIR)
U A 5 — AR (se-COn)—ZK A 3R B SEIR AR 45 5, W RIRE A1 e MOF/ &
AZEZAN T COp W M—IR B AT A HEAT X L4 BT, R TR A2 K& MOF %
FUBREEH . SRR ] K CO, Tl B RE I sEma b, Rk — BB JL7E CO,-EOR

5 CO 5 B 45 7 i S R T 77

2 it SRniE
2.1 SRR RN
S8 P HI 22 LAY BURE it AR ZE4R DT 05 (Berea sandstone, BS)f& Ly, ST
950 mm x 25 mm(K x EHAE), fLBREEZIN 18%, BiEZHEZ))Y 100 mD.
S8 BT R A SR B 4 7S K B TR BE(Zn(NO3 )2 6H20, A1E 99%). 2- FH kK
Me(2-Melm, CsHeNa, 4R 99%). HEE(ZEE >99.9%). AEMHI(NaOH, 4ifE

98%)Fl12 &7 /K(DI), W H i3 e AL IR A & (P ).
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2.2 ZIF-8 %

ARAG R REAE L, SR FH SRR 1 7532 ] 4% A R P HE 428 (ZIF-8) 4 AL,
E I AP K Zn(NOs)2 6H20(2.4 ) i fif 1 HIHE(40 g) 1 25 25
TKEG g)HITRA WM A H 4 2-FEEBKIE(6.6 )i i1 AH [F] 2 B VR 55V 77
o B PIAROR &, HTE SR N IESRE RN 48 he [RMIGER ), I
OAr BARARE R4, RS 3 LA 2L BRI A AR S B . B

Ja, PR MET 110 CCREFM N T LR, 152 ZIF-8 B K.

2.3 ZIF-8/5 0 2 &2 LN BH %

KRR AARIEM & ZIF-8/BS B2 AL, 385 3% i AL BN & 152
TEH, ¥ Zo®"Hie T 5 A FLBRRE, B ANGHIAE, %S ZIF-8 iz E S 4
Ko AAOPIRIT .

(D)% BS FEAR R8T KFE M8 E, £E 110 CHRZ %A T T4 48 h; fifijm
K IR T 15%(w/v) ) NaOH #3912 h, {FFLERRTH &4 Na*, NJEs: Zn?
[F] 52 $R L 25 A ML A

QPSR )G, HEBET/KRE MRS, BRI pH Bzt

QYK AL HL 5 1Y BS FEAL A 5 AF MR RTIRAR I 24 h, DU HEFLBR R T
B Zo* 5 Na 2 MR AT B 1284 WH Zn(NOs)2:6H20(4.8 g)Va i T
HBE(80 g) 125 B8 17K (6 @) FRIVER £ 7] Hh o T e

(AENTERUG, 18 IR SRARVE R MBS, SRIGAE ST T HiFE 48
h, DMEME ZIF-8 75 1 FLBR R R AL Az A AR Ko BOARVA VR T 2- Y K (13 2

VAT HEE(80 g)Fl 25 B 17K (6 g) IV & ¥ 771 A e i) 1) s
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(S)I LTS, K PTEAE ih F FEESESR 3 U0 &K 60 min, LAEERAR M
AR K R TR B Y): BEJRLE 110 CCIHAFZAF T T4 48 h, A3 ZIF-8/BS

BEZ N

2.4 FORRAE S W p I

P i 2 T T 300 % 0L 45 W 2R P 9 J 4 4 P 7 2 3B (FE-SEM, GeminiSEM
300, ZEISS, £ [E)#EA7T W2, I 254 fig 2 (il X 5 261 (EDS, SmartEDX, Oxford,
S [E) /T TR A0 o AT AT RE S AR B IR R R SR T AR 29 10 nm
JEH4 R, LA RSt

m R EERSR F X B 2R ATHHU(XRD, D8 Advance, Bruker, 72 E)E{THRK,
PTG 20 = 5-90°, HKy 0.03°, MBIy 1s. B REFR G Bt
AT AMGIEAL(FTIR, Nicolet iS20, Thermo Fisher Scientific, 3% E)# 4747,
MR TGy 4004000 em ™' K E ALK zeta FLAL7M T4 (Zetasizer Nano
7890, & [E)illE .

FLBRAFE 73 7385 NMR AR B 7 A AT R AE . e, KRS T RE
1) To-T2 5 E 33 K NMR 402 A (Magritek, #7178 22)7E CPMG-CPMG
Jikh e A SR A s (N2 R BTt B SR B A 77 KSR T SR FH BER TRIAR 5 L4273
FHX(IW-BK200C, JWGB, F1[E)5EM. A, 7E 298 K 4514 Fic A b 1 No Al
CO W PR &SR . P AR BT, FE S IFE 110 °CRZE 5K MR 24 he

RAZNIE N 5 fE R s B A i s )5, Ad = 1 BE 4 H 8 & kA (Mlicromeritics

AutoPore V 9620, £ [ED)i#HT.
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2.5 EREPEREINK

IXE SLIGAE NMR 7 04 BT (Magritek, #7176 2%) 58, SL6 R G0 NTE LR IK
B—NMR —&EEE, FEHIERME S ORI H] S RGP T,
TEARTEN BTG NMR 5504 R e AL (B 1) isisb B 26 I o 7 v B e
L FE U 3 T e 51 RS AR FE A0 AT R 22 R S5 B B AR AAS 5 P AN R R o
(5 FAEL R AR

A, 1T (55 KA IR-CPMG ik il & . RESHCN: [FIHK
ISP 1A) 0.1 ms, FFHEUCEL 32, S5AF0F[A] 3000 ms, [EIEZHEL 30, [H1iE AN BORAE FE
SR T AR EREAT Vg, DA RSB IR 5 78 40 S ek

HARSEIRAZ T

(1% BS il ZIF-8/BS FEfE T 110 °CF T4 24 h £/HE, HELTHE
mowo BEJG, FIFHIEZINEWAISE BIE 20 MPa 2614 FHI/K 24 h, FREMKFEE
M3

QYR FE AN VUG CAR(PTFE) B, HRHIXUZ PTFE A& AT %
DR B i P s 5 B PR R o BB A D e RRER IS, 1 SRR S8 A KR
S THHIE -T2 WRIE 5, CARAERIAG K oA s

Q)X EFIE AN 15 MPa, [HJE4 10 MPa, &Y 40 °C, EEILIKEs2itil i
%At

(4 COr 214 EZENNE 2 10 MPa, i H4b T I SR 4 (supercritical CO»,
sc-CO2), FFLL 0.1 mL min™" FEE FUEEANFE R, HEAT sc-CO XM ZKRE it B
S

G)IE LT, P D BESETRERN, ORI A 2R
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EIRES, REFRRARETH M-L BG5S WEERE, R mRERE
m2 ws;

(6)TE UK IRSESS e, A e T TR B E L, MR TR moo. B, 1

[0 P R 2% A1 A0 R gk — KV 5 ik 24 b, BREMOMTUE m o

(RN MRS N T=D st BRES . B, £S5 KK 56 A [F 3 5t

SR, AT sc-COn XM IhATE i X EE S0 . pE b 1o g (E 5 T FUE

WA R B NG , REBGRMHRE N 111 st BRAE 5 . IKEE4E

AUg, ICFFE A R R mo.o.

AL AKIHE BS M ZIF-8/BS il H 5 A A VLR E (S5) FAK 35 25

M)
m . _m .
S, = —= % % 100% )
my; - Mmo;
mypi-my;
i = ( L 2’) x100% 2)
my ;- My

X, i=w o, DHAEAKHMEAN: mo;~ my Hlmy 73 5 OFE b 48T 5

B VMU B JS B 5T AN sc-COo B ES i Y i 28 5 .
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BRI X GBS e ips

BREIEIR
D RFFE ARk

A

1 @) BER EAE ¢

HE =T %
I B e TRE \ﬁwﬁ
L=V =R/ T e e & Bl
ﬁﬂ£| ©e®
i ) — iy 5
- —_— B RIAREREE
‘ m: 3\,) >
RAREN$TE FEA#EH S ER R AT

BT R 5 — SRR SR B A A 1 3R A S0 2 s e
Fig. 1. Schematic diagram of the NMR experimental setup for sc-CO; displacement of

pore fluids.

3 LHR5ie
3.1 TES. RS

I FH B BUF LR BERE 15 2 (1 K88 BS VRS E 42, FEHUE CO,
W Bt 573 B A0 T2 1 MOF ML ZIF-8 VR N TheAH, i AL 2B K 7
FEEEZAN T BT RRIBLIRRL 51 BIERME, BamTy REE 8T
Z(& 2a). & BRI A RIENGVEAL A IR <@ B AR AE FLIR 2R T b B8 e
REJJARSS, %6 R A NaOH 00 BS #EAT FIALEE, DL 5 H 3 H e PN 3 T
MEARASIION, zeta HIAZINIRSE W], FilAb3 /5 BS R H HALH-23.25 + 2.83

mV A N—48.63 £ 1.46 mV(K 1), UHHHRMM AR E g, X—BHEF T



181 Zn*fEALBRRT I E S, /G 5E ZIF-8 (15 A7 B 5 AR K A 58 G I i) F T 4%

182 fF.
183
184 #£ 1 54k BS ATiALEE BS 1) zeta AL

185  Table 1. Zeta potential of raw BS and pretreated BS.

FE Zeta HA7(mV)
J5 46 BS —23.25+2.83
TiAb 3 BS —48.63 + 1.46
186
187 SEM 255 7R, BS 2 AR A S R0k HERR T s, RIORE (8] T B &

188 A LB AN IHIEE (K 2b). 21 ZIF-8 FRIL H BN ) =4+ —THAR G K i A e
189 FU(KE 20)?). ZIF-8/BS H & Z AL ML B K EAK 435 5 i & T~ BS Mk
190 RIMAFLEEAL B (B 2d), HAMNERHES 4 ZIF-8 fREF—5, REA KIS EF
191 R ERLRRE T AETESN . RS BORE 2R, BS 1 ZIF-8 9K fiAkii2 29
192 286 nm, ZHUBCNIISS, K IWHHEFAHINFRM S . ZIF-8 9K Sk 35154y
193 A AT NaOH FiiAb# 5 BS &£ K B i 2 7 (Si-OH) -7 3 S 4R 1 H 4oy
194 (IFR 1 v Zeta FEAZAWAS BT )21 o SR L8R BT 540 TR R R A 1 (Si-O )il i LA
195  HHECN Zo® BRI E s, JHETIE Y 2- FEEKPR LAY 1) oA o022, (A1
196 VERHIZ, XL ZIF-8 40K Fh R 32 B0 An ORI AR T L ALBEIX 8, R WX BS %
197 WALBEIE R B AR ZE, WO A K ITIEAE S| MOF RN, B iR B 1
198 RINEA W TEARILBIHESE.

199 EEITCED S M ERER T, X ZIF-8 75 BS R Y 547 f 8k e g
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212

213

Ky 5e M HEAT RAF . EDS JLE ML 45 B R, ZIF-8/BS I N, O. Si fl Zn T
TERURLR T 0 A BN (K 2e). HAr, Si Al O EZERIET BS &4E, 1M Zn
N TR R 23 () A AR AR 2 B, & Zn IR R 2R 45 0 I 51N BS R £

A3 Zn BIFE D EZN 2.91 wt%(K 2), #EILMEE ZIF-8/BS B & Z L i1

ZIF-8 Ti3EZAIN 10.1 wt%. X FIXEARA 1 EE S SEM F1 LS 1 i) 2 1 £

HANFLIE R BRI — 5. XRD 4558 5Bon(& 2f), JR#h BS 7£ 260 =20.8°41 26.6°

Ak HE IR L R SEAT S0, 43t RE(100)RI(10T) A TR 46 ZIF-8 7 20 = 7.3°,

10.3°, 12.7°, 14.7°F1 18.0° Kb WIRFAEAT U, 23 SIXFRE(110) (200) (211)+ (220)
M@222)fm w78 ZIF-8/BS 1, T MELE| IR ZIF-8 FEfikdg, ibf Jif LK s
[f) ZIF-8 {545 7 e se I AR 4E#) . FTIR Sti b, ZIF-8/BS 7 1143 cm™'\ 755
cm ' A1 422 em™ b g3l I C-N ARG HR S . 2- Y BEDK PR C 44 1 2125 it R 30 DA K
Zn-N FCA7 SRS RFIE I (B 2g)2Y, 3R BH ZIF-8 1A HLEC MR 4 J8 B A7 AE 4245 2
I BS dih. T LRSS R, ZIF-8 9Kk B BS el R A K,

FFOREF T AR AR AR e B A
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7
%
NKEHER
BRBAT
B 24/ N

ALK
WIR 12/ i

(b)

NERE(BS)

2-FFL DR
BRERT &
SLETTYN G

—_
—-
=

% ZIF-8/BS
Y WS S0 1
F FALHBS
2
2 JF45BS
£

‘ J I BN .
B ll ! A -

4iiZIF-8

A
a

Transmittance (a.u.}»

ZIF 8/BS
\/ CEN \/f
kb EBS

v\/{mﬁ

JE45BS

5 10 15 20 25 30 35 40 45 50

2 Theta (degree)

Kl 2 ZIF-8/BS B & 2L/l Bl & mfe 5 g5t R AE

1600 1400 1200 1000 800 600 400
Wavelength (cm™)

(a)ZIF-8/BS B & Z LA

JR ) % T Z AR & K (0)BS. (c)Zl ZIF-8 Fl1(d)ZIF-8/BS ] SEM K14,

(e)ZIF-8/BS "' N. O. Si il Zn [] EDS JG &/ 4ii; ZIF-8. J&4A BS. TiAbFE BS

. ZIF-8/BS [#(HXRD Elit; (g)FTIR i

Fig. 2. Preparation procedure and structural characterization of the ZIF-8/BS composite

porous media. (a) Schematic illustration of the preparation procedure for the ZIF-8/BS

composite porous media; SEM images of (b) BS, (¢) pure ZIF-8, and (d) ZIF-8/BS; (e)

EDS elemental mapping of N, O, Si, and Zn in ZIF-8/BS; (f) XRD patterns and (g)

FTIR spectra of ZIF-8, raw BS, pretreated BS, and ZIF-8/BS.
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238

£ 2 &3t EDS MisE ] ZIF-8/BS B & L AN R T =4,

Table 2. Elemental composition of the ZIF-8/BS composite porous media determined

by EDS.
TR BRE 5 Hi(wt%)
c 24.53
N 4.10
(0] 45.61
Al 1.00
Si 21.85
Zn 291

ZIF-8/BS & % £l 5t 1R AR FLIGURR PR 30 IR T N2 W BT SR 56 AT 1T
S TG AL B AR HAT b B 3 7R T 4 ZIF-8. J5ilh BS. TiALEE BS Al ZIF-8/BS
(1) N2 PR BB iR 2k . 45 SR W], ZIF-8/BS 1) No W 2R £k R R B 1 A
AT BUSRLRAFAE, JECEBEIT I H3 BURE S IR, U HIRE S P 0 (R i A7 2R AL
LRSS 2 REEFLBREE M . AEAIRHERN B 71 X (P/Py = 0-0.05), ZIF-8/BS [
bt B R h BS BN,  HLR B S 2k S I PRE EAHRRIE, X 546 ZIF-8 AL
AT N —5, KW ZIF-8/BS I 1 RIET ZIF-8 HITRALEA Y] 78 s S5 AH X
J£711X(0.05 < P/Po < 0.7), iz ZIF-8 TlFLIZHE T W B A, IR Ff & 4k e oz e
RGN, 2R B A AL B T R D N 2 0 T R s B B
(FLBR DR R [ ZIF-8 GK R 2 T R HERAFL LA & BS ‘B L rh A ) /e AL 4G

Mo 2 P/Py > 0.7 I, WRBGRE 2k H B B 0 1 H3 3G 538, H s R X 4R 2k
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RIEFIEATI 2, BHIRER P U3 0R B 1 th BS B 2ok i AR GEIRFLER . R

A]FL Sy RALGE R0, ZIF-8/BS 1E LR HAHFLIA R B R4 BS Bl 5t

(% 3), WHIRAAK ZIF-8 Ja, BS AMUIRTG 1 ASMIRLIB AL, RN R

BT RARE A BT FL- KL (A 4). Bk, R ZIF-8/BS E&%

A R I 2 BB, B WL S ALK AIAN RS B BB FLRR o

(a) (b) g
500} —o— 4lizIF-8 —o— J54HBS

- _ iJ =2 14| —o HiLHBS

B diio pum— 239 = I, —o—ZIF-8/BS
‘Tm ‘Tm a6

5 %0 5l

= = 81 AL
fg 200 f! 6l £00009°

S 100 S 47 »
z z 2} 0

ol l | . . ‘ ‘ ol I .,, , (Cc(l)((L k«l | |
00 02 04 06 08 1.0 00 02 04 06 08 1.0

Relative Pressure (P/P,)

Relative Pressure (P/P,)

3 (a)4l ZIF-8 Fl(b)J5ith BS. Fikt¥ BS. ZIF-8/BS 1 No M Pt — it i 2k

Fig. 3. Nz adsorption—desorption isotherms of (a) pure ZIF-8 and (b) raw BS, pretreated

BS, and ZIF-8/BS.

K 4

—0—CO,

—o—MIP

0.00 %

10™' 10° 10' 10%? 10°® 10* 10° 10°
Pore size, D, (nm)

I COL MR B N W B A SR VE(MIP) 3R 151 ZIF-8/BS % R ERHFFLE
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oA

Fig. 4. Multiscale characteristic pore-size distributions of ZIF-8/BS derived from CO»

adsorption, N> adsorption, and mercury intrusion porosimetry (MIP).

® 3 J54A BS. TikbH BS. 4 ZIF-8 J¢ ZIF-8/BS (ALBEZH Ve: RH BIH
At EAA BN FLARALE AL Vo SRHA DR VETHREAS 2R LB FLAR AR
Table 3. Pore parameters of raw BS, pretreated BS, pure ZIF-8, and ZIF-8/BS. Vg:
cumulative mesopore and macropore volume calculated from the adsorption branch

using the BJH method; Vp: micropore volume calculated using the DR method.

e Sper(m? g1) Ve(em? g ™) Vo(em? g )
Jii 46 BS 1.8197 0.00958 -
Tk 3 BS 3.7691 0.01923 -
#li ZIF-8 1588 - 0.938
ZIF-8/BS 25.4238 0.01786 0.00964

To-Ts STRACHR B RALTAAEA R 5t QIR 2 8] 9 B AT 9, AT J
WA [R] R ALRRIE] R @ 2. & 5 RMIACIRA ™ BS #l ZIF-8/BS fEARIR G
I 18] T ¥ 7T TR ACH I o VR A ()9 O ms B, PRHRE S 1030 I5 (5 5 £ 2R
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saturated state at different mixing times.
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Construction of Rock—Based Multiscale Pore

Structures via In Situ Growth of ZIF-8 for

Enhancing CO, Adsorption and Displacement

Performance”
ZHOU Long Y» LIAO Guangzhi YT LIN Tingting® FAN Ruiqi Y» ZHANG Changwei D?
RUI Zhenhua Y XIAO Lizhi Y?
1) (State Key Laboratory of Petroleum Resources and Engineering, China University of Petroleum
(Beijing), Beijing 102249, China)
2) (College of Geophysics, China University of Petroleum (Beijing), Beijing 102249, China)
3) (College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130026,

China)

Abstract

The continuous increase in atmospheric carbon dioxide (CO,)
concentration has created an urgent demand for efficient carbon capture,
utilization and storage (CCUS). Although CO, has been injected into deep
saline aquifers and oil and gas reservoirs for geological storage and
enhanced oil recovery (EOR), the limited interfacial adsorption capacity
and pore-surface active sites of natural reservoir rocks mean that CO; still
faces risks of migration and leakage during long-term injection. To address

this issue, this study proposes the in situ growth of metal-organic
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42474165) and the National Science and Technology Major Project of China (Grant Nos.
2025ZD1400304).
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framework (MOF) nanocrystals, specifically zeolitic imidazolate
framework-8 (ZIF-8), within natural rock (Berea sandstone, BS), thereby
constructing ZIF-8/BS composite porous media with both the structural
stability of the natural rock framework and microporous adsorption
functionality. Morphological and phase analyses show that ZIF-8 achieves
uniform loading on the BS surface while maintaining an intact crystal

structure. CO,_adsorption, N, adsorption, mercury intrusion porosimetry

(MIP), and 7>—T> relaxation exchange results show that the introduction of
ZIF-8 enables BS to form a multiscale pore structure composed of
micropores, mesopores, and macropores. The in situ grown ZIF-8 mainly
modifies the pore-surface interfacial characteristics and introduces a
micropore contribution, without weakening the connectivity of the original
BS pore network, and increases the specific surface area from 1.8197 m?
g1 t025.4238 m* g”'. At 298 K and 100 kPa, the CO, uptake of ZIF-8/BS
reaches 22.21 ¢cm® ¢! s1p, which is significantly higher than that of BS,
0.15 cm® g! s1p, and remains stable after multiple adsorption—desorption

cycles. In addition, supercritical CO, (sc-CO,)-water/oil displacement

experiments under online nuclear magnetic resonance (NMR) monitoring

show that ZIF-8/BS exhibits improved residual-fluid migration capability

and displacement efficiency during both water-phase and oil-phase

displacement. Compared with BS, the residual water saturation of ZIF-

8/BS decreases from 43.18% to 32.34%. and the water-displacement
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efficiency increases from 56.82% to 67.66%: the residual oil saturation

decreases from 37.49% to 28.69%. and the oil-displacement efficiency

increases from 62.51% to 71.31%, indicating that ZIF-8/BS can effectively

reduce pore-wall residual fluids constrained by surface forces. Overall, the

in situ introduction of an MOF functional phase into natural rock pores can
achieve the coupled enhancement of CO, adsorption and displacement
performance while maintaining the connectivity of the main pore network,
providing a new research strategy for reservoir pore-interface

functionalization during CO,-EOR and CO, geological storage.

Keywords: metal-organic frameworks; petrophysics; carbon capture,
utilization and storage; CO, enhanced oil recovery; nuclear magnetic

resonance



