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Preparation and properties of porous physical hydrogen storage
materials with different structures

WEI Xiaoyan, LIU Jin",LLI Zhen, WANG Shiwu, CHEN Saisai, XU Jiong,ZHOU Wenya

(School of Materials Science and Chemical Engineering , Anhui Jianzhu University , Hefei 230022, China)

Abstract : Porous materials show great potential for hydrogen storage due to their unique pore structures,
high specific surface areas, and abundant active sites. In this study, three kinds of porous materials with
different typical structures were prepared , including carbon composite diatomite inorganic skeleton materials
(HS-inorg-C-1,HS-inorg-C-2) , metal-organic frameworks (HS-MOF-808,HS-UiO-66-1,HS-UiO-66-
2) ,and highly cross-linked organic porous polymer materials containing secondary amine (—NH—) (HS-
org-MATA, HS-org-CPP-PEI). The hydrogen storage capacities and influencing factors of these
materials are investigated. The results show that under 298 K and 2.0 MPa conditions, the three types of
prepared hydrogen storage materials exhibited significantly different hydrogen storage mass fractions,
ranging from 0.14% to 3.64%. The crosslinked HS-UiO-66-2, derived from HS-UiO-66-1 modification,
demonstrates optimal hydrogen storage performance. At room temperature, the hydrogen storage quality of
the HS-UiO-66-2 sample is 11 times higher than that of HS-UiO-66-1. HS-inorg-C-1 demonstrates
excellent cycling stability, with a 10.96 % capacity loss after five hydrogen adsorption-desorption cycles at
77 K and 2.0 MPa, and it shows good cycle stability and reversibility. The study works provide new design
principles for developing high-performance physical hydrogen storage materials.

Key words: carbon composite diatomite; skeleton material; metal organic framework; organic porous
polymer;hydrogen storage
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Fig.1 Preparation of carbon composite diatomite skeleton material
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Fig.2 Preparation and modification of metal organic framework materials
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Fig.3 Preparation of porous organic polymer hydrogen storage materials
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PR BN, 750 em Ak HY IR Zr—O B RRAE 04, 3 — 2B IF
B BTC # #)—COOH 5 Zr B8 F & 4 7 e (i 7 A,
BTC 1 3088~2530 cm ™ "4k () —COOH Tl i1 5% , 3
B —COOH B 5% 4= 2 5 B {7 Jx b , W% Y il &
HS-MOF-808. K 4(d)H HS-UiO-66-1 F i 223 51
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Fig.4 FT-IR spectra of different materials, the insert graphs in Fig.4(a), (b) are their Raman graph
(a)HS-inorg-C-1; (b)HS-inorg-C-2; (¢)HS-MOF-808; (d ) HS-UiO-66-1,HS-UiO-66-2; (e )HS-org-MATA ; ({)HS-org-CPP-PEI
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A3 % R BT e 2 A I R b 1S A 2 S B
F . 6=160~180 X} hf [ 2 —COOH . % # fig 2 14 I
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JB& TR A SR RRAE AT S 0, AT S DA SR B EL B A, R
B A MR ELA BT il B R v 45 . 26.2°
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Fig.6  XRD patterns of different materials
(a)HS-inorg-C-1; (b)HS-inorg-C-2; (¢)HS-MOF-808; (d ) HS-UiO-66-1,HS-UiO-66-2; (e )HS-org-MATA ; ({)HS-org-CPP-PEI
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(g)HS-Ui0-66-2; (h)HS-org-MATA ; (1) HS-org-CPP-PEI
Fig.7 SEM photos of different materials, insert graphs are their TEM photos
(a)diatomite ; (b)Kaolin; (¢ )HS-inorg-C-1; (d)HS-inorg-C-2; (¢ JHS-MOF-808; (1) HS-UiO-66-1;
(g)HS-Ui0-66-2; (h)HS-org-MATA ; (1) HS-org-CPP-PEI
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Fig.8 Nitrogen adsorption-desorption isotherms of different

hydrogen storage materials
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Table 1 Specific surface area and pore structure data of

different materials

Average pore Micropore

Sample St/ (g ) size/nm volume/(cm®-g ")
HS-inorg-C-1 124 4.1 0.050
HS-inorg-C-2 429 3.0 0.17
HS-MOF-808 1205 3.8 0.59
HS-UI0-66-1 537 3.1 0.28

HS -Ui0-66-2 494 2.6 0.25
HS-org-MATA 381 11.2 0.14
HS-org-CPP-PEI 12 4.7 0.0033

HS-MOF -808 114 Wz Jff 45l 2 28 80t e AU iy [ 7Y
FROE U0 BH L DABAFLES /o 2R LR TR = A
1205 m?/g, AL BT A 0.59 em®/g. KA A X T H1
T LW B R, R GAL S R S
Hb 2 RE BT — B A FLA R FLZ5 4, TP
Z AL AT R R AARY BRI AR RE T, A R Ak
it SR AE T R 4 Y FL B LA S e B b T R
HS-Ui0-66-1 1Y %5 i 2k 2 JUAY [V BURRAE , T4 T
25 [ B3 K B EDTA 4 F , H b R AU T =
537 m*/g, WALIRFR 9 0.28 em®/g. {EMFERN b iE—
1A R g A5 3] HS-U10-66-2 , H: H 3% i FH gk —
HRRARE 494 m*/ g, TALIR T R 0.25 em?/ g, BB 22 1k
RN FLEE A — e B E Y.

HS-org-MATA f I B 25 i 26 52 [T BURAAE , HE e
LR 381 m*/g, 5K 7(h) Fi /R #y SEM K] H il
1) R P AR R HE AR, HE DU AL 32 2R T H R L
T A AL B, DT S R T T L SR B . HS-org-
CPP-PELR I [ AUERRZL, LR Tl 12 m*/g,

F W50 rh AL AR R AN B BT 9 rh i S A AR A
THAbAE MRS, 5 AR b BE S IR LK i —
NH, S8 TGP s A —E KR

25 b A 3 Sk A R B i P AL A R 2 R
LR RE o SFLARE A R b 3 T R R 2 W B
L5 KALNA B T AL s % . 29 SLIESS
(I RIVE A T S B
24 fEEMERE D TR S W HHEIR LK

19 2 A R A EHEAS [ EE T 0~2.0 MPa | #yfitt
APEREMILE . 298 KBS, £ 2.0 MPa |, X i &
RE#E 1+ Z LB 2244 S0 B HS-inorg-C-1 F1 HS-inorg-
C-2, Hof & B0 o0 0.14% (B 43 %0, R Ia)) fi
0.35% , fik e 28 2 i SIO, 4%, Sit 9 AP BUC S
T I BB 07, AL (1 L S5 O 7R B L 245 4 v B
BT AR HL b, DT 4 58 A4 X HL 20 14 W i
HS-MOF-808 [ it &M 0.37 %6, HoAR 57 1 e 3 i AR
it PR T S (F AR T A A S R LA
ARSI AE , 3R B bb 3 AR B LA R 2 52 i £
Y R ) PR E T N 2 A8 X 52 [ 3 . HS-
Ui0-66-2(494 m*/g) b R AR ZAL FERMR A T I —
P PP Y HS-Ui0-66-1(537 m?/g) #1 %+, {H HS-UiO-
66-2(3.64 %0 ) FE i (1) fifs & 1 o HS-Ui0-66-1(0.33%)
R 10 £5 . HS-org-MATA Hl HS-org-CPP-PEI
T BT S AE SRR, 4331 1.92% F10.82%,
JEJIHE 0.25 MPa Z 1 P # it S i 25 R I 4, Bl
YT ) i T 22 B R K, 3 v R A A
T4 HS-org-MATA it &R . 2 1 &0k
I8 B 25 5 2% B HS-org-CPP-PEI 4 He 26 T A1 M AL 1A
I e /N F HS-org-MATA , M P4t &0 45 S 0E— A
SET LR AR R i U R R 3R
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Fig.9 Hydrogen storage analysis of various materials at different temperatures
(a)298 K; (b)195 K;(c)77 K
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fits SRR K 1Y e HS-inorg-C-2 BB , 298 K I
A A o 0.14% (HS-inorg-C-1) . 0.35%
(HS-inorg-C-2) , 7& 195 K i 9§ & H A A1 [ 1) it Sl i
(0.43%) ,7£ 77 K i HS-inorg-C-1(1.46 % ) B it & &+
= T HS-inorg-C-2(1.40%) , F BAIL IR A F] T Al/Si
LU A58 35 B R RE R AT S0 B, 385 i A BE 2 18T A Lewis
R AV 5, AT 34580 ok S0 O R A

MOFs AR A & e R A, H G55
A 8 P Al 45 . HS-MOF-808 il HS-Ui0-66-1
MARME = BT 16 S S TCHL R I (B R AR
TP B ik A R, 195 K R 2051 1.15% AN
0.90% ,77 K F43514 2.54 % F11.07 % ., HS-UiO-66-2
1) it S et 7R 3K — R G it A ek e B e A, 2R R iR
B At SR 400 R 3.64 %0 (298 K, 2.0 MPa) ,7.50%
(195 K, 2.0 MPa) . 11.20% (77 K, 2.0 MPa) , H:
MOFs #4511 2 TR A P AT 8 A9 LA 2544 DL &
F= 5 B T A A a5, X SR A Bl R 5 AU

Yy PR A RE 7, JE AR = e 4510 T T I 25 e i
g

Z LA WL A W B HS-org-MATA B9 it & i
A 2 & T HS-org-CPP-PEI, H.iX — I # i %5 i 5
) REAR T E — 2B 97 Ko #E 298 K, 2.0 MPa %14 T,
HS-org-MATA F1l HS-org-CPP-PEI 4 i & H 43 5
IR E) 1.92%6 F10.82%6 5 4 il B % 2= 195 K, & 1Y
fit o A T 28 2.25%0 F1 1.34 %6 5 46 77 K YRR
W8 R, HS-org-MATA ik #] 3.90% A9 filf & i, %8
HS-org-CPP-PEI 1 2.85% i i 37% . X Flt i B 4K
FE 119 22 S5 AR B, R AR R FORE Ak T 2 B Ao ) B
B it L 1H HS-org-MATA A fg B A7 5 48 19 FL B 45
g 5 2% T R O A IR R RE T R AR M I B
4 Fo

AT A B B it E RS 91 T 36 2, AT L, HS-
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Table 2 Hydrogen storage data of different materials

Maximum hydrogen storage mass fraction at different temperatures under 2.0 MPa/ %

Sample Sper/ (mPeg ™) 208 K 15K K
HS-inorg-C-1 124 0.14 0.43 1.46
HS-inorg-C-2 429 0.35 0.43 1.40
HS-MOF-808 1205 0.37 1.15 2.54
HS-UI0-66-1 537 0.33 0.90 1.07
HS-UiO-66-2 494 3.64 7.50 11.20
HS-org-MATA 381 1.92 2.25 3.90
HS-org-CPP-PEI 12 0.82 1.34 2.85
MHER 2L M 40T 10 3 3 60 B 20 PTIIT
e 4 8 —NE— . [ B b P 1T b P HS-inorg C-1

W R} A4 356 A A, HS-UIO-66-2 FF 5 HLAT 25 1Y Lb 36 1
FRRRALR R T R T S P Rg 42 7. % T HS-
org-CPP-PELI# &}, F A e R 1w BB/ IMB A B Y
fitt & &, AT BB i1 T 45 A b & A R A i
(—NH—) B fig A 36 P07 5, X & 0 T 5 i i ik
TEH, IRl 2 AL AR AW TR W R IT#
(C.H.O.N) fli H A it W] 2 o

10 i HS-inorg-C-1 #£ 5 7E 77 K. 2.0 MPa 551
AT R SE 5 R WA AR IR BT o AERT 2 RAE I
ik SR LTINS 2008 1.40% , Ui A A4 RHEH)
R AR R AR T o B 3URORINAR 4 YRR R I A At
AR 1.35%6, 5 5 U AE PR I A% A S 1.30%4,
SAORT  IZATBHE 5 U IR 5 AT D45 s 1) i AL e
71, R RAF WA G YER T i PE . i T4 A

1.35 1.35 1.30

H, uptake/%
o

o
&)

0.0

T 2 3 4 5
Nlcycle

B 10 HS-inorg-C-1FE U0 BHRFR I

Fig.10  Hydrogen adsorption cycle test of HS-inorg-C-1 sample
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PERE . HoAl SUPLEE 5 2 LY BRI R R 3, 4 L A
HAER RO Re A5 S WM . DTPA 4 F s &)
—COOH FI—NH—45 1 1 5L A AT Ry &5 10 W B
A, B T AT 5 22 R A Y B 3 A
W15 SRR, R, DTPA 8B g fig o B e

X=AlZr,N
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e P —CHO F1d 15 22 e 45 #4848 50 7~ 48 o, 384
TR A5 550 A7 A, S 3 4 T b R 2 T AR DA
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Fig.11 Hydrogen storage mechanism analysis diagram of different materials
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Table 3 Property comparison for physical hydrogen storage materials

Hydrogen storage material ~ Temperature/K Pressure/MPa Sper/(m?+g™!)  Hydrogen storage mass fraction/%  Ref.
Ui0-66 77 10.0 1413 4.60 [33]
MFU-41-Li(MOF) 77 10.0 4070 9.40 [21]
MFM-132(MOF) 77 6.0 2466 5.20 [34]
COF-8 77 5.0 1350 3.50 [35]
0.05Ni-CHA 77 0.1 439 1.08 [36]
PS-VBC(POP) 77 8.0 2000 5.00 [37]

(2)7F 298 K. 2.0 MPa £ T , 3 Fh AU fifs S b4
(1 i & 5 3 0.33%~3.64% (MOFs) , 0.82%~
1.92% (POPs) ,0.14 % ~0.35% (552 4 1k 3 B 2804
B EERE R R 2 2 7 . HS-inorg-C-1 4 BHE
77 K.2.0 MPa 2614 28 5 AR A it &k, L & i
TR 10.96 %0, I KA A AE PR PR i

(3)HS-Ui0-66 i ik 5] A6 1 He A el Ve Je , ok
Fe 10 AT BT AR AR5 S Mk R A W R TR E 3.64 %
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AR 7.50% F11.20% , W EA BRIk SR . W
it EURE I A T Z AL R B FLES# , 348 52 3 W it
D705 S 2R e S Z IR R P R s . B
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