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The Effect of Graphene Oxide on the Hydrogen-Absorbing Property of
Targeted Hydrogen-Absorbing Nanocomposites

ZHAO Bijing', CHEN Shuping'’, YAO Shuting', CHEN Lian’, SHI Qingzhi', LIU Jingzhong', WANG Yujie’
(1. College of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Lanzhou Institute of Physics, Lanzhou 730000, China)

Abstract The composites of organic hydrogen-absorbing materials and their catalysts using graphene oxide
(GO) as a carrier have superior application prospects in the field of low-temperature vacuum. To investigate the
effect of GO on the morphology and hydrogen absorption performance of the composites, Alkyne-PVA-(GO-PdO)
was prepared, which was characterized by XRD, 'H-NMR, SEM and TEM, and compared with thePdO@Alkyne-
PVA. The results show that PAO and Aklyne-PVA are successfully loaded on GO. The PdO nanoparticles on
Alkyne-PVA-(GO-PdO) are well-distributed, with an average particle size of 2.1 nm. Comparing the hydrogen
absorption performance of two hydrogen-absorbing materials using static expansion method, it is found that the
sorption amount of Alkyne-PVA-(GO-PdO) at the equilibrium pressure of 463.8 Pa is 11048.25 Pa-L/g, and the
sorption amount of PAO@AIlkyne-PV A at the equilibrium pressure of 560.21 Pa is 4528.35 Pa-L/g. This is attributed
to the higher specific surface area of GO and the large number of oxygen-containing functional groups, defects and
vacancies on the surface ameliorating the agglomeration problem of PdO nanoparticles. In addition, GO ensures that
PdO nanoparticles would not hinder subsequent hydrogen absorption reactions due to the agglomeration
phenomenon during the hydrogen absorption reaction, allowing the Pd to exert its optimal catalytic performance.
The hydrogen overflow effect of GO accelerates the diffusion of dissociated hydrogen atoms, which effectively
enhances the hydrogen-absorbing performance of the composites. It demonstrates that the well application potential
of GO in the field of hydrogen absorption and provides a possibility for the implementation of hydrogen-absorbing
materials based on GO.
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i 5 54k HY IR T Ak RN il 4% Alkyne-PVA,
FREL 15 mmol PVA F = FI B, fhE =5, il A&,
ZEEVEFT 3~5 WK, filA 20 mL DMF, 7£ 85°C &1+ F
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P KL% GO-PAO. FRHX 0.3 mmol [ PACL,, Jil
AUERTR , 75 2 PACL, 250, JE L H,PdCL, nH,O
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DP1-rotary vane vacuum pump, V1~V12-vacuum valves, TMP1, TMP2-composite molecular pump, R1-mass spectrometry chamber,
G1-mass spectrometry analyzer, G2, G6, G4-ionization vacuum gauges, G3, G5-capacitance film vacuum gauges, R2-adsorption test
chamber, R3-static expansion chamber, R4-Gas aeration chamber, R5-hydrogen cylinder
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Fig. 1 Getter adsorption performance test system diagram
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2.1 XRD 73#f

& 2 ff 78 A Alkyne-PVA-GO-PdO FlI PdO@-
Alkyne-PVA 1] XRD i& & . M Hh AT LA H, %
Alkyne-PVA-GO-PdO, 7£ 26=33.20°, 45.62°, 54.26°
F169.56°4b i B T XF B T PO 1y (011). (012),
(112) F1(004) & i (ICSD: 26598), [F] W} 7E 26=10.72°
1 20.66°8F T H B 5E T 55 1Y 45 AF AT 5 0, 1 BH 7
Alkyne-PVA-GO-PAO H PAO AT~ 5]
X}F PAO@AIlkyne-PVA, 7£ 33.82°, 42.86°Fi1 54.84°
A H BRAT S0, 43 00 6 2 PO Y (011), (110) F0
(112) 1 (ICSD: 26598); 1E 26=20.59°4b 4 3 Y 75
S5 B I XE IV T PVA 1Y (101) S5, 7E 40.9°4% i) 553
WU R F PVA Y S 4544, 38 PAO 5 Alkyne-
PVA E & B T RE WA K PAO 94 Kb+
W, FESEA . 18 Alkyne-PVA-GO-PdO H1, PdO
(AT 5 06 B hN 88, i 7E PAO@Alkyne-PVA H PO
MIRT ST IGERL 55, X ULIHTE GO #hi& |, PAO 44 K41
San= GO T on
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Fig. 2 XRD patterns of samples

2.2 BREKIE PVA G537

[ 3 & PVA. Alkyne-PVA. PAO@Alkyne-PVA
K Alkyne-PVA-(GO-PdO) 1)'H-NMR i . 7£ %] 3(a)
JiE PVA 35 K Al DUE B FE 1.96 4 PVA ik

P A A5 C TR IR 1) S M AL (0 8%, 5 R SRR 4R Ik
F 3k 24 07 RS AE 3.83 4bs 1.3~1.4 1 1.7~1.9 R4k
LA 23 5 3 J& F 2 A [) 28 8 A ok R A 20 10
PVA F5E LW HI b4, 5 PVA ('H-NMR
T A Ee, Alkyne-PVA 1) 'H-NMR % & (b) 1 3.05
Qb S g FE B R AL 2= RS A, 3.75 Ab S 5 HRIEAHE 1
7 H L B A 2E 6 B E T 2# 6 FE(H 4.3~4.6 4k PVA
% % s Py MR S U i ) 05 o DA b A3 T LA
Ui B C B K B S R A AR PVA |, 3T
Alkyne-PVA. i & Alkyne-PVA [/J'H-NMR i} i 4%
A A2 50 B8 A T WAL 06 1) R 43 T AR AT DA Hh A A
PR RE (Ds)! 1Y,
Dy = 27 (1)

Il.3~l.9

T, L5 ECTE PVA Sl BEAE % ] e iy 06 A T
1500 0955 3R 1 0 1) S0 H R 3 o g 06 £ 1 L
WAL, SCREHUREE (Ds) B 52%.

£ PAO@Alkyne-PVA & & 1 K} () 'H-NMR i
3(c) 1, 3.05 Ab v B L A 2= W WS g N 3.75 Ak 5
R LA 42 118 1 PR 356 1) P R AU () T AL, 3 158 B
Alkyne-PVA 9 JR & 32 55 I A WA IR o #E Alkyne-
PVA-GO-PdO & &R H-NMR &[4 3(d) H, 0.5~
5.0 1 4.5~5.1 (9 Ak 24 057 £ 43 B %3 1 T R-OH 1 sp”
B R A2 6 %, LW A 0 7 B 8 A8 K Tl ) T
DLAETF 3.05 &b Xof 1o T g b 5 1 1k 2 R i, 56 B
GO-PdO 5 Alkyne-PVA %54 J5, N2 3R Alkyne-
PVA | RRIE S BE, BiE 46 R

23 WMo

I A T R (SEM) 2RI 1 PR BA R
MR TIE, i 4 s . 7 4(a). 4(b) AT LR
i} Alkyne-PVA 5 GO-PdO & 4 J&i , Alkyne-PVA-
(GO-PdO) 4K 52 & AR PR, F1H & 2L
(1) PAO G AL, 6 H] 171 25 1Y PAO g Kok RAT
BN MIE 4(d). 4(e) AT LIE i, PAO@Alkyne-PVA
SEIYCIR, I A /NP B AR ARAS 1Y PAO
YRR T . 454G XRD 455, UL PO 44 K hi 1
£ Alkyne-PVA-(GO-PdO) H' EL A7 45 & 1 4 BB .
& 4(c). 4(f) B/R T Alkyne-PVA-(GO-PdO) il PAO@-
Alkyne-PVA SEM & J A i X I8/ C. O 1 Pd o
I EDX &5 5% . W58 & B, 7 Alkyne-PVA-(GO-
PdO) 4k B A Bk, Pd JC R 7E R A X I N 12
5341, R GO F1 PO GKpi -, GO-PAO F1 Alkyne-
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&3 FEALAY'H-NMR 3%, (a) PVA, (b) Alkyne-PVA, (¢) PAO@Alkyne-PVA, (d) Alkyne-PVA-(GO-PdO)
Fig.3 'H-NMR spectra of samples. (a) PVA, (b) Alkyne-PVA, (c) PAO@Alkyne-PVA, (d) Alkyne-PVA-(GO-PdO)

WA, (¢) Alkyne-PVA-(GO-PdO) ) SEM & 1 I AH
N EDS M#ETS, (d),(e) PAO@Alkyne-PVA 1) SEM ff 1, (f) PAO@Alkyne-PVA Y SEM & j- R EDS T BET
Fig.4 SEM images and EDX mapping of samples. (a),(b) SEM images of Alkyne-PVA-(GO-PdO), (c) SEM image and correspond-
ing EDS mapping of Alkyne-PVA-(GO-PdO), (d),(e) SEM images of PAO@Alkyne-PVA, (f) SEM image and corresponding
EDS mapping of PAO@Alkyne-PVA
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PAO YiKbi 1 4 A f O, Q& 5 s o FEE 5(a).
5(b) 1, Alkyne-PVA-(GO-PdO) H 52 FHL i 24 57 43 #i
(14 PAO AL+, [R] B ] IOULEZ 3] GO fy i Zbok
B R 21258 . I 5(b). 5(c) AT T, 0.201 nm,
0.261 nm f¥ [8] }E d T PAO(011) 1 (012) /i 1 Fr) [8]

&l 5(d). 5(h) R T PAO GKbi Tk 7243,
Alkyne-PVA-(GO-PdO) 2 [fii 1Y) PAO 44 K ki + 1Y ki
B4y AAE 2.1 nm Z2 47, 1 PAO@Alkyne-PVA 3 [
1Y) PAO GKbLFRARILK, 734G AE 2.8 nm /47 . GO
BB 1 LR A, A FF PAO 4K 7B i
S LR A R ARAE R GO AN T 35
). A U Y L 4K RSH Y PAO 4 J& S ik 4k
A RIIUR SR & YN

3 WEWEF RS RS R

PR S5 0 I B 25 TR 2 A 6 BT s o W
AMERE IR IR 7E 298.15 K, 10°~10° Pa F #£47
AT LLE H, B V- s 1 35 0, Alkyne-PVA-(GO-
PdO) & A FBEXT Hy W B 35 20 ke in o 6 Ay
J£ J3/NTF 107" Pa iif, PAO@AIlkyne-PVA 5 & #1 £
Xt H, (4 W% Bt 28 12 5 F #5 JE F1 #E 10°~10° Pa i,
PdO@Alkyne-PVA 5 & B FH I 2l i KT Alkyne-
PVA-(GO-PdO) & & M kL, W & & th °F- i s 71 4

# d MXFRE, IESE T Alkyne-PVA-(GO-PdO) 71 5 1)
J& PdO 91K KT #EE 5(e). 5(). 5(g) ', PAO@-
Alkyne-PVA H1 PO #K kA W] W IR L . i
it M5, d A B R 0.263 nm. 0.205 nm, XJ i T
PAO(011) F1 (012) /i fT, £F4 XRD 43Hr 4554 .

2.1 particle size: nm

_‘1

F5 LS TEM B PAO Kife i, (a)~(c) Alkyne-PVA-(GO-PdO), (d) Alkyne-PVA-(GO-PdO) H PdO 4Kk T-Hifs sy
fil&l, (e)~(g) PAO@AIlkyne-PVA, (h) PAO@Alkyne-PVA ' PAO Gk Tkt 4347 4]

Fig. 5 TEM images of samples and particle size distribution of PdO. (a)~(c) TEM images of Alkyne-PVA-(GO-PdO), (d) Particle size

distribution of PdO nanoparticles in Alkyne-PVA- (GO-PdO), (e)~(g) TEM images of PdAO@Alkyne-PVA, (h) Particle size dis-

tribution of PdO nanoparticles in PdAO@Alkyne-PVA

0.1309 Pa %) 1.15 Pa-L/g Vi 34 fin £ 0.2223 Pa i}
f) 298.63 Pa-L/g; *4-F-ffif £ 71 KT 10° Pa Jii, Alkyne-
PVA-(GO-PdO) My F it it K T PAO@Alkyne-PVA
AWk, PAO@Alkyne-PVA & 4 b BHE - 1
7178 560.21 Pa i}, W & &t i F| 4528.35 PaLlg,
Alkyne-PVA-(GO-PdO) 4 >k &2 & b4 Ak 75 T & >
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Fig. 6 Adsorption isotherm of the samples
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463.8 Pa B, M & 1K 8 T 11048.25 Pa-L/g. 1] I,
HH T PAO@AIlkyne-PVA 44k & & #1 £, Alkyne-
PVA-(GO-PdO) #K I A M RIR BN B m iy
O3 HT BRI AT

(DFE-A5 5 F1/8F 107" Pa i, i F GO i
KA B U R RB A DL S rR T 48k ™ A 1
K z3 ik PAO 9 Kb $ 4L T B 2k A o5, BHAS T
PdO 44 >k ki 1 1 %, Alkyne-PVA-(GO-PdO) i PdO
YRR S8 S H, TR R A A2 [N : PAO+H,=
Pd+H,0, [F] i} GO Xf H, A /b &t (1 9y B 0 Jff 3 2
45 PAO@Alkyne-PVA it PAO T IR A 44 Kbz 7 4] 3R
MG, ROV TS, AR T

(2) Y454 F17E 107°~107 Pa i}, PAO@Alkyne-
PVA 1 PO 5 H, FF i A A I = AR A i AL 7], &=
J - DAL T R TR R B L Y Alkyne-PVA, Bt
SCBE AR I R Ak 2 17 Alkyne-PVA-(GO-
PAO) H T4 A7) 5 R Ik S B A B — o O B, T
AR R R — RS ENE A

LR, BT DLE LB B Alkyne-PVA-(GO-PdO)

TN RS

(3) 4°F47 1 /1K T 107 Pa I, PAO 5 RS MR
N 2% B A, 251 & PO 49 K ki F 1 141 3R
PAO W & 07 3 8 e AT, (7] By SEL A 482 4 £ 351 A=
SRR N SR I R AT o B A ST A R 7 AN W
H4hn, PAO@AIlkyne-PVA W SR 1 2218 B 245 1k
KW o Alkyne-PVA-(GO-PdO) H1 GO %} H, #) 4 3
Wi S R 265 42 i A T 359 B S 0T R ),
A GO i HA 55 1 S A R B, ARSI S 1 #R
it S, dE— A BH L PAO AAk: 5 . Bl A
J R EAT, GO Y & T L A5 0 23 ISk A 15 )5 1 &
JE - B 4 H, AR 0 e R S o & R B B i AT
GO MAE1EHE— 12 #E T Alkyne-PVA-(GO-PdO) 44
KA MR SN 1T

4 it

A4S T Alkyne-PVA-(GO-PdO) Fl PAO@AL-
kyne-PVA, 5 TSI LR T2k GO X &2 &
M OBE T 5 A SPE R Y 52 B 5Y . AH T
PdO@Alkyne-PVA, Alkyne-PVA-(GO-PdO) J& — i
T (B IR S5, A6 T 463.8 Pa i, A
HIAF] T 11048.25 Pa'L/g, i PAO@Alkyne-PVA £
VA He 7178 560.21 Pa |, W & 3k 1 4528.35

Pa-'L/g. #H It T PdO@Alkyne-PVA, Alkyne-PVA-
(GO-PdO) I H B Ay R SR, X F 2 GO
A L R TE R R A ) S VR RE A G . GO R4,
PR BIRE | 2307 S H R 2S5 M (IAFAE N PAO 40Kk
TR T G375, PAO 40K T 80 H /N kL
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