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Effects of hydrothermal reaction temperatures on the performance of CuQ/CeQO, catalyst
for hydrogen production from steam reforming methanol
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Abstract: Using cerium nitrate as the source material and urea as the precipitant, nanometer CeO, carrier was
prepared by hydrothermal method, and the microstructure of CeO, carrier was controlled by changing the
hydrothermal reaction temperature. Then the CuO/CeO, catalytic material was prepared by loading CuO on the
CeO, carrier and evaluated in methanol steam reforming for hydrogen production. Based on the characterization data
of low temperature nitrogen adsorption, XRD, H,-TPR and XPS, the effects of hydrothermal reaction temperature on
the microstructure of CeO,, the structure of CuO/CeO, catalytic material and the performance of methanol steam
reforming were investigated. The results show that the nanometer CeO, support prepared at 180 °C has a cubic
fluorite structure. After loading CuO onto the CeQ,, the obtained CuO/CeQ, catalyst exhibits better catalytic activity
due to its stronger Cu-Ce interaction, lower reduction temperature of Cu species in the surface, and more oxygen
vacancies on the surface of the catalyst. When the reaction temperature is 280 °C, the molar ratio of water to alcohol
(W/M) is 1.2, and the space velocity of methanol vapor gas (GHSV) is 800 h ', the methanol conversion rate can
reach 91.0%, the mole fraction of CO in reforming gas is 1.29%.
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CeO, [ il £« 43 %I AR HL 13.024 1 5.405 g 1)
Ce(NOs);'6H,0 IR Z (H: 1, Ce(NOs); 6H,0 Fll IR
REHY R B 1:3), il A 30 mL /92 B 17K
W, IR R P FE IR S 30 mine KR I B 4 9% (R
A UL ER DU 6L 2 RPN Aol 8 AN 45 4 s g 48 v oH
JNF 22 TBC XA AR S0 A P (R0 R B g # Fh AR A | T
R MARG . HH RE AR Y
FH I 25 5 FHF 22 A~ K A ] 28 HEA T AH R 4153 1)
A FAEAS TR P85 T By A 200 g D3k, i L 3
J2 7 g EL A 1 S 38T L G fif K B 48 R A
AR B0 78 4 B FE L ROV FE ARG, L B 1
TIRAA RO AT o SR JE K A RO A% LA S °C/min
()2 e L 21— 22 AR BE (140, 160, 180, 200 C),
FEG A 28 r/min T KIG K 24 h, 15 1R KIS K
Ja, BB W, L g5 uE v, FH 2000 mL, 80 °C
(2585 F K Be I 5, 16 85 °C LA b T4 12 h, 15
B R B AR A, LA 450 °C Sl kS bE S h
5 CeO, B3 A, Br il N CeOrx(x = 140, 160, 180,
200) .

CuO/CeO, fE L7 1Y il £ R FHAS R K #A Bl
T i 25 1) CeO, A, K15 M 20 43 CuO 2 5 7E
K CeO, I (CuITE (g)/CeOx(g) = 10%), #A 5 TE
110 °C BEFS o 48 12 h, 85 T 185 A RE O F B8 &
100200 H, #F 450 C B9 S bk b8 3 h, &,
W i 5 3 i & 40-80 H, 3 CuO/CeO, #E 1L #4 KL,
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XRD % & . B 1 AT B E O R R A
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HH T il £ B4 FE & 08 T 57 A 45 R Y CeO,
1AFt L, i Scherrer 23 3" 4154 DU Fl CeO, 2 A 1Y
RiAE KN R 141, 19.7 L 19.5 | 23.9 nm, ¢ BH 7 4l
HHIRE SRR T A0 K 9L CeO, IR R . f 3k

CuO i il # 1 A Ak b1 R} 4 A7 S i n P 2 o, ]
DIER, BR T CeO, fiT ST A1, 7 20 = 35.5°F1 38.7°
Ak B 2% B A A7 S i, AR TR RSS9 CuOo
(JCPDS 89-2529)., Hi Scherrer 24" 115.4%, CuO/
CeO,-x i fL 41 K} CuO 19 °F- 2 fib B R ST 2R 37.9.,
38.1, 33.1, 32.5 nm,

+CeO,
T8 8§ 5§ § a3
) D W S S T A S 1
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= ]\ A N A
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___JLA N A
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Figure 1 XRD patterns of CeO, prepared at different
hydrothermal temperatures
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Figure 2 XRD patterns of CuO/CeO, prepared at different
hydrothermal temperatures
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R D Cu” ] REHE AR T CeO, 14 45 1
T 1 A4 P Cu™ B 2E 4% (0.73 A) [ Ce 24

(0.97 A) BN, B L3R5 A CeO, U IS 8 K
RS INT

F1 CeO, 1 CuO/CeO,-x KI¥IML IR
Table 1 Physicochemical and hydrogen production rate of CuO/CeQ,-x and CeO,

Catalyst Lattice parameters of CeO/A Crystal size of CeO,/nm SBET/(mz'gfl) Pore Volume/(cm3~ gfl)
Ce0,-140 5.404 14.1 86.1 0.08
Ce0,-160 5.410 19.7 98.1 0.08
Ce0,-180 5.408 19.5 76.6 0.07
Ce0,-200 5.405 23.9 55.2 0.05

Cu0O/Ce0,-140 5.399 54.1 0.06
CuO/Ce0,-160 5.408 51.7 0.06
CuO/Ce0,-180 5.404 38.2 0.05
CuO/Ce0,-200 5.398 31.8 0.04

*: determined by N,O experiments

1 PR L N W B -5 BRI A5 CeOn- ZRAK LA K2
CuO/CeOr-x FE i A LLR TR (Sper) FILAF T 1,
Ce0,-140, Ce0,-160, Ce0.-180 Fll Ce0,-200 #k {4 Y
Fb 2 1 B4 51 A 86.1 . 98.1, 76.6 Al 55.2 m'/g, i
# CuO J7, LR BB, 7358 54.1 | 517, 38.2
F131.8 mY/g, XJ&EH T 17138 CuO J&, CeO, IFR 4
FLIB B CuO ¥4 ZE 5 B

3 A 4 4300 S #R AR CeOy-x £ i Al CuO/
CeOy-x fit AL BEIY N, W2 B -0 B 45 Ui it 2 . AR 4I
SCHR™ T, SRR SERLR, nTIEJE O IV, MAIA] 4
AT LA Y, BTA H 4 B9 CuO/CeO,-x i AL A1 BHFE &
B BT H3 BRI ER . Y AH KT R T (p/po) TE 0.4
DLUR B, e AR R %) 2 1] & A — 2 W5 A X
JEFIHE 0.4-0.8 B, J&l ot 80 7 [l 3 24, i 0 [l
IR R Ny FEAE AR A B N R LI = A T £
J2 W B RN SR B4, M AL A L & A 0 B s 3R
i Je B4 T S SR, 3 10 BH A5 Y 1O A Ak A )
#BJE T LA R
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o

—

E
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(9]

<
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-3 R " A A A o, AM
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E CeOE—ZOM
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Figure 3 N, adsorption desorption isotherms of CeO, prepared
at different temperatures
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Figure 4 N, adsorption desorption isotherms of CuO/CeQO,-x
prepared at different temperatures
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FRAE SCHR ™ w] 0, 8 g A A R A TG A o7
Bk H WAL BB TR CuO 5 CeO, B A ] A 4 H.
PEFRRE B, B, X6 il £ 1) CuO/CeOn-x Ak 711
177 H,-TPR 43 #r. 4 CuO 38 JE IR BE ok 340 °C,
V4 CuO/CeOy-x HE AL B4 L H CuO 1Y 38 5L ik FiE 3
ANFICEUE, X U T PR 4 CuO 53k CeO, 2
6] % A5 T A E AR, S5 30 & 1 1L 41 kL Cuo
(14 348 i R AR ™, U T Cu-Ce WM HLAE A
FIF CuO Wb JE™ . & 5 v pu Fh A AL A1 R85 PR
T =R JEIE, X CuO/CeO,-x it AL A4 K = Fh
AR Cu P Fh . o, o WD B UGEER W] IH & N
1o BE 3 A R TH CuO W) Bl (0 38 I i,y 11T & oy
SRR 2 A AR CuO ) T I 38 S0 ™ 7 O i
b #1 K Cu-Ce (9 40 B/ 3% B, o LA
W (s B V) T 5 BRI, o DR () S0 8 0P
P AR X, Cu-Ce Z 18] (1) AH FAE B o 3k 2 [
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— 5™, 8 5 A1, CuO/CeO,-180 1 £k 14 ¥} 1y
o VIR JRUIRL A AIG, IR I, CuO/Ce0,-180 it 1k #1 1
i) Cu-Ce Z [A]AH B.AE 188

DU e T A R 45 A0 D AR S I 06 ) 06 T R
o7 L B0 UL 3% 20 X EE AN [A] CuO/Ce0,-140, CuOY/
Ce0,-160, CuO/Ce0,-180 Fl CuO/Ce0,-200 1 1k 1
K& B, CuO/CeO,-180 i 1L 41 Kl o 16 FIT B 1 (1) 5
[T AR s El 2 s WL R A 7 = 2 N 1
AL B R e i B 43 BYCAE 2% 1T 1 CuO W F 5 i
% . X T CuO/CeO, fiE LA KL, R HY CuO Y&

ook P K 2 U U 2 ST ek AR, 3Ry
CuO Wy fh & 40 2, AL TG PR 4T, i 10 R AL,
HEAEAE AL B AL TS PR

CuO/Ce0,-200

CuO/Ce0,-180

Intensity /(a.u.)

CuO/Ce0,-160

CuO/Ce0,-140

50 100 150 200 250 300
Temperature /C
K5 AEZKAE RG] % CuO/CeO, K Ho-TPR 141
Figure 5 H,-TPR spectra of CuO/CeO, with different
hydrothermal reaction temperatures

x2 BEUHHEREREVEN Cu S8

Table 2 Reduction peak position of catalyst and Cu content

a B ?
Catalyst
tpcak/ C Xco/ %o lpcak/ C Xco/ %o [pcak/ C Xco/ %
CuO/Ce0,-140 163 32 194 66 235 2.0
CuO/Ce0,-160 163 33 193 65 234 2.0
CuO/Ce0,-180 158 35 189 64 229 1.0
CuO/Ce0,-200 164 14 209 42 253 44
2.4 XPS 73#f CeO, 1AL 44 BHHY Cu 2p XPS 1E & . 1 18 7 w] 1,

K6 R AN [a] K #4% A B i R il £ B9 Cuo/
CeO,-x ALY Ce 3d X SO FREIE . HK 6
AL, PUFPAS [ A 4L A4 RS T A Ce 3d 1Y
FRAEAT S0, o, w, w' u" u"J@ T Ce 3dyn HEH
B HL F-E54 88, 1 v, v V"' vU"IlLJE T Ce 3 ds, ED
FIHL 45 A RE . 7E & 6 H TR B9\ AN R AIF i o
u L vIE T Ce” BURRAE I, uy u", w™, v v v
J& T Ce™™, U BA BT i £ B 48 Ak b R o 3 ) A A
Ce  Fl Ce"' Ce A7 1E 5 i Ak b R} 2 18 B 1 1) 4
SNAEHENKR, Ce TR Z, 1L % m
MY AZS TG 2, AL TR T AT

M 3H A ce” & b e LA B, KA
CuO/CeO,-x AL A1 B v Ce™ & 19 K /NI T K
CuO/Ce0,-180 > CuO/Ce0,-160 > CuO/Ce0,-140 >
Cu0/Ce0,-200, H: /NI 5 4 1k B4 8} 1 BF 4 25
F(E 10) Y 4. Hod, CuO/Ce0,-180 4 1L 71 11
Ce’ F i 7 FL i ik 18.2%, b WA /R £, X
AR R R B A TR e B R R 2 —

Bl 7 R AN ] K B A B BE R il £ B9 CuO/

TR K BB R ) A B HE AR AR B T = A
AR, Horb, 953.2 eV BT HH B0 B R A 43 S 0 R
T Cu2pi, REZLHY LT 45 5 fE, 938.2-9473 eV i}
PR R AE 0 & T Cu 2p B TLE IS I TR 0%
JE CU B T M 2 BB BT 5% Ok P R A
MEAEH, = ERE MRS SN, ZiEET
Cu™ B T 1 B T BE G AR 06 . 7E 933.1 eV B i
PR AT 106 R T Cu 2psn AESL L F 45 A RE™, S5h5
#E Cu 2ps, BEH W HL F 45 5 fE (9349 eV) MH LL, &
AT R, PRI, DI I 4 AL R R AT RE A AE Cu
1 Cu’ FIR

Cu il Cu’ 6 4 b A1) 3 08 07 8 15 R AE 4 R 2
B8R AR, Ay A R A S5 ) S s A T PR, L
Cu 2p XPS i FIARXEIX 43 Cu'sl Cu’ FFAiF 16, [F I,
AT Cu LMM % &, LgE— 4 X 43 B b, 44k
OB Cu LMM 3% &, 0L 8. i & 8 T,
917.0 1 912.0 eV Bf T 435 AF i ) 45 4 BE ST Cu'’
() 4% K FRL T E (918.6 eV), A I, BF X AN B
AR T )8 T Cu'. XRD 40 #r e (K 2) &
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MHA CuO MFFERT HHIE, FFAR KB Cu,0 MR
AT 506, 3X R B, Cu,O 5 B 40 80 T4 Ak 4 Y
1o ML AT BRI AL Cu', 2 Cu™' ce &
AT HEAER, Ce™ ikl Ce, CuthAE AL T Cu'
AR, Ca Wi & i K /NMRERSE Cu-Ce Z[H KA
A EAE LR, Cu#i£, Cu-Ce Z [H] A9 A0 B 1E
A

Ce 3d

u'"

CuO/Ce0,-200

Cu0/Ce0,-180
Cu0/Ce0,-160

CuO/Ce0,-140

930 920 910 900 890 880
Binding energy /eV

K6 ARZKHA GRS % CuO/CeO, K Ce 3d XPS 4]
Figure 6 Ce 3d XPS spectra of CuO/CeO, were prepared at
different hydrothermal reaction temperatures

£ 3 EHLF Ce3dFn Cu2p B XPS FhZELI AL R
Table 3  Fitting results of Ce 3d and Cu 2p XPS
curves of catalysts

Intensity /(a.u.)

Content ratio Content ratio

Catalyst of Ce /% of Cu'/%
CuO/Ce0,-140 13.9 49.6
CuO/Ce0,-160 15.8 51.6
CuO/Ce0,-180 18.2 53.8
CuO/Ce0,-200 13.6 44 4

953.2: 938.2-947.3 1933.1

—
| : CuEO/CeOZ-ZOO
z i ! : Cu0/Ce0,-180
- : ' ! Cu0/CeO,-160
Cu 2p L T Cu'(?/CeOZ—.140

960 955 950 945 940 935 930 925
Binding energy /eV

K7 KRR IR BT % CuO/CeO, Y Cu 2p XPS 4]
Figure 7 Cu 2p XPS spectra of CuO/CeO, were prepared at
different hydrothermal reaction temperatures

HRAE Cu 2p 1Y XPS i, XF Cu T (5 1 & =t it
3733, 3k 3 iR, ATLLE Y, CuO/Ce0,-180
AL A B Cu BT 5 A 7 i i, 16 CuO/CeOs-
180 {4k A4 B} 9 6 1T, Ce-Cu 22 [7] 19 AH .4 5

5, — BT, RH AR R R R B AL 9
-, I, CuO/Ce0,-180 i 1k #1 7 MSR [ i
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