H30E 91 g F A CH B 30) Vol.39,No.1
202542 H JOURNAL OF MOLECULAR CATALYSIS ( CHINA ) Feb. 2025
XEHS: 1001-3555(2025)01-0014-09 R

JLIE IR Ni-Ce U FIEN W SIREZIRFE
IS FFENERE RIS

B A A om e S AR RFET FER
(1. R ERMA G 2 ML W 5T T IR AL 5 — AR & B S SEG S 3 A il S B AL E R B LR E,
A 2290 730000; 2. H ERMEBEK2E, JLET 100049)

T LAk L0 W 2% e 0 B R S R R AR St (A A S gy FA s, Ho el S & R AR T ¢—O
PRI 24 119 355 1 ARG PR AT PR R 4 5. AR SO Sl LR (N2, C,0,) . BREREH (Na,CO;). Al S 1L 81 (NaOH) 5 iR
(H,C,0,) FUTTER, R AHILUIIE DI T — &5 Ni-Ce b7, %48 1 HAE PUSUBREE (THFA) 2UfJTER] 1,5-
st 52 1o H ALV RE. A SEM. XRD. BET. #iJ5{7 XPS. Raman 253 4FF-BE, BF5Y T ULTE RN AL 7 4544 (4 5%
Wi, 5T T AL R 2540 5 S A RE Z M SC R . S5 R, DL H,C,0, SR IUTTE AR i T 5o B/ ki R
R R E Y Ni-Vo-Ce YR, BB 00 F H AL AL PEBE. 7£ 170 °C, 4 MPa H,, W 20 h 504 T, 1% 4167
£ THFA S RO T 1,508 B R RUSCR SR 92.8% F1 90.4%. ZMEALFIZRIL T RAF e, T E

5 AR WL R AT

KA Ni-Ce HEILT; C—O HEEUH; MUEUBRRE; 1,5-% B
DOI: 10.16084/j.issn1001-3555.2025.01.002

FE 5 3ES: 0643.32 XERFRAERD: A

1,5-5% e — AP Z A HLA P RAE, )
R T B2, REAR 38 YA 50 Ko 3 i PE ) 45
A . B ATl AR 1,508 e SR
Al LR, B o 8 R M RS B i S AL
FEAR R %4 MU R JEORAS AT A, PR R 5 T R
SO AR PR 1,50 A UK 2R R i
ME— 7] FEAE A ALER VTR, i 5, Rz, &
B A BRI A PR RN fb 2 i 1 BRAB B, o
(B P A )P 2 25 T A 2 A T 4003 Py A 5 Y,
BRI SR A 5580 8 R T 41 4 2838 2o 1R /K fe 1522
B, B SEET MEZ Tolk A==, H A 3R [ Ao s r=
BRI 70% DL Sl A K O S A A A
BEEFIDU SUBREE (THFA) #1621k & nl i B I E Ak 27
A AT TR ROM AN S TR A THFA 43
TR 2S [ 7 BHAL N, BEAS T FREE C—O HEAE
ML TR L Wz B, R Bk AR G R B S C—O

Y75 B #8: 2024-10-23; f& 3 B H#5: 2024-12-25.

fik C—O HERYEERE T 5, PH L PRk C—O HEE
PN W2 5 1,5-% R B SRk B AT,
THFA i & TF 5 1,5-8% B i 46 70 22245 LA
N e Y AV 1 = 1 |
s M B, (BAFFE AR By B L R 2555
LA, T LA NG O AR AR S G R Ak ), DR
it E 5, MRS A4 32 0, (e TS | 1
PEPEAR A (M), PR HAs) S AR BT A C—O i) Ni J
PR EL P d Fme 5 1,

Ni JEAHE AT (0 1140 1 B 15 15 4 9 o ) 2 S 2
YIHH G, 84 45 Ni S0 7] i il £ T 2 R Xt
ST A P 2 8 B oA A ORI 0 Xue 251
53 R FH AT 3 v FIR 5t 125 45 T NiMo/ALO;
A7, 25 5 0 R T kA i AR DB R 5 4
A1 NiMoO, W, FH AL T8 151 v il 25 (1A A AL 75 2
PR A S A AL P . R F ST & B, 7E THFA

EEWH: HEKARBIEIESE (22272187, 22102196, 22102193), Hl 4 RHE R LI (22ZD6GA003, 23ZDFA016). HIl AR I FERIBIT T QUBTHHA
TiH (23JRRAS568) Fl tft [ B} 2 B <P 8 22 6 7P #8 75 4% % T H [The National Natural Science Foundation of China (22272187, 22102196,
22102193), the Major Project of Gansu Province (22ZD6GA003, 23ZDFAO016), the Basic Research Creative Groups Project of the Science and
Technology Plan of Gansu Province (23JRRAS568) and the CAS “Light of West China” Program].

TEE R X (1996-), L, oA, £ 2 NFAY LRSS . E-mail: liugi@licp.cas.cn[Liu Qi (1996-), female, doctor degree candidate, engaged

in the research of biomass conversion. E-mail: liugi@licp.cas.cn].

* GEIFBCR A, E-mail: zz@licp.cas.cn; zwhuang@licp.cas.cn.


https://doi.org/10.16084/j.issn1001-3555.2025.01.002
https://doi.org/10.16084/j.issn1001-3555.2025.01.002
https://doi.org/10.16084/j.issn1001-3555.2025.01.002
mailto:liuqi@licp.cas.cn
mailto:liuqi@licp.cas.cn
mailto:zzl@licp.cas.cn
mailto:zwhuang@licp.cas.cn

551 X BEAE: TLREFIN Ni-Ce fHEAL ) A A DU SURRBE He e In 0T PR RE 52 1 15

TNETE IR B g rh, SR FH T 3 v i 4 19 Ni-MfiEfk
FUT R A A TR . e TTTE I B 4
T, IR AL S Fa v & ¥ s B, JF
PE— A B HARAL PERE™. 6il40, Chen 25 #F5% %
PR A TTTE T (Na,COs) IR TR2S 55 45 J8 Ni Al
AR 8] s AH ELVE FH, (A AL R0 e B it A rp
B4k, It 5 7 A Bk, DA ARG A Ak 700 i 75
Yan 225l 14 51 pH Y55 2 — e, KB pH {H
XoF AR R Ay U AR o 1Y) N AR R T 50 7= 5
mal. [, BT CeO, 1A 14825 o0 AT AW B 25
SURRER, T LI A I i AR A T2 T
JEFRNFPZE, AT LAE— 25845 Ni-Ce A5 (1) 45+ Fi
gV v e 7| Lo eL 7/ | e e st A S
SUR AR, DRI AR SCH A SR AN [ 0E 71 il 45 Ni-
Ce MEALT I IR Ni-Ce i Ab 57 % 25 44 Fn 48025 131 45
¥, SEMTSCIRA Y HAT- 65 55 & EUE AR AT = ik
BRI .

R T IRAGFEDIVE R RPN Ni-Ce AL ITE
$i . GERRIXT THEA NS AERR R 520, FRATT55E H
ANFEFPZEGTET] (Na,C,0,. Na,CO,, NaOH, H,C,0,)
il 5 T — %41 Ni-Ce fiALF, W9 HXT Ni-Ce AL
JEA. S5 sE i HLAEE, %8¢ HAE THFA fin& T3
F AR RE, JT AR FUR AR 45 1 5 A i RE
] () SR, A Ni-Ce AL 0 AT 42 il 25 FR A0 SR IS

1 SEIGERSY

1.1 EEFIHE

DL 2 T4 A O TR B N AT IR, 43531 A Na,C,0,.
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40 mmol Z FREAF1 0.25 mmol Z FR%H ¥ T 150 mL
R aliK T, B DAE 2 B RS i 200 mL FETE 7K
Y (0.3 mol-L ), FFRIZIE L. #F KR A WTE = IR
FYRSEREFE 2 h SRR KGR, HEAE 150 C R
K 24 h. BERETRG, 2K B IR k.
JEVETE 80 °C T T4 12 h J5 BFBE, Fr A0 K B T
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JH Micromeritics 2 7] ASAP 2020 7 47 F5 0 JFF43 1)
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X BRI AL (XRF) 3834 S5 R AL 750 b i
TLRETH.
1.3 B FIEHEFRE K

# THFA(4.9 mmol). ##4k 5] (400 mg) F1% 7
(LB 5 mL) AR 100 mL A i 28 . 2 0 28 %%
B, HEA ML 6 WEFEA 4 MPa &<
SMAIE N, 75 170 °C F RV 12 h. V4%
J, B A8 R . B GC-2014C SAH (%
1, R FNFRE (LL1,4-T 8 NFR0 AR X =4t
135 5T

PEARTR AR E PRI K THFA(4.9 mmol).,
B3 (250 mg) A (LB 5 mL) filA %] 100 mL
RN, A MR N4 6 G FEA 4 MPa &
AL AE 170 °C RN 12 he FERFRIR N 45 R, 85
NARAWIES O, B LSBT = 8o mr, s
[ R A AL 70 T A A 3 B N 28 vh, I A UL A
I TR 5.

2 BERETE

2.1 EUFIARSEHSH

FIHT SEM AIF 58 H0HE X Ni-Ce HEALFRITE S
S RLAEL. QP 1(a) B, SR o R 64 il 45 7Y Ni-
Ce AL S B EEVRARZE M, E— 2D B R B



16 A A A G L )

39 %

AT 37 7 R AR SORR 4 1T . 1T R FH B PR ik ol A S AL
BN A TCTE 7 45 B9 Ni-Ce-Na,CO,(El 1(e)) ik 7
1 Ni-Ce-NaOH(&] 1(1)) A1 751 1) Hy A HE J0) s e
B M. AT Ni-Ce-Na,C,0, AL (%ﬁ*ﬁ*ﬁf%é/‘]
A 200 nm), Ni-Ce-Na,CO; Fil Ni-Ce-NaOH 14 1 7
R BE /N, 2458 100 nm. 28 FH B RV M TTTE R
JIT il #5119 Ni-Ce-H,C,0, k51 hy ks 58 A2 44, 4n

20_9:%1;?‘1‘\" ?;“ ¥ 7

P 1(m) R, AHEE T HE Ni-Ce AL, IZAE AL
WURDRLAR B/ (24 50 nm), JBORE 22 [ADRG 2 72 B2 I
HE— L REIG TS5 R (B 1(d, h, 1, p)) FRWITE PUFP
A5 R, Ni Ml Ce FEHEALTTI R MY 20 70 4. P 1, HE
WHTCIE I A FPZE0F Ni-Ce i A7 Y ORI A2 R/ S
AT LR, M/ N ROk R S AR
e S R e AT CVACIUE ST

Ni | (d)

500 nm

500 nm

1 Ni-Ce-Na,C,0, f#1k71] (a—d). Ni-Ce-Na,CO; f#4kl (e—h)., Ni-Ce-NaOH AL (i-1)
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Fig.1 The SEM images and EDS elemental mapping of Ni-Ce-Na,C,0, catalyst (a—d), Ni-Ce-Na,CO; catalyst (e—h),
Ni-Ce-NaOH catalyst (i—1) and Ni-Ce-H,C,0, catalyst (m—p)
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Fig.2 (a) N, adsorption-desorption isotherms curves, XRD patterns of Ni-Ce-Na,C,0,, Ni-Ce-Na,CO;, Ni-Ce-NaOH,
and Ni-Ce-H,C,0, catalysts (b) before and (c) after reduction

% 1 Ni-Ce T HLIER
Table 1 Structural property of the Ni-Ce catalysts

a b . w(Oxidation-

SBET VPore DCrys d

Catalyst P N e N state) /%

(m*g ) /m>g ) /om TG Ceo,
Ni-Ce-Na,C,0, 5 16 94 98.2 0.83
Ni-Ce-Na,CO; 3 67 78 953 1.33
Ni-Ce-NaOH 1 32 57 97.6 1.56
Ni-Ce-H,C,0, 12 20 51 97.6 1.45

a. Sger, BET surface area; b. V;,., Total pore volume;
C. Dg,ys, Crystallite size was calculated using the Scherrer formula;
d. w(Oxidation-state), Element mass fraction of the calcined catalyst was

determined by XRF.
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Ni-Ce-NaOH F Ni-Ce-H,C,0, fi# L FI 1% Ce’'/(Ce’ '+
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Fig.3 (a) H,-TPR profiles; (b) Raman spectra; Quasi in-situ XPS spectra of (¢) Ni 2p, (d) Ce 3d, and (e) O 1s of Ni-Ce-Na,C,0,.
Ni-Ce-Na,CO;, Ni-Ce-NaOH and Ni-Ce-H,C,0, catalysts
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AL C—O BEE kL.
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FIHEAT T80 1250 9%, B4 T Hy 1. OV &
S5 7 s [) 45 R 2 oA Ak i A RZ e LA, 4 5] 5(a)
fiis, BEE H, 577\ 1 MPa B4 /113 4 MPa, THFA
FI AR N 60.5% 3 E 80.3%, Hid 1,5-15
B PRt DA 59.8% 38NN % 77.4%, L5 R HY)
FPTE S gt v AR . 2 H, R ) 4k n
|| 5 MPa I}, THFA A% AL 28BE O N E] 84.1%, It
I 1,5-70 B e N 92.1%, PEIIFE B R 4 F,
fEAL R ZRTH H PR B A 20552 T ROV iR
JEXT THFA JNETFER B2, WA 5(b) Fiw, &
IRJEM 130 °C FF3 170 °C, k& B THFA iy 5546 %
I 24.5% 3 14 i1 5] 80.3%, 1,5-78 s A Wit 54
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Fig.4 (a) The catalytic activity of Ni-Ce-Na,C,0,. Ni-Ce-Na,CO;, Ni-Ce-NaOH and Ni-Ce-H,C,0, catalysts for THFA
hydrogenolysis ring-opening; (b) Relationship between TOF value and crystallite size of Ni or

oxygen vacancy concentration of Ni-Ce-H,C,0, catalyst
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Effect of Precipitators on Selective Hydrogenation Ring-opening of

Tetrahydrofurfuryl Alcohol over Ni-Ce Catalysts

LIU Qi'"?, LI Fuwei’, SUN Peng', GAO Guang', XI Yongjie', ZHAO Zelun'", HUANG Zhiwei'
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, State Key Laboratory of Low Carbon

Catalysis and Carbon Dioxide Utilization, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The transformation of biomass-based furan compounds to high-valued hydroxy-containing polyester

monomer has attracted attention in the fields of green chemistry, and the catalytic selectivity and stability of non-

noble metal catalysts in the selective scission of C—O bond needs to be improved. In this work, Ni-Ce catalysts

are prepared by co-precipitation method using sodium oxalate (Na,C,0,), sodium carbonate (Na,CO;), sodium

hydroxide (NaOH), and oxalic acid (H,C,0,) as precipitators, respectively. The structure of catalysts is

characterized by SEM, XRD, BET, quasi in-situ XPS and Raman. The effects of different precipitants on catalytic

performance of Ni-Ce catalysts in the transformation of tetrahydrofurfuryl alcohol (THFA) to 1,5-pentanediol are

investigated, and the structure-activity relationship is preliminarily discussed. The Ni-Ce-H,C,0, catalyst shows

higher catalytic activity (the selectivity and yield of 1,5-pentanediol up to 92.8% and 90.4%, respectively) at 170 °C

under 4 MPa H, for 20 h, which can be attributed to its smaller particle size and higher concentration of Ni-V-Ce

species. Furthermore, the catalyst shows good stability and can be recycled 5 times.

Key words: Ni-Ce catalyst; C—O bond hydrogenolysis; tetrahydrofurfuryl alcohol; 1,5-pentanediol
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