ERVEST RE I L ik =3 27 it Vol.37 No.5
20214E5 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 817-823

AT B ESBENI/MCM-41 ELFINHEEREZ NS ERE

R OAEERT K F EeE FHF KREN
EARFG B FLE O KEE
(BB IR RFNFENTFIR, BT TS SAMA R EREELLRE, BN 243002)

FEEE - 530 FHAUAIT IS JCA 7007 AR IR R T 90 v Tl 2 77 Ni/MCM-41AEAR ), X8 r LA AL R EAT T 0 BT 3R ALE L 4R 98 2
SN PERETF 5 W IR A BEAT X HE o 53 MR TR AR LU, WU T3 50075 P 1 i A 3R] 64 B B BOAR T, 52 B 0 S
FZENN P BEMSA 42 5 5 U ANy R JCHA 700 U 035 P T 1 AL R A 0 BUE RN S8 P B, <6 B R0 HIUE hy 6.9% iR 48 i 2
67.9% , ZEIMAPERESE & 17 IT 1A% B LLAMIEHE B AR AR S BT , B2 1 1 VSN AGE 9 X JIC 18 700k ol 6 A ) P R 114 412
HEAEHIFLE

KGR : NiI/MCM-41; ToHR 5 MEARIGI 45 o-Bs s Z9mal; frigm
hESES: 0643.3; 0614.81°3 CRRFRIZAES: A XEHS: 1001-4861(2021)05-0817-07
DOI: 10.11862/CJIC.2021.097

Highly Dispersed Ni/MCM-41 Catalyst: Solvent-Free Preparation
and Performance for Hydrogenation of Naphthalene

CHEN Hao REN Shi-Biao® ZHANG Ping WANG Zhi-Cai LEI Zhi-Ping
KANG Shi-Gang PANG Chun-Xiu YAN Jing-Chong LI Zhan-Ku SHUI Heng-Fu™
(Anhui Province Key Laboratory of Coal Clean Conversion and High Valued Utilization,
School of Chemistry and Chemical Engineering, Anhut University of Technology, Maanshan, Anhui 243002, China)

Abstract: Ni/MCM-41 catalysts were prepared with a solvent-free method of mechanical grinding. Furtherly, Ni/
MCM-41(CA) catalyst was also prepared by adding citric acid during preparation of Ni/MCM-41. Compared with Ni/
MCM-41(IM) catalyst prepared with the conventional impregnation method, the physical properties of the catalyst
with the solvent-free method were almost unchanged. And the dispersion of metallic nickel and the performance of
naphthalene hydrogenation were slightly improved. After adding citric acid during preparation of Ni/MCM-41, the
dispersion of metallic nickel in Ni/MCM-41(CA) catalyst was greatly increased from 6.9% to 67.9%, and the perfor-
mance of naphthalene hydrogenation was nearly enhanced 100%. Through infrared spectroscopy, UV spectra and
thermogravimetric analysis, the promotion mechanism for adding citric acid in the solvent-free method was attribut-

ed to forming a kind of nickel citrate by adding citric acid during preparation of Ni/MCM-41.
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Fig.1 N, adsorption and desorption isotherms (a) and pore size distribution curves (b) of MCM-41 and catalysts

prepared by different methods
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Table 1 Physical properties of MCM-41 and catalysts prepared by different methods

Catalyst BET Surface / (m?-g™) Pore volume / (cm?-g™) Pore diameter / nm
MCM-41 910 0.97 331
Ni/MCM-41 620 0.54 3.00
Ni/MCM-41(TM) 629 0.55 3.03
Ni/MCM-41(CA) 579 0.52 3.09
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Table 2 Hydrogen chemisorption data of catalysts prepared by different methods determined by H,-TPD

d /nm
Catalyst H, Chemisorption uptake / (mL-g™) Syi/ (m?-g™) D/ % p— XRD"
Ni/MCM-41 27.6 48 7.2 14.0 14.7
Ni/MCM-41(IM) 26.5 46 6.9 14.6 14.8
Ni/MCM-41(CA) 259.4 452 67.9 1.5 1.5

#Calculated from the volume of chemically adsorbed H,, loading mass fraction of Ni: 10.0%; " Estimated by the particle size using Scherer

formula, d=0.89A/(Bcos 6;,), where A is the wavelength (0.154 18 nm), B is the full half-width (FWHM) of the peak, and 6 is the Bragg angle

(26,=44.4°).
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Fig.3 H,-TPD of catalysts prepared by different methods

22 AN K o 33 15 BH G I 7R 1 45 1) 4 R0 mT LA
TE—E1H DL T AR R ik il A ny f k7] o (2 1
#BIHEAL T N/MCM-41(CA R HUE 54 R B2 im
FRZURIHE K, T 4 Ja 0 R A28 2Rt /)N, 3 150 B
JnA IR J5 T LA A B 5 o HORE A T A 4 e
B
22 EAFIZEIMSERE

AR T Ni/MCM-41  Ni/MCM-41(CA)F1 Ni/MCM-
A1(AMYELE R ZEIM A ERE, 25 R MK 3R, M2
RbFE R 0.5 g BF, Ni/MCM-41 F1 Ni/MCM -41(IM) {4
b 25 & 5% A 2 53 00 S 99.5% F1097.2%, i H.
Ni/MCM-41 i+ & ZE 81 (25.3%) 2% 7 T Ni/MCM-
41(IM) Y T A S BENE(6.1%) . M2 5 3
1.0 g}, Ni/MCM-41 F1 Ni/MCM-41(IM)JEALZ5 & 1)
AR 59 R 51.8% F146.4% , 0T LAFE H G171 1%
=TI R 7 i [ o [ K L o | N [ L A - [T E
Ni/MCM-41 1) S 2585 #1% (4.2%) . & F Ni/MCM -
41(IM) A+ S ZE e B (1.8%) , IR UL , TG 709 1l 4%
)AL A0 035 AN I T3 T a5 A AR A R0
SR, L EIREE . XTI AR R JC A ik,



822 Jc ML 1k

¥ 374

MZEAL BN 0.5 g I, Ni/MCM-41(CA) 5 2 B AR
1R B ZE N S M AR LT R 100%) DA KA %%
TERRPE . B ZS b P R B 1.0 g B, Ni/MCM-41
(CAYRZEHAL A L Ni/MCM-41 [R]RE LA 1R Kk i J3
I, D 51.8% 42 5 510 99.5% , 1hij H.+ S 25 B i ¢
PR — 5 14 = L X U B & 19 NiZMCM-41(CA)
I IS DL T IC I A Il 48 1 Ni/MCM-41

R T HE 2 W AN R] Dk AR AR R 25 A
PERBIAI Y 22 5, 361 g b BN TR AK 700 %) 1, T AR
i, TR T ORI D7 ik A AR TOF R (3R 3).
AL Y, Y ZEA0FE - 0.5 g I, Ni/MCM-41 ) TOF

fE(25.1 h™)5 Ni/MCM-41(IM)(19.4 h™" A1 Lt , $2 &=
30%. 1M Z8Ab P48 3 1.0 g i), IRt & T
15% , 3X 3F—25UE B T J0 ¥ 700 32 o 25 mg 4 A 70 &
TEPEAIE TR EA T & AR &0E v B 2k
WS e TR I, DAL T 00 i o A A R A — 7R
JE AT DR Bkl s i . ) — T, 2%
Qb B A 0.5 g B, Ni/MCM-41(CA) Y TOF {5 A0 He T
Ni/MCM-41 $2 & T 70%, 24 Z84b PR J& 1.0 g ), 32
e U BRI TG A 5 AR R B I AR A IR
REdE = HAE AL I =M fE

R3 AEFAEABELTOELCNSEE
Table 3 Catalytic hydrogenation activities of catalysts prepared by different methods

Selectivity / %

Catalyst Mgihatene | & Naphthalene conversion / % - - TOF / h!
Tetralin Decalin
Ni/MCM-41 0.5 99.5 74.7 25.3 25.1
1.0 51.8 95.8 4.2 20.2
Ni/MCM-41(IM) 0.5 97.2 93.9 6.1 19.4
1.0 46.4 98.2 1.8 17.5
Ni/MCM-41(CA) 0.5 99.9 10.7 89.3 42.8
1.0 99.5 92.6 7.4 40.5

Reaction condition: loading mass fraction of Ni: 10%, 5 g n-dodecane, 0.125 g catalyst, reaction temperature: 300 °C, initial

reaction H, pressure: 5.0 MPa, reaction time: 2.0 h.
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