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Add the reducing agent
(Hydrazine hydrate)

Add the support
(NaY)

Add the demulsifier
(Tetrahy drofuran)

M-Ru/NaY

7R 1 LI 4 48K Ru/NaY fE4E5
Schemel Preparation of nano Ru/NaY catalyst

by microemulsion method
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AR R B W= BRI 5. 70 g (5 i
£ 0.125 mm [ NaY 539 (Ru (%) 2 7 8008 8
2.0% ) FEAT AR RIZUEFE 4 h IS A Y Sk i ik
il , dksemipe 4 h, 25 ug)s, FKM RS IR
PR, 110 CF 144 10 h 5|3 M-Ru/NaY {7
(M AR .

(2) BRiEH &L m RuCly - 3H,0 /KR
HIAS.70 g By FiSE B4R 0. 125 mm (1) NaY 43 -
(Ru (yFEE kR 2. 0% ) ifF 17 R 5, Hidk 8 h
J&i . FH—E W BE /) NaOH 5 Y803 Jin i 5 14 R 19 pH
HZE 11 ~13, FInAR & B 7K A BRI 78 5 2 5
WREASM. BRI, L8, KOs

WPERE, 110 CF T4 10 h J51il75% I-Ru/NaY fEfk
FTREFRRBTL) .
1.3 EHFIRRIE

K H A Rigaku Ultima IV 71 X 5 28 77 53 %
PEALHNIAAE 1T XRD fi7 56 20 47, H Cu(Ka) Sk
(Bt A =0. 154 056 nm) F&5F fi L), 4 MR
40 kV 45 HL7E 40 mA, FH L 4°/min, F#EEK
0.02°, 26 =5° ~80°; >} FI 2 [H FE 1% NOVA4000e
BET 4y 34152 JI5 B 4SO A FA1aARE A 7 L 3R TR
ZERINAE , Sl ETE 350 C R lE A 3 h, DN,
KRBT, AR (-196 C) R AT R H
AL Ty F) JSM-5600LV 74 4 B - I sk A
2£[E FEI /3 H] TECNAT G TF20 #U47 % 535 5 v+
SIS A RO A 5 SR 28 El 4 3+
/] PHI-5702 I Z Dy Re L F R i (AT b 2R S
30T R IR E A W) QT-DSC-500C B 22 04734
PO FNRAE AT 22 0 B 0 5% DSC 2k, &
SRR, FHEFEZE K 10 °C/min, FHEZE 500 C.
1.4 ELFMKFEIFMR

X 2R B W AH I &S FE SO mL ANER 8 1 e S
M AT, B 25 mL YRR M SN BE TS IR
(0. 18 mol/L) 5 — & 5 A AL — B A 5 e S
Z, BHKRE, AN, il H, &3 KRENT
A, FrmEEER A —E RSN H,. BB
ABEE it B A R IR Vi i B b O R AR 2 1 000
e/min, SOWIFURTTEF. ROWVESHR G, ¥ 308 R
N7 22 FE O PIRE S A T R i e AT

FER B HE GC-2010 Plus 1S AH 8 335 {X i
AT Ve /43 M, FID A5G0, 2F4% 48 )2 280 °C,
R DU 280 °C, AR AR P FHE, S0 CAREE 2
min, SRJ5 LA 20 °C/min [FHREHZ T2 270 C, £
B3 min. SRAAH —30E 5. B LR 6890/
5973N B € JEIpe FHASGHEA 745 R 1 o AT

2 R 51Tk

2.1 EUFIMFRELR

NaY 4§, M-Ru/NaY {1k 5]l I-Ru/NaY
AL 9 XRD S 1 R, i1 AT L
PUT 4596, o 38 e e L e 28 A A 4 1 30 g
SYRN K Ru kT #8540 BUE NaY RS ALIE,
UG 1 XRD 3% 1 AT S Ru BT 047 51
e, FUREWLSER] NaY 435 (45 A A7 S0, R4
A R AR 1.



318 4 F M

31 E

J A llll.l..-L.. NI )

J “ lll.l.l.lllu.l_._h PTUEN b
| T Y T .
.

Intensity/a.u.

40 50 60 70 80
20/(°)

P 1 Ru/NaY fifb )i XRD % &
Fig. 1 XRD patterns of Ru/NaY catalysts
(a) NaY zeolite; (b) M-Ru/NaY; (c¢) I-Ru/NaY
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Table 1 Surface area and pore structure data of Ru/NaY catalysts

Catalysts Surface area/(m” - g™') Pore volume/ (em® - g™") Pore size/nm
NaY 724 0.35 1.91
M-Ruw/NaY 703 0.34 1.90
I-Ru/NaY 691 0.33 1.85

P2 Ru/NaY fiEfL5If) SEM B8 J
Fig.2 SEM photographs of Ru/NaY catalysts
(a) I-Ru/NaY; (b) M-Ru/NaY; (c¢) M-Ru/NaY (Increase the multiple)

KRN —, 15 NaY KA AR S, 1
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FURFAL, R T TEM gE—23RAE, WK 3 B, i

E] LA, T-Ru/NaY i A 550 PR & A= T3, 3L
Ru LKA K /NS H A3 SO A 38825 1 M-Ru/
NaY HEALFIRETRL T CRARZY N 1 ~2 nm) i/ H
B—Ifm o, RNz R B A PRz H
B—, A5, A A X5 XRD,
BET 13 i iy 4518 — 2.

K 4ZM-Ru/NaY {4k 5+ Ru 3dF1 Ru 3p [
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20 nm

P 3 Ru/NaY fiEfLiIf) TEM &R
Fig. 3 TEM photographs of Ru/NaY catalysts
(a) I-Ru/NaY; (b) M-Ru/NaY
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&l 4 M-Ru/NaY #4L5 Ru i XPS & [&
Fig.4 Ru XPS spectra of M-Ru/NaY catalysts
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Fig.5 DSC curves of Ru/NaY catalysts
(a) I-Ru/NaY and (b) M-Ru/NaY
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AT, KRS s THALR NALR, X RENE MK N
IRERE, SCPLSR (AL,
2.3 &I EAFIERER M

BATRAWIR TR &, RARE, 25
A R 2 o 3 A 1 R i) B s S Rz S ]
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Table 2 Influences of different preparation methods on reaction

Conversion Selectivity/ % Reaction
Catalysts } )
/% 4-Hydroxycyclohexanone 1 ,4-Cyclohexanediol Cyclohexanol Cyclohexane time/min
NaY - - - - - -
M-Ru/NaY 100 2.27 92.6 4.83 0.27 30
I-Ru/NaY 84.6 6.79 87.3 5.05 0.82 120

A SEE, 3 AL M-Ru/NaY 15 523 P %f

KOWR R E (0.1 :1,0.2:1,0.3:1,0.4:

R 3 KR ZAR AT ERE

1, 0.6 @ 1) 36 28 [ fh A o 052 oL 19 52 iy 1A
5 AR WS d R3 AT IL B R H

IRZE

Table 3 Influences of reaction conditions on catalytic performance

Conditions
Catalyst dosage
Results Temperature/°C Pressure/MPa
(m(M-Ru/NaY) : m(hydroquinone) )
0.1 0.2 0.3 0.4 0.5 120 130 140 150 160 3.4 3.7 4.0 4.3 4.5
Conversion/%  99.6 100 100 100 100 9.7 100 100 100 100 9.5 9.9 100 100 100
Selectivity/%  89.4 92.6 92.5 92.8 92.8 88.5 90.9 91.5 92.6 8.7 8.0 9.1 9.6 8.8 87.3

i, XFOR G AL AR 2 O 100% , i 2% AL 5
BHAT RGP aROR , stk 2z i m, HAE5
I 0.2 LS HEIEREA B3, Xl el TIE—E
SNRIET , RO AR I e — Y, BIS

HIMEREA TR RE—ER. NI, % Bk
A 28 % DR 36 RPE SR 1A 3 v i A T DR 36, e
L3 M-Ru/NaY -5 S S0 28— 8 (4 i EE 4 0. 2
i, AT A .
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O W RO AR A T KR R, B
150 °C A fpefE SOz
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715 4.0 MPa [}, 1,4-36C B 09 2 Pk 0k 3 5
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Aoy R, R A T R A, DU e A
PO YRS KT 4.0 MPa i, 1,4-BR 0 Y
PRV E B , 3K T A T IR
I, FfER NI 4.0 MPa.

TER NI 150 °C, A /3JES1 4.0 MPa, m(M-
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Pt , 54K S 7 B ) X8 Xof 24— P im0 5 v 435 S 1) 5%
e, 235 SR AN 116 BT 7S . R e s 52 L 4 W s A T Vs
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Fig. 6 Determine the optimal reaction time

IR, B R R Y, ek, o
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TRER PR PTREAR. T LA R R S I ] 6 B
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7 M-Ru/NaY fELGH] B9FE P
Fig. 7 Stability of the M-Ru/NaY catalyst
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X o 2 gy o 2SO 1) g B AR BT 25 43 A A
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S JSAS R A 1) b (] 7 ) 4-5 BL-2- B0 O 4 1
1, 4-FRC W, vhia] o) 4 28 2 T8 5 & (2 mol
H,) , B HAR Y 1,4-50C 1 =) 1 ,4-
PO ZHS 5 1 mol Hy S A 4-F 3L R, 4K
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Bronsted iR 1.0 F1 Lewis g 10, BEAE Lewis iR
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Scheme 2 Proposed reaction routes for the

hydrogenation of hydroquinone
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Preparation of Ru/NaY Nanoparticle Catalysts by Microemulsion
Method for Catalytic Hydrogenation of Hydroquinone

LI Gui-xian, LI Qiang, ZENG Xiao-liang, BIAN Jie, LI Hong-wei, Yun Hong-fei
(College of Peirochemical Technology, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; Using TritonX-100, n-hexanol, n-heptane and RuCl; - 3H,0 aqueous solution to form microemulsion.
The ruthenium nanoparticles were prepared by the hydrate hydrazine reducing. The demulsifier was added to the ru-
thenium microemulsion system, the Ru nanoparticles were loaded on the NaY to get the M-Ru/NaY catalysts. The
catalysts were characterized by XRD, BET, XPS, SEM, TEM, and DSC. The results of characterization show that
the M-Ru/NaY catalysts have the advantages when the average size of Ru particles is small(1 ~2 nm) , uniformly
and highly dispersed, comparing with the Ru/NaY catalysts prepared by microemulsion and impregnation for appli-
cation in the hydrogenation of hydroquinone to 1, 4-cyclohexanediol. The influence of reaction conditions on
hydroge- nation activity was investigated in detail. The results show that the optimized reaction temperature is
150 °C, hydrogen pressure is 4.0 MPa, m(M-Ru/NaY) : m(hydroquinone)= 0.2 : 1 and the solvent is isopropyl
alcohpl. Under the optimal conditions, the reaction was carried out 30 min, the M-Ru/NaY catalysts exhibited high
activity. The conversion of hydroquinone was 100% and the selectivity of 1,4-cyclohexanediol was up to 92.6%.
In addition, the M-Ru/NaY catalyst has good stability. Finally, the reaction pathways were also analyzed prelimi-
narily.

Key words: microemulsion; ruthenium nanoparticles; hydroquinone; catalytic hydrogenation



