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Preparation of Ru-B/y-Al, O, amorphous alloy catalyst and study

on its catalytic performance in the hydrogenation of hydroquinone
LI Gui-xian™ , GAO Yuan, SUN Lie-dong, LI Hong-wei, JI Dong
(College of Petrochemical Technology, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The supported Ru-B/y-Al, O; amorphous alloy catalyst has been prepared by chemical reduction method
and is applied for the reaction of liquid phase hydrogenation of hydroquinone to 1,4-cyclohexanediol. The catalyst has
been characterized by X-ray diffraction ( XRD) , transmission electronic microscopy ( TEM ) , thermal gravity analysis
(TGA) and nitrogen adsorption-desorption. The effects of Ru loading amount, reaction temperature, H, pressure and
reaction time on Ru-B/y-Al, O, amorphous alloy catalyst in hydroquinone hydrogenation reaction have been studied. The
results show that the optimal reaction conditions of hydroquinone hydrogenation to 1,4-cyclohexanediol are as follows: Ru
content is 1.0% , reaction temperature is 140°C , reaction time is 3.5 h, hydrogen pressure is 3.0 MPa, then the
conversion of hydroquinone is 86. 23% and the selectivity to 1,4-cyclohexanediol is 86. 54% . In addition, this catalyst
shows excellent thermal stability, which is beneficial to the industrial application.

Key words: hydroquinone; 1,4-cyclohexanediol; amorphous alloy catalyst; y-Al, O,

1,4-3A 0~ — R B A4 L EURHRIL 27 o
WA, Pz B A T A LA RS 2, 1,4-
PR O B X B A LI R A AR A5
FWARINE A B, H AT EZLL Raney -Ni 4L,
{HHAFAE S TR 152 5 (4 MPa) | 5 [ K Rl 46 5t
T o) s R 95 Je S i i Y L AR, B
PR TR R R 1,430 O ) ) A R B A
Mo Adkins 255 L Raney -Ni W fEALH, 201 0
SIS g e = i O s 7 N ey -
{ELAF 76 B R I 18] %5 K 9 Bk 5. Y. Komachil'® 7
KOH #3 HF LL LA AZ i S5, 36 S50 — T o1 4%
1 4-3R0 "B, i T LA A B 5 (8 75 A 7 R
A, B LA, 7 A SCBR I .
SEVTPL Ru/CO AR, ZE TR 150°C , SRS

N'5.0 MPa fIZ4 T, AL XA By A 1,4
IO EECRE R 76. 8% BAFAE SR TI it &,
JSE A6 AR 2 B o 2 SR B A I T T R B R
SRAT W% 0 L T A R N A, A
FNEA BUAAR , S A5 R R R {H 2 L e B
75 ,7E 3.5 MPa 150°C (A 451 N OB 3 h, XA
TR AL IRAL R 65. 8% PR, TF & P BE AR
BAR G IR | € PR i A A L ) LA B

1981 4F LK, Sk AR S A S Ak F— B
AR ESY . B TERSG4 R
FEREA 7 KRR TCT B RES5 F4 A 3 B ) T e
DRI b EL A A A 5 P A e O A
e A S AT LA 7R & R v IR B 5 e b

I fE A HA:2016 - 11 - 10

TEZ R 200 (1966 - ) , 55, 4, B, {0 LA S, EZENE TV AR A R 05, IR R, Igxwyf@ 163. com,,



- 116 - LK AL L

WATRERI S . B R
RN SIS AL A I, AR S A4 Ru
TEAL R I 0 S AL RE , BRI L , 26X R i fin
A 1, 4= O R RN AR SRS A 4 Ru fE 1)
A BRI
EHEF AR JE % T — F 5 Ru-B/y -
AL O, FE SRR, B UL FH 6 28 1 A
Al 1, 4= 0 R N . @it TEM XRD \DSC,
BET 25 i Ak 70 1) 4 b 45 4 S B SRR AE 24T T 3%
i, 5T AR SR 25 A0 %o 75 — gy i &l 4 1,4
O BN EERR M SE R, I — e T i X
A NS) A S

1 EWHS

L1 EEFEHE

TE= B AP I — & 2= 1 y -ALO; (y H,
AR, b A UM AR AT BRZ W AR ) FIAS [R] e
JE#) RuCl,y -3H,0 (AR, Jii &5 4340 =99. 99% , ik FHE}
RGP W BEFE 12 h R R B fE
100 mL g 1 H HE il — € R BLAY 0.012 mol/L 1
NaOH (AR, Bt 73 80 =96. 0% , K H i i i i 4k
AU A IR A 2R T, A — RE W Y
NaBH, (AR, Fiit 0 %0 =99. 8% , KH T K fb o ik
FRTHE)  FHR SRR o 28 i = bk =

F37EFE5 H

PR, IF4 = DB E T 0°C i ukoK i b il B0
BEFE2. 5 ho TMESHS RO R A e 1k
FE o Gl Ak e 2= b v, oK Sl
U3 U ET 10CTF TR

1.2 EAFBRIE

HMMSEE FEI Tecnai G, 37 & 325 5 it 1 ik 3k
BEAEAL AT TEM RAE, g iy 2 200 KV, Kt
HEALTAIAE it 0 TBOOE SRRV W P, T8 5l P B 75
4 min AR5 AT 0 HT

FIFH H 7 Rigaku Ultima IVED X SR A7 5O
AE5513E4T XRD iz, Cu Koo 4§48, A =0. 154 056 nm,
FAH L BE S 4°/min, B8 s FRL 20531 R 40 KV A
40 mA 2K K 0.02° , HHTEH 26 =5 ~90°, F N4
TR IC SRR

HEAL )P ER 43 7 76 3+ Mettler —Toledo TGA 1
SF AHE Jp A B 34T, 29 5.0 mg I 4 Ak 500 B
T I R HE R, RE R AE N, R |
50°CFHE % 550°C , FHEH R Ky 10°C/min, I &
% 50 mL/min,

FIFISE E RS NOVA4000e BET 4y B i A
XPHEAR A 1 o 2R T AR T 5E , #5249 0. 1 g fEALH
BT ERIEAE i b, HE e TE L AOIREE TR 120°C
S22 h AT UL B, SRS AE BT B s A 4 N,
HEAT I

(L% 114 )

[4] Rafatullah M, Sulaiman O, Hashim R, et al. Adsorption of methyl-
ene blue on low-cost adsorbents: A review[ J ]. Journal of Hazardous
Materials,2010,177(1/2/3) ;70 - 80.

(5] Shige, JAZK 0, SR 0, S5 R 16 1 v ok 8 G g 44 g
(] PRI Tl R 22441, 2016 ,48(2) :50 - 56.

[6] REdRN, FBE, FIER E , 55, WEME: 2 BE R 90K A5 R BF K o BUSE SR
MR 12 53 732 [ 1], W #4E 2% 2% 41, 2010, 26 (11)
2890 - 2898.

[7] B3t AL Fenton fi (LA MR fF A HLE K BIBFSE[D]. K
HE R R2,2011.

[8] Moura F C C,Araujo M H, Costa R C C,et al. Efficient use of Fe
metal as an electron transfer agent in a heterogeneous Fenton sys-
tem based on Fe’/Fe; 0, composites [ J]. Chemosphere, 2005 , 60
(8):1118 - 1123.

[9] Gao L, Zhuang J,Niu L, et al. Intrinsic peroxidase like activity of
ferromagnetic nanoparticles [ J ]. Nature Nanotechnology, 2007 , 2
(9) .577 - 583.

[10] 5%, X%, 2808, 5. FRER G W S B 9 K S LBk AR 1L
PERELI]. KR 2#H2,2014,47(5) 1459 -463.
(117 EISRE, RIR2 A0 75, S5 36 M it ] 4 B A5 7K Ak B v i i

FALT] KEAR B4R ,2010,17(3) 142 - 44.

[12] FFEL, 20809, SHEl ), 45 AR I e B4 ol 4 B 1o FH AU 5 ik
JELT]. ERFEAR ,2010,29(7) :163 - 165.

[13] Yang S J,He H Q,Wu D Q,et al. Decolorization of methylene blue
by heterogeneous Fenton reaction using Fe; _ Ti, 0, (0<x<0.78)
at neutral pH values [ ] ]. Applied Catalysis B: Environmental,
2009,89(3/4) :527 -535.

[14] Li Y,Leng T H,Lin H Q,et al. Preparation of Fe;0,@ ZrO, Core-
shell microspheres as affinity probes for selective enrichment and
direct determination of phosphopeptides using matrix-assisted laser
desorption ionization mass spectrometry [ J]. Journal of Proteome
Research,2007,6(11) :4498 -4510.

[15] Zhang S X,Niu H Y,Hu Z J et al. Preparation of carbon coated Fe; 0,

[

nanoparticles and their application for solid-phase extraction of pol-
yeyclic aromatic hydrocarbons from environmental water samples
[J]. Journal of Chromatography A ,2010,1217(29) :4757 —4764.

[16] Zhang Z Y,Kong J L. Novel magnetic Fe;0, @ C nanoparticles as
adsorbents for removal of organic dyes from aqueous solution[ J].
Journal of Hazardous Materials,2011,193(5) ;325 —329.

[17] 259, K0 , FE I, 56 0 T 3 R R ok B HC 4 g T 45 W0 1 5
[J]. A2/ ,2002 ,4.221 -222. A



2017F58 FREF:Ru-B/y-ALO, FESEATINHERENE ZBINSEAIEENHRR - 117 -

1.3 EAEFIETEGD

FE 50 mL ASEE AR S 28 HROIn AKS B B
25 mL {5 EE.0.5 g X2 WA 0. 1 g fEfbF.
g BRI, N, 1 H, B a3 Wa, maErh
WAFE RS Hy o 4 5 48 A T8 2 R 1 91l
TR NI IR SN o I 285 o5 BURE A3 AT o YA =4
F & GC-2010 Plus BVSAH @ 3E /MG T 40 #T
i SE-54 B4 (1% 4E (0. 32 mm x 0.25 pm X
30 m) , FID & 4%, 285 N, #if& A 30 mL/min, H,
i 60 mL/min, 25 S i 4 600 mL/min, A7k :
Wi 50°C £+ 2 min, 20°C/min JF} & 270°C % £
3 min, PEFERR IR E A 280°C, K il #5 R E h 280°C
PERERA 0.6 WL, 43 b oA 10 1, SR A AL A — 32
IHEE,

2 HR5WR

2.1 fEWEFIH XRD RAE

ANFA Ru 71 2800 19 Ru -B/y -ALO; AL #Y
XRD jEE A 1 fras. il 1l IR AR 5125
HAHELFITE 20 =30 ~40° 45°F1 60° ~70° 14 H B
Ty —ALO; FYRFAEAT S 0, R W E AN R] 7 B 0
ML R X y —ALO; BRI AHESHG 7= RS2 . E
— BT AL, XRD 3% [ rp 82 R B 5 Ru (97T
e, W Ru 7 y —AL O5 FRAR R 73 H Pk
L 8

oy )\ J\ 1.25%

1%

AN H )\ 0.75%
e H . /\ 0.5%

10 20 30 40 50 60 70 80
260/(°)

R/ (a.u.)

1—0. 5% ;2—0. 75% ;3—1.00% ;4—1.25%
K1 fF Ru fi # £ & Ru-B/y-ALO,
8 4k 7] 9 XRD # F

2.2 fEHFIE TEM RAE

AR RAFECT /9 Ru-B/y —AL O, fEALTIEE S
RS BN A 2 fr s, MIET 2 Auf DU Ml
FILL R MBIE L A7 AE . o EHIR v AL Oy
MR LN 50 nm, Ru-B JF i A G BRI
5 nm, Ru-B AESASBETE v -AL O, HMAKE /3L
RAf, BRI/ — R MBI R B GE

(a) RUEEN 5 nm LT (b) RUEEDy 20 nm YL

50 [ 100 nm | RES T HE LR
() RBE 50 nm (1 B A (d) Ry 100 nm {1y H BEE
B2 T RE#HAEETH Ru-B/y-AlLO,
A HIBE % ey TEM B B

2.3 fE4FIE BET RAE

Ru 2 Ru-B/y —AL O5 4075 14 15 B iy £k
FARS A 3 IR o 25 H y —AL O 2RI F i
KRR A& 4 s, A 4 ] LA
y—-ALO, BRI R B BUY 127.954 m*/g, HL 0%
PEAH 73 Ru Z J5 M A6 0 9 b 3% T AR 1 =
133.298 m*/g, 3% /&= T Ru-B i3k 7E vy AL O, &
T JE T AR AL I 2, T 67 28005 A A6 50 19 - 1

400F =10

0.888 nm

~1350 Eost q
=] L
& 3000 506 /
wasof BT J
3 Soab
aoop 1 ‘ De/ /Ad.

+ 10 100 "
g 1(5)3 A% /nm /.//./
St s

50f S Sy=133.298 m?/g

0 02 04 06 08 L0
XTSI (p/p,)
K3 Ru fi# # Ru-B/y-AlLO0,

AT R M o & B2 oA

400, —
R 0.845 nm -
3500 Eog y
%3000 fos
w2sol  Zo4
8hool 02 [ e
=200 g . De‘/ /Ad.
I# 150} ) N éo 100 /'/.
21
% 100k nm /'A/
_I*.*"
507 . aunmmmt 8,r=133.298 m?/g
0——%2 "4 06 08 10
HMXTETI(p/p,)

W4 =@ y-ALO, HAKBM dy & K ALZ 04 H



- 118 - LK AL L

FLARBE KA JE R T Ru-B 99 A0R T 1 2805 —
Lef LIk ZE
2.4 EUFIRRGEES

Ru-B/y-AL O, #EALFIAY TG fhZ N S frs .
MBS Fa] I 7EBE AT THEL R A A5
IO R B, U 0 805 I HEAL 7], 42
Ru-B Y EIR L , 7 550°C AP HEALTAN 2 Hi B
LA, Ru —B/y —AL O, fiEALFIfR1F T R AY AR
TEVE

PO NV KV YV YV YV Yo )
ONARNXONAANRO

0 110 220 330 440 550
TREE/C

E'5 Ru-B/y-Al0, L7 8y TGA %

2.5 fHHEYWRMENE

FER N IR R 140°C |2 N 3 4 3 MPa, 3
71000 r/min, JZ BB A 3.5 h (9 &1ETF, R
Ru 67 38 50 5 g 2 i i 26 &) 6 iR, ML 6
R LAE Y, AL B Ru 67 280 5 i 39 0 A Ty 14
I, FE BN 1. 0% i) LRk 5 86. 23% , B %
TR, FE AR R kA B ARk, Tk R
B & T2k a0 3 o BT JE BEAR, FE R
1. 0% I, 3k B 5z = 1, 85.07% . WFSE R B, 1 4k i
BRI, AP0 AR T35 P 7 s 520, AR T T AR
RV R A R R SE A Y 4- R O
Pl , e 07 2R ARG A A R A e R R AR . B T 3
SIS A AR S N, R 5E A AR )
4B OB — A AR 1,4 -3 0 B, [
B, 1,430 O R S K A B O e 25 At Al =
Yy, ik R 1 B A o 28 1 3G S T R BRI
2 Ru 3N 1. 0% B, %28 — W 9 7% fb R Al
1, 4-3FC Ak B v e i, 43 51k 86.23% FiI

90
gof
8ot 185
< 70l
70 5 180 S
’g 60} g
% 5ol 5%
40+ 1 470
30}
1 1 1 65
05 10 15
R/ %

1—H Al 2 — e
B6 i3 E Xt KB

F37EFE5 H

85.07% ,
2.6 EEXR AT

£ Ru S8 1. 0% , SO s 109 3 MPa, e i
241000 v/min, JZREFE] g 3.5 h (955 PF T, IRLEEXT
BN AR GNP 7 frzs o AT sl DIE
FAL R B TR (9 T e AN T i s e 4 B A it
JE BT SEH ek o e TR R T I U A
WIS W SR BE A T e, S R A 03T R
T e AR T e Al SR B A 3 B 114 T i AN L
Tho W1 TSRO A BRSO, , KRGl SR A9 S B i
JEREARIN SN ANTE 2, 7= AR 5 2 v [ 70 T30 ok
PEVERAG, B R AT 140°C 5, 1,430 C &
2P WK A R C e A i S HLAd 81 1, (G
PEPEE R R, 4B N 140°C B, X 2 5 ) 5% 4k
FRNL, 4302 TR EFRE AR, 2351 82.55%

1 86.54% |,
90 90
80 180
R R
s7of 2 1708
= o
# 60 {160 %
50+ 1 150
100 120 140 160

BRE/C
1 —J {3 ;2 — e
W7 5 Ex RN R

2.7 EHXMREBFE

TER =N 1.0% , R Wi N 140°C , 3 hy
1 000 r/min, W HF[E A 3.5 h BT, S Xt
NN 8 ras . MK 8 AT LIE i %
I REPERIREE ) W T s, 24 & e RF
3 MPa Jii, 8L R Ak FEME L 028 k. fFos 3,
JEITEARET , ) hAR R o H, B IRF s, A
RS A v ] F= 4 4 - ¥ L3R i G 2 4k 22 i & A4 B
1, 4-37C -, HA R 1,432 BB R4 i
R, WCRT A H B e 3k PR AR B A T 1Y

90 90

85t 185
< 801 180
@_75- «755:1
2 70t 170 %
#

65} 165

60
55

160
55

15 20 25 30 35
FEF1/MPa

Il 2 — et
CR PN AR A



017F58 FREF:Ru-B/y-ALO, FRTEATINHERENE ZBINSELIEENHRR - 119 -

R, BOREERE AR, SRz i 18] R, 1,436 & B
IR AR B O I ) S B B AR S 45 0 DRI, B
FrElER e AR 7700 3 MPa IR — W ) e
LR, 430 O W 1 B 1 R B R AR, 20 ok
86.23% H1 86. 54% ,
2.8 [iER R B S5 00

TE AN 1.0% , il & 140°C, B i oy
1 000 r/min, JE /)% 3 MPa BZ0F T, IS 1ADXF S R A
SEMANE 9 Fron. ti & 9wl DU Y, 78 ROV 9E T
3.5 h ), Hy IR AJE TR, iR IOV E 245, &
Rl , BEE SV R AYAE I, 1,430 0 — it — 4
Hoi 7K A R 2 B B e 5 HAL A, (ol e
WO I, B AR T, I I 0] 3 1 1 3 Wi AN S AR
Ko BOBLIF B 3.5 h i35 B L, 5% R
84.02% , % £ N 83.55%

Q6
60

84} 1 19
8
2 , 18032
X 8ot El
® L
78t 1708
76}

25 30 35 40 45 %
B[]/ h

IR 2
BO B xRN R

2.9 REBEEHH

3 3 52 07 Ao 4% B B S 7 ) 4% )
B 70 23 A BRS04 Ak S B 1 R 4 7 10
TR TEVCHHII RN 6 0F R, 5 B i A i A
P 1 A-FRC TR, RIS AE S R A AR AN 2
SINE Y 4- KRR O, 4R LR O R 2 — 2
IR 1, 4-FRC 8, X2 W75 i A
H S K A SRR, 2 B 1k — 25 A R R
B PR O R BK A R O bt R 1,4-3R2
LA RN I 4 F R K A R O %R
B A AT B A R S LB B AR AL T
T X S I B AR BRI AMHT L TT S AR AR R AR
PP A OO JEL DR AR £, 3iE I =22 B2 4 E A

-H,0 H, Q-Hp O
Q
OH OH V OH H[
H.
(b ol on] O

& T

\

10 RpMEE

3 g

R AL k] 5 738 Ru-B/y -AL O,
A G 4 AL TR I T T X R AR in A
1, 43R0 Tl S B G R AT PE A B
AL PEREZ = T Raney —Ni fiE4L77], )i HAT )
Uy PRGE TE IR A AR , T 35 T 2007 o 4
@ IR BAT R Tl AR AT

S 0k

(U] PRI, IR OR et 55 1,2-30 0 s B HA AR W 5 0
SR MR ET,2005,22(3) ;1 4.

[2] £k, BE2GRRR AR LA -1, 43R C R [T ). R S RT L
24,2006, (2) :13.

[3] E3CH, B, VEPHE , 2. Ni B AE S AA S MR T 18
iV A 8T A o A [T ] i Ak 27 3z, 2004, 25 (5) -
369 -372.

[4] Wu Mei-xia,Li Wei,Zhang Ming-hui, et al. Preparation and catalyt-
ic performance of Ni-B amorphous alloy supported by chitosan/
Si0, [ J]. Acta Phys Chim Sin,2007,23(9) :1311 - 1315.

[5] Adkins H,Billica H R. The preparation of raneynickel catalysts and
their use under conditions comparable with those for platinum and
palladium catalysts[ J]. J Am Chem Soc, 1948,70 (2):695 -
698.

[6] Komaehi Y. Novel and facile reduction of Phenol derivatives with
samarium diiodide-base system[ J]. Tetrahedron Letters,1994,35 .
4169 -4172.

(7] EAE LR A, K, 55 X i m &l & 1,4-3C =
BEBESEL ] 2 F 1L ,2010,24 315 - 321.

[8] ZE5tht, Ll AN, &5 KAAH Wk £ (a7 AL )
7 SRR X A P RE T ]. A HoAR 51,2015,
33(3):225 -227.

[9] Yokoyama A, Komiyama H,Inoue H,et al. Hydrogenation of carbon
monoxide by amorphous ribbons [ J]. J Catal ( United States ),
1981,68(2) :355 -361.

[10] Zong B. Applications of the amorphous alloy catalyst and magneti-
cally stabilized bed technology in petrochemical processes[ J]. Chi-
nese Journal of Catalysis,2008,29(9) :873 - 877.

[11] Wu Z,Zhang M, Zhao Z et al. Synthesis of a Pd on Ni-B nanoparti-
cle catalyst by the replacement reaction method for hydrodechlori-
nation[ J]. Journal of Catalysis,2008,256(2) :323 -330.

[12] ERHE, Wiz SR, B %, 45, Ni —Co —W-B JF i A5 (16 570 ) il
o BN A B AR RE [T ] A <A 4, 2011,32 (10) - 1645 -
1650.

[13] P, 5860, J/NAT, 5. I iS5 4 Ru R AR AL 78 R 2L 9%
PRI L] 44,2011 ,32(1) .1 - 16.

(141 E06, J08, B, 2. AR R H &l Ni -La-B JE & 725
B I H A XA RAELT]. A4, 2012,33(8)
1374 -1382. A



