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Abstract: Liquid-phase catalytic hydrogenation of 1, 4-benzenediol is an environmentally friendly routine for 1, 4-cyclo-

hexanediol production. The key to increasing product yield is to develop catalysts with high catalytic performance. In this

work, Ru/HY catalysts were prepared and applied to the hydrogenation of 1, 4-benzenediol to 1, 4-cyclohexanediol. The

activity of catalyst was investigated by XRD, TEM. The change of the HY acid content was discussed by pyridine adsorp-

tion infrared. The optimal reaction conditions were investigated. 3.0% Ru/HY catalyst exhibited high activity with conver-

sion of 1, 4-benzenediol and selectivity of 1, 4-cyclohexanediol up to 96. 5% and 68. 3% , respectively. Furthermore,

based on the study of Ru/HY “structure, a plausible reaction mechanism for the selective formation of 1, 4-benzenediol was

proposed.
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The reduction of unsaturated compounds to obtain
corresponding saturated compounds is an important step
in preparation of fine chemicals and pharmaceuti-
cals'"'. At present, various catalysts are frequently
used in this kind of hydrogenation reaction owing to
easy product separation and high catalyst activity.
Much research has been devoted to developing better
catalysts, e. g. pt?, Ru®', Pd™, AuP’, NitY|
Co'”" and Cu'* based catalysts. It has been found that
Ru is the most active catalyst for the reduction. For ex-
ample, hydrogenation of methyl oleate over Ru/TiO,,
Ru Sn/Ti0, catalysts ware studied'®’. Many carriers,
such as Ti0,"”", SBA-15") c¢-Al, 0, activated
carbon''" ") have also been attempted.

1, 4-cyclohexanediol is important pharmaceutical
intermediate and new materials monomer: a cancer
drug, HMGCoA reductase, Gn [[ h/ [l a antagonist, in-
termediate of succinylsulfathiazole, liquid-crystal mate-
rials etc. With 1, 4-benzenediol as crude material can
generate 1, 4-cyclohexanediol, it was rarely reported
in domestic and overseas. Hydrogenation of 1, 4-
benzenediol studies had been previously reported, Ad-
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kins and Billica et al''*.

hexanediol as products. Philippe and Rezan et al'

found cis-trans-1, 4-cyclo-
13] .
have studied using 1, 4-benzenediol as raw material on
Pd/C catalyst and they indicated yield of 1, 4-cyclo-
hexanediol was 5% .

In the present work, author functionalized the HY
molecular sieve by loading ruthenium particles, and
applied this catalyst to the hydrogenation of 1, 4-
benzenediol with high performance under mild condi-
tions. The 3.0% Ru/ HY catalyst prepared by preci-
pitation method and reduced in a hydrogen flow exhibi-

ted superior activity.
1 Experimental

1.1 Catalyst Preparation

The load ruthenium catalysts were prepared by
precipitation method. The support HY molecular sieve
was calcined for 4 h before use at 773 K. RuCl, - 3H,
O (11.7 mmol/L) aqueous solution and HY was ad-
ded in three-neck flask (500 mL). The suspension
was heated up to 333 K and stirred for 1 h, then
(NH,),CO, (1.0 mol/L) solution was added drop-
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wise. After stirring for 22 h, the resulting slurry was
filtered to obtain a grey cake and a colourless filtrate,
confirming the complete precipitation of Ru as Ru car-
bonate. The samples were dried at 333 K and then
milled and screened to a particle size in the range of
180 ~200 mesh. The reduction of the catalyst was car-
ried out at 773 K at an H, flow rate of 60 mL min ' for
3 h. The activated carbon was pretreated by hydrochlo-
ric acid (4 mol/L). Ru/C catalyst was prepared in
the same manner as described above.
1.2 Activity measurement

Hydrogenation of 1, 4-benzenediol was carried out
in a stirred stainless steel reactor of 500 mL. The reac-
tor was filled with 5 g 1, 4-benzenediol, 250 mL etha-
nol and 0.5 g catalyst. The reactor was washed with
nitrogen for three times before each reaction. Then the
hydrogen was introduced into the reaction system to a-
chieve a certain pressure (3.5 MPa) , stirred vigorous-
ly by magnetic stirrer (800 r/min). The reaction tem-
perature was controlled at around 425 K. The products
and reactant sample were drawn at appropriate time in-
tervals and the reactants and products were analyzed by
GC ( Bei Fen, GC 3420A) and GC-MS ( Agilent
6890/5973N).

2 Results and Discussion

2.1 Characterization

The wide-angle XRD patterns of Ru/HY catalysts
reduced by hydrogen in Fig. 1 did not show any charac-
teristic diffraction peak of Ru particles, indicating that
the Ru particles were well dispersed on the surface of
HY molecular sieve, which might correspond to repor-
ted results in the literature "™*'. This agrees well with
the TEM images of Ru catalysts and the average Ru
particle size for Ru/HY catalysts is about 1.7 ~ 1.8
nm (Fig.3).

2.2 Optimization of Reaction Conditions for 1, 4-
benzenediol hydrogenation
2.2.1 Influence of time on reaction Fig. 4 shows
the result for the reaction of 1, 4-benzenediol as a
function of reaction time over Ru/HY catalyst at a re-

action temperature of 423 K. It was observed that the

conversion of 1, 4-benzenediol increased smoothly with
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Fig. 1 XRD patterns of HY (a) and fresh Ru/HY catalyst (b)

Fig.2 TEM micrograph of the HY sample

Fig.3 TEM micrograph of the Ru/HY sample

the reaction time up to 5 h, gives 96% conversion of
1, 4-benzenediol, however, the selectivity of 1, 4-cy-
clohexanediol decreased with the reaction time, owing
to further dehydration of 1, 4-cyclohexanediol and the

generation of product of more cyclohexanol etc. The se-
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lectivity of cyclohexanol increased, meanwhile the ge-
neration of the 4-hydroxycyclohexanone would continue
to generate 1, 4-cyclohexanediol.
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Fig. 4 Influence of time on reaction
Reaction conditions: Wecat 0.5 g; P3.5 MPa; T423 K; 1,
4-benzenediol 5.0 g; solvent ethanol 250 mL.

The in-

fluence of H, pressure on the conversion of 1, 4-

2.2.2 Influence of H, pressure on reaction

benzenediol and the selectivity of 1, 4-cyclohexanediol
over Ru/HY catalysts is shown in Fig. 5. It indicated
that the conversion of 1, 4-benzenediol increased
smoothly with the H, pressure up to 4.0 MPa. Accor-
ding to Henry s law, when hydrogen pressure of the
system was increased, the amount of hydrogen dis-
solved in reaction media also was increased, namely
the concentration of hydrogen was increased and im-
proved the reaction rate, eventually improved the re-
actants conversion. However, as the amount of H,
pressure below 2.5 MPa, the selectivity of 1, 4- cyclo-
hexanediol increased with increasing the amount of H,
pressure, then reached a maximum value of 76% at
2.5 MPa. Further increase the amount of H, pressure,
the selectivity decreased, owing to further dehydration
of 1, 4- cyclohexanediol and the generation of product
of more cyclohexanol.

2.2. 3 Influence of temperature on reaction The
effect of reaction temperature on the conversion of 1, 4-
benzenediol and the selectivity of 1, 4-cyclohexanediol
over Ru/HY has been also investigated and the results
are shown in Fig. 6. The conversion of 1, 4-benzene-

diol increased with temperature increasing, but the se-
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Fig. 5 Influence of H, pressure on reaction
Reaction conditions: Weat 0.5 g; t 4 h; T 423 K; 1, 4-
benzenediol 5.0 g; solvent ethanol 250 mL.

lectivity of 1, 4-cyclohexanediol decreased with tem-
perature increasing, owing to further dehydration of 1,
4-cyclohexanediol and the generation of product of
more cyclohexanol. So, it is concluded that the opti-

mum reaction temperature is 423 K.
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Fig. 6 Influence of temperature on reaction
Reaction conditions; Wcat 0.5 g; t4 h; P3.5 MPa; 1, 4-

benzenediol 5.0 g; solvent ethanol 250 mL.

2.2.4 Influence of the amounts of catalyst on reaction

The effect of the amount of Ru/HY on the conver-
sion of 1, 4-benzenediol and the selectivity of 1, 4-cy-
clohexanediol is shown in Fig. 7. It can be seen that
the conversion of 1, 4-benzenediol increased from 37 %
to 88% with the increase of the amount of Ru/HY from
0.2 g100.4 g. Further increase the amount of Ru/HY
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leads to a slight decrease in the conversion of 1, 4-
benzenediol. This may be due to the fact that the ex-
cessive catalyst decreases the utilization of catalyst. As
the amount of Ru/HY increased, the selectivity of
1, 4-cy clohexanediol changed slightly around 70% .
Thus 0.5 g Ru/HY is a suitable amount in this reac-

tion.
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Fig. 7 Influence of the amounts of catalyst on reaction
Reaction conditions; T 423 K; t4 h; P 3.5 MPa; 1, 4-
benzenediol 5.0 g; solvent ethanol 250 mL.

2.3 Catalysis mechanism
The selective formation of 1, 4-benzenediol over
Ru/HY catalysts is might be due to the plausible

mechanism as shown in Scheme 1.

Scheme 1 Plausible reaction mechanism for the formation of
1, 4-Cyclohexanediol , cyclohexanol and

4-hydroxycyclohexanone

In order to investigate the difference of the unload
ruthenium HY and load ruthenium HY, the Pyridine
adsorption infrared is good way to investigate the
change of the HY acid content.

In the Pyridine adsorption infrared, the 1 450
em” is corresponding to the L acid and 1 540 em™ is
corresponding to the B acid. From the Fig. 8, it shows
the B acid makes a large proportion in the unload ru-
thenium HY, however, the L acid dominate a very big
proportion in the load ruthenium HY. From the Fig. 8,
it is also proved that the acid content'”'of HY has a
great change. From Table 1, we know that the unload
ruthenium HY has very low activity in catalytic hydro-
genation, so we may confirm that the L acid may have

impetus function to the reaction.
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Fig. 8 Pyridine adsorption infrared of the HY ;
a. the unload ruthenium HY, b. the load ruthenium HY

2.4 Reactivity of catalysts in 1, 4-benzenediol hy-

drogenation

The effect of different carriers catalysts on the reac-
tion were investigated. Using 1, 4-benzenediol hydro-
genation as reaction was researched as contrast experi-
ments. In experiment, the activated carbon and HY mo-
lecular sieve as carriers were selected to prepare ruthe-
nium-based catalysts. In Table 1, the results show that
the activated carbon has low activity in catalytic hydro-
genation. However, Ru/HY has the highest activity,
the conversion of 1, 4-benzenediol and selectivity of 1,
4-Cyclohexanediol were 96.5% and 68.3% on rutheni-
um-based HY catalysts, respectively.
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unload HY 4 0 - Au® Catalysts Promoted by Lewis Acidity [ J]. Catalysis
activated carbon 4 0 - Letters, 2007, 118 15 -21
Ru/HY 4 9.5 63.3 [6] a. Liu Ping-le, Xie Huan, Tan Shi-rong, et al. Carbon
nanofibers supported nickel catalyst for liquid phase hy-
Ru/C 4 3.0 89.5(scCO,) , CEE B
drogenation of benzene with high activity and selectivity
Ru/C 4 18.9 66.2 [J]. Reaction Kinetics and Catalysis Letters, 2009, 97 .
Reaction conditions: 1, 4-benzenediol 5.0 g; solvent etha- 101 -108
nol 250 mL; Weat 0.5 g; t4 h; T 423 K; P 3.5 MPa. b. Wang Xin( £ Jik). Zhang Shun-guang ( 5K%%%) ,
Hou Kai-hu(f&3L#) . JE 12k Ni( Co)-Mo-AL O, 44k
. AT B i i 2 JHG A i A R A 5 W i < 4 e
3 Conclusion BF5E[1]. J. Mol. Catal. (China) (53FfiEfL) , 2010,
The HY-supported ruthenium catalysts exhibited 24(2): 153 =157
maximum catalytic activity for the hydrogenation of . Yang Yan-ping(#pA&7F) , Zhang Ying(3 [X) , Li
. . . Hai-tao (ZE¥#% ) , et al. Ni/SiO,, Ni/TiO,-SiO, {#fk
1, 4-benzenediol to 1, 4-cyclohexanediol. Reaction N o
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