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The amorphous alloy nanoparticles have gained increasing attention as novel catalytic materials
with the unique isotropic structure and high concentration of respectively unsaturated sites
leading to catalytic activity and selectivity superior to their crystalline counterparts. In this study,
hydrogen treated nickel boride was developed to accelerate the direct hydrogenation reaction of
p-nitrophenol. It was found that p-nitrophenol could reduce in the presence of nanonickel boride
catalyst. The characteristics and properties of Ni-B catalysts proved to be very sensitive to their
treatment conditions. The catalytic activity of nickel boride was strongly dependent on the
temperature and pressure during its treatment with hydrogen and effect rate of hydrogenation of
p-nitrophenol; the temperature affected the characteristic of nano-nickel boride. Complete
conversion of the nitro compound to amino compound was achieved and approved by Gas
Chromatograph.
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1. INTRODUCTION

Nickel boride nanocatalysts have
gained increasing interest as novel catalytic
materials in hydrogenation reactions. The high
concentration of coordinating unsaturated
active sites in these amorphous alloy
nanoparticles donates them higher activity and
selectivity with respect to their crystalline
counterparts.

The hydrogenation of p-nitrophenol
(PNP) to p-aminophenol (PAP) using nickel
boride nano-catalysts has caused much
attention in the last years [1-5]. Taghaviet. al
[6] recently published a thorough study on the
synthesis and characterization of Ni,B nano-
catalyst and their catalytic behavior for the
PNP direct hydrogenation to PAP in a batch
slurry reactor. The aim of the latter work was
to present an optimal synthesis procedure and
operational conditions for obtaining a catalyst
with maximum activity. As a continuation of
this research, we were strongly interested in
developing a catalyst “‘pretreatment’ procedure
with the aim of increasing the further catalyst
activity. Survey of the related literature shows
that many attempts had been performed in the

‘hydrogen pretreatment’ of nickel boride
catalysts, however at temperature higher than
250 °C and in absence of an organic liquid like
ethanol [7-11]. Li et al. [7] treated the Ni-B/y-
Al,O3; with hydrogen in the temperatures
ranging between 300- 800 K. It revealed that
such a treatment results in the crystallization
of the initial amorphous phase and the creation
of extra phases such as metallic nickel. No
catalytic behavior of the treated catalyst has
been studied.

Li et al. [8] treated the Ni-B/SiO, under
nitrogen atmosphere in the temperature range
of 523-973 K for 4 h. The final catalysts
showed very low activity in glucose
hydrogenation when compared with the
original sample due to particle growth and
creation of new phases like Ni, NizB and Ni;B.

Wang et al. [9] obtained similar results

pretreating Ni-B catalyst under hydrogen at
elevated temperatures.
Chen et al. [10] treated a Ni-B/SiO, catalyst at
673 K for 2 hour and observed a clear
reduction of activity for the hydro-
dechlorination of chlorobenzene.
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Wen et al. [11] annealed a Ni-B/SiO;
catalyst under H; atmosphere in the
temperatures ranging between 250-300 °C. All
the treated catalysts had a lower activity in
comparison with the original amorphous
sample.

All these pre-treatment resulted in the
sharp decrease of activity due to two main
reasons: a) Loss of specific surface area due to
the high sinter-activity of the original
nanometal boride and b) crystallization of the
highly active ‘amorphous’ initial alloy and
eventually production of extra phases like Ni

and NiyxBy. We were astonished to reveal that
low temperature (T<100 C) hydrogen
treatment of the as-synthesized catalyst in the
presence of ethanol (the solvent used for the
PNP direct hydrogenation to PAP) may induce
a substantial increase of its activity. Such a
phenomenon is new for this class of metal
boride catalysts and has not been reported so
far in open literature. The present work aims at
studying the effect of low temperature
hydrogen treatment in detail and elucidation of
the activity enhancement mechanism behind.

2. EXPERIMENTAL DETAILS

High purity hydrogen (99.999 % w/w)
was from Chlor Pars Company. Caustic soda
and main starting materials such as sodium
borohydride and nickel chloride was prepared
from Merck. Ethanol was purchased from Nasr
Company.

Nano-sized Ni—-B metal catalysts were
prepared by a chemical reaction method using
sodium borohydride. Nickel chloride was used
as the precursor. An agueous solution of nickel
chloride (25 ml, 0.3 M) was prepared. A
NaBHy, solution was used as a reducing agent.
Briefly, 25 ml of 1.8 M NaBH, solution
containing 0.05 M NaOH was added drop wise
into 25 ml of aqueous solution of NiCl, under
vigorous stirring, and the black precipitate was

formed. To ensure full reduction of nickel,
excess amount of NaBH, in a molecular ratio
of 3:1 was used. The black precipitate was
washed thoroughly with a large amount of
distilled water, and soaked in distilled water to
remove the soluble boron species and Na* ions
which may act as a poison for nickel then
washed with ethanol and finally it was stored
in EtOH until use.

The synthesized catalyst and 25 ml
ethanol was charged into the 400 ml stainless
steel autoclave, hydrogenated under hydrogen
at pressure (2.5-4 MPa) and temperature (40-
60 °C). The pressure of hydrogen was
decreased to 24 bars during 35 min.

3. ACTIVITY TEST

The hydrogen treated catalysts were
tested for the liquid-phase hydrogenation of p-
nitrophenol to p-aminophenol. A newly
prepared catalyst was used in each reaction
run. The hydrogenation reaction was carried
out in a 600 ml stainless steel autoclave
containing catalyst, 3.5 g of P-nitro phenol and
25 ml of ethanol as the solvent. A special
shaker was placed for effective agitation, and
the agitator was connected to an electric motor

with variable speed up to 55 rpm. A pressure
gage and an automatic temperature controller
were also provided. The gases were supplied
from cylinders and introduced to the reactor.
When the desired reaction temperature, 60°C,
was achieved, the H; pressure was adjusted to
2.5MPa and the stirring was commenced and
fixed at 46 rpm. The H, uptake was monitored
by a pressure gage installed on the hydrogen
inlet line.

4. RESULTS AND DISCUSSIONS

Based on the p-nitrophenol
hydrogenation  reaction  mechanism  as
suggested in our previous work [Taghavi et.
al], the reaction rate involves a single site

mechanism  with automatically adsorbed
hydrogen and p-nitrophenol adsorption as the
controlling step. Accordingly, the reaction rate
may be derived as:
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k. Cpyp

o = (1+EpspCpap+Hy O+ By, Cr,)

Based on the constants obtained by
Tagahavi et al. [6], we tried to fit the Kinetic
data pertaining to the hydrogen temperature
40, 60, 94 °C (2.5 MPa initial pressure). The
simulated data have been shown as bold units
in figure. A reasonable agreement between
experimental and simulated data exists. It is
observed that the Kkinetic data could be fitted
simply by changing properly the reaction rate
constant of the hydrogenation reaction, the

normalized presure
/{

other factors remaining the same. This is

theoretically  explainable as  hydrogen
treatment actually increases the ‘specific
surface area’ of the catalyst. This

phenomenon, by itself, cannot change the
thermodynamic constant K , K;,- and Ky ,

which depend only on the nature of the
moieties and their concentration. Instead, the
reaction rate k; depends directly on the
reciprocal of the surface area and should
increase with the increase of the available
surface.
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Pressure variation as a function of reaction time and hydrogen treatment temperature.
Bold lines represent the simulated data.

5. CONCLUSION

Low temperature (T<100 °C) hydrogen

treatment of nano-nickel boride catalysts is an
efficient process for the enhancement of the
PNP hydrogenation reaction rate. The higher
the treatment temperature, the more the
hydrogenation reaction rate is enhanced.
This treatment may be performed at
temperature higher than 100 °C, but caution
has to be taken to avoid loss of specific surface
area due to the high sinter ability of the nano-
nickel boride catalyst.
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p-NITROFENOLUN BiRBASA HIDROGENLOSMOSINDO NANO-NIKELBORIDIN
HIDROGENLO ISLONMOSININ SOMOROLILIYI

Firuzeh Taghavi, B.T.Usubaliyev, Z.0.Qahramanova, M.M.Hasanova

Amorf xalitali nanohissaciklor ozlarinin unikal izotrop quruluslari ila yeni katalitik materiallar
kimi boyiik maraq dogurur. Bu tadgqiqat iginda nikelboridin hidrogenloiglonmasi p-nitrofenolun
birbasa hidrogenlasmasini siiratlondirmak magsadila aparilmisdir. Oyranilmisdirki, p-nitrofenol
nanonikelborid katalizatoru istirakinda reduksiya olunna bilor, iy soraitindo nikelborid
katalizatorunun xassalori yiiksok hassashq gostorirlor. Nikelborid katalizatorunun aktivliyi
biitiin hidridlosma prosesi miiddatinds temperatur va tozyiqdon ciddi sokildo asili olur.
Nitrobirlogmanin tam konversiyast qgaz xromatoqrafiyast metodu ila da tasdigolunmugdur.

Agar sozlar: hidrogenlogmoa, borhidrid, aminofenol, kataliz, nitrofenolun hidrogenlaislonmosi,

nitrofenol, nikel borid.
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3O DEKT BOJOPOJHOH OBPABOTKH HAHO-HUKE/IbEOPHIA ITPH ITPIMOM
I'H/IPHPOBAHUH II-HUTPO®EHOJIA

QDupyzex Taexaeu, b.T.Ycyoanues, 3.0.I'axpamanoea, M.M.I'acanoea

Hanouwacmuywer  amopguoeo cnnasa npedcmasisiiom  O0IbWON — UHMEPEC KAK — HOBbIIL
KAMAanumuyeckuti Mamepuai ¢ YHUKAIbHOU U30MPONHOU CmpyKmypoul. B smom ucciedosanuu
nPoBooUNACL 8000POOHASE 0OPADOMKA HUKETbOOPUOIA 05t YCKOPEHUS NPIMO20 2UOPUPOBAHUSL N-
Humpoghenona. bvino maiidenHo, umo n-HUMPOGEHON MOdNcem  BOCCMAHABIUBAMBCS 8
APUCYMCMBUU  HAHO-HUKETbOOPUOHO20 — KAMAIU3Amopd, —Xapakmepucmuku U — Cceotucmsd
HUKeIb00pUOHO20 KAMAIU3amopa Obliu YY8CMEUMENbHbl K YCI08UAM UX 00pabomKu.
Kamanumuueckas akmusHocms HUKenbbopuoa HAXoOULdcb 6 CMmpo2ol 3A8UCUMOCTU  OM
memnepamypbl U 0aelenust @ meueHue 6ce2o npoyecca euopupoganus. Ilonnas koweepcus
HUMPOCoeOuHenull Oblia O00KA3AHA MeMOOOM 230801 XPOMAMozpagduu.

Knroueswvte cnosa: cuopuposarnue, 60peudpud, amuHopenon, kamaius, 6000poOHAs 0bpabomka
HUMpogherona, HUKeIbLOOPUO.
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