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Abstract. A low-cost Ni-B alloy catalyst was prepared by chemical reduction method and used for partial
hydrogenation of fatty acid methyl esters. The conditions for catalyst preparation, including Ni to B ratio, pH
of NaBH4 solution, types and quantity of metal modiﬁers were optimized. Ni-La-B, prepared by modiﬁcation
of Ni-B with La, showed signiﬁcantly high catalytic partial hydrogenation activity. The optimum textural
properties (small particle size, high speciﬁc surface area and well-deﬁned pore structure) and electron
enrichment of active Ni sites were the favorable factors for the high hydrogenation activity of Ni-La-B
catalyst, which showed reasonable stability in catalyst recycle experiments.
Keywords. Ni-B; Metal modiﬁer; Partial hydrogenation; Fatty acid methyl esters (FAMEs).

1. Introduction
Environmental concerns on the use of fossil fuels and
reservations on the availability of these fuels in sufﬁcient quantities have raised awareness toward developing alternative and sustainable energy platforms.1
Solar-, wind-, hydro- and bio-energy, as well as biofuels, are being explored in many countries as possible
renewable energy sources that could lead to zero-carbon emissions.2 Biodiesel, mainly consisted of fatty
acid methyl esters (FAMEs) is a promising renewable
fuel due to its efﬁcient performance, higher cetane
number and lower exhaust emissions than conventional diesel fuel.3 However, these FAMEs synthesized by esteriﬁcation/transesteriﬁcation of oils or fats
are usually highly polyunsaturated and thereby have
low oxidation stability.4-6 This drawback limits to a
certain extent the application of biodiesel as a fuel.
Biodiesel with high content of polyunsaturated
FAMEs has low oxidation stability and that with high
content of saturated FAMEs shows a poor cold-ﬂow
property.7 Monounsaturated FAMEs are the ideal
components to have balanced oxidation stability and
cold-ﬂow property.8 Partial hydrogenation is an
*For correspondence

effective method to convert polyunsaturated FAMEs
into monounsaturated FAMEs which lend biodiesel
with the desired fuel properties.9,10
In comparison with conventional hydrogenation
using hydrogen gas as a hydrogen source, using
hydrogen donor as a hydrogen source is a simple,
novel and eco-friendly method of partial hydrogenation.11 Martinelli et al., investigated the hydrogenation
of castor oil using limonene as the hydrogen donor and
Pd/C as a catalyst.12 Sancheti and Gogate investigated
the hydrogenation of soybean oil with Pd/C as catalyst
under ultrasound, and it was found that the hydrogenation of soybean oil had excellent effects.13
Quaranta and Cornacchia investigated the partial
hydrogenation of a model FAMEs mixture (a-linolenate/linoleate: *3.5:1 mol/mol) using Pd/C catalyst.9
Although the Pd-based precious metal catalysts have
excellent catalytic performance in hydrogenation
reaction, the high cost limits their application. Thus,
an inexpensive and effective catalyst is needed for
hydrogenation using hydrogen donor as a hydrogen
source.
Nickel (Ni) is the most broadly used catalyst in the
hydrogenation reaction due to its low cost and easy
separation from the product.14 In the past two decades,
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Ni-B alloy catalyst has attracted many researchers’
attention because of its special electronic properties
and structures.15 Li et al., prepared some ultraﬁne NiB amorphous alloys with variable B contents by
chemical reduction, and the effect of the B content on
the activity was evaluated by using the liquid phase
cyclohexene hydrogenation as a probe.16 It was found
by Li et al., that both the speciﬁc activity and the
turnover frequency value of the prepared Ni-B catalyst
increased with the B content.16 However, there are
some drawbacks connected with the Ni-B catalyst,
such as poor dispersion of active site and easy deactivation by forming large crystals at high temperature.17 It should be noted that, an improved Ni-B
catalyst with high catalytic activity under mild condition of low temperature, is crucial to obtaining
hydrogenated FAME rich in monounsaturated
component.
In the present work, to improve the performance of
Ni-B catalyst, the addition of metal modiﬁers in Ni-B
catalyst for avoiding agglomeration of active components and improving the activity of catalyst has been
carried out. The effectiveness of Ni-B catalysts by the
addition of metal modiﬁers (Cu and La) was studied,
and the activity of catalyst for hydrogenation of
FAMEs that used sodium borohydride as hydrogen
source under mild hydrogenation conditions was
investigated. Moreover, the catalytic stability and
regeneration of catalyst were also investigated to gain
the basic information about the industrial application
of the prepared catalyst.
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FAME), which was one evaluation index for the
unsaturation of FAME, was about 159.
2.2 Preparation of catalyst
Typically, solution of 0.6 M nickel ions was prepared
using nickel chloride as the precursor. Aqueous
NaBH4 solution (0.6 M) was prepared, and the pH of
that was adjusted with NaOH solution to 12. The
nickel ions were reduced by adding the sodium borohydride solution slowly in an ice-water bath. The black
precipitate formed was ﬁrst washed with distilled
water and then with absolute ethanol. Finally, the
catalyst was stored in absolute ethanol. For the best
performance of catalyst, synthesis reactions of catalyst
were carried out under different conditions, including
nickel-boron ratio, pH of sodium borohydride solution,
types and quantity of metal modiﬁer.
2.3 Hydrogenation of FAMEs
The hydrogenation of FAMEs was performed in a
250 mL three-neck round bottom ﬂask placed in a
temperature controlled water bath. 7 g of FAMEs,
40 mL of NaBH4 solution (containing 0.908 g of
NaBH4, pH=12) and 0.7 g of catalyst were added to
the three-neck round bottom ﬂask. After the addition
of all reactants, the ﬂask was ﬁrmly sealed using
rubber plugs, and then the hydrogenation reaction was
performed for 150 min at 85 °C.
2.4 Characterization of catalyst

2. Experimental
2.1 Materials
Nickel chloride hexahydrate (NiCl26H2O, C 98%) was
obtained from Tianjin Damao Chemical Reagent Factory, China. Sodium hydroxide (NaOH; 96%) and
sodium borohydride (NaBH4; 96%) were procured from
Guangdong Guanghua Sci-Tech Co., Ltd., China. Fatty
acid was purchased from China Chemical Fine Branch.
According to the previously reported method,18 the raw
FAME was synthesized by esteriﬁcation of fatty acid
(linoleic acid) with methyl alcohol. The synthesized raw
FAME contained methyl palmitate (MP, 1.9 wt.%),
methyl linoleate (ML, 78.3 wt.%), cis-methyl oleate
(CMO, 16.6 wt.%), trans-methyl oleate (TMO, 2.3
wt.%) and methyl stearate (MS, 0.8 wt.%). Furthermore,
the iodine value of raw FAME (IV, g iodine/100 g

The structure of catalyst was studied by X-ray diffraction (XRD, SmartLab (3KW)). XRD patterns were
collected using Cu-Ka radiation with beam voltage and
current of 40 kV and 30 mA, respectively. The morphology of catalyst was investigated by scanning electron microscope (SEM, Quanta 400). The morphology
and structure of catalyst were further measured by
Tecnai G2 F20 transmission electron microscopy
(TEM). X-ray photoelectron spectroscopy (XPS) measurements were recorded with a PHI 1600 spectroscope.
The speciﬁc surface area of catalyst was determined by
Brunauer-Emmett-Teller (BET) method.

2.5 Product analysis
The compositions of raw FAMEs (before hydrogenation) and hydrogenated FAMEs were determined with
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a 1690A gas chromatography (GC) (Kexiao experimental instrument co., Led, Hangzhou, China) equipped with a ﬂame ionization detector (FID) and an
AT.SE-30 (30 m9320 lm90.5 lm) capillary column.
According to the method of our laboratory, the compositions of hydrogenated FAMEs were determined by
GC.11,19 The injector ports and the detector of GC-FID
were held at 260 °C. The oven temperature of GC was
initially set at 60 °C. After an isothermal period of
3 min, the oven temperature was increased to 200 °C
at a rate of 10 °C/min and then held for 5 min. Finally,
the oven temperature was increased to 260 °C at a rate
of 5 °C/min and further held for 15 min.11 The samples
in the experiment were analyzed in triplicate, and the
standard deviation was less than 5%. The mass conversion of methyl linoleate (%) was calculated using
Eq. (1):
Conversionð%Þ ¼

ðC0  C1 Þ  100%
C0

ð1Þ

where, C0 and C1 are the initial content of methyl
linoleate in the raw FAME and the content of methyl
linoleate after hydrogenation, respectively. According
to the American Oil Chemist Society (AOCS) Ofﬁcial
Method (AOCS Cd 1c-85) and European Standard
(EN 14214),20,21 the IV of hydrogenated FAME was
calculated using Eq. (2):
IV ¼ Sðai  fi Þ

ð2Þ

where ai represents the mass fraction of the ith FAME
and fi represents the impact factor of the ith FAME.
The impact factors of each FAME composition,
obtained from AOCS Cd 1c-85 and EN 14214, are
listed in Table 1.20,21
3. Results and discussion
3.1 Effect of B content on the activity of Ni-B
catalysts
To evaluate the effect of B content on the activity of
Ni-B catalysts, experiments were investigated under
Table 1. Impact factor of each FAME composition.
Composition
Methyl hexadecanoate (MH)
Methyl linoleate (ML)
Cis-methyl oleate (CMO)
Trans-methyl oleate (TMO)
Methyl stearate (MS)

Impact factor
0
1.732
0.860
0.860
0
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different nickel-boron molar ratios ranging from 1:1 to
1:5. Figure 1 shows that the activities of the Ni-B
catalysts during the partial hydrogenation of FAMEs
changed with the change of nickel-boron molar ratio.
As the nickel-boron molar ratios increased from 1:1 to
1:2, the conversion of methyl linoleate increased signiﬁcantly. This might be because that the nickel ions
could not be completely reduced by sodium borohydride when the nickel-boron molar ratio was 1:1. It
was also found that as for the nickel-boron molar ratio
of 1:1, when the catalyst preparation reaction was
ﬁnished, an obvious color of the nickel ions still
remained in the reacted liquid, which proved that the
nickel ions were not completely reduced. While under
the condition that the nickel-boron molar ratio was
1:2, the reacted liquid was colorless after the catalyst
preparation reaction, indicating that the nickel ions
were completely reduced. Increasing the nickel-boron
molar ratio would increase the amount of boron in the
catalyst. According to the literature reported, the
electrons in boron can be transferred to nickel so that
nickel is in an electron-rich state, which is conducive
to the improvement of catalyst activity.22 As the
nickel-boron molar ratio further increased to 1:3, the
conversion of methyl linoleate didn’t increase. And
when nickel-boron molar ratio was further increased to
1:4, the conversion of methyl linoleate even decreased.
This might be caused by high content of boron in the
catalyst. It should be noted that excessive boron might
cover the active sites of the catalyst and then reduce
the activity of the catalyst. Figure 1(c) presents the IV
change of hydrogenated FAMEs with the change of
nickel-boron molar ratios ranging from 1:1 to 1:5. It
was found that at the nickel-boron molar ratio of 1:2,
the iodine value almost reached a minimum value.
Hence, 1:2 was chosen as the optimum condition of
the nickel-boron molar ratio.

3.2 Effect of pH of sodium borohydride solution
on Ni-B catalyst preparation
When sodium borohydride was used as a reducing
agent, the overall reaction can be described as Eq. (3)(5).23 Eq. (3) is the hydrolysis of sodium borohydride;
Eq. (4) is the reduction of the Ni2?; Eq. (5) is the
reduction of B. It could be seen from Eq. (4) and
Eq. (5) that the pH of reaction solutions inﬂuenced the
reductions of Ni and B. To evaluate the effect pH of
sodium borohydride solution on the activity of Ni-B
catalyst, the experiments were investigated by conducting reactions at different pH of sodium borohydride solution ranging from 9 to 13. The results are
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Figure 1. Effect of Ni:B molar ratio: (a) on the composition of C18 FAME, (b) on the conversion of methyl linoleate, and
(c) on the IV.

shown in Figure 2. With the increase of pH from 9 to
12, the content of methyl linoleate composition in the
hydrogenated FAMEs decreased. It might be because
that when the pH of the sodium borohydride solution
was high, the decomposition hydrogen production
reaction of sodium borohydride was inhibited. In this
case, more sodium borohydride could reduce the
nickel ions in the preparation system, and then the
catalyst with a more active catalytic component could
be easy synthesized. When the pH of sodium borohydride solution reached 12, the inhibition of sodium
borohydride decomposition reached the maximum,
and the conversion of methyl linoleate was 56.9%.

Although the conversion of methyl linoleate at pH of
13 (57.1%) had nearly the same value as that at pH of
12, the content of trans-methyl oleate showed a signiﬁcant increase (33.3 wt.%) at the pH of 13, compared with the content of trans-methyl oleate at the pH
of 12 (25.2 wt.%). However, a high mass of transmethyl oleate in the partially hydrogenated FAME can
cause the cold ﬂow property of the product, which is
because trans-methyl oleate has a higher melting point
than cis-methyl oleate.11 Moreover, it was observed
from Figure 2(c) that as pH increased from 9 to 12, the
IV decreased from 115 to 108. Furthermore, with the
pH further increase ([ 12), the IV showed a slight
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Figure 2. Effect of pH: (a) on the composition of C18 FAMEs, (b) on the conversion of methyl linoleate, and (c) on the
IV.

increase. As mentioned above, the Ni-B catalyst had
relatively high catalytic activity when the pH of
sodium borohydride solution reached 12. Hence, the
pH of sodium borohydride solution of 12 was chosen
as the optimum condition of catalyst synthesis.

BH
4 þ 2H2 O ¼ BO2 þ 4H2

ð3Þ

2þ
þ
þ 2H2 O ¼ 2Ni þ BO
BH
4 þ Ni
2 þ 4H þ 2H2

ð4Þ

2BH
4 þ 4H2 O ¼ 2B þ 2OH þ 7H2

ð5Þ

3.3 Evaluation of the role of metal modiﬁers
in Ni-B catalyst
Two different metals of Cu and La were evaluated for
their modulation as modiﬁers of the catalytic function
of Ni-B for the partial hydrogenation of FAMEs. The
preparation experiment was conducted under the
conditions: nickel-boron molar ratio 1:2, pH of sodium
borohydride solution 12, the quantity of metal modiﬁer
5 mol% of the loading level of Ni. For the two different metal modiﬁers of Cu and La, the prepared
catalysts were denoted as Ni-Cu-B and Ni-La-B,
respectively. Table 2 presents the results of
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Table 2. Effect of metal modiﬁers in Ni-B catalyst on the composition of C18 components in hydrogenated FAME,
conversion of methyl linoleate and IV values of FAME
FAME composition (wt.%)
Catalyst
Without
catalyst#
Ni-B
Ni-La-B
Ni-Cu-B
#

Methyl
linoleate

cis-methyl
oleate

trans-methyl
oleate

Methyl
stearate

78.3

16.6

2.3

0.8

33.8
9.2
24.3

32.4
25.9
30.2

25.2
44.1
37.3

3.8
18.8
6.1

Conversion
(%)

IV (g iodine/100 g
FAME)

/

159

56.9
88.3
68.9

108
76
100

: Feed FAMEs

hydrogenation catalyzed by the catalysts. The hydrogenation activities of the metal-doped Ni-B catalysts
were visibly different from that of the Ni-B catalyst,
being ranked in the following order: Ni-La-B [ NiCu-B [ Ni-B. Compared with the conversion of
methyl linoleate of 56.9% catalyzed by Ni-B catalyst,
the conversion was slightly increased by about 12.0%
when Ni-Cu-B was used as the catalyst. However, the
conversion of methyl linoleate catalyzed by Ni-La-B
catalyst increased to 88.3%. Moreover, compared with
the initial IV of raw FAMEs (159), even though all the
IVs of hydrogenated FAMEs decreased, the IV of
hydrogenated FAMEs catalyzed by Ni-La-B catalyst
had the minimum of 76, which was corresponding to
the highest conversion of methyl linoleate when using
Ni-La-B as the catalyst. In a word, the addition of La
signiﬁcantly improved the activity of the catalyst for
the hydrogenation of FAMEs.
3.4 Evaluation of quantity of metal modiﬁer La
The quantity of metal modiﬁer La in Ni-B catalyst was
previously speciﬁed at only 5 mol% of the loading
level of Ni. To evaluate the effect of metal modiﬁer
quantity on the activity of the catalyst, the quantity of
La was studied over the range from 3 to 11 mol%. The
results are shown in Figure 3. It was found that with
the increase of La quantity from 3 to 5 mol%, both the
content of methyl linoleate and the IV of the hydrogenated FAMEs decreased, while the conversion of
methyl linoleate increased. The major reason for this
phenomenon was the change of the dispersibility of
Ni-B catalyst, which was caused by the addition of La.
With the addition of La, the agglomeration of active
components could be effectively avoided. As a result,
the catalytic activity of the Ni-La-B catalyst was
enhanced. However, compared with the methyl
linoleate content of hydrogenated FAMEs at La

quantity 5 mol%, an obvious growth trend of methyl
linoleate content in hydrogenated FAMEs was found
in the range of La quantity [ 5 mol%. This might be
attributed to the coverage of surface active sites by
excessive La in the prepared catalyst. Thus, 5 mol%
was chosen as the optimum condition of La quantity
for the catalyst synthesis.
3.5 Characterization of catalyst
The XRD patterns of Ni-B catalyst and Ni-La-B catalyst are shown in Figure 4. The results were consistent with what has been reported in the literature about
Ni-B alloy.24 A broad diffraction peak around 2h=45°
was observed, which indicated that Ni-B catalyst and
Ni-La-B catalyst were present in the amorphous
structure.24 Normally, the amorphous structure of
catalyst is more favorable for the hydrogenation
activity than the corresponding crystalline structure.25
It could be observed from Figure 4 that the broad
diffraction peak of Ni-La-B catalyst was relatively
ﬂatter than that of Ni-B catalyst. It was attributed to
the fact that with the addition of La, a more disordered
structure formed in Ni-La-B catalyst than in Ni-B
catalyst.26 In a word, the amorphous structure was
beneﬁcial to the catalytic activity of the Ni-La-B
catalyst.
SEM images of Ni-B catalyst and Ni-La-B catalyst
are presented in Figure 5. Ni-B catalyst showed a
serious particle aggregation. Compared with Ni-B
catalyst, Ni-La-B catalyst had a smaller particle size
and less agglomeration. It indicated that the addition
of La decreased the particle size of the Ni-La-B catalyst, and avoided the serious agglomeration of particles which easily happened in Ni-B catalyst. The
differences in catalyst morphology would cause the
difference in the catalyst activity. As shown in Figure 5, the Ni-La-B catalyst had a small particle size
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Figure 3. Effect of quantity of La: (a) on the composition of FAME, (b) on the conversion of methyl linoleate, and (c) on
the IV.

Ni-La-B

Ni-B
25

30

35

40

45

50

55

60

65

2 Theta (degree)

Figure 4. XRD patterns of Ni-B catalyst and Ni-La-B
catalyst.

and loose structure with excellent porous characteristics, which led to the higher catalytic surface and
better activity of Ni-La-B catalyst in comparison with
Ni-B catalyst.
The morphology and structure of Ni-B and Ni-La-B
catalysts were further investigated by using transmission electron microscopy. The TEM images of Ni-B
and Ni-La-B catalysts are presented in Figure 6. It
could be found from Figure 6 that the Ni-B catalyst
was ﬂocculent and in the form of partial agglomeration. However, the Ni-La-B catalyst was dispersed
obviously in the form of particles that are in the
irregular sphericality. Moreover, according to the
statistics from the TEM image, the average particle
diameter of Ni-La-B particles was about 35 nm, and
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Figure 5. SEM patterns of Ni-B catalyst and Ni-La-B catalyst.

Figure 6. TEM patterns of Ni-B catalyst and Ni-La-B catalyst.

the particle size distribution of Ni-La-B catalyst
mainly in the range of 10*100 nm. As mentioned
above, the result showed that the Ni-La-B catalyst had
more catalytic active sites than the Ni-B catalyst.
Hence, the Ni-La-B catalyst held a high catalytic
activity in the partial hydrogenation of FAMEs.
The speciﬁc surface areas, pore volume and mean
pore diameter of Ni-B and Ni-La-B catalysts were
measured. The results are listed in Table 3. As shown
in Table 3, for Ni-La-B catalyst, the speciﬁc surface
area (SBET), pore volume (Vtp) and mean pore diameter

Table 3. Textural properties of Ni-B and Ni-La-B
catalysts.
Sample

SBET (m2/g)

Ni-B
Ni-La-B

57

Vtp (cm3/g)

33

0.2
0.3

dmean (nm)
19.8
22.4

(dmean) were 57 m2/g, 0.3 cm3/g and 22.4 nm,
respectively. Compared with Ni-B catalyst, Ni-La-B
catalyst had a larger speciﬁc surface area, pore volume
and mean pore diameter. The results indicated that the

J. Chem. Sci. (2021)133:58

Page 9 of 12

Ni-La-B catalyst had a more excellent textural property than the Ni-B catalyst, which could generate more
catalytic active sites in the Ni-La-B catalyst. In a
word, the excellent textural property was beneﬁcial to
the high catalytic activity of the Ni-La-B catalyst in
the partial hydrogenation of FAMEs.
The XPS of Ni-B and Ni-La-B catalysts is shown in
Figure 7, and the atomic ratios of elements on the
catalyst surface of the catalyst are also presented in
Figure 7. As shown in Figure 7(a) and 7(b), the peaks
of C 1s, O 1s, B 1s and Ni 2p were observed in the
XPS of Ni-B catalyst, indicating the existence of Ni
and B elements in the Ni-B catalyst. In the XPS of the
Ni-La-B catalyst, the peaks of C 1s, O 1s, B 1s, Ni 2p
and La 3d were found, manifesting the existence of Ni,
B and La elements in the Ni-La-B catalyst. As shown
(a)

(b)
XPS spectra of Ni-B
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in Figure 7(b), the loading amount of La (atomic ratio)
on the surface of the Ni-La-B catalyst was about 4.8%
which was basically the same as the amount of La
added during the synthesis of the Ni-La-B catalyst.
Moreover, from the La 3d spectrum of Ni-La-B catalyst in Figure 7(c), it could be observed that there were
two peaks at 835.0 and 838.3 eV, which belonged to
the main peak and the satellite peak of La3? species,
respectively. As shown in Figure 7(d), in the Ni 2p
spectra of Ni-B, the peak at 855.7 eV was assigned to
NiO, and the peak at 861.8 was NiO satellite.25-27
Furthermore, in the Ni 2p spectra of Ni-La-B, three
peaks of Ni 2p were found. The peak at 852.1 eV was
assigned to metallic Ni, and two obvious peaks located
at 855.5 eV and 860.9 eV were attributed to the oxidized Ni.28,29 Oxidized Ni species were observed in
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58
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Figure 7. XPS: (a) survey of Ni-B, (b) survey of Ni-La-B, (c) La 3d of Ni-La-B, and (d) Ni 2p of catalysts.
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Ni-B and Ni-La-B catalysts, which was because that
the part of metallic Ni on the catalyst surface was
oxidized during the test. In comparison with the
standard binding energy of metallic Ni (852.3eV), it
was found that the binding energy of metallic Ni
presenting in Ni-La-B was negatively shifted by
0.2 eV, which indicated that partial electrons in Ni-LaB catalyst transferred to Ni, making Ni electron-enriched.22 According to the d-p* feedback mechanism,
the active sites of electron-rich Ni were beneﬁcial to
the electron-donation from d-orbital in Ni atoms to p*orbital in C=C bond. The electron-donation mentioned
above contributed to the adsorption of the C=C group
on the Ni atoms, and then the hydrogenation of the
C=C bond in unsaturated FAMEs happened.18,24
3.6 Catalytic stability
To identify the stability of the Ni-La-B catalyst, the
partial hydrogenation of FAME was carried out using
fresh Ni-La-B catalyst and used Ni-La-B catalyst. The
results are listed in Figure 8. It was observed that the
conversion of methyl linoleate reached 88.29% using
fresh Ni-La-B catalyst. However, when the used NiLa-B catalyst was reused as a catalyst, the conversion
of methyl linoleate decreased to 55.75%. It was found
that after the ﬁrst cycle, the Ni-La-B catalyst showed
an obvious deactivation. Commonly, the carbonaceous
deposit on the catalyst was the main reason for catalyst
deactivation. Hence, to refresh the catalyst, the used

Ni-La-B catalyst was washed with ethanol to remove
the carbonaceous deposit on the surface of the catalyst.
Figure 8(b) shows the conversion of methyl linoleate
catalyzed by the refreshed Ni-La-B catalyst at different recycle. As shown in Figure 8(b), with the increase
of catalyst recycling times, the conversion of methyl
linoleate showed a slight decrease. When the Ni-La-B
catalyst was used after the four-cycle, the conversion
of methyl linoleate still reached 59.5%. Considering
the catalyst loss during each refreshing process, the
recycling result manifested that the Ni-La-B catalyst
retained most of its catalytic activity during four
recycling times. Moreover, the result also showed that
ethanol was an effective solvent to remove the carbonaceous that accumulated on the catalyst surface,
and the used Ni-La-B catalyst could effectively be
refreshed by washing with ethanol.
4. Conclusions
Ni-B catalysts used for partial hydrogenation of fatty
acid methyl esters were prepared with different metal
modiﬁers (Cu or La). The effects of metal modiﬁers
for the catalytic activity were studied. The result
indicated that the addition of La in Ni-B catalyst
obviously promoted the activity of the catalyst, and the
prepared Ni-La-B had a high catalytic activity in
partial hydrogenation of fatty acid methyl esters. The
characterization showed that the obtained Ni-La-B
catalyst was amorphous and had excellent texture. The
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excellent textural property included small particle size,
high speciﬁc surface area and well-deﬁned pore
structure. The excellent texture of catalyst and the
electron-enrichment of Ni active sites were beneﬁcial
for the activity of Ni-La-B catalyst in the hydrogenation of FAMEs. Moreover, the used Ni-La-B catalyst
could be refreshed by washing with ethanol and
showed the excellent ability of regeneration.
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