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Abstract: Tungsten carbide (WC) is an important catalyst that has various catalytic applications. In this study,
microwave assisted technique an environmentally friendly method was used to produce WC from waste
biomass of date palm fronds. Potassium hydroxide (KOH) was chosen in the treatment of activated carbon
formed from the date palm fronds because of its proven effects on microwave induced technique. The date palm
frond activated carbon was characterized by TGA and surface area. In this study, the KOH-treated activated
carbon was then reacted with tungsten hexacarbonyl precursor in a microwave at 360-630 W specially modified.
The product alloy obtained was then characterized using XRD. The result shows the presence of WC which
was enhanced by the microwave with increase in KOH concentration. This study further confirm that microwave
induce technique can prepare WC for other applications.
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INTRODUCTION selected as activated carbon precursors because of their

The initiative of green chemistry arises from the need material. To the best of our knowledge, influence of
for sustainable development, where activities embarked activating agents on the adsorption capacity of activated
on by chemists are basically centered on large-scale carbons made from DPF has not been well investigated.
processes, products and services that balance The aim of the present work is to study the effects of
advancements in quality of life with the preservation of activating agents on the adsorption capacity of the
human health and the environment [1]. For instance, activated carbon prepared from date palm fronds. Several
activated carbon (AC) has been applied for industrial chemical activating agents have been used in the
wastewater treatment and as a catalyst or catalyst support preparation of activated carbon.
because of its characteristic adsorption properties [2]. Potassium hydroxide is the widely preferred chemical
Waste materials are regarded as the most suitable source activating agent. In this paper, we will study the effect of
materials for the production of activated carbon because potassium in improving the performance of the use of
of their low purchasing cost and easy accessibility [3]. carbon made from raw materials in the production of
Thus, generating activated carbons from a range of raw tungsten carbide. The effectiveness of carbide catalyst
materials such as, agricultural wastes, coconut shells and has been analyzed in studies of Levy and Boudart, where
wood will reduce the environmental impact of waste they studied tungsten carbide as a potential alternative to
materials. With their use as activated carbon, a high precious metal catalysts. Other catalysts that have also
added value can be obtained [4]. been extensively studied include molybdenum and

In the present study, the activated carbons were tungsten carbide. The catalytic behavior of the carbides
prepared from waste date palm fronds (DPF). DPF was is determined by their surface chemistry [5].

availability and only little work has been done on this
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Currently,  microwave  power  also  plays a crucial Preparation of Tungsten Carbide: In this study, the
part in adsorption capacity and carbon yield and prepared carbon would be used in microwave induce
microwave induced alloying. Increasing microwave power alloying to prepared tungsten carbide. The effect of KOH
from 90 to 600W considerably enhances yield, possibly concentration uses also the observed in preparing the
because of the combined effect of internal and volumetric catalyst, tungsten hexacarbonyl powder was mixed with
heating [6]. the appropriate amount of the activated carbon.

This study aimed to prepare chemical activated
carbons from date palm fronds waste and using KOH as RESULTS AND DISCUSSION
the activating agent. The best and optimized carbon was
then selected for tungsten carbide microwave induce In this section, we provide our main results. 
synthesis reactions. The main objective for this study is
to synthesize tungsten carbide using microwave induced Characterization of Activated Carbon and Tungsten
from the prepared carbon and tungsten hexacarbonyl Carbide
{W(CO) } as the precursor. The K moiety present in the Themogravimetry Analysis of Raw Date Palm Fronds6

carbon is expected to enhance both the induce microwave (Raw-DPF): To study the suitably of date palm frond,
alloying. TGA characterization was carried. The percentage of

MATERIALS AND MEHODS palm frond is shown in Fig. 1 and Table 1. The TGA

Materials: Waste date palm frond was used as the fronds. As seen from the graph, the first range of
precursor for the preparation of activated carbon. The raw decomposition occurred at 50-100°C, which represents
material was obtained from Riyadh, Saudi Arabia. 13.5% weight lost, possibly as a result of surface moisture

Preparation  of  Activated  Carbon  (Ac):   In  this study, phase of decomposition ranged from 100-270°C, which
the  date  palm  fronds  (DPF)  were   cut   into   small indicates further moisture, some bonded water and light
pieces of about 1-2 cm, washed with water and hydrocarbon. Further on, weight loss of about 79.8%
subsequently dried under the sun. These steps were occurred within a temperature range of 270-300°C. This is
followed  by  the  crushing  and  sieving  of  the  particles most probably represented by chemical bonded water and
to mesh size of 1–4 mm. The palm pieces were then the break down or the decomposition of cellulose,
washed  with hot  water  and  further  subjected  to  heat hemicellulose and lignin to carbon. Advance heating
from the sun to remove any moisture content. Thereafter, above 350°C results in weight loss of about 2.2%, which
the samples were wrapped in aluminum foil and indicates the elimination of volatile materials formed from
carbonized at 400 C for 2 hours in an evaporating dish at the activated carbon produced, such as CO and CO .o

a heating rate of 30 C/min. The resulting char was soaked Thus, continual heating will only decrease the amount ofo

in potassium hydroxide (KOH) solution with ratio of 1:1, products the high surface area carbon generated [7,8,9].
1:2, 1:3 (w/w%), respectively for 24 hours. The sample was
then activated at power 360-630W. The activated product Proximate Analysis: The proximate analysis tells us
was  then  cooled to room temperature and washed with about the moisture content of the fuel, the amount of
0.1 M hydrochloric acid and afterward with hot distilled volatile components, the fixed carbon and the ash
water. content. The data are usually presented on dry basis.

weight loss during thermogravimetric analysis for dates

results show total percentages composition of date palm

released from the sample during heating. The second

2

Table 1: Proximate analysis of the different materials

Proximate analysis

Ref --------------------------------------------------------------------------------------------------------------------------------------

Sample Moisture Volatile matter Fixed carbon Ash

Sukiran (2008). Oil palm shell 5.73% 73.74% 18.37% 2.21%

Azali et al. (2005). Oil palm fiber 6.56% 75.99% 12.39% 5.33%

Trangkaprasith and Chavalparit (2010). Oil palm frond 7.39% 72.53% 5.81% 14.27%

This study Date palm fronds 13.5% 79.8% 4.5% 2.2%
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Fig. 1: TGA Proximate analysis of date palm frond using Fig. 3: X-ray diffractogram of samples with WC prepared
thermogravimetry. from {W(CO) } content supported on ACs

Fig. 2: BET surface area of raw-DPF and prepared Supported  on  Ac-koh:  In  this  study,  the  effect of
activated carbons KOH  activation  ratio  focus  microwave  induced  alloy

Currently, there are several methods available in the the WC film exhibits the  following  characteristic features:
literature that can be used to calculate proximate analysis 2 =30º, WC111; 2 =  31.6º,  WC  001; 2   =  35.8º,
parameters [10,11]. WC100;  2   = 48.4º, WC 101; 2  = 64.8º-65.2º,  WC  101;

N  Adsorption Analysis of Raw-dpf and Prepared powder diffraction analysis of the WC/AC  catalysts2

Activated Carbon:  The N  adsorption analysis was prepared  on  activated  carbon  and  showed  the2

carried to study the effect of the chemical activating agent formation of the W2C crystalline phase was characteristic
(KOH) on the surface area of the prepared carbon features: 2  = 34.2° and 34.5°, W2C 100; 2  = 39.8°,
samples. All the data collected, including the Raw-DPF, W C101 during carbonization at 360-630W only on carbon
AC(1:1), AC(1:2) and AC(1:3), respectively are plotted in support as in Fig. 3. However, it is possible, that on other
Figure 2. The raw-DPF gives a BET surface area of 16.44 carbon supports the W C phase was very well dispersed;
m g ,while that for AC(1:1) is 51.43 m g , followed by the  W C particles  were  too small to be detected by2 -1 2 -1

AC(1:2) and AC(1:3), which gave values of 45.07 and 33.85 XRD. On the other hand, in all samples the characteristic
respectively. This result suggests that KOH slightly peaks for the metal tungsten (2  = 40°, W 110) were
contributed to modify the surface area of activated detected. As shown in Figure 3, the peak of (002) planes
carbon. Activated carbon responded to the method at 2  = 24.9°, WO  (002).
involving activation.  In  this  result  WC/AC(1:2),  there  were no

The effect of oxidation on BET surface areas varies significant difference between WC/AC(1:2) and the
according to the treatment used and the raw material pattern  WC/AC(1:1),  as  it  shows  the  difference  only
properties [12-15]. Pore volume and pore size development in the appearance of an extra peak at the 2  of 17  and
are in general affected by oxygen chemisorption on pore 24.5  and corresponding to the (1 1 1) and (2 2 0) facets of
walls   (volume  reduction)  and  oxidation  of  the  carbon WO ,  the 2  of 30.4 , 31.6 , 35.7 , 48.4 ,  64.1 -65.9 ,  73.3 ,

6

material (widening and/or formation of new pores) [16].
According to the results of this work, oxygen
chemisorption prevailed over carbon oxidation resulting
to a decrease in surface area and pore volumes.
Nevertheless, at low temperatures and extended reaction
times chemisorption was favored producing modified
activated carbons with a high percentage of oxygen
functionalities and a slightly modified pore structure.

Xrd Analysis  on  Tungsten  Carbide   Catalyst

was recorded  using XRD. Scanning 2  from 10  to 90 ,o o

2  = 73.4º WC111 and 2  =76.5-76.8º WC102. X-ray
x

2

2

2

3

o

o

3
o o o o o o o
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Fig. 4: FESEM Micrograph of WC/AC (1:2) with
magnification of 5.00 KX

75.9 , 77.2   and  84.3   and  corresponding  to  the  (0 1 1),o o o

(0 0 1),  (1 0 0),  (1 0 1),  (1 0 1),  (1 1 1)  (2 0 1),  (1 0 2)  and
(2 0 1) faces of WC. At 2  of 34.3  are corresponding too

the (1 0 0) face of W C.2

As shown in Fig. 3 gives the XRD patterns of the
WC/AC(1:3) unlike pattern of WC/AC(1:1) and
WC/AC(1:2). There are some similar peaks of WC/AC(1:1)
and WC/AC(1:2) and show some of peaks in various
locations. The peaks at the 2  of 15.1 , 15.6  and 28.7  ando o o

were corresponding to the (1 1 0), (2 1 0), (0 2 0), (2 0 0), (1
2 0), (0 2 0) and (2 1 0) faces of WO , the 2  of 31.7 , 32.9 ,3

o o

35.7 , 48.9 , 64.8 , 65.2 , 73.4 , 76.5  and 76.8  and areo o o o o o o

corresponding to the (0 0 1), (2 0 2), (1 0 0), (1 0 1), (1 1 0),
(0 0 2), (1 1 1), (1 0 2) and (2 0 1) faces of WC.

Figure 4 showed the micrograph of WC/AC  withx

magnification of 5.00K . The FESEM further confirmed thex

presence of WC/AC  and the secondary phases (W/ACx x

and W C/AC ) already detected by XRD. Observations of2 x

the coatings using backscattered electron (BSE) imaging
allowed the identification of a matrix phase which
prepared WC/AC from {W(CO) /AC }. This WC/ACx 6 x x

phase of different composition compared to the bulk
material. The bright areas belong to matrix areas with a
high proportion of W (the element with the higher mean
atomic number). The WC/AC  grains were located insidex

the splats, where the temperature attained is insufficient
to dissolve the grains. W C/AC  was detected around the2 x

WC/AC  grains [17].x

CONCLUSION

Tungsten carbide as the catalyst support was found
to enhance the catalytic activity towards the potassium
hydroxide on the WC catalysts. The alloying of WC with
activated carbon supports, that is in the form of the  WC

and  W C  catalyst,  showed  substantial  promotion of2

the   catalytic    activity    and    superior    stability   for
the  potassium   hydroxide.   Both   effects   were
attributed to the synergistic effects of WC and W C2

nanoparticles.
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