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PRODUCTION OF SEMICONDUCTOR MATERIALS SILICON FROM
SILICA RICE HUSK WASTE AS ALTERNATIVE SILICON SOURCES
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({PB). IPB Dramaga Campus.
* Applied Physics, Department of Physics, FMIPA Bogor Agricultural University
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ABSTRACT

Rice is one of the most important cultivated plants in human civilization. Rice production
ranks third in the world of all cerealia after maize and wheat. According to Central Agency
Statistics of Indonesia. production of rice in 2010 would reach 54 million tons. Hence, it
would appear that the main agricultural waste generated from rice is the rice husk. Rice husk
waste has been widely used as an alternative energy source; one of them is as a fuel. Since
1997 IPB has produced rice husk stove that burned fuel from rice husk. Utilization of rice
husk was producing other wastes, namely charcoal husk. According to the rescarch before,
this waste contains 80% - 90% of silica, and thus has the potential to produce silicon that can
be used as a semiconductor material. This research used dry and wet chemistry method to
produce silicon. First step involved is ashing of the charcoal husk at four temperatures i.e.
700°C, 800°C, 900°C. and 1000°C, leaching the ash with HCI 3% for 2 hour, reducing silica
with Mg at the temperature of 650°C and continued with leaching the residue using HCI,

-804 HF. Analysis methods used were the XRD and SEM-EDS. According to XRD
: nal}sm. BRI silicon appears in (11T {2205 (311 (400) {331). This study succeeded in
producing silicon from waste rice husk with hu.h dggrccs of cry stalimat} ie. 98.31%, 96.82%
svith purity of 67.82% and 79.17% respectively.

Reywords: silicon, silica. rice huskwaste, semicondictor, X-ray diffraction, SEM, EDX.

INTRODUCTION

Rice is one of the most important cultivated plants in human civilization; this is because rice
.~ the niain carbohydrate source of the majority population in the world, especially in
-ndonesia. Indonesia is one of the largest rice producing nations in Southeast Asian region.
zspecially among the countries that joined into Associations of South East Asian Nations
ASEAN), and in 2010 rice production expected will reach 34 million tons [1].

Each ton of paddy contains 72% rice, 5%-8% bran, and 20%-22% ash [2]. 1t would
zopear that the process produced quite a lot of agricultural waste. one of them is rice husk.
Rice husk is a waste material of rice cultivation which is very hard and rough, weather-
-usistant. of low nutritional values. and do not possess high economicaly in values [3].

hization of rice husk as alternative energy sources (biomass energy) since 2007 has been
celoped by the University of Agriculture Bogor (IPB). namely rice husks stove. This stove
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is using rice husks waste as fuel {4]. After rice husks waste was used as an energy, rice husk
would appear as ash waste. Rice husk ash contains silica at 72.1% and will be increased to
94.95% when it burned at a temperature of 700°C for six hours [5]. This condition makes rice
husk ash can be used as alternative sources to produce silica and finally can become source of
silica for cheap and economical production of silicon semiconductor.

This research aims to produce silicon powder from rice husk charcoal waste which is
produced by rice husk stove at IPB, using chemical reduction method, and using magnesium
powder as reducing agent. The residue of reactions is leaching using HCl, H;SOy4 and HF.
Analytical method used in this research is XRD and SEM-EDX.

EXPERIMENTAL METHOD

Equipment and Materials

This research was using equipment based in porcelain, glassware, plastics and
alumina. Type of hot plate and furnace which is used is MSH-20D and NDI Vulcan 3-130.
To determine the degree crystallinity of silica or silicon was done using Shimadzu XRD and
the composition of silicon is using a Zeiss SEM-EDX Ivo Bruker 133 eV made by
Germany's, both of them belongs to Center of Forest Products - Research and Development
Department of Forestry Bogor.

Rice husk charcoal waste used in this research taken from rice husk stove IPB fuel
burning. While the chemicals used are generally derived from Darmstant Merck, contain of
hydrochloric acid (HCI)y pa, sulfuric acid {(H,SO4) pa. hydrofluoric acid (HF) technical,
magnesium (Mg) powder, and distilled water.

Making Silica

Preparation of sifica is through two stages, first stage is of the ashing of the charcoal
rice husk, and in second stage is leaching of the ash. In first stage, first of all the charcoal rice
husk waste is weighed with an analytical balance, and then put it in a porcelain cup, it is
arranged to have the same thickness. Afier that, burnt it in a furnace using a rate of
temperature rise 5°C/minutes with initial temperature detention is 400°C for 2 hours then
continuing burnt it by varying the temperature of 700°C. 8007C. 900°C. or 1000"C for 1 hour.

After process of ashing is finished, it is continued with leaching process. This process
is intended to eliminate existing impurity in rice husk ash. so pure silica will be resulted. This
process is using hydrochloric acid (HCI) 3%. First of all. husk ash is inserted in a glass cup.
then mixed with 3% HCL. then heated to 70°C while stirring by magnetic stirrer with speed of
240 rpm for 2 hours. Then thc sample is washed using hot aquades repeatedly until it is free
of HCI, then it was filtered with ash-free filter paper. The result of filtering {residue + filter
paper) is then heated in a furnace at a temperature that is same as previous ashing process,
until the remnant became white silica. The sample was then chilled in the furnace.

Making Silicon

The making of silicon is through two stages, first stage is to reduce silica of the
leaching results using Mg powder, the second stage is leach residue of reduction result. At
first, size of Silica and Mg is equated, then mixed using Mg powder with comparison in
accordance with stochiometric rules. Then burnt in a furnace at a rate of 5°C /minutes at
650°C for 1 hour.

Silicon purification process is required to eliminate impurity of existing other metals.
This purificationwas donc using hydrochloric acid (HCU). At first. the sample is inserted in a
glass cup. then mixed with HCI, then closed using a waich glass and then heated with a hot
plate at 70°C while stirring by magnetic stirrer at a speed of 240 rpm for | hour. Then the
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Production of Semiconductor Materials Silicon

sample was initially leached with HCI 3% for 1 hour, followed by leaching for 1 hour with 3
kinds of variations, namely A (leached with 60 ml HCI 15%), B (leached with 300 ml HC
3%), and C (leached with 60 ml HC! 3% as much as 5 times), while stirring by a magnetic
stirer with speed and heated as foregoing. The sample is filtered and washed with hot aquades
until the free acid, then dried.

To eliminate the unreacted silica, the residue of reduction result is washed with
sutfuric acid (H2SO4) p.a. 95 % - 98 % (1:1) and hydrofluoric acid (HF) 70% technical. At
first, 1 gram of sample was inserted into a glass plastic cup or platinum, then aquadeswas
poured until wet. Then added H;S04 (1:1) as much as 6 drops and HF 70% as much as 25
drops. Then fumes in the steambath for 2 hours. After that, add the HF 70% as much as 25
drops, heat until dry. The residue is washed using hot aquades, then filtered, and the residue
is dried in a furnace at a temperature of 110°C for 12 hours.

RESULT DAN DISCUSSION

Making Silica

The process of making silica through two stages, which are ashing charcoal rice husk
waste was then followed by leaching of waste rice husk ash. Ashing process of waste
charcoal rice husk was by burning in the furnace at 400°C for 2 hours followed by four
different temperature variations, which are 700°C, $00°C, 900°C and 1000°C each for 1 hour.
Followed by washing using 3% HCI for 2 hours. XRD test results of this process then is
equated with the database PCPDF 1997 win of the ICCD. Figure 1 shows the X-ray
diffraction pattern of this process for each variation of heating, it shown silica peak appears at
the point angle 268 = 21.8°. The difference of hcating in producting rice husk ash affect
produced siliea phase, as scen from the top of the X-ray diffraction patterns of silica on

heating 700°C and 800°C produces amorphous silica phase. each degree of crystallinity
reached 48.92% and 52.58%.
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Figure 1: X-rav ditfraction pattern of rice husk ash at temperature A (700°C). B (8300°Cy. € (900°C).
D (1000°C). Silica peaks appear in cach sample

The crystallinity degree of silica at 900°C heating appear in two points 20. which are
point 21.8° hkl (004) and 36.1° hki (040), the crystallinity degree reached 54.55%.
Meanwhile, at a temperature of 1000°C the crystallinity degree increases until it reaches
93.13%, as shown by the appearance of silica on top of the peak X-ray diffraction pattern in a
{ot of points 28. which are points 20.86° hkl (220}, 21.86" hk1 (004), 27.62" hki (420), 28.46°
hk! (151). 31.3° hkl (600). 36.12° hkl (040). 2.6 hkl (442). 44.72° hkl (008). 36.8° hkl (820),
and 48.66” bkl (626,
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The process of heating in a furnace at a certain temperature and risk husk ash leaching
using 3% HCI for 2 hours able to eliminate impurity of rice husk ash waste, resulting pure
silica, as seen on the top of the X-ray diffraction pattern, there were no other peaks other than
silica.

Making Silicon

To produce silicon, silica from purified rice husk ash is mixed with Mg powder.
Comparison between silica and magnesium powder ash in accordance with the rules
stoichiometric, with the rate of increasing temperature 5°C/minutes. It is expected that the
process of heating a mixture of rice husk ash and Mg powder occurs reaction as follows:

SiO, + 2Mg > Si + 2MgO

Then the residue from reduction result is washed using HCL. At first the residue is washed
with HCL 3% for 1 hour, followed by washing for 1 hour with the variation, A, B, and C.

X-Ray Diffraction Pattern Test

Figure 2 shows the X-ray diffraction pattern of residue reduction result for the source
of silica 700°C after washing with treatment A, B and C. From X-ray diffraction pattern
which produced. indicate that the reaction between silica and magnesium has occurred and
produced silicon at point 20 = 28,42° hki (111), 47.32° hkl (220), 56.1° hkl (311), 69.16" hki
(400) and 76.38° hkl (331). From this diffraction pattern is not contain peak of MgO, but
there is silica peak although on amorphous phase at point 26 = 22.8% hkl (004). The leaching
process with HCI has able to eliminate the element of MgO. but not for silica. X-ray
diffraction pattern from the three leaching treatment A, B and C, is shown in treatment B, the
peak of silica is smaller than the treatment A and C. Leaching with treatment B can reduce
the intensity of silica.
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Figure 2: X-ray diffraction pattern leach residue from reduction silicon for source of silica 700 *C with
treatment A, B, and C.

Then treatment B is tested to other sources of silica, which is heated at temperature of
800°C (B2), 900°C (B3) and 1000°C (B4). X-ray diffraction pattern shows the peaks of silica
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and silicon. For sample B1, B2, and B3 peak silica with amorphous phase, while for sample
B4 silica peak crystalline phase.
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Figure 3: X-ray diffraction pattern leached by sample Bi, B2, B3 and B4

Then the samples B1, B2, B3, and B4 are feached using H2SO4 and HY. Figure 4 X-
ray diffraction pattern only show peak of silicon in point 20 = 28.42° hkl (111), 47.32° hkl
{220, 56.1° hKI1 {311), 69.1° hkl {(400) and 76.38° hkl {331).
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Figure 4: X-ray diffraction pattern sample B1, B2, B3 and B4 after HF.

Leaching with 3% HCI, H;S0, and HF, is able to eliminate the silica thus produce
sthicon with the degree of crystallinity up to 98.31%.

SEM-EDS Test

As a comparison, the results of the study in SEM-EDS test was also done using
silicon wafer semiconductor p type. The result of EDS shows purity of silicon on p type
semiconductor silicon wafer reaches 86.26%. In addition to silicon. containing impurities F
{1.99%). C (7:06%). O (4:35%). Mg (12:38%).
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Purity of silicon for the samples B1 and B4 reaches 67.82% and 79.1%. Both of them
containing same impuritics with silicon wafer there is F, C. O and Mg. B1 sample containing ‘ SN
impurities F (13.22%), C (9.88%), O (7.47%), Mg (1.61%), whereas the B4 containing o
impurities F (6.55%) , C {4.30%). O (9.02%), Mg (0.96%). When compared with the resulis [x] P
of EDS silicon wafer the levels of purity of the sample B4 has a difference of 7:09%. while N
sample B1 at 18:44%. A difference between the levels of purity silicon wafer is not too many .
visible with sample B4. oz
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Table 1: Composition of silicon according to EDS analysis for silicon wafer. silicon from silica 700°C{B1)and
silicon from silica 1000°C (B4)

Elements Silicon wafer Bl / B4

oo Silicon o 186,26 CTeTR2% e - 90T %
Fluorine 1.99 % 1322 6.55%

SEeriCarben 0T ET 0 IR ¥ .5 e J830%
Oxygen 435% 7.47 % 9.02 %
_Magnesium C034% . Y 0 161% - 0.96 %

CONCLUSION

This study showed that charcoal rice husk, which is a waste produced by the 1PB rice husks
stove, can be used to produce silica. By burning this silica and using magnesium as reducing
agent in accordance with stochiometric rules at temperature of 650°C in furnace, the waste
can be used to produce silicon. By leaching the residue of silicon with HCl 3%, H:S0, 98%
(1:1), and HF 70 % impurity can be eliminated, and improved purity residue of silicon,

Analysis methods used were the XRD, and SEM-EDS. According to XRD Analysis,
hk! silicon appears in (111) (220) (311) {400) (331). This study succeeded in producing
silicon from waste rice husk with high degrees of crystallinity i.e. 98.31%, 96.82% with
purity of 67.82% and 79.17% respectively.

ACKNOWLEDGMENT
This research was funded by the National Education Ministry of superior scholarship
in 2008.

REFERENCES

{11 [BPS] Badan  Pusat  Statistika.  Produksi Padi Indonesia 2010,
hitp//www . bps.go.id/tnmn_pgn.php. {10 Agus 2008]

2], Muthadhi A. Anite R, Khotandharaman S, 2007, Rice Husk Ash-Proprtics and its
Uses: A Riview. fnr J~C172007. 88:30-35,

[3]. Rohacti E. Pemisahan Silika (Si0:) dari sckam padi dan karakierisasinva jtesis)
Bandung: Program Pascasarjana. Institut Teknologi Bandung; 1992,

[4}. lrzaman. H. Darmasetiawan, H. Alatas, lrmansyah, A. D. Husin. M.N. Indro,
H. Hardhienata. K. Abdullah, T. Mandang. S. Tojo. Optimization of Thermal
Efficiency of Cooking Stove with Rice-Husk Fuel in Supporting the Proliferation of
Alternative Energy in Indonesia. Symposium Advanced Technological Develompent of
Biomass Ultilization in Sowtheast Asia, Tokyo, 5 Maret 2009. Tokvo: Tokyo
University of Agriculture and Technology. 32-35.

[5]. Della VP. Kuhn I, Hotza D. Rice husk ash as an alternate source for active silica
production . J Materials Letters 2002; 57 818-821.

[0} Tkram N. Akhter M. X-Ray diffraction analysis of silicon prepared from rice-husk
white ash. ./ Material Science 1988; 20: 4387-4391.

|7]. Mishra P. Chakraverty A, Banerjee HD. Production and purification of sificon by
calcium reduction of rice-husk white ash. J Marerial Science 1985 23: 2379-2381.

[8]. Park Byung Dae. Wi Seung , Lec Kwang Ho. Sing Adva P. Yoon Tae Ho. Kim Yoo
Soo. Characterization of anatomical features and silica distribution in rice husk using
microscopic and micro-analytical techniques. J Biomass dan Bioenergy 20031 25: 319
-327.




Materials Science and Technology

[9]. [IPSIT] Indian Institute of Science Precipitated Silica Technology. Precipitated Silica
from Rice Huck Ash IPSIT.

[10]. [UK] United Kingdom. Market Study Rice Husk Ash uk; 2003.

[11]. Maulana R. Tungku Sekam sebagai Kompor Alternatif {skripsi]. Bogor: Fakultas
Matematika dan Ilmu Pengetahuan Alama, Institut Pertanian Bogor; 2007,

[12}. [Kimia FMIPA IPB] Jurusan Kimia Fakultas Matematika dan llmu Pengetahuan
Alam. Studi Pemanfaatan Abu Sekam Padi sebagai Bahan Dasar Silikon untuk Bahan
Semikonduktor. Bogor: Kimia FMIPA IPB; 1992.

[13]. Patel M. Karera A, Prasanna P. Effect of Thermal and Chemical Treatments on
Carbon and Silica Content in Ric Husk. J Maierial and Science 1987, 22:2457-2464,

{14]. Riverous H, Garza C. Rice Husk as a Source of High Purity Silica. J Crystal Growih
1985 75:126- 131.

[15). Real C, Alcala MD, Criado JM. Preparation of Silica from Rice Husks. J America
Ceramics 1996; 79: 2012-2016 .

{te]. Harsono Heru. Pembuatan Silika Amorf dari Limbah Sekam Padi (Syntesis of
Amorphous Silicots from Outer Shell of Rice Seeds). J Hlmu Dasar 2002; 3: 98-103.

[17}. Mittal D. Silica from Ash, a Valuable Product from Waste Material. Resonance
1997,64-66.

[18]. Harvey ef al, penemu; Westinghouse Electric corp. High Purity Silicon Production by
Arc Heater Reduction of Silicon Intermediates. US patent 4 102 764. 25 Juli 1978.

[X9] [ASTM] American Standart Test Method.. Standart Test Method for Total Ash and
Silica in Water-Emultion Polishes. America: American National Standards Institute:
1975.

[20]. [CRCY Handbook of Chemisiry and Physics. Di dalam: Lide D R, editor. CRC press
Taylor and Francis; 20035,

[21]. Survanarayana C. Norton Grant M. X-Ray Diffraction. 4 Practical Approach. New
York : Plenum Press; 1998.



http:102764.25

