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Production of silicon carbide and nanostructure from rice husk ash
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Abstract

In this research, we synthesized silicon carbide and nanostructures prepared from rice husk
ash using mettalothermic reduction and carbothermic reduction processes. The high purity silica
ash was prepared using heated rice husk acid-treatment. The materials source will be prepared by
mixture rice husk ash, metals and coconut shell charcoal or graphite with various ratios. The
materials source with substrates will be placed on alumina boat and put in the furnace, heated at
various atmosphere, temperature and time. When, the temperature cooled down to natural room
temperature. The materials sources will be studied by image photography, scanning electron
microscope (SEM) and X-rays diffraction (XRD) on demand, before and after hydrofluoric (HF)
treatment. From the results showed that silicon carbide materials and nanostructures would be

synthesized in the prepared powder mixtures and the products on the substrates.
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6. UARLTEY (Ca) AR grade Sigma aldrich
7. I%Laﬁmﬂaf)lliﬁ (NaCl) AR grade Riedel-dehaen
8. TReuzsamna (Na,SiO,) AR grade Riedel-dehaen
9. ?nm (Sn) AR grade Aldrich
10. N93LAN (Cu) AR grade Riedel-dehaen
1. UAY Si wafer - -
12. UUNNIFEN (Mg) AR grade Sigma aldrich
13. | afleumsueiua (Li,CO,) AR grade Fluka
14. Man (Fe) AR grade Ajex finechem
15. | 0x%lau (C,H,0) AR grade J.T. Baker
16. wwMuoa (C,H,0) AR grade J.T. Baker
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17.

HPARIINAIS VDY (Activated Carbon)

AR grade

Fluka
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6. mafaﬁ@uﬂuauwauazﬂizmumimaaﬂmmamﬁmmﬂummmuﬂa‘ullﬂ
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7. ﬁ?‘]_l'J‘ﬁﬂ15LLﬁ8Nﬂull"llﬂl,ﬁﬂﬁﬁﬁﬂsll‘!ﬂﬁlﬁimﬁ]Tﬂlﬂﬂlﬂﬁ‘ﬂ
= A A o Aaa 4 4 Y Y
8. ANHILUININ T ﬂi%ﬂ?ﬂﬂ?iﬂ%%ﬂ?"b’ﬁﬂ@uﬂﬁhl‘iJﬂLLﬁ$Tﬂi\‘lﬁi”l\‘]lﬂju%”Iﬂlﬂ”ll!ﬂﬁllulll

Uszgnd l9alse Towl

d‘ G % \ d' d‘ \
139N 2.1 ﬂ]imﬁﬂﬁlﬂllﬂEIN‘VIETJ‘ITJSNE“—““UGIN‘]

il A39814 QUNYN(C) / U3ENMA
(ON518IN) %’Jiﬂdﬁ(gﬂi‘l) (®n31)
1. RHA+C, 1,100/3 hr Ar
(2:1) (250°C/hr) (1, 0.5 L/min)
2. RHA+C, 1,100 /2 hr Ar
3:1 (250°C/hr) (1, 0.5 L/min)
3. SiO,+#RHA+C, 1,200 /3 hr Ar
2:1:2 (250°C/hr) (1, 0.5 L/min)
4. SiO,+RHA+C,+NaCl 1,200 /3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
5. SiO,+RHA+C +NaCl | 1,200 /3 hr N,
3:1:3:0.1 (250°C/hr) | (1, 0.5L/min)
6. Si0,+RHA+C +Mg 1,200 /3 hr N,
3:1:3:0.1 (250°C/hr) (1, 0.5L/min)
7. SiO,+*RHA+C,+Mg 1,200 /4 hr N,
3:1:2:0.1 (100°C/hr) (1 L/min)
8. Si0,+RHA+C,+Ca 1,250 /4 hr CO,+Ar
1:2:1:0.1 (100°C/hr) (1,0.5 L/min)




9. Si0,+RHA+C,+Ca 1,250 /4 hr CO,+Ar
1:1:2:0.1 (100°C/hr) (1,0.5 L/min)
10. Si0,+C,+Li,CO, 1,250 /4 hr N,+H,0
3:2:0.5 (100°C/hr) (1,0.5 L/min)
11. $i0,+C,+Li,CO, 1,250 /4 hr N,+H,0
3:2:0.5 (100°C/hr) (1,0.5 L/min)
12. Si0,+RHA+C, 1,200 /4 hr Ar
2:1:2 (250°C/hr) (1, 0.5 L/min)
13. SiO,+RHA+C +NaCl | 1,200 /3 hr Ar+H,0
2:1:2:0.1 (200°C/hr) (0.5 L/min)
14. Si0,+RHA+C, 1,200 /3 hr Ar
2:1:2 (250°C/hr) (0.5 L/min)
15. Si0,+RHA+C,+Cu 1,200 /3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
16. Si0,+RHA+C+NaCl | 1,200/3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
17. SiO,+*RHA+C,+Fe 1,200 /3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
18. SiO,+RHA+C +Sn 1,200 /3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
19. Si0,+RHA+C, 1,200 /3 hr Ar
2:1:2 (250°C/hr) (0.5 L/min)
20. Si0,+RHA+C,+Cu 1,200 /3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
21. Si0,+RHA+C, +Cu 1,200 /3 hr Ar
2:1:2:0.1 (250°C/hr) (0.5 L/min)
22. Si0,+RHA+C, 1,200 /3 hr Ar
2:1:3 (250°C/hr) (0.5 L/min)
23. Si0,+RHA+C, 1,200 /3 hr Ar
2:1:2 (250°C/hr) (0.5 L/min)
24, Si0,+RHA+C, 1,200 /3 hr Ar
2:1:2 (250°C/hr) (0.5 L/min)
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25. SiO,+RHA+C +Fe 1,200 /3 hr Ar
2:1:2:0.1 (100 °C/hr) (0.5 L/min)
26. SiO,+RHA+C +Sn 1,200 /3 hr Ar
2:1:2:0.1 (100 °C/hr) (0.5 L/min)
27. Si0,+RHA+C,+Cu 1,200 /3 hr Ar
2:1:3:0.1 (120 °C/hr) (0.5 L/min)
28. SiO,+RHA ,+C,+Cu | 1,200/3 hr Ar
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
29. Si0,+RHA+C,+Cu 1,200 /3 hr N,
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
30. Si0,+RHA+C,+Cu 1,200 /3 hr Ar
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
31. Si0,+RHA+C,+Cu 1,200 /3 hr Ar
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
32. SiO,+#RHA+C +Cu 1,200 /3 hr Ar
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
33. SiO,+#RHA+C +Cu 1,200 /3 hr N,
3:1:2:0.1 (100 °C/hr) (0.5 L/min)
34, SiO,+RHA+C,+Cu_1 | 1,200 /3 hr Ar
2:1:2:0.1 (250 °C/hr) (0.5 L/min)
SiO,+RHA +C,+Cu_
1,200 /3 hr Ar
? (250 °C/hr) (0.5 L/min)
2:1:2:0.1
35 SiO,+RHA+C,+Cu_1 | 1,200/3 hr N,
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
SiO,+#RHA+C +Cu_2 1,200 /3 hr N,
3:1:2:0.1 (120 °C/hr) (0.5 L/min)
36 Si0,+RHA+C, 1 1,200 /3 hr Ar
2:1:2:0.1 (250 °C/hr) (0.5 L/min)
SiO,+RHA+C, _2 1,200 /3 hr Ar
2:0.5:2 (250 °C/hr) (0.5 L/min)
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37. Si0,+RHA+C, _1 1,200 /3 hr Ar
2:1:2:0.1 (250 °C/hr) (0.5 L/min)
SiO,+RHA+C +Cu_2 | 1,200/3 hr Ar
2:2:2:0.1 (250 °C/hr) (0.5 L/min)
38. Si0,+RHA+C, _1 1,200 /3 hr Ar
2:1:2:0.1 (150 °C/hr) (0.5 L/min)
SiO,+RHA+C +Cu_2 | 1,200/3 hr Ar
2:2:2:0.1 (150 °C/hr) (0.5 L/min)
39. SiO,+RHA+C,+Cu 1,200 /3 hr Ar
2:2:2:0.1 (150 °C/hr) (0.5 L/min)
40. Si0,+RHA+C,+Cu 1,250/3hr
Ar
1 (125 °C/hr)
(0.5 L/min)
2:2:2:0.1
Si0,+RHA+C,+ 1,250/3hr Ar
Na,SiO, 2:2:2:0.1 (125 °C/hr) (0.5 L/min)
41. Si0,+RHA+C,+Cu
1,200 /3 hr Ar
1
B (120 °C/hr) (0.5 L/min)
2:2:2:0.1
Si0,+RHA+C,+Cu
1,200 /3 hr Ar
2
B (120 °C/hr) (0.5 L/min)
2:2:2:0.1
42 Si02+RHA+C1+Cu 1.200 /3 hr Ar
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
43. SiO,+RHA +C +
1,250/3hr Ar
Sn 1 5
(250 C/hr) (0.5 L/min)
1:1:1:0.1
Si02+RHAl+ Sn02_2 1’250/31,11. AI'
101 (250 °C/hr) (0.5 L/min)
44, SiOZ+RHA1+C2+Sn_ 1 250/3hr Ar
1 (250 °C/hr) (0.5 L/min)
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1:1:1:0.1
SiO,+RHA +C +
1,250/3hr Ar
SnO, 2 .
(250 C/hr) (0.5 L/min)
1:1:1:0.1
45. SiO,+RHA,+C,+Sn_
1,250/3hr Ar
1
(250 °C/hr) (0.5 L/min)
1:1:2:0.2
Si0,+RHA +C +
1,250/3hr Ar
$no, 2 )
(250 "C/hr) (0.5 L/min)
1:1:2:0.2
46. SiO,+RHA +C,_1 1,250/3hr Ar
1:1:3 (125 °C/hr) (0.5 L/min)
SiO,+RHA +C,_2 1,250/3hr Ar
1:1:4 (125 °C/hr) (0.5 L/min)
47. SiO,+RHA , +C +
1,250/3hr Ar
Sno, _1 )
(250 "C/hr) (0.5 L/min)
1:1:1:0.1
Si0,+RHA +C +
1,250/3hr Ar
$no, 2 )
(250 "C/hr) (0.5 L/min)
1:1:2:0.2
48. SiO,+RHA,+C,+Sn_
1,250/3hr Ar
1
(250 °C/hr) (0.5 L/min)
1:1:1:0.1
SiO,+RHA ,+C +Sn_
1,250/3hr Ar
2
(250 °C/hr) (0.5 L/min)
1:1:2:0.2
® RHA = upavaaminiadiensalalsnasin
® RHA, = unaudantiniadensalalasnasin w 300°C

e C
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3.2 Nﬁﬂ1§3!ﬂ§1$ﬁ€i?ﬂ!ﬂ%ﬂﬁ XRD
o y a o 3 o a o A a 4 o
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1. RHA+C, 1,100 /3 hr Ar Sio, - -
(2:1) (250°C/hr) | (1, 0.5 L/min)
2. RHA+C, 1,100 /2 hr Ar Sio, - -
3:1 (250°C/hr) | (1, 0.5 L/min)
3. Si0,+RHA+C, 1,200 /3 hr Ar Si0,,SiC, - -
2:1:2 (250°C/hr) | (1, 0.5 L/min) Si
4. | SiO,+RHA+C +NaCl | 1,200/3 hr Ar SiO, - -
2:1:2:0.1 (250°C/hr) (0.5 L/min)
5. | SiO,+RHA+C +NaCl | 1,200/3 hr N, SiO, - -
3:1:3:0.1 (250°C/hr) | (1, 0.5L/min)
6. | SiO,+RHA+C +Mg 1,200 /3 hr N, Sio, - -
3:1:3:0.1 (250°C/hr) (1, 0.5L/min)
7. | SiO,+RHA+C,+Mg 1,200 /4 hr N, Si0,,Si - -
3:1:2:0.1 (100°C/hr) (1 L/min)
8. Si0,+RHA+C +Ca 1,250 /4 hr CO,+Ar Si0,,SiC - -
1:2:1:0.1 (100°C/hr) | (1,0.5 L/min)
9. Si0,+RHA+C,+Ca 1,250 /4 hr CO,+Ar Si0,,SiC - -
1:1:2:0.1 (100°C/hr) | (1,0.5 L/min)
10. Si0,+C +Li,CO, 1,250 /4 hr N,+H,0 - - -
3:2:0.5 (100°C/hr) | (1,0.5 L/min)
11. Si0,+C,+Li,CO, 1,250 /4 hr N,+H,0 - - -
3:2:0.5 (100°C/hr) | (1,0.5 L/min)
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12. Si0,+RHA+C, 1,200 /4 hr Ar Sio, - -
2:1:2 (250°C/hr) | (1, 0.5 L/min)
13. | SiO,+RHA+C +NaCl | 1,200/3 hr Ar+H,0 Sio, - -
2:1:2:0.1 (200°C/hr) (0.5 L/min)
14. Si0,+RHA+C, 1,200 /3 hr Ar Si0,, Si - -
2:1:2 (250°C/hr) (0.5 L/min)
15. | SiO,+RHA+C,+Cu 1,200 /3 hr Ar Si0,, Si - -
2:1:2:0.1 (250°C/hr) (0.5 L/min)
16. | SiO,+RHA+C,+NaCl | 1,200/3 hr Ar Si0,, - -
2:1:2:0.1 (250°C/hr) (0.5 L/min) SiC,Si
17. | SiO,+RHA+C +Fe 1,200 /3 hr Ar Si0, - -
2:1:2:0.1 (250°C/hr) (0.5 L/min)
18. SiO,+RHA+C +Sn 1,200 /3 hr Ar Sn0O,,Si0 - -
2:1:2:0.1 (250°C/hr) (0.5 L/min) | ,,SiC,Si
19. Si0,+RHA+C, 1,200 /3 hr Ar Si0,, Si - -
2:1:2 (250°C/hr) (0.5 L/min)
20. | SiO,+RHA+C,+Cu 1,200 /3 hr Ar Si0,, Si Si0,,SiC -
2:1:2:0.1 (250°C/hr) (0.5 L/min)
21. | SiO,+RHA+C,+Cu 1,200 /3 hr Ar Si0,,SiC, | Si0,,SiC -
2:1:2:0.1 (250°C/hr) (0.5 L/min) Si
22. Si0,+RHA+C, 1,200 /3 hr Ar Sio, - -
2:1:3 (250°C/hr) (0.5 L/min)
23. Si0,+RHA+C, 1,200 /3 hr Ar Sio, - -
2:1:2 (250°C/hr) (0.5 L/min)
24. Si0,+RHA+C, 1,200 /3 hr Ar Sio, - -
2:1:2 (250°C/hr) (0.5 L/min)
25. | SiO,+RHA+C, +Fe 1,200 /3 hr Ar Sio, - -
2:1:2:0.1 (100 °C/hr) (0.5 L/min)
26. | SiO,+RHA+C,+Sn 1,200 /3 hr Ar Si0,,Sn0 - -
2:1:2:0.1 (100 °C/hr) | (0.5 L/min) ,,Si
27. | SiO,+RHA+C +Cu 1,200 /3 hr Ar Si0,,Cu - -
2:1:3:0.1 (120 °C/hr) (0.5 L/min) 0
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28. | SiO,+RHA +C,+Cu | 1,200/3 hr Ar SiC,Si0,, | SiO,,FeSiC, -
2:2:2:0.1 (120 °C/hr) (0.5 L/min) CuO
29. | SiO,+RHA+C +Cu 1,200 /3 hr N, Si0,,SiC |  SiC,Si,C -
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
30. | SiO,+RHA+C,+Cu 1,200 /3 hr Ar Si0,,SiC - -
2:2:2:0.1 (120 °C/hr) (0.5 L/min) Cu
31. | SiO,+RHA+C,+Cu 1,200 /3 hr Ar SiC,Si0,, | SiC,Si02, -
2:2:2:0.1 (120 °C/hr) (0.5 L/min) Cu Si
32. | SiO,+RHA+C +Cu 1,200 /3 hr Ar SiC,Si0, Si02 -
2:2:2:0.1 (120 °C/hr) (0.5 L/min)
33. | SiO,+RHA+C,+Cu 1,200 /3 hr N, Cu0,Si0 | SiC ,Si,CuO SiC
3:1:2:0.1 (100 °C/hr) | (0.5 L/min) | ,,AlSiC,
34. | SiO,+RHA+C,+Cu_1 | 1,200/3 hr Ar SiC,Si0,, - -
2:1:2:0.1 (250 °C/hr) (0.5 L/min) C
SiO,+RHA +C,+Cu_ Si0,,C - -
1,200 /3 hr Ar
? (250 °C/hr) (0.5 L/min)
2:1:2:0.1
35 | SiO,+RHA+C,+Cu_1 | 1,200/3 hr N, Cu0,Si0 - -
2:2:2:0.1 (120 °C/hr) | (0.5 L/min) | ,ALSiC,
SiO,+RHA+C,+Cu_2 | 1,200 /3 hr N, Cu0,Si0 - -
3:1:2:0.1 (120 °C/hr) | (0.5 L/min) 5
36 SiO,+RHA+C, _1 1,200 /3 hr Ar Sio, - -
2:1:2:0.1 (250 °C/hr) (0.5 L/min)
SiO,+RHA+C, 2 1,200 /3 hr Ar Sio, - -
2:0.5:2 (250 °C/hr) (0.5 L/min)
37. Si0,+RHA+C, 1 1,200 /3 hr Ar Sio, -
2:1:2:0.1 (250°C/hr) | (0.5 L/min)
SiO,+RHA+C +Cu_2 SiO,, -
1,200 /3 hr Ar
2:2:2:0.1 . ALSIC,,
(250 C/hr) (0.5 L/min)
ThFe,SiC
38. SiO,+RHA+C, _1 1,200 /3 hr Ar Sio, -
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2:1:2:0.1 (150°C/hr) | (0.5 L/min)
SiO,+RHA+C,+Cu_2 1,200 /3 hr Ar SiO,
2:2:2:0.1 (150°C/hr) | (0.5 L/min)
39. SiO,+RHA+C +Cu 1,200 /3 hr Ar Si0,,Cu0,
2:2:2:0.1 (150°C/hr) | (0.5 L/min) | AlSiC,
40. | SiO,#RHA+C,+Cu 1,250/3hr Si0,,Cu0
Ar
1 (125 °C/hr)
(0.5 L/min)
2:2:2:0.1
SiO,+RHA+C + 1,250/3hr Ar Si0,,C
Na,SiO, 2:2:2:0.1 (125 °C/hr) (0.5 L/min)
41. | SiO,+#RHA+C,+Cu Si0,,Cu0
1,200 /3 hr Ar
1
a (120 °C/hr) | (0.5 L/min)
2:2:2:0.1
SiO,+RHA+C +Cu Si0,,Cu0
1,200 /3 hr Ar
2
B (120 °C/hr) | (0.5 L/min)
2:2:2:0.1
42. | SiO,#RHA+C,+Cu 1.200 /3 hr Ar Si0,,Cu0,
2:2:2:0.1 (120 °C/hr) | (0.5 L/min) | AlSIC;
43. | SiO,+RHA +C, + Si0,,Sn0,,
1,250/3hr Ar
Sn_1 s SiC
(250 "C/hr) (0.5 L/min)
1:1::1:0.1
SiO,+RHA +C + SnO,,Si0,
1,250/3hr Ar
SnO, 2 s
(250 "C/hr) (0.5 L/min)
1:1:1:0.1
44. | SiO,+RHA +C,+Sn_ Sn0,,Si0,,
1,250/3hr Ar
1 5 SiC
(250 "C/hr) (0.5 L/min)
1:1:1:0.1
SiO,+RHA +C,+ Sn0O,,Si0,
1,250/3hr Ar
SnO, 2 .
(250 "C/hr) (0.5 L/min)

1:1:1:0.1
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45. | SiO,*RHA +C +Sn_ Sn0,.8i0,,
1,250/3hr Ar
1 . SiC
(250 "C/hr) (0.5 L/min)
1:1:2:0.2
SiO,+RHA +C + Sn0,.,Si0,
1,250/3hr Ar
SnO, 2 .
(250 C/hr) (0.5 L/min)
1:1:2:0.2
46. | SiO,+RHA,+C, I 1 250/3hr Ar $i0,.Si
1:1:3 (125 °C/hr) | (0.5 L/min)
SIO,HRHA+C,_2 | | 350/3h Ar $i0,.8i
l:1:4 (125 °C/hr) | (0.5 L/min)
47. | SiO,*RHA +C, + Sn0,,S8i0,,
1,250/3hr Ar
$n0, _1 . SiC
(250 C/hr) (0.5 L/min)
1:1:0.1
SiO,+RHA +C + Sn0,.Si0,,
1,250/3hr Ar
$n0, 2 . SiC
(250 C/hr) (0.5 L/min)
1:1:2:0.2
48. | SiO,+RHA +C +Sn_ Sn0,.8i0,,
1,250/3hr Ar
1 . SiC
(250 "C/hr) (0.5 L/min)
1:1:1:0.1
SiO,*RHA +C +Sn_ Sn0,.8i0,, Sn0,.SiC
1,250/3hr Ar
2 . SiC
(250 "C/hr) (0.5 L/min)
1:1:2:0.2
® RHA = unauaamihiasionialalsnasin
® RHA, = unaudaminiasiensalalasnasin il 300°C
C, = mungal
C = uns'lle
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Abstract. This work suggested the growth of SiC and SiO, nanostructures from heating of rice husk ash
and carbon-metal assisted. The rice husk was boiled in 1 M hydrochloric acid solution with temperature of
around 90 oC for 1 hour, and then washed in distilled water and dried under the sun. The dried acid-treated
rice husk was burned in the furnace with normal air for 1 hour, then high purity SiO, was produced. The
high silica ash mixed with Cu or SnO, powder and coconut shell charcoal were grounded for mixtures
powder. The mixtures powder and Si substrates were placed on the alumina boat and put in the middle of

furnace. The furnace was heated at high temperature under atmosphere of argon gas. The heated products
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and Si substrates were studied by X-rays diffraction and scanning electron microscope. The SiC and SiO,

nanostructures were observed.

Introduction

The composition of rice husk consisted 13-29 % inorganic compounds, of which 87-97 % is an amorphous
state of SiO, (silica) [1-8]. The rice husk ash was contaminated around 3-13 % of metal oxides such as Na,
K, Mg, Ca, Fe and silicates and very low intensity of another metal. These impurities can be removed by
acid treatment [1-5]. An amorphous form of silica ash can becomes to crystalline state by high heat
treatment. The white silica ash was obtained from complete combustion of acid—treated rice husks [5,6].
An amorphous silica ash was a primary source of pure silicon , which used in manufacturing
photovoltaic or solar cells [3-10] and new materials such as SiC, Si;N,, or Mg,Si and it also applied in
high strength concrete or using as filler polymers [11-14]. Silicon dioxide, SiO, is a group IV metal
oxide , which has good abrasion resistance , electrical insulator and high thermal stability. It is
insoluble in all acids except for hydrogen fluoride (HF). The electrical property of silicon from rice
husk ash are very interested in many products , which is based on its inherent electronic structure[4-
12]. The pyrolysed or coked rice husk with the ratio of C:SiO, is 4:1 was heated at 700 °C to
900 °C [10]. The carbothermic reduction reaction in rice husk was processed in many papers [8-13]. The
silica ash also was reduced to silicon by the metallothermic process such as magnesium reduction [4] and
calcium reduction method [10]. An amorphous form of carbon was obtained by the destructive
distillation of coconut shells or heat treatment.

In the present work, we prepared the samples powder by mixing silica from rice husk ash, carbon
obtained from coconut shell charcoal and Cu or SnO, powder. The heated mixture products and

substrates were investigated by X-rays diffraction instrument and scanning electron microscope.

Materials and Method

The rice husks used in this work were obtained by product from rice mills rice. They were more cleaned
with tap water to remove soils and dirt, and dried under sunlight. The dried husks were washed with
distilled water and dried again in an oven at 60°C. The dried husks were treated to hydrochloric acid (HCI).
The HCI was mixed with distilled water to form 1 molar of HCI. The rice husks mixed with 1 molar of HCI
in a glass beaker placed on hot plate at 90°C for 1 hour. The solution was filtered and the rice husks were
washed with distilled water several times until they were acid-free. The acid-leached rice husks were dried

in an oven at 60°C. They were fired at 600°C in air for 1 hour. The coconut shell was cleaned with tap
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water and distilled water several times and dried in oven at 60°C. The cleaned coconut shell was burned at
400°C in normal atmosphere to form charcoal. The coconut shell charcoal was ground to fine powder and
put in a glass beaker. The 1 molar of HCI was put in the beaker and soaked for 1 hour and filtered. The
charcoal powder was washed with distilled water several times until acid-free. The rice husk ash consisted
of more 99 % amorphous silica. The coconut shell charcoal comprised of more 70% of carbon. The
preparation processes were discussed in a previous report [15]. The cleaned rice husk ash and coconut shell
charcoal were ground to form powder products. The rice husk ash, coconut shell charcoal and Cu or Sn
powders were mixed with various ratios and put in an alumina boat and then Si substrates were placed on
the powder mixtures. The alumina boat and source materials were placed in the middle of furnace. They
were heated at differential temperatures, time, and atmospheres. After, the furnace was cooled down to
room temperature naturally. The heated product materials and substrates were investigated by scanning

electron microscope (SEM) and X-ray diffraction (XRD) instruments.

Results and Discussion

The first experiment, the rice husk ash, coconut shell charcoal and Cu powder were mixed with ratio of
2:2:0.1 heated at 1200 °C in atmosphere of argon gas with flow rate of 0.5 L/min for 3 hours. After, the
furnace was cooled down to room temperature. The Si substrate was observed by SEM and XRD

instruments. The results showed in the Fig. 1(a) - (b).

200 IS

Tntersity

(a) (b)

Figure 1. (a) SEM image nano materials on Si substrate, (b) XRD pattern of nano materials on Si substrate.
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The white color of products on Si substrate can be seen under naked eyes observation. Fig.1 showed SEM
image of nanoparticles-chains like on Si substrate. The XRD pattern indicated these synthesized products
consisted of SiC and Si structures. We estimated Si structure maybe from Si substrate. The formation of
SiC nanostructures can be explained by carbothermal reduction, SiO, + 3C - SiC +2CO at high
temperature in atmosphere of argon gas [14]. Fig. 2 showed SEM image and XRD pattern of heated
products powder. The XRD pattern showed peak of heated products comprise of SiC, SiO, and CuO
structures. The growth of SiC occurred form the reaction of SiO, in rice husk ash and carbon from coconut

shell charcoal at high temperature, which explained by previous paper [16].

(a) (b)
Figure 2. (a) SEM image of heated products, (b) XRD pattern of heated products.

The second experiment, the rice husk ash, coconut shell charcoal and SnO, powder were mixed with ratio
of 1:1:0.1 heated at 1250 °C in atmosphere of argon with flow rate of 0.5 L/min for 3 hours. After, the
furnace was cooled down to room temperature. The Si substrate was observed by SEM and XRD

instruments. The results showed in the Fig. 3(a) - (b).
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(a) (b)
Figure 3. (a) SEM image of heated products, (b) XRD pattern of heated products, before HF (upper) and

after HF (lower).

The gray heated products were investigated by SEM and XRD instruments. The results can be observed on
the figure 3. SEM image showed coalescence of nanoparticles. Fig. 3(b) showed XRD pattern of heated
products before and after hydrochloric acid (HF) treatment, (upper and lower). The XRD pattern indicated
these nanoparticles consisted of SiC, SnO, and SiO, structures. The synthesis of SiC occurred form the
reaction of SiO, in rice husk ash and carbon from coconut shell charcoal at high temperature, which the
same discussion by before experiment. The SnO, and SiO, were been residue after heated and acid

treatment.

Summary

From the results, we can conclusion; SiC and SiO, nanostructures were synthesized by thermal evaporation
of the mixture of rice husk ash and coconut shell charcoal at high temperature in an atmosphere of argon gas,
using carbon-metal assisted. The structures of heated product have been investigated by scanning electron
microscope and X-rays diffraction instruments with appropriate methods. These SiC and SiO, nanostructures

prepared from rice husk ash may be used in applications of nanotechnology in the future.
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Abstract

Tin dioxide (SnO,) nanostructures have been synthesized using a thermal
evaporation of heating tin powder and coconut shell charcoal at temperature
900 °C under the atmosphere of nitrogen and oxygen with flow rate of 1 L /min
for 2 hours. The prepared products were investigated and characterized by stereo
microscope, scanning electron microscope (SEM) and X-rays diffraction (XRD).
The results show that SnO, nanowires are tetragonal-structure phase with the
lattice constant a=0.4178 nm and c= 0.3187 nm, and the direction planes are
(110), (101), (200), (111), (210), (211), (220), (022), (310) and (112),
respectively. SEM images verify that the lengths of SnO, nanowires are several
micrometers and vary from 10 nm to 150 nm in width.

Keywords: SnO,, nanostructures, nanowires, coconut shell charcoal
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Introduction

Tin dioxide (SnO,) is one of n-type semiconductor with a wide band gap (Eg = 3.6 eV, at room
temperature). This is a high potential material that has been expansion used for optoelectronic devices,
transparent conducting electrode, transistors, solar cells [1-3], and gas sensor [4-6,15]. SnO, nanostructure have
been successfully synthesized by several methods, Recently, some report indicate that SnO, nanostructures have
been synthesized by carbon-assisted growth at 800 °C for 3 hours, under atmosphere of oxygen, using high pure
Sn powders as the source materials [7]. SnO, nanowires have been prepared using the active carbon reaction with
SnO, powder at 700 °C under atmosphere of nitrogen [8]. SnO, nanowires have been synthesized in bulk
quantities at 680 °C by thermal evaporation of SnO powder by a self-catalytic vapor-liquid-solid mechanism [9].
Xiangming et al prepared SnO, nanobelts by thermal evaporation of Sn foil at 1100 °C under ambient
atmospheric pressure with no catalysts [10]. SnO, tetragonal nanocrystals were synthesized by heating the
mixture of tin (Sn), sulfur (S) and ammonium chloride (NH,CI) powder in air at 400 °C for 2-5 hours [11]. SnO,
nanobelts have been synthesized by water-assisted growth using heated pure Sn powder at 850 °C and kept at
this temperature for 1 hour with 20 sccm flowing Argon as the carry gas [12]. Kim et al have been synthesized of
needle-shaped SnO, nanostructures by thermal evaporation of Sn powder and kept at 900 °C for 2 hours under an
air flow of 150mTorr [13]. SnO, nanowires were synthesis on Si substrate (111) by heating pure Sn powder at
800 °C in a quartz tube under a flowing argon and oxygen atmosphere, respectively [14]. There are also
discussion many reports on applications of SnO, nanostructures.

In this work, SnO, nanowires were prepared by carbon-assisted growth at 900 °C under the atmosphere of
nitrogen and oxygen, using high pure tin powder as the source materials. The carbon source prepared from
burning the coconut shell. This experiment was almost new original method.

Experimental

The procedure was operated in chamber furnace. Firstly, the coconut shell was cleaned with distilled water
several times and dried in air then the cleaning coconut shell was heated in oven at 400 °C for 2 hours to from
charcoal. Finally, the coconut shell charcoal was grounded into powder (about 90 um.) using as the active carbon
[7,15]. The composites of coconut shells were more carbon 70%, some metal oxides and organic materials more
20%. The metals oxides and organic materials can be eliminated by using heat and acid treatment. The mixtures
of charcoal carbon powder and tin powder (99.0%, Aldrich) with ratio of 1:1 by weight as the source materials
were put in alumina crucible. Si substrates were cleaned with ethanol several times, and then dried in air, then
placed on the source materials. The alumina crucible was located in the middle of chamber furnace showed in Fig
1. The chamber furnace was heated under flowing nitrogen gas with the rate of 1 L/min when the temperature in
the center of furnace increase to 900 °C, oxygen gas with flow rate of 0.5 L/min was introduced and kept at this
temperature for 2 hours. After the reaction completed, the crucible furnace was cooled down to room
temperature. The morphologies of the prepared products were investigated by stereo microscope (image analyzer;
OLYMPUS, SZX9), the crystal structure of the products were characterized by X-Ray Diffraction (XRD; Cu a4
radiation) (Philips x* pert MRD) and scanning electron microscopy (SEM; JEOL 6400).

900 °C

Gas in—g o[Joo

Crucible furnace

Fig 1. Experimental setup of the system used for the synthesis of the SnO, nanowires.

Result and Discussion
After the furnace was cooled down to room temperature, the Si substrate and prepared powder were taken
from the crucible. The white color of products on Si substrate and source material can be observed by eyes. The
prepared products were investigated by image analyzer, XRD and SEM instrument. Fig 2a-2c, the image analyzer
indicated that white layer products formed on the face, upside-down Si substrates and source material
respectively.
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Fig 2. Stereo microscope image of products on Si substrates (a) face side (b) upside-down and (c) the source
materials.

The morphologies of synthesized products were investigated by SEM showed in Fig 3a-3c. These pictures
showed the morphology of the prepared products formed on Si substrate (a) face side, (b) upside-down and (c)
source materials. The typical SnO, nanowires with the length of wires were about tens of micrometers. There are
two well-accepted mechanisms for the growth of one-dimensional nanostructures, the vapor-liquid-solid (VLS)
and the vapor-solid (VS) process. The VLS growth is a catalyst-assisted process, in which the catalyst particle
acts as liquid forming agent. The most observing sign of the VLS mechanism, there is droplet observed at end of
the prepared products [8-17].

Fig 3, SEM image of SnO2 nanowires on Si substrate (a) face side (b) upside-down and (c) source materials.

The growth mechanism of SnO, nanowires could be discussed, following the chemical reactions were processed
by 3 reactions.

Sn(s) + C(s) + O2(g)—» SnO(g) + CO(g) 1)
2Sn0(g) — Sn(l) + Sn0,(s) 2
SnOz(s) — SnO(g) + %2 O,(9) ®)

When the temperature was shifted up to the reaction temperature, the source materials were continuously
evaporated to form SnO vapor and CO gas, as the reaction (1) described. While SnO, powder was reduced by the
CO gas formed form reaction (1) that was demonstrated with the reaction (2). Then a large amount of tin vapor
was transported to the deposition zone by carrying gas, it will decompose into Sn and SnO, as indicated in
reaction (3) and then Sn droplets fell on the substrate. Subsequently, the one-dimensional nanomaterials grow by
precipitation of SnO, from the supersaturated droplets. These processes were explained by previously reports [7-
12, 15-17]. The crystal structures of synthesized products were characterized by X-ray diffraction (XRD), as
shown in Fig. 4. These XRD patterns showed the structure of formed products on the Si substrates and sourced
materials, after heat treatment.
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Fig 4. XRD curved of synthesized products on Si substrate (a) face side (b) upside-down and (c) the source
materials.

The X-ray diffraction (XRD) pattern in Fig. 4 showed peak of SnO, nanowires structures revealed that there were
many planes of the prepared products on Si substrates, corresponding to SnO, crystal planes of (110), (101),
(200), (111), (210), (211), (220), (022), (310) and (112) (on source material), respectively. All the diffraction
peak can be indexed to the tetragonal rutile structure of SnO, with lattice constants a=0.4178 nm and ¢=0.3187
nm in JCPDS file 41-1445. The analyzing of the size of crystal revealed the widths of nanowires varied from 10
nm to 50 nm. We cannot observe the any structures and morphology of the other impurities. This may be
occurring from heat and acid treatments or amorphous phase of the prepared materials.

Conclusion
The prepared SnO, nanowires have been successfully synthesized by carbon-assisted growth 900 °C for 2
hours, using high pure tin powder and coconut shell charcoal with ratio 1:1 by weight under a flowing nitrogen (1
L/min) and oxygen (0.5 L/min) atmosphere. The image analyzer, SEM and XRD instruments were studied. The
length of SnO, nanowires were about tens of micrometers. XRD pattern showed that the formed products were
tetragonal rutile structure with the lattice constant a=0.417 nm and c= 0.3187 nm and widths of crystallite size
vary from 10 nm to 50 nm. These prepared products may be used in future application in nanotechnology.
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Abstract

Si0O,-CuO nanostructures were prepared from rice husk ash by carbon
charcoal assisted. The rice husk ash mixed with coconut shell charcoal and Cu-
Sn powder as the source materials. The mixtures materials were heated at
1100 °C under atmosphere of nitrogen with flow rate of 1 L/min. After the
temperature was cool down, the prepared products were characterized by the
stereo microscope, scanning electron microscope (SEM) and X-ray diffraction
(XRD). The SEM images showed nanostructures materials such as nanopatrticles,
nanohexagonal and nanowires. The XRD patterns indentified that the composites
of nanomaterials were SiO,-CuO phase.

Keywords : rice husk ash, SiO,-CuO nanostructures, coconut shell charcoal,
nanoparticles, nanohexagonal, nanowires
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Introduction

Rice and coconuts are grown in Thailand. Rice husks and coconut shells are abundant residues
remain as waste materials. Almost of them were used in biomass fuel and soil adjustment. Many
reports studied to produce useful materials such as silicon dioxide, silicon carbide silicon nitride or new
materials and silicon solar-grade from rice husks or activated carbon from coconut shells charcoal [1-
5,13]. Rice husks are composite of 13-29 % inorganic constituent, of which 87-97 % is SiO, (silica) in
an amorphous phase.  The impurities in rice husks are metal oxides. They can be easily removed by
acid-treated[6-7]. The burning of rice husk in air can produces silica ash, their color varies from black
gray to white gray depending on temperature, air and the impurities. The temperature of burning also
effected to structure of amorphous silica or crystalline silica of rice hush ash. The polycrystalline
silicon can be prepared from rice husk white ash by a metallothermic reduction processes [1-2,4,11].
Liou[9] reported that ultrafine silica and nanostructures could be prepared from rice husks by
nonisothermal decomposition of rice husk in an oxidizing atmosphere.  Silicon dioxides or silicon
oxides nanostructures could be synthesized in many processes from silicon dioxide or silicon oxide
source. Recently, amorphous SiO, nanowires have been synthesized from a vapor-liquid-solid method
using Ga as catalyst, and the Si substrate source very fine SiO, nanowires with diameters from 50 to
100 nm and lengths from 10 to 50 micrometers were grown in 5 hours.  Silicon powder and graphite
were heated at 1100 °C under a mixture of N, (99.2/0.8

mol %) for 30 min. Amorphous silicon dioxide nanowires could be synthesized with lengths of up to
500 micrometers and diameters in the range of 10-30 nm[8-9]. Li, et al.[10] observed that SiOx
nanowires were accidentally synthesized on Au-coated Si substrate via solid-liquid (SLS) process of
ZnO powder and graphite powder heated at 1100 °C. The production nanowires with diameter vary
from 50 to 300 nm and increase with synthesized time[12]. The nanofibers and nanowires materials
were prepared from rice husk ash mixed with coconut shell charcoal and GeO, as source materials
heated at 1200 °C under one atmosphere of nitrogen with flow rate of 1 L/min for 3 hours[14].

In this work, we used SiO, from rice husk ash mixed with coconut shell charcoal, Cu powder,
Sn powder as starting materials for preparing the nanostructure materials.

Experimental

The rice husk used in the study was a byproduct from a rice mills. The dried husks were submitted to
chemical treatment. The rice husks mixed with 1 molar of HCI in a glass beaker placed on hot plate at
70-80 °C for 1hr. The solution was filtered and the rice husks were washed with distilled water several
times until they were acid free. They were heated at 700 °C for 1hr.The cleaned coconut shell was
burned at 600 °C for form charcoal. The coconut shell charcoal was grounded to powder and put in a
glass beaker. The 1 molar of HCL was filled and soaked for 1hr. The solution was filtered and the
charcoal powder was washed with distilled water several time until acid free. The source materials
consist of mixture of cleaned rice husk ash, coconut shell charcoal, Cu and Sn powder with ratio of
1:1:0.1:0.01 by weight. The source materials and silicon substrates were put in the furnace, heated at
temperature of 1100 °C for 1 hours under atmosphere of nitrogen with a flow rate of 1 L./min.

When the temperatures reached the setting points, the switch was turned off and to cool down
to room temperature naturally. The prepared materials and silicon substrates were examined by several
techniques such as stereo microscope, scanning electron microscope (SEM), and X-rays diffraction
(XRD).

Results and Discussion
After the temperature was cool down. The products formed on the substrate were clearly different from
the original materials source. The morphology of the prepared products can be further characterized.
Figure 1 shows the stereo microscope images of aggregates of nanostructure materials formed on
mixture powder(Fig. 1-a), face side of silicon substrate (Fig. 1-b) and up-side down silicon substrate
(Figure 1-c). These pictures are magnified about 2000 times. They showed clearly the synthesized
materials on the silicon substrates and mixture products
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Figure 1. Stereo microscope images of the nanomaterials.
The morphologies of synthesized products were investigated by SEM showed in Fig 2a-2c.
These pictures showed the morphology of the prepared products formed on source materials(a), face
side (b) and upside-down(c) of Si substrates. Figure 2 shows the SEM images of the nanowires,
nanofibers, nanoparticles and nanorods.

-

Figure 2. SEM images of the nanomaterials
down of Si substrates.

Figure 2 shows the SEM image of nanowires and nanofibers (a) growth from materials source. We can
see that the length of nanowires is a few micrometers and the diameter of nanowires vary from 10 nm
to 100 nm. We notice that the nanoparticles are dispersed on face side of Si substrate (b) and some
nanorods formed on upside- down of Si substrate (c). The phase structures of synthesized products
were characterized by X-ray diffraction (XRD), as shown in Fig. 3.

e on source materials (a), face side (b) and upside-
lad
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Figure 3. XRD patterns of the prepared products on sources materials and Si substrates
These XRD patterns showed the structure of formed products on sourced materials and the Si
substrates, after heat treatment. The X-ray diffraction (XRD) pattern in Fig. 3 showed peak of SiO, and
CuO of nanostructures materials. We cannot see Sn peak due to high temperature for vapor point of Sn
metal.

Conclusion
In summary, the formation of SiO,-CuO nanofibers and nanowires can be synthesized by
heating mixture of rice husk ash, coconut shell charcoal, Cu and Sn powder at temperature of 1100 °C
in atmosphere of nitrogen with flowed rate of 1 L/min. The structures of these products have been
characterized by stereo microscope, scanning electron microscope (SEM) and X-ray diffraction (XRD).
These nanostructures may be used in future applications in nanotechnology.
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