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Study on the Development of Silicon Carbide Film from Bio-waste Coated

on Metal Plates by Spray Coating Technique.
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Abstract

Nowadays, there is a large increase in bio-waste left over from the agricultural industry,
causing problems in dealing with these wastes. Therefore, more studies on the utilization of
bio-waste are being studied to reduce the amount and increase the value of these bio-wastes.
This research aims to study the utilization of bio-waste by preparing a silicon carbide film
coated on the metal surface to increase the surface hardness. This can be prepared by
grinding silica powder prepared from rice husks with carbon powder prepared from durian
peel at a ratio of silica to carbon 1: 2 by weight and then calcining at 1300 to 1500 °C under
argon gas atmosphere for 2 hours. The structure of the resulting sample changes with
temperature, with the structure gradually changing from silica to silicon carbide at 1500 °C,
producing a silicon carbide powder with beta structure (£ -SiC). The silicon carbide powder is
then mixed with PVA solution and coated on the metal surface by spray coating technique.
The factor affecting film quality is the concentration of the solution. When the film was
prepared with the appropriate solution concentration, the silicon carbide film had good
adhesion on the metal surface and increased the hardness of the metal surface by almost
four times higher on the 304 stainless steel surfaces. The film has a thickness of about 12.54

micrometers.
Keywords: Silica powder, Silicon carbide powder, Silicon carbide films, Bio-Waste
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Spray gun

Precursor solution —X=

RS !- Pressure
regulator
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Compressed

Spray nozzle —* 0
pray T carrier gas
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Substrate i
p.. ;

MA 1 uansnmdnaesnisugnilausieIswuasd (Spray coating)
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P

wazfifiafigy 2-theta 33.91 93a1 Fudufinfiuadg
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(Zhang et al, 2019) TngUnAudusauoany A-SIC agtinfigamgiganinnaing B-SiC (Superior

Graphite, 2020) Fauanslunmii 2 muﬂﬁﬁ?mmﬁhaummﬁﬁ (1) Uanghorban, K. and Tazesh, H. R.)

Si0, +3C —— SiC + 2CO (1
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JCPDS no: 00-003-0267
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wuin lensanaeulaglimdsens 20,000 wh sxdunaiuddnoumsludiduaseild Tdnuurlds
UUARIENTINAY YUAUSTANA 100-150 ululns S g 3 (n) wasiilorfiumdsweneidu 50,000 i
wudreun1afiivua 100-150 wiluwns SuiRnaineyniavwiadnUszaia 10-20 unluiuns

nfidnvauznan ududunquaniivuialng@u Asnmd 3 (v) Fseareiunsddneunisluailan

UIBY8Y Wang, F. et al, 2017.

nan1SAsENNANINNITAADUATSTUA
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fanmeuuiiuinnazanldd wieduasnadfdumniuinaty oadesnanusdamiseming
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IndiAsstuiaukunszanaladanniian faanddunini 4 3dléinienansazans PVA Taeifiuanna
ududu 2.0 %WV efinwssBamisseninsasazats PVA fuitufausunssanaladliuiniy
uEniluindouiduiidy wudn Fduild fanaludla uazarunulndidssfuiuiuuniude

Wssuiisunuilaunlaainansazae PVA Antuty 1.0 %W/V Adhandbuninig 5

ipm  JEOL 1/4/2019
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X 20,000 15.0kV SEI SEM WD 7.8mm  11:49:40 X 50,000 15.0kV SEI

29 3 2Me1n SEM fisneannwsdanaumslun (n) Aasuene 20,000 win (1) faswens 50,000 L
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AMULINTY 0.8 %W/V () WAL PVA 31nAn3udu 1.0 %W/V way (1) Way PVA nnany
NI 1.2 %W/

(n) ()

AN 5 A maneNaY PVA Mvwasuuunszanalas (n) Wau PVA 31nanududy 1.0%W/V

() WAy PVA 371nAnududu 2.0%W/V

(n ()
AT 6 LARININEA1999N SEM wesildn PVA Tiadouuunszanalas (n) fidu PVA 99nAau
WUTU 1.0 %WV (9) Wy PVA 29n@anududy 2.0 %W/ V
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STy,

(n) ()

AW 10 A manefaudaneuaslud (n) wiusessueaiiilley (v) UNWIBISUALAWAE 304

NaNSNAFUAULTS (Hardness)

ilennaounavesiiaudanauaslus GiammwﬁwaaﬁuﬁaLLﬂJuim%’U@Qg’iLﬁau UavALAULAE
304 wuin wivegiilloniiarauudeuse 38.6512 Alan3u/msiediadiuns Welndeuseiidu PVA
AAnundeitaldfududy 98.9473 Alanfu/mssliadiuns wavilendeuseiduganounslus
mmwml,%uﬂmqﬁu 294 wh 7 113.5874 Alandu/as1efiadiuns sauansluninit 11 (n) 91ndu
vnaeuANAULT e URIuNELAUEE 304 Wuinilen 86.9654 Alandu/ms1eliadiuns wastiudy
154.6051 Alanfu/m1s19dadiuns Weowdeudiefidy PVA wasillowndousefisudanauaislud
AuLdawesiiuiufutuds 4 wih 1Oy 347.8615 Alanfu/mnsnediaduns saandunind 11 (@)
Thuandifiuiniidudanoumslusiiindeusedd Spray coating anunsasiuanuuddriuiui-lansle
wazunds 4 Wi Wendouuuuiunanuea3od Wesannlunisvaaeuauudeiu azfuniseenuse
ALY ILHus0ssy Fuiioindouiidy SiC asuiiuilvesuriusesiuundiiosanusinnas
VuituRIveuHuTosdU Tld SIC asFunsenaouiiasfituinvesususosdy wasoaudRmuves SiC

niiAAnuudegs JoilinuRavesnusessulinnuudgatuioe
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Vickers hardness (kg/mm?)
Vickers hardness (kg/mm?)

0 0
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Stanlees304 Stanlees304 Stanlees304
coated PVA film  coated SiC film

coated PVA coated SiC

(n) (¥)

= i < ! v A A&  as 1 o
AN 11 LEANANITNA@DUAIAIUNLDUY (Hardness) YDULHUTDISUNARDUN AN (N) WNUIDITU

agilliley (v) uNusOITUALAWAE 304



'mmi'rmmsawawmammauLwﬂiuiaa iJM’]’JVIEJ’]ﬁEJi’]“UﬂQUﬂiﬁ’]i%ﬂ 53

S lgnlb

15 Q‘U‘U‘W 21 uns1Ay — mquwu 2566

5. #5UNaN1339Y

saa

PNASANWINTHUATITVTAABUAISIUAINVELTININ AIBTANIINLAAUKALATISUBUINN
WienyiSeu wuhanunsaduasziins@aneuasludlaniensnsaganmnuanauiunsesueuig
gns1diu 1:2 Ineumdn Ngunad 1,500 ssmnwalded aeldusseiniafiigeisneu eIy

< a6 v ¥ a ' a s = U g.jl a
a1sazany PVA Wuilau anududuresasazansiinanennununvesiaulunisindounsazasy wazdl

s v al e

nasoLlaldumiy Aaunmssuainansaratefianuututegagyinbmianiswanaeluilaay

¢ aa

Wow3uuiidudanoumsludindouuuuiuse siuegiidennazaunuiaa 304 samadanisiuadou

Hduansafiuanuudsliiulansvsasdld doaudifinvresdanouasludfidainnuudsgs

§ aa

Tneflduianulusala waznuiuseuna 12.54 lalasiuns luniswseuilaudanaumsiuameaulauf
witnzadluanwIted wungdusundouasuuawauad 304 11nn30 Lesandnsianisvesiduuu
N laAnaaniaay dealiaunsaiianusdaiuskuaLauag 304 4 89 4 W WaSeudieunuy

LEUALALLEE 304 Munglusiaenann

6. NnAnIIUUTTNA
YaUANAIIIVIAENE n1advinerdansuasinalulad AnsRalvsmansuazineimans
Tunsaduaywiesyfdfinig lunisaniiun1side wazveveunmumIngrdesiudgsooda lunis

atvayuRueuyszanauiulunsdfiunsideaudisaqaidunsal

7. 1ONE1581984

AUGANTAUNANITINYAS. (2564). adin1sinunsvasUsemelng U 2563, drdnauasugianisinens.
http://thaisdi.gistda.or.th/pl/dataset/oae31 01/resource/f31e8d62-595b-4332-9ead-
bead7e68283b

Abdellah, A., Baierl, D, Fabel, B., Lugli, P., & Scarpa, G. (2009). Spray-coating deposition for large
area organic thin-film devics. NSTnanotech, 2, 447-450, https://briefs.techconnect.org/
wp-content/volumes/Nanotech2009v2/pdf/506.pdf

Chananil, P., Jongjaihan, Th., Yenyamsook, K., & Chaekamhod, N. (2018). Study on The
synthesis of Nano-Silicon Carbide Powder from Rice Husk in Roi Et. Critical Innovation.
The 2nd National and International Conference on Educational and Technology 2018
ICET II. (pp. 1-10). https://drive.google.com/file/d/1vdtRze-O8sreSuKPbOenleG7p7gad
bll /view

Janghorban. K. and Tazesh. H. R. (1999). Effect of catalyst and process parameters on the
production of silicon carbide from rice hulls. Ceramics International, 25(1), 7-12.
https://doi.org/10.1016/50272-8842(97)00077-1


http://thaisdi.gistda.or.th/pl/dataset/oae31_01/resource/f31e8d62-595b-4332-9ead-bea97e68283b
http://thaisdi.gistda.or.th/pl/dataset/oae31_01/resource/f31e8d62-595b-4332-9ead-bea97e68283b

NINTIVINMTIMemansuazmalulad Winedeswdguasassa 54
ILNLE o o -
e U 15 auui 21 ansiau - AQuieu 2566

Kaci, S., Keffous, A., Kheloufi, A., Bozetine, I., Guerbous, L., Mansouri, H., Siahmed, Y., &
Bouanik-Aissiou, S. (2017). PL investigations of spin coated thin films of porous SiC
powder embedded in PVA. Journal of Alloys and Compounds, 709, 668-676,
https://doi.org/10.1016/j.jallcom.2017.03.128

Kim, J., Suh, D., Kim, Ch., Baek, Y., Lee, B., Kim, H.J,, Lee, J.C., & Yoon, J. (2016). A high-
performance and fouling resistant thin-film composite membrane prepared via
coating TiO2 nanoparticles by sol-gel-derived spray method for PRO applications.
Desalination, 397, 157-164. https://doi.org/10.1016/j.desal.2016.07.002

Lai, L., Wang, X, & Hao, J. (2014). The Study of SiC Thin Films Produced by Magnetron
Sputtering.  Engineering  Materials,  609-610, 82-87, https://doi.org/10.4028/
www.scientific.net/KEM. 609-610.82

Liu, M., Yang, Y., Mao, Q., Wei, Y., Li, Y., Ma, N., Liu, H., Liu, X., & Huang, Z. (2021). Influence of
radio frequency magnetron sputtering parameters on the structure and performance
of SiC films. Ceramics International, 17(47), 24098-24105, https://doi.org/10.1016/
j.ceramint.2021.05.120

Qamar. A, Mahmood. A, Sarwar. T. & Ahmed. N. (2011). Synthesis and characterization of porous
crystalline SiC thin films prepared by radio frequency reactive magnetron sputtering
technique. Applied Surface Science, 257(15), 6923-6927, https://doi.org/10.1016/j.apsusc.
2011.03.033

Superior Graphite. (2020). Beta Silicon Carbide. https://superiorgraphite.com/beta-silicon-
carbide/

Wang. F., Xiang. D., Wang. Y. and Li. J. (2017). Rapid synthesis of SiC powders by spark plasma-
assisted carbothermal reduction reaction. Ceramics International, 43(6), 4970 — 4975,
https://doi.org/10.1016/j.ceramint.2017.01.003

Zhang, H., Zhang, N., Wu, D., Wu, Zh., Bi Sh., Ma, B., & Liu, W. (2019). Controlled synthesis of f-
SiIC with a novel microwave sintering method. Materials Letters, 255, 1-4,
https://doi.org/ 10.1016/j.matlet.2019.126586

Ziebert, C., Ye, J., Ulrich, S., Prskalo, A.P., & Schmauder, S. (2010). Sputter Deposition of
Nanocrystalline f-SiC Films and Molecular Dynamics Simulations of the Sputter
Process. Nanoscience and Nanotechnology, 10, 1120-1128, https://doi.org/10.1166/
jnn.2010.1842


https://doi.org/10.1016/j.jallcom.2017.03.128
https://doi.org/10.1016/j.desal.2016.07.002
https://doi.org/10.4028/
http://www.scientific.net/KEM.%20609-610.82
https://superiorgraphite.com/beta-silicon-carbide/
https://superiorgraphite.com/beta-silicon-carbide/
https://doi.org/
https://doi.org/10.1166/jnn.2010.1842
https://doi.org/10.1166/jnn.2010.1842

