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Manufacture of calcium phosphate bio-ceramic from rubber

wood ash
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Abstract

Utilizations of rubber wood ash (RWA), an agricultural waste, as a calcium phosphate
bioceramic nanopowders compare with conventional calcium phosphate. These raw material were
calcined at the temperatures of 500°C for 1 h. A stoichiometric amount of calcium carbonate
(Ca(CO,), from RWA) and phosphoric pentoxide (P,O;), were used with the molar ratio of 10:3,
10:5 and 10:7 which is the desired Ca/P ratio observed in hydroxyapatite. Sintering process was
also performed at temperatures of 700 °C and 800 °C. Chemical composition of RWA were
characterized by X-ray fluorescent (XRF). Particle size and specific surface area were observed by
using Beckman Coulter. Fourier transform infrared (FTIR) spectroscopy was used to identify the
functional groups. X-ray diffraction (XRD) analysis was carried out to study the phase
composition, crystallinity and the crystallite size of calcium phosphate bioceramic nanopowders
that were sintered at different temperatures. The in vitro test was performed in a stimulated body
fluid (SBF) medium. The changes of the pH of SBF medium were measured at pre-determined
time intervals using a pH meter. The dissolution of calcium ions in SBF medium was determined
by an inductively couple plasma spectrometer (ICP). FTIR result combined with the X-ray
diffraction exhibited single phase of hydroxyapatite with carbonate peaks in the FTIR spectrum.
The results indicate that increasing the sintering temperature increases the crystallinity and the
crystallite size of calcium phosphate nanopowders. Photomicrograph of scanning electron
microscopy (SEM) showed that the obtained powder after sintering at 800 °C is composed of
hydroxyapatite nanoparticles (320400 nm). Dissolution rate of calcium phosphate nanopowders
was lower than conventional hydroxyapatite powders due to its nanostructure dimensions. It was
concluded that sol-gel prepared hydroxyapatite nanopowders had superior bioresorption and

similar chemical and crystal structure to natural bone apatite.
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v = Hydroxyapatite

m = Calcium metaphosphate

e = Calciumpyro phosphate

¢ = Calciumpyro phosphate
dihydrate

10:7

Intensity

10 20 30 40 50 60 70 &0
2Thera

d’ a 4 3y Y d’ ~ a
E‘IJ‘VI 4.3 AAN1AATIEY XRD ﬂJ?Nmﬂmmmimmmqmwgu 700°C

a

a 4 Y v = = < =
11NN15IAATIZHNANITNADDIVOAUAT INB1INIINWINUH T 700°C (3UT 43) &
A9AA0INUIIUITOV4 J. Trinkunaite-Felsen et al. Y5193 Sasrdaud 103 Tansdszneui

1 = o aa

Usingegae leasondezwilng 25%. unadoumwaeassla 27% Fdnoureala 26% uaz

s o : = a a Ay a s o
A9 22% sas1aIui 10:5 Tensdsgneulsingedne leasenaezwilng 22% uaamon n
Tsemmla 29% unadon InTsWeama lawnsn 26% oz lalaswuean 23% dasiaiui 107

~ 1 d =

tasiszneundsingegie leasondezwilng 5% unamouwaloanla 17% unamonInls
Woala 17% uaaFou InlsWoaa leawasn 15% lalasnurloala 16% sonlxdioylalasiou

Woealer 16% uazoaneSaoonles 13% aua15199 4.4



19

1
a 4a a

4 J a o
M3197 4.4 8IAYsZNOUMAANVBITAQAUNUNRN 700 °C

]

us/mslszneu gaUNAN 700 °C
10:3 10:5 10:7
lansondoznnlng (Ca,(PO,),(OH)) 25% 22% 5%
uaadenmaomna (Ca(Po,),) 27% - 17%
unadon In lsWeama (Ca,(P,0,) - 29% 17%
unaden InTswomma lamsn (caH,P,0,) - 26% 15%
Fanounoamna (SiP,0,) 26% - -
A20A (Si0,) 22% - -
lelasouoala (H,PO,) - 23% 16%
oon landlon T Tasounomme - - 16%
((H,0),(H, P,0y))
WoavloSanen lud (2,0,) - - 13%
v = Hydroxyapatite
. e = Calciumpyro phosphate
m = Potassium Calcium
Magnesium Phosphate

10:7

Intensity

10 20 30 40 50 60 70 80
2Thera

a

A a ¢ R A A
31]7] 4.4 HON15AUANTIEH XRD VDN 13JEJ”I\3W15'1VILW'W]QQH’T§]3J 800°C

v




20

a

a ¢ SR 4 = & ]
1AMIAATIEHHaM TNAasIueud Ide19wIs I Ngmn i 800°C (3UN 4.4)  ¥9
A9AAd04 UIUITEUD J. Trinkunaite-Felsen et al. U510 18051e917 10:3 Uensiszneui
1 J
Usingegae leasendozwilng 34% unaonInlsvoanla 33% uaz Inunadeuunaidon
= o : = = = A = y <
uuamilavlemila 33% sasidiui 10:5 Hasisznevidsingegae laasenaezmiing 24%
unasen ln Iswoala 27% lalasnuneana 23% uaz InunaFouuaamsuuusmilavema
o ' = =~ = 1A = y =
26% BasdIui 107 Imsdszaevfivsingedie leasendozwmilng 17% uaawenlnls

ol 24% lalasiounoamla 18% Weanesaoonlas 23% uaswemnaosnled 17% e

91971 4.5
M31af 4.5 eartlsznoumaniivesingauiigungi sooec

us/msiszney g 800 °C
10:3 10:5 10:7
leasondozwiIng (Ca,(PO,),(OH)) 34% 24% 17%
unaon Tn IsWeama (Ca,(P,0,) 33% 27% 24%

TwunaGouunadeuuusmilaneas 33% 26% -
(Ca,MgK(PO,),)

lelasiouneama (H,PO,) - 23% 18%
WemloSanenlud (2,0,) - - 23%
Wemvlneonlad (,0,) - - 17%

d M
4.1.3 wamsaanzrinasenemaindna1ne11ienan 5108 Fourier Transform
Infrared Spectrophotometer (FTIR)
a Y & o Y a A Y o A )
HANTIATIZHA0IATOI FTIR 119 luanainan1sganauuaua1iauasneasmu
< v o J { @ U '
ponuaaInauANUFURUTVBIANUDTSE B Wave Number NUAIMS A ILUBILEAS (F8n31 IR
Spectrum Fdnyuzalaasunsganauudvesmsidazsiavzinuauiamnig luanaues
=3 A a 9 a o g‘/ K < w
aeseasaganauuasdursusa ldnanudd1anuIuegiuA UL T IVeIRUT AL
¥ o 2’/ a d 4 %
1 M1inU8902ABUYBY Functional Groups 1uTutanaduq wan1s3ns1zna81AIed FTIR &9
A9AAGD4UAIUITOYDS M.H. Fathi et al., 2007 1510991 Msduvesnusz lugnanueinaun
= ' 4 { 1 g < ' = 4
460-500 cm” UAZFNANNBWAAUN 720 -780 em” Flumsduvesnguues laasenGozn Ind

(0-H) miduveaiuselugennueIniauiises uaz 940-1220 cm’  1Humsduveinguves



21

) o ! 4 { -1 g v '

Woaula PO, (P-0) Mm3duveanuszlugiesnueInfui 1430-1640 cm' WumMITuv0INgY
2 < ) q 1 § A 13 o

yeansuealessu CO,’ (C-0) Msauvesnuse luriesnnue1Inaui 2241 em 1umMsdu
1w < ' J < o 1

sadniosuaziiulide wilunquuesleasendozwlng (0-H) uazmsduveaiusz g

4 4 -1 3 ' J 1 = o {
AMUEIATUT 3446 em” Hlunguues leasonGozwi Ind (0-H) wu@eInu (319 4.5)

120 (O-H)
460-500, 720-780 c-0) (O-H)
100 - ___(OH)
_ ; B T~
\: Iy 1 1 | 1
E 1 Lo : :
= SEECELIN B 3 i
< L5 VWY b2 S e
£ 60 g i &
£ R (RO
7)) o! LI LTJ )
§ 40 : §: : 940-1220
h wn 1
o A =
P-O =
20 (#-0) &
565
0

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Wavanumber cm™

'
o a v a [ 1 a a

510 4.5 vams AT 1A IngALABBUNTUTATIONS 1IN 10:3 WTigaunail 800 °C

q

a ¢ ~ A a PR B v v d
4.1.4 Nﬁﬂ]i’J!ﬂ513ﬁ!£ﬂa!°ﬁﬂuwﬂﬂlﬂﬂﬂwaﬂﬂ']ﬂ!fn‘lufnﬁ‘w15ﬂgﬂﬂaa~3ﬂqaﬂi§ﬁulﬂﬂ]

7990510 (Scanning Electron Microscope, SEM)

(2

a d o a 4 1 { o ' 1
Nf’lﬂﬁ’JLﬂi1$‘ﬁ’JG]Q@]U@%}’Jﬂﬂ’gﬂx‘]‘g’ﬂ‘ﬂiiﬁulmﬂﬁﬂﬁﬂiW]“?]ﬂW 39818 500 N1 1000 N

[

' o w = < a a J a
1ag 35,000 (NIKIUAIAUY G]']lﬁlh/] 4.6 Lﬂuﬂ’]illﬁﬂﬂlﬂﬂ‘ﬁwaﬂ'ﬁ'Jlﬂﬁ'lzﬁ ANAUAITNAD
9

U

¢
d 1 1 Y Y = A a Y =
NIIAiLLUdeInI ATz lderensiwingumvgil 500 °C uaz 11 Iferamisfinay
o a I o 1 = a a d v a vy Y
nuneanesnmunen laanonsidiu 10:3 wNgangil 800 °C 310NN IZH IngAUAIENF BT
d U { { a % [ awv
yansseniuyudeansiaveadl derams fivnigurgll 500°C HiaeandenuuIToves .

. & @ 9 Yy 9y A v 1 9 =
Trinkunaite-Felsen et al. ﬁﬂymziﬂﬁﬁiNi}aﬂiﬂﬂlﬂdlﬂWhlEJNW'lﬁulaﬂ‘Hmz’iﬂu"UNﬂ’dllllﬂ’J']lJ

a Y

a ¢ w o ' {
w;u LLﬁzﬂTﬂﬂWi]Lﬂﬁ’]Z‘Vijﬁﬂﬂﬂﬂjﬂﬂﬁ}'ﬂﬂﬂqﬁ‘ﬂ5ﬁ'f’TULLU‘Uﬁ'ﬂ\iﬂﬁWﬂ‘U@\‘iLi%ﬁulﬁ}?JWQWTﬁTﬁWﬁN

Q

o a Y I 1 = a Ao o 1 S Y Y
ﬂUW@ﬁW@SﬂLWUW@ﬂ 1“]‘@7]@9]51?]"31«! 10:3 IWINQUYVIDN 800 °C NMadVyIy 500 N1 LU 1@']1

u



22

a < ' i d e w 2 2 ) 3
me%ﬂuﬁaﬂymmﬂumgmmmmﬂuﬂquﬁ’au wazdiomumaavetsau 1dnilu 1000 11 3z
1 o I I~ 1 Y 3 1 v & I Ny 1 o &
Ll@’fmmm%mﬁaﬂymmﬂumgmﬂmeﬂuﬂquﬂaumﬂwmwaunummu lapenaraay tagiiie

A o w E ya < 1 ~ 3y Y a A o &
umasveryu lUsnitu 35,000 1 augiin 4.7 szmuldnueameuiisnyazeynianany ¥

BUMANANHIAZOUNIAITNYUIA 320-400 U1 T1uns Inotlszi

4 a L4 a 4 1 1 Y 4
3‘1Jﬁ 4.6 HONITAUATIEH Gli;lﬂ‘Uﬂ'.JEJﬂﬁﬂﬂ?ﬁﬂiﬁﬁuuﬂﬂﬁ@ﬂﬂi’]ﬂSi’ﬁ'J'NLﬂ']ulfl'fJNW'li'l‘ﬁ

WINQUMAN 500 °C NAY 3,500x

() (@)

{ a @ a J ' =
71N 4.7 mamsTias sV TngAudtendssyanssaniuudensinveud Iderewis finawy

s

@ a o’d' @ 1 a
nueaeInmunen luandnsidau 10:3 w1igangil 800 °C (1) 500x (1)  1000x LAz (R)
35,000x
4 4 U o
4.1.5 wamsunnzvinnadeuneamanduasizvlatumsdhsildluasazaaaiion
TNMeNYYE (SBF)
1 = Ao Y Yo ' v £ !
HanN1sNAaedINNIsusLAaFeu e danduns 1z 1851281 1de19m15 760
[ . { H a <3 1 1 H 1 {
Woalemmumon ladfe 10:3 iwgamgil 800 °C sziwinldNmmsaounasvesd pH 7
Sudude 7.4 anasliinnindienariu 1y 14 Su denRsudsusuunadeureawlayia laas
4 { a a o {
oNFDLW NG (Hydroxy apatite) NTv1oluFemdiad IR 4.8) wanisnageunisaaisly
=1 1 o 1 =) A a Y E =
asazarsaiioulusumenywdlsinguaadsureamlanndaaindr Idvremstimsaane
Y] ' = Aa a = & ~ 2 1 oAy y ' o A
wesnuaadeuemanNvieludawnaisd (U7 4.9) Feai lde1vazuandraduuniiosnn

= a o P 9 B ~ s v = s
uwaatsuNemWandansizviond1 IforamisiiesdUsenovves laasonadoswilng



23

(Ca,(PO,),(OH)) unatdo InTsWoma (Ca,(P,0,) uaz ITnunaiFouunamouuanmianomne

' { a < s = nw <
(Ca,MgK(PO,).) FauaadsuleamlanumFouiouiluesnlsznovves laasondosm Indines

9U191AY)
7.40
139
E. 7.30 - RWA Calcium phosphate
T a5 -+ Conventional Calcium phosphate
7.20 - » e
0 2 - 6 8 10 12 14
Time (days)

a A ' A ' S VW =
31]7] 4.8 ﬂqilﬂﬁﬂuuﬂﬁﬂﬂq pH ﬂlf’J\3ﬁ’]iagﬁ']ﬂlﬁﬂJﬂuslui'Nﬂ'lﬂuu‘HU‘V]L'Jﬁ’]ﬂqﬂﬂusua\jllﬂalcﬁﬂu

H - o H a = 4
Womanduasz laand oS esudsudunamseunoalafiane luman g e

60 S T AT Ao
50 - — ——8
——
-—

40
T
2.
& 30 A & <> - -t
= \d -
o A 4

20 -+ RWA Calcium phosphate

10 -=- Conventional Calcium phosphate

0
0 2 4 6 8 10 12 14 16

Time (days)
d' o a A 1 I 1 o a
31J‘n 4.9 ﬂﬁﬁﬁTEJG]'J‘U’EN!LﬂﬁL%UNiUﬁﬁﬁZﬁ?ULﬁN@HELH5']\1ﬂ1€]111§‘151€11’]L'JﬁW]Nﬂl!"U’ENLL’ﬂﬂMEJ?J

::' [ o =% v d' a =Y
Woamlandunszd Idand Idoresws S ousuduunadeunomanuie luFawiass



24

4.2 ayiwamsiag
o o a <3 a A
asonudriforanisnhundaiuueadoueaa luTosiin ldiliesain
d o 2 o 1 1
samlsznouman g I nivsmaveanamougs Fedasdinud ldoaws RWA) ae
sloaosamunen'lad (p,0,) fnzawdo 10:3 gumglnlFlunisimnaie 800 °C Feldunaidon
a J 1
WomnaxiialansendozwiIng (Ca,(PO,),(OH) Y34 % uazunaonlnlsleanla
1 < = v 1 1 [

(Ca,(P,0.)) 0g 33% Wunaadouemafiidasidnesunndoudonloaneiade 1.67 uaz 1.0
o w ) [ = ~ = < J Ao
sy gy InunaFeuunaFeuuuanilaneama (Ca MgK(PO,),) Hluoinilsznoungsns

v Ry o av 1 v & o ' Y a 11 s A a
Freegedonimuinaziteaell Faasana lildidvdedeneouyud Weulssuiioy
J =) 3 o a @
persznoumauniidis FTIR Jesdszneuduunadoumoanialulews iin dnvas Iassaiis
3y H

samaegluszauinTuwas Fedifuiifduiage davazaoutrenanaeandesdunuiionld

: Yy v
NANIWIVNAU

4.3 YotauaLUL

A Y Y y A v & ¢ R I Y a
ﬂWiLaﬂﬂi“ﬁmT%lM’Jﬁiu‘ﬂ'ENﬂuﬂTﬂiﬂuu@QﬂﬂﬁZﬂ@ﬂ‘ﬂ’NmNLﬂ']llllEﬂQWTSWuLliJﬂ'J']ﬂJ

J
a A A

' Y 9 yA ; A Yy = ° =
LUANAINDTINIDN 111'?]1«!“’] ammmﬂanﬂ@iutm‘lu%u@a 11ﬂaﬁiﬂﬂl“U@QLLﬂﬂL"’HﬂQJﬁWNWﬂLL‘ﬂUﬂ%%M1]

o

Y %’ [ g =} Aav @ 1 ya =\ 4 = = oA
YUY ﬂ\iuu‘ﬂTﬂ‘ﬂzllfﬂi’Ji]EJLLﬁ%W@JiJW]EﬂNﬂHWﬂﬂ ”nﬂmamﬂszmmzmmﬂaﬂmmawm

v g o A =) @ ad 1 1 a =) a a
suawlamwl'e)smﬂumauLmzmmmﬂiNuqmﬂQuwsmﬂmamuﬂmmzmwmimumﬁmuma

A A q yqw ~ N oA A 2
¥iia 1o 197 14 laasonaaz ) INANNLNINTU



(1]

(8]

(9]

[10]

[11]

[12]

25

‘UiimWHﬂiN
a o s A : Y a Aa a v
UAIUNTNIN. (2550). Wi]ﬂﬂﬁilﬂu‘ﬂﬁﬂﬂuﬂﬁ‘l]@ﬂﬂﬁ’]ﬁ!“ﬁﬁ’]llﬂﬂMLUW’]LLﬂaLG]fUJJ 1‘1"115?]@’5“7\]@.

o

wRaIMeasuINeduma Iulaggsuis

ansuas Inevuioay 2154.95uau 2548 d1inwas I nomaniuazimaluladurand |
PansalumIneay

a0UITY1 NTNININSINBAT 16 QUANUT 2542

AgataD., and Renata W. (2012).Composites hydroxyapatite with addition of zirconium phase.Ceramic

materials- Prpgress in modern ceramics,Published by InTech, 129-148.

nd

Billotte W.G. (2000). Ceramic Biomaterials. The Biomedical Engineering Handbook(vol.1. 2 ed., pp.
[38-1]-[38-26]. United State of America: CRC Press LLC.

Daglilar S. and Erkan M.E. (2007). A study on bioceramic reinforced bone cements. Materials Letters,
61:1456-1459.

David Hill .(1998). Design Engineering of Biomaterials for Medical Devices.England: John Wiley &
Son Ltd.

Fathi M.H., Hanifia A., Mortazavi V. (2008). Preparation and bioactivity evaluation of bone-like
hydroxyapatite nanopowder. Journal of materials processing technology, 202:536-542.

Hanson S. et al. (1996). Testing Biomaterials.Biomaterials Science: An Introduction to materials in
Medicine.pp.221-228.

Larry L. Hench and June Wilson (1993).An Introduction to Bioceramics.Singapore: World Scientific
Publishing Co. Pte. Ltd. 5. June Wilson,1993, Singapore: World Scientific Publishing Co.Pte.Ltd.
Northup S.J. (1996). In Vitro Assessment of Tissue Compatibility. Biomaterials Science: An
Introduction to materials in Medicine. pp.215-220.

Samar J. Kalitaand ,SaurabhVerma (2010). Nanocrystalline hydroxyapatite bioceramic using

microwave radiation: Synthesis and characterization.Materials Science and Engineering: C,30:295-303.



26




wa Y A
Usz Iagivey
4 -
¥o ana WmNeg el uzuy
)
AMIANY
. £ o =X
29 Yoo Unaufamsanmn

a v a a @ a J
RINTIUNAATT DT UHINGRIAIVAIUATUNS 2549

(AAINTTNIAY)
a v a a [ a 4
RINTIUNAATUN T A UHINNAEAIVAIUATUNS 2550

(fINTINTAR)
a a v a a @ a J
IINTIUANAATABY VLTI UHINNAEAIVAIUATUNS 2554

(fINTIUIAR)

NUMsANE (ﬁ%’{%’v‘lmzﬁﬁmmsﬁﬂm)
lasamsnuAvdunfaszitanssumans uniinerdeasvaiuasund
Uszdnd) 2551-2552
gqudiasedroaniutduidaadivurluinalulatninld
UMM wmuﬂ%u‘ng (NANOTEC Center of Excellence at Prince of Songkla University)
Uszdd) 2551-2552
-InsamsnuiasnIneIay unIneaoasauasuns Usziil 2551
NulassnsianneInsduesyamnsdmsuaaniugaudnu lumwarian

[

mwznvarIameuauldlse 1l 2552-2554

UNANNANNHINEUNINANUIEFUBIRLAZHHR

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Wirat Tawiprida and
Fumio Saito “Photoactivity and hydrophilicity of B and Ni co-doped TiO, films” Advanced
Materials Research Vols. 148-149 (2011) pp 1473-1479

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Wirat Tawiprida and
Fumio Saito “Improvement of hydrophilic property of rubber dipping former surface with

Ni/B/TiO, nano-composite film” Applied Surface Science,Vol 258, (2012), Issue 10, pp4436-4443



Mahamasuhaimi Masae, Lek Sikong, Peerawas Kongsong, Phatcharee Phoempoon,
Surasit Rawangwong, and Witthaya Sririkun “Application of rubber wood ash for removal nickel
and copper from aqueous solution” Environment and Natural Resources J. Vol 11,No.2, ( 2013)
ppl7-27

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Peeraws Kongsong,
Pichaya Pitsuwan, Zuhaidee Seni, Withaya Sririkun and Julaluck Rodjananugoon “Comparative of
paraffin and turpentine used in wax resist dying on batik fabric” Journal of community
development research 6 (1) (2013) pp 31-41

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Wirach Taweepreeda,
Fumio Saito and Pitchaya Pitsuwan “Influence of nitrogen doped TiO, nano composite film on
hydrophilic property of rubber dipping former surface” Key Engineering Materials Vol. 608
(2014) pp 141-146

Mahamasuhaimi Masae, Auttakorn Pradupjan, Anon Pisutthipongchoto, Lek Sikong
and Peerawas Kongsong “TiO, Doped WO, Coated Plastic Film and Its Ability to Inactivate
Escherichia Coli for Prolonging Fresh Fruits and Vegetables” Science and Technology Journal
Vol. 22 (2014) pp 327-336

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Peerawas Kongsong,
Patcharee Phoempoon and Pichya Pitsuwan “Thermo- physical characterization of paraffin and
beeswax on cotton fabric” Thammasat International Journal of Science and Technology (TIJSAT)
Vol. 19 (2014)

Mahamasuhaimi Masae, Lek Sikong, Peerawas Kongsong, Chaturong Walthong, and
Patrapong Ramjan “Low temperature synthesis of Se” - Doped TiO, Nanoparticles for Inhibition
of Escherichia coli” ENGINEERING JOURNAL (Under review, 2014)

Mahamasuhaimi Masae, Lek Sikong , Peerawas Kongsong, Pichaya Pitsuwan,
Chaturong Pholthawon and Niti Pawanwatcharakorn “Synthesis of Na doped TiO, nano
photocatalysts film on its photoactivity and hydrophilicity” Thammasat International Journal of

Science and Technology (Under review, 2014)



MswWaunslumsdsz gl nmsszauunmna
Masae, M. Tonnayopas, D. Kooptarnond, K. “Development and investigation of granite
waste tiles body incorporated with oil palm fiber ash” International Conference on Mining

Materials, and Petroleum Engineering: The Frontiers of Technology (ICFT-2007) Phuket,
Thailand. 10-12 May 2007

Lek Sikong, Mahamasuhaimi Masae, Kalayanee Kooptarnond and Wirat Tawiprida.

“The effect of B and Ni co-doped TiO, film coated on glass substrate” 4" International conference

on recent advances in materials minerals & environment and 2" Asian symposium on materials &
processing (RAMM&ASMP 2009) Penang, Malaysia. 1-3 June 2009

Lek Sikong, Mahamasuhaimi Masae, Kalayanee Kooptarnond and Wirat Tawiprida.
“Influence of Ni doping on photoactivity and hydrophilicity of TiO, composite film” 10"
International seminar on_environment & architecture, and 1" international conference on

engineering, environment, economic, safety & health !10Lh SENVAR& 1" CONVEESH 2009)
Sulawesi island, Indonesia. 26-27 October 2009

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Wirat Tawiprida and

Fumio Saito “Photoactivity and hydrophilicity of B and Ni co-doped TiO, films” 2010

International Conference on Advances in Materials and Manufacturing Processes (ICAMMP
2010) Shenzhen, China. 6-8 November 2010

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Wirat Tawiprida and
Fumio Saito “Improvement of photoactivity and hydrophilicity of rubber latex formers by B and

Ni co-doped TiO, films” Commission on Higher Education Congress IV: University Staff
Development Consortium (CHE-USDC Congress IV) Pattaya, Thailand. 14-16 September 2011

Mahamasuhaimi Masae, Lek Sikong, Kalayanee Kooptarnond, Wirat Tawiprida and
Fumio Saito “Influence of Ni/B/N/TiO, nano composite film on hydrophilic property of rubber

dipping former surface” 2012 International Conference on Frontiers of Mechanical

Engineering Materials and Energy(ICFMEME 2012) Beijing, China December 20-21 2012



(O8]
o

ansinsuazeRansing a4
a a w A A 1A 4 = v v 4 a A A cil
o.  3aANIUAT 509 arsinasuuuiun lnmiiey lasen laauaznssuismasuaisinaouil
=y [ a J av =Y { o
Tay 1andas Aadl puaiuuy wmnzglad wzuw uaz3sy n3YTa1 nvnd1ve
1101000103 (18 ¥NI1AN 2554)
A a o A a a o d 9 1 a P = Y |l p=} v U
. IUANTIAT (509 AssUITNARNaNE RN LNt Ao uA 8 Innitiey laeon b
o o a [ < 1 < =3 o =% 4 = awv
dvsunaanmaeuuuInlag 1Bn 703 Naedl gUauum nmnzglad vzuwy wazisy
= =~ o n Yo wa 9 ?,’, 1
nI5a1 unfve 1103000475 (10 WEHAIAN 2554) 1Az IASUOYNANTANATOL A 5
AUEU 2554 D19 9 NYBNIAL 2560
a Aa w 2 = % =) £ a a a J=} U dy =
o.  weudnsias Sog oulvdeuduianiaznssuiskanneu lvil lag nmnzglad uz
< =S s w n a @ r'd a a = o
ua 10 Tae A de asers apled o poanyel lsvwyna uazWyg WagIsTa nuhive
1303000461 (30 LWE18U 2556)
a a o d‘ @ o @ d' Y Y A A A @
<. NBYANTUNT (509 saagwumsazmﬂamwuﬂﬂmmmmmmm:msmz&wamm@ﬂ
Y dy =1 < = = [ a =4 [ o a an ~
01 Tag g ledl wzuy 160 TR WIT8 A9 g3ANT 383929 LazInen Aau @an
fNUD 1303000462 (30 WHIUU 2556)
a Aa o d‘ a = Y Y ad a dy
& weudnitag Ses mswasuaa@ouremuaaind lforawisuaznssuIsnanasil
a 4 { )
T sz gladl uzus WysING 2350200U0AIIENT gNLTiET ANV 1403000145

(16 AUAIWUS 2557)

A A

a a o = JA Y a A d A a
o. DUTANTUAT 13D ﬁ’]ilﬂﬁ@UllVIW]LUUN‘lﬂﬂ@ﬂqmﬂlﬂﬂﬂjﬂﬁ"ﬁﬂuﬂﬁULﬂﬁ@‘UWfﬂﬁﬁﬂllﬁg
acy A A dy a A o
Tanzuaznssuiswmasumsnaendl lag snwmnzgladl uzus muid1ve 1403000894 (13

AN 2557)

W =57 § Yo
1 YananuIdenlasy
A a a a d 5 1a I =% 3y =1 d o [
0. 1973715599 N3TUTTHAaNaNIde RN neasudle lnnitiey lasen lyadmsy
a [ I's i Yo o . y 9 A [ o
HAAAMANUDUIN  TASUS1970 Special Prize A1una Tu Tadiogaamnssy Tuauduiin
a 4 4 [ { Y] 4 [ o @ aw 1 a
UseAng 2556 1o TUN 2-5 QUAIWUT 2556 9 1Asd1NIUANLNITUNITITVUNINA
(3%) 1 DULUNA 11UBINDIFI]

=Y

v a = 4 v o A @ a 4
. F1978NHNUTIZAUANIN Ut 2555 seaudSauaen ansIAINIIUMIAaS

o 9

YISO UAIUATUNS



[

v a a 4 v a2 1A 4
. TNWNIAINITUNUDTVULIYEY ‘lJ'iZi]'ﬁJ 2555 igﬂﬂﬂﬁiyiyﬂ@ﬂ ﬂ@llﬂ]'ﬂﬁ]']ﬁ?ﬁ@iﬂ?ﬂﬂTW

v

a Y a Jd o aw v g’/ =i o A
UMINGIAIFIVATUATUNS TUUNIVBLUASUIANTTY W.0. ATIN 7 Uzl 2556

c'd'd' v (Y4 a
UszaumsainineIveanunuIdY
a v ) A @ d' ) o M Y o [ a @ 4
1. 1A33M57398: 2 g uszau lunihanuaze1ad1ed IAd 1M UGN M1
' Y1 Jd A 1 = a Y = Y
HUUIN, #3321 1Asans, gudtnseviganuiwaadiuu lumalulagninld
a [ a J ’ o
UNNINY1AYAIVAIUATUNT (NANOTEC Center of Excellence at Prince of Songkla University)
o ~ ) o o 9] )
Usgd11) 2551-2552 wagnulassmswauieinsduazyaansdmsuanitugauny luma
u/ a [ [ q Y o A d' Yo o
Nauuamznavarlameuauldlszsil 2552-2555,  audszuan1dsy $1131 1,000,000
a < Qy
VI, 5282a11ATINNT 1.8, 2551 — 5.9, 2554, ADIUNINUDY 1ATINT a5 aULAn.
' 2 1
2. Tasamsave: msiaugaunwmswaadanaugidaaitesouluiuiaw
[ v Y Y] Y 1 a a v = £
vardamisuauld, ianiilasenis,  Iasemisduasunisiselugaunuiuazwaun
UNIINIAITOUNIA  FIINNIUANZATINNISNISANANYT  (ane.) U5zl 2556,
wszanan 185y $1u9u 300,000 VN, 52o2IA11ATINGT AAIAN 2555 — AUEIBU 2556,
s £
F01UM NV 1ATINT a5 v uLdn.
& 2 P B 4 o v a
3. Tasamsies upuanglgaliesauazgeeneutsiinfeuniae lnmidion laoen
sV (U P S o Yy o 9 o o
lyalddlulasnuuazsiquean lainmanuazeiadied]s, wmilasnsduinau
@ Aav o A d‘ Yo
neanuaNUTyuN15Ie (an2.) dszdidl 2556, suilszuia 145D 350,000 ao1un NVl
=z £ Y
1595 @I duudn.

a

awv v 3 = 9 = =y a
4. 1A33M3398: MINANUNINNIIIONTA liunuiEeannasssuananugiiyan
Y T
A =

Wesduluiuiniald, waviflasenis, TassmsaaedunsiselugaudnyiuazWann
UMIING1aIToUNITIA d1InUABENIIUNITNIsRANANYY (ane.) 1szd1T 2558,

awsznan1dsy $1uau 350,000 1IN, T2EzIIA11ATINAT AAAY 2557 — AULIBU 2558,

ADIUNINVDA 1ATINT MAIA MU,



ANAKNLIN N
Aa A v d' a\ =~ v Y
INRDYANTUAS 1599 MIwanuaaseuomlnaing s
an A dq’ =
#1995 AN IINITHANDIIH Jag 3vinz g ladl sz
a d Y o
WYIINE ITTALOVUALATIYNT gANYS (aUNA1UD

o d
1403000145 (16 NNNINUD 2557)



5T 7

wuenreseail001-n

w1 1 089911 2 HiN

dm¥udhmihi
sususwe 15 DAL 755 C wdidee .
mituiwe X 40 53 140300014

o < o a < 3
FoydnualswunmsyszAnisznhadszma

T
Ed

1 mistseqng

i
-

| ﬂswmﬂﬂaqmw

llU‘UNaﬂﬂiu"ﬂ

a @ d
D MIBDAUBVUVHAANUN

' auﬁnm%ﬂwum

@uiysemalayan

P T I .
fhruddasavilede lusveiudnsvai/eydnivasil

FusendnTns/eydnsins

v
da a o

@yNansins/eyansUns

yoSufinivas/eydnitas munsenniydainTiias w.e.2522

uf lwxwulﬂuiﬂamnwnmmmmum (,yjm.Z)-»wﬁssS”

TGEAEH swummwﬁmum (nmm 3) 1.9.2542

A A 9 oy
ABUBYBLVINUIN
\

i
i
i
H
i

{
H

A I3
* ﬂsawuﬁﬂmams}]s"ﬂm/msaammnnaq.ﬂmm n

N353935 1UNS Nammamsuuﬂaffwlammm'lmmquw

Tuduaw fe Rouluns1deaiu

2: ﬂW‘UEﬁ"U’le‘ﬁ“Uﬂﬁﬂ'li'ﬂﬂﬂlli]‘l]ﬂﬁﬂﬂill‘ﬂﬂlﬂuﬂ'l’llﬂ fmdsummnfmnmmaumamnuua.,ﬁ‘luﬂwammﬂ

3 > q
N TUANG TS pis

R oty

3. gueSudndiins/eudnivas uamau (avit ouu 1Js~mﬁ)
wwmnaU;ﬂﬁTuTﬁuswuqﬂaﬁswu

| f.Up019 8.1099 9.999a1 90000

o R Tny \
0-7428-9322
i
LTI
1-33-dws@s | 0-7428-9339

3.2 Insdmy

WeInAYNs Weuenna

q

J v da a
guimindaumadyy gnoudnomand

umAnondsasvaraiuni 15 ouumynnded sunemwalng
fandameval 90110

e 34 Bwad  jittiyuty@psu.ac.th
4. @nslumsveiudnitas/eydniias

Ll dulsz@ug/doonuuny M dsuleu O duesuinilnomgou
5. saunu (§af)) Fog (audi auu Sonda dszme sahsudid)

5.1 funuavii 2266

5.2 Insfnm 074-289322

5.3 Tnsans 074-289339

5.4 Bwa jittiyut.y@osu.ac.ih

Y a 4.9 a o 4 A P
6. Qﬂi:ﬂﬂg/ﬂ_ﬂﬂﬂllﬂﬂﬂﬁﬁﬂﬂlm uacvnoy (1tavyn aUU ﬂsxmﬂ)

maTuladsyuanadiide 1 a.usee  suneiiey dandadavar 90000 uazs

Iranssuntiivalsiag Tag auzdanssumaai viinondsasvatuaiund 15

1 o a - a o
12¥) 3J’}14']11~'(T'1§1J UTHY u'lfJW‘lﬁ’J‘Vlg’liiﬂi)ﬂ JNUATIYNT ’rjﬂlﬁﬂi. BYNAVIBNIAINTIVATAINNT ﬂfui"’lﬁ?ﬂiﬁlﬁ"?ﬁﬁg UMINGIY

BIPNANS19150AT AN A9 Lazuefis T Aeee AR

ouumnadlys sunewialng sandaaevar 90112

» ¥
7. fweiudnivaseydnivasiuennaviefuidestumveiy

AueSuimiaseydnivasve e ldoumvesudnidns/eyd
Tutu f

wI1EMYesuanIas/AuAntias iy

]

U sweiduiimailszauguaiond

¥
s/ayansias

R | Y i a
I:I Qﬂﬂﬂﬂ’]uluﬂ\‘lmﬂﬂﬂla\lﬂuﬁﬂﬁ

frfudurnumueiuanitasavi
A & g w oo -
NI BnuIdBInumMuBIANmIIE

[ venlaoumlaslszinnweedni

o o o gd o o {
wnomg  Tunsdif hisnszyswaz@enldnsudu Wdamihuenmsmhouuuiivdd Tasszsypmnonvidudouaziadon

naneswarPoafivRudanandio



wvvenerweadi001-n

v < v,
MU 2 YBIWIUIU 2 1

A o o
8. A1IUMVYDUBNI 1Y B IVNT

v & o d o o W /0 E
'Juﬁ'Nﬂﬁl'é] [UNMMUB Hgeimne AYANHUIUIUNMS aOIUSAVD

a '
szavgaznhalszime

8.1

8.2

8.3

v o a a

™ av o a a ' 4 o k¢ o o ) v a aw a v 1 o < Z
84 [ dueSuinidaseyaniiasvedniliien iWoumveiiluiuildoudvesuiinidaseyintias lumnlszmadiuaswsnlay

]

y zd o ¥ o 1 I A o o o & o &
D lﬂUul'ﬂﬂ’d'ﬁ'ﬂaﬂiﬂuw‘fauﬂ']‘uﬂu D VBYUBNMTNANFIHUAIIINIHIUATVDU

a 4 A a o IY @ a aa Anwlﬁ‘ vf.\ln‘l uﬂyw
9. ﬂ'ﬁllﬁﬂﬁﬂﬁﬂigﬂ'ﬂs nIaMIapNUUUNIANMN mmmﬁmms/aqﬁ‘muml u’dmmsﬂuwgwwuqmmmeasgl HEA

¥

JuuaA Judlanuuang )

e

10. madszduginertugadn

o A o o
101 wnzidourdhnmy 10.2 Sufidhnifiy 10.3 gonjurhanualsemea

as o

4 ' o & o 4 v & o v A aw a a P °
1. duesuinitaseyanias vetwenmnmnawilszmareuludugudiveil uaswzdatufusiudntvas/oyanidasiiidar
v o & o 3 A
hunnTnomelu 90 u unnfutusiveil Tasvatuiiuaimn

L] dsnqu O Wfasa [] wasiu I U #uq

a

bl
12. Auesufniinseydntiias veWWetutlszmelamandiveiudnias viefusanzidon uazssmalamaneydnidasil

o v & A
NN IUd 1haU WA

L] duafuanhinseyaniinsve Ilddfouninuay Tumsilszmalamon

13. mweiudniias/eyAniiasiszneuday 14, natlsznsudive
n. nuURis e 2 i M enasurasanilumsveiudntiaseudnins
=) a 4 > M W o &
v. MvazBeansUssAng [ misdefusesmsudasmsysyavi/mseantiuy
o a o J a w J

vieAmssenuusdasus 3 wih HannM

Y A s a Y o ']
. vemaANs 1 iy O wisdevevdnns

a 7 =) 4 o -

1. ity kL il ] wamsswaziBeabuonuyasn

o o 4 . .
VBB B RIRIN O enmsmsveriudubumve lusalsemenilyuugy

O s1dou 51 wh e lualszmalng
L awew 31 nih L1 waasvenldouslawlszinnuesing
pounagUmsdssAng 1 wih 1 onansduq

s ¥ o 3
15. dmudweiusesh
N T T T
M misilszaugi limotuveuavsaseyiniiasnneu

kS
L misdszdndil Iddaunlfudsannn

16. aeilede ( [ AueSuawdias /eydnivas; M daumu)

AumugSuuoudn

4 o ¥ o aa a a a o & 1
HHIEHG 1!ﬂﬂﬁ1ﬂﬁuﬂ1‘\la§ﬂﬁ'nﬁuﬂﬁﬂ'li'llizﬁtliﬁ%ﬂﬂ"ﬁ'ﬂﬂﬂmlUNﬁﬂﬂm‘nlﬂdﬁ'i)i)HﬁWﬁlmi TmUmsuﬂm‘ﬁ'ammamﬂummmwum114

;4 By & o s T Yoo
whil el ld T H@nSiaswisayfniiins desszaamusign lifunndou wieufuhimuimiuum nioidmaliy




