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Abstracts 

Topic 	Effect of Morphology on Adsorption Activity of ilydroxyapatite 

Researcher 	Neeranut KuanchiThrtd-oo 

Fiscal year 	2015 

This research focused on the effect of morphology on the absorption activity of 

hydroxyapatite. Hydroxyapatite (HA) powdes with 2 different morphologies was synthesized; 

round shape HA was synthesized by precipitation rano needle shape HA was synthesized by 

hydrothermal treatment with the growth of crystal along c axis. The needle shape HA 

showed higher crystallinity than round shape HA due to the hydrothermal synthesis that 

taken place in the close system under controlling of temperature and pressure. Moreover, 

the surface area of needle shape HA was also lower than the round shape. The round 

shape HA displayed better adsorption activity of NH3  and CO2  gas over than the needle 

shape HA via physisorption. The equilibrium time for cooper ion adsorption on both round 

and needle shape HA was 4 hours. Interestingly, copper ion was not accordingly diffused 

into the crystal structure of HA. 

Keywords: Hydroxyapatite, Morphology, Adsorption 
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1,1@0wlmtrAvrillillyiulAun'tvnuanlInzAuT46 61,-.11,4m16SuNntiuL sad 7n fITIN 7a1 

MaTtiulinns1/61htlErtni:m7utmtuvninnimy,6AAiAn5::;Qnoln 66nzi1:1:Ahlunns 

(ZvannidilmjittianAm (Khalid ariF.adt, 2004) 	Raannnifily.tri-i imosonki@tyrilycAT 

rrmagu-ncluniT,tu6hvAufH411,1,mtrt:11111iilunrtnunnIFIlini-inTril@dilnikruanl n-ra 

a -I . L'AJP1--raiLturZinrolom@nellatvini,molci-Jain'nnymnytn@u (precipitation) wivi'ieiv 

13E13nt-upilatoalt,Inslaiiladoll@en-o4o111-111,4otinnr:?.tuLTiF.iTiniiniTont.ilthul6tnm;gn 

innultuitmAtil 	 Nonstoichlometric etIL•tlun.dna:Auntlye.)1 

immanatatmnivikin'atminmwiMEL -iLkriwg.93nti-in1H,,soinluleiLNA Ca-deficient 

ToFinnv- nimanstntitniviccfluplat°A)Iniii,ahOy'6inyllunnwilid;'-wiMicuiMiu t'4EJ 

gnAVnaHlwirdalrmtluiivEhn'h 	 Tinyn.MF.116uarronrji 

loe5m6talunivi4C11.1m.aniRviluFAZtillifitrile1174-11,11-infinn-yin.ji-wiLlumlnaal 3 ivia 

Ltal;Kwv,, 2013) 
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lounivqMal.rdD11121L1,2111E)1°A@Ilitkitift.inct'primnilEbinuanLilcur)-runt ana 

vitty-RwliiinliaryirilAi'usiqImnnirt7nnnn-1-3 ,g,tacnpvtilnynloamlundIN'Afewilafuli 

L'Z'uvi-il 1 vraiLnlii (Bazargan-Lari 66 Rat, 2011, Jamjang 2006, Wongsorntam tt,nffut, 

2010) 
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1.3.2 oilinvvinuamihilnnainynElluman,tatviilwin7111-itipu'rfonLaunmilotiLLtu 

6ti8.rillAEIFT1F1M5P1IIANI41'lnTe,Qn5-yra1E 
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Will 2 

vity(46,tatltu'Aftnitilul4J'al 

2.1 tgQn@rigatlyilvivir  (Hydroxyapatite, Ca1o(PO4)6(OH)2) 

&11.4arzi ,lai41Nulmn@lotYrtvigi (apatite) iRJR,Yrilimaltdiugn Xio(Y)6Z2 

kfiwflWrld X 1, 0,m5urviOvItiniiittlt,N +2 (divalent cations) biii4 	 (calcium 

2, 	2 
.2, 

Ion, Ca t ) 1/15nualrurdiStig.A41E@@LI (magnesium ion, 1\ils
2i 

 ) vuuni OflpfTbffil Y 11911J 

aisthr, nataDragiii.iiiithtl -2 (divalent anions) .",.5a -3 (trivalent anions) L'ih.1 

taca.d. (carbonate ion, C032 ) iiimMairign'oueru. (phosphate Ion, P04 3 ) ith.Au rrav 

Xn4499ne.J. z Lahusdni vinaddtht nannliklml -1 (monovalent anion) vtit 1,0215@n21el,DD@IJ 

(hydroxyl ion, OH ), YkOE'kPIDec)@1..1 (fluoride ion, F) vingiDdhilla@EIJ (doride ion, Cl ) 

(hydroxyapatite, HA) rid(uo - aldtrrtoweintrlv4hiliitr.RaLiluL 

locatarviwidricoth X, ridar1011@@01.41,111ddlnAtl1 Y rtztr,lzmun;llalanotioroiduinth z 

vialyVtgontri'ontrilvdriip)vrilrh-liiP/E) Ca1o(F0,)6(0t)2  rot, i16915-itiaurvidAmrivieggluaylnito 

(calcium/phosphorus ratio, Ca/P ratio) alifit 1.67 6111tiblli'llNgflitl.d11,1lt.0111,1AULI 

(hexagonal) A11,?;11171 2.1 (Mohammad tratrflcur,, 2010, Rivera-Munoz LI,atfirLit, 2011 am; 

Stotzeluazy,P)cdt, 2009) ;111cold 0n'ilamilmiirklandthtnEwvinn0c)/(avii6Tol hard tissue it 
ad 

 vint 1°11J iratrndrop ditAd "ZIa.-nrmnil.and:tv,int€IX215rgtJ1Qn;rdtt 

umne9wiyltyllgoTon;rintwinrian/IPElniJ)r25i4-10 rr0triliddnatr (Bazargan-Lari, 2011) 

Ca P 0 H 

FA 2.1 I.R5 ei 5HINFnT011(msaq5@ntilvddriniviniviSFAt (hexagonal) (Mohammad, 2010) 
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v-in?,11i2 2.1 cvarlii2minalf 1 (Jc.)2),(9(aari((ix)fi(nlagicaff)thualioiglwimeeti)6r,11-6(wiiiipuiti 

HI.I.v,1@nv\ligil@oautulmloiltt-,y-fluilLt'u 2 *al 1;111°X1117GlAgi7W011V1a1121J 

ioanth-,imoiaLiiu 2 1,vutP-JuriartnamiR, (c axis) ULM imiu(41 (columnar calcium) 1166 

1,11JULAEn (screw axis calcium) ThEnomm‘nnlatammA.imihoL;.(luallahlaihmnaili(ust 

fVULLflal,;80111D@Eti7UriLL@I LwitfuumSmAtthtnai.Aatutfhai;o1Enflahoua;HlvTustfililhnerLA 

gul Iht.ilgoaniialuaouanridalsnoEj9151naa,nthofilLmlaLl@houuffmitiStn Twin 

11.1t.n211-noll,LaSiulllanuu 2 LLcutalni eimilmmah5tkumaldhuNSh%hlighsum'd@tma 

le•Jalatfi 

dii&2 M1 \t'd@lath@Llulm4a -ctriEllora5nsii-ar.,yrilmciLtJiiiu 	itari@taA9Wil91TlehUll@l 

(Ca/P ratio) 	 1,67 61,111'ogml filviall'Xiteionm)tirw) 

LvIaLkitm (Ca-deficient) ilNantvaLhiff'S11.-an6.71.atmalgakrAiThdithmmitthgnfilaoaaal 

FrimailmnitmnatrithOuaLRili:4101.h4 (high activi(y) 1,fia,''Aunloman(7falmalykitu 

mnadJuNF4inalu,a1S1wim6manDaLthaLfeimadvihmlam\M"mUana 1.67 	Nonstoichio- 

metric Hydroxyapatite (Rivera-Munoz, 2011) 

c9N €Chuill nufAuu9Htritminiginwinnst:rPlomoriintvinisivinhilir&F)01.m7maJnim-

nTirAl (column chromatography) Clanari0tniwnithFri./Lotmcif,ingiSriVradminuitaiii,5apn 

T3..h7(11.1-11titifttinnyilarriTiimiotinCu 	uh://mntilalwilOuvFht.aillJuLkihcfruilImuw(.1n 

(Sadat-Shojai itat,irtit,), 2013) sinnallialghoffhtyrilvw111.1gmainunanin6)j-ILSEJIhtitii 

viJu'iwimitihm:14 .1°.i.Mlullai-latitaXthwil,:ciliqlamaJaulfaLthAmdmann (Wang 1,LMRadt, 

2009, Zhao tothfuri, 2014, Kongsri (i62-(Rt-ut, 2013 aft Mobasherpour, 2014) 6115111E1M 

@fikihrifyilvigiqwnacilhh.,,chfaaanEn_ITcana lhAta m3-merarnhlunawFirYthhl m;ananin 

unn 11 @l 711.11,?IriEl5Vilitiiiairrltan;tiortiu (oxidation) ifatilinfaffu (reduction) (Sadat-

Shojai Lor,Firldt, 2013 anz-r Bharath itatiPrw:;, 2012) 

2.2 andsitreimEn (morphology) 

ilasitrniui (morphology) nliactinnaiTHalLiatmanalinmaniltisaniliru 
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imaimvuti stliaNiit))017A10a1A,Lia 	natui-0)Anmmia.07)1-invia.lri'uLLatcaaianimio--iti126aal 

Ngn LibAu iniannilatileniminit.arintuan n'1511,16PiYrrk1V11F16M1-70V2,11;itaa aspect ratio 

vd.LA 

iraLnia.viacillAimIgnawinvitn@uLiv itainFlar,ilka:lactuataiumanaLlimiiitjel-AHLwray,odai-Tu 

33 m
2
/s Livi6cirinnTS1).RmaflaslUaaaltftuainibialn,r4nun27vInnaaniazalialoipa@nili):: 

ilaalailifieinANTIAmirw,uuVierapt41,41115rult-Aaulatlilugl 96 rn2/g umibtlailuaagtvian 

VvrailiFi4uctiMaLyymannnanoci.,1naRTayaianaLglankwvh uon0ancA)IiinastlanivaKloivi, 

vtiu Pb2*, 

C2+, am-', Cd2+ 	"E?ilLil@n )i.),,n10).1A)mnallyEritmn9iia.tla..] Miatua0111,Fiy i nay:tuna5 

(Khalid uatRutaii, 2013) 

2.3 	ni5q0eirti (adsorption) 

nano:Sugatirjrnbannael;a14LedanaL'aallle'J{1111LZIgaGvanoll 	ivt106i'unfi 

(adsorbate) utALE,17tmliwio'h (adsorbent) cAtirimmlimmviacuoiail 

ii”jtici 2.2 611inaittnuna,),0;tiviatalcaduliiirutauAilauvaincl0rThrrrc00))givniiiii 

70Q," G11,4, 	VY9,15t ill..151))121-j11k3G,) GI it Lia 	cyn 	a Till 61, VInvillT@Ini,vjw5uLLatn-nipplli 

(absorption) ganinTuoilliNtifigina5a)vd-anlaQnvivitilaltbaastuLtincaelPiajoivinisQ9Avr, 

LA411171¢1)avvincL LLatriantuaiun2 7171.1efFIlLfeWl'illMi@llfilgiilinwLEinU-innau (sorption) 

giliii.unittaunavjoGrii€0011.1bivi))))2u-indnamalnaun-ria i'il")1111A1 u)a°244)16)a.alillinaannii 

otaurhitalotvie-mn4ollaatia)i_jiivilaTair `dInt.tnunnTati,r12-)5t,11.-in4liurn 2 dn'iJ 

taat 	 Lth.A9i1.4 

iric-N-jogifutotAcl{,inTylvlaliLiloLialigaiostaliialaula‘with.anot 	10 ElM6111,y101Y.M111,110,0111 

iL5lIuLoci-riaA (van der Waals forces) LLW111‘16hil 1/31 aii/i)ust.Laiii (chemical bond) LtIALd 

ainkiwcuni515hvevinn 	 '4\lonancatth 

n7t,Inviisvpailkitu 2 thtLaTintkiri naQ05titria -mtniir  (chemical adsorption 

chemisorption) LLatifliTi Oif9J1111111afrill (physical adsorption 1.11. /0 physisorption) 

(http://www.chemistrylearning.com/adsorption/2015)  



0 sr" 

6 

Adsorbate 

O 
con,„ 

C' 0/' 

0 Ct Adsorbent 
0 c)\ 	

cij  
O 

2.2 Am9. w.t.21nIntum.n-riwetiirdnIn41njo (adsorbate) trucTiojdu (adsorbent) 

2.3.1 mnvecircuvilinii (chemical adsorption Via chemisorption) 

nin jOrtvm.H.Fil 

1nonn7gl1ciLLeiNm5 	 Lf.ThinnIPTInt,lnaalAn (Ionic bond) 

vii@IFrritau4 (Covalent bond) 171Q1-111q9AITil@licdgpl'citLiazrliacinve lotratiriociu 

ionrjrnetita65004-0L'i9...i (monolayer adsorption) '11?01.71 2.3 il59) Pii191@l11156,1G14ft91116Pii 

(A'ITLA 2.4) VZ.viiiiniFicifinAjallirunTzlriil -40 E15 -1000 rilaywi -alla Lianosgl oqut,i1 

LiTgS141111N?pcll.ailOqC1.19.11f)ufaci' lliil111162i111,11:11 M-11.102LiolunnTy1gi9J ltIliaoal (http:// 

www.chemistrylearning.com  /adsorption/2015) 

0 

.3J 3, 
phi 2.3 1115rmnuuntrauncutoEn (monolayer adsorption) 



ph i 2.4 nyitrIA- -)16,6JNil ( r) 66:2-L158J nNni 11221U (--
X

)-u m oln-n6u 6raon L6fi 

Too x LtimAiu-roNnvi am; rn 6v61.1intrn6r,N6i[htte://www.chemistrylearning.corn 

/adsorption/ [2015,Detember 8] 

2.3.2 ni5ceitT1J9 111/1 1011191 (physical adsorption 116'0 physisorption) 

ninm,`51rvi-Nrrionnyi h16111,T)M411.1Lid@lirlitsl'-'ajnvilai6naiqsat6wmIgioLiAll'Enwtrudou 

116t1thirrisaihlyiustyrapilA. Silv?-111"I'mn56,mitrittmiutrwar'16vinnnw,  ,16q1ultlyqtJ. vi16 

u56'JaSiv1"1-n@56h2joict 66cnt/v10 Tb)14-id'N2)')cLifIV2titfTU,Te'l2culf1V14fU,Tilni5jw-ticuvil5nieisnr6 

aly/LromisT7i1cuTivi-ii,m'126nv4ftriu6@I6rlud -yonn 

(multilayer adsorption) '1)1.,t1C/1 2.5 rniwjqtvnIniunTtratull'61.6ririLtel66-rilinv61.6un-in 

ri-n16411.roilLm8J1qtAriolixd2dT,t6o2'11 -10 '611 -40 rilt,lacriallm 

11,tSlitn-rql€716,cor6iiiIv't-infiNo.LF1@n661r-Nn,J64.6 Liegwn.Q11L.C.iiibiar,14-11;"6--agnanw 

1urn5ps'ilto6a1 	2.6 [http://wvw/chemistrylearning.com/adsorption/  [2015, 

December 8] 

ZIA 2.5 n-iesticutvuull6nwilu (multilayer adsorption) 

7 



 

as 

 

8 

ti 

   

V971 2.6 nyivhatvi--Nqu.iv.cial 	66a.t-trinnmn-i5vAu (".„-±,) TElflin1219hY111111011111 

blEl x lalaviunu-roicinvi tot m attrilAitimt:Z-Ne[http://tAAAJw.chemistrytearning.com/ 

adsorption/[2015, December 81 

2.4 nilI6A7-18,941001@nle@nAiii,M1 

nniufguilovi5anqotyrivigliiThimanainTlioi5L.NoavA aitH gu@EjfitrY8n251,u 

;31a5ni7AjwiTini6a1az;25liTa;d1Naiapciamm11il lum5 

villadiaveph6uelloo5Dnqatvnivig ULLFi 5t2iuRi1LituNFmia5loo5on,72trinivvi 41ai%ie7.h 

n  oFitI5tnnuvroimil elc1.15-11.1171Erl Liatine'vmehuLinm'simalav,lam,1@i'm 

(Sadat-Shojai LLa„tRnA:-',, 2013 Liacti Kongsri LLOZ;Plalt, 2013) tivanuliceA'FiWinisrdinyi 

F;naLtikollarro,@n;8or/vniviciMkinnnO"liti5irRaon-nnai liZtO5ti601015-11Q11 

911514 2.1 

"Tfiniwim5vanhtaLoniglithilNavi@gweilniFitiaatR -naginan5ntunislafnA'aQi iit  

leiolulnuN'Emittlaginwmacelnnnyviiutaw.; 

linuainPra caltliniTh@avuuNAE125@nkii nnvitmicitirnsiuniAminfr 2 'DEA'ittriubittfi ?Anis 

mnotnau iaLatitnislulmoiniliaLlumAin rzl'Ini5i56W15nt19G1wfinwnotneiRt14-ilvilnalduu 

)wriLtuiaLuunaliaatiomnn@rvvilaalPayanil4fiu L6atn15Ajlim55tlfi$1-meAnig215 

vopilia*,vh°02Savtlivit1oluattki 68-mAillarniii,°,-vintivTlEio54.8@tyrilyktA" 
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crrnaivi 2.1 i,triutPilutlawitaciliCIUT@AErtaan;jaavrilvilicilkannaTaimy1),viA'au'A'anavial 

Tim 

thjlLgtir,14 

itinti 

givirlinir 
cu. 	ei iv 

gnliu 

cicoui 

-r 
r,ku 

Al tai 

wan 

6m-id-au 

unato2owio 

lAlagvlaig 

6014'10 

09.illin 

moltoeu 

11'111,1i71 
Fiauili:rt:i'ou vela v9lfi11g1E1 

ia]..iiiii 

vin 
lila 

tilu 

tries 

[ 	1.9/1@ilia 
vigarnigna 

ktnia]] 

5 

pAciu 

Loii 1A1.1 

111111 INOVI 
wiltmla 

1,1JAM.,1 

Sadat-Shojai Lia .t:Rriz, 2013 

2.4.1 n-nAjwn1tvntoo5@nilormilnikauTgn-nvinnnou (precipitation method) 

nnwTm5-irRoulEI n'n9InntmatittVigasuiSiti.nr,rrlwanuLmunalsiiamil 

nialainmtlnijoRylothtnatiluNgnaRaC-,80:]AagLyivi (calcium phosphate, Ca3(PO4 )2 ) 

-11.4aucotil ''slgal.mciliVicuer14]]$'11,11,1.1onwtntnatwl,a9anqiat,wilychoitdeiniRiTIA 

/Faugm-lpihviuluna,X]nmani Ltali,giLawiln9lLhhnn'iaFrilung''unl,41111al9n 

1_15zIonlvitilA [17-19] 12(ivtillonilLFIT1141Eimcqh]:-INalvE:91niwincitnau9tLlaga .  

aatnour.iaLrtgagtaaainemqrldvici.11,2:ala .tlAgaietalEritin pH Ra 

ainifietAtiJi'y pH lvigliltA-manatego2inla!ial -]vAont\ipli,ibignivdotgau 

7zEtvici5LLA'2F1atuklvtnacu 	 Lte:]mciial]Cu(-;-511c;c19415anisiiar,ciNalsAinmsazi,ift 

[sadat-snojai 1,60tHW:%, 2013, Lorprayoon, 1989, Chandrasekar itaz", 

fi[ut, 2013, Ramli Lo:),Rfut, 2011, Lee iLatFlau),, 2012, 	Abidi LLati9C1A1], 2014] ru'lLyIa 

al41.15tnatftalloan'attitNalloi'LnleN,ili -nt,Purnytill.ing° 9171 -wil .?,1]i/1 2.7 [Abidi agt 

nait, 2014] Lign:18'wsn't7viunLvtuna1l 9i1Vci 2.8 [Chandrasekar 1,0`aRVa, 2013] 1vman 

ii@tivil,viiillAtilnyurAe,Aou litatilin6uviyin.lamaijiinvi@iii@eivl@iieil'Inn'in 1.67 



500 - 

0 
20 

251)1) 

10 

(b) 

2000 

+ Ca-11.4 
Sport kef.Cndc. 01-074-0565 

ti  4* 
Mk 

25 	31) 

+ 4.  
+ 	 A. + 

la" A. A A A4A4 F A  

35 	40 	45 	50 	55 	60 

2thetalegrees) 

2t1971 2.7 TtkuPyiLitiuuSrpuEN1Dan'red@tvril,(neilor),-12rXIA-Jr1-)b"nivingilinau 

[Mobasherpour LIZM,FIcLgt, 2011] 

4 
TUTI 2.8 kuyitilwrie6j-iukng.o-itnaLruallonwnriintrycilvigilXILeyizry 

617 FJM4 ni5cinvitnnu [Chandrasekar Liotewt, 2013] 

2.4.2 ni7Ad5 tewititoo7wAarwilmiv1'aurT5n-nlalmon@icia (hydrothermal method) 

niIhi,H5-1:irliLumnnkioLlrricoiloiitrUlnilmimiviailiatirchn-iTLiad (aging) 

?mil.qh.liiqcorunriLor,ft-v-awivalnnultioeiloinmri (autoclave) V95 a5F 8J aN1'3'18161 id 

(pressure vesse()Imsdnktil-md-grifonuil'in-rivucre-wpzin\ninlirillUloman;8Ertriiicifoifiri 

n-n.intill4 1 ch[ [ Sadat-Shojai 1.1.2c:Flan':, 2013] 'EilLTretriinInnwAnupiii.riiollti.P5nn"Gii- 
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@rr'n'thaPirii1Xitmotaa27078no5litlryinifievolttrrtntruithirou 2 ihiginul,Afttri i'u9inun -i5LFIQ] 

Cintnn'to (nucleation step) iiii6reinlInt]tid1lnay,4a]tilyn.unnalitiltiR2i -il 	T€101”"1)141A160,1; 

eriT,Filli1141,1112111vtith.nFniiu-wLAntiAiniaitiarin Ltot&viaiun]ullIgnstitinu'unnIcin0lriZn 

(growth step) iirILF101,1nitysi-onaTVii-ildmi,viaiiialti-ilHhiSnfin.rioL6n-ri.irnaintriin-i,Iviu 

vilzth-HLIateninoln4a1Alin]nimnmilq0 A'@ 

AHwii)8h271,giv)miaii011A-Ifiti5nilAivu -hilitiumfi]] (needle) 	(whisker) 41p_hil 2.9 

(Sadat-Shojai Litair,Rait, 2013 ttnv Kuanchertchoo tt neuv , 2013] IviLiallAn'ufl?hinoka 

i,fleVtqruttn 	(11nrtr2t 150 0101 

itaijha)0tvinii,J) 	 Stoichiometric tot 

b'Ini/u Pio win pH Tale- 5viiiitHA21inri2ii11 iiilLf.it)Fin pH iThaeil4unriviiiii1tri0n]nITTiale]gn 

Livuutul,/iv5i)n (isotropic growth) vi59ttitl@lctivnlIn6mt 	(weak-anisotropic growth) 

iliniv`fanilIviiikuNT]ftrE14)imucuitinu41-11n0ki ibtFit.rDan pH al'an7Hilieticrat nLiei0n/nlviLati 

(anisotropic growth)11-11, ,iiirwrmIn 2 a'rrigriz wee IN69iltt1 1 IS] loimnn;dar, 

TirilmicilktileinkrfiunA)n]unalti111 ttvinnbvn 2 ciCliT,H7iii]o-XlNion'cilailLniirilviviihruNiu 

?nlE11119JUoicu [Sadat-Shojai LL0tFlcIn3 20131 '1(17 LA 2.10 leuri 5gu'ity4tu-naonl, 

cAlai4ntriiaaattuthi1 [Kuanchertchoo Ltatiminkt, 2013, loku iLailii0cuti, 2002, Zhang, ttati, 

NU, 2011)] ii,atilivailliinniFiiin(u-inniX)thYiniii10050nrd@tyirilifi2i4-]Efen-ii0I0T,yEii 

5.7aTAEn-isVianwi]]qiitii-inigronian',]'4,50r,vrily0AlitR5i-t];velS'inannlinneneilinettL0)-)1172-11Pici1i-hu 

,t111-11v.“14/0onnsita]HriliyAiii11.]-1 aspect ratio 

0-1111MT1t9A}1E1 21‘11.!`lcltd 

5tJt7i 2.11 [Sadat-Shojai 1,601%ealt, 2013] 



Normal Conditions Hydrothermal Conditions 

Mixing of 
Reagents Growth of Nuclei 

j 
Nucleation of HAp 

\. 

Ripened Rod-like HAp 

Ca2t  

00 

+r04
0 

 
scoOse 
0 0 
Poti 

2111'11  2.9 nTruitff-i-iLtie3uFJ'il°7!3AleelC.1{111-EfEt1T111/1V,VAA'ILR5'1111A 

(Sadat-Shojai (La:;Rutit, 2013) 

12 

T=200 C; t=100hrs  

1 	

, 

T=100 C; t=60hrs  

• 

(HAp+DCPA+ 	❑ 

OCP) 	 se 

S. C) 
(HAp+DCPA+minor 

OCP orHAp+OCP) 

(HAp+DCPA+ 
minor OCP) 

T=200 C; 1=20h rs or 
T=50 C, t=60hrs 

T=100 C; t=100hrs 

T=50 C; 1=20hrs 
►  

(DCPA) 

Cd 
(DCPD) 

4 

	"-pH 6 

  

T=200 C; t=60hrs or 
T=100 C, t=20hrs 
	 ►  (HAp) 

(HAp) 

 

	ofrpH 9 

 

1=50 C; t=100hrs 

►  

  

FA 2.10 Nat@l pH vieci.dritr/viErnallum@nrkntrilm4171A".1c,ayir,v1PmigrimmairaTa 

[Sadat-Shojai, Llatplcut, 2012] 

at
n

eA
  H
d
 dS

E
J.
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21.1911 2.11 kq,11;111EJ1(6111)1MT1MtldtLviinuDAE2im'n;,:ia;,vnivimvalLR,nni'  

G11El1ulo5Lia58Tt9 [Sadat-Shojai LOtRadt%, 2011] 

(n) FiwinnA'DINmiwifInLker,saldwult?inni (scanning electron microscope) 

(t) F.At1nnolviri51.1Unm@tactudoletmt (transmission electron microscope) 

2.5 l'ITME.1916fiEl361104 (Literature Reviews) 

Zhao LLatAwt, 2014 loialsaint;niFilomnfig'datyrilvAiXiipThloimAutLmiALIfil 

aini5"(trvi-NLI-1@in/nthr,nounInitivaTiywiaLCiunfi nanosheet-assembled 

microsphere Ttfl@l.,VT1F111nalArinn,J -imatn -inainu 	51-AunitquauuuiLatavil 

TEllunErAintyrillidtmani(lnoilithainrcell'ovinn'iniii1,;11).UadnicithtSvi6nmaiin 

CrioNnn ou,n-wid@Enthuitnnllomat-i1g,t,vr11461FLAn\wriumhdLor,Ltvilfilit)nnunLriti 

vihd microsphere 9.d Mita1.0-1flEintiflii9unoTaituiliAilluci,IlliinoinrickilLin [Zhao 

iLatncut, 2014] 

Grimshaw cl1h5uriarthAugtnIO'i4°ualaNnielA-141fitl'AiLlAnt 1.11.111Lt`tai1l 

2111FTICA-ritAvi@i'Lld [Grimshaw, 1971] 

Sphere : Cubic : Plate : Fiber - 3 :3 22: 41 

minn431?Twl-niviArmlnaliumA -Sintiliclithirr;4-uvritlThtArit6t,€)un-inE14iThciii 

AwnliutoyuLmiu bmatp-inRCiciAlckritavuulmiru@i'qt,Lool-ifilintrAwyNntQl171qo 
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Vasiliev LLatmog ytrIpalp-pwniailcanteiiiw,yram'AlliAluNnuRubtLyilLLeio \wilNptlu 

6hvicueiTtistngu siane 1Pai?wvinrThatp-mm [vasiliev LLat,)Picut, 2008] 

ileiwnstrunnI LL12i--pluileTr&LvrP5/Talny-rp,,Xcurp..iatunaliTziThicilaun- nLputp,L.Ppvirili 

vrintilprApinvjWSuoJEn11,11finipm,i-Way-Pipphigsan"6-linctrin 

lviimmilNanntivistiucAptljutituri.w 

Stetzel iLatpwt,, 2009 liick°in-ITX\upinilipp -,- Lzpvilifki4hE eZnnyAwtnrit.aLat 

thloos@mtztvpIlvdillgIlLpnolat'minEuLitiwup-rwiLiwlunnwe4iculmnintinviil 9 

tral.aEjltitllopeuviru 	 t,J,LLi.iu34 	 LLar,11191LIMI AUG% tLar,vppin 

lusamii@vvrimaillie.imnmNnaLihrAfITIIA,..aZnckinun'illop5nqiEtvvnicdfiitni7 

1N1 LIOnannct7tAii58JillSiM1Lvaticiannn-in otiileSiErumywriarisolcuvp5uIalnyt!invinl 

lzmun:htvnivipicilliehuni5LNiripameilinsolunnn,p4itinvIntlinULtiAitrAinn-iilo 

Bazargan-Lari 	2011 

/1.1n-I5LN -ILLortInLiliillArnvd p4ivIzititvp!ifroDILto l'HAo0u., 4JPothtl@ilo@ou6-111,Ant-ii 

lomsnri;dd e:y.vilvivionLinQwhpnlJLIJDcHnowkamin'iiHM1 pH 	Lt unail uazi, 

luFTDnilanAnlyintiputrw@liffM11, nerm.movaatlyLlnila'ozubiLifIn- niirt.nOn€L4n-AvInjtoi 

enalisciQmatlpi@il,@oelMarinqclillul 1.631 31M.Lia -i'orili 

S. Kongsri LLat,im.m, 2013 'U'vl-inn,Xli,?IltXliimEn;12tivritliqinnns.ttintlaiA-au 

"igrinwinrinnuali,t1-araiiltiniviThulAuuninvi6Jlayt1417nywLiluLlu?,Llynaltuvi'M'an 

lmIpromu Rat 

n5tTntlai iiImi-itomnn;5ctivnivivicii61.dn'mAlup-pin'ilim-ypionarnnitinnsiciquisdLalcoi 

2- 2,21 
1.0@@ti (selenide iom, Se , 0119 1 

Bharath Liat,Pnw„ 2014 1A21,inniA",11.hyt,ILP7-p-i,itorronirorpnivIkainanwliN- u 

€11°71 aim 	Ctia LL@II1L Ltumiu 	(Cetyltrimethylammoniurn 

bromide, 	LYlug11 	(surfactant) t`C‘ingiii`XvivilK0Sua Lt.a1;i1nnIrd@INFInfil 
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anti?riti 1 iSiei-nqadvu-jiistwIllnnivIvi5LviiiiiTaUrins@rpiiatiolviiiiitSrfticutvffitiiofi 

kLamtAmm„ioitzt-YiloEuucutilo 

onon.qioninlyiiVA'lLaythintannaniRilehrl-Mini&tolmiviniiiailyi0111311,VIJMOLIY111115%12 

Mobasherpour 1.0tFIN: , 2011 biA'ILFin2v<iipc?imn7h:2,,IniviiiwinonmciPiulFnis 

mnvitnnuioninitlijiyquivitvit7nugEoluailnnaLltda 	°.JIII1115t,SIISP1111U 

frinofiu?nlynnotiALitiLiTho,M,Athinawi-dvtiu LanItHnr-,TALLLilulitaam.rtruiuo, 

an'ilanNitniciA).uRyinhnnon,L,Filc:ictreZni,mrivitnau':yqt15ini2miweihriiivvtarmoLniwe 

il1111/111,Rci um-, R -u-,N6-vt,itvivvIalkthtneytivollocin@nqiativilvihte1nuni,Tcllavitm'in 

ILF121,i1E1111,E@OUVIllilliniT4Eimi'mINSnlyalanivJ9i (Pyromorphite) cula2mithtnourm 

1,1M1.1.! 0aup x0d„(Poi)6(OH)2  urniviiunlsv:SuCiiirmiLLi'FAL,Tvin \rtiusEllinn--inn5?-joghLart1 

LLOnnIouta@maiikti 

Tinglakiatalcv1;itifIVIErrtiaivivL4n-runi-41.i LtItagoirtv,imihvi7ILL611.111XeN'E 

'OinviNat@alytriviEnvLoflinlionvisthunnwetimialqiin4gmEniinnN-1114‘lniiirqnri 

nTe,tin'hmiuiouli,Irtilt.FinlymyriLLivNi-innlencvnnicmonqi@nNimicililA'n.TulvoiLarti 

nnatuucuvhii116411-tweiThh'l NH3  LL0t CO2  120P711,11a011:10ii`01101rintili pH 

viilfan1 ndiik NH3  vinALartADIrin,dilkwimLat 002  ctl(tgli.Lcnt@lriicockhnw LtatiNa 

vinctrlEituRi'ekiviluetioleviuNivil*gruilvinifiinntyai5imun-pg'juval@y-rftil000n 

;6@nlilvigilaivAnlvigINwislAmilATinnstlniwnnti vintiXonLi5m1s.t;NnAailnionAlrw5un 

ii@tivrilvigiliM'Ealliiilitu$hrinitulivitmaymovvialtrivinrinvi mat, '61viltinn,aihlajaPi-dili 

Vigunvajnijiminti -,salLOut911,14/niillusnrunroM2Ltilim.1,171371115:,'Svib'nnnwL-ni7ocut; 
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MVO 3 

'a5n'15G1flWtd5'ltd'J €1 

3.1 ni5a5tnrni1NrAunervilonAnitioNliMnipu5couituruna8111nteuuvini LL11ni15 

il,f15inam4nntuvrinill ei 

3.1.1 niumiitarroilyoltneht-nt(lniwyriu 

Ilinir.ninib (cattle bone) lt! -1-iii,tn:ieSeicIA'ellmeivilattgienel-, Qnnanvne 

6Lor.tlIaltivinntv1As1 oni.',i'tytliians2.-iejnic)m-douch.v(iflithr.riu,eaten"i (calcination) tini'o 

0151\rincifAti 	 1,000 aviii,M;r1.60 Ciftfloan 3 ii-A1A 9ialth:rii,tiomttin'Ynginnuci 

r4mummNii.6A"211,cdueataseiLat+at.e\iwiti,Lns5ntg (sieve) geoei 140 1,1insu `411$1wlidin 

n5ttiniviru (bone ash, BA) ctioariniettfl,:1,[um5eil6matcyi1 a°usnauginlIJIouellti 

3.1 

3.1.2 rii5AwIltiviminnonilDnArilmana,,rdimuiumunalierntwraitiq3/4`4,1 

E 20 nSild NalitsiletInnA)u 100 ileS0m, 

magnetic stirrer Wunai 5 uncl6cIntutlXue661-instvo57cemiuniu$CiwulAer566°ritazti 

Eticu a eryt,Juignuliaar,ounwiltwiTh 1 Ilaai (nitric acid, 1M HNO3, 65%, QreC AR grade) 

triarfu 35 ilaSki•Nam5minnA.1 500 ilekniutliUm% um,1,611fluenmdow)uaatftict. -J 

fli'laz,/ 100 ilangn.  notiv?Thioan 5 	'amrifi,,JmibeeO;;- unao 5 Lai/ 

NoLJ-inAninigi Lii@vlunnmteouNILti-inn'iograeoeumie 

suction pump LiNal,LEJn?mar,nutaEonlinvinNIL?inni u n'ilPT1E1:1711 eliar,mtillimoi 

wiltiLernataiuumilLeAlulitcmonleig (ammonium hydroxide, NI-1 4 0H, 30%, Panreac) 

'ltra 400 fin-6'SvIL6ar,mui,m rietn:).'neaweemil4mpAthniviziatia.meitwiloNLiim 

virinntivntiilu8ntL5.41156tNnlintn@q,autien 24 °U)18.15 

Aci&-autliNYviaja.acualoelouBTug;liqnrtiQj ilti-inuo .0 60 411 80 alrlitEMAO 

mtnnteriTd,winma,viamoot'amiladovutoll IL.ftt.ineetnEru. vineinet pH alunw-il Od 

nTalvammnimi), unanwAminibthru«vciftnit,;i1 80 n1FlimnaLiirro 



cattle bone 3iattlitc5iim 

LanNi calcined fiTaernhY1' .̀36 

vn 6Lat-Anue,hu Sieve 9.runi 140 lam 

Bone ash 20 g 

1 
IF15111,3 /4IIIIJCIZLQYM 

LvJan\Vithtnnu 	 Ilticirnintyr:3) 

- 	rrivitvnu%@\rut4-19ay-rwi 	 nnwequitins6 NH3  ua.e, CO2  

1M HNO3  65% 35 ml jinAlcu 500 

noiRtriouLdininiti@thtl,Htyqn.;vg-Jr] 80 C 24'68A/il 

ticiu-,36b4 ai0 

HA 1-1M1 

6Hmtnet.P-JEstinni4ut-trvi 	60 ea 80 °C au pH olunanl 

NaL HNO3  +1.innAl P%•)lazi, 100 ml tot natAiu 

magnetic stirrer 5 tam/ vi'vii-miAjm/inav,anuindo 

rn@lanmanulaa@nn-invir,n@L;iau NH4OH 400 ml 'nfdt.ni1114"9-mnnn 24 qi-ALI 
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(hydroxyapatite, HA) 601'111111 

IFTThiviki6n=Luntvi -il j iPu?la'wouni,i'm'itIAN11,ENnoni;-6on^ribmikurrewien 

LitunnicrifirnmAllittil !%1}1V1171 3.1 [Lorprayoon, 1989] 

itA 3.1 ifijum@uni50-itaiLio g ,7611Niainntv-Tm-yiENiktInarilanun'n1LR,nt,vi 

Nlloci9@n;8@tvolAn4 

[Lorprayoon, 1989] 



C,tdirM-invrit 

rricrduiid9 NH3  Ludt CO2  

- vda@5411T,sninJ 

- M15115r)1E1.101°111.1121@ltirWl 

A"-NntnociAiEJLInnuvu pH ituna-N 

0161,1 80 °C 24 	̀twritici 

HA WK 

4  

411 HA precipitate (0161t1001ETifis6s 3.1.2) 1.6 g ILDtiLh CH3COOH 1 M 

1  
66t66atnautc'21,V16f1v1tlUnin 3 c7k'AcitIc4c.tinikciall,101 

villubnonaiffallviLatJ1k°,11,1jcl 130 °C 24 ihiLl 

18 

3.1.3 ni5awirniAANlincisan'ilaedditvoiltilduivEntostaiiliciiinlinfioyg) 

Lvitil.iaiwttanFunwint'ilcin 1 1.1m -ii ' -innsvals/anyhrilti (acetic acid glacial, 

CH3COOH, RCI Labscan AR grade) thirtn -a-  54 imncnmnii-InA5u woo ciarms itatn -A 

an'atmo 48 fmnmsolifiunsitiman;1@tvoldilAcLytiiviEitLuNnalti 1.6 ni'L miadr,n -Ju 

.idEti,fltaln-n,1 magnetic stirrer Skiv'illiPmtUludinntsg,n,i'a:‘, 3 676J1L1 

,E105Mi@iiiniU6@lanRaAt1ian9)5 80 IMSSmclqW14 .01 130 01FIRLsiaL6tuo 24 ii7A3..11 66ATtli 

61tin@tioonannsel 61)-11masnauull-inuctQctridijill'Ainl 	 . 169/1?115fltanula 

intlutiffh AjdlpitnEwhau pH alunail 511.-121zn@tildiuuLt115V1Unmi,,I8i 80 EIVI1LT017dE10611U 

ymt 246tl'Alt1 	 TrUP,tl,EmotAarurhaaturctehmlbalimnAi.Th-naiqvfill 

(whisker, WK) tortaathilin,nrvintqcur,Limtr,k-H 

3.2 {Kuanchertchoo pm,intt, 2313] 

, 
Zthi 3.2 tiUslet.dnilAvin,6*,,A,gma-Rgilonv 	 [Kuanchertdtco LL,W2,Z, 2013] 
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3.1.4 niiitn7itviAmunQvrit's1i5 /2irdtuo5onglatisnivailila'rustu5ruirvuuna4.1 

L6ar:A6t1t16/18J 

1) niliimmitvgaarit.lItnouilearmini.lpu,ansimE)7tht 3/41Inicia (X-ray diffraction, 

XRD) 

11161)Mil \IN1100`J1Mta:;lirligolviX2T11:1VIU'ILLUIJf1L Ll',1,6111.11,11.1171a1LR511:111Ali 

(Bruker model D8) €iiel Cu KU 

Lii,RLIAslilivrotidL8n ,intilnitiLFJ --Au 1.5406 nimv581A sitilyksi 40 'iMOSLL@LILLtli 

P17 iwinlAinti 40 	 LIAIRAY.1667.15n6n4PH 2Theta 5vt17na 5 	80 DIFIl 

LtactF1711-AllArli'il,fiTItt1611 0.02 81Kit4Bltlict 

2) ni5'i6minh9 vjiliritiiwicasawritinvy5uniugAa58l6mAliLI61 (Fourier Transform 

Infrared, FTIR) 

nl,LviSit.n.dri6riskiluun nilinetannenslic°,;INnigaA"n2IlifyounivtrunamtattLuuvinicil  

alinritisiUuuunritNlimol?t;dEnti ulmcii (potassium bromide, KBr, laiNlbusonqionAri 

luirtfilitna 1 teil 5% T@Tt17,2sintdestilmvraCiliunT,u8,11A) thit,Iltia'utritiviliMuarluluLaittuu 

anntfiuZ11.1n1U1Lums,vriony0i7JAKIL,,utivtellsreiauthi5o (Thermo 	Scientific 

Nicolet 6700) 6C•In'i6u5ntl4ujillsiit:;ins) 	Ci6.,,,triulculut,ei-tmalullou@n;ifatvrtioi 

A'rurcu'ivitrivi-ti 	stl'mIn:;v)i.%!)rimu'r):(1' 4000-400 T.;.1 (211.1 It)LVilhErd@ILOT4`t,11/11@ 

3) ni5itn5inArt-rnnItiutoinripoctinineilunqpilnn-ndu-nutenitta (particle 

size distribution analysis by laser diffraction technique, PSD) 

19211--2rinleni7unno'cztvrilingAruynlvitnitrun0aduattuuv1anThI6F17,inil(1.LEI11al 

1.0 ijani'v NMPTIJI,M111.2a 90% (commercial grade) triLin. 10 ii0SS215 itartii1U6trin 

ari5lcr.M.i-irictA-)uLr15@laV6ausn12fiTh (ultrasonic bath) vtfut - an 1-2 un wIn).°1todoa -ildA'J 

6161 PI (cuvettes) 	 iLatililtlInimin-nr,7:1;wiusuantiw@yn-uostflerm 

n156orJ1Luta21zsm6a1 (Brookhaven) I2181°MiQtuNiiiiisloitaTri2)Lmsusii 25 ClcsiitsdaAlua 
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kiliXru,vi@ileanlo), 1.648 oinkfli,ljniviLailEtru@lual 0.010 N,LJWA 90 0141 elazeryiliun-

4'w 657 1411.1.Jouvi .  

4) nirli,olizactAileaiiwm,ii-autvini'inall (Brunauer Emmett Teller, BET) 

11-19°h@thot@INI1cm@notmilvigilliliffirnilmin Levu nni Lou eveneviallN1Lmit 

el-Anovit tUiete-1 4ceArld91@l014111R TITWIMULQ5ALI eitatHilewrJzIplite A'Ammi:IFIT6171 

(Micrometrics ASAP2020) itFinbidnisviluto@limialulknma (nitrogen gas, N2) turh-JeLat 

.7,V91.ill@INAUS n';EintgAilmic1X1LRTMIAPECZIrrminnficu 

5) nivItnrinianctlwroilacururivuiLinl.mlichvas aninPauunnilnnA@Imaimm.1 

61,6nnIouituudonTio (scanning electron microscope, SEM) 

11151,GIU11127a6nib'isiInNliovniin;ktyq-11(akudo nuyEr.6-iii':ulAillY.nstanEi--Aviulfll 

11.12truaa (ethanol absolute, C2 H 5OH, 99.9%, Merck AR Grade) aati:riltioiefitteilat 

Ajavinittflecr,lolintl,imitriFinm-nuP-AlteHarnleioaTtitnnalog ii-allateev'e:iiiic119/11g 80 

ovnimaihio Tff112:11Artii-itilmituteettiu-nee-AehN (stub) eLatQ-heA-)ehr@lrioulliltilt9TizevciAiiNeut 

vt-NkailAvierneatelmlaicNNanmAmwmi)Anka)Aatit5.4tiaAnmal.eLeutRi@ln5A (JEOL 

JSM 6480 LV)likiel,Wli 15 hlahaVi elaceecCiirrnlimlaicNanipeumagosonilatevenivioiti 

ZfleFintliqAtT6H -nlolmevAifiaDielinum6)/muXngang (aspect ratio) 61.10 \IM1IJEJ1WiE 

tatleh-At..e 5.21 (Serngore 5.21) 

6) niiliarinfininpiitifigentomIliiiluitat/ti-iciniivoutoponlAgAuvvifiiim,mavoio 

L@aiItHun53.thigintlifu 	ua.tdoonqiioersu (temperature programmed 

desorption/reduction/oxidation analyzer, TPDRO) 

l'iniitiTnn1N11,0pon'ffhtyrilviacuiralyuluuunnw,nL.LiruvianJiLiN 0.1 ni'ill,11 

1A5-itylvimilaiiinst-iltunnsQ'€iicurHELti.22.ibiolotLati,11-16vnicual..112@@fatMhEILIIRtif161/11 

Leat6ansenoce% (Thermohinnigan, TPDRO 1100)1AB 

Tuvinunif)tF5-ittin -ir'eluei-vatenaillehtlai (TPD-NH 5.) .1),Iiiieiiv ytittalilidii.10 10.03 bee 

vd@iesind Noutuf-ligALSeuLl:eAjmnn - via 20 irrunele-ivettiFimminuTinde-Authnsenniei 
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ltilM56V14 1,681J1310-i'llAttfflinfl'1511,fl,*11”.yrMilUgi"Je71;1J1@i1FacefOi (TPA-0O2 ) 

mnitmlinanitg 10.03 11.11,11Eivikug'i wwitrivaLu3u1,416"m. nn -iftva 20 nnunwin 

6^nal6aw5vieLiVinguWitunniirlitdic5 	giu‘ttclilLviCiL9% 40 ilrinodoLstt.ffi 

gruvONuF1 800 "00-16q.ifiLsTiEJOIE16":91ri 10 av,uvai,Joi -emitii 

240 trill crim:lus,Jkull4n.volgt,n.nr,o4Fe 40 ,uvintrout7nacnmah 

3.2 ni5rodocuninhenNimnomilot:vrilmiaaapu'imuiLiuunnamatt.tucutiimraiivwou 

uunlavitwirn 66azin-1516n5'1diNa 

3.2.1 ni5winanBanTiluninogiun@tlaloilaaautnaillomAutTlitaat111U1Y1U1 

1611111In66az;66uu6°tl1.1 

m,atanEwlatInlai 1.0 ilallravinAgl .  (Cu 1.0 rnmol/l) tmlenAnnensar,analvi.l@i 

10.0 ilalLav1n"071L6at6@ll.,51.1161s:a 1.0 ii"611.1aviaSen anal 1)Ij I.RE.1112?"15flD1161.1051,1,015V1 

1g51givi5vi (copper nitrate tri-hydrate, Cu(NO-..)2 • 3H20, AJAX AR Grade) s.ili.ignigan 2.416 

cian ua.i1,1,It.1-11.1-1N0.1.A1111141:11d9fl?.V7f1^JeulM (volumetric flask) 9JUN 1000 ilanvi cot' 

ii;fa'mationuDiJo,Joi 10.0 ilia .elhiffioriLibutvi-Ao-nlin 100 .i.',a`t-ISne-laLs-i111111111[1.1V)21.6751 

Ilhi9n.4nfi'lL(ri@L -6,,n1R-riltb°Mulvtii"Li.4c.,  1.0 ilaria-n211nAm .  

kiTzyntylikFu'lvuriLuiunauLimiLLutigai 0.5 ni'llijivitnLnailuno 250 rinS`g.1 twat 

5 it tvizin5ataio?intloJaitNancu 90 ciaNmallhanicuLian 

ynim5A'clIntilvunautinaLLLanicutviainannn?mata'llgatioThi Sidilnancl'  1, 2, 3, 4 

lat. 5 iii-Jtan P)EiLnialcuLcieklaunvivin@u (centrifuge)lkiwth050:gOlogiativd@ill.aviaao 

voaal 25 iia'A'Am, anent 3 1TheE Fkl)2t9011.4nT1i{01L. 9000 509AD111171 Shawl 10 uiC1 

'anfrac[AlviznwtanummiLtkiile.inunrinurrntioqi.ukJnedllovnen'iintyrilviciA'n.,T,nylvien 

*will 5 ciaSm`luagianAaErvioa'ng, Lotanwt,anaiRmJainfrileitle.intinsru- .dni5tioqu 5 

ilaA'Ams IADIF15-virit15aincRuti6lJa5itmn;1n5i1Aeri5avaiu winfiuZ112-iNflnnv+JitIA 

ilhiwn-iyhtivinAvirtlaitimnilluo-n.atonEilvILLV,tsuriticawn 1, 2, 3, 4 tLat 5 iii11.11 

illavntiaiill.ehkrelnnwimhgdo.lni10@uulnAlloman',72vivnirilAjnantlivitnutrunali 
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iLattartar IKreltlqueEruniTonvaani11,411,tmi24f°,JR@,Jr1loila@guutaNIsnqiintlin 

ivigiikuriuinrrimunaLrtatrrtruA 21lVtil 3.3 

3.2.2 nly2inyinlivimliminziqnotIttl@itual5ataitrpnloThiiirThuni”)ciitikauNI 

loolontiloniiimih"tuositylimitywunnantatuvani 

nnslminhitriarnmnqpludviailuematonOr.]- unnnmgtiAuNilmmanetenvil,14 

kilitillitniilriuAj-m1,11@nlek.AAYJP[JCillaiNanoLiaLaorrIMImasi (inductively coupled 

plasma - mass spectrometry, ICP-MS) siia -iw1,11-awectlal@iciirtnunuu-rtrmisrauA'art 

r411,Emnri;ktvrilvii&upllyrin 9-lilt-Mum 1-5 6`ii-Aailtillnfld 5 ilanmciarinnnnLnicrl 

'ILFisirtiCvmlitnius-vutivrlaicimPin.i1wanatenti A"-mivrniYA,./A-nilviA".rhtmw-inn 

LwaanJ91P5rwii (PerkinElmer Next°Na3000) LotHlotiLfiEnufitnilliiws-iq)uditiniThAti 



Cu(NO3)3 . 3H20 2.416 g 

Nomiuni7u66mtlA5UOlatum% volumetric flask tone 1000 Mt 

l' Cu 10.0 mmol/l 

Cu

4,  

en 	10.0 mmol/l 100 ml NnunnauttatuAllUtimitu 

volumetric flask vino 1000 ml 611MLEUI6VIS0 Cu 1.0 MMOiL 

trli HA ant WK 0.5 g lu Cu 1.0 mmol/l 

90 ml luiintonicAiutummvicAu 1, 2, 3, 4, 5 

rir  

urin HA Kat WK temEt,mno Cu 1.0 mmoi/L 

611EWMJ 1, 2, 3, 4, 5 ii/I/0 P7EJA01 centrifuge 

Intinn 9000 El_1/1-1Ucil 1.111A 10 11071 

Cu 1.0 mmol/l 

lAimiuturnweqftu 5 ml 

4,  

.16C5Uncliiitl5Ll61ThiVIRFA1611e75 

civinAHtiluanatanuitimtiTh ICP-MS 

IdUr+197/11kITI10.11511.11,chrUf))111,701 6ll0n1tuanh950 

621nnw3o,,,Tunallttlnil,FAF)u 	HA 	WK 

7,1.1i1 3.3 slitolvt.dmiwinanaiTtialt-riveuttalttingla@ntuNilgosorRintwilvoi 

Ain.azutlintiviulf% 
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um 4 

Narmiiviletanti5u unnilerithiuNa 

4.1 0011e1f11151,Mingm,gigimiT.,)9i-ii t@IN410o,onilatesigiviviarucsititivirratuunali 

(Hydroxyapatite, HA) unLI,U1A24 (Whisker WK) 

4.1.1 LiAlaal4tHeinotruale,kilg@Ml@Linivic,ilteicuc,ta--,viuge-iilriuSiscuntcuanciluNi,tin 

0T1-;Qrreii 

nyiyITLlion 	LRY.  LI] u 	L@mh 	itom pn;?1E,12,11.11micjieiNfotlivitin 

6'101 4.1 iiLesil,v`i/LViiiiiiiaiii/]1NligmEnstor,iiii-illIgkiii.yisiiiTivierilivutineli.wr,LutioviiL9i-iltici 

Lyla 	All5t nacuEdnllool. gn€71@taNilycii (hydroxyapatite, 	Cas(P0a) 3(OH), 	JCPDS 

No.00-009-0432) ;61)Altr-IrinvIttiounlEo@nqintrintvicifilcuptilviErwHI 	iTh-rawk 

(intensity) 9.1"01171Riltlun-innTiOnnlai441.11dinnto,in°1-  (bone ash, BA) adilutlul6}  

7zPuR-nmiiue4Sn'd@ligi@n672nInimiinc.nal acs-41:r6SEJ(Litwi-NpinLviivualitimi@lnnyl 

,z-,111-11N11,Di@nstntylniviciiAjci.t:111411/1eluttmaLaLLUIJAIrkvtifiN1101. nnqin:),yrillivi 

kulTtrivionwutivraiatil@a-14-4nalilinnn- neinv[trd@liIRsdnuilgo5Dn'fro-innlYii 

tftl.,TnirviunLeui_inain XlITIAllomonqiottnivigtiadyni-hinuitLuuviiC4lilisz:Pup-nimihi 

NSAejln-Inwirm@nqientrrilviciA"urennunutunaL Lii2uTainnisX1Ims-iniPuinn, 

loblonifial6kuvr.311 130 elF1-wdavehalunnyilinlobisixailThan4oiliatiiivon 24 gical 

iiill@viiiiiiiirTheisbieti@INe 1 	 arrn. X. ivisntlU')rinnwinnnDti 'finnmTuqL 

.p.iviglusrAiri-Nn'nXILmmIKVAllIolu 80 alF1-Rtallifua 

'hims-mchhiliiwi.AvnihiciihrAuR-DmvihASn'uNNITEmEnstatyritcrii ,r7Tunicuriti [Lee L6ar, 

Pltldt, 2012, Kuanchertchoo 	2013] 



Bone Ash 

Whisker 

Hydroxyapatite 

Ca,(PO4),(OH) JCPDS 00-009-0432 

I 	II , 
20 	 30 

'1 	I 	I 	1,1li  

40 	 50 	 60 70 	 80 10 

25 

2 Theta (Degree) 

rthri 4.1 LylaEl4thtmayn 1Nlirmanfiiir,vniiik ivi.yit lyiun n na ynt:LaruAL 

Lfimuri-ua-,,;tAlLtinnzic,4n°1i 

4.1.2 142016111.delfB11l 	,dole.Nloo5ansedarvolTignA5'lu5vEnt69J1)na8J66an4utwiai 

Io,INItunnnvi@tyintraurtAvunutunLctm,' 

tvutheiniNIA 4.2 

15@n@medonvilvwi€1,nocultJAJEARiliingseiruollEuu. (ion stretching) ciinami-ALati 

FiSu 3,563 vimsnAwmtonlnilliniIetta (vibration) Iiun.nliliacu9u 632 vi@IMItgalVIS 

vinarilAvuMn 	eirgLatK611.1 3,563 -i0L.cocuka1nn1L?o15E1ni5iic166at,n15A.,m@ligNi5nricta 

1,@nm.i (vibration hydroxyl ion, OH) 111."32A1131La'Au 3,432 1,18,8z-) 1,623 viavSaimsin 

51671Ardilni 	 (water, H20)%141054?illell@INI1F1M6As011lYr 

illki21ay11;3971EAVIll ri28J171:41D1111.M.I'd 21L.84i)4u 2 ,919 ai'avytAadmi71Liacm'il'Innsiimml 

inmon;dal@@nuCitinnwetticuuHLia cwitritmrti Ata,i4ti 2.850 vinvnALLmfivilunial 

baff;avaTtl- liviltnri% LilalvInn11. 151Z-/1' 

runmNn 	 einmilAFItinfOIJA 



26 

iatPSti 1,450 sia 1,407 G1aLindii,au GISti,i,aol1lnisOcioainalblimari9156dalRniunLuila9@ta 

(asymmetric stretching carbonate bands, co32 ) LLatikuiLicoi-ALmi4ti 871 vin 

LiThi/annfol.f.um -itvelinution-r”A 

viunwNtvi'ilvil,a@i3umiu@LumCii tili3rthtNaINtitlyiLA'- itin@authttonatuanazIa -it.m5a 

vlaun5Rnitioiln (carbonic acid, H 2CO3) 

€Eintizilarim (asymmetric stretching phosphate bands, P043 ) :://yuliitALitud-dmaT 

hS9.4 1091 L1 	1033 vi0istikai05 

01J2.11V15 (asymmetric bending vibration phosphate bands, P043 ) 

960, 601, 566 1,6M-% 470 '18r.saiiirla5 flnirlat5rat-t2ial1a6rJASrB 632 .'i@LII.61.1fl151,1,2191,Int lf115 

AivuollvmonsTial@am,i (€ .11.71filtiiinintiamaLqi.i.duiLynni-JiLwAu 632, 601 Raz: 563 via 

VIJIALIJVI51,11&111-1T1fIrmeitriNl@'anuar,LLM6V1)6111..dia -1”)"1@d1.11:11dih,t+UflT11-11,UNF119-14 V 

9`ilinylvItnINArmunqratwilvipf4rurtilvieriwutiLhilintAic,o11161.-1FfliiiVHiNlimman 

;6atvnicahayiulviEnwmunamta:isonquviar,iillumilinloliwynnifiaCq16°1 130 

itaiAEJa P-ilFdlt 4.2 [ Kongsri LLatFctit, 2013, Bharath LLatRait, 2014, Chandrasekar 1,Lat 

Mt, 2013, Rama unt,/wt, 2011, Abidi 01.),RWt, 2014, Rajiv Gandhi, 2011] 
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Whisker 
PO 

Cihf 

Hydroxyapatite 

ILO 
k0 O 

p 

4000 	3604 	3200 	2800 	2400 	 660 	1200 	800 	400 
Wavenumber 

uvc 4.2 1.101ifutINil tirolwlinisnn.,-5amilyca'curulviuniuunamm;LoyutAL 

4.1.3 Figni5n5tainionuwoctinincuaiNilomon'ehntilmiln.15,1uimuittuunalma:: 

6LUtherni 

Na1115141Filf115MTA1FlicAl@INI1N1,@fAanilliigAi'clicN-luci*EnLarunntoLtuvraipil 

FLA 4.3 mrinwlmsnn'ElaivnivigAiNTnulyiU11,1,111111MSJTVW1M,I MILQ S 8  (wimfrowrwivii 

Imrn'ifrrytylolinu 10 	5 @<u) 1_17,g8Jicu 489.8 uilmalv15 LiatLiisSiutitiu 

Nilz61 anilatmilv1ghliulviuiituti6°iaul6uunoaNnm6Qu  

4-uTu 10 ,au) thtLnfu 1266.1 uiluiuvil viio°,1Ttuin.A 1.2661 hibisalvi. 

ni5n7twiubsdoINANntn'sktyilqlfuru)vitinmtunLiMnannnfirolumonr8at,yrilvivi 

eicuinv-imEnivuuviimbr,Licu 2.58 vin tilolly-RinniimmleZn 1 	 (c-axis) lu 

OrratRnwilunwitctwAliimitiktiv\mlinFiwOhnlilqky:eniwitLutiviilAine-151A 

miumon;8@tvnlyghlitfrouiLLut f1M;4114'11.1191f111R1101NinM0nttint 

wuttittinolvojn-*acm@n;8@nnlyhTw,p,mtAlviunauunaL [Kuanchertchoo LLatR[la„ 

2013] 
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Hydroxyapatite Whisker 
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VII 4.3 nylvInnntwiFJ6-ht;ti:iaannWiironynniFivinticnplatomanvi@vvrilvivi 

ZTh.6,,21266111151,11,1111nzmuat tonLiin 

X cia o 
4.1.4 viumn@infoniolatuo@n'silar..vvilviAlAJILminilehuTgni5viil 

nnvinctifiien-loirtnu@lea.gm@n;ilatvrillig Xaqiu'nfiEntoyurialiaar,LvuutAL 

avillunaulaiEJNa 3 	1-1'1212181111`121 4.1 gaciLl"firn (BET surface area, m2/0,1111dimvuo”, 

Nuchtiw (total pore volume, cm2/g) trot iruniviluimmiu (average pore size, A) "cTil 

NgfilAciudIrm@ntliannivivIA'adynini 50 	 8t iN'IlVI GI  

Acupnu)viuniLut 	 LM1E1 

"21611105,1/104112V.2151811VOnnivnalOnlOr Lic- NAIYrn.dnomilinntlAnjuniuntWn 

igucirThltunnaoal rinsX1LRylrg- Ellobi5 

vafr7acin1t*niir[Q1lutv-i1kn1n'ml0ive- 58 625i721111.6816'161422 21E111,2050408151 

17619iAndrIU11/1218,11110111211fiTtnolmtamunnn-i-nuorJitnamAg55@rigii@nvilliactipu 

"ositLutmoll (Sadat-Shojai 668282n, 2013 trot Kuanchertchoo atncut, 2013] 
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0 
V1111191 4.1 mthluyiN-)viariti-ki -doINAgmonEtaiArilmicihtfi,ntliiPwMniwinmtnau 

Sample 
BET surface area total pore average 

2/g) (m /g) volume (cm2  pore size (A) 

Hydroxyapati te 168.11 0.6354 151.20 

Whisker 67.71 0.3451 203.85 

4.1.5 AitivanninignAruiciltrmattmiAj-NNan'iniinlugiff05@nilarAtitioiaairtiiiiitii 

atruna&iiiatuutivitai 

1) 	N4005onilormilvddeupiu5mtruvuunaai 

')I119NtkuNTIfniFivdnlev.lu25@n'gl@nvilvicczTt-lifitAvitinautnaL 	4.4 

LilAvU m 	ti -inivinFyikydalenigenanqiatynlyeicIA1°.Lmniibiiuni”-IntnuumAciaanIgnm) 

noLutlittrminvinricugnTh I 1LIfisuie 	 'flnmr-intnamairiu 

tolotaninviAjncitntrwLk?AuuniLaimiLot, -m-nAnnvimiA'utniuLLICTI'lliilv`iNlign, 

842z,11-amiXturnlicomiLtrunnilfictztrAnivritv 

FA 4.4 AinTutmenTEIN11,cm@neTiwryilaiilAinmnt:MC'el8nnwnvitnou 

(n) 10,000 a di (t) 20,000 Vvin 
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2) 	e.atumenrziontil,3/4 6nap,gu5intliLLUUltl 

n1N\i`lboc,5ar1atlAq11vv61A'c1d-)ulviErint Lt 8J 

tnnInne.16`n 1 515-111,awiLiniA (c-axis) 

[Kuanchertchoo 66avh S v , 20131 LLmiltructiti,31Enrii.AN1lor,inn;-6atyrilvIgall-rulvuitLuu 

AllEtil?1111150215-A1Ntatinn?jnwNtnalraIN\ilooa4atilllivi 

rinnivrtyalN5nkLli 4.5 

FM 4.5 ?iwyrtklyErn@leAom@ri;Jatrri19,14Aady.u'riienacuuvia.ifirinAnunai 

(n) 3,500 dvn (o) 20,000 0/14 

4.1.6 Nfln11irtincituoub.itiitnatniwicuoul000nlviViou W4lao5ongiloniiimi 

atuNqu'liqui tvuunmitintatuh th 

Nat al frnviiTurintu@LlaiLtiatJanfinwrivaill2lo@n1d;i-JuNliom@nfr.olnlyvi 

An.IN'19d'dVITI66tunalsa::',Winvinni1 44m14441P154nAeillat.in5wl (acidity) ttazi,Tmitu 

LIM (basicity) 6(21(.1,nomonstanAnivgXcurtd)vitinvi-il 	T111J'IPLI InC1,4141aitin5lrlci 

ihaliuutclutivaiiv)?hutaltIlainturisounidiEnLat?insoF.iiti,utelpinnitlickinmEaonain 

(6-"viyi -JtiA)cnnu.S,..Ildeu@anan 106  

trianculiitihnmivaDmminitir-rum4omon;diantilvii 1 iLlfistaiaimalivrt'in 1 
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N4lEm@n'GhtlAradi, pmol/g) ;6'lailinnLtAaruLciFutilkitnA'LnanThsninnlaiLikLiatilint 

mituDublEonitgiqntioch 

40 
	

140 
	

240 	340 
	

440 
	

540 
	

640 
	

740 

Temperature (°C) 

7,1151 4.6 Nannw,ipiTuringou,olLtiluA1-)uwliumonbilotYintlic(Allmilviu-Rtutnalivanivuh 

ainva 4.6 Vtificki01'qadvag 	100-200 'D:ir1-0,tm'e-iitia 

rAms@nklnt yinlvilAjalp,milviEnituunaLcimnnHnItAtins-rvI%olNligmEn-58@t,  mica 

eittliulviantLcuutAL 

anntHnedlgo5@nii@tyrilioieiavu'nitruotuvinntriii-riqcouzMn 	LLat,bitaiwilanwrint 

timbitilufAmn@nlnwInNii,cosanqtyllaA'suritrliimvill 	 au-nnrio 

1.-ininaiLilun”AnNilk-intriarmAnuTulLm-ro_nolnitamillivrierVit3nmnannu-41  

tr6Flouictimi:ineAum@fAznuliii) (total acidity, A5) 6tIrAgmEMIatyniyartyrulvinn 

inrunaucgi-wyraunwapn-inNllomonqtyrilmiA'cuyiulviunaucuAu ImiNligosenqaiz 

HitnintamlhiltAmiumnn 6ld qama:35.11i-g 140-340 01F11LcaiSiERI Fiall'Allunn”picuticydaa 

Liutiltn%inamiln,o6aultp,ntoomn;@tyinty4A'cuNitAyuntwunalivtuni”„whvinl 

112£111111941@ physisorption 
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40 
	

140 
	

240 
	

340 	440 
	

510 	640 	740 

Temperature (CC) 

Tali 4.7 eon-m,joigunnirgonigunguloa@nigogg-a8NAgemangionTilmiOuwiniptu ggai.guunalhogz 

wutlyglai 

givi i"gutiLnwfin tgdmniumiloarlsagrgicogua -o1W197JT-17Willgini.lianwihgd 

migueulvoonitiiconaonwg-onwirnqigativrilygg.i5n4;o:nnenvinl ;i17,gici 4/ ITT-HI 

,t-ti14.i38Jeh56i8J (1L 40-250 91F111,10S1E0 mlomanvongolmikiq.nifjvinttgoomo-ognNuo 

biaJr.51irmi,i,tulAOlkiLolgt:o.gio 3 chagotilikinliigutur4Ilusgangeignognivoi 

kiNoilvunorunaL w fl.ngiQii 140, 440 got 600 '0 \W1 /169dLAU0 '€}11Loolli311111,iz'idgiglicu 

mo-ofingimiiioguloeargigailqwgw.(gil 140 NgzinLtmgioa 

zinoramispinEriigvnitouloeonigniciam.Qati 440 a(winvdaCrilua minE1€154J9i-aLgoth6uainl 

,gaggfgunail AfrtiQnstonFrolintprigunuicoaniggo Aciqwymu ll 600 olggriLgmAi uzi vsana as 

vliontilttogui LotLoolng-Ins.vAfingtiFnitoguloaDnImigugulmoi'illum'angliatvravoi 

Awylu)yunit.gutmaLAHunnwpg'AngrimilLosu chemisorption itvileinua51116Hilgos@n 

;lazglArilloiln.TrifivEr.LooLlici-ogithLgtod-coillonfutoLogi L1N512.14nnwnn5ariohm 

miguEguivonnisuklioLgtguio.nonnilvoff.JU-. thflra 140 ElrinmaSilia 



33 

01151411 4.2i-in-15v-iiitu-htumaJlaniluA-mligo,@rvtntly-clviirAcuNitrlAulivtrunamLatucuu 

6N18Jt~~€U15fu 8J 01'15 ~ 

temperature signal 
gas total 

Sample %desorption desorption acidity 
(°C) (my) 

(pmoVg) (As) 

Hydroxyapatite 0.126 
156 125,847.68 	100 0.126 

LiuvriaL 

Hydroxyapatite 212 37,828.28 22.28 0.0378 
0.51 

805 131,987.75 77.72 0.132 661_11J All 

4.3iinnsuchrinsdFnitmiln@niedawirAn5awlinnt-ilvi9'laTuThiuriLLuunmu 

Loaqvutiviaiciqt-toliiloill 

Sample 
temperature signal 

%desorption 

gas 

desorption 

total 

basicity 
("C) (my) 

(pmoVg) (B5) 

98 31,735.36 57.48 0.0317 

Hydroxyapatite 450 2,741.18 4.97 0.00274 
0.05521 

1,61_11_111M 584 4,070.5 7.37 0.00407 

806 16,661.09 30.18 0.0167 

Hydroxyapatite 0.0244 
805 24,354.69 100 0.0244 

Int All 

4.2 iLat; 4.3 alim:14-ihniSJ°,;Lffen.fiv,Lnnoluu6mniutritinRin,dval 

n5o1rtmLo (35/A5)11u-imllomonqranvillidaruNnulliwiLaun6LiNnoHiu 0.438 Loteg 

luzn;z1@z-li'llifil4mricolviEnavuvariFinvviifiv 0.048 't4aTtiAfiNlivmDn'il@r,°411M1 

kurt.reiVEn1-11 ii6)mKAt8rr8milun561 um;Nligm@n;:ffir,vrilvii4adyru'rmnivutunaLiiFin 
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fiyvvitunwivn-ineAgn@natvin114XEInulyenuutuh [Zavoianu LLOtFlait, 2003, 

Popova 16161dr., 1998] 

4.2 Nani5PnWivaniLihtaini5Q,04`00@thtloilo@aut@IN4mnanrg@niiiMiii 

Litic.iimIlEoon'iiatynly4kiANn'nnunLLtun.IILatLLutLiiiLIAInfu 0.5 ni'L 

viini5viiiummittl@ii@accullanwtviunnthiliAn&%finvhiu 1.011"613..o 

oi@ims 1_33.1m, 90 illaSmL11.11,--)ai 5 e,'1--ibi5yqu - nLiic]aiiu1tLI 1 611-)1.1H 

Nilim,nnii@twilviliAjaiNiulylEnLorunaLLot1.0.1116c11-1ilLtHLPEroinn,viifuLtunuau 

53.64 Lot 46.39 611@i6g7.di 021.1,'10Th 	j1P‘A 4.7 LotLiffi9Lwielitil9J 2 	Lti@i- Actoin'n 

opqicusuale.,Nloosu'd@tivni,v9-SA'adlniflyEruLtiunalSJiiic,ii(juvtlu 58.91 LciThiLqiug 

66GiV00i6C, 0411i'u0lentum80;61 @trravigA)n5i9a7WE0160,ilivigi'fi1Ai4L415inUa028ni5 

Lotn;harvUlriniit.LiloLianui-ruitl 

3 ii-ALIAjiEFinnnTortfu 58.38 60@ii,gitii Liincone.inultl 4 2i-]1°..Ne.mlui@n6tatyrilviiiktdnu 

tymnivuunmALIThigiuAnn”e4itVALisi'LitLatlINL. -461 5 cniLl oiuLh 

vAn@lea,oman;cintylnicohfuuulviunLotuAciciL°.ThilAuvinnn241cucilAituviniinvo-lelm 

`KJ 4 ellitailLot 	 5 °u-L1 

0 
	

3 
	

6 

time (min) 

7:ttril 4.8 6tl6iLkoinin2liiiingt.holie@ouitomato'mF1 nawilmill.i 1.0 ila"61.2..wiavini 

Nlifw@nria@tlAnivihinar.irtimiLLtunmotLyauLh 0.5 riamlousitvon 
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A'ZIAlantria-ImIlLia-n7iNlivmnAl@tyniviciAjaisiitIviu-latunaLLLatat tividleiTtu 

niviunativd@clE@ElituanwtnEU 2 tl P1 	1 RudaJM1@@atatcrvivhd-il 

)A'D'i'mN11,0,5anqi@nvilvil'HA'avAlitEricc.Hiriurintilunan 1 - -JI:io.iluri Lotchli-A 2 nnwe 

qiuAntktlailoo@uf-meAo7,nnqi@otcyrilviiA'ckyrtillnun -i-kVi ,ttLiliAund-N,rin LLanriaEil 

Liai 4 iicALI N.Iluonn`G8ntynimiXwl-iu)°,1uncin., 	v‘v.j2;iitmativdaft@EouliiINaLli 

anntun.%L.-)a-i 4 ;8'aiLeilLttnia'Z'IA2-Auni”einifiEtIH'aii,@azi.k2wag2Ei eidntYntvNi 

?inInuWunwiyunaLtLatu,uuvh 

4.3 Nani5iin59:446tmnaaviir..0iil ¶ ¶JOIN1g915011sedastillY1646115,11.15110116111111M1971 

a46k15'IL-vielcau9EnilorwwnoutLatacurvIi1E1i66UUltrallliAjlw-indlunnnun-1s6piicu 

fielloJoil@oauluailataiu 

TaINIlbomon,tatvrilvigi'AA'Ittim-AAP-2264 niummtna9a 

tot,1512sonifiaile:rnAntumni”p4tFiFyittlailn-,mtiluoiwtmuat:LSanliilauletik 

mluoison;d@z,NniminItfiyirRw`Vnivii-o f  trilinal 0.5 ni'LivibiluFludviniloamilu 

al5M101ES15:-Atrn111,6I711:111A 1.0 u,at 2.0 ilaFii,Le:cii@Sis 

4.3.1 vpl@ifitlItn@cuto.milluoloniionArilinhnainaivisitvuunamtatvhdiuhu 

rnttnurrnfrriitinothiJoilapou 

-InNan-i'lLA5-re:Ciii,10n.1411Ta!;nntrumilgm@ri@tivinimikuliu')'climiLartinaliCkjiL 

mr,u-Duniweit9alvtlaile@@u yru- neAll,u2r);8@r.,1Anly4.Xf1d5'ltnvEr166UunnAiTunino 

41uPlEtleLlail@aztalbkStyla@lhhtratillil,l,TinnIfi'LlN11N)5on;z1orivrilmflwpntilvenatu 

na14711,air1- uniw12411minth11nirlo@Fiu '6=u'lnn,l - -ALIAlzialpithtnattnINIlooson`iifotyri 

imilitTrulvianautnalicie,,inurnnuTunivhFrpitivihrFUnirittaii5anucmPupin 

tAanicu 1.0 Lot, 2.0 iiaSilmk`th9-15 11117  4.9 :n.111111jvilirrlii,451PdoliiRedalRinirdaia@nlvi 

(copper oxide, CuO, JCPDS No.00-045-0937) LLatFi@thlini (copper, Cu, JCPDS No.00-

004-0836) trwIlln:),utN5ntola,ros@n;d'onNi1144')11°L%n -nvpg`iitifi@t1LIJoila@alitu 

EN 

InnacuunnaatvtitauiritguNnWitminiodemllitktn.nuTElalomon":6@:),yolvig 



;miyon€or,volviciumunaL 

lusEn,"ThinicavicilLLuunn 0.5 g Cu 2.0 mmol 

tgimun;ht,yinly4LLthinalJ 0.5 e Cu 1.0 mmol 

CuO JCPDS 00-045-0937 

Cu JCPDS : 00-004-0836 

36 

vicurru)vitnautivailLmntviqi- EMt-y- miviaiii-e9clein Yd 	uTurnwgiqiiin@tivini 

iaaniAdvA 4.9 ita'inrynvi:euflotiLIThilna-,mt,PLgrraA6rimi-il ,113:ninilLrioNSneunl 

?1911LUE4@anigaiLa:',FEitHai ')"Witr -lv) or`tivatILIThil@nemAllaili.iN,thaTimiluNSn 

tnleglo. 5@n;zietvnimfikuNicu'wein LLUU 

C 
(1) 
C  
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25 
	

35 	 45 
	

55 
	

65 
	

75 

2 Theta (Degree) 

ztlin 4.9 LyJan1411w,n@utaIN1Thmen`gii@tyramikiayailvimatunnevialimntiAktsni5 

91nvitnuucie.inuLlozlikhuntt1v-1uRatlydailn@zu 
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lm s0 owvnlwelseuvV5 J 

`Loosnrit'OavtillyAnuAL 0.5 g Cu 2.0 mmol 

,!. imc,15@fl'al.:1111VgLLIJAL 0.5 g Cu 1.0 mmol 

Cu0 JCPDS : 00-045-0937 

15 
	

25 
	

35 
	

45 
	

55 
	

65 
	

75 

2 Theta (Degree) 

VII 4.10 nr10e14115tnett@lenignnq@trwhgX(IdNitautrurniA17416Mnt,vtiP)(1"Th'irr5 

loioIvroiliA*nA6atilie1TtArnty-n,innoqiumittlo5"la@nu 

4.3.2 mjcilletitili614 cin1Nloowniintivrilmilcupqu'imitiutmaantanzidl 

A'itnritvikauTgrrmiil ildiurnu-runi5vitinothAtail@@@u 

Naryiltmntvinjillriiltd@lwloomr71@tvrg,tiA2curtimuntvuunaaAhunnwegu 

FlEt) 6IJE5t@EDlittfltalt1917..15*JRY11.11ill'ivit 1.0 Laff., 2.0 nari.lwie,SVIS'Clpii./1 4.11 

LtonlitiluinN110250n;i2tvliiyartiznifJviunttutirmarlitmitiAP- u"31 niulfvtriu.je.iitl 

frinwCg5ummittlailo€Etika-natanuCi7thrrairidirr% 1.0 tot 2.0 	 firm 

vdS'Eithi,tlamajIlltielfunitittiimlaiHnammon.chtwiimitllultilArgoimmfl'Ai. 3,424 

In
te

n
si

ty
  (
a
.u

.)
  



boos An4intwollooi.o rinzn 0.5 g Cu 2.0 mmol 

00.,. 

irmanclatonlmc 
umnaL 	0.5 g Cu 1.0 mrnol 
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LLa../ 1,627 6@LTIALLIVIScilLooliiInni. A.run\th]LanaTa.i 	 ISI@LVERAL UNA 

imm@niionolciiiikuyitftviunwucunaLitieht.imnnunnviit 66v~aai~aw~~nus vas 

iatioJcia@nlwivilannelill.Tustil@IRalttl@iloonufilAnnutAu luips1?621,nollom@n 

ttlervnivi4v7,:duLiou 'i\i'l:funnnom,tilwlEtILIJoilaamtkgrrILLq11.1i1A1l 	A-Jr,411,cman- 

isorvolloiSfud171.1-11i0-iatunaO'A'IL,mnt-R-JullionsanatflalAVW1.11,1LQIITtOctilitl@litNg 

41110411111 

3900 	 3400 	 2900 	 2400 	 1900 	 1400 	 900 	 4W 

Wavenumber 
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