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Microanalyses of the hydroxyl—poly-calcium sodium

phosphate coatings produced by ion beam assisted

deposition
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Abstract Thin calcium ph08phatc coati“98 on titanium alloy substrates w(、l I-

pr。pared by Ar+ioIl be姗a8si8ted d8p08ition(IBAD)fronl hydroxyl_poly—calciuIll
80dium phosph乱e(HPPA)target．The coati“gs were analyzed by xRD，FTIR，xPs
These analyses rcvealed that the as-deposited丘llns wcre amo。phous or no apparcnt

cry8tallinity No di8tinct abso。ption band oftllchydroxyl gr叭1p was observed iII FTlR

8pec打a of恤e coat血gs but ncw abs01ption ban出wer。presentcd for COi
2
Tllf-

ca上ciuHl扎phosphorou8 ratio of these coatiIl98 in d坼色rent IBAD conditions var沁ti

frt】n】0 46to 3．36．

K8ywords HydroxyLpoly-caicium sodiunl ph08phahj Coatil-g．Titanillm．Ion h cu

assistcd d。position
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1 INTRoDUCTIoN

Calcim phosphate_based biomaterials are biocompatible and bioactiVe nlaterial8
They are wen known for their osteoconductivity．【1 2】However，the brittle nature of these

cera工11ics limit cUIlic“uses in load_beariⅡg situation，f。r instance血the total hip replafe

ment Ti a11ay is an implantation material and its mechanical properties are excellent

The use of di艉reⅡt tech【Iiques to coat metallic iⅡlplants with calcium phosphate_base(1
biomaterials痂s at c叽曲iniILg mechanical properties of metaJs with the excelknt bioac
tivity 0f these cer删cst wllich wiu iIrlprove bon ding between the impl址lts柚d newly
Contract gTant 8pons。r：K。y Laboratory ofRadiatioIL Physics and 1kcllnol。gy ofBdllcntimL MiI Linl y

No，2000—03)

MaIIuscript leceived datc：2002—04 01

   



206 NUCLEAR SCIENCE AND TECHNIQUES Vt Jl 13

f0，med bone．【叫hl addition to bioactivitH a satisfactory calcitlm phosphate coating nulst

be den5e，hard，adherent and tough for chIlical 8pphcations【4】The ion bearn sputtering

deposition has been inVestigated as a method fbr producing bioactive cera皿c coatings

on metallic iInplants due to its Various adVantages，includi工lg the production of“lin

coatings of high density and superior adhesion．陋，6】In the present work，hydroxyl—p01v—

calcium sodium ph08phate(HPPA)coatingB on Ti以loy w盯e produced by the ion beam

assisted deposition(IBAD)and the structllre aIId sllrface nlorphology of the coatings
were analyzed by using XRD，FTIR and XPS．

2 EXPERIMENT

A conⅡnerciaⅡy available Ti alloy substrate(cylinder of≠12mm×6 r眦)was nle—
ch姐dcauy polished姐d 1ll“asa血cally deaned with acetone and alcohoL The坶droxyl一

poly-calcium sodi哪phosphate(HPPA)powder with the chen正cal formllla of[Naca。PⅢ
Ok|111·H20 was synthesized using a wet method．【7】The HPPA powder disks，which were

to be used as the ion beam deposition targets，were cold pressed fbUowing a standardizerJ

procedure．The HPPA c。atings were then prepared by the ion beam assisted deposⅢon

technology．

The deposition system mainly consists of a Kaufblan ion s011rce aIld a neeman loll

somce，a t盯get holder，and a rotatab】e san叩le holder in the paths of both ion beaIlls

(Fig．1)．The depositioII chaⅡ1ber was evacuated to a base pressure of(2 8—3 7)×10 4 Pa

Prior to the deposition，etching of substrates wjth 800 eV and 40 mA／cm2 argon ions for

30 rnin was performed to clean the 911rface of titani哪substrate The energetic ion bealn
was produced by i衄izing 1ligh purity argon gas(99．999％pure)．After clea础ng，the stage
was rotated s。that the tit a：nium aⅡoy substrates wer8 placed in the path of the sputtercd

atoms．The calcium phosphate coat血gs were deposited by an Ar+ion beam sputtel iIlg

of 1200eV and 40mA／cm2 f叫60min The second Ar+ion beam of 60keV was uscd

to homogenize the coatings and the dosages were 2×1015，7×1015 and 2×1016ions／cIn：，

respectively．An x’Pert·Pro·MPD·Phnjps x-ray difhaction(xRD)was eHlployed to as—

sess the structures of as-deposited HPPA coatings．The thin layer analysis techIlol(19y

was adopted．The jncident angle of x-ray is 0．4。．Fourier transform iII丘ared(FTTR)

8pectroscopy was performed on a Nicolet FTIR 20SXB maclLine for characterizing var

ious functional groups of the coatirIgs，especially the hydroxyl and phosphat。groups

Tl幛FTIR spectra were obtai工Ied ueing the transI血tt姐ce mDde fTom 4000 to 400 cm_。

Sa瑚_ples used for FTIR analysis had KCl cryst al substrate and the coating whiclL was

deposited by sputtering from anⅡPPA target． F0r the X—ray photoelectron spectI．o一
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scopic(xPs)analysis，the calcium phosphate coating／tita∞ium sa唧les were In01Intc(1
0Il stajnless steel stubs using doubk·sided

adhesive and口1aced ln a vaculun cham．

ber The vacuum chamber was then

evacuated to minjⅡⅡ珊 base pressure
of 9×10一6Pa． The MgK。radiation

(1253．6 eV)was used，and the coated sur—

faces w盯e scanned 0ver a range O—1000 eV，

with a pass energy of 100 eV．ht order to

deterrnjne the distribution of various ele．

ments in the thjn Ca—P coat血gs，the depth

profiling was accoInphshed by sputter—

etching with Various periods of time and

hence the chelnjcal comDosition of the

coatings at diⅡbrent depth was obtajned．

3 RESUI用S

The XRD pattern of the as-sputtered

calcium phosphate coating from the

HPPA target is shown in Fig．2．As seen

in this pattern，the as—sputtered coating

only exhibited a broad bmnp between 2丁。

and 23。and no Deaks other than tllose

of the titanium were observed，iIldica七ing

that the as—sputtered coating was aⅡIor—

phous，。r no appareIlt crystallines were

Droduced．

⋯嚣Ⅶ目⋯蚴⋯1arg目
扫曰<u

啦_≥髓
Figs 3 and 4 displa，，respectiVely，the typical FTIR spectra of HPPA target an(1

the coatiIlg from the HPPA target that was deposited on the KCl crystal substrate．

C。Inpared with the FTIR spectmm of the HPPA target，many absorption bands disal卜

peared in the FTIR spectrum。fthe as·sputtered coating．HoweVer，the absorption ban(I

at 1029 cm一1 was stiⅡobservedl iIIdicating the e]【istence of POi。in the as—sputtercfl

coating． No distiIlct absorption bands of the hydroxyl group were。南served and new

absorption bands at 1436 aILd 719 cm～1 were pre8ented for CO；2，whi cll were bmlgllL
abou￡by the deposition process．

Table 1 Usts the XPS results obtained fr叫l as—sputtered coating The bijldjI】g
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energies of Ca，P and O con矗rmed the existence of POi3． The bjnding energy。f C

at 284．6 eV jIldicated th。presence of carbon conta血nation，and the biIlding energy of

C at 288 6—288 9eV indicated the existerLce of COi 2，which was br。ught about by Lhe

d8position process

wavenumber(∞11)

Fig．3 The FTlR 8pectrllm of tllc HPPA ta。get

a000 2D00 1000 500

V忱venumber fcm‘、

Fig．4 Thc FTIR 8pcctruIn ot；ls—sIHl L L(、l州

coatiIlg from the HPPA targct

Table 1 Bindi“g energics as a function of ctchillg tiHle foI the as一8I)utttll砌coatlllg

Amblenl HPF慢

exp。sedI buIk

sunaoe’zone
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Etcning“m自(mln)

Fig．5 Depth pr06le of the HPPA coati”g pro—

dllced hv Ar十IBAD

Depth pronles of the HPPA coatiIlg

produced is shown in Fig．5． 1t is foⅢlf】

that the coating is divjded into f011r rc—

gi0Ils Due to AT十IBAD，completc r“x—

ing of Ti and calcium phosphate can l】e

a吐deved． Hence，the HPPA coa“n祭(川

the Ti substrate possess superior adl】e—

sion． Tlle XPS analysis reveals Lllat the

Ca／P ratio for the HPPA coatings 11s—

ing 111i=【jng dosages of2×10¨，7×1015 an(1

2×1016 Ar+ions／cm2 are 3．36．2．74 aIld

0 46，respectively．

一％)8cglcS
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4 DISCUSSIoN

The XRD ana工yses showed that as—dep。8ited Ca-P coatings weTe amorphous Tllib

“amorph01】s”appearance is a direct resuh of the ion beam assisted d8positlon tecllniqLle

Because of the high vacuum and a relativeb low temperatuTe as compared witll岫e

plasma spraying coating method，there was not enou曲energy for the growtll of natl‘)一

crystallites in the coatings during the dep08ition process aⅡd hence the as—deposite(】

coatjngs were shown to be amorphous．

Variations fbr the phosphate group and the loss。f the hydroxyl gToup in F1、IR

spectra were also caused by the ion beam deposition tec上lIlique． During the dep(】sition

pTocess，components of the target，such as phosphate and hydroxide。T o。ygen and hy

drogen，may not be tTaⅡsferred completely to the substrate(or aIlcllored on the substraLe

surface and remajned in the coatings)because of the requjrement of maintaining a low

pressure in thj5 particular coating method

The Variation m the ca／P ratio among coat血gs is attributed to the fabrica“oll

paTaⅡ1eter used．As phosphorus is very v01atm，the low pressure during the 8puttering

pr。cess afkcts the anchoring of the sputtered phosphorus on the substTate．In addition，

during the sput￡盯ing and the d印。si￡ion process，the sputtering rate of cakjum a￡。Ins

is diffbrent from that of phosphorus atorIls．On the other hand，a possible ca册se was the

substitution of carbonate group f0T the ph08phat8 groups in the HPPAⅡ10lecule The

process of lon beam sputtering HPPA target was studied using theoretical analysjs【剐

The results show that，because of the colhsion of 8puttering ions and HPPA molecules，

defbcts such as httice出splacement and vacancy are produced jn the coa“ng．Genera”y

speaking，the hjgher ion energy is，the m0Te defects ar8 produced．These defects ma(1e

it possible fbr the substitution of the carbonate group fbr the ph08phat8 group iIl“le

HPPA nlnlecl】1e

5 CoNCLUSIoNS

Dense and homogeneous HPI)A coatings were successfuUy produced on tita州mn

substTate using the ion beam assisted deposition．The reslllts sho啊that the as·dep。sited

coatjngs are amorphous． C唧ared with the origi工ld HPPA target，some variations iTl
chemical coⅡlposition of the coatings were brought about iTl the deposition process，s11fh

as the dist叽tion of the phosphate lattice)loss of hydroxyl groups，aⅡd the incorporatio”

of cOi 2． However，no valence variation of the elements in the coati“gs was fouIld

D8pth pro矗ung of the coatings reveals f。ur distinct regions The ca／P ratios of Llle

HPPA coatiIlgs vary丘om 0．46￡o 3．36，whjch is related to the fhbrica“on paranleCers．
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