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SUMMARY

IMPROVEMENT OF TECHNOLOGY TO CREATE THE Ca-P
COATING LAYER ON TITANIUM FOIL

A Ca-P coating can be formed on the surface of titanium metal by immersing the metal in a simulated
biofluid (SBF) for an extended period, usually around 28 days. In this work, we try to reduce the
forming time of Ca-P coating layer by adjusting the concentration of substances in the SBF solution,
and changing the impregnation technology by the technique of dipping and drying. The morphology
and elemental composition of the metal surface after the modified treatment were compared with the
original metal surface to evaluate the Ca-P coating layer formation level. Using the coating and
heating technique with the modified SBF solution with a repeated cycle of 3 hours / 1 cycle (performed
5 times), the Ca / P ratio obtained on the metal surface is 2.24 according to the Energy-dispersive X-
ray spectroscopy (EDX) method, and a Hydroxyapatite phase was detected by (X-ray diffraction) XRD
diagram. In addition, the scanning electron microscope (SEM) analysis results have provided clearer
information about the surface morphology of the primary samples and the samples after forming a Ca-
P coating layer in SBF solution by the improved procedures.

1. PAT VAN DPE dinh hudng ché tao 16p phu Ca-P trén bé mat
Hién nay, viéc ing dung kim loai titan trong kim loai nay.

cong nghé ciy ghép xwong ngay cang phd bién O Viét Nam, mot sé cong trinh cong bd vé ché
nho nhitng tinh nang dac biét cua n6 nhu c6 do tao 16p phu chira cac hop phin Ca-P nhu la
bén cao, kha ning chdng in mon tét va kha phuong phap ngdm tim trong dich mo phong
nang chéng mai mon cao [1]. Kim loai titan c6 sinh hoc (SBF) [6, 7], hay phuong phap sol-gel
thé st dung trong ché tao gia do, thanh nep [8]. Tuy nhién, cac tac gia nay st dung chét
xwong va ding lam vat ligu cdy ghép vinh vién nén 1a kim loai thép khong gi 316L. Trén thé
hi¢u qua [2]. Tuy nhién, kim loai titan la m¢t gi6i, da co rat nhiéu cong trinh cong bd vé ché
vat liu vo co c6 do tuong thich sinh hoc tao 16p phii chira hgp phan Ca-P trén nén hop
khong cao, din dén viéc hinh thanh va phat kim titan bang phuong phap ngam trong dich
trién mé xwong trén bé mat kim loai nay khong SBF nhu la: A Kar va cong su [9] d& nghién
déu, d& c6 nguy co viém nhiém va viéc cdy ctru vé kha ning két tia cia hydroxyapatite
ghép khong dat dén mirc do hoan thién nhu (HADp) trén dé hop kim cua titan. Sang — Hoon
xuong va té bao ban dau [3, 4, 5]. Tir mot s6 Rhee [10] da nghién ctru vé& anh hudng cua su
han ché cua kim loai titan, cac nha khoa hoc di c6 mat axit xitric dén sy hinh thanh HAp trong
¢6 nhiéu cach tiép can trong nghién ctru nhim dich sinh hoc & trong co thé ngudi. Barrere va
khic phuc cac nguy co ké trén, trong do cé cong su [11] da nghién ciru anh hudng cua cac

ion Mg?* trong dung dich SBF (x5) dén su
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hinh thanh 16p phu Ca-P trén dé hop kim titan.
Trong mdt coéng trinh khac, Barrere [12] di
tiép tuc nghién ctu anh huéng cua ion
hidrocacbonat va luc ion trong dung dich SBF
(x5) dén sy hinh thanh 16p phii nay. Trong cac
nghién cuu ndy, mdc du Barrere va cong su
[11, 12] ¢ dé cap dén viéc thay ddi ndng do,
nhung chua dé cap dén van d¢ giam thoi gian
trong quy trinh ché tao 16p phi. M.F. Maitz
cing cong su [13] da nghién ctru vé phuong
phap dé thuc day qua trinh hinh thanh hop
phﬁn Ca-P trén dé kim loai va cai thién kha
nang tuong tac sinh hoc bang phwong phéap ciy
ion. Trong nghién ciru nay, chung t6i da cai
thién quy trinh ché tao 16p phu da duoc trinh
bay trong cong trinh [11, 12] bang cach két
hop tién xtr i bé mat kim loai bang dung dich
hidroperoxit 30%, dong thoi thay ddi k¥ thuat
ngam tim bang k¥ thuat nhiing phu két hop sdy
noéng véi chu ki 1ap 3 gid/1 1an va thay doi thoi
gian ngdm tam. Pic trung ciia bé mat kim loai

sau bién tinh dd dugc so sanh v6i bé mit kim
loai ban dau dé danh gia hidu qua cia viéc cai
thién quy trinh ché tao 16p phu Ca-P.

2. THUC NGHIEM

Kim loai titan dang tim, chiéu day 0.1 mm
(KPC Metal Co., Ltd., Han Qudc) duoc cit
thanh cac hinh vudng véi canh lem. Céac tam
kim loai nho dugc lam sach bang may danh
siéu am, st dung lan luot céc dung dich
axeton, etanol (70%) va cudi cing la nudc cat.
Sau d6 chung tiép tuc duoc tién xir li trong
dung dich hidroperoxit 30%, ¢ nhiét d6 khoang
80°C trong 48 gid. Cac tim kim loai dugc rira
lai bang nudc cit, siy kho va bao quan trude
khi dwoc st dung 1am chat nén/dé cho 16p phu
Ca-P.

Chudn bi dung dich phii:

Ham lugng cac chit ¢ trong dung dich huyét
tuong (HBP), SBF va SBF cai tién duoc néu
trong Bang 1.

Bdng 1. Bang gid tri ham lwong cdc chat c¢é trong dung dich HBP, SBF va SBF cdi tién

STT  Ponvii mM NaCl  MgCl:6H.O0  CaCl: NaHPOs-12H,O NaHCOs; NaOH
1 HBP* 146,7 15 2,5 1,0 27,0 0,0
2 SBF 146,7 15 2,5 1,0 4,2 0,0
3 SBF cii tién 1 733,5 12,0 12,5 50 0,0 0,0
4 SBF cai tién 2 0,0 0,0 3,0 5,0 0,0 3,0

* Biomaterials 23 (2002) 2211-2220

Céc dung dich SBF va SBF cai tién dugc pha tir
céc hoa chét tinh khiét phan tich (Trung Qudc),
bao gébm natri clorua, magie clorua, canxi
clorua, dinatri hidrophophat, natri hidroxit, natri
hidrocachonat va nudc cat hai lan.

Quy trinh 1:

Cac dé dugc ngam doc lap trong dung dich
SBF (trong 28 ngay, ki hiéu mau Ti-SBF-28)
va dung dich SBF cai tién 1 (trong 48 gio, ki
hiéu mau Ti-SBF1), nhiét 6 dung dich nhiing
phu 25-27 °C. Sau @6, cac dé duoc rura lai béng
nude cat va say kho ¢ 110 °C.

Quy trinh 2:

Cac dé dugc ngdm trong dung dich SBF cai
tién 2 & nhiét do 25-27 °C trong 3 gio 1di liy ra
va sdy bang thiét bi say Philips HP8232, cong
suat 1200 W, nhiét do 70-75 °C véi thoi gian
sdy 5 phut, sau d6 lai ngdm trong dung dich
SBF cai tién 2 v6i quy trinh 13p lai thém 4 1an
voi tong thoi gian ngdm trong dung dich SBF
cai tién 2 1a 15h. Sau do, cac dé cling dugc ria
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lai bang nudc cat va siy kho & 110°C. Ki hiéu
mau 1a Ti-SBF2.

Bé mat cua cac dé ban diu va sau bién tinh
dugc phan tich bang cac phuong phap phd tan
sic nang lugng tia X (EDX) két hop véi anh
SEM (S-4800, Hitachi, Nhat Ban), phuong
phap nhiéu xa tia X (Bruker D8, Trudong Dai
hoc Bach khoa - PHQG TP HCM).

3. KET QUA VA THAO LUAN

3.1. Pic trung ciia bé mit kim loai titan sau
giai doan tién xir Ii

Két qua phan tich thanh phan cic nguyén t6
trong mau tién xtr li tai 5 vi tri khac nhau cho
thdy trén pho EDX (hinh la) chi xuét hién cac
pic tng véi kim loai titan, khong xuét hién céac
nguyén tb tap chat nao khac. Pong thoi, gian
d6 nhidu xa tia X (hinh 1b) ctia bé mat kim loai
chi xudt hién cac pic dic trung cua titan
(JCPDS, No-00-044-1249). Sau khi cac bé mit
dugc 1am sach va tién xir 1i trong dung dich
hidroperoxide 30%, ¢ nhiét d6 khoang 80°C



trong 48 gio, hinh thai bé mat c6 su thay dbi.
Anh SEM cua bé mat trude va sau khi oxi hoa
bang hidroperoxit 30% dugc trinh bay ¢ hinh
2, cho thdy ¢ thang do 1.0 pm, bé mat chuyén
tir tron phing sang nham déu. Qué trinh lam
tang d6 nham bé mit nhim ting hiéu qua bam
dinh cua 16p phu Ca-P trén bé mit.

(b)

Lin (Counts)

Hinh 1. Phé EDX (a) va gian d6 XRD (b) ciia
bé mat kim logi titan ban dau

S-4800 10.0kV 7.9mm x40.0k SE(L)
Hinh 2. Anh SEM ciia bé mdt kim logi titan ban
ddu (a) va sau giai doan tién xir li bang dung
dich H202 30% (b)
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3.2 Pic trung ciia bé mit miu Ti-SBF-28

Hinh 3. Phé EDX (a) va danh SEM (b) ciia mdu
Ti-SBF-28

w—Titan
(N2-00-044-1249)

Hinh 4. Gian d6 XRD ciia mdu Ti-SBF-28
Két qua phan tich thanh phan nguyén t trong
mau Ti-SBF-28 nung & 400 °C trong 3h tai 5
vi tri khac nhau cho thdy trén phd EDX (hinh
3a), ngoai cac pic cua Ti, con c6 sy xudt hién
cua cac pic Na, Cl, C. Bic biét, anh SEM culia
bé mit miu nay xudt hién cac hat dang khéi
lap phuong véi kich thude khoang 2.0-4.0 tim.
DPé xac dinh thanh phﬁn pha cua cac hat dang
khéi 1ap phuwong nay, bé mit mau dwoc phan
tich XRD va két qua dugc trinh bay ¢ hinh 4.
Gian dd XRD cua miu Ti-SBF-28 xuit hién
céc pic ddc trung cua pha kim loai nén titan,
tuong ty két qua thu dwoc ¢ hinh la. Tuy
nhién, su xuat hién cua mot sd pic c6 cuong do
rét thap & vi tri goc 20 25,5 dén 33 © khong thé
quy két cho mét pha cu thé nao. Piéu dic biét
& day 1a, mic du mau Ti-SBF-28 dugc nung va
0 nhiét & 400 °C, con mAu kim loai titan ban
dau khong duoc xir li nhiét, va ca 2 mau duoc



phan tich véi cing diéu kién, nhung cuong do
pic dic trung ciia pha titan ¢ miu Ti-SBF-28
giam dang ké. Hon nita xudt hién mot sb pic
cuong do rat thap chua dugce dinh danh trong
khoang vi tri goc 2 thetha tir 25,5° dén 33°. Két
qua nay chi ra rang trén bé mat kim loai nén
titan sau khi ngdm trong dich SBF 28 ngay da
¢6 sy hinh thanh mot 16p pha c6 thanh phin
hén hop tinh thé va v6 dinh hinh.

Tir cée két qua trén, c6 thé dua dén nhan xét 1a ky
thuat ngadm trong dich SBF c6 nong d6 tuong tu
huyét trong va thoi gian kéo dai 28 ngay chwa
thuc sy hiéu qua va chua hinh thanh dugc lop
phti HAp trén bé mit kim loai Ti. Theo mot s6
cbng trinh nghién ctu [14, 15, 16, 17], su phat
trién cua cac 16p phu Ca-P md phong sinh hoc s&
bi han ché boi thoi gian ngdm kéo dai (7-28
ngay) do su tach két tua va ling dong kém dong
déu 1én bé mat kim loai ngam.

3.3. Pic trung ciia bé mit miu Ti-SBF1 va
Ti-SBF2

Gian d XRD cua cac mau Ti-SBF1 va Ti-
SBF2 dugc trinh bay ¢ hinh 5.
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Hinh 5. Gian do XRD cuia ciac mau Ti-SBF1
(@) va Ti-SBF2 (b)
Gian d6 XRD cua cac mau Ti-SBF1 va Ti-
SBF2 cho thdy ngoai cac pic dic trung cua pha
kim loai nén titan con c6 su xuét hién cta Cac
pic dac trung cua pha Brushite (canxi
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hidrophotphat, DCPD, CaHPO4.2H,0) ¢ 26,4—
26,6° va 30,2-30,4° (JCPDS Ne-00-009-0080)
(hinh 5a); va cac pic dic trung cua pha
hydroxyapatite (HAp) (Cas(POs)10(OH)2) &
25,1-26,3° va 28,7-31,2° (JCPDS Ne-00-076-
0694) (hinh 5b). Ngoai ra, khi quan sat cac
anh SEM ctia hai mau Ti-SBF1 va Ti-SBF2
(hinh 6) con cho thdy viéc str dung dung dich
SBF cai tién 2 thu duoc 16p phit kém dong déu
so v6i dung dich SBF cai tién 1, nhung déu cao
hon truong hop ngam trong dich SBF c¢6 ndng
d6 twong tu huyét trong va thoi gian kéo dai
28 ngay. Cac két qua XRD va Sem ching
minh dugc tinh hi¢u qua cta ki thudt nhing
phu két hop siy néng so véi phuong phap
thong thuong.

S$-4800 10.0kV 7.9mm x20.0k SE(M)

8.1mnm (M) C

Hinh 6. Anh SEM ciia cdc bé mat mau Ti-

SBF1 (a) va Ti-SBF2 (b)

So sanh v6i két qua nghién ciru duge trinh bay
trong tai liéu [11,12], F.Barrere va cong sy da
ché tao 16p phu Ca-P trén bé mat hop kim
Ti6Al4V véi n6ng d6 cua dung dich SBF dam
ddc gip nam lan, v6i thoi gian hoan thanh Ia
5,5 gio. Cac tac gia cho rang cac ion HCO3z hd
trg viée gin khoang Ca-P trén Ti6AI4V bang
cach giam kich thudc tinh thé Ca-P, va do d6
lam ting muc do lién két vat 1y giira 16p phu
Ca-P va chat nén Ti6Al4V. Nhu vy, ki thuat



ngam tam véi sy gia ting ndng d6 mot s cau tir
trong thanh phan dung dich SBF két hop sdy
nong to ra hidu qua hon ki thuat ngdm tam st
dung dich SBF co ban, dac biét la gitp gidm thoi
gian hinh thanh 16p phu tir 28 ngay vé thoi gian
ngén hon rat nhidu. Két qua cho thiy yéu t6 nong
d6 ctia dung dich SBF anh huong 16n dén sy hinh
thanh 16p pht 1én bé mit kim loai Ti.

4. KET LUAN

Két qua nghien cu’u da chi ra rang, ky thuat
nhung phi két hop say nong hodc ky thuat ngam
tam voi su gia tang nong d¢ mat so cu tir trong
thanh phan dich SBF t6 ra hiéu qua hon k¥ thuat
ngdm tdm st dung dich SBF co ban, dic biét la
giup glam thoi glan hinh thanh lop phu to 28
ngay vé 15h. Két qua cho thiy yéu t6 nong do
ctia dung dich SBF anh huong 16n dén sy hinh
thanh céc hop phan Ca-P 1én bé mit kim loai.
D6i v6i sy co mit cia ion kim loai Mg?* lam
tang sy bam dinh cua cac hop phan Ca-P va bé
mat gitp cho 16p phu day hon so véi phuong
phép ngadm tam thong thudng phi hop véi két
qua clia mau Ti SBF1. Phuong phap nhing phu
ket hop v6i sy nong dua trén nguyén li tang
nong d6 tai thoi diém sdy néng va nhung phu
lién tuc véi 3 giovlan lam cho bé mat 16p phu
day 18n sau mdi 1an sy nong phu hop véi két
qua ciia mau Ti-SBF2.
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