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TOM TAT 

Mdng flo-hydroxyapatit (FHAp) dugc tdng hgp tten nSn thep khdng gi 316L bdng phuang 
phdp kSt riia diSn hda. Cac ndng dp khdc nhau cua ion F" da dugc dua vao cau tnic cua mang 
apatit bang each thSm mudi NaF vao dung dich dien ly. Mang FHAp thu dugc cd dp ddng deu 
va day dac vdi chieu day tir 6,07 dSn 9,58 ji-m khi ndng dp F tir 0 den 0,003 M. Cdc ket qua 
phan tich IR, EDX, X-ray va SEM da chi ra rang F" da pha tap vdo ttong cdu tnic HAp vdi ti le 
1,7 % vS khdi Iugng khi ndng dp F' 0,002 M. mang FHAp cd cdu tnic tinh thS hinh que vdi kich 
thudc khoang 10 nm va dac tnmg cho cau tnic phan tu ciia FHAp. 

Tit khoa: flo-hydroxyapatit, kSt riia dien hda, pha tap, TKG316L. 

1. M d DAU 

Thep khdng gi 316L (TKG316L), titan va hgp kim cua titan dugc sir dî ng nhiSu trong phdu 
thuat chinh hinh, dac biet la ttong cdng nghe lam rang bdi vi nhiing vat Heu nay cd dac tinh co li 
hda tot nhu cd modul ddn hdi thap, dp tuong thich sinh hpc va dp ben an mdn cao frong mdi 
trudng sinh li. Trong nhiing nam gdn day, nhu cdu sir dung vat lieu y sinh ngay cang tang, dac 
biet nhu cdu sir dung vdt lieu y sinh chat lupng cao. Chinh vi vay hudng nghien ciru mdi nhdm 
nang cao chat Iugng cho vat lieu y sinh fren ca sd kim loai vd hpp kim ngay cdng dugc phat frien 
md rdng. Viec ndng cao chat lugng cung nhu khd nang tucmg thich sinh hpc vdi ca the ngudi 
cho cdc vdt lieu y sinh trSn co sd TKG316L, titan va titan mtrit, bang ldp phu hydroxyapatit 
(HAp) cung dugc cac nha khoa hpc vdt lieu, cdng nghe sinh hpc va y hpc, tren thS gidi dac biet 
quan tdm nghien ciiu. HAp cd thanh phan tuang tu frong xuang vd md ciing ciia ngudi, do do 
khi cay ghep vao frong ca the ngudi giup cho kha nang lien xuong nhanh hon ma khdng gay ra 
nhiing khd chiu hay nhiing tdc dpng khdng mong mudn cho ca the ngudi benh. Cd rdt nhiSu 
phuang phap khac nhau de tdng hpp mang HAp ttSn nen kim loai nhu sol-gel, phun plasma, hda 
hpc, dipn hda [1, 2, 3, 4]. Trong cdc phuong phdp ndy, phuong phdp dien hda cd nhieu uu diSm 
nhu: nhiet do phdn iing thap, diSu khiSn dupe chieu day mang nhu mong mudn, he phan ling 
don gidn. 

Tuy rihien, ldp phii HAp tinh kMet cd dp hda tan tuong ddi cao frong mdi trudng sinh hpc, 
dac biet ddi vdi nhiing mdng HAp dugc che tao bdng phucmg phap phun phii plasma, vi ttong 
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thanh phdn cua ldp phu cd chira mdt lugng ldn HAp d pha vd dinh Mnh. Su hda tan cao cd the 
din den phan buy ldp phu vd ngan can khd nang cd dinh ciia vat lieu cdy ghep vdi cdc md chii. 
Flo la mdt ttong nhiing nguySn t6 tdn till trong xuong va men rang cua ngudi, nd cd the tham gia 
vdo cdu tnic tinh thS ciia HAp bdng each fliay thd nhdm OH" bdng ion F" dS tao thanh flo-
hydroxyapatit (FHAp). Mpt sd nghien ciiu da chi ra rang FHAp cd dg hda tan thap hon HAp 
nliimg vdn duy tri dugc dp ho^t tinh sinh hpc va kha nang tuong thich sinh hpc. Gdn day cd rat 
tiMSu ngMen ciiu tap tnmg vao ling dung cita FHAp nhu la ldp phii cd boat tinh sinh hpc dap 
ling dugc ySu cdu ve dp dn dinh va tudi thp cua vat lieu frong qua trinh sir dung [5, 6, 7, 8, 9,10, 
11,12,13,14]. 

Bat bao nay gidi tMeu ket qua tdng hpp man^ FHAp trong dung dich chiia Ca^ ,̂ H2PO4" vd 
F" bdng phuang phdp quet thS catdt vdi su thay ddi mot sd dieu kien tdng hgp nhu ndng dp F", 
ndng dp H2O2 va khodng the tdng hgp. 

2. DIEU KIEN THVC NGHIEM 

2.1. Chuan bi vat liSu nen 

Mau TKG316L vdi thanh phdn hda hpc: 0,27 % AI; 0,17 % Mn; 0,56 % Si; 17,98 % Cr; 
9,34 % Ni; 2,15 % Mo; 0,045 % P, 0,035 % S vd 69,45 % Fe dd tdng hgp FHAp cd kich thudc la 
1x10 cm, dien tich lam viec 1 cm ,̂ danh bdng bdng giay nham loai 320, 400 cua Trung Qudc va 
danh lai bang gidy nham tinh Ioai 600, 800 hoac 1200 cua Nhat Bdn, sau do rira sach bang nude 
cat, trang lai bdng cdn vd dS khd. 

2.2. Dieu ki|n tong hgp FHAp 

Mang FHAp dupe tdng hgp bang phuang phap quet the catdt vdi tdc dp quet the 5 mV/s 
fren nen thep khdng gi 316L trong binh dien hda chiia 80 ml dung dich cua muoi Câ "̂ , H2PO4' va 
F" cd thanh phdn va dugc Id hiSu nhu sau: 

DFO: Ca(N03)2.4H20 3 x l Q-̂  M + NH4H2PO41,8 x 10"̂  M + NaNOj 0,15 M + H2O2 6 %. 

DFI: DFO + NaF 0,001 M. 

DF2: DFO + NaF 0,002 M. 

DF3: DFO + NaF 0,003 M. 

Mdng FHAp dugc tdng hgp khi thay ddi khoang thS quet: 0 ^ -0,8; 0 -̂  -1,8 va 0 -̂  -2,5 
V/SCE. pH; 4,3; 4,5; 5,0 vd 5,5. Ndng dp H2O2 thay ddi: 0 %; 2 %; 4 %; 6 % va 8 %. 

Mdng FHAp dugc xdc dinh cdu tnic phdn tti bdng phuang phap IR tren may FT-IR 6700 
ciia hang Nicolet tai Vien Ky thuat nhipt ddi vdi ky thuat ep vien KBr. Thanh phdn pha cua 
FHAp va HAp dugc ghi fren may SIEMENS D5005 Bruker-Germany tai Vien Khoa hpc Vat 
lieu. Vdi cdc didu kien biic xa Cu-Ka, budc sdng X. = 1,5406 A, cudng dO ddng dipn bdng 30 
mA, dien ap 40 kV, gdc quet 2^ = 25 ° -̂  70 ", tdc dp quet 0,030 "/giay. Thdnh phdn cac nguySn 
td cd mat frong mdng FHAp dugc xac dinh bdng phuang phap tan xa nang Iugng tia X (EDXS) 
fren mdy JSM 6490-JED 1300 Jeol, Nh^t Ban. Hinh thdi hpc bd mat mdng FHAp xac dinh bdng 
phuong phap SEM fren tiiiSt bi dien tii quet Hitachi S4800 (Nhat Bdn) tai ViSn Ve sinh Dich tS 
Trung uong. 

2.3. Xac dinh chieu day mang FHAp 
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Lugng FHAp hinh thanh fren bS mat TKG316L dugc xac dinh bang each can khdi lugng 
mau TKG316L trudc va sau khi tdng hgp bdi can phan tich Precisa, XR 205SM-PR. Tu khdi 
lugng FHAp thu dugc cd thS tinh dugc chieu day trung binh mdng theo phuang trinh sau: 

D = - ^ 
V 

V = S.h 
(1) 

frong do D = 3,13 g/cm la ti khoi cua FHAp lay theo Ii thuyet (gan bang ti khdi cua HAp) [15]; 
m va V Id khdi lugng vd the tich ciia FHAp Mnh thdnh frSn be TKG316L; h la chieu day ciia 
mdng FHAp; S = 1 cm^ la dien tich lam viec ciia TKG316L. 

3. KET QUA VA THAO LUAN 

3.1. Anh hudng cua nong dd dung dich 

Hinh 1 gidi thipu dudng cong phan cue catdt ciia dien cue TKG316L ttong cac dung dich 
DFO, DFI, DF2, DF3. Tidn hanh phan cue frong khoang thS rii 0 ddn -2,5 V/SCE vdi tdc dp quet 
5 mV/s. Trong khoang di?n the rii 0 den -0,8 V/SCE mat dp ddng khdng ddi va xap xi 0 vi 
khdng cd phan iing khii nao xay ra. Trong khodng the -0,8 -̂  -1,6 V/SCE, mdt dp ddng tang nhe 
tuong ling vdi qud trinh khu H*, khu O2 hod tan frong nude [16]: 

2 i r + 2e" -^ H2T (2) 
O2 + 2H2O + 4e' -> 40H" (3) 

Khi dien thS ldn ban -1,6 V/SCE mat dp ddng tang manh, giai doan nay tuong ung vdi su 
khir ion H2PO4' vd kbit nude: 

H2PO4" + 2e" -^ PO4'" + H2T (4) 

H2P04"+H20 + 2e' ^H2P03" + 20H" (5) 

H2PO4' + e" -^ HP04^" + !/2 H2 (6) 

2H20 + 2e" ->H2t + 20H' (7) 

TrSn bS mat dien cue quan sdt thdy cd s\r Mnh thanh mang HAp mdu frang. Dieu nay cd the 
giai thich: khi OH" dugc tao ra fren bS mat catdt Iam gia tri pH d khu virc xung quanh cua be mat 
catdt dat gid tri frong khoang tii 8 den 12 dan den cdc phan iing hda hpc tao ion HP04^", P04^" vd 
phan ling hinh thdnh HAp cung ddng thdi xay ra theo phuang trinh (8), (9) vd (10). 

H2P04'+OH" ^HP04^" + H20 (8) 

HP04^ + OH"^ P04^" + H2O (9) 

SCâ "" + 3P04^" + OH" -^ Cas(P04)3(OH) (10) 

Khi cd mat ion F" ttong dung dich tdng hgp, mot lo^t phdn iing mdi cd the xdy ra. Ddu tien, 
ion Câ * phdn iing vdi ion F" tao thanh CaF2, theo phuang trinh phan irng (11) [5]: 

Ca5(P04)3(OH) + lOr + (7-m)H*-> 5CaF2-n H2O + (3-m)H2P04" + m HP04^" (11) 

Sau do CaF2 tiSp tiic phdn img vdi HP04^" hoac H2PO4" ttong dung dich dl t^o thanh flo-
hydroxyapatit (FHAp): 

5CaF2 + (3-m) H2P04' + m HP04^"+ (1-x) H2O -^ Ca5(P04)3(OH)i.,F,+ (lO-x) F" + (7-x-m) H" 
( 0 < x < l , 0<m<3) (12) 

767 
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Mt hop phan iing (10) va (11), da chi ra phan (mg hinh thanh mang F-HAp theo phuong 
trinh sau: 

Cai(P04)3(OH) + X F + X H* -> Ca5(PO,)3(OH),. J , + x H2O (13) 

Cac ducmg cong phan cue cua dien cvc thep khSng gi 316L trong cac dung dich tvi DFO den 
DF2 cho thSy mat do dong catot tang khi n6ng dp F" tang tit 0 + 0,002 M, nhung khi tang nong 
do F' len 0,003 M (DF3) thi mat dp dong lai giam. Sit giam mat do dong nay co the giai thich: 
khi n6ng do F" len 0,003 M da lam tang pH dung dich. Su tang pH cua dung dich tong hop lam 
n6ng do ion OH" trong dung dich tang, thuan loi cho qua trinh hinh thanh HAp ngay trong long 
dung djch din dSn nong do cac ion trong dung dich giam. 

De xac dinh nong do dung dich phi hgrp cho qua trinh tong hop FHAp tren TKG316L, 
chiing toi tien hanh t6ng hop FHAp trong cac dung dich co thanh phiin F thay doi tir DFO + 
DF3, trong khoang quet the tir 0 dSn -1,8 V/SCE, th« gian 30 phiit (5 vong) va nhiet do 25 C. 

Su thay d6i khoi luong mang FHAp theo ntog do F" dupe chi ra tren bang 1. Khi tang n6ng 
dp ion F' trong dung dich t6ng hpp tir 0 * 0,002 (M) thi kh6i lupng cua mang FHAp tang len tvr 
1,9 mg/cm^ len 3,0 mg/cml Sau do tiep tuc tang n6ng d6 F" len 0,003 M thi kh6i lupng mang 
F-HAp giam xu6ng 2,1 mg/cm . 

Hinli !. Duong cong phan cue catot ciia TKG316L trong cac dung dich DFO; DPI; DF2 vaDF3. 

Theo phuong trinh (1), tit kh6i lupng FHAp thu dupe co the tinh dupe chieu day cua mang 
FHAp (Bang 1) klii nong do F" thay d6i. Ket qua cho thay mang FFIAp thu dupe co chieu day 
lon nhat khi nong dp F 0,002 M va dat 9,58 ^m. Ket hpp voi quan sat tren be mat dien cue sau 
khi tong hpp cho thay mang FHAp tong hpp trong dung dich DF2 co do bam dinh va dp d6ng 
deu be mat tot hon so voi khi cong hpp trong cac dung dich con lai. Vi v§y dung dich DF2 duoc 
lira chpn cho nhiing nghien eiiu tiep theo. 

Bang 1. Sir bien dSi kh6i luong va chiSu day ciia mang FHAp theo nong do F' 

Dung dich 

Khoi luong (mg/cm )̂ 

Chieu day dim) 

DFO 

1.9 

6,07 

DPI 

2,7 

8,62 

DF2 

3 

9,58 

DP3 

2,1 

6,71 
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Hinh 2 gidi tlii?u phd hdng ngoai cua mang FHAp frong khodng budc sdng 4000 cm' den 
400 cm"' duac tdng hpp tii dung dich DFO ̂  DF3, ket qua cho thay ngoai cac dao dpng dac trung 
cho apatit gdm: nhdm P04^' dao ddng quanh ddi 1035; 613; 566 va 447 cm"'; nhdm OH" dao 
dpng quanh 3432 vd 1645 cm"', cdn cd nhung pic mdi xuat hien trong khodng 676 cm"' (DFI), 
673 cm"' (DF2) va 657 cm"' (DF3) dac trung cho dao ddng cua F" [5]. Vdy kSt qud pho IR thu 
dupe cdc dao dpng dac tnmg cho cdc nhdm ttong phan tu ciia FHAp. 

Hinh 2. Pho hong ngoai cua mang F-HAp khi thay d6i nong dp F'. 

Thdnh phdn ciia mdng FHAp khi ndng dp F" thay ddi 0; 0,001; 0,002 vd 0,003 M dupe phdn 
tich tan xa nang lupng tia X (Hinh 3). Ket qua phan tich cho thay su cd mat cua bdn nguyen td 
chinh cd trong thanh phan ciia FHAp: O, F, P va Ca. Ngoai ra cdn cd mat cua cac nguySn td Na, 
CI, Si, S, Cr, Ni va Fe. Su cd mat cua Na la do frong dung dich tdng hpp cd thanh phdn cua NaF, 
NaNOa. Sir cd mat cua cac nguyen td Si, S, Cr, Ni vd Fe do anh hudng cita vdt lieu nSn. Clo do 
sir khuSch tan cua dien cue so sdnh KCl bao hda. 

Hinh 3 Pho tan xa tia X theo nang lucmg cua mdu HAp tdng hpp tten TKG316L ttong dung dich DFO, 
DFl,DF2vaDF3. 

Ddi vdi dung dich DFO, khi khdng cd mat ciia F" ttong dung djch tdng hop, % khdi lupng 
cac nguyen to O, P vd Ca ldn lupt 35,64 %; 16,66 %_vd 27,74 %. Tir ti le phdn fram vS nguyen 
hi tinh dupe ti IS Ca/P Id 1,3 thap hon so ti le frong Idioang xuang. Khi cd mat NaF ttong dung 
dich tdng hap, ion F da thay tiie mdt phan nhdm OH" cd trong tinh thS HAp. Khi ndng dp F" 
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ttong dung dich tdng hop tang tii 0 ddn 0,002 M thi kha nang thay thd ciia F" tang vdi ti le % 
khdi lupng tang tir 0 dSn 1,7 %. Neu tiep tuc tang ndng dp F" len 0,003 M thi kha nang pha tap F" 
vao ttong tinh thS HAp giam xudng 1,27 % ve khdi luong (Bdng 2). DiSu ndy cd the giai thich: 
khi ndng dp NaF cao ban 0,002 M gdy hi$n riiong ket tiia ttong dung dich trudc khi tien hanh 
tdng hap Idm dnh hudng ddn khd nang pha t^p F" vdo mang tinh thd HAp. Doi vdi cdc dung dich 
DFI, DF2 vd DF3 ti le Ca/P dSu nhd ban frong DFO. Ti le Ca/P cua cd bdn dung dich tdng hpp 
dSu thdp ban !,67. KSt qua nay cd the do su anh hudng ciia cac nguyen td nhidm vao thanh phan 
cua mdng tdng hpp dupe vd do dnh hudng cua vat lieu nen. 

Bdng 2. Thanh phan cac nguyen td co ttong mdu HAp tflng hpp tten TKG316L ttong dung dich DFO, 
DFl,DF2vaDF3. 

Nguyen 
to 

0 

P 

Ca 

F 

Na 

S 

Si 

Cl 

Cr 

. Fe 

Ni 

% khoi lupng 

DFO 

35,64 

16,66 

27,74 

2,08 

3,22 

13,08 

1,58 

DFI 

30,72 

14,54 

20,01 

0,76 

3,02 

0,27 

0,87 

5,88 

20,91 

3,01 

DF2 

32,65 

15,64 

25,12 

1,70 

4,05 

0,97 

4,11 

13,92 

1,83 

DP3 

35,26 

16,13 

25,40 

1,27 

4,73 

0,73 

0,82 

3,08 

11,41 

1,16 

% nguySn t6 

DFO 

57,55 

13,89 

17,88 

2,34 

1,60 

6,05 

0,69 

DPI 

52,87 

12,92 

13,75 

1,1 

3,62 

0,24 

0,68 

3,11 

10,31 

1,41 

DP2 

53,35 

13,20 

16,38 

2,34 

4,61 

0,72 

2,07 

6,51 

0,82 

DF3 

55,26 

13,13 

15,99 

1,69 

5,19 

0,66 

0,55 

1,50 

5,16 

0,50 

Tir phdn fram khdi lupng F" pha tap ttong mang HAp, ta cd thd tinh dupe sd nhdm F' thay 
tiiS OH" frong tinh thS HAp. Vdi phdn ttain khdi lupmg F" rii 0 ddn 1,7 % cdng thiic FHAp c6 
dgng nhu ttong Bang 3. Hdm lupng F" cd thd thay thS OH" tdi da la 0,9 ttong mang tinh thS HAp. 

Bang 3. Cong thurc phan tii ciia FHAp theo % khdi luong F" 

Dung dich tong hpp HAp 

DPO 

DPI 

DF2 

DP3 

% kh6i lupng P" 

0 

0,76 

1,7 

1,27 

FHAp - Ca,„(P04)6(OH)2-2,F!x 

Ca,o(P04)s(OH)2 

Ca , „ (PO, )« (OH) , „ J„ , „ j 

Ca ,» (P0 ,U0H)2 . , ,F„ 

Ca,„(P04)s(OH)2.,,„2F„,j 

3.2. Anh hudng ciia khoang quet the dSn qua trinh tong hpp FHAp 
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Mang FHAp dupe tdng hpp frong dung dich DF2 vdi cac khoang quet thS: 0 ^ -0,8; 0 -̂  -
1,8 vd 0 ^ -2,5 V/SCE, d 25 °C, pH = 4,3 vdi sd vdng quet bdng 5, tdc do quet 5 mV/s. Bdng 4 
biSu dien su thay ddi khdi lupng cua mdng FHAp hinh thanh fren nSn TKG316L khi thay ddi 
khodng quet thd. Vdi khodng quet thd tii 0 -=- -0,8 V/SCE, FHAp gdn nhu khdng hinh thdnh 
(0,001 mg/cm^). Trong khodng thS quet rpng hon 0 - -1,8 V/SCE thi khdi lupng FHAp tang ISn 
va dat cijc dai 3,3 mg/cm^. NSu tiSp tuc md rpng khoang quet thd 0 ^ -2,5 V/SCE thi khdi lupng 
FHA^ I?i gjam xudng 2,8 mg/cm^ ddng thdi thdy xudt hiSn kSt tua dudi day cdc. Hien tupng nay 
cd thS dupe giai thich: vdi khoang dipn thS quet qua am, tdc dp ttao ddi elecfron ldn, su hinh 
thanh cac ion fren bS mat dien cyc nhiSu, ddn dSn hien tupng can bdng ndng dp, cac ion nhu OH" 
, P04^"... tii bS mat TKG316L khuSch tan vdo ttong long dung dich vd kSt hop Câ "̂ , F" tao thdnh 
FHAp ngay ttong Idng dung dich. Ddng thdi khi dien thS tdng hpp cao tiiuan lpi cho qua trinh 
dien phdn nude sinh ra khi H2 frSn be mat TKG316L ldm cho mang FHAp rd xdp giam kha nang 
bdm dinh vdi ndn. Vi vay khoang thS tdi uu cho qua trinh tdng hop FHAp Id 0 ^ -1,8 V/SCE. 

Ddng tildi sv bien ddi chiSu ddy mane FHAp khi thay ddi khodng thS quet dupe tinh theo 
phuang trlnh (1) (Bang 4). Nhin chung chieu day mang FHAp tang khi tang khodng thS quet vd 
dat cyc dai 10,5 pm frong khoang quet thS tdng hop 0-^-1,8 V/SCE. 

Bang 4. Sy bien ddi chieu day va khoi lugng mang FHAp theo khoang thS tong hpp. 

Khoang th i tang hop (V/SCE) j 0 ^ - 0 , 8 

Khoi lupng (mg/cm^) 

Chieu day (nm) 

0,001 

3,2 X 10"' 

0 + - l ,8 

3,3 

10,5 

0 + -2,5 

2,8 

9,0 

3.3. Anh hudng cua pH den qua trinh tong hop mang FHAp 

DS khdo sat sir dnh hudng cua pH tdi qua trinh tdng hop mang FHAp, chiing tdi tiSn hdnh 
tdng hpp mdng FHAp trong dung dich DF2, d 25 °C, 5 vdng quet frong khoang thS 0 -̂  -1,8 
V/SCE vdi pH thay ddi: 4,3 (pHo); 4,5; 5,0 va 5,5 dupe chudn bdng dung dich NH4OH IM. Hinh 
4 biSu dien anh hudng ciia pH den dudng cong phan cue catdt ciia dien cue TKG316L ttong 
dung dich DF2. Cdc dudng cong phdn cue deu cd dang tuong tu nhau. Nhin chting mat dp ddng 
catdt tang khi pH dung dich tang va mat dp ddng dat cue dai tai pH = 5,0. Neu tiep tuc tang pH = 
5,5 thi mdt dp ddng lai giam do pH cao, lupng OH" frong dung dich ldn, tao dieu kien thuan Ipi 
cho qua trinh hinh thanh HAp ngay frong long dung dich, din den ndng dp idn frong dung djch 
ban ddu giam, lam giam mat dp ddng. 

Bdng 5 gidi thiSu su bien ddi khdi lupng vd chieu ddy mdng FHAp hinh thdnh fren be m^t 
diSn cvrc TKG316L theo sir thay ddi pH. Nhin chung khdi lupng vd chiSu ddy mdng FHAp tang 
len khi pH tang vd dat gia tri ĉ rc dai tuong ung 4,89 mg/cm^ va 15,6 |im tai pH = 5,0. Ket hpp 
vdi su quan sdt bang mdt thudng cho thay mang FHAp tdng hpp trong dung dich cd pH = 4,3; 
4,5 va 5,0 ddng nhat vd sit chat hon so vdi mdng tdng hpp ttong dung dich pH = 5,5 va d gid tri 
pH nay cdn quan sat thdy ket tua ttdng d frong long dung dich, ddng thdi khdi lupng FHAp hinh 
tiianh fren be mat TKG316L giam. Didu ndy cd the dupe giai thich: khi pH cao thuan Ipi cho qua 
trinh sinh cac idn tao FHAp, nhung den mdt thdi diem nhat dinh lupng cac ion ndy smh ra lon, 
xdy ra hien tuong khudch tan cac ion P04^" va OH" tii be mat dien cue vao ttong dung dich va kSt 
hpp ion Ca^* tao thanh HAp (tiieo phuong trinh (10) ngay frong dung dich vd phdn iing vdi F" dS 
tao FHAp vi vay khdi luong FHAp tao thanh fren bS mat TKG316L gidm. Tu kSt qud nghien 
ciru nay cho phep lira chpn pH thich hap dS tdng hpp mang FHAp la 5,0. 
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Hinh 4. Anh hudng cua pH den dudng cong phan cue ciia TKG316L frong DF2. 

Bdng 5 Su biSn ddi khfli luong vd chieu day mang FHAp khi thay doi pH. 

pH 

Khfii lupng (mg/cra^) 

Chieu day (fim) 

4,3 

2,9 

9,3 

4,5 

3,5 

11„2 

5,0 

4,89 

15,6 

5,5 

2,5 

8,0 

3.4. A n h h i rdng cua H2O2 

Qua triiih tdng hpp mang F H A p bang p h u o n g phap quet the catdt ludn xdy ra song song vdi 
qua trinh khir nude de gial phdng H2, p h a n iing ndy se tieu thu mdt l upng dien nang ldn ddn dSn 
chi phi tdng hpp mang F H A p cao. Mat khdc sir thoat khi H2 se lam mdng^FHAp co dp rd xdp Idn 
do dd khd nang bam dinh vdi nSn giam. H2O2 Id tdc nhan oxy hda m a n h cd the thay thS nude dk 
tham gia phdn iing khu fren catdt sinh ra ion OH" [4]. 

H2O2 ^ 2e 2 OH" (14) 

De lua chpn ndng dp H2O2 tiiich hpp cho (^ud tiinh tdng h p p m a n g F H A p fren nSn 
T K G 3 I 6 L bang phuong phap quet the, chiing tdi tiSn hdnh do d u d n g cong phan cue catdt ciia 
di?n cvrc T K G 3 1 6 L frong dung dich D F 2 vdi ndng dp H2O2 thay ddi: 0 %; 2 %; 4 %; 6 % vd 8 % 
H2O2 vS khdi lupng , tai nhiet dp, 25 °C (Hinh 5). Nhin chung cdc d u d n g cong cd hinh dang riiong 
tu. nhau, tuy nhien khi cd them H2O2 vdo frong dimg dich tdng h a p tiii mat dp ddng catdt giam. 
Sir gidm nay cd thS dupe giai thich: khi di?n thS tdng hpp F H A p frong> khoang 0 - -1,8 V/SCE 
t h u | n lpi cho qua ttinh tao F H A p n h u n g ddng thdi qua ttinh dien phan n u d e ciing xdy ra, sinh ra 
nhiSu O H ' lam mat do ddjig tang. Khi tiiSm H2O2 vdi hdm l u a n g nhd h o n '2 % da lam gidm svr 
khir nude , do do mat dp ddng catdt giam, nhung vol hdm lupmg H262 tir 4 ddn 8 % du ldn dS ldm 
tang mat dp ddng catdt. Tuy nhiSn khi ndng dO H2O2 8 % ddn ddn l u a n g OH" s inh ra d xung 
quanh bS mat cua, catdt nhieu, do do H A p khdng chi hinh thdnh frSn be mat dien circ m a cdn 
hinh thdnh ngay ttong dung dich d khu virc quanh catdt, hien t upng nay cd thS quan sat dupe 
bang mat thudng vdi nhirng ket tua trang lang xudng day ciia b inh dien hda. 

Hinh 6 gidi thipu su bien doi khdi lupng cua mang F H A p thu d u o c khi thay ddi % H2O2. 
Ket qud cho thdy khdi lupng mdng F H A p tdng hpp duoc tang tir 3,09 ^ 4,5 mg/cm^ khi n d n g dp 
H2O2 tang tir 0 -̂  8 % , d ndng do H2O2 2 % mdng F H A p cd khdi lupng Idn nhdt 4,7 mg/cm^ 
nhung Idii quan sat bS mat dien circ thdy mdng khdng deu frSn toan bp be mat dien circ vd mdng 
cd dp xdp cao. Vdi ndng dp H2O2 8 % , khdi lupng mang F H A p g iam xudng d o l upng OH" sinh 
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ra tren bS mat didn cyc nhieu khuSch tdn vao ttong dung dich va tao FHAp trong long dung dich 
vi vay ma khdi luong FHAp giam manh. Ndng dp H2O2 d 6 % cho mang FHAp cd dp ddng dSu 
trSn toan bd bd mat dien cvrc vd bam dinh tdt. Vi vay chiing tdi chpn 6 % H2O2 cho qud trinh 
tong hop mang FHAp bdng phuong phdp dien hda. Vdi khoi luang mang FHAp 4,5 mg/cm^ tai 
ndng dp H2O2 6 %, mang FHAp cd chieu day rijong ling 14,4 pm theo phuang trinh (1). 

2 

~ -2 

-B 

-10 

^ : 
«»n,o. 

1 
WHO, 

Hinh 5. Dudng cong phdn cue catflt cua dien 
cyc TKG316L trong dung djch DF2 vdi n6ng 

do H2O2 diay dfli 0-8 %. 

3.5. Phan tich hinh thdi cau triic cua m^ng FHAp 

Hinh 6. Su bien doi khdi lupng FHAp theo 
nong dO H2O2. 

Mdng FHAp tdng hop frong dung dich DF2 vdi dieu kien: Idiodng thS quet tir 0 ddn -1,8 
V/SCE, 5 vdng quet, nhiSt dp 25 "C, pH = 5,0 dupe phan tich thanh phdn pha, hinh thai hpc bS 
mat bdng phd nhiSu xa tia X (XRD) va kinh Men vi dien rii quet (SEM). 

Phd XRD ciia mdu HAp (DFO) vd FHAp (DF2) tdng hop fren nSn TKG316L dupe chi ra 
tten Hmh 7. Phd nhilu xa bao gdm hai pic nhieu xa dac trung cho FHAp tucmg iing vdi gdc 29 = 
26 ° va 32 °, hai pic ndy trung vdi hai pic dac tnmg cua mdng HAp khdng pha tap flo (tdng hpp 
trong dung dich DFO) va tuong iing vdi khodng cdch giiia cdc mat phdn xa (002) va (211). Ddy 
Cling la hai pic ddc trung cho hp apatit. Tir gian dd nhieu xa tia X cho thay mang FHAp tdng hpp 
dupe cd dang tinh thS vd dan pha. 

Hinh 7. Pho XRD cua mang FHAp/TKG316L va HAp/TKG316L tflng hop trong dung dich DF2 va DFO 
nrong ling, tai pH = 5, nhiet do 25 °C, 5 vong quel ttong khoang dien thi tir 0 din -1,8 V/SCE. 
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Hinh anh SEM cua mdng HAp vd FHAp ttSn ndn TKG316L dupe chi ra frSn Hinh 8. Mdng 
HAp cd dp xdp cao vd cd hinh d^ng xuang rdng, mang FHAp cd dang hinh que vdi kich thudc 
khoang 100 x 30 nm. Kdt qua cho thdy flo da Iam thay ddi hinh thai hpc bS mat ciia HAp tdng 
hpp. 

HAp 

FHAp 

Hmh 8. Hinh anh SEM cua mang HAp va FHAp. 

4. KET LUAN 

Da lua chpn dupe dieu kien tdng hpp mdng FHAp bang phuang phap quet thd catdt trong 
dung dich cd tiianh phdn: Ca(Nb3)2.4H26 3 x 10"̂  M + NH4H2PO41,8 x IQ-̂  M +NaN03 0,15 M 
+ H2O2 6 % + NaF 0,002 M; pH = 5,0 nhipt dp 25 °C, vdi sd vdng quet bdng 5 tuang iing vdi 
thdi gian 30 phut, ttong khoang diSn thd quet tir 0 dSn -1,8 V/SCE. KSt qua phan tich bdng IR, 
XRD, SEM vd EDX cho thdy mang FHAp cd cdu tnic tinh the dang hinh que, kich thudc khoang 
100 X 30 nm, don pha vdi gdc 26 dac tnmg d 26° va 32°. Trong phan tii FHAp cd chiia cac 
nhdm chirc dac trung: F', OH" va P04^" vd ttong thdnh phdn ciia mang FHAp vdi ti le % khoi 
lupng ldn nhdt cua F" cd mat trong mang HAp la 1,7 % tuang umg vdi cdng thiic phan hi 
Caio(P04)6(OH)2.0,9Fo,9. 
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ELECTRODEPOSITION OF FLUORIDATED HYDROXYAPATITE COATDMG ON 
316L STAINLESS STEEL 

Pham Thi Nam , Nguyen Thu Phuong, Dinh Thi Mai Thanh 

Institute for Tropical Technology, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi 

'Email: ptnam@itt.vast.vn 

Fluoridated hydroxyapatite (FHAp) coatings were deposited on 316L stainless steel 
substrates using an electtochemical technique. Different concentrations of F" ions were 
incorporated into the apatite structure by adding NaF into the electtolyte. The coatings were 
uniform and dense, with a thickness from 6.07 to 9.58 pm when the F" concentration increased 
fi-om 0 to 0.003 M. Analysis of IR, EDX, X-ray and SEM characterizations showed that Fions 
doped on HAp with volume percentage of 1.7 % when the concenttation of F" added to 0.002 M, 
FHAp coating has structure of rod-shaped crystals with size of about 100 nm and characteristics 
ofthe FHAp molecule structure. 

Keywords: fluoridated hydroxyapatite, electtochemical, doped, 316LSS. 

mailto:ptnam@itt.vast.vn



