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TOM TAT

Mang hydroxyapatit pha tap déng thoi cac ion vo co cé tinh khang khuan gdbm Cu®, Ag* va Zn*
(CuAgZnHAp) duoc tong hop bang phuong phap trao ddi ion bang cach ngdm mang hydroxyapatit
(HAp) vao dung dich c6 chira dong thoi 3 ion: Cu®" 0,02 M, Ag* 0,001 M va Zn** 0,05 M trong thai gian
30 phut. Két qua phan tich phd hdng ngoai va gian d6 nhleu Xa tia X cho thdy mang CuAgZnHAp thu
dugc c6 cdu trac tinh thé, don pha cia HAp. Dua vao két qua phan tich ICP-MS vé thanh phan héa hoc
ciia mang ching to ion Cu**, Ag* va Zn?" da thay thé ion Ca?* trong ciu truc ciia HAp dé tao mang
CuAgZnHAp Véi ti 1¢ nguyén tir Cu/Ca, Ag/Ca va Zn/Ca lan lugt 1a 0,155; 0,027 va 0,143 va két qua
hinh anh SEM ciing cho thay su c¢6 mit ddng thoi cac ion Cu?*, Ag* va Zn?* da lam thay d6i hinh thai hoc
cua mang CuAgZnHAp so véi mang HAp khong pha tap. Ngoai ra, mang CuAgZnHAp c6 kha nang
khang khuan ddi véi 3 chung khuan: P.Aerugimosa, E.Coli va E.Faecalis tuong ng véi ving ¢ ché dat
5,4 val mm.

Tir khéa: Thép khong gi 316L; Mang hydroxyapatite; Trao trao doi ion.

1. Pit van dé

Hydroxyapatite (HAp) 1a thanh phan chinh trong xwong tu nhién, co ti & nguyén tor Ca/P = 1,67 [1].
HAp t6ng hop c6 thanh phan twong tu nhu trong xwong tu nhién, c6 kha nang tuong thich sinh hoc tot
nén duge nghién ctu rong rai va tng dung trong linh vuc y sinh [2, 3]. Mang HAp duoc phu 1én bé mit
kim loai va hop kim nhu Ti, thép khong gi 316L ... dé lam vat liéu ciy ghép xwong [4, 5]. Khi ciy ghép,
mang HAp c6 kha nang dinh hinh, tao lién két chat ché gitra xuong cua vat chi va vat liéu cay ghép, thuc
day qua trinh lién xuong [6]. Tuy nhién, vén dé nhlem trung sau phau thuat dugc quan tim nhat sau khi
ciy ghép vao co thé, do d6 cac nha khoa hoc da rat quan tam dé dua cac tac nhan khang khuédn vao vat
liéu cy ghép. Tac nhan khang khuan v6 co gdm cac ion dong, bac, kém rat duoc cac nha khoa hoc cha y
vi sy 6n dinh va tinh an toan [1], ching c6 tac dung lam giam d6 bam dinh cua vi khuan trén bé mat vat
liéu va lam tc ché sy tang truong cua vi khuan [7].

Hoat dong khang khuan cua hop chat HAp pha tap dong da dugc thir nghiém, két qua cho thay bot
HAp c6 pha tap Cu c6 kha nang chong dugc 98% vi khuan S. Aureusis va bot HAp pha tap Cu va F co thé
chéng dugc 100% vi khuan E.Coli [1]. Ngoai ra, v6i ham lwong nhoé Cu con cé tic dung ting cuong sw
trao d6i chét va kich thich té bao xwong phat trién [6].

Bac 1a nguyén t6 c6 hoat dong khang khuin pho rong chdng lai vi khuin gram dwong va vi khuén
gram 4m, nam, dong VAt nguyén sinh va virus, ké ca cac ching khang thude khang sinh [8]. Do d6 cac
nha khoa hoc dé tim cach dwa bac vao mang HAp nhdm muc dich khang khudn. Cac nghién ciru da cho
thdy su c6 mat cua bac trong mang HAp c6 kha ning khang khudn tét d6i véi vi khuan S. Typhimurium
[9], S. Pyogenes [10], E. coli [11] va S. Aureus [8, 11].

Kém duoc biét dén 1a nguyén t6 vi lugng can thiét trong co thé, sy c6 mit cia Zn trong xuong ¢ tac
dung kich thich sy hinh thanh xuong va rc ché qué trinh hity xwong, thiéu Zn s& lam ting nguy co lodng
xuong, lam cho xuong don, xdp va dé giy [12]. Mang ZnHAp tong hop trén nén TKG 304 c6 chira 1,6 %
Zn vé khdi lugng da cho thay kha ning ting hoat tinh sinh hoc, c6 kha nang khang khuan va khong doc
hai cho céc té bao [13]. Ngoai ra cac nghién ctru khéac ciing cho thdy mang HAp pha tap Zn c6 kha ning
{rc ché sy phat trién cua vi khuan P. Gingivalis (tac nhan chinh gay bénh sau ring) [14].
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Trong bai béo nay, nbi tiép cac nghién ctu vé mang HAp pha tap tung ion Cu?*, Ag* Va Zn*t [15-17],
ching t6i gisi thiéu két qua nghién ctu t6ng hop mang HAp pha tap ddng thoi cac ion Cu®, Ag* va Zn**
trén nén thép khong gi 316L bang phuong phéap trao ddi ion giira mang HAp véi dung d1ch c6 chira cac
ion can pha tap. Mang CuAgZnHAp tao ra duoc nghién ciru thanh phan, cac dic trung hoa 1y bang
phuong phap IR, Xray, SEM, AAS va hoat tinh khang khuan véi chung khuan E.Faecalis, E.Coli va
P.Aerugimosa bang phuong phap khuéch tan dia thach.

2. Coso'ly thuyét va phwong phap nghién cau
2.1. Tong hgp dién héa mang HAp trén nén thép khong gi 316L

Mau thép khong gi 316L (TKG 316L) véi thanh phan héa hoc: 0,27% Al; 0,17% Mn; 0,56% Si;
17,98% Cr; 9,34% Ni; 2,15% Mo; 0,045% P; 0, 035% S va 69,45% Fe c6 kich thuge 1a 1x10x0,2 cm,
duoc phu epoxy dé gigi han dién tich lam viéc 1cm® Sau d6 miu duoc phu mang HAp bang phuong phap
quét thé catot & khoang quét thé 0 + -1,7 V/SCE 50°C; 5 lan quet vGi toe d6 quét 5 mV/s trong dung dich
chira Ca(NO;),3x10?M + NH4H,PO, 1,8x102 M + NaNO3 6x107 M.

2.2. Téng hop mang CuAgZnHAp

Tién hanh ngdm vat liégu HAp/TKG316L trong 4 mL dung dich ¢ chira dong thoi Cuzr+ 0,02 M, Ag*
0,001 M va Zn2+ 0,05 M trong thoi gian 30 phut ¢ nhiét d6 phong. Sau d6 vat liéu duoc lay ra, ria sach
bang nudc cat va dé kho trong khong khi.

2.3. Pic diém mang CuAgZnHAp

Mang CuAgZnHAp duogc xac dinh thanh phan cac nhom chuc bang phuong phap IR trén may FT-IR
6700 cua hing Nicolet voi ky thuat ép vién KBr. Thanh phan pha cia CUAgZnHAp duoc ghi trén may
SIEMENS D5005 Bruker-Germany, vai cac diéu kién buc xa Ag-Ka, bude séng A = 1,5406 A, cuong do
dong dién bang 30 mA, dién ap 40 kV, goc quét 20 trong khoang 10° + 70°, téc d¢ quét 0,030%/gidy. Hinh
thai hoc bé mat mang CuAgZnHAp xé4c dinh bang phuwong phap SEM trén thiét bi dién tir quét Hitachi
$4800 (Nhat Ban). Thanh phan cic nguyén t6 Cu, Ag, Zn va Ca trong mang CuAgZnHAp duoc xac dinh
bang phuong phap khéi pho cam ing Plasma (ICP-MS) trén may iCAP-Qc va nguyén t6 P duoc xac dinh
bang phuong phap UV-VIS trén méy CINTRA.

Tir gian d6 nhidu xa tia X c6 thé tinh dwoc dwong kinh trung binh cua tinh thé CuAgZnHAp theo cong
thirc Scherer [14] va xac dinh duoc gia tri khoang cach giita cic mat phing tinh thé (d), tir d6 xac dinh
dugc gia tri hang s6 mang a, b, ¢ theo cong thirc [18]:

g(h2+kh+k2) ¥

1
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2.4. Thik hoat tinh khdng khudn bang phwong phdp khuéch tin dia thach

Mang HAp va CuAgZnHAp duoc cao bot va ép thanh vién cé chiéu day 1 mm va duong kinh 10 mm,
sau d6 dwoc hap khir tring & 120°C trong 30 phut. Ching vi sinh vat E.Faecalis ATCC-29212, E.Coli
ATCC-25922 va P.aerugimosa dugc sur dung dé thir nghiém hoat tinh khang khuan, dugc nudi ciy tir
dng chung gdc, trén méi trudng LB dic tai 37°C, i qua dém. K§ thuat khuéch tan duoc thuc hién bang
cach db thach vao cac dia Petri dé tao thanh 16p day 4 mm va cdy day dic caa cac vi sinh vat thir nghiém.
Céac mau HAp va CUAgZnHAp dugc b tri trén bé mat thach va u trong 24 gio & 37°C.

Hoat tinh wc ché khuan dugc danh gia bang cach do ban kinh (BK) vong tic ché vi sinh vat theo cong
thirc: BK (mm) = D-d; trong d6 D: dudng kinh vong v khuin va d: duong kinh 15 khoan thach. Thi
nghiém duoc 1ap lai ba lan va iy gi tri ban kinh trung binh.

3. Két qua va thao luan
3.1. Héng ngoai (IR)

Hinh 3 gi6i thiéu phd hong ngoai ciia mang HAp va mang CuAgZnHAp trong khoang budc song tir
4000 cm™ dén 400 cm™. Phé IR cua hai mau déu c6 hinh dang twong ty nhau va c6 cac pic déc trung cho
dao dong cta cac nhom chirc trong phan tir HAp.

Céc pic & s6 song 1034; 962; 602 va 565 cm™ dic trung cho nhom PO, Trong d6, dao dong kéo dai bat
dbi xtng cua P-O dic trung béi 2 pic tai vi tri 1034 cm™ va 962cm™ (vg, va vge); dao dong udn khong ddi
xing cua O-P-0 ¢ 602 cm™ va 565 cm™ (vap va v4c). Pic hap phu & s song 3430 va 1643 cm™ dic trung cho
dao dong hoa tri va dao dong bién dang ciia nhom OH'. Ngoai ra, trén phd mang HAp con c6 dai hap phu &
vi tri 1384 cm™ dic trung cho nhom NO3', ion NO; ¢ mit trong dung dich tdng hgp mang HAp. Tuy nhién,



mang HAp sau khi ngdm 30 phut trong dung dicI} ¢6 chira Cu?* 0,02 M, Ag* 0,001 M va Zn?* 0,05 M thi
ion NO;™ khuyéch tan vao dung dich nén trong pho IR ctia mang CuUAgZnHAp khong c6 pic cua nhém NO;.
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Hinh 1. Phé IR ciia mang HAp va mang CuAgZnHAp
3.2. Thanh phin mang CuAgZnHAp
Két‘qué phan tich thanh phan cac nguyén t‘é Cu, Ag Zn va Ca c6 trong mang CuAgZnHAp duoc xac
dinh bang phuong phap ICP-MS va thanh phan nguyén t6 P dugc xac dinh bang phwong phap UV-VIS

thé hién trong bang 1. ’
Bdng 1. Ham luong % cdc nguyén to Ca, Ag, P co trong mang CUAGZnHAp

% Khdi lugng nguyén to Ti I nguyén tir
Vit ligu
o Ca P Cu Ag Zn Cu/Ca | Ag/Ca | Zn/Ca | (Ca+Cu+Zn+Ag)/P
Mang HAp | 33,2 | 168 - - - - - - 1,532
Mang
CuAGZNHAp 30,20 | 17,94 | 0,75 2,17 7,03 0,155 0,027 0,143 1,546

Mang CuAgZnHAp c6 ham lugng ion Cu™, Ag® va Zn”™ lan lugt chiém 0,75; 2,17 va 0,31% vé khdi
lwong va vai ti 1é nguyén tir (Ca+ Cu + Ag + Zn)/P = 1,546, xap Xi ti 1& cua Ca/P trong mang HAp ban
dau (1,532). Két qua nay ching t6 ion Cu®*, Ag* va Zn?" da thyc hién phan tng trao ddi ion véi Ca**
trong cau tric cia HAp dé tao mang CuAgZnHAp.

3.3. Nhiéu xa tia X

Gian d6 Xray cua mang CuAgZnHAp va HAp duogc thé hién trén hinh 2. Tir gian d6 cho thiy mang
CuAgZnHAp c6 cac pic dic trung cho pha cia HAp ma khong thiy sy co mit cua cac pha khac. Hai pic
nhidu xa dic trung co ban nhit caa HAp & vi tri goc nhidu xa 20 ~ 32° twong wng v6i mat tinh thé c6 chi
s6 Miller (211) va & vj tri 20 ~ 26° twong ing voéi mat tinh thé ¢6 chi s6 Miller (002). Ngoai ra, con ton tai
mot sb cac vach dic trung khac véi cudng dd nho hon & vi tri 20 ~ 33, 46, 54° twong g VGi cac mit
(300), (222) va (004). Bén canh d6 ciing xuit hién pic cua Fe tai 20 ~ 45° va cua hdn hop oxit
CrO.19Fe0.7NiO tai goc 20 ~ 44° va 51° dac trung cho nén TKG316L [18]. Nhu viy, mang
CuAgZnHAp tong hop dugc c6 dang tinh thé va don pha cia HAp.

Tir gian do nhidu xa tia X tinh duge dudng kinh tinh thé CuAgZnHAp khoang 33,97 nm theo cong
thirc Scherrer (cong thirc 4) va gia tri khoang cach giira cac mat phang tinh thé (d) tai mat phang (002) va
(211). So sanh mau CuAgZnHAp tong ho‘p duoc véi HAp theo tiéu chuén NIST [16] va mang HAp ban
dau cho thiy cac gia tri d tai cac mat phang (hkl) va céac gia tri hang s6 mang a, b, ¢ giam (bang 2).
Nguyen nhan do ban kinh ion Cu®* (0, 71A) va Zn®* (0,74 A) nhé hon ban kinh cta Ca®* (0, 99A) con ion
Ag co ban kmh (1,26A) 16n hon ion Ca®, tuy nhién ham luong Ag thay thé Ca®" it hon nhiéu so Vi
Cu” va Zn®* nén khi thay thé Ca®* bang Cu2+ Ag" va Zn** dan dén dudng kinh tinh thé CuAgZnHAp
giam va cac hang sé co gia tri mang nho hon cua HAp.
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Hinh 2. Gidn do XRD cua mang HAp (a) va CuAgZnHAp (b)

Bdng 2. Gid tri khodng cdch giita cdc mat phang tinh thé va gid tri cac hang s6 mang Ciia mang
CuAdgZnHAp va mang HAp so véi HAp tiéu chuan NIST [19]

HAp [NIST] HAp CuAgZnHAp
d(002) (A) 3,44 3,438 3,392
d@211) (A) 2,82 2,815 2,782

a=b(A) 9,445 9,426 9,324

cA) 6,88 6,876 6,784

3.4. Kinh hién vi dién tir quét (SEM)

Hinh anh SEM cuia mang CuAgZnHAp va HAp dugc thé hién trén hinh 3. Két qua cho thy su c6 mat
cia Cu, Ag va Zn da lam thay d6i hinh thai hoc cia mang HAp. Mang HAp ban déu c6 dang hinh tam,
mang CuAgZnHAp thu dwoc khi ion Cu®*, Ag* va Zn" thay thé mot phan ion Ca** c6 hinh dang hinh
phién.

Hinh 3. Hinh anh SEM cua mang HAp va mang CuAgZnHAp
3.5. Hoat tinh khang khuin

Hinh 4 thé hién két qua kiém tra kha ning khang khuén ciia HAp va CuAgZnHAp véi 3 ching khuan:
P.Aerugimosa, E.Coli va E.Faecalis bang phuong phap khuéch tén dia thach.

Két qua cho thiy HAp khong c6 hiéu wng véi ca 3 loai chung khuan nay. Sy c6 mit cac ion Cu®*, Ag*
va Zn?* trong mang HAp di c6 hiéu tung khang khudn déi voi 3 ching P.Aerugimosa, E.Coli va
E.Faecalis twong &g véi ving uc ché dat 5, 4 va 1 mm.
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Hinh 4. Kha ndng khdng khudn ciia HAp (1) va CudgZnHAp (6)
4. Két luan

Mang CuAgZnHAp thu dugc bang phuong phap trao ddi ion giita mang HAp vai dung dich ¢ chira
ddng thoi Cu®* 0,02 M, Ag* 0,001 M va Zn** 0,05 M ¢6 céu trac tinh thé dang hinh phién, don pha véi
ham lugng ion Cu®, Ag® va Zn®* chiém lan lugt 0,75; 2,17 va 0,31% V& khdi luong va ti 1& nguyén tu
(Ca+ Cu + Ag + Zn)/P = 1,546, xap Xi ti 1é Ca/P c6 trong xwong tu nhién va trong mang HAp. Mang
CuAgZnHAp c6 kha ning khang cic chung khuan P.Aerugimosa, E.Coli va E.Faecalis. Tur két qua
nghién ctru ¢i mé ra trién vong ung dung mang CuAgZnHAp lam vit liéu y sinh.
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ABSTRACT

Synthesis and characterization of co-dope by Cu®*, Ag* and Zn*
hydroxyapatite coating on 316l stainless steel

Vo Thi Hanh'", Le Thi Duyen’, Do Thi Hai*, Ha Manh Hung" and Dinh Thi Mai Thanh?
! Hanoi University of Mining and Geology
2 University of Science and Technology of Hanoi, Vietnam Academy of Science and Technology

Hydroxyapatite coatings co-doped by Cu®**, Ag* and Zn?* (CuAgZnHAp) were synthesized on 316L
stainless steel (316L SS) substrate by the ion exchange method between HAp coatings and the solutions
containing of Cu?* 0,02 M, Ag* 0,001 M va Zn?* 0,05 M in the immersion time of 30 minutes. The
analytical results of morphologies, structure, phase composition showed that the CuAgZnHAp obtained
coatings have crystal structure, single-phase with coral shapes. The ions Cu?*, Ag*, Zn?* ions were
replaced a part of Ca®" in the structure of HAp to form CuAgZnHAp coating with atomic ratio Cu/Ca,
Ag/Ca and Zn/Ca of 0,155; 0,027 and 0,143, respectively. In addition, CuAgZnHAp has an antibacterial
activity against a strain of P.Aerugimosa, E.Coli and E.Faecalis with the inhibitory radius of 5, 4 va 1
mm, respectively.

Keywords: 316L stainless steel; hydroxyapatite coatings; lon exchange



