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Hydroxyapatite kich thwéc nano la (’ng vién sang gia trong linh virc ki thuat mé xwong, do
c6 thanh phan twong tw véi thanh phan vo co trong xwong tw nhién. O’ dang bt min, HAp
vé&i kich thwdc nano 1a dang canxi photphat dwoc co thé hap thu dé dang do ty 1é Ca/P trong
phan t&r HAp twong dong ty Ié Ca/P trong xwong va réng. Nano bac kim loai la vat liéu c6 tac
dung khang khuan, diét virut, nAm... Sw két hop gitra nano HAp v&i nano Ag thé hién cac
d&c tinh khang khuan wu viét va 1a vat liéu sinh hoc thich hop dé didu tri cac bénh nhiém
trung xwong do vi khuan nhw viém tdy xwong. Trong nghién ctru ndy, ching tdi da nghién
clru ché tao thanh cong vat liéu nano Ag/hydroxyapatite (Ag/HAp) véi quy trinh hai buérc.
DPé&c trung héa ly clia bét nano Ag/HAp dugc phan tich bang phwong phap nhiéu xa tia X,
hinh &nh hién vi dién t& quét, phd hdng ngoai bién ddi Fourier, quang phé huynh quang tia X
va quang phd tlr ngoai kha kién UV-Vis... Két qua phan tich cho thdy bat nano Ag/HAp c6
dang hat, kich thwéc hat trung binh khodng 75 nm, bot c6 cau tric xdp réng véi cac 16 xbp
phan bb kha déng déu gan twong ddng véi cau tric dang x6p clia xwong tw nhién.

Bot Ag/hydroxyapatite, kich thwéc nano mét, cau tric xép réng, vat liéu sinh hoc.

Nanoscale hydroxyapatite is a promising candidate in the field of bone tissue engineering,
due to its similar composition to the inorganic constituents found in natural bone. In fine
powder form, nano-sized HAp is a calcium phosphate form that the body absorbed easily
because the Ca/P ratio in the HAp molecule and in bones and teeth is similar. Metallic silver
nano is a material that has antibacterial, antiviral, and fungal effects... The combination of
nano HAp with nano-Ag exhibits superior antibacterial properties and is a suitable
biomaterial for bacterial bone infection treatment such as osteomyelitis. In this study, we
have successfully fabricated Ag/hydroxyapatite (Ag/HAp) nanomaterials with a two-step
process. The physicochemical properties of Ag/HAp nanopowder were analyzed by such
methods as X-ray diffraction, scanning electron microscopy, Fourier transforms infrared
spectroscopy, X-ray fluorescence spectroscopy, and visible ultraviolet spectroscopy... The
analysis results show that the Ag/HAp nanopowder has a granular shape, the average size
is about 75 nm, and the powder has a hollow porous structure with fairly uniformly
distributed pores, which is similar to the spongy structure of natural bone.

Ag/hydroxyapatite powder, nanometer size, hollow porous structure, biomaterials.

1. DAT VAN BE thay thé bat ky mo, co quan hoic chirc ning
Hién nay vat lidu sinh hoc duoc sir dung rong  Nao ciia co thé, tir d6 cai thien chat luong va
ri trong diéu tri, danh gid, phuc hdi va / hoic  tudi tho cia con ngudi [1]. Vat liu sinh hoc
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cung cip cac giai phap tiém ning va c6 thé
duoc sir dung trong co thé nguoi dé thay thé
hoic hd tro cac bd phan bi hu hong [2]. Cac
vat lidu gan giéng vai apatite sinh hoc dé& tiéu
hda va hoa tan trong mé vat chu ma khong
Xuit hién tac dung phu nao. Do d6, cac vat
liéu c6 thanh phan hoa hoc va ciu trdc phan tir
tuong ty nhu ciac md séng tu nhién s& c6 kha
nang thay thé tt. Nhirng vt liéu nay da duoc
ching minh cdng dung caa chung dé thay thé
hoic phuc hdi chirc ning cia mé co thé va co
thé hoat dong lién tuc hoic gian doan khi tiép
xdic véi chat long co thé. Hydroxyapatite
(HAp, Caio(PO4)s(OH),) 1a hop chat CaP
quan trong nhat duoc tim thiy dudi dang pha
khoang trong cac mo cung tu nhién. HAp hoat
dong nhu mot chét gia ¢ trong cac mé cang
tu nhién va chiu trach nhiém vé do6 cang cua
Xuong, men ring va nga rang. HAp c6 thé
duoc ldy tir ngudn tong hop hodc tai nguyén
thién nhién. HAp tong hop véi thanh phan can
bang Ca/P = 1,67, da thu hat nhiéu sy quan
tdm trong ky thuat mdé cing do né tuong
dong vai cac thanh phan khoang ciia xuwong va
ring cua dong vat c6 vi [3]. Trén thyc té, cac
md cuang cua con nguoi thuong & dang
nanocomposite v6 co - hitu co [4]. Pac biét,
cac tinh chat cua vat liéu composite phu thudc
vao kich thuéc va hinh thai cia céc chat
khong ddng nhat, phan thé tich ma ching
chiém gitr, va mat phan céach gitra cac thanh
phan [1]. Viéc nhidm trung khi co vat lidu cay
ghép khong chi gay bat loi cho vat cha ma
con ¢6 xu hudng lam bong tréc chinh bo phan
cay ghép [5].

Trong bai bdo nay, ching t6i bao cdo quy
trinh tong hop va cac phan tich thanh phan,
cau tric va hinh théi hoc cua vat liéu Ag/HAp
tir 46 hudng dén phaét trién mot vat liéu khang
khuan véi tiém ning giam nhiém tring va
thoai héa do vi sinh vat gay ra tai vi tri ciy
ghep xuong [6].

2. VAT LIEU VA PHUONG PHAP
2.1. Vat liéu va hoa chat

Canxi nitrat tetrahydrat (Ca [NOs]2:4H,0;
99,0%, Merck), diammonium hydro photphat
(INH4];HPO4; 98%, Trung Quéc), amoni
hydroxit (NH,OH; 28%, Trung Qudc). Hai
thanh bac khéi (46 tinh khiét 99,99%, duoc
dat mua tir mot cong ty trang suac trong nudc
tai Ha Noi, Viét Nam) vé6i kich thudc
D150xR10xD0,5 mm. Trisodium citrate
(Na3CgsHs0-, sigma-aldrich). Nudgc cat hai lan.

2.2. Ché tao nano HAp

Hoa tan Ca(NOg3),-4H,0 0,29 M va nguyén
liéu tién chat 0,24 M (NH,4),HPO, trong 2 cc
riéng biét trong dung méi nudc hai 1an. Nho
tir tr dung dich NH4OH dé diéu chinh pH
trong mdi coc bang 10,5. Sau d6 thém ting
giot (NH.);HPO, voi toc d6 50 giot/1 phut
vao dung dich Ca(NO3),-4H,0, dung dich nay
chuyén sang két tua tring duc tr mot dung
dich trong subt. Hn hop dugc khudy trong 6
gio va tiép tuc khudy qua dém. Két tua tring
duc sau d6 duoc rira nam 1an dé loai bo amoni
hydroxit bang nudc cat sau do lam khd &
80°C trong 24 gio, cudi cing duoc nghién
bang cbi ma ndo dén dang bot min.

2.3. Ché tao dung dich nano Ag

Hai thanh bac dit song song dwoc cé dinh
bang gia d& va kep trong cbc thuy tinh dung
500 mL nudc cat hai lan, dat coc thuy tinh
trén may khuay tir. Khoang cach gitta hai dién
cuc 14 6,5 cm va do ngdp siu trong nudc Ccat
hai 1an la 7 cm. Sau do, trisodium citrate dugc
thém vao tao dung dich c6 néng do dat
0,016% va khudy tir duoc thuc hién trong 15
phut (tbc do 340 vong/phat). Mot dién ap mot
chiéu 12 V duoc cung cip cho cac thanh bac
trong 2 gid voi diéu kién khudy tir lién tuc 340
vong/phdt va & nhiét do phong. Tiép theo, céc
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dién cuc bac, Ag,O duogc loai bo sau qué trinh
tong hop: qué trinh khudy tiép tuc duy tri
trong 30 phdt. Céc ¢6 chira dung dich ion Ag*
dugc bao quan trong béng téi va st dung cho
budc ché tao Ag/HAp trong vong 24 gio.

2.4. Ché tao vat liéu sinh hoc nano Ag/HAp

Str dung 3 gram bot HAp da dugc lam khé
trong khong khi sau do6 phan tan trong 500 mL
dung dich nano bac vira ché tao (trong vong
24 gid sau khi dién hoa). Thuc hién khudy 340
vong/phut lién tyc trong 48 gio va ¢ nhiét do
phong. Sau d6 dé lang, loc rira 3 lan bang
nuéc cat, sdy khd trong khong khi & nhiét do
80°C trong 24 gio. Str dung cdi mé ndo nghién,
rdy mau truéc khi tién hanh nung. Cubi cuing,
vat liéu dugc nung trong khéng khi ¢ nhiét do
600°C trong 2 gio. Hoan tat qua trinh ché tao
bot nano Ag/HAp.

3. KET QUA VA THAO LUAN

Céu trc tinh thé cua mau nano Ag/HAp di
ché tao dugc khao sét dic trung héa ly bang
céch sir dung phuong phéap nhiéu xa tia X. Két
qua XRD cua cadc mau bot dugc thé hién trong
hinh 1, quan sat thay c6 su hién dién cac dinh
phd dic trung cua pha hydroxyapatite va su
xuat hién cac dinh phd cua pha bac kim loai.
Cu thé cac dinh nhidu xa cia mau HAp c6 su
tuong déng cao voi cac dinh phd nhidu xa
HAp cua thé pho chuan #96-900-2215. Tur
hinh 1, ta thdy gian d6 XRD cua HAp xuat
hién cac dinh dac trung tai 25,8°; 28,8°; 31,7°;
32,1° 32,8°; 46,6° va 49,4° twong (tng Voi cac
mit tinh thé (002), (210), (211), (112), (030),
(222) va (213) ciia HAp khdi.

Ap dung phuong trinh Debye-Scherrer tinh
véi dinh nhiéu xa cuc dai (211) thu duoc kich
thugce tinh thé 1a 80 nm. Ngoai ra, c6 thé quan
sat thay su xuat hién cua 2 dinh phd nhiéu xa
yéu ciia nano bac kim loai véi cac mit tinh thé

lan lwot 1a (111) va miat (220), két qua nay
hoan toan phu hop voi thé phd chuan
#01-071-4612, diéu nay chang to ¢ sy hién
dién cua nano Ag kim loai trong mau bot nano
Ag/HAP chung t6i d ché tao duoc.

HAp #96-900-2215
Ag #01-071-4612

100 Ag (1)

Cuong dj (d.v.ty)

10 20 30 40 50 ) 70 80 9
2 theta (dg)

Hinh 1. Phé nhiéu xa tia X cia mau Ag/HAp

Hinh 2. Hinh anh hién vi dién tte quét
cta mau Ag/Hap
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Hinh 2 12 két qua khao st hién vi dién tir quét,
SEM cung cap thong tin vé dang hinh hoc,
muc d6 phan bd dong déu caa hinh dang va
kich thudc tuong dbi trén bé mit mau. Quan
sat két qua SEM (hinh 2) cua miu Ag/HAp &
thugc do 1 um thay ring mau ché tao dugc co
dang hat, micc d6 phan bd hinh dang twong
dbi dong nhat. Bic biét ¢ hinh 2a quan séat
thay rd su hinh thanh cac 15 rong phan b6 kha
déu, chiing t6 cac mau cd ciu truc x6p rong
tuong ddi tot khi so sanh véi hinh anh chup
ciu triic xwong nguoi (hinh nho). Két qua nay
phii hop v&i muc tiéu ché tao cau trac
Ag/HAp c6 d6 ddng déu vé dang hinh hoc,
cau tric x6p rong twong dwong voi cau trlc
xuong tu nhién. Ngoai ra quan sat trén Hinh
2b ¢6 thé thay mau HAp pha tap Ag c6 dang
hat trong d6i dong déu, duong kinh trung
binh khoang 70-75 nm, két qua nay tuong
duong véi bao céo cua J. Anita Lett va cong
su [5].

Quang phd bién d6i Fourier (FT-IR) dugc sir
dung nham xac dinh cac nhém chic ciia mau
HAp va Ag/HAp di ché tao dugc. Phd FT-IR
cia cac mau HAp va Ag/HAp duoc thé hién
trong hinh 3. Quan sét thay c6 su xuat hién tat
ca cac dinh hip thu dic trung cua
hydroxyapatite. Hinh 3a 1a két qua phé FT-IR
ctia mau HAp, cac cuc dai cuong d6 cao nam
& ving c6 sb séng khoang 1089 cm™, 1026
cm™* va 989 cm™ duoc gan cho bién dang kéo
gian khong dbi xang P—-O (v3) cua nhoém
PO, [7]. Ngoai ra quan sét thay dai phd & sb
song khoang 723 cm™ dén 752 cm™ dic trung
cho bién dang uén caa nhém OH™. Hinh 3b la
phd FT-IR cua miu Ag/HAp cd céac cuc dai
cudng do cao nam & ving s6 séng 1089 cm™,
1026 cm™ va 963 cm™ dugc cho 1 bién dang
kéo gian khong dbi xung P-O cua nhom
PO, tuwong duong véi phd FT-IR cia mau
HAp thuan. Céc dinh khac duoc quan sat thay

la mot diém kép trong phé FT-IR, nam trong
khoang 649-500 cm™, dwoc suy ra tir cac
bién dang udn suy bién bac ba (v4) cua cac
lien két photphat O—P-O [8]. M6t dinh nhon
nhé & sb séng 723 cm™ duoc cho 14 do su
hién dién caa nhém HPO,> trong mang tinh
thé [7].
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Hinh 3. Phé héng ngoai bién ddi Fourier
(a) HAp va (b) Ag/HAp

Bé4o céo cua Sanosh cho biét hydroxyapatite
khi ¢ kich thudc nano ching cé dién tich bé
mat rat 16n cho phép hap thu déng nhat bai
c4c té bao hay xuong [9]. Do d6, vat liéu nay
gom céc hat Ag/HAp c6 kich thudc nano sé
cai thién do két tinh [10] da duoc x&c nhan
boi khao sat XRD, két qua nay co thé tao ra
mot bé mat phi hop cho sy tang sinh cua céc
té bao xuong.

Két qua khao sat phd tir ngoai kha kién
UV-Vis cia mau HAp (a) va Ag/HAp (b)
dugc thé hién trong Hinh 4. Trong phd
UV-Vis dbi véi mau Ag/HAp Hinh 4b, quan
sat thay dai hap thu ¢ ving budc séng 409 nm
dugc cho 1a do sy hdp thu cong huong
plasmon bé mit cua céc cac hat nano bac kim
loai [11]. Trong khi d6 & Hinh 4a ddi véi mau
HAp thuan khdng quan sat thay dinh hap thuy
cuc dai ndo & ving budc song tuong tu. Két
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qua nay ching té trong mau Ag/HAp co su
tdn tai cua cac nano bac.
19
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Hinh 4. Phd tlr ngoai kha kién UV-Vis
cuia (a) mau HAp va (b) mau Ag/HAp

Bén canh khao st nhiéu xa tia X, quang phd
bién ddi Fourier, quang phd tir ngoai kha kién
UV-Vis nham tim kiém bang chting vé su hién
dién cua nano Ag trong cac mau Ag/HAp,
ching i tién hanh khao sat quang phd huynh
quang tia X - EDS nham cung cép thong tin
phan tich thanh phan nguyén t6 c6 mit trong
mau. Két qua khao sét trong hinh 5 chi ra su
hién dién cua tit ca cac nguyén té nhu Ca, P,
C, O va mot nguyén té Ag bo sung trong mau
HAp pha tap bac va do d6 xac nhan su hinh
thanh va hién dién cua Ag trong mau Ag/HAp.
Két qua nay hoan toan phi hop khi so sanh
vé6i két qua khao sat quang phé huynh quang
tia X ciia cac mau HAp thuan trong phan tich
trude d6 cua ching tdi khong tim thay su xuét
hién caia thanh phan nguyén tb bac trong mau.

Ngoai ra, theo Robertson va cong su luong
ion Ca?* c6 thé trao ddi trong 16p hydrat héa
cua HAp chi chiém khoang 4% tong s ion
Ca’* trong tinh thé [12].

Hinh 5. Phd quang phé huynh quang tia X
ctia mau Ag/HAp

4. KET LUAN

Nghién ctru da thyc hién thanh cong quy trinh
ché tao bot nano Ag/HAp bang phuong phap
két tua hoa udt két hop qué trinh nano héa
dung dich ion bac sau dién hoa, véi cac tién
chat d& tim nhu Ca(NO3)2-4H,0, (NH4);HPO,
va bac khdi, cac théng sé ché tao gdm: nano
hoa ion bac trong vong 24 gio sau dién hda,
pH = 10.5, nhiét d6 nung 600°C, thoi gian
nung 2 gio. Két qua khao sat dic trung hoa li
bot nano Ag/HAp cho thay vat ligu Ag/HAp
6 cau trdc tinh thé, dang hat dong déu, kich
thudc hat trung binh khoang 75 nm, c6 cac
lien két dic trung cho gbc PO4>, OH™ trong
HAp. P3 tim thdy su ton tai cta nano bac
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trong mau Ag/HAp. Bot Ag/HAp giit dugc  ddng déu gan tuong ddng vai cau tric dang
cau trdc x6p rong véi cac 15 x6p phan bd kha  xdp cua xwong ty nhién.
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