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Abstract

Hydroxyapatite powder doped with aluminium (Al-HAp) was synthesized from Ca(NO;);, AI(NO,), and
(NH.);HPO, by chemical precipitation method that has formula CajoxAlL{(PO)e(OH), with x = 0.5; 1; 2; 4; 5; 6; 8. The
analysis results by X-ray Diffraction (XRD), Energy Dispersive X-ray analysis (EDX) and Scanning Electron
Microscopy (SEM) show that Ca/Al ratio in solution varies 9.5/0.5; 9/1; 8/2; 6/4, aluminium mass in Al-HAp powder
was from 1.23 % t0 9.91 %. Al-HAp powder had crystal structure and single phase similar as HAp and diameter about
20 nm. With Ca/Al ratio in solution 5/5; 4/6; 2/8, Al-HAp has Al(OH); phase (Ca/Al ratio 5/5), especial with Al content
was 100 high, Al-HAp powder is not obtained, instead of amorphous AI(OH); powder.
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. MO PAU

Hydroxyapatit (HAp) véi coéng thic la
Ca oPOy(OH); 1a thanh phi‘m chinh cia xuong, ring
va md cimg cua ngudi va dong vat co vi, vi vay no
c6 hoat tinh va 8§ twong thich sinh hoc cao. Do do,
HAp (huffng dugc nghién ciu img dyng trong nhiéu
linh vire véi nhirng dang ton tai khac nhau nhu dang
mang, dang gf)m dugc ding trong chy ghep Xuong,
dang b&l dang trong thudc bb sung canxi va hég phu
mét s lon c6 hai trong nudc nhu F', Cdz'
6]. Dé tdng hop bot HAp c6 nhiéu phucmg phap
khac nhau nhu sol-gel, thiy nhiét, két tha héa hoc...
véi nhimg nu, nhuqc diém riéng [2, 3, 7- IO] Trong
d6, phuong phép két taa héa hoc ¢6 nhidu wu didm
nhu: nhiét d6 phan (mg thap, tao duge kich thude
hat nho, hé phan mg don gian, dé thuc hién ¢ quy
mé I6n véi 4§ tinh khiét cao. HAp tdng hop ¢6
thanh phén v cdu tric tuong t nhu HAp sinh hoc.
Meic du ¢6 nhiing d3c tinh t6i vu, HAp tong hop van
bi han ché trong sir dung do kha nang hoa tan cao
trong co thé song va nhilmg tinh chit co ly kém, Pé
céi thién tinh chét cia HAp nhu giam kha ning hoa
tan, tang hoat tinh sinh hoc, tang 4 bén co Iy, lan&7
dién tich bé mat riéng, mét sé ion nhu Mg Zn®
Al™... da dugc pha tp trong bét HAp [4, ll -17].
M0t trong nhimg (mg dung dién hinh cua bjt HAp
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pha tap la hip phu céc ion F', NOy'... trong nuéc
ubng va nuéc sinh hoat. lon F' dugc hip phu bai
nhdm hoal tinh, vi vay bot HAp pha tap nhom co
nhiéu trién vong {mg dung xir Iy F° trong nude uéng
nh& wu diém khéng gy doc cho co thé néu Al- HAp
con du sau qué trinh xir ly [4].

Bai bdo nay gi6i thicu két qué nghién ciru lya
chon ty 1¢ Al pha tap thich hop vao HAp. Hinh thai
céu tric va dién tich bé mat riéng cia Al-HAp ciing
dwgc nghién ciru.

2. THUC NGHIEM

Bot HAp pha tap nhém dugc téng hop bing
phuong phép két tia héa hoc, tir Ca(NO;);, AINO;),
va (N}-L)?,HPO4 frong nudc theo phuUnv trinh sau:

(10-x) Ca®* +x AP +6 PO +(2-x)OH —

CaonAl(POL)(OH); (0<x<10) 1y
voi x = 0; 0,5; 1; 2; 4; 5; 6; 8 twong (ng vdi % sb
mol ciia Al 14 0, 5, 10, 20, 40, 50, 60 va 80 % vdi ty
1¢ Ca/Al = 10/0; 9,5/0,5; 9/1; 8/2; 6/4; 5/5; 4/6 va
2/8.

Dung dich (NH,,HPO; 0,3 M duqc bo sung vio
dung dlch Ca(NO,); va AINOy); 6 long nong 46 0,5
M véi toe d§ ] mVphul Trong sudt qua trinh phan
img, pH duoc giit on dinh ¢ 10 bing dung dich NH;
dic, téc do khudy 800 vong/phit. Sau khi phan img
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xong, gia héa trong 2 glo Iuu méu 2 gid, miu duge
loc rira bang li tm véi tée do 5000 Vbng/phul cho
dén khi vé pH lrung tinh. Sau do, mau duge sy &
110 °C trong 24 gitr va nghién trong con ma ndo thu
dugc bdt min HAp pha tap nhom mau mmg

B3t HAp pha tap nhdm dugc nghién ciru cic
dac tinh bi'mg gian 45 nhidu xa tia X (XRD) trén
méy SIEMENS D5000 dé xéc dinh cu tric pha va
kich thuéc trung binh cia Al-HAp. Hinh thii hoc
ctia mau duge xac djnh bing kinh hién vi dlen tr
quét SEM S4800 cna hang Hitachi. Thanh phin cia
céc nguyén t§ duge xac dinh béng tan xa ning
lugng tia X (EDX) rén may Jeol 6490 JED 2300.
Dién tich bé mat riéng cua bot Al-HAp dugc xéc
dinh trén may Micromeritics TriStar 3000 V6.07A.

Tir gian db nhiéu xa tia X c6 thé tinh duoc
dudng kinh trung binh cua tinh thé HAp theo cong
092 o
B.cos@
Trong do: D 14 dudmg kinh tinh thé (nm); A 1a budc
song (nm) va c6 gia tri 12 0,15406 nm; B(rad): d%
réng cua plc tai nira chiéu cao cua pic dic tnmg; 6
1a géc nhiéu xa (%), B (rad) dugc tinh tir B(°) theo
cdng thirc sau: B(rad) = B(°) x /180.

HAp ¢6 mang tinh thé h¢ lyc giac véia=b#c,a
= =90° y = 120°. Tir gian db XRD c6 thé xic dinh
duge gia trj khoang cach gilra cac mat phang tinh thé
(d), thay gi4 trj d vdo phuong trinh 3 xéc dinh duge
a,c.

thire Scherrer [18]: p =

| i(hZ +kh+k?)
_3
- ©
Dua vio a vi ¢ tinh duge thé tich cua tinh thé
theo cong thirc 4 [18].
a’xc\3
2 @

Dién tich bé mit riéng cia bot Al-HAp c6 thé
duge xac dinh theo phuong phap BET, Langmuir,
phuong phap don diém. Theo phuong phap BET,
xuat phat tir phuong trinh hip phy déng nhiét BET
[19]:

12
=

V=
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v, X
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v(p’ - p)

+ux£°— 5)
v, Xc p

Trong dé: p, p° - ap suét, 4p sudt hoi bio hoa cua
chat bj hap phu & trang théi long, V,Va — thé tich
chat bj hép phu, thé tich 16p hap phy don phéan wr
trén toan bd bé mat; ¢ — hing sb.

Néu dymg db thi p/v(p -p) hay 1/(v(p®/p-1)) phu
thuge p/p° ta thu duge do thj co dang duong thang
Dd thj c6 6 ddc s = (c-1)/vme va chit tryc tung tai i

= 1/Vpc. Biét s va i, suy ra:
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Dinh Thi Mai Thanh va cong su
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Vi Py, va

Néu Ve 12 thé tich hﬁp phu cuc dai, ung Vi sy
che pha 1 16p don phan tir trén toan bd be mt ctia |
gam chét hép phu va biéu dién bang cm &0°Cva
latm, thi dién tich bé m3t riéng S (m?/g) dugc tinh
theo cong thirc:

o

22414 ®
Trong do: Nop 1a sb Avogadro; An la dién tich ma
mét phédn tr cht bj hap phu chiém trén bé mat.
Theo phuong phap Langmuir, nhimg, tiéu phin
bi hdp phy lién két véi nhu'ng trung tdm hap phu xéc
dinh trén bé mit chat hdp phy, mét tdm hap phu co
thé lién két vGi mot va chi mét tiéu phén bi hap phu,
céc tiéu phan bj hép phu khéng tuong téc 1an nhau
va bé mit hap phu 12 déng nhit, nghia la ning lugng
hép phu rrén tht ca chc tim 13 nhu nhau, Phuon
phap don diém 12 phuong phéap xéc dinh dién tich be
mal riéng dom gian nhat, sir dung duy nhét mdt diém
hap phu ding nhiét trong ving tuyén tinh cia biéu
dd BET.
Hiéu sudt tdng hop (Ha) duge tinh theo cdng
thirc sau:

Hin = (may HAp-TN/mAI Hap-LT) X 100 % )
Hiéu suét pha tap (H,y) dugc tinh nhu sau:
= (mamv/maer) X 100 % (8)

Trong 46 MaLuap™ VA MaLpapLT lan luot la
khéi lugng Al-HAp theo thuc nghiém va 1y thuyét,
MmN VA mM o7 1a khéi lugng Al theo thyc nghiém
va ly thuyét.

3. KET QUA VA THAO LUAN
3.1. Gidn 48 nhidu xa tia X

Hinh 1 va 2 giéi thiéu gian d nhiu xa tia X cta
miu HAp pha tap vdi cac ti 18 Ca/Al tir 10/0 dén 6/4
(hmh 1) va tir 5/5 dén 2/8 (hinh 2). Véi ti I¢ Ca/Al
bién d3i tir 10/0 dén 6/4, trén gian d& nhifu xa tia X
chi thdy xudt hién cic vach dic trumg cho pha cia
HAp va khéng thdy su c6 mit cia cdc pha khac nhu
canxi photphat hogic nhém photphat (hinh 1). Vach
nhidu xa dic trumg véi cudmg dd 1om nhét & vi tri
géc nhiku xa 26 = 31,76° twong (g véi mit tinh thé
c6 chi s8 Miller (211). Mét vach nhiu xa khac & vi
tri 20 = 25,85° twong img v6i mit tinh thé cé chi sb
Miller (002) Day 1a hai vach nhleu xa dic trumg co
ban nhét cha HAp. Ngoai ra, con tén tai mdt sb cac
vach dic trung khic v&i cudmg 49 nhd hon hrong
{ng véi cdc mit (112) va (300). Két qua ndy cho
phép két luan, vai ti 1¢ Al nho hon 40 % vé sé mol
miu bot Al-HAp t8ng hop duge cé dang tinh thé va
don pha.
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Khi tang ham lugng nhém véi ti 1& Ca/Al bién
dbi tir 5/5 dén 2/8, wrén gian 46 pha khéng thay chc
vach nhiéu xa dic tnmg cho HAp ma t6n tai cac pha
khic cia canxi va nhém. Déi vai mau HAp tong
hop & ty 1§ Ca/Al = §/5, ta thdy trén gian dd pha co
cdc vach nhi€u xa dic trung cho ca HAp va
AI(OH); Tuy nhién, khi ting lugng nhém [én 60 %
vé 56 mol véi ti 1¢ Ca/Al 12 4/6 chi quan st thy cac
vach nhiéu xa dac trung cho AI(OH); ma khéng co
céc vach déc tnmg cua HAp va vai ti 1€ Ca/Al = 2/8
thi mau Al-HAp cé dang v& dinh hinh (hinh 2). Tir
két qua phin tich cdu tric pha chc phép hra chon
duge khoang ndng dé Al pha tap t6i da la 40 % vé

. “HAp)

U Catal=10/0]

CIIAI-’ 510,85

Caltatasiy

OIIAI-IIZ

%i

C LYZNEX )
Mm\
20 60 70 80
l L] [l‘)
Hinh : Gian 48 XRD ciia HAp pha tap Al véi cac ti
18 Ca/Al khdc nhau tir 10/0 dén 6/4 (* - HAp)

Nghién cieu tong hop va xdc dinh...

s6 mol dé tdng hop dugc Al-HAp ¢6 chu tric pha
tuong ty nhu HAp.

Tur gian db nhidu xa tia X cua cac miu HAp
v6i % nhém nhd hon 40 % trén hinh 1 chiing ta co
thé xac dinh duge duong kinh tinh thé HAp tir c3ng
thirc Scherrer (bang 1). Budng kinh tinh thé HAp
tinh ¢ 26 = 25,85°cho thﬁy, khi ting ham lugng Al
din dén kich thudc tinh thé giam din tir 25 nm dén
14 nm. Két qua ndy c6 thé giai thich do ban kinh ion
AP (0,48 A) nho hon ban kinh ion Ca®* (0,99 A)
nén khi thay thé cac ion canxi bsi nhom lrong mang
tinh thé HAp lam kich thuéc tinh thé giam dan.

Cuting 60 nhibu xa

0 50
260 (d6)

Hinh 2: Gian 46 XRD cua miu pha tap Al véi
cdc ti 1€ Ca/Al khac nhau tir 5/5 dén 2/8
(* - HAp, 0 - AI(OH)y)

Bang 1: Dudmg kinh trung binh tinh thé tinh dugc tir gian dé XRD

Ti 1¢ Ca/Al

10/0 9,5/0,5 9N 8/2

Dudng kinh trung binh tinh thé Hap, nm

25 19 18 14

Bing 2 gioi thi¢u khoang cich giita cdc mét
phing tinh thé (d) cia cac miu HAp pha tap nhém
tinh dugc tir gian d5 XRD. So sinh mau HAp theo
tiéu chuin NIST [20] v mau HAp tng hop duge
cho thdy cic gia trj d tai cac mat phing (hkl) c6 su
twong dong. Tir cac gia tri d thay vao cong thirc 3 ¢6
thé tinh dugc céc gia trj hing s6 mang a, b, ¢ (bang
3). Khi ting ham lugng nhdm cdc gid tr a, b, ¢ giam
dan, tir d6 thé tich V (tinh theo cong thirc 4) cia
tinh thé ciing giam_ din, két qua nay phi hop véi
dudng kinh tinh lhc trung binh & bang 1. Su glam
céc gid tr hang 56 mang a, b, ¢ khing dinh ion AP
da thay thé ion Ca®* trong mang tinh thé cia HAp.

3.2. Thanh phén cia bjt HAp pha tap nhém

Hinh 3 va bang 4 gidi thiéu phB EDX va thanh

phan cac nguyén 8 cé trong miu bot HAp ¢6 va
khong pha lap nhdm. Trén phé EDX ciia mau HAp
quan sat thay nhimg pIC dic trung cho cac nguyen 16
co trong thanh phén ctia HAp 1a Ca, O, P. Tir sé liéu
vé phan trim nguyén tir ctia cac nguyén t8 co trong
cac mau HAp (bang 4) c6 thé tinh duge ty & coa
Ca/P va Ca/P/O nhu sau: Ca/P = 1,667 (ly thuyét
1,67); Ca/P/O = 10:6,01:35,59 (ly thuyél 10:6:26), so
sanh gitra 1y thuyét va thyc nghiém cia ty 1¢ Ca/P/O
cho thay mau du oxy do su c6 mjt coa co* lrong
HAp. Ty I& Ca/P cila miu HAp tong hop duge c6 gid
tri phi hop voi ty 1€ tinh toan theo ly thuyét.

Trén pho tén xa nang lugng tia X cha cic mau
HAp pha tap nhom quan st thdy nhimg vach dac
trung cho cdc nguyén 16 ¢ trong thanh phan cua
HAp la Ca, O va P. Ngodi ra, con c6 cac vach clia Al
do d6 c6 thé khan" dinh Al da duge pha tap vao
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Bang 2. Gia trj khoang céch gita cc mat phing tinh thé d ciia HAp pha tap nhém

20¢) | hil d HAp d AFHAp
(NIST) Ca/Al=10/0 Ca/AI=9,5/0,5 [ Ca/AI=9/1 Ca/Al =812
25,85 | 002 0,344 0,3444 0,3440 0,3445 0,3442
28,14 | 102 0317 0,3174
28,93 | 210 0,308 0,3086
31,76 | 211 0,282 0,2804 0,2814 0,2801 0,2707
32,16 | 112 0,278 0,2798
[ 32,89 | 300 0,272 0,2725
34,03 | 202 0,263 0,2636
39,17 [ 212 | 0,2298 0,2266 0,2649
43,83 [ 113 | 0,2063 0,2063
4528 | 203 0,2000 0,2002
46,69 [ 222 | 0,194 0,1946
48,07 [312 | 0,1891 0,1894
49,45 [ 213 | 0,1842 0,1843 0,1844 0,1847
52,07 | 402 [ 0,1755 0,1757
53,14 | 004 | 0,1722 0,1722 0,1723
5587 [ 322 | 0,l644 0,1649
57,10 [ 313 | 0,1612 0,1612

Bang 3: Cic gié trj hiing s6 mang a, b, ¢ vA thé tich tinh thé (V) cha HAp pha tap nhdm

a, A b A c, A v, A
Ca/Al =10/0 9,440 9,440 6,898 532,3507
Ca/Al =9,5/0,5 9,420 9,420 6,880 528,8230
Ca/Al =9/1 9,367 9,367 6,876 522,4714. .
Ca/Al = 8/2 8,975 8,975 6,872 479,3831
*To } P ca wap| “C[ o P Ca AIHAp 911
0o FIR) . c
™ o
™ ca o Al ca
200 4 ﬂ\“*‘ 100 P
ool 7 — 1008
c P ca AI-HAp 9,605 o Al ca Al-HAp 812
PRl b | 00 d
2w o0
3 ce o
10 Alle 200 P Ca
o -

Al-HAD 6/4

o 9
“ e

Al
1300 |
100
00

o

Hinh 3. Phé EDX ciia bot HAp (a), HAp pha tap Al ti I Ca/Al = 9,5/0,5 (b), 9/1 (<), 8/2 (d), 6/4 (e)

P f§ Ca
'
ca
3
H )
4 hev o 1
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hydroxyapatit. Khi tang lugng nhém pha tap tir ty 1&
Ca/A19,5/0,5 dén 6/4 % khoi luong va phén tram
nguyén tI cia nhom ting twong img tir 1,23 % dén
9,91 % va tir 1,03 dén 7,78 %.

Dua vao céng thirc phén tir cia hydroxyapatit
pha tap nhém & phuong trinh (1) c6 thé tinh dugc

Nghién ciru 16ng hop va xdc dinh...

ham lugng Al theo ly thuyét. Tir ham hrong Al pha
tap theo ly Lhuyét (LT) va thwe nghiém (TN) tinh
dugc hidu sudt pha tap. Hiéu suét pha tap nhém cia
miu Al-HAp léng hop véi ty 16 Ca/Al:8/2 12 98,73 %
dat gia trj cao nhat.

Bang 4: % khdi lugng (% m), % nguyén tir (% a), hiéu suét tong hop (H) va
higu suat pha tap (H,,) cia mau HAp, Al-HAp & céc ti 1€ Ca/Al khac nhau

(o) Ca Al ‘Hu Hp
Hap s sty [ ires T isss B4
9505 a1 srg0 T Tiel T 1o9s T o] 215 | o088
; :
SOOI o Bl B
a3 T T B B
AT 7 30 T o B B

3.3. Hinh thiai hgc cia bt HAp pha tap nhém

Hinh 4 gidi thiu hinh anh SEM cba bt HAp
pha tap Al véi cdc ti }¢ Ca/Al khac nhau. Khi téng ti
1é Al hinh thai HAp pha tap khéng thay ddi. Céc
tinh thé Al-HAp c6 dang hinh try nho, kha déng déu

v& kich thuéc va c6 bé miat twong dbi xbp, do vay
cho phép dy doan vit liéu nay c6 kha ning hﬁp phu
v6i dung lugng cao. Tir hinh anh SEM c6 thé tinh
kich thude trung binh cta tinh thé (bang 5), kich
thude tinh thé giam dan khi ham lugng nhém ting,
phi hop véi két qua XRD.

Hinh 4: Hinh anh SEM cia cic mau HAp pha tap nhém véi céc ti 1¢
Ca/Al = 10/0 (a); 9,5/0,5 (b); 9/1 (c) va 8/2 (d)

Bang 5: Kich thuéc tinh thé trung binh tinh dugc tir anh SEM

Ca/Al |

10/0 [ 9505 | om |

872

PR
Kich thuéc tinh the trung binh, nm |

1920 | 18x28 | 16x26 |

15x24 |

3.4. Di¢n tich bé mjt ridug cda vat ligu Al-HAp

Dién tich bé mt riéng cita bt HAp va bét Hap

pha tap nhdm véi ti 1& Ca/Al = 9,5/0,5 duge x4c dinh
bang sw hap phu khi Na. Hinh § gii thigu duomg hé
phu ding nhiét cia N, duge xac dinh & viing 4p suat

68]
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tuong ddi tir 0 15i 1, nhiét d6 77,35 K cia bdt HAp
vi Al-HAp. Budmg hdp phu ding nhiét cia HAp va
Al-HAp c6 hinh dang tuong tyr nhau v c6 dang hip
phu da Icp theo ly thuyét BET. Khi khir hap phu, sur
bay hoi chal long tir mao quan xay ra & 4p suat thép
hon 4p sual can bang khi hdp phy, do d6 cé hién
tugng tré khi khir hap phu. Tir d6, c6 thé dy doan
day la vt li¢u mao quan trung binh véi dudng kinh
mao quan trung binh tir 2 dén 50 nm.

350

~8~ Hip pru - HAD

—0- Knirhdp phu 1tAp

30 — @ - 1dp phu- AHAD o
—0= Knir hiip phu - AlHAD /) /

g
—
—.
SrOgn

g
o
~.

Dung luong hip phu (cm’g STP)

00 D'Z 04 08 08 10
Ap suit tuong d6i
Hinh 5. Db thi dudng hip phy ding nhigt BET cia
bt HAp va HAp pha tap Al
1 1¢ Ca/Al = 9,5/0,5

4. KET LUAN

D3 tong hop thanh cdng bot hydroxyapatit
pha tap nhém bang phwong phap két tia héa hoc
vGi ham lugng nhém c6 mit trong bot HAp bién ddi
tir 1,23 % dén 9,91 % tuong img véi ty 1é Ca/Al
trong nguyén liéu t6ng hop tir 9,5/0,5 dén 6/4. Higu
suét long hop Al-HAp dat trén 90 %. Dién tich bé
mit riéng coa Al-HAp 16n hon gép 3 Ian bdt HAp
khong pha tap. Két qua niy mo ra trién vong img
dung bot AI-HAp lam vat li¢u hap phu ion F~ trong
nuace.
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Dién tich bé mat neng duge x4c dinh tir dd thj
BET trong viing 4p suét tuong déi tir 0 - 0,25 (‘hCO
phuong trinh 6) (hmh 6). Al-HAp cé dién tich be mat
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