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1. MO DAU

Hydroxyapatit (HA) v6i cong thirc hod hoc Caio(PO4)s(OH), 12 khoang chat chinh tao nén
xuong (65% - 70% khoi luong) va rang (98% - 99% kh01 lugng) trong co thé con ngudi. Ndm
1983, 1an dau tién Klein da tong hop thanh cong gbém x6p HA duéi dang cac chi tiét cho muc
dich ghep xuong. Vit liéu nay c6 thanh phan hod hoc va cu tric x6p twong tu nhu xwong
nguoi, c6 dd twong thich sinh hoc cao véi cac té& bao va cac mo, tao lién két truc tiép véi xuong
non din dén sy tai sinh xwong nhanh méa khéng bi co thé dao thai... [1, 2].

Cho dén nay, loai vat liéu HA xdp da duoc ché tao bang nhiéu phuong phép [2] va sir dung
rong rai trong y sinh hoc nhu: lam xuong nhan tao, ché tao cac chi tiét dé ghép xuong va sta
chira khuyét tat cho xuwong, ché tao rang gia va mit gia, lam 6 6ng dan mau hodc lam dién cuc sinh
hoc cho thir nghiém sinh hoc... [3]. Gin day, HA x6p con duoc sir dung lam vét lidu truyén dan
va nha cham thudc [4].

O Viét Nam, nam 2005 Vién Cong nghé Xa hiém da trién khai dé tai ché thir gdm xép HA
theo cong nghé ciia Italia va budce dau thi nghiém thanh cong trén dong vat. Cong nghé nay dua
trén phuong phap nhung tdm khung x6p hitu co xenluld vao dung dich huyén phu HA, sau d6
thiéu két & nhiét d6 cao [5]. Ciing tir nim 2005 dén nay, Vién Ho4 hoc (Vién Khoa hoc va Cong
nghé Viét Nam) di cong bo mot s6 két qua nghién ciru ché tao HA bot va HA x6p [6, 7, 8]. Viéc
ché tao gém HA tir khung xép tu nhién cua san h6, mai muc, vo so0... dugc thuc hién be‘ing phéan
tng thuy nhiét [9, 10]. Bai bdo nay trinh bay két qua nghién ciru ché tao gébm x6p HA bing
phuong phap thiy nhiét tir nguyén liéu da voi.

2. THU'C NGHIEM

ba voi ty nhién (CaCOs) dugce nghién thanh nhimg vién nho kich thuge ¢ 1 x 1 x 1 mm,
duogc rira nhiéu 1an bang nudc cat va etanol dé loai bo céc tap chat, sau d6 say kho ¢ 100°C trong
24 gio.

Thi nghiém ’ché tao HA x6p bang phuong phap thuy nhiét dugc tién hanh theo hai hudng:
phan ung truc tiép tur da voi tu nhién va phan Uing qua giai doan trung gian phan hay da voi
thanh CaO.

_ Phan ung truc tiép: cac mau da voi sau khi xur li dugc dua vao binh phan ng cung véi
muoi (NHg),HPO,. Lugng CaCOs trong dé voi va lugng mudi (NHe),HPO, dugce tinh sao cho ti
1€ Ca/P 1a 1,67. Thém mét lugng nhd nudc va diéu chinh moéi truong pH 9 — 10 bang dung dich
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NH,OH, sau d6 tron déu hdn hop. Phan ung thuy nhiét duoc tién hanh & 200°C, ap suét nito 15
atm, thoi gian phan g 1a 48, 70 va 96 gio.

Phén tng gian tiép: cic mau d4 voi sau khi xir Ii dugc nung dén 900°C trong vong 1 gior dé
CaCO; phén huy hoan toan thanh CaO. Do CaO dé phdn tng véi nudc va CO, trong khong khi
nén can thyc hién ngay phan tng thuy nhiét dé giir nguyén trang thai xp cua CaO. Hon hop
phan Gng cing dugc chuan bi nhu trén, tuy nhién trong phuong phap nay khong can dung
NH4OH dé diéu chinh pH. Phan tmg dugc tién hanh & nhiét d6 200°C, ap suét nito 15 atm, thoi
gian phan ung la 24 va 48 gio.

Cac mau HA thu dugc ¢ diéu kién thich hop dem thiéu két dén 1000°C trong 1 gio dé tao
gbm.

San pham dugc xac dinh bang cac phuong phap: nhiéu xa tia X (XRD), hién vi dién tu
quét (SEM), phén tich nhi¢t (DTA/TGA), pho hap thy hong ngoai (FTIR) va dugc so sanh voi 5O
lidu ctia mau HA chuan cta Vién Tiéu chuan va Cong nghé Qudc gia My (The National Institute
of Standards and Technology — NIST) [11].

3. KET QUA VA THAO LUAN
3.1. Phuong phép phan ing true tiép
3.1.1. Mét 56 ddc trung ciia dé voi t nhién

Thermal Analysis Data
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Hinh 1. Gian d6 XRD (a) va dac trwng nhiét DTA/TGA (b) cha da voi

Gian do XRD (hinh 1a) cho thiy d4 voi c6 thanh phan 14 CaCOj; dang canxit. Day 1a dang
kha bén nhiét trong ba dang thu hinh ciia CaCOs (aragonit, canxit va vaterit).

Trén gian d6 DTA va TGA (hinh 1b) cua da voi (dugc do trong khoang nhi¢t do phong -
1000°C véi toc do gia nhiét 10°C/phat) xuat hién sy giam khoi lugng 0,59% cho dén 270°C, g
v6i qua trinh bay hoi nudce ton tai trong mau. Cho dén 600°C, sy giam khdi luong la 1,92%, co
thé do mot sb tap chét trong d4 voi bi phan hiy. Trong khoang 600 — 899°C, xuét hién hiéu tng
thu nhiét manh, khéi lugng mau giam 42,31% tmg véi qué trinh phan huy CaCOj; thanh CaO.
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IMS-NKL x30.0k SE(U,LAQ) " ooum M IMS-NKL x30.0k SE(U,LAQ)

Hinh 2. Anh SEM clia da vdi tai cac vj tri khac nhau

Anh SEM (hinh 2) & céc vi tri khac nhau thé hién d4 voi c6 ciu triic gdm cac 16p xép chong
1én nhau, gitta cac 16p khong co bién va sap xép khdng theo mét trat ty nhat dinh. Cac 16p nay
dic khit, bé mat kha bang phang, khong c6 khe hé hoic 16 xdp. CAu tric nhu vay c6 thé gay kho
khan cho phan tng thuy nhiét truc tiép.

3.1.2. Ché tao HA xé'p truc tié'p twr da voi tw nhién

Phén tmg thuy nhiét dién ra theo phwong trinh:
10CaCO;+ 6 (NH,);HPO, + 2H,0 — Cayy(PO4)s(OH), + 6(NH,),CO; + 4H,CO; (1)

Thi nghiém can thuc hién ¢ nhiét do va ap suat tuong dbi cao trong thoi gian dai vi day la
phéan Gng di thé gilia hal pha rin 1a CaCOs va (N H4)2HPO4 véi sy ¢d mat cua mot lugng nho
nude va NH,OH. Cac yeu t6 nay gip tang cuong su tiép xtic gitra hai pha, dong thoi cung cap
nang luong can thiét dé phan tng di thé xay ra dé dang hon. Mt khéc, duy tri ap suat 15 atm dé
tranh lam giam lugong nudc va NH; do bay hoi, gitt cho pH cua phan ung ¢ 9 — 10, gilp can
bang dich chuyén vé bén phai.

2-Theta - Scale SIEMENS DS@2@, X-Ray Lab., Hanoi 13-HPr-Zoid 10.03
T T T T T T T

Hinh 3. Gian d& XRD cla san phadm

Hinh 3 1a két qua XRD cua miu thu dugc sau phan tng. San phdm chu yéu van 1a CaCO;
dang canxit, khéng théy xuat hién cac vach dic trung cho HA. Do ciu tao dic khit, bé mat béng
phang, khong c6 ranh hodc 16 xop nhu dd mo ta & trén nén mubi (NH,),HPO, khong thé phan
{mg trén bé mit hay khuéch tan vao bén trong khdi CaCOs, mic dil thoi gian phan tmg 1én dén
96 gio.
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C6 thé két luan rang phan tmg thuy nhiét & ap suat 15 atm va nhiét d6 200°C giita da voi va
(NH4);HPO, khong xay ra. Do vay, dé ché tao HA can thir nghiém bang phan mg gian tiép
thong qua giai doan trung gian chuyén hoa CaCO; thanh CaO.

3.2. Phuong phap phan tmg gian tiép

3.2.1. Anh SEM cia CaO tir dd voi

IMS-NKL x100k SE(U,LAQ) 500nm

Hinh 4. CaO tir da véi sau khi nung & 900°C

Anh SEM cua da v6i sau khi nung phan huy & 900°C trong 1 gior cho thay CaO c6 ciu tric
x6p hon. Trong khéi xuat hién cic dudng ranh khong c6 hinh dang xé4c dinh, lién théng 3 chiéu
v6i nhau, kich thude khoang 100 — 200 nm. Viéc xuét hién cac rinh lam cho tong dién tich bé
mit cta toan khéi tang 1én nhiéu lan so v&i da voi ban dau. Piéu nay gitp phan Gng thuy nhiét
tao HA c6 thé dién ra d& dang hon phan tng truc tiép.

3.2.1. Ché tao HA x6p qua giai doan trung gian

Phén {mg thity nhiét xay ra giita CaO v&i (NH,);HPO, dién ra theo phuong trinh:
10Ca0 + 6(NH,);HPO, + 4H,0 — Ca;o(PO,)s(OH), + 12NH,OH. (2)

bay la phan ung di the giita hai pha ran 1a CaO va (NH4)2HPO4 véi sy cO mat cia mot
lwong nhé nude. Khong can sir dung NH,OH dé diéu chinh pH vi chat diu CaO va san phim
phu cta phan tng la NH,OH da dam bao duy tri pH 9 — 10. Trong phuong phéap nay, nudc co
anh huong quyét dinh dén su hinh thanh san pham HA. Nudc 12 mot thanh phan tham gia phan
{mg ddng thoi déng vai trd dung méi hoa tan mudi (NH,),HPO,, gitip mudi khuéch tan siu vao
bén trong khdi CaO, 1am cho phan @mg xay ra hoan toan.

Mot s6 thi nghiém ché tao HA x6p tir CaO & 4p suét cao va khong c6 nudc da dugc tién
hanh. Két qua cho thiy phan ung trén khong xay ra, san phim phan tng van 1a CaO va
(NH4),HPO,.

Nhu véy, sau thoi gian phan tng 14 24 gio & 4p suét 15 atm, 200°C v&i mot lwong nude rat
nho (0,4 ml) da hinh thanh HA don pha véi d6 két tinh cao.

3.2.3. Mt s6 ddc trung ciia HA tir phwong phdp gidn tiép

- Gidn d6 XRD va phé FTIR
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Hinh 5. Gian d6 XRD va phd FTIR clia mau HA

Gian d6 XRD cho théy san phém thu d~uqc la do*nv pha, thé hién & tit ca cac vach véi cuong
do va vi tri dac trung cho HA va phu hop mau HA chuan cta NIST.

Trén phé FTIR Xuz?it’ hién diy du cac vach dic trung cho cac nhoém PO,*, OH  c6 trong HA
va nude ty do, khong thay c6 vach dac trung cua nhom CO;#”. Piéu nay chimg t6 CaCO; hoan
toan khong c6 trong mau. Két qua nay phu hop véi ditr liéu XRD va véi mau HA chuan cua
NIST.

- Anh SEM

Hinh 6. Anh SEM ctia HA trwéc (a) va sau x@ |i nhiét (b)

MAu HA sau phan ng thuy nhiét & 4p suét cao (hinh 6a) gdm cac tinh thé HA & dang hat,
kich thu6c khong dong déu va nam trong khoang 0,2 — 0,5 um. Ciing twong ty nhur mau ché tao
tir nguyén liéu khac nhu mai muc, san ho..., cac hat HA khong lién két v6i nhau, giita ching ton
tai cac bién hat rd rét, chimg t6 mau nhan dugc chi ¢ dang khdi xép, chua tao thanh gém HA.

Mau HA sau khi thiéu két & 1000°C (hinh 6b) gdm cac khdi, phan 16n bién hat giita cc tinh
thé HA bién mat, chang lién két v6i nhau tao thanh gbm xdp HA. Céc 16 x6p lién thong ba chiéu
v6&i nhau va c6 kich thudc trong khoang 100 dén 300 nm.

4. KET LUAN

D3 ché tao dugc gdm xdp HA don pha tir d4 voi ty nhién bang phan tng thity nhiét qua san
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pham trung gian Ca0O ¢ diéu kién 200°C, 15 atm trong 24 gio. Nudc dong mdt vai tro quan
trong, vira la chat tham gia phan tng vira la dung moéi hoa tan va khuéch tan muoi (NH,4),HPO,
vao bén trong khoi CaO.

Qué trinh nung két khdi & 1000°C thoi gian 1 gio da tao gbm HA véi cac 16 xp lién thong

ba chiéu v6i nhau va cé kich thude trong khoang 100 dén 300 nm.

10.

11.
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G6m x6p HA ¢6 cac dic trung XRD va IR tuong ty nhu ctia mau chuan NIST.
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SUMMARY

SYNTHESIS OF POROUS HYDROXYAPATITE CERAMICS FROM LIMESTONE VIA
HYDROTHERMAL PROCESS

Porous hydroxyapatite (HA) ceramics was prepared by hydrothermal method from
limestone in two ways: synthesized directly from limestone (calcite CaCO;) and synthesized
from CaO, which was product of limestone thermal decomposition. Conditions of hydrothermal
reaction are 200°C,15 atm in 24 hours. The samples were characterized by XRD, SEM,
DTA/TGA and FTIR. The results confirmed that ceramics of single phase HA was formed by
the indirect synthesized from limestone obtained CaO. Water played an important role as the
reactant and as solvent in the formation of HA by hydrothermal process. After the calcination at
1000°C in 1 hour, porous ceramics was structured by three-dimentional interconnected pores of
100 to 300 nm. XRD and FTIR characterizations of obtained HA are similar to HA references
materials of NIST.
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