Khoa hoc Ky thuat va Céng nghé n—

Tong hop bt gom sinh hoc p-TCP hang phan ing hai giai doan
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Tom tiit:

Nghién ctru nay trinh bay anh hwéng cia nhiét d¢ nung dén kha nang tao g6m s1nh hoc B-tricalcium phosphate
(B- TCP) dinh huéng ing dung lam vt li¢u tai tao xwong. Ca(OH), va H,PO, dugc cap ph01 theo ty 1€ mol Ca/P=1,5
va hép thity nhiét & 180°C trong 24 giv dé thu khoang calcium phosphate hydrate (CPH) ¢6 thanh phin pha twong
tw hydroxyapatite (HA). Khoang CPH dwgc xir ly nhiét ¢ 700 va 1.000°C trong 3 gio nham danh gia kha niang thu
khozang B-TCP. Két qua cho thiy, miu p-TCP thu dwgc khi nhiét phan CPH 6 1.000°C trong 3 gio ¢ kich thuée hat
khoing 1~2 pm, dinh hwéng wng dung cho qua trinh tii tao xwong.

Tir khéa: B-TCP, calcium phosphate hydrate (CPH), hydroxyapatite (HA), phan t&rng thiy nhiét, vat liéu sinh hoc.

Chi sé phén loai: 2.5

M6 dau

p-tri calcium phosphate (B-TCP) véi cong thirc hoa hoc
Ca,(PO,), - thanh phan chinh cau tao nén xuong ty nhién la
m@t trong s6 nhitng loai vat liéu dang dugc quan tim khao
sat va c6 ung dung trong nhidu vét liéu y sinh, nhu thay thé
hay cdy ghép xuong ¢ nhiéu vi tri khac nhau [1-3]. Mac du
0-TCP va B-TCP c6 cung thanh phan hoa hoc, nhung ching
khac nhau béi cu tric tinh thé va do hoa tan, véi d6 hoa tan
ctua B-TCP phu hop hon cho qua trinh tai tao xuong.

Hién nay & Viét Nam da sb tdp trung vao tong hop
hydroxyapatite (HA) [4-5], chua c6 nghién ciru nao téng
hop B-TCP. Tong hgp TCP theo ngudn tu nhién 13 viéc
tao ra TCP tur cac loai khoang nhu apatit hodc whitlockite.
Nhoém nghién ctu cua chl'mg t6i dé xudt phuong 4n tong
hop B-TCP thong qua hai giai doan: 1) Phan tmg thuy nhiét
tao tién chat calcium phosphate hydrate (CPH) c6 thanh
phan pha tuong tu HA (Ca, (PO,),(OH),) va 2) Nhiét phan
dé phan huy CPH thu - TCP Phuorng phap thiy nhiét co
thé hiéu mot cach don gian la phwong phap hoa hoc sir dung
nuée (hodc dung moi) dudi p suat va & nhiét do trén diém
s6i binh thuong cua nude (hodc dung méi) dé thiic ddy cac
phan Ung gilra cac chat rin. Nho ung dung phan Gng thuy
nhiét, c6 thé tao thanh khoang CPH ¢ nhiét d6 thép va giam
nhi¢t d§ phan huy CPH thanh B-TCP. So véi phan tng pha
rin thu B-TCP xdy ra & 1.280°C, phan (mg thity nhiét giup
giam nhiét do nung.
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Vat liéu va phuong phap nghién ciiu
Vit li¢u nghién cuu
Ca(OH), va H,PO, thuong mai duoc cung cép tir Cong

ty hoa chit Xilong, Trung Qudc. Cac hoa chit dugc mua vé
str dung ngay, khong can phai xir 1y lai.

Phuwong phdap nghién ciru

Téng hop tién chit CPH bang phwong phdp thity nhiét:
quy trinh nay duoc mo phong tir quy trinh téng hop bot sinh
hoc HA theo phwong phap thity nhiét da dwoc cong bb trude
day [6]. Mot cach ngan gon, 20,46 ml dung dich dugc nho
giot vao 33,3 g huyén phu Ca(OH), dé thu duoc cip phdi
theo ty I¢ mol Ca/P=1,5 theo cong thic ty lugng cua B-TCP.
Qué trinh phan tng duoc dong nhat hoa bang may khudy &
toc do 400 vong/phit (IKEA) trong 2 gid, hap thity nhiét ¢
180°C trong 24 gid dé thu dwoc huyén phu CPH c6 ty 16 mol
Ca/P=1,5. Huyén phu sau hap duogc say kho & 105°C trong
12 gio, nghién min qua sang 0,45 mm dé thu dugc bot CPH.

Phan trng nhiét phan thu f-TCP: mau bot CPH sau siy
dugc phan tich nhiét vi sai DSC/TG dé xac dinh nhiét do
nung thu B-TCP. Mau duoc xur ly nhiét & 700 va 1.000°C
trong 3 gid bang 10 nung Naberthem (16 Naberthem 1400,
buc), sau do phan tich vi cAu triic dé xac dinh nhiét do thich
hop tao B-TCP.
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Abstract:

This research presents the effect of heat treatment
temperature on the forming ability of B-tricalcium
phosphate (B-TCP) bioceramic materials toward the
bone tissue regeneration application. Ca(OH), and
H,PO, were mixed with a Ca/P molar ratio of 1.5,
followed by hydrothermal treatment at 180°C for 24
hours to obtain the calcium phosphate hydrate (CPH)
with phase composition similar to hydroxyapatite (HA).
The CPH mineral was heat-treated at 700 and 1000°C
for 3 hours to evaluate the ability to obtain B-TCP. The
result showed that B-TCP can be obtained by the CPH
calcined at 1000°C for 3 hours, with the particle size of
1~2 pm, suitable for bone tissue regeneration application.

Keywords: biomaterials, B-TCP, calcium phosphate
hydrate (CPH), hydrothermal, hydroxyapatite (HA).
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Cdc phwong phap phén tich vi cau triic:

Phan tich nhiét vi sai (TGA): mau bot trudc nung duge
phan tich DSC/TG trong khoang nhiét dd phong toi 1.000°C
(STA 449, Netzsch, Buc) nhim xéac dinh nhiét do nung thich
hop thu B-TCP.

Phan tich nhiéu xa tia X (XRD): mau trudc va sau khi
nung dugc phan tich XRD theo phuong phap bt (Bruker,
D8 Advance, Germany), goc quét 2theta tir 5 dén 60°, van
hanh ¢ 40 kV va 40 mA.

Quan sat hinh thai mau bang kinh hién vi dién tir quét
(SEM): méu bot trude va sau khi nung dugc phu trén dé
kim loai dong, phan tich SEM bang may Hitachi S-4800
(FE-SEM) ¢ 10 kV.

Két qua va thao luan
Phan tich nhiét vi sai mdu truwéc nung

Hinh 1 1a két qua phan tich DSC/TG miu CPH trudc
nung tir nhiét d6 phong dén 1.000°C. Cé thé thay 2 dinh
thu nhiét (endo peak) & 460, 700°C va 1 dinh toéa nhiét
(exo peak) ¢ 918°C tuong ung hi¢u Uung phan huy CPH
thanh B-TCP. Puong giam khdi lwong TG cia mau trude
nung bit ddu giam sau 400°C va giam manh trong khoang
850~900°C. Trén co so phan tich nhiét DSC/TG, mau trudc
nung duoc nung & 700 va 1.000°C trong 3 gid dé khao sat
nhiét do thich hop tao B-TCP.
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Hinh 1. Phan tich nhiét vi sai mu CPH truéc nung.
Phan tich nhiéu xa tia X mdu truwéc va sau khi nung

Hinh 2 thé hién dit liéu XRD mau CPH trude va sau khi
nung & 700 va 1.000°C trong 3 gio & gbc quét 15 dén 50°
va dugc phong to tir 30 dén 35° (hinh 2 bl ¢l d1 va hinh 2
b2 ¢2 d2 theo thi ty tuong tng). XRD cic mau Ca(OH),
thuong mai (PDF#04-0733); B-TCP thuwong mai (PDF#09-
0169) va HA thuong mai (PDF#09-0432) ¢ goc quét 15 dén
50° va dugc phong to tir 30 dén 35° dwoc cho & hinh 2 al
el f1 va hinh 2 a2 e2 f2 theo thir ty twong (mg. Mau trudc
nung (hinh 2 bl va b2) gdm pha chinh 1a HA c6 dinh nhiéu
xa ¢ 31,8° va lugng nho Ca(OH), con du v6i dinh nhiéu xa
0 34,2°, nhung bién mat khi nhi¢t phan ¢ 700 va 1.000°C
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trong 3 gio (hinh 2 c1 ¢2 va d1 d2). Ngoai ra khi nhiét phan
mau & 700°C trong 3 gioy lugng HA van con nguyén, nhung
chuyén hoa thanh B-TCP khi nhiét phan ¢ 1.000°C trong 3
gid v6i dinh nhiéu xa & 30,2° 1a géc nhiéu xa dic trung cta
B-TCP (PDF#9-169). Nhur vy c6 thé két luan nhiét do phu
hop dé phan hity CPH thu B-TCP 1a 1.000°C trong 3 gio.
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Hinh 2. XRD miu CPH truéec va sau khi nung. al va a2: Ca(OH)2
thuong mai (PDF#4-733) ¢ géc quét 15~50° va 30~35° bl va b2: mau
trude nung & goc quét 15~50° va 30~35°; ¢l va c2: mau nung 700°C/3 gid
& goc quét 15~50° va 30~35° d1 va d2: miu nung 1.000°C/3 gid & goc
quét 15~50° va 30~35° el va e2: mau B-TCP thuong mai (PDF#9-169) &
gbc quét 15~50° va 30~35° f1 va f2: miu HA thuong mai (PDF#9-432) &
goc quét 15~50° va 30~35°.

Phén tich hinh thdi mdu nung 1.000°C trong 3 gio'

Hinh 3 cho théiy hinh thai mau truéc khi nung (hinh 3A);
khi nung ¢ 1.000°C trong 3 gio (hinh 3B) va 3-TCP thuong
mai (hinh 3C). Tru6e khi nung, mau c6 hinh thai hat, kich
thudc khoang 1~2 pm va khong cé su thay doi nhiéu vé kich
thudc hat. Pay 1a vu diém ciia phuong phap tao CPH bang
hép thity nhiét so v6i mau thwong mai c6 hinh tim véi kich
thude tim 8~10 um. Kich thudc nho va déu ctia mau B-TCP
tong hop ¢ 1.000°C giup tang kha ning hoa tan Ca2* khi tiép
xtc dich thé cao hon va riit ngin thoi gian téi tao xuwong méi
khi cay ghép.

(B) 1000°C/3 gior

A) 'iz’rlré'c nung (C) B-TCP thwong mai

A

10 pm 10 um

Hinh 3. Miu CPH truéc khi nung (A); nung & 1.0000C trong 3 giv (B)
va miu thwong mai B-TCP (C) & dd phong dai 5.000 lan.
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Keét luan

Nhom nghién ctru dd tong hop thanh cong mau bot
B-TCP tir Ca(OH), va H,PO, bang phan tng thiy nhiét &
180°C trong 24 gid thu CPH, tiép theo nung & 1.000°C trong
3 gid. Mau B-TCP thu duoc c6 dang hinh hat véi kich thudce
1~2 pum, d& dang tham gia phan (mg cdy ghép tao khoang
xuong. Cac nghién ctru khac vé cap phdi giita f-TCP tong
hop va polymer sinh hoc PLA, ciing nhu vé doc tinh sinh
hoc va thtr tuong thich trén dong vat dang dugc nhom trién
khai.

LG1 CAM ON

Nghién ctru nay duoc tai tro bai Pai hoc Qudc gia TP
Ho6 Chi Minh trong khuén kho dé tai ma s SVCQ-2019-
CNVL-110. Chung t6i ciing xin cam on Truong Dai hoc
Bach khoa, Pai hoc Qudc gia TP Hb Chi Minh di hd tro
thoi gian, phuong tién va co s& vét chat cho nghién ctru nay.
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