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SUMMARY

PREPARATION AND CHARACTERIZATION OF ACRYLIC BONE CEMENTS
IN THE PRESENCE OF VINYL SILANE-MODIFIED HYDROXYAPATITE

In this study, the hydroxyapatite (HAP) nanoparticles were used as a reinforcement to improve the
mechanical properties and thermal property for acrylic bone cements. Surface modification of origin
HAP (oHAP) was performed by using solution method with vinyltrimethoxysilane coupling agent
(VTMS). Fourier transform infrared spectroscopy (FTIR) and energy dispersive X-ray (EDX) analysis
revealed the presence of hydrolyzed VTMS on surface of modified HAP nanoparticles. Acrylic bone
cements based on polymethylmethacrylate (PMMA) and origin HAP (oHAP) or modified HAP (mHAP)
have been prepared and their properties have been investigated. The obtained results showed that
mechanical properties of PMMA/mMHAP bone cements were improved in comparison with those of
PMMA/oHAP cements. With increasing oHAP content, tensile strength and flexural strength of
PMMA/oHAP cements strongly decreased. On the contrary, tensile strength and flexural strength of
PMMA/mHAP bone cements reached the highest values of 55.24 and 45.26 MPa at mHAP content of 5
wt.%, respectively. Thermal gravimetric analysis (TGA) showed that onset degradation temperature of
PMMA/mHAP (10%) bone cement was lower than that of PMMA/oHAP (10%) bone cement, however,
that of PMMA/mHAP (5%) bone cement was higher. Scanning electron microscopy (SEM) images
confirmed that PMMA/oHAP and PMMA/mHAP bone cements exhibited multi-phase morphology with
prepolymer, synthesized polymer, inorganic and pore phases. The mHAP particles dispersed regularly
in the post synthesized PMMA matrix with size from 50 to 200 nm. This demonstrated the good effect of
the modification of HAP by VTMS.
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1. GIOI THIEU xuong, tao hinh dét séng véi ti 1¢ thanh cong
Xi mang xwong acrylic trén  nén cao [3, 5, 10, 17-19]. O Viét Nam, da c6 mot
polymetylmetacrylat (PMMA) di va dang s cbng trinh nghién cau ché tao xi ming
dugc nghién cau tng dung trong linh vuc y xuong dugc cdng b [22]. Tac gia Ha Thic
hoc nhu: thay khép nhén tao, didu tri lodng Huy va cong sy di mo ta phwong phap tong
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hop PMMA/khoang sét montmorilonit (MMT)
bién tinh boi polyetylen oxit (PEO) bang tring
hop nhii twong va phuong phap Pickering dé
tng dung ché tao c4c mau xi méang sinh hoc.
Theo cac két qua nghién cau, nanocompozit
chira 1-7% MMT-PEO c0 tinh chat co nhiét
vuot tréi hon so véi PMMA don thuan. Céc tac
gia da thu dugc bot PMMA/MMT-PEO voi
khéi luong phan tir cia PMMA 16n hon nhiéu
va d6 da phan tan nho hon nhiéu (Mn = 860
kDa, DPI = 4,45) so véi so véi bt PMMA don
thuan (Mn =138 kDa, DPI = 8,00). Nhiét do
thity tinh hoa Tg ciing nhu do bén nhiét cua
C4C mau nanocompozit cao hon so véi PMMA
don thuan. Mot sé tinh chét co nhiét dong caa
xi mang sinh hoc da dwoc khao sat. Tuy nhién,
trong nghién ctu trén, nhiéu tinh chét co hoc
quan trong nhu do bén udn, md dun dan hoi,
d6 bén kéo cua xi ming sinh hoc da khong
dugc dé cap dén. Ngoai ra, mot sé tac gia khac
ciing da tién hanh nghién ctu va cong bd céc
két qua lién quan chua yéu dén sir dung xi mang
xuong acrylic (xi mang sinh hoc) thuong mai
trong linh vuc phau thuat chinh hinh vé xwong
nhu diéu tri thoai héa khop, chinh hinh dét
séng. Cac nghién ctru da cho thy cac két qua
diéu tri tét va thanh cong [6, 20].

Gan day, hudéng nghién ciiu cai tién cong thirc
xi ming xuong acrylic bang cach bd sung cac
thanh phan c6 hoat tinh sinh hoc dang duoc
céc nha khoa hoc quan tam nghién ciru nham
tang kha ning twong thich va su gan két cua
Cla xi mang v4i mo xung quanh ciling nhu ¢
thé giam cac bién ching sau khi ciy ghép. Cac
chat tang cuong hoat tinh sinh hoc thuong
dugc st dung 1a gdém thay tinh apatit
wollastonit (AWG), HAP chaa chitosan,
nanosilica [1, 9, 11, 13, 14, 23]. Tuy nhién,
viéc bd sung céac hoat chat nay véi ham luong
cao (vi du 10%) c6 thé tang hoat tinh sinh hoc
nhung ciing c6 thé 1am giam tinh chit co hoc
cua xi mang xuong, hon nira, cac thu thuat nhu
bom, dun, dac, nan véi xi mang xuong cod thé
tré nén kho khan hon.

Hydroxyapatit (HAP) c6 cbng thirc phén tu
dang kép 1a Caio(POs)s(OH)2, ton tai & trang
thai tinh thé, c6 mau tring, tring nga, vang
nhat hoic xanh lo, tuy theo diéu kién hinh
thanh, kich thuéc hat va trang thai ton tai. HAP
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c6 cau trac va dac tinh rat gidng vai apatit sinh
hoc co trong xuong va rang, do d6, HAP da
dugc sir dung nhiéu trong y hoc. HAP ciing da
dugc nghién ciru dé dua vao cac cong thic Xi
ming acrylic nhu mét thanh phan c6 hoat tinh
sinh hoc [4, 16]. Tuy nhién do sy khac nhau vé
ban chit héa hoc, nén HAP thuong kho két
dinh véi nén polyme trong xi ming xuong
acrylic, do dé, chung can duoc bién tinh véi
c4c tac nhan lién két dé tang cuong tinh dong
nhét tai bé mat pha. HAP thuong duoc xir ly
véi cac hop chat silan, cac protein, collagen va
mot s hop chét khéc [2, 4, 8, 24]. Téc gia W.
L. Tham va cong su [21] da tién hanh bién tinh
HAP voi 2, 4, 6, 8% 3-(trimetoxysilyl)propyl
metacrylat (MPS) trong hdn hop metanol va nuéc.
Két qua cho thdy tinh chit co hoc ciia xi ming
xuong ché tao boi 5 % HAP bién tinh v6i ham
luong MPS 6% di duoc cai thién tot nhat. Bidu
nay cho thiy MPS 1a mét chét lién két hiéu qua dé
tang su lién két va phan tan cua HAP trong nén
PMMA. Mot nghién ctiu khéc cia Z. Liu va cong
sy [11] da tién hanh bién tinh nano HAP boi MPS,
sau do6 cac protein dugc gan vao bé mat HAP bién
tinh trudc khi sir dung dé tong hop xi mang xwong
acrylic. Viéc bién tinh va gan protein 1&n HAP lam
tang su két dinh va phat trién cua té bao xwong
ngudi trén bé mit xi ming xuong PMMA/HAP.
Két qua ndy ching t6 xi miang xuong
PMMA/HAP c6 thé sir dung nhur mét loai vat liéu
sinh hoc trong tai tao ciu tric xuwong.

Trong nghién ctu nay, hydroxyapatit c6 cau
trdc vi tinh thé nano dugc dua vao trong cong
thirc xi mang xuong acrylic nham muc dich xa
hon la ting kha nang twong thich sinh hoc va
hoat tinh sinh hoc cia xi mang xuwong. HAP
dugc bién tinh bé mat bai mot hop chét silan
trugc khi tién hanh ché tao xi ming xuong,
nho d6 cac lién két cong héa tri voi PMMA c6
thé hinh thanh trong qua trinh déng ran Xi
mang véi muc dich ting cuong su tuong tac va
phén tan cia HAP véi nén PMMA. Céc phan
tich phd hong ngoai bién déi Fourier (FTIR),
phan tich nhiét khéi luong (TGA), tan xa tia X
(EDX) dugc sir dung dé chang minh sy ¢6 mat
ctia VTMS trén bé mat HAP. Céc tinh chét co
hoc (d6 bén kéo, nén, ubn theo tiéu chuéan 1SO
5833), do bén nhiét va hinh thai ciu tric cua Xi
ming xuong PMMA chtra HAP ban dau va



HAP bién tinh (PMMA/HAP) ciing duoc khao
st va trinh bay chi tiét.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu va héa chit

Hydroxyapatit (HAP, 96,9%) c6 ty s6 mol
Ca/P = 1,67, kich thuéc vi tinh thé 30 - 80 nm,
dién tich bé mit riéng 110 cm?g 1a san pham
¢6 tén thwong mai HA-VH dugc cung cap boi
Vién Hda hoc, Vién Han l1am khoa hoc va cong
nghé Viét Nam. Monometyl ete hydrogquinon
(MeQH, 98%), metyl metacrylat (MMA, 99%,
chtra ~ 30 ppm MeHQ), vinyl trimetoxy silan
(VIMS, 98%) va N,N’-dimetyl p-toluidin
(DMPT, 98%) la cac hoa chat phan tich dugc
mua tir Hang Sigma-Aldrich (Hoa Ky) va duoc
sa dung truc tiép. Poly(methyl metacrylat)
(PMMA, 99%, c6 khdi luong phén tir trung
binh Mw = 120000 Da) duoc mua tir Aldrich
(Hoa Ky). Hat BaSO. c¢6 kich thuéc hat tir 60-
90 nm duoc ché tao tai Vién Ky thuat nhiét
doi, Vién Han lam KHCN Viét Nam. Metanol
(MeOH, 99,7%), etanol (EtOH, 99,7%), 1,4-
dioxane (dioxane, 99,7%), & cc san pham héa
chat phan tich (AG) cua Céng ty Khoa hoc
Xilong (Trung Quéc). Dung dich amoniac
(NH4OH, 25% NHs) dugc cung cip boi Cong
ty Héa chat Buc Giang (Viét Nam).

2.2. Ché tao méu

2.2.1. Bién tinh HAP véi VIMS

Dung dich huyén phu HAP duoc chuan bi bang
cach phan tan 5 g HAP ban dau (oHAP) trong
binh cau chira 35 mL metanol da gia nhiét ¢
40°C bang bép khudy tir trong 30 phut, diéu
chinh pH cuaa dung dich HAP dén gi4 tri 8,5 +
0,2 bang dung dich amoniac. Dung dich VTMS

dugc pha ché bang cach hoa tan 1,48 g VTMS
va 5 g H,0 trong 5 mL MeOH.

Nh¢é tr tr dung dich VTMS vao dung dich
HAP trong khoang 2 phut, phan ung ghép
VTMS 1én bé mit hat HAP dugc thuc hién
trong 48 gid & 40°C trén bép khudy tir khudy
lién tuc. Dung dich sau phan tmg dugc chtra
vao cac 6ng li tm, chat ran duoc thu hoi bang
céch thyc hién 3 1an quy trinh li tam - phan tan
lai trong metanol (str dung thiét bi ly tam EBA-
21 cua Cong hoa Lién bang buc ¢ 6000
vong/phat). Phan dung dich phia trén cua ng
li tim & lan cudi cung c6 pH trong khoang 7 +
0,2 dwoc gan bo, chat ran thu dugc 1a HAP
bién tinh (MHAP) tiép tuc duoc sy trong chan
khéng ¢ 40°C trong 24 gio va duoc bao quan
trong lo thuy tinh kin.

2.2.2. Tong hep c4c Méu xi mang xwong

Cac nguyén liéu bot PMMA (Mw = 120 kDa,
kich thu6c hat trung binh 50 um), BaSOs,,
oHAP, mHAP (HAP ban dau va sau bién tinh)
déu duoc siy kho truée khi sir dung. Phan chat
ran gom bot polyme PMMA, BaSOs, OHAP
(hoic mHAP) va BPO theo ty Ié phan khdi
lwong (pkl) duogc tron déu bang may tron bot
mini véi tbc d6 600 v/phat trong 15 gidy. Phan
chét long gdbm MMA c6 chita DMPT va chira
chét tc ché MeQH vé6i ham luong 90 ppm. Cac
mau xi mang dwoc ché tao theo thanh phan néu
& bang 1. Hai phan chat l6ng va phan chat rin
cta cAc Mau xi mang xwong dugc tron déu thu
cdng bing thia inox trong mét chén st trang
men trong khoang 2 phut dén khi thu dugc
dang keo sét.

Bang 1. Thanh phan nguyén liéu cia xi méang xwong chira o0HAP hogc mHAP

Phan chét rin Phan chét long
KFhigu mau BaSOs | oHAP | mHAP | PMMA | BPO | MMA c6 MeHQ | DMPT
(pkl) | (pkD) | (pkl) | (pkl) | (pkI) (pKI) (pkl)
PMMA/HAPO 10 - - 895 | 05 29 1
PMMA/OHAPS 10 5 - 845 | 05 49 1
PMMA/OHAP10 10 10 - 795 | 05 49 1
PMMA/OHAP15 10 15 - 725 | 05 49 1
PMMA/MHAPS 10 - 5 845 | 05 49 1
PMMA/MHAP10 10 - 0 | 795 | 05 29 1
PMMA/MHAP15 10 - 15 | 745 | 05 49 1
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DPéi v6i miu dung dé kiém tra d6 bén udn,
dang keo sét cia xi mang dwoc nap vao khudn
dang hinh chir nhat, sau qué trinh ép 45 phit
mau voi &p suat 4 MPa, mau duoc lay ra khoi
khuén va bao quan & nhiét do phong it nhat 7
ngay trudc khi xac dinh céc tinh chit. Mau
dugc cat thanh céc thanh dam tha nghiém cé
kich thudc 3,3x10x75 mm.

Pbi véi mau ding dé kiém tra do bén nén,
dang keo sét dwoc nhdi vao khudn nhya
polyetylen c6 duong kinh 1,0 cm va dwgc nén
chat lai v6i &p suit khoang 4MPa, trong
khoang 2 phat, mau sau d6 dugc déng ran dinh
hinh trong 45 phdt. Quy trinh ché tao mau thir
nén va thir uén duoc tién hanh dua theo mo ta
trong tiéu chuan 1SO 5833:2002 phu luc E va F
[7]. )

2.3. Thiét bi va phwong phap do

Pho hdng ngoai bién d6i Fourier (FTIR) cua
Cc4c mau xi mang xuong acrylic dugc thyc hién
trén thiét bi may quang phd Nexus Nicolet 670
& nhiét d6 phong, trong dai song 4000-400 cm*
1 v6i @6 phan giai 4 cm™ va 32 lan quét, sir
dung phuong phap ép vién KBr. Cac thanh
phan nguyén té cia HAP trudc va sau bién tinh
duoc phan tich boi dau do tan xa nang lwong
tia X (model INCA X-Act cua Hang Thiét bj
Oxford — Hoa ky) di kém véi kinh hién vi dién
tir quét (SEM, JMS-6510LV, Nhat Ban), tai
Vién K¥ thuat nhiét doi, Vién Han 1am Khoa
hoc va Céng nghé Viét Nam.

Tinh chat kéo va udn cua cac mau xi mang
xuong acrylic dugc xac dinh trén may do co ly
da ndng Zwick V2.5 cua buc tai Vién Ky thuat
Nhiét di, VAST. Trong do6, do bén kéo dugc
thuc hién & nhiét do phong véi toc do kéo 50
mm/phut, theo tiéu chuin ASTM D638. Do
bén uén va mod dun ubn cua cac mau duge do
theo tiéu chuan 1SO 5833:2002/F. Mdi mau
dugce do 3 1an va lay gia tri trung binh. Kich
thudc mau udn 1a 3,3x10x75 mm. D bén nén
va mo dun nén ctia c&¢ mau dugc do trén may
do tinh chat co hoc da ning Instron kN100
(100 kN) & nhiét do 23 °C, d6 4m tuong ddi
khoang 40 %, theo tiéu chuan ISO
5833:2002/E. Mau c6 dang hinh tru duong
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kinh day 10 mm, d6 cao 12 mm. Mdi mau
dugc do 3 lan va lay gia tri trung binh.

Phéan tich nhiét trong luong (TG) duoc thuc
hién trén may Shimadzu TGA 50H, téc dé gia
nhiét 10 °C/phit trong mdi truong khi nito tir
40 dén 500 °C.

Hinh thai ciu trGc bé mat caa miu duoc xac
dinh trén kinh hién vi dién tir quét phat xa
truong (FESEM) S-4500 cua hé@ng Hitachi,
Nhat Ban, voi d6 phéng dai 50-50000 lan, tai
phong thi nghiém trong diém, Vién Khoa hoc
Vat liéu, Vién Han lam Khoa hoc va Cong
nghé Viét Nam.

3. KET QUA VA THAO LUAN

3.1. Phén tich tinh chét va cAu tric cia HAP
ban diu va sau bién tinh

3.1.1. Phé FTIR

Hinh 1 trinh bay pho FTIR cua cac mau
VTMS, HAP ban dau (oHAP) va HAP bién
tinh (MHAP). Hinh 1(a) cho thiy cac pic hap
thu & 2843 va 2947 cm? dic trung cho céc dao
déng hoa tri cua cac nhom CH; va OCHG, pic &
1601 cm™ 1 hap thu caa nhém vinyl C=C cua
VTMS. Céc pic hap thu & sb séng 1408 va
1460 cm® 1a cac dao dong bién dang cua cua
cac nhom CH. Dao dong caa nhdm SiC-O/SiO
dugc thé hién ¢ cac sé song 1087 va 1194 cm-
1 Pbi v6i mau oHAP, phd FTIR cho thay s6
song tai 3422 cm™* va 1642 cm™ 1a céc pic dic
trung cta nhém OH cua nudc hap thu bé mat,
nhom OH lién két c6 pic dic trung & 3570 cm
1 Cac dao dong chinh cia nhém PO, ¢c6 hap
thu dic trung trong khoang tir 565 dén 1094
cm, trong d6, dao dong héa tri bat ddi xung
va ddi xang caa nhém PO,* dic trung boi cac
pic & 1094, 1035, va 962 cm™; pic kép co 2
dinh & 565 va 604 cm dic trung cho dao dong
bién dang bt dbi xing caa nhém PO, [15, 25].
Sau bién tinh, phé FTIR cia mau mHAP xuit
hién cac pic dac trung cia VTMS. Céc pic tai
2961 va 2845 cm™ twong tmg cho dao dong
hoa tri cia nhom CH, va CH. Pic ¢ 2947 cm
Ia hip thy dic trung cua nhém OCHs khéng
con xuét hién, didu nay la do sy thuy phan cua
VTMS, san pham cia nd 1a CH;OH tan vao
dung moéi va di bay hoi hoan toan khi siy kho.
Trong khi céc pic xuat hién ¢ 1607 va 3066



cm™ tuong Ung 1a dao dong hda tri cia nhém
C=C va C-H cua nhém vinyl trong silan. Do c6
su chong chap ¢ ving 1030 - 1200 cm', cac
pic dao déng cta nhom SiC-O/SiO dic trung
cia VTMS di khong con xuit hién trén phd
cua MHAP. Sau bién tinh céac pic hap thu dic
trung cia nhém PO, trén phd FITR cia mHAP
chlng xuét hién twong tng ¢ 1037 va 1095 cm’
L tac 14 chi ¢6 su dich chuyén nhe so véi mau
OHAP (1035 va 1094 cm). Sy xuat hién mai
cia cac dao dong dac trung cia VTMS trén
phé FTIR cua mHAP ching to rang VTMS sau
khi thuy phan va da ghép vao bé mat cac hat
HAP bing céc lién két cong héa tri.

(a): VTMS

Do truyén qua

4000 3000 2000 1000 500
86 séng (cm™)

Hinh 1. Phé FTIR cua cac mau VTMS, oHAP
va mHAP

(]

B I O O IO OO IO IO TOCUN UV U |
o 1 2 3 4 5 6 7 8

9  keV

Hinh 2. Gian do EDX cua cac mau: (a) oHAP,
(b) mHAP
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3.1.2. Giin d6 EDX

Hinh 2 va bang 2 lan luot la gian d6 EDX va
thanh phan nguyén t cia cic mau oHAP va
mHAP. Céc gian d6 EDX cho thay thanh phan
cua HAP chinh bao gém céc nguyén té C, O,
Ca va P chiém tdng khéi luong khoang 94%,
céc thanh phan khac c6 thé do tap chit trong
qua trinh tong hop gay ra.

Bang 2. Thanh phan nguyén té theo % khoi
lirong cuia cAc mau OHAP va mHAP

Nguyén t6 | Kiéu phat | oHAP mHAP
xa (%) (%)

0] K series 45,01 44,73
P K series 16,97 14,41
Ca K series 29,95 26,76
C K series 3,51 6,49
N K series 4,42 4,67
Si K series 0,13 2,91

Sau bién tinh, cuong d6 pic va % khdi luong
ctia nguyén t6 Si da tang 1én dang ké vai tir
0,13 Ién 2,91%. Bén canh d6, phan tram khdi
lwong cua nguyén té cacbon trong mau mHAP
I6n hon so vai oHAP. Nguyén nhéan la do
VTMS sau thuy phan da phan ung ngung tu
VvGi cac nhém OH trén bé mat cua cac hat HAP
lam ting ham lwong nguyén t6 C co trong
MHAP.

3.2. Tinh chit co hoc cita ciac miu xi ming
xwong PMMA/HAP

Anh huong ciia ham luong oHAP, mHAP dén
céc tinh chat co hoc cua cidc mau xi ming
xuong PMMA/HAP duoc thé hién trong bang
3. Két qua & bang 3 cho thay, do bén udn cua
cdc mau xi miang xwong PMMA/oHAP c¢6 xu
huéng giam nhe tir 54,40 xubng 41,26 MPa
twong tng voi khi taing ham lugng oHAP tir 0
dén 15%. M6 dun ubn ciia CAC Mau xi ming
xuong PMMA/oHAP ting nhe tir 2130 dén
2366 MPa. Dbi véi mau xi ming sir dung
mHAP, dd bén uén da co su cai thién tét hon
va dat gia tri 16n nhéat 1a 55,24 MPa & ham
lugng MHAP 12 5 %. Véi cing ham lwong
thém vao, do bén udn va mod dun udn cua cac
mMAau xi mang xuong PMMA/mHAP cao hon so
v6i Mau xi mang xwong PMMA/oHAP.




Bang 3. Tinh chdt uén co hoc cuia cac mdu xi mang xwong PMMA/HAP

Tén mau Do bén Mo dun Do bén M6 dun Do bén Mo dun
udn (MPa) | uén (MPa) | nén (MPa) | nén (MPa) | kéo (MPa) | kéo (MPa)
PMMA/HAPO 54,40 2130 74,75 8023 40,54 1212
PMMA/oHAP5 53,49 2290 62,80 4963 39,64 1154
PMMA/oHAP10 47,19 2525 66,87 8527 38,19 1268
PMMA/oHAP15 41,26 2366 76,89 9773 35,83 1278
PMMA/mHAP5 55,24 2412 69,62 9683 45,26 1466
PMMA/mHAP10 50,55 2610 77,95 12038 42,55 1570
PMMA/mHAP15 43,75 2584 80,30 13504 40,93 1645
Tréai nguoc voi @ bén udn, o bén nén va mo khdi lwong cia miu xi ming xuong

dun nén cua vat lidu duoc cai thién dang ké
theo ham lugng HAP. Bang 3 cho thay mau
PMMA/mHAP15 c6 do bén nén va mo dun
nén tuong tng dat gia tri Ion nhat la 80,30 va
13504 MPa. Su thay d6i do bén udn va do bén
nén chi yéu do sy thay déi ham luong HAP
gdy ra. Khi ting ham luong chét don dan téi su
thay thé nhya nén c6 do dan hoi cao, mém déo
hon bang maot chét co do cing 16n, diéu nay
dan t6i d6 bén udn giam trong khi do bén nén
lai tang.

Do bén kéo cuia cAC mAu xi mang s dung
oHAP giam manh tir 40,54 xudng con 35,83
MPa khi tang ham lugng oHAP tir 0 dén 15 %.
Trong khi d6, mau xi ming PMMA/mHAP lai
¢6 d6 bén kéo ting 45,26 MPa tai ham lwong
mHAP 5 % trudc khi giam xudng con 40,93
MPa tai ham luong 15 % mHAP. Két qua thu
duogc ciing cho thiy mé dun dan hoi cua ca 2
loai vat liéu xi ming déu duoc cai thién dang
ké khi c6 mat HAP. Su cai thién do bén kéo va
mé dun dan hdi cua vat lieu khi st dung
mHAP la do nhém chirc vinyl trong VTMS da
phan ung v6i MMA trong qua trinh déng rin
xi méang tao thanh cau lién két gira PMMA va
cac hat HAP. Nh¢o ¢6 mHAP c¢6 kha nang phan
tan va két dinh véi nén PMMA tét hon so véi
oHAP.

3.3. Tinh chit nhiét ciia cAc miu xi ming
xwong PMMA/HAP

Su thay d6i khdi lwong theo nhiét do va céc
dic trung nhiét bén nhiét cua cac mau xi ming
xuong PMMA/HAP dugc trinh bay trén hinh 3
va bang 4. Tir hinh 3 cho thdy, qua trinh mét
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PMMA/HAP trai qua 3 giai doan [12]. Giai
doan dau tir 40 dén 200 °C chu yéu gay ra boi
su bay hoi ciia hoi 4m bé mat, MMA du va
phan hay lién két yéu dau mach trong PMMA.
Giai doan 2 tir 200 dén 330 °C la do su phan
huy cua dau chudi PMMA khong bao hoa. Giai
doan cubi lién quan dén cit mach PMMA ngau
nhién.

Trong giai doan dau, mau PMMA/oHAP10 bit
dau phan hay tai 180 °C. Cac mau
PMMA/mHAP10 va mHAP15 c6 nhiét do bt
dau phan hay & 176 °C, tirc 1a trong khoang vai
d6 trong sai léch cua thiét bi TGA (bang 4).
Trong khi d6, mau PMMA/MHAP15 ¢c6 nhiét
d6 phan huy cao hon nhiéu so véi cac mau con
lai. Piéu d6 cho phép nhan dinh véi ham luong
mHAP 5%, ciu trlc cia xi ming
PMMA/mHAP tré nén chit ché hon, han ché
sy phan huay nhiét sém cho xi mang xuong
PMMA.

[ T
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304 —=— BC-mHAPS
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Hinh 3. Gidn do phan tich nhiét trong lirong
(TG) cua cac mdu xi mdng xwong PMMA/HAP
Hinh 3 ciing cho thdy nhiét do Gng véi toc do
phan hay cuc dai (Tama) CBA C4C MAU
PMMA/HAP xap xi nhur nhau. Khéi lwong tro




con lai & 500 °C (Wsoo) Ctia CAC MAu xi ming
xuong chira 5, 10 Ién 15% mHAP ting tuong
ung la 8,96; 13,83 va 18,26%. Theo cdng thic
phdi tron & bang 1 c6 thé tinh duoc téng ham
Iuong tro v6 co con lai twong ung la 10; 13,3
va 16,7%. Diéu nay cho thay, HAP bién tinh
VTMS c6 kha ning phan tan che chin, han ché
su phan hay nhiét cia PMMA, do d6 ham
luong tro con lai cia mau PMMA/mHAP10
cao hon so véi mau PMMA/oHAP10.
Bang 4. Cdc ddc trung nhiét cua CAC mau Xi
mang xuwong PMMA/HAP

Tén m5u Ton T atmax Wsoo
°C) | (°C) (%)

PMMA/oHAP10 180 376 13,2

PMMA/mHAP5 194 376 8,90

PMMA/mHAP10 176 377 13,8

PMMA/mHAP15 176 377 18,2

2.4. X4c dinh hinh thi ciu triic ciia xi ming
xwong PMMA/HAP

Hinh 4 1a cac anh FESEM cua mau
PMMA/oHAP10. Hinh 4(a) véi do phong dai
100 lan cho thay hinh thai nhiéu pha cua vat
liéu xi mang xwong vGi cdc mau xam khéac
nhau. Pha tha nhat 1 pha hat prepolyme
PMMA (la c4c ving khéng chira cac dém
trang) co kich thwdc hat trong khoang 40-120
pm. Pha thi hai la pha polyme PMMA méi tao
thanh (tt MMA) la ving bao quanh va chua
cac ddm tring. Pha thu ba la cac chét vo co
bao gébm chit can quang BaSO, va HAP,
ching xuat hién nhu cac dém tring. P& quan
sat dugc kich thuéc cta ching, hinh 4(b) la
anh chyp & pha ndy véi do phéng dai 20k.
Hinh 4(b) cho thiy céc hat BaSOs cd kich
thudc trong khoang tir 100 dén 300 nm c6 dang
hinh bau duc va két dam tir mot vai hat. Cac
hat HAP c6 dang hinh kim va phén tan don 1¢
hon ¢6 kich thuéc tir 50 dén 200 nm. Mat khac,
hinh 4(b) ciing cho thdy mét pha thir tur 1a céc
156 x6p nam trong pha polyme tao thanh do su
hoa trén cua bot khi va sy hoa hoi cia monome
MMA.

jl;ﬂS—NKL 2.0kV 4.5!’-!1rr1 x2 M)

Hinh 4. Anh FESEM cua mdu xi mang xwong
PMMA/oHAP10 ¢ cdc dé phong dai (a): 100
lan; va (b): 20000 lan
Hinh 5 la anh FESEM cia mau xi ming
PMMA/mMHAP10 ¢ d6 phong dai 20000 lan. O
d6 phong dai cao hon, ciing cho thdy cac hat

mHAP ciing nhu cac hat BaSO; ciing da c6 su
phén tan tét hon trong nén PMMA. Diéu nay
chung to rang khi bién tinh véi VTMS gidp cai
thién dang ké kha nang phan tan va tuong hop
cia HAP vé6i nhua nén. Nho d6 mot s tinh
chat co hoc, tinh chat nhiét cia xi ming xwong
PMMA/mHAP di dugc cai thién dang ké so
v6i mau sir dung oHAP.

L .

IMS-NKL 2.0kV 5.0mm x20.0k SE{M)

Hinh 5. Anh FESEM cuia C&C Mdu xi mdng xwong
PMMA/MHAP10 ¢ dg phéng dai 20000 lan



3. KET LUAN

Céc hat HAP (0HAP) da duoc bién tinh thanh
cong sir dung chat lien két VTMS bing
phuong phdp dung dich. Cac phéan tich FTIR
va EDX di chung to cac hat HAP sau bién tinh
(mHAP) c6 su hinh thanh céc lién két cong hoa
tri gitra cc phan tir VTMS thiy phan véi bé
mit cac hat HAP. Xi méing xuong trén nén cac
hat prepolyme PMMA, BaSO, va oHAP hoac
mHAP véi cac ham luong 5, 10 va 15 % (so
vé6i tong khéi lwong cua ching) da duoc ché
tao bang phuong phéap tron thu cong va duc
khudn. Két qua khao sat cho thdy xi ming
xuong PMMA/mHAP ¢6 tinh chit co hoc tét
hon so v&i mau PMMA/OHAP. Cac mau xi
ming xuong PMMA/HAP c6 hinh thai cdu
trdc nhiéu pha, bao gém pha hat prepolyme,
pha polyme tao thanh do déng rdn, pha céc
chét v6 co va pha 16 xop. Cac hat mHAP phan
tan déu hon so vai hat oHAP trong nén polyme
tao thanh. Phan tich tinh chét nhiét cho thay
ham luwong tro con lai & 500°C cua mau xi
mang xuong PMMA/mHAP10 cao hon so véi
mau PMMA/oHAP10. Viéc sir dung HAP bién
tinh da cai thién mét sd tinh chét co hoc va tinh
chat nhiét cua xi mang xuwong PMMA/HAP.
Loi cam on: Nghién ctru nay dugc tai trg boi
Quy Phaét trién khoa hoc va cong nghé Quéc
gia (NAFOSTED) trong d& tai ma s6 104.02-
2018.03.
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