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NGHIEN CUU PAC TINH VAT LIEU XI MANG
GLASS IONOMER DUNG TRONG NHA KHOA

Huynh Thi Hong Hoa!, Huynh Ngoc Minh?, P4 Quang Minh?

CHARACTERISTIC OF GLASS IONOMER CEMENT MATERIAL
FOR CLINICAL DENTISTRY

Huynh Thi Hong Hoa!, Huynh Ngoc Minh?, Do Quang Minh?

Tém tat — Xi mdng thiy tinh ionomer
(glass ionomer cement — GIC) la mot loai
vdt liéu polymer nhua nhiét déo, mach ngang
dugc lam bén bdi lién két ion, duoc ding
lam vt liéu xi mdng trdm rang trong nha
khoa. Vdt liéu GIC su dung bot thuy tinh hé
Si02 —A1203 — Can —AlPO4 —Na3A1F6 cho
do bén nén thdp va thoi gian dong rdn chdm.
Muc tiéu cua bai bdo la cdi thién khd ndng
lam viéc va ting do bén nén cia xi mdng
GIC bang cdch nghién citu thanh phan, tinh
chdt ciia bét thity tinh, dung dich 16ng, khdo
sdt khd ndng gidi phong fluoride cua vdt liéu
GIC tao thanh. Noi dung nghién cuiu: tao bot
thuy tinh voi do min dyeqy 14,3 Wm; dién tich
bé mdt 10.358 cm? /cm?®; thanh phan long: sit
dung dung dich long L gém Polyacrylic acid
35% trong nudc co M,, 100.000, thém phu
gia 5% Maleic acid va 5% Tartaric acid. Két
qud thu duoc: cuong do mot ngay dat gid tri
trong khodng 60,5 dén 86,2 MPa, khd ndng
lam viéc tot, thoi gian dong rdn dat yéu cdu
theo 1SO 9917-1:2007. Vit liéu GIC co khd
ndng gidi phong fluoride theo thoi gian khdo
sdt dén 28 ngay.
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Abstract — Glass ionomer cement (GIC),
a thermoplastic polymer, is toughed by ionic
bonding is used in dentistry as a filling
material. The glass-powder used has some
disadvantages such as: poor strength and
toughness, and instability in water. Therefore,
the aim of this work is to enhance mechanical
and fluoride release properties of the GICs
by modifying ingredients. The results show
that the compressive strength reached to from
60.5 to 86.2 MPa, the setting time met the
1SO 9917-1:2007 quality standard. This also
suggests that, in addition to 35% PAA in
water with Mw of 100,000, 5% of Maleic acid
and 5% Tartaric acid to produce GIC which
can be used as suitable materials for im-
proving its fluoride ion release over 28 days.
The average diameter (dyean) of glass powder
for GICs was 14.3 um; S.P. Surface area
was 10,358 cm? /cm?, improvement of liquid
composition includes 35% PAA in water with
M,, of 100,000, 5% of Maleic acid and 5%
Tartaric acid. The compressive strength after
curing 28-day reaches from 60.5 to 86.2 MPa
and the setting time responds with 1SO 9917-
1:2007. In conclusion, it was found that the
GIC can release fluoride ions (F-) for the
during of the examination period.
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I. GIOI THIEU

Xi mang thdy tinh ionomer (glass ionomer
cement — GIC) 1a mdt loai vat li€u polymer
nhua nhiét déo, mach ngang dugc lam bén
bdi lién két ion, dudc dung lam vat liéu
xi mang trdm rang trong nha khoa [1]. Vat
liéu GIC Ia két hop cta hai thanh phan co
ban géom bot thiy tinh (alumo-silicate glass)
va dung dich polymer cua carboxylic acid
(polyacid). Hai thanh phan ndy dugc tron
biang phuong phdp thich hgp d€ tao thanh
hén hop hd déng rin nhanh nhd phan tng
acid-base [2]. Dung dich acid khi trdn véi
bot sé hoa tan bé mit ngodi clia cic hat
bot thuy tinh silicate, giai phong céac ion
Ca**, AP ,NatvF~, hinh thanh mot 16p ion
kim loai trén hat bdt. Luc nay, cac ion trong
thiy tinh dugc phong thich va di chuyén. Gel
silica dugc tao thanh, cation Ca®* lién két
v6i anion (OH ™) cua chudi polyacrylic acid
tao thanh céc lién két ngang gitta cdc mach
polymer, 1am cho hén hgp déng ran lai. Trong
khoang thoi gian 24 — 72 gio, cdc ion Ca’*
van con tiép tuc lién két, mudi bi hydrate
ho4 1am hop chit cang ciing chiac. Cac nhém
carboxyl ciing c¢6 kh3 ning lién két cic ion
Ca** trén mod rang. Qua trinh nay tao nén sy
lién két hoa hoc thuc su & bé mit tiép xiic
gitta vat liéu va mo rang [3].

Nh& ¢6 nhiing uu diém nhu kha ning giai
phong fluoride, hiéu qua trong viéc bao vé
va ngin nglia su rang tai phat, tinh thAim mi
(kha gidng ring tu nhién vé mau sac va do
trong md) [3]-[5], xi ming GIC xuit hién va
phét trién nhu mot budc tién trong linh vuc
vat liéu y sinh no6i chung va linh vuc nha
khoa néi riéng. Bén canh do, GIC con dudc
dung nhu mdt loai xi mang dan tang luc dinh
cho mao, cau cua rang, vat li€u tram cho ca
ring sita, ring vinh vién & moi lda tudi, tai
tao cli ring cho phuc hinh, chit bao vé tdy
va tram 16t [3], [4].
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II. TONG QUAN NGHIEN CUU

Pén thé ki XIX, GIC thuong mai dau
tién co tén la Aluminosilicate Polyacrylate-I
(ASPA-I) dudc ché tao bdi Wilson and Kent
vao ndm 1969 [6]. Tuy nhién, ASPA-I van
con rat nhiéu nhudc diém nhu thdi gian déng
ran nhanh, cudng do thap. Nhiing nghién cifu
trong cdc ndm tiép theo cai tién cdc tinh
chét ctia vat liéu GIC bﬁng cach thém tartaric
acid [7], nhua resin-modifide [8], két hop bot
thiy tinh v6i kim loai (bac) [9], aluminum
oxide, titanium oxide, zirconium oxide [10].
Cho dén nay, nhiéu loai vat liéu GIC khac
nhau dudc tao ra véi nhiitng dac tinh mdéi. Tuy
nhién, cdc tinh chat vat li (kha ning chdng
mai mon, do bén nén, cudng do udn, do ciing
bé mit), kha ning gidi phong fluoride tuong
dbi thap van con 1a thach thiic cho cdc nha
nghién ctu.

Bén canh viéc thay ddi thanh phan ctia bot
thly tinh va dung dich 16ng, mét sé nghién
ctiu da chi ra kich thudc hat bot thuy tinh
cling c6 anh hudng dang ké dén céc tinh chét
cd hoc cia GIC. Hay néi cach khac, dién tich
bé mit hat bot anh hudng dén phan ting hinh
thanh xi ming va tinh chét co hoc ctia né
[11]. Akira Mitsuhasi et al. [12] tién hanh
cdc thi nghiém kiém tra tinh chit cta GIC
trén bon kich thuéc hat trung binh: 25 um,
10 um, 5 um va 2 um. Két qua chi ra ring,
cac hat nhé min (10 um, 5 um va 2 um) s€
c6 dién tich bé mit tiép xic véi dung dich
polyacid nhiéu hon, din dén t6c d6 phén ting
nhanh hon, 1am gidm thdi gian déng ran, ting
dd nhét ctia hd xi ming, can tré thao tdc tao
hinh. Tuy nhién, dién tich bé miit cao sé ting
su gan két gilta cac hat bot, cai thién kha
ning chiu mai mon, do cling bé mit va do
bén nén ctia mau. Ngudc lai, tuy cac hat tho
lam giam d6 nhét ctia hd nhung do dién tich
bé mit khong cao nén né lam gidm do bén
nén ctia mau GIC. Mot nghién cttu ndm 2014
cua Leon H. Prentice et al. [13] cho théy, su
két hop clia cac kich c¢d hat bot thiy tinh c6
cung thanh phan tao thanh xi ming GIC véi
co tinh t6t hon. Nhém nghién citu da két hop
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bot thay tinh c6 kich thuée trung binh 1a 9,6
um va 3,3 um véi cac ti 1€ khac nhau. Ti
1¢ hat bot 16n chiém uu thé (khodng 70% —
80%) sé& cho cudng do mau xi ming tt hon.
Su két hop cta hai kich thudc hat di lam
tang uu diém va khiac phuc nhudc diém vé
co tinh cda vat liéu GIC. Nam 2015, Hill et
al. da d& xuit Mw cho mdt axit polyacrylic
1a khoang 100.000, cho két qua GIC cudng
do cao [14].

Tuy nhién, nhugc diém 16n nhit clia vat
litu GIC 1a kha ning chiu luc va chdng
mai mon do nhai khong cao so véi vat liéu
amalgam va nhya composite hién dai, nhay
v6i do 4am. Do d6, GIC thudng khong dugc
lua chon dé trdm ring vinh vién, nhit 1a
rang sau ma thuong chi dinh tram rang tré
em, ngudi gia [2]. Muc tiéu cta dé tai la
khic phuc diém yéu vé co tinh clia vat lidu
GIC bang cich tao hat bot thiy tinh, nghién
ctiu thanh phan dung dich 16ng (st dung
PolyAcrylic acid (PAA) c6 khdi luong phan
ti hon M,, = 100.000 véi ti 1& va thanh phan
phu gia thich hgp trong dung dich 16ng), khao
sat kha nang giai phéng fluoride. Vit liéu
GIC méi dung lam vat liéu tram phai dat
yéu cau theo chuan ISO 9917-1:2007.

III. PHUONG PHAP VA PHUONG TIEN
NGHIEN CUU
A. Vit liéu
Bot thiy tinh: Hén hop phdi

litu ndu thiy tinh t0f ciac héa chit
ALO + 3,8i0,,AlPO4,NasAlFg,CaF,
dudc tron trong cdi nghién bi véi ti 1& thich
hop [7]. Phéi liéu ddng nhét nay dudc niu
chay thanh thuy tinh trong chén platin &
nhiét do 1.300°C, luu 90 phut trong 1o
Carbolite-1600. Thuy tinh néng chay dudc
lam ngudi nhanh trong nuéc, sau d6, sy kho
roi nghién dén do min qua hét sang 45 um.
Bot thay tinh calcium fluoroaluminosilicate
nay dudc ki hiéu la bot B.

Dung dich 16ng (ki hiéu L) c6 thanh phan
chinh 1a dung dich Polyacrylic acid (PAA,
Mw 100.000, ndng d6 35% trong nuéc ctia
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Sigma-Aldrich — Mi) dudc pha tron véi 5%
Maleic acid, 5% Tartaric acid.

B. Phdn tich bot thuy tinh tao thanh

Bot thiy tinh tao thanh dugc ki€m tra phan
tich thanh phan héa (phuong phdp phat xa
huynh quang tia X (XRF)), thanh phan pha
(phuong phéap nhiéu xa tia X (XRD), thuc
nghiém vit liéu dugc phin tich bang thiét
bi D2 PHARSER - Hang Brucker véi goc
quét 20 tu 5° dén 70°, buéec quét 0,03, s
budc nhay moi gidy 42 s/budc) va phan tich
dd min, phan bb hat clia nguyén liéu bot
(phuong phéap tan xa laser).

C. Phdn tich cdu triic, nhom chiic cia bot
thity tinh, dung dich léng va mau GIC dong
rdn

Phuong phap quang phd hong ngoai FTIR:
Muc tiéu 1a ki€ém tra thanh phan bot, 1dng;
danh gia phan ing déng ran cta vat liéu GIC.
Phan phan tich két qua c6 st dung phd mo
phéng dudc dung bing cich cong gop phd
thanh phan theo ti 1¢ tuong ting (v6i y nghia
12 hon hop co hoc, khong c6 xdy ra phan ting
gitta cac thanh phan). Thuc nghiém: phd IR
dugc phan tich bang thiét bi NICOLET 6700
— Hang Thermo mau sé dudc tron v6i KBr,
s6 1an quét 32 1an, van téc 0,6329 m/s?, budc
song quét tu 400-4000 cm-1.

D. Cdc tinh chdt co li ciia GIC dd dong rin
theo 1SO 9919:2007

bo bén nén Compressive strength (CS)
(ISO 9917-1:2007)

Quy trinh tao mau tham khao theo ISO
9917-1:2007 [1]. Mau sau tao hinh dudc
xac dinh cudng do bén nén biang mdy do
cuong do Materials Testing Machine M350-
10CT, Testometric, UK. Téc d6 di chuyén 1
mm/phut.

Panh gid thoi gian déng rin Setting
time (ISO 9917-1:2007)

Thoi gian déng ran cia vat liéu GIC dugc
gi6i han t6i thi€u 1a hai phit va tbi da 1a
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sau phit dé dam béo xi ming khong dong
rin qua nhanh gy khé khin trong viéc gia
cong vt li€u vao rang cling nhu khong dugc
qua dai lam gidm cudng do ban dau cla
mau. Dua vao tiéu chuén ISO 9917-1:2007,
phuong phép nay dua trén gia dinh ring vat
liéu dong ran sé chdng lai su thAm nhap. Do
lugng mAu tao khdng nhiéu va diéu kién thuc
hién thi nghiém, kich thudc miu do c6é dudng
kinh 4 + 0,1 mm, chiéu cao 6 + 0,1 mm,
mau chiu tai luc 400 g, dudng kinh dau vicat
l1a 1 mm. Mau dugc dit trong khudn kim loai
va mau dat khi dau kim vicat khi dau kim
vicat roi xuéng khong d€ lai du kim trén bé
mit mau.

E. Phdn tich vi cdu triic ciia bét thiy tinh,
GIC dong rdn sau khi ngdm trong cdc moi
truong

Vi ciu tric cia cdc mau vat liéu bot (bot
thity tinh B) hodc miu xi ming GIC déng rin
dugc phti Pt din dién va quan sit biang kinh
hién vi dién ti quét trén thiét bi FE-SEM,
Model S-4800 (Hitachi High — Technologies
Co., Tokyo, Nhat Ban) véi cac do phong dai
x 1.000, x 5.000 & hiéu dién thé 10 kV.

F. Tao mdu GIC va bdo dudng

Khio sat ti 1é bot/long (B/L) va tao mau
GIC

Sau khi tao bot thily tinh va tong hop dung
dich PAA, ta tién hanh x4c dinh, lya chon ti
1&¢ bot/long d€ tao mau GIC. Khao sat ti 1&
bot/1éng (mudng/giot) nham lua chon dugc ti
1¢ thich hop dé€ ddm bao hd c6 do déo tét c6
thé dién vao khudn khi tao miu. Thuc hién
khdo sat tai cac ti 1& 1/1, 1/2, 1/3, két hop
véi do thdi gian déng rin tai cdc ti 1& nay.

Sau khi lya chon ti 1& bdt/long thich hgp,
chiing ta tién hanh tao hinh mau. Hinh 1 trinh
bay dung cu tao mau goém: khuon thép tao
mau c6 dudng kinh 4 £ 0,1 mm, cao 6 +
0,1 mm; mudng dong bot thly tinh, chai chita
dung dich 16ng, dao tron va tAm tron mau.
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Khuon thép

Dung dich
long

Mudng

Tam tron

Dao tron

Hinh 1: Dung cu tao miu

Bao duGng méau

Thuc hién bdo dudng miu & 1 ngly, 7
ngay, 28 ngay trong moi truong nudc deion,
dung dich nu6c bot nhan tao va dung dich
mo phong dich co thé ngudi. Sau d6, ching
ta tién hanh ddnh gia cdc tinh chit clia vat
liéu GIC. Miu GIC sau khi da dong ran mot
gid dudge dua vao mdi trudng bao dudng gom
nuéc deion, dung dich m6é phong nudc bot,
dung dich mo6 phéng dich co thé ngudi & 1
ngay, 7 ngly, 28 ngay. Thanh phan cic héa
chat dé tao ctia mdi trudng AS va SBF tham
khao theo M.A.M.P. Kashani [15], T. Kokubo
and H. Takadama [16].

G. Ddnh gid cdc tinh chdt cia mdu GIC

Mau GIC sau khi bado dudng du ngay tudi
maiu xi ming dudc danh gid cdc tinh chét
sau: thdi gian déng ran (ISO 9917-1:2007);
do bén nén clia mau tao hinh xong va ngim
trong cac moi truong nghién ctiu 6 37 + 1°C
trong 23 £+ 0,5 h (ISO 9917-1:2007) va sau
1 ngay, 7 ngay, 28 ngay. Phan tich phd hong
ngoai FTIR danh gid mic dd phan tng va
danh gid kha ning gidi phong fluoride bing
phuong phéap quang phd UV.
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IV. KET QUA VA THAO LUAN
A. Cdc tinh chdt cia GIC

Pic tinh cta cac vat liéu thanh phan

Bot thiy tinh B dudc phan tich phd huynh
quang tia X (XRF) cho két qua thanh phan
cac nguyén tb chinh (% nguyén ti): Al: 25,6;
Si: 22,9; Ca: 15,2; P: 10,7; F: 15,3; Na: 10,4.
T két qua phan tich thanh phan héa ctia bot
thiy tinh, ti 18 khdi lugng Al/Si bang 0,95,
pht hop i 1& < 1,2; sb luong cac lién két Al
— O — Si 16n do Si** bi thay thé bsi AIPT,
lién két d& dang bi H™ phd vd tao thanh céc
lién két oxy khong cau NBOs, ti d6, ting
kha nang tuong hgp gitta thiy tinh va dung
dich 16ng, tao diéu kién hinh thanh xi ming
dé dang hon [9].

Két qua phan tich XRD & Hinh 2 cho thiy,
phé nhiéu xa ctia mau bot thiy tinh B c6
thanh phan hau nhu 13 pha vo dinh hinh. Nhu
vAy, vdi thanh phan phéi liéu nghién ctiu, ché
dd niu nay phu hop tao thity tinh.

Intensity a.u

40

50 60 70 80

2theta/degree

Hinh 2: Phd XRD ctia miu bdt sau nung lan
hai tai nhiét do 1250 °C, luu 60 phut

CG4 hat trung binh (mean diameter) cua bot
B theo két qua phan tich tan xa laser (Hinh
3b) 1a 14,3 um, phan bd tit 2,4-32,0 um
(khoang tich liy tu 10 — 90%). Kich thude
trung binh va day kich thudc hat ciia mau bot
B co ban phu hop vé6i cic thong sd khuyén
nghi [12]. D€ c6 thé thiy 16 hon hinh dang
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va kich thudc cia hat bot thuy tinh nghién
cttu, két qua anh SEM clia miu & do phéng
dai 1.000 1an dugc thé hién & Hinh 3a, c6 thé
nhan thiy cdc hat bot thdy tinh ¢6 dang géc
canh, c6 su phan bd xen 14n giita c4c hat 16n
(> 10 um) va hat nho (< 5 um), trong do,
cac hat nho chiém uu thé.

BOTTREYT N

Hinh 3: (a) Anh SEM ctia miu bét thiy tinh
B (d6 phong dai 1.000 lan); (b) Biéu dd phan
bd ¢& hat (tan xa laser) ctia bot thity tinh B

Két qua xac dinh ti 1& bot/16ng va thoi
gian déng rin

Khéi lugng, ti 1é bot/1déng, kha ning lam
viéc va thoi gian déng rin dudc trinh bay
trong Bang 1. Mot mudng bot ¢ khdi luong
1a 0,212 + 0,006 g; mot giot 16ng c6 khdi
lugng 0,051 + 0,008 g.

Vi ti 1€ bot/long = 1/2 cho thdi gian dong
ran phu hop; dong thdi, miu tao hinh t6t nén
lya chon ti 1€ nay la ti 1& tron mau st dung
trong nghién ctu tiép theo.

B. Két qud ddnh gid phdn ting dong rdn cia
vt liéu GIC & 7 ngay tudi

Hinh 4 minh hoa cho ph6 FTIR cta bot
thiy tinh B, dung dich 16ng L, mau xi-ming
GIC thuc té di déng rin 7 ngay GIC B-
L, riéng duong GIC-mp la dudng md phong
dugc thuc hién tinh todn cdng theo ti I thanh
phan cta bot thdy tinh va dung dich 16ng (y
nghia nhu phé ctia hdén hdp co hoc hai thanh
phan).

Su thay ddi quan trong nhit ching minh
c6 phan tng acid-base gitta thiy tinh va dung
dich polyacid la sy giam nhém COO™ cuia
PAA & khoang sb song 1700 cm~!; ddng
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Bang 1: Két qua khao sit ti 1¢ tron bot/ldng, kha ning lam viéc va thoi gian déng ran cia

cac mau vita GIC

" % Ti 18 Ti 18 A . n Thoi gian
Tén mau U P Kha nang lam viéc , ¢ n
bot/long | khoi lugng ’ dong ran (giay)
11 4157 Khon{; tao rr}au dugc: khong da 16ng lam hon hgp kho nhanh, khong thé Khong do
GIC cho vao khuén
B-L 1:2 2,078 Tao mau tdt: vita déo, dé thao tic, dién diy khudn 6 phut 50 gidy
1:3 1,386 Tao méu tdt, tuy nhién con 16ng nén lam vita khé dién day 5 phut 40 gidy

Transmittance (a.u)

T T T T T T
3000 2500 2000 1500 1000 500

T
3500

4000

Wavenumbers (cm™)

Hinh 4: Phé FTIR cia miu bot B (BTT),
dung dich 16ng L1(DDL), GIC B-L1 (GIC-
TT) va duong GIC tinh toan md phong (GIC-
mp)

thdi, c6 su gia ting nhém mudbi kim loai
(3Ca®> + —+ COO~ va Ay + C0OO™) &
khodng s6 séng 1410 — 1550 cm~! [17].

C. Két qud ddnh gid dé bén nén mdu GIC
vdi dung dich long L

Do bén nén cia cic miu GIC dudc trinh
bay trong Hinh 5.

Néu dd bén nén clia cic miu GIC trong
ba mdi trudng bao dudng ting tii 1 ngay dén
7 ngay va ti 7 dén 28 ngay thi do bén nén
cac mau GIC trong moi trudng DW ting 1én
va giam nhe trong hai moi trudng con lai.
Do trong thdi gian tif 1 ngay dén 7 ngay, cic
phan ng hinh thanh xi ming van con manh
mé, nhiéu lién két cic ion Ca®t van con tiép
tuc dién ra, cic mudi bi hydrate hod lam hop
chét cang ciing chéc, diéu nay dan dén cudng
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80 +
70 7
60 -

50 41D

20 - m7D

280D
30 4

cwong di nén (MPa)

20 -

10 +

B-DW B-AS B-SBF

ki hiéu mau

Hinh 5: Cudng d6 nén cdc mau GIC st dung
long L 6 1D, 7D, 28D trong ba mdi trudng
DW, AS, SBF

dd nén 7 ngay tang. Mot nguyén nhan ntia c6
thé do thanh phan 16ng L c6 st dung PAA c6
khéi lugng phan tit cao. Céc nghién ciiu cho
thay, chudi polymer nhu 12 mot tham s6 quan
trong trong viéc ché tao GIC va két luan ring
néu trong luong phan ti ctia polyacid cang
cao thi hiéu ndng GIC cang cao. Trong mdi
truong SBF va AS: do bén nén gidm sau 28
ngay. Nguyén nhan la do c6 tac dong cua
moi trudng trong qud trinh ngdm mau 1am
4nh hudng dén do bén nén. Su phan bb ion
tuong ty gita dung dich SBF, dung dich AS
va vit liéu GIC dan dén su khuéch tan ion
thip. Trai lai, su phan bb ion khong gidng
nhau giita nuc cat va vat liéu GIC giy ra
su khuéch tan ion cao nén d6 bén nén mau
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ngam trong mdi trudng nudc cat cé xu hudng
tang theo thoi gian ngdm mau [17].

D. Két qud dnh vi cdu triic bang SEM clia
xi mang da dong ran

Quan sat Hinh 6 ta théy, anh vi clu tric
mit giy clia miu xi ming da dong ran cia
bot thuy tinh B v6i dung dich 16ng nghién
ctu.

Céc mau xi ming dugc ngdm trong mdi
trudng nudc deion & mot ngay.

Anh chup véi d6 phéng dai lan ludt 1a x
1.000, x 5.000.

Hinh 6: Anh SEM cdc miu GIC nghién citu
dugc bao dudng trong nudc deion G 1 ngay;
dd phéng dai 1an lugt 1.000, 5.000

Quan sat trén Hinh 6, 6 d0 phong dai x
1.000 1an, ching ta thdy mic do dic chic
ctia vat liéu GIC déng ran, bién gidi clia cac
hat thay tinh trén cdc mau da khong con nhin
thiy 16, diéu nay cho thdy cac hat thdy tinh
da phan tng tao lién két véi dung dich 16ng.
Su xuét hién ctia mot s6 vét nit té vi & do
phoéng dai 5.000 1an c6 thé do day 1a miu
chup mit giy sau khi da phd hiy miu (do
dd bén nén). Mot s6 ving rong tao thanh do
qud trinh tao mau, c6 thé do thao tac khong
déu nén vita chua dién day tai mot s6 vi tri.

Déi v6i mau GICDW, sau 24 gid déng ran,
cdc lién két gitta Ca®T, A>T viCOO~ da hinh
thanh, cdc hat thiy tinh co ban lién két véi
nén, tao do bén cd nhit dinh cho ciu tric.
Tuy nhién, b& mit miu con khd nhiéu vi tri
16i 16m, c6 nhiéu hat 16n chua phan ting, chua
lién két v6i nén nén ciu tric khong dudc
dic chac.
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E. Két qud gidi phong fluoride cdc mdu GIC

Két qui do ham lugng fluoride gidi phong
sau 1, 7, 14, 28 ngay cua vat liéu GIC trong
hai mdi trudng nudc deion va nudc bot nhan
tao dudc trinh bay trong Hinh 7.

390.0

———
/

/
7

340.0

290.0 —— GIC@DW

240.0

F tich liy [pg/gfcm?

190.0

CIC@AS
140.0

0.0

40.0

T T T T
0 7 14 21 23

Thei gian (ngay)

Hinh 7: Biéu db kha ning giai phéng Fluo-
ride tich luy sau 1, 7, 14, 28 ngay trong hai
mdi truong DW va AS

Hinh 7 cho thiy vat liéu GIC tao thanh da
giai phong fluoride theo thoi gian. Ion F~ bi
tan ra tif bot thily tinh va ton tai trong mang
ludi, didu nay dan dén su giai phong fluoride
lau dai. F~ giai phong trong mdi trudng AS
thAp hon DW do méi trudng AS c6 cac thanh
phan ion tuong tu trong GIC, diéu nay din
dén miic do khuéch tdn céc ion thip trong
do c6 ion F~ [17].

Diéu kién ngim miu ciing 4nh hudng
nhiéu dén kha ning gidi phéng fluoride ctia
vat liéu GIC. Trudng hgp mau khong thay
dung dich ngim trong sudt thdi gian khdo
sat cho két qua thip hon, vat liéu GIC gidi
phéng it F~ hon, ¢6 thé khi ham lugng F~
giai phong ra moi trudng ngoai tich liy theo
thoi gian, 1am gidm chénh 1éch ndng dd din
dén giam su khuéch tan; ngoai ra, c6 thé xay
ra su tdi hip thu fluoride trong vat liéu GIC
do ion F~ kich thudc rat nhé nén cé thé di
chuyén tu do vao va ra khoi xi ming dong
ran ma khong 1am hoa tan hodc dit mach
[18].

V. KETLUAN

Vit lidu GIC tao thanh da dat dugc do bén
nén 60,5-86,2 MPa, v6i cac thanh phﬁn bot
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thﬁy tinh hé Si0Oy — AlL,O3 — CaF, — AIPO4 —
NazAlFg c6 cau triic vo dinh hinh tuong d6i
phit hop véi ciu triic thiiy tinh, thanh phan
héa ctia bot phit hop véi céc chi tiéu can thiét
cho vit liéu GIC. Két qua miu bot B ¢é céc
thong s6 do6 min (deqn 14,3 pm, dién tich bé
miit 10.358 cm?/cm®) phi hop d€ tao vit lidu
GIC v6i ti 1€ tron phu hgp (ti 1€ bot/long =
%), thoi gian déng ran 124 + 10 gidy, do bén
nén sau 1 ngay trong moi truong nudc deion
1a 59,2 £ 5,9 MPa. Vay nén, miu B c6 thé
ung dung lam vat liéu tram 16t (base/lining)
theo chuin ISO 9917-1:2007. Khi so sanh do
bén nén trong ba mdi trusng DW, AS, SBF
& cac ngay tudi 1, 7, 28, do bén nén tuong
ddi 6n dinh theo thoi gian (& 28 ngay, mot
s6 miu cuong do gidm nhe). Két qui nghién
ctdu cho thdy GIC phi hop dé st dung lam xi
mang dan mao, cau rang; vat liéu tram cho
ring sita, ring vinh vién & moi lda tudi; tai
tao clii ring cho phuc hinh; chit b4o vé tuy
va tram 16t do c6 nhiéu cai tién vé do bén
cting nhu déc tinh Ii héa, c¢o hoc va sinh hoc,
néu GIC c6 hoat tinh sinh hoc thi cdc ting
dung c6 thé ctia GIC sé rong rdi hon & rét
nhiéu linh vuc trong y khoa.

L.OI CAM ON

Nghién ctu dudc tai tr¢g kinh phi bdéi
Truong Pai hoc Tra Vinh trong khudn khé dé
tai cAp Trudng theo Quyét dinh sd 138/QDb-
HDKH; va su hd trg clia Phong Thi nghiém
trong diém vat liéu polymer va composite,
Phong Thi nghiém cong nghé vat liéu —
Truong Dai hoc Bach khoa, Pai hoc Qubc
gia Thanh phd H6 Chi Minh. Tic gid chan
thanh cam on.
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