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SUMMARY

Nanocomposite material based on the single- and two-phase mixtures of unsalurated
polvesters (orthophtalic 22]1IN - orthophtalic HCP 110 and orthophtalic 221N - isophtalic
2660} filled with nano Si0; has been manufactured and studied. By the regulating phase structure
and the choosing preferable filling phase it was possible to obtain an elastic module of 5 GPa
after solidification of the polyesters mixture with the filling phase of only 1% nano Si0,, while for
the case of filling nanosilica in the whole mixture volume this one was a little more than 3 GPa. It
was shown that with the increase of nanosilica concentration in the polyesters mixture, the UV
absorption (290 - 400 nm) of the nanosilicalpolyesters composite proportionally increased, while
UV transmission decreased respectively, but for the composite material filled with micro-sized

-

silica this dependence did not appear.

1- MO DAU

Cic tinh chit cia polyme compozit chu yéu
bi anh huéng boi kich thude, hinh dang, thanh
phidn, do phan tan cla chdt dén ciing nhu do két
dinh ciia polyme va chit don. Viéc sir dung céc
hat nano lam chit dén tao cho bé mat tiép xic
Ién hon, su tuong tic giita hat nano don véi
polyme nén bén vimg hon, cai thién duge tinh
chal cua vat lieu. Cdc hat nano thém vao nham
tao ra tinh chét diac thi riéng cha ching trong
polyme compozit v& gidn ti€p hd trg sy td hop
cic tinh chit cua cdc thanh phdn riéng ré. Dol
véi cdc compozit thong thudng, sy cai ti€n nady
¢6 thé dinh gid théng qua cdc qui tic pha tron
nhung qui tac nay khong thé 4p dung déi vai vat
liéu nanocompozit trong viéc xdc dinh cic dic
tinh ctia né boi vi sut anh hudng 1dn nhau giita
hai bé mat ciia cdc cdu tr 1a vo cing phuc tap

(1]
Nanocompozit trén co s& polyme/SiO, duge

ché tao bang cdc phuong phdp khudy cat (shear
stirring — SS), nghién bi (ball milling — BM)
hoac triing hop tai chd (in situ polymerization —
IS). Mot s6 nghién ciu d chi ra ring compozit
polypropylen/nano SiO, cé thé dat do bén kéo
16n nhétl véi 4% nano Si0O; v v6i 5% nano Si0,
d6n thi do bén va dap ciing dat gia tri 16n nhét
[2]. Acrylic/nano silica latex compozit ché tao
bang phuong phap SS hoac BM dat do phén tan,
d6 bén kéo t6t hon va nhiét do thiy tinh héa
ciing cao hon so véi phuong phap IS [3].

K&t qua nghién citu vé& cdu triic va cdc tinh
chdt co 1y cua vat liéu compozit trén co s& hon
hop hai nhua polyeste khéng no da ching minh
dugc rang hén hop nay sau khi khau mach cé
thé cé cau triic moOt pha hodc hai pha [4]. Loi
dung diém dao pha cia hén hop va thuc hien
phuong phép don c6 chon loc chi vao pha wu
tien cia hén hop (pha nén — matrix), vat liéu
compozit nhan dugc d véi chi mot ham lugng
chat don tuyong d6i it nhung dat duge cic gid tri
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d6 clng, d6 bén, modul dan hoi kha cac. Diéu
nay thuc su ¢ ¥ nghia khi chat don la cac hat
cdu nano SiO, boi tinh kinh t€ vi gid thanh cla
nano Si0Q, rat dit. Mot diéu dac biét nita 1a khi
nghién ciu tinh chit quang cua vat liéu
nanocompozit ché tao duge trén co ¢ cia hén
hop hai nhua polyeste/nano SiO, cho thay c6 su
gia ting cudng do hdp thu va su giam do truyén
qua cua bic xa UV(290 — 400 nm) mot cich rd
rét khi tang ham luogng nano SiO, trong hén hgp
trong khi tinh chat nay khong xay ra déi vdi vat
lieu compozit don silica ¢ kich thude micromet

51.
11 - THUC NGHIEM

1. Nguyén liéu, hoa chit

- Nhua polyeste isophthalic 2660 (Eternal
chemical co., Ltd).

- Nhua polyeste ortophthalic 2211N va HCP
110 (Pai Loan).

- Chidt khoi mao phan ing metyletyl xeton
peroxit.

- Nano 510, {Degussa. Ridgefieid, NJ, M§)
dang hat cdu, kich thudc trung binh 80 nm.

- APS (3-aminopropyltrietoxysilane, Aldrich
08%), toluen.

2. Bién tinh nano Si0O,

Hat cdu nano SiO, chi c6 thé phén t4n vao
trong polyme sau khi da duoc bién tinh bé mat
déng thai doi hoi phai ¢é tic nhan trg phan tan.
Tién hanh hoat hda nano SiO, bang céch trudc
tién dem nung & nhiét do 700°C trong 4 gid dé
khit hét cac nhém hydroxin trén bé mat. Lugng
Silica (5 g) sau d6 dugc phan tdn trong toluen
tinh khi€t (30 ml) va thém vao mét lugng APS
(3-aminopropyliricthoxysilane, Aldrich 98%;
4,65 mmol). Hén hop nay duge khudy tron trong
médi trudmg khi Nitg & nhiét 46 110°C trong 22
18, Chat ran thu duge sau d6 dem loc, riia bang
toluen va say kho dén silica gel.

3. Phuong phap nghién ciro

- D6 nhét cua cac hdn hgp nhua chira déng
rin dugc khéo sat trén nhdt k& Brookfield, cic
tinh chét co hoc clia hén hgp da déng ran nhu
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do cing, do bén kéo, modul din héi duge xdc
dinh trén cdc thiét bi do Instron - 1122 (My).

- Cdu trie t€ vi cuia hén hop chua va da déng
ran duge nghién ciru bdi kinh hién vi dién tu
quét SEM.

- Phé hap thu va truyén qua cua vat lieu
duge nghién citu bing phuong phép UV-VIS.

I - KET QUA VA THAO LUAN

1. Nghién ciru cac tinh chat co - 1y cia vat
licu nanocompozit trén co sé hon hop mét
pha 2 nhua polyeste khéng no

Cic két qua nghién cfu vé do nhdt lvu bign
va tinh chai co (49 bén kéo, modul dan hoi...)
cia cdc hén hgp 2 nhua polyeste ortophthlic
chua déng rdn va déng rin da chi ra rang dutng
biéu dién sy phu thuoc clia ching vao thanh
phén cha hon hop 1a mot dudng tuyén tinh. Céc
hon hop chua déng rdn va da ddéng ran kiu nay
12 hén hop ¢ cdu tric mot pha [4]. Hén hop 2
nhua polyeste 221 1N va HCP 110 duge sit dung
trong nghién ciu nay cling cd cdu tric va tinh
chéi cia hon hgp mot pha. Chét don duoc don
phan b déu theo cic thanh phan nhua clia hon
hop hay dén chon loc chi vao mét nhua thanh
phan duge tién hanh theo cdc phuong phdp sau:
1- dua chit don vao cd 2 nhua mot cdch riéng ré
vdi ham lugng (%) nhu nhau tinh theo thé tich
ciia moi nhya sau d6 won hai nhua lai véi nhau.
Nhu vay chat don s& dugc phan tdn déu theo thé
tich ctia ca hon hop nhua; 2- chat don duoc don
chon loc chi vao nhya thit nhat coa hdn hop; 3-
don chon loc chat don chi vao nhya thit hai coa
hén hop [6, 7.

Nanocompozit duge ché tao bang phan ing
khau mach cia polyme nén la hén hop 2
polyeste ortophthalic dugc don cic hat cdu nano
Si0, da bién tinh bé mat véi sy ¢ mit cha tic
nhan Khoi mao phan dng. D8i véi hén hgp mot
pha dii dua chat don vao theo cic phuong phap
khic nhau nhu don phan b6 déu theo cic thanh
phdn nhua ctia hén hgp hay don chon loc vao
chi mot nhua déu cho két qua hioh thdi cdu tric
nhu nhau v cdc tinh chét co 1y cla hén hop Sau—
déng ran cing khoéng c¢6 cdc thay déi bat
thuong. Vi vay trén c¢o s& hén hop mot pha 2
nhua polyeste ortophthalic chi xét anh hudng



cha ham ugng nano SiQ, don dén cac tinh chat
co - 1y cla vt liéu.

Bdng 1: Su phu thudce clia do nhét cia hén hop 2
nhua polyeste 2211N va HCP 110 chua déng ran
vao ham lugng nano Si0, don

e hte e % || DO nhdt, mPas
0 1100
i 1 1510
3 3100
> 6420

Nghién citu tinh chat luu bién cia hén hgp 2
nhua polyester 2211N va HCP 110 chua dong

rin cho thay do nhét cia hén hop tang lén dang
ké theo sy tang cla ham lugng nano SiO; don.
Vi chi 3% hat nano SiO, don do nhét cua hdn
hop da dat dén 3100 mPa.s trong khi & mét
nghién ¢fu trude dé do nhét cia hén hgp do
duge cling cht x4p xi 3000 mPa.s mic du chat
don 1a cdc hat SiO, kich thudc cd 5 micromet ¢
ham lugng don 1én téi 20% [4]. Diéu nay thuc
sit ndi lén sy khac biét gay ra bdi hiéu dng kich
thude cha chat don silica & ¢& hat nanomet va
micromet. Nghién ciru cc tinh chit co cua hon
hop 2 nhwa polyeste 221IN va HCP 110 da
déng ran ciing chi ra ring do cting vh modul dan
hoi cia vat lieu tang rat nhanh véi su gia tang
cia ham lugng nano SiO, trong hén hop. Chi véi
5% hat nano SiO, d¢ cing dat 81 0,25 GPa va
modul dan héi dat trén 4 GPa (lwong duong vat
liéu dén 20% SiO, & hat 5 micromet — hinh 1}.
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Hinh 1: Modul dan héi (E) va do citng (H) cua vat liéu nanocompozit theo ham lugng nano SiO,

Nghién ciu tinh chit quang ciha vat ligu
nanocompozit trén ¢ sd hén hgp 2211N-HCP
110 vd nano SiQ, bang phé UV-vis cho thdy
cuomng d9 hip thy cic bude song ving i ngoai
(dai tir 290 - 400 nm) cua vat liéu tang lén khi
tang ham luong nano Si0, trong hén hop mac
dd khong ¢6 su dich chuyén budc séng hip thu
(hinh 2a). D81 véi compozit don SiQ, & kich’
thuée hat ¢& micromet phd hdp thu dich chuyén
vé phia budc séng dai hon nhung cudng do hdp
thu gén nhu khong thay déi khi tang ham lugng
S$i0, (hinh 2b).

2. Nghién cifu ciu triic va tinh chit co-ly cua
vat liéu nanocompozit trén co sé hén hop
hai pha cic nhira polyeste khéng no

Hén hop 2 nhua polyeste ortophthalic va
isophthalic chua déng rin vd déng rin la hén
hop hai pha. Pudmg biéu dién su phu thuéc cia
d6 nhét lvu bién cha hén hop khi chua déng ran
va céc tinh chat co cua hén hop di déng ran vao
thanh phdn hén hop 1a mot dudng phi tuyén tinh
cé dang S [4]). Trén co s& 1y thuyét khoa hoc nay

va biing thyc nghiém dé dang chimg minh duge —
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hén hop 2 nhua polyeste 221 1N va 2660 ¢6 cfu  1- don chon lgc chi vao pha thit nhat: 2- don
tric hai pha. Trong d6, pha nén 12 pha c¢6 thanh  chon loc chi vao pha thi hai; 3- don phan tin
phédn thé tich 16n hon va pha phan tdn v&i thanh  déu vao cd hai pha cia hén hop. Qua trinh dao
phan thé tich nhé hon. Nanocompozit trén co s¢  pha dién ra khi thay déi ti 1& thanh phén cta 2
hén hop 2 polyeste ndy ciing dugc ché€ tao bang  polyme trong hén hop (trong khoang 40 - 60%
phan ing khau mach cha polyme nén va viéc theo thé tich), pha phan tidn chuyén thanh pha
dua nano SiO, vio duge thuc hién theo 3 cich:  nén va nguoce lai [6, 7].
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Hinh 2: a. Phé hdp phu UV-vis cla vat liéu nanocompozit hén hop 2 ortophthalic polyeste/nano
Si0, ; b. Pho héap phu UV-vis cla vat liéu nanocompozit hdn hop 2 ortophthalic polyeste/micro SiO,

Pon phan tan déu theo hai pha cia hén hop
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Hinh 3: So d6 cdc phuong phdp don va ham lugng chét don trong pha d_(j)n,t-rcrigﬁrh(:)i trudng hop cu
thé khi thay déi ti 1é thanh phan pha clia hén hop (ham lugng chat don tinh chung theo thé tich ¢4
hén hop khong thay déi, 1a 1%)
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A -- nano SiO, dén vao pha iso 2660

Ay X [LE R F]

B - nano Si0), don vao pha orto 2211

Hinh 4: Cdu triic 2 pha cha hén hop isophatalic 2660 va orthophatalic 2211 véi cic hat nano Si0O,
don chon lgc chi vao mot pha

Hat nano SiO, duoc don chi vio pha nén-

hoic pha phan tdn, mac di vdi chi mét ham
Iugng 1% thé tich chung cia hén hop nhung cic
dic tinh co-1y cha vat liéu thay d6i mét cich bét
thudng bdi ham lugng nano don trong pha duge
don ¢6 thé lén t6i hon 4% khi ti 1& pha don/pha
nén 1a 25/75 (hinh 3 VII). Vi vay cdc chi s nhu
do bén va dép, bén kéo diit, modul dan héi cua
pha don ting din dén cic chi s6 clia ca hon hop
tang theo va dat dugc gid tri 16n nhat khi hat
nano dugc don chi vio pha nén cla hén hgp.
Trong trudng hop pha nén 1a isophthalic 2660,
modul dan héi clia hén hgp sau khi déng rén dat
t6i 5 GPa (ham lugng 2660 trong hén hop

khodng 50%-dutmng biéu dién s& 3, hinh 5).
Nhung sau d6 do c6 sy dao pha, pha nén 2660
chuyén thanh pha phan tdn (do ham lugng 2660
trong hén hop giam di) modul dan héi bi gidm
mot cdach dot ngdét mac dit ham lugng nano don
trong pha don lic nay cac hon (khoang 2 — 4%).
Két qua ciing cho thdy phuong phip don déu
theo thé tich cua ca hén hgp khong ¢é dugc tinh
chdt bat thuong trén, céc chi s6 nhu modul dan
héi cha hén hop chi dat khoang trén 3 GPa va sy
thay ddi cla cdc duong biéu dién tinh chit cua
vat lieu c6 don trong truding hop nay giong nhu
mot sy tinh ti€n 1én trén so véi hén hgp khong
don (dudng cong 1 va 2, hinh 5).
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Hinh 5: Su phu thuéce ctia modul dan héi vao thanh phan pha cia hén hop:
1. Hén hop khong don; 2. Hon hop don phan bd déu hat nano SiO, theo céc pha. //

3. Bon chon loc chi vao pha 2660; 4. Bon chon loc chi vao pha 2211

/
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IV - KET LUAN

Vat liéu nanocompozit dugc ché tao bing
phan @ng khau mach cuia céc polyeste véi su c6
mdt cua hat cdu nano SiQ, di dugc bién tinh bé
mat. Viéc dua hat cdu nano SiO, vao 1am tang
d¢ cimg, modul dan héi va tang manh d6 nhdt
cta hdén hop nhua polyeste. Trén ¢o s& hén hop
hai pha cidc nhuya polyeste khong no
{ortophthalic 2211 va isophthalic 2660) bang
phuong phip diéu khién céu tric pha va lwa
chon pha don wu tién 1a pha nén 2660 véi chi
1% nano SiO, dén modul dan héi cia hén hop
sau khi déng ran dat 161 5 GPa trong khi don déu
theo thé tich ca hén hop chi dat trén 3 GPa. Nhu
viy, v6i quan diém khoa hoc trén vat lieu
nanocompozit rén co s& on hop hai pha cla 2
polyeste s& ché tao dugc voi céc ti 1é thanh phan
161 wu nhdat, dat duge cdc chi tiéu co-ly 161 nhat
va giam dugc luong chat don dét tién nano SiO,.
Nghién ciu tinh chét quang cla vat liéu phd
UV-vis chi ra sy gia tang cudng do hdp thu va
giam dé truyén qua cta buc xa UV (290 — 400
nm) dién ra khi tang ham luong nano SiO, don
trong hon hop déng thoi tinh chdt nay khoéng
xay ra déi véi vat liéu compozit don silica @
kich thudc hat ¢d micromet.

1.4 cam on: Cdc tdc gid xin chdan thanh cdm on
B¢ khoa hoc va cong nghé Viét nam dd tdi tro
kinh phi dé hoan thanh céng trinh nghién ciou
ndy qua dé tai nghién ciu co bdn trong khoa
hoc ne nhién, md 56 5 084 06.
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