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Tom tat: Pa khao st anh hwong cia nanosilica Sio; dén qua trinh dong ran nhya Bis
phenol F epoxy (epoxy F) bang polyamine mach thang triethyl tetraamlne (TETA) Céc
mang vat liéu to horp nanocomposr[e epoxy F:SiOz c6 kha nang dong ran tét hon so v6i
mang epoxy F thuan. Ham lugng t6i uu cua SiO; trong thanh phan cua vat liéu t6 hop
trong khoang tir 0.1 - 0,3% voi ham lugng phan gel dat trén 96%. Hiéu tng kich thudc
luong tir cua nanosilica SiO; trong vat liéu té hgp nanocomposite epoxy F:SiO> ciing
da duoc lam ro.

Abstract: The modification of nanosilica SiO: to the curing of Bis phenol F epoxy resin
(epoxy F) by triethyl tetraamine (TETA) was characterized. The curing properties of
the nanocomposite epoxy F:SiO2 membranes are better than Bis phenol F epoxy films.
With the content from 0,1 to 0,3% of SiO> the films epoxy F:SiO2 show the excellent
curing properties which get higher 96% of the gelation. The quantum size effect of
nanosilica SiO2 was also discussed.
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Pit van dé

Trong nhitng nim gan ddy, viéc nghién ctru ché tao cac vat liéu méi c6 tinh ning
wu viét, co do bén cao dudi tic dong cua cac diéu kién méi truong khic nghiét (ndng
am cao, an mon manh...) dang la nhitng van dé thoi su thu hat duoc nhiéu sy quan tam
cua cac nha khoa hoc cting nhu nhirng trung tdm nghién ctru I16n caa nganh khoa hoc
vt liéu trong va ngoai nudc. Trong cac loai nhya nhiét ran, nhira epoxy duoc dung phd
bién do ching c6 nhitmg vu diém ndi troi nhu d6 bén co hoc va dd bam dinh cao, kha
ning chéng an mon tét, bén hoa, bén nhiét, do co ngdt thap khi hoa ran [1,2]. Nhua
epoxy duoc tng dung rong réi trong nhiéu linh vuc ky thuat, trong cac vat liéu két cau
cua nganh xay dyng va dic biét tng dung mang phu epoxy cho cac cong trinh ngam
trong 1ong dat va cac két cau trén bién do epoxy c6 kha ning bam dinh rat tbt trén bé
mat bé téng [2 - 4]. Nhuya epoxy bisphenol A thuong c6 d6 nhét cao nén kho khén trong
viéc tron 13n voi chat dong ran va 6 ngam vao vat liéu bé tdng. Mic du do nhét cua
nhya epoxy c6 thé duoc kiém soat bang cach thém chat pha loang nhung chit pha lodng
c6 thé gay ra hiéu ng khong tot, nhu co thé gay ra pha hay nhiét, giam d6 bam dinh va
do bén hda hoc va tang do co ng6t [1,4]. Nhya epoxy dang bisphenol F c6 mét s6 uu
diém khi so sanh véi nhira epoxy dang bisphenol A nhu ¢6 hoat tinh cao hon, do nhét
thap va khéng mat dic tinh khi thém chat pha lodng. Nhua epoxy dang bisphenol F d&
dang tron hop va dong ran & nhiét do thap. Hién nay, su phaét trién cia cong nghé nano
d3 tao ra sy thay d6i mang tinh dot pha vé céc tinh chat dic trung cua vat liéu to hop
nano [2,3]. Viéc sir dung cac tac nhan gia cuong cau triic nano nhu nanofiber, nanotube
va nanoparticle di nang cao dang ké céc tinh chat co-ly-héa va do tham cua vat liéu
polymer nanocomposite noi chung va epoxy nanocomposite noi riéng [5,6].

Cong trinh nghién citu nay trinh bay anh huong cia nanosilica SiO2 dén kha nang
dong rin cua nhua epoxy Bis phenol F (epoxy F) trong ché tao vat liéu epoxy
nanocomposite (epoxy F: SiO2). Vat lidu mang to hop nano epoxy F: SiO2 véi cac ti l¢
thanh phan khac nhau di dugc ché tao va khao sét cau trdc hinh thai hoc bang phuong
phap chup anh kinh hién vi dién tir quét phat xa trudng FE-SEM. Ham lugng phan gel
ctia C4C mau mang epoxy thuan va epoxy F: SiO2 duoc xac dinh bang phuong phap trich
ly v&i dung méi sir dung la acetone. Anh hudng cua hiéu tmg kich thudc luong tir cua
nanosilica SiO; dén qua trinh dong ran nhua epoxy Bis phenol F bang chat dong ran
polyamine mach thang trietylentetramin (TETA) ciing da duoc ban luan.

Nguyén vat li€éu va phwong phap nghién cau

Nhya epoxy dang bisphenol F khong bién tinh, d6 nhét thap la diglycidylete cua
bisphenol F (epoxy F), cé ky hiéu thwong mai EPOTEC YDF 170LV cia Hang Aditya
Birla Chemicals (Thailand) Ltd., (Epoxy Division). Nanosilica SiO, (Sigma - Aldrich)
c6 kich thudce hat trung binh 15 nm, dién tich riéng bé mat xap xi 650 m#g. Polyamine
mach thang trietylentetramin (TETA) Ia san pham cua hang Sigma - Aldrich, ¢ khoi



luong phan tr 156 va sé nguyén tir hydro hoat dong la 6. Cac nguyén vat liéu duoc s
dung ngay khi nhan dugc, khéng qua tinh ché.

Vat ligu t6 hop nano epoxy F:SiO; véi cac ti 1 thanh phan khoi lwong khac nhau
ctia nanosilica thay doi tir 0% - 0,5% SiO, d4 duoc ché tao bang phuong phap khuay co
hoc toc do cao (3000v/ph) trong thoi gian 6h ¢ nhiét 6 75 OC. Sau d6 tién hanh rung
siéu am vat liéu t6 hop & nhiét do 75 °C véi thoi gian 2h [7,8]. Vat liéu t6 hop nano
epoxy F:SiO2 dugc bao quan ¢ nhiét do phong (25 + 2 0C), d6 am trung binh 50 — 60
%. Qua trinh dong ran epoxy F:SiO; bang TETA dugc thyc hi¢n ¢ cung diéu kién nhiét
d6 va do am bao quan vat lidu. Cac mau mang epoxy F:SiOz duoc ché tao trén dé kim
loai (sat) va thuy tinh theo phwong phap trang, d6 day cua mang trung binh tir 30 — 35
um. Khao sét cau tric hinh thai hoc cia mang bang chup anh kinh hién vi dién tir quét
phat xa truong (FE-SEM), thuc hién trén thiét bi HITACHI S - 4800. Ham lwgng phan
gel theo thoi gian ctia cac mau mang dugc khao sét trén hé trich ly sir dung méi acetone.
Cac qué trinh thuc nghiém, do dac va khao sat duoc tién hanh & diéu kién nhiét do
phong va &p suat khi quyén.

Két qua va thao luan
Cdu trac hinh thai hec ciza mang epoxy nanocomposite - epoxy F:SiO;

Hinh 1 trinh bay anh FE-SEM cia mau mang epoxy F thuan déng ran bang
TETA.

IMS-NKL 5.0kV 4.1mm x150k SE(M)

Hinh 1. Anh FE-SEM ciia miu mang epoxy F thuan.

Tur hinh 1 nhan thay cu tric hinh thai hoc cia mang epoxy F thuan sau khi da
dong ran hoan toan déng nhét va khdng c6 khuyét tat.

Anh FE-SEM cuaa cdc mau mang nanocomposite epoxy F:SiO; véi cac thanh
phan khéi lvgng khac nhau, dong ran bang TETA dugc trinh bay trong hinh 2.
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Hinh 2. Anh FE-SEM ciia mang nanocomposite epoxy:SiOz véi cac ti 18 (a) -
0,07% SiOz, (b) - 0,1% SiO2, (c) - 0,3% SiO2va (d) - 0,5% SiOx.

Quan sét trén hinh 2 ching ta nhan thay nanosilica SiO2 c6 dang hinh cau, dugc
bao boc bai epoxy F véi duong kinh trung binh kich thudc hat trong khoang 20 nm.
Véi ham lugng 0,07% SiO2 (anh a) sy phan bd cua céc nanosilica SiO2 trong nén nhya
epoxy F chua t6t, xut hién cac “khoang tréng khong SiO” chi bao gom chat nén epoxy
F. Tai ti 16 0,1% va 0,3% SiO> (anh b va c) cac nanosilica SiO2 phan tan tot, dong déu
trong nén nhya epoxy F. Khi ting ti 1¢ SiO,, ¢ ti 1& 0,5% SiO2 (anh d) sy phan tan cua
cac nanosilica SiO2 trong nén nhya epoxy F da kém di nhiéu, trong cau tric caa mang
XUt hién cac dam két tu ciia SiO2 xen gitra cac “khoang trong khéng SiO2” chi bao gom
chat nén epoxy F. Tur két qua phan tich anh FE-SEM cuia c&c mau mang phu, ¢6 thé xac
dinh dugc sy phan bd cua nano silica SiO; trong nén nhya epoxy bisphenol F tét nhat
trong pham vi tr 0,1% - 0,3% nanosilica SiOx.

Khdo sat ham lweng phdn gel ciia mang nanocomposite epoxy F:SiO;



Anh huong cua nanosilica SiO2 dén qua trinh dong ran cta nhwa epoxy F bang
TETA duoc khéo sat thong qua phan tich ham luong phan gel cia mang nanocomposite
epoxy F:SiOz. Hinh 3 trinh bay két qua phan tich ham lugng phan gel cia mang epoxy
F:SiO2 trong thoi gian 3 gio dau tién caa qua trinh hda ran nhya.
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Thoi gian (phiit)

Hinh 3. Ham lwong phén gel ciia mang phii trong 180 phiit dau.

Tir hinh 3 nhan thay khi ting ham luong ciia nanosilica SiO; thi kha ning dong ran
cua vat lidu ting, thé hién rd qua cac gia tri ham luong phan gel caa mang epoxy F:SiO2
déu cao hon so véi mang epoxy F thuan. Diéu nay co thé duoc Ii giai 1a do c6 su phan
tan cua cac hat nanosilica SiOz trong toan khéi vat liéu caa mang da c6 tac dung can
tr, lam giam sy bay hoi ctia chat dong ran TETA (can luu y TETA 1a chat ¢6 kha niang
bay hoi kha manh & nhiét do phong), dan dén lam ting su twong tac giita cac phan tu
TETA véi cac nhom epoxy. Véi dic thd cua tdc nhan phan tan nano trong vat liéu to
hop la c6 dién tich riéng bé mat rat Ion, nén kha niang che chan cac phan tir khi cua
nanosilica SiOz (dién tich riéng bé mit cua nanosilica SiOz 1a 650m?#/g) trong vat liéu to
hop nano da thé hién rd hiéu tng kich thudc lugng tir ciia cac hat nanosilica SiO2 trong
mang nanocomposite epoxy F:SiO2. Két qua khao sat dong hoc qué trinh dong ran nhya
epoxy F bang TETA trinh bay trén hinh 3 ciing cho thay ham lugng nanosilica SiO2 tdi
uu trong mang nanocomposite epoxy F:SiOz la tir 0,1% - 0,3%, tuwong ung vai ham
lwong phan gel dat dugc xap xi 90% sau 180 pht dau, cao hon han so véi ham luong
phan gel caa cac mau cd ti 1é khac caa SiO2 va cia mang epoxy F thuan (khoang 74%).



Mitc d6 dong ran cao nhat dat duoc cua nhua epoxy F khi dong rin bang TETA
trong mang nanocomposite epoxy F:SiO> da dugc khao sat théng qua phéan tich ham
lwong phan gel caa mang. Hinh 4 trinh bay két qua phan tich ham lwong phan gel caa
mang nanocomposite epoxy:SiOz trong thoi gian 7 ngay dau tién cua qué trinh hoa ran
nhua.
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Thoi gian (ngay)

Hinh 4. Ham lwong phan gel ciia mang phii trong 7 ngay dau.

Két qua trinh bay trén hinh 4 cho thay kha ning héa ran cta nhua epoxy F khi dong
rin bang TETA di dugc ting 1én dang ké khi trong thanh phan cua vat liéu co thém
nano sillica SiO,. Ham lugng phan gel cao nhat dat duoc 1a trén 96% véi mau chua
0,1%- 0,3% nanosilica SiOz, cao hon han so véi cac mau khac con lai. Két qua nay ciing
hoan toan phu hop véi két qua khao sat dong hoc qua trinh dong rin ctia mang
nanocomposite epoxy F:SiOz trong 3 gio dau tién. Tac dung che chan caa nanosilica
SiO2 trong mang nanocomposite epoxy F:SiOz khong chi ting kha ning déng ran caa
epoxy F tir d6 nang cao cac tinh chét co - Iy cia mang té hop ma con co thé dong vai
tro quan trong trong viéc ngan chan va lam giam su tham nhap cua cac tac nhan khi va
long tir moi trudng bén ngodi vao trong mang, din dén lam tang d6 bén, tinh chat chiu
moi truong va kha niang bao vé vat liéu cia mang phua. Pidu nady mé ra kha nang (ng
dung mang nanocomposite epoxy F:SiOz trong cac cong trinh ngam chiu diéu kién nong
am va an mon cling nhu cac cong trinh bién dao.



Két luan

Kha ndng dong ran va muc do dong ran tdi da dat duoc cia mang nanocomposite
epoxy F:SiOz déng ran bang polyamine TETA da duogc ting 1én dang ké khi c6 sy tham
gia cua nanosilica SiO2. Ham lwong nanosilica SiO2 trong mang epoxy F:SiO- trong
khoang tir 0,1% - 0,3% la téi wu, ham lwong phan gel cua mang dat trén 96%.

Hiéu tmg kich thude luong tir thé hién qua kha ning che chin cua hanosilica
SiOz trong mang nanocomposite epoxy F:SiOz khong chi tang kha nang dong rin cua
epoxy F tir d6 nang cao cac tinh chét co - Iy cia mang té hop ma con co thé dong vai
tro quan trong trong viéc ngan chan va lam giam su thdm nhap cta cac tac nhéan khi va
long tir moi trudng bén ngoai vao trong mang, dan dén lam tang do bén, tinh chat chiu
moi truong va kha nang bao vé vat liéu caa mang phu. Két qua ndy mé ra kha niang ¢ng
dung trong thuc té ché tao mang nanocomposite epoxy F:SiO, lam vat liéu mang phu
bao V¢, ting tudi tho cho cac hé thong dng bé tong thoat nudc thai cua thanh phé ciing
nhu cua cac khu cong nghiép trong nudc ta.
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