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TREN NEN NHU'A EPOXY

U'NG DUNG LAM PHU GIA GIA CUONG CHO NANOCOMPOSITE
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Tém tat: Hé nanocomposite graphene oxit/epoxy dwoc ché tao thanh cong trong nghién céu nay.
Graphene oxit (GO) dwoc ché tao bing phwong phap Hummer cai bién tlr graphite. Hinh anh té vi cho
thdy GO da dwoc phan I&p rd nét sau khi oxi hoa trong méi trwdng H,SO, dam ddc. Cac nhém chire
chira O dwoc gan 1én GO dwoc thé hién qua két qua cta phd hdng ngoai bién déi Fourier (FTIR). Phd
nhiéu xa tia X (XRD) cho thdy khoang cach I&p da tang dang ké sau khi oxi héa, tr 0,34 nm dén 0,78nm.
Céc nhém chirc chira O d& gan Ién va chén vao cac I&p clia GO nén tang khodng cach nay. Cac théng
tin v& dién tich b& mat riéng, thé tich 16 xp, kich thwéc hat da dwoc do bing phwong phap BET va cho
thdy hat GO cé dwdng kinh mao quan trung binh. S dung GO lam chét dén gia cwdng cho hé
nanocomposite trén nén epoxy da cai thién dang ké do bén kéo va udn so v&i nén nhua epoxy khéng
phu gia. Ham lvong GO téi wu dat & 0,5% khdi lwong cho do bén kéo, ubn 1a tét nhat.

Tir khéa: Graphene oxide GO; nanocompozit; epoxy; phwong phap Hummer.

1. M& dau

Viéc st dung vat liéu t& hop polyme ciu tric nano
duoc nhiéu nha khoa hoc, cong nghé nghién ciu va tng
dung rong réi trong nhiéu linh vuc khac nhau do nhimg dic
tinh co hoc va héa Ii tét. Tuy vay, do ban chét cau tric nay
van ¢6 nhiéu 16 xop nén cé thé lam giam cAc tinh chit co li
cta vat liéu. Cac cAu tr n mon manh nhu oxi, nudc, cac
ion gay pha hay vat liéu (CI, H*, SO4*) ¢6 trong mdi
truong ¢6 thé khuéch tan vao vat liéu, gép phan giam
nhanh tinh chit co hoc caa né [1, 2]. C6 nhiéu cach dé cai
thién tinh cht co 1i cua vat liéu t hop polymer, sir dung cc
chét don kich thudc nano van 1a hudng di méi, higu qua.

Nanocomposite c6 thé dugc ché tao trén nén kim
loai, v co hoic hitu co. Rat gan diy, nanocomposite
trén co s& mang ludi polyme epoxy dugc gia cuong bai
nanoclay, 6ng nano cacbon, sgi nano cacbon, graphene,

aPhén vién Khoa hoc ATVSLD va BVMT mién Trung
bTrung tdm Ky thudt Tiéu chuén Do lwong Chét lwgng 2
<Trwdng Pai hoc Bdch khoa — Bai hoc Ba Ndng

*Tac gia lién hé

Lé Minh Bac

Email: leminhduc@vnniosh.vn

hat v6 co nano nhu TiO», SiO,,... [3, 4, 5]. Graphene
dugc dic biét quan tdm do nhitng tinh chét wu viét cua
chung, 1a huéng di nhiéu trién vong dé cai thién, mo
rong cac kha nang tng dung cua vat liéu nanocomposite
[6]. Graphene la loai vat liéu c6 ciu tric 2 chidu, trong
d6 C vai lai héa sp? da tao nén cau tric dang t6 ong rat
bén vitng. N6 cé nhirng tinh chat hét sirc dic biét nhu
dd bén co hoc cao, do din dién cao va kha ning che
chén dang phan tu... Do vay, loai vat liéu nay c6 nhiéu
trién vong ung dung trong nhiéu linh vuc nhu
composite, dién cuc dién hoa, 16p phu va chat hip
phu... [7, 8, 9]. Pac biét, huéng nghién ciru mé rong
ing dung cua graphene lam chit don gia cudng nano
duoc dac biét quan tam [10].

Nim 2017, nhém tac gia N.I.C.Berhanuddin da ché
tao nanocomposite trén nén nhya epoxy biang graphene
dé cai thién tinh chat co hoc ciia composite. Graphene
duoc téng hop bang phuong phap gian no nhiét va siéu
am. Bé miat graphene duoc bién tinh bang methyl
diphenyl diisocyanate (MDI). Ham luong graphene dat
t6i wu & 0,5% theo khéi lugng trong composite. Ca
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modul Young va do bén kéo déu duoc cai thién so véi
epoxy khong c6 gia cuong [11].

Nam 2018, nhom tac gia F.V.Ferreira da bién
tinh graphene oxit biang hexamethylene-diamine va
ché tao nanocomposite ciing trén nén epoxy. Nhiéu
phuong phéap nghién ctru dac trung véat liéu duoc &p
dung nhu FTIR, Phé Raman, XPS, AFM. Két qua cho
thay do cung té vi cua nanocomposite da duoc cai
thién dang ké [12].

Nam 2017, nhém tac gia M. G. Sari da nghién cuu
ché tao nanocomposite trén nén epoxy véi hé phu gia
gia cuong la hat nano khoang montmorillonite va
graphene oxit dé 1am mang bao vé kim loai. Hé da cai
thién dang ké kha nang chong an mon [13].

Nhuya epoxy tuy kha bén nhung co tinh chét 1a gion,
do vay, can thiét phai sir dung cac phu gia nano dé khéc
phuc han ché nay. Khong nhu cac loai phu gia kich
thuéc nano khéc, graphene c6 thé sir dung lam phu gia
gia cuong lam ting do bén ma khong lam thay ddi gia
tri nhiét chuyén héa thay tinh ciia composite.

Trong nghién ciu nay, graphene oxit - GO dugc
nghién cau tong hop va khao sat cac dic trung tinh chét
ddng thoi viéc sir dung né 1am chat don nano cho nhya
epoxy ciing dugc nghién ctru va khao sat. Cac tinh chat
co hoc ctia nanocomposite dugc danh gia, so sanh.

2. Thwe nghiém

Nhua Epoxy thuong mai EP thuoc loai nhua
Epoxy Bisphenol A xuit xtr tr Trung Qudc. Chat
dong rin loai DETA (diethylen triamine) duogc sir
dung voi ti 18 DETA/Epoxy = 20/100. Céc hoéa chat
khac H,SOs; 98%, NaNOs, KMnO4 (Trung Qudc),
khéng phai xt li gi trudc khi dung. Graphite duoc
cung cip boi Aldich-Sigma, c6 ham lugng C > 99%,
kich thudc hat < 45 um.

Graphene dugc tong hop tir graphite bang phuong
phap Hummer cai bién theo quy trinh nhu sau: Phan tan
bing may khuay tir hon hop gém 3g graphite, 3g
NaNQj3 trong 90 ml axit H,SO4 dam dac, trong 30 phat.

HGon hop ludn duoc giir ¢ 5°C. Thém tir tir 9g KMnOy
vao hdn hop, duy tri nhiét 6 nay va khuay déu trong 2
gio. Hon hop dan chuyén sang mau nau dam. Sau d6
thém dan nudce cat, giir nhiét do ¢ 50°C, tiép tuc khudy
tron trong 1 gio. Thém 400ml H,0, 30% dé oxi hoa
lugng KMnQO, du thira sau phan ing. Hon hop duoc loc,
rira nhiéu lan bang nudc cat trén may loc chan khong cho
dén khi nuéc rira dat pH=7. Mang GO di sdy ¢ 50 °C ta
thu duoc san pham GO dang bot.

Mot sb tinh chat cua mau GO duoc xac dinh biang
céc phuwong phap: chup anh bang kinh hién vi dién tu
quét SEM (HITACHI-4800 FESEM, Vién Ki thuat
Nhiét doi, Ha Noi); Phd hdng ngoai bién ddi Fourier
FTIR (STA6000, Perkin Elmer, My, tai Truong Dai
hoc Béach khoa, PH Pa Ning); Pho nhidu xa tia X
XRD (SmartLab, Gigaku, Nhat Ban, tai Truong Dai
hoc Bach khoa, PH DPa Ning); Do dién tich bé mit
riéng bang phuong phap BET (trén may ASAP-2020,
Micromeritics, My, tai Truong PH Bach khoa, PH ba
Ning); Panh gia d6 phan tan cua GO bang chup anh
kinh hién vi quang hoc (kinh OLYMPUS CX31 - Nhat
Ban, tai Truong PH Béach khoa, PH Pa Ning).

Mau nanocomposite dugc ché tao nhu sau: can
80g nhya epoxy cho vao cbc thuy tinh. Thém vao cbc
thay tinh ndy véi cac ham lugng GO khac nhau tir
0,3%, 0,5% va 0,7% theo khdi lwong so véi nhua
epoxy (sai sb 0,01 g). Hon hop nhya va GO duogc
khuay tron dong déu bang may siéu am trong thoi gian
30 phat ¢ bién d6 40%. Thém chat dong rin vai ti 18
20% so Vvéi luong nhua epoxy, d6 khudn, tao mau.
Mau dugc luu & nhiét do phong trong vong 24 gio, tiép
dén say ¢ 70°C trong 5 gio d¢é mau dong ran hoan toan.
Sau khi sdy xong, mau dwgc dé nguoi & nhiét do phong
rdi thao ra khoi khuon.

Céc tinh chét co hoc cia nanocomposite dugc khao
sat bao gom: Do bén ubn theo tiéu chuin ISO 178, d6
bén kéo theo tiéu chuan 1SO 527-1. Cac phép do duoc
thuc hién trén thiét bi INSTRON 5582 cua My, tai
Phong Thtr nghiém Co li - Trung tdm Ki thuat Tiéu
chuén Do ludng Chit lugng 2 (QUATEST 2).
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Hinh 1. Anh chup SEM cia GO (a) va graphite (b)

3.Két qua va thao luan
3.1. CAu trac té vi cia graphene

Két qua chup anh SEM caa GO va graphite dugc
thé hién & Hinh 1.

Tir két qua chup SEM, c6 thé nhan thiy bé mit cua
GO (Hinh 1a) bi tach I6p rd rang, céc tim graphene ciing
dd duoc nhan dién qua cac nép gip, vung téi sang. GO
van con cau tric 16p nhung bé mat ¢ su bong tréc, nham
hon. So sanh anh SEM cuaa graphite (Hinh 1b), cac 16p
cuia graphite ban dau day, sit chat va lang béng hon.
3.2. Két qua do dién tich bé mét riéng bang
phwong phap BET

Két qua do BET cua cac mau GO va graphite thé
hién ¢ Bang 1 va 2.

Bdang 1. Két qua do BET cua vt lieu GO

Théng sé GO

Dién tich bé mat (m?/g) 72,9367
Thé tich vi mao quan (cm?/g) 0,061949
Kich thudce hat trung binh (A°) 817,437
Kich thuéc cac 16 x5p TB (A°) 33,7597

Bdng 2. Két qua do BET cua vit lidu graphite

Thong sé Graphite
Dién tich bé mat (m2/g) 19,9226
Thé tich vi mao quan (cm3/g) 0,09284
Kich thudce hat trung binh (A°) 2972,110
Kich thudc cac 16 x5p TB (A°) 183,9693

Két qua ¢ Bang 1, 2 cho thy: dién tich bé mat
riéng cua vat liéu graphen oxit dat dugc la 72,9367
m?2/g. So véi graphite ban dau tir ~20 m2/g, graphen oxit
thu duoc c6 gia tri dién tich bé mat riéng 16n hon nhiéu.
GO ¢6 cau tric nano véi kich thuge hat trung binh khé
nho 817,437 A°, nho hon kha nhiéu so véi hat graphite.
Vit liéu c6 do x6p cao, kich thudc cac 16 xdp trung binh
chi khoang 33,7597 A°. Kich thuéc 16 xdp trung binh
ciing nhé hon nhiéu so vai hat graphite.

Nhu vay, bang qua trinh oxi héa héa hoc trong moi
truong H,SOs voi KMnO4 1am chét oxi hoa, cac 16p
graphite dugc dugc bdc tach ra, tao ra nhiéu khong gian
x6p véi @6 xop kha cao so véi graphite.

3.3. Phé héng ngoai bién déi Fourier (FTIR) cua
graphene oxit (GO)

Két qua phd hdng ngoai FTIR cua GO sau khi tong
hop dugc thé hién ¢ Hinh 2.
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Hinh 2. Két qua phé hong ngogi cia GO (a)
va cua graphite (b)
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Qua qua trinh oxi hoa, cac nhém chitc nhu epoxy,
-OH, -COOH dugc gin vao cau tric caa GO. Két qua
phd FTIR ¢ Hinh 2a cho thay, pic ¢ sé séng 3397cm™
dac trung cho dao d6ng cua nhdm -OH trong GO va cua
nuéc hap phu, tao lién két hydro gitra cac 1op graphite.
Day ciing c¢6 thé 1a lién két gitra nhém -OH cua GO véi
nuéc hap thu, hoic gitra cac nhém -OH cua GO véi
nhau. Cac pic & sb song 1732 ecm™ 1a dic trung cho
nhom cacbonyl cua andehyde hodc axit hoic cetone. Pic
& 56 s6ng 1622 cm't, 1050 cm! twong tng véi dao dong
C-OH cua nhém hydroxyl va C-O cua epoxy.

Hinh 2b 1a phé FTIR cua graphite nguyén chat. C6
thé thiy khong xuit hién bét cir pic nao trong dai s6
song d6. Nhu vay, oxi héa hoa hoc graphite da gan
thanh cong cac nhom chire chira O 1én cau tric cia GO.

3.4. Phé nhiéu xa tia X (XRD) ctia graphene
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Hinh 3. Két qua do XRD cua graphite, GO

Két qua trén Hinh 3 cho thiy da co su dich chuyén
pic vé goc 26 nho hon cua dang GO. GO cho pic ¢ 11°
tuwong tng v6i khoang cach d=0,78 nm - Ién hon so véi
graphite. Graphite c6 pic nhon & goc 20 26°, twong ung
vaGi khoang céch 16p 0,34 nm.

Diéu nay cd thé duogc giai thich bang sy hinh thanh
cac nhom phan cuc epoxy, -OH, -COOH dong thoi voi
su 6 mat cia nudc ¢ gitra cac Iop GO trong qua trinh
phan tng da lam cho khoang cach 1ép trong GO ting
Ién, 16n hon so vai ban dau cua graphite.

3.5. bPanh gia d6 phan tan cua GO trong
nanocomposite

Han hop nhua epoxy va GO duoc phan tan bing
méy khudy siéu &m trong thoi gian 30 phit. Sau phéan
tan, dung co quét mot I6p mong trén tam lam kinh thi
nghiém. Mau dugc dong ran & diéu kién phong trong 24
gio. Phan bd cac hat GO dugc danh gia bang quan sat
trén kinh hién vi quang hoc. Két qua thu dugc thé hién ¢
Hinh 4.

Két qua cho thay véi ham lugng GO bang 0,5% thi
cho sy phan bé tét nhat, khong xuat hién két tu, bé mat
kha bang phang. Khi ham luong GO ting 1én 0,7%,
nhiéu khdi két tu xuat hién, GO da khong phan tan tét
trong nén epoxy. Li do & day c6 thé 1a do lwong GO qué
I6n, nhya epoxy khong du dé bao boc tat ca cac hat GO.
Bot khi c6 thé xuat hién ¢ day do do nhét hdn hop ting
dan, ngan can kha ning phan tan caa GO [14]. Véi ham
lwrong GO 0,3%, su phan tan GO ciing khong dugc tét,
van c6 mot vai diém két tu cia GO. Nguyén nhan c6 thé
do lwong GO khéng du l6n dé truyén wng suat trong qué
trinh khudy nén khong hd tro cho sy phan tan tét hon.

a

b
Hinh 4. Anh chup duéi kinh hién vi quang hoc ciia nanocomposite Véi dg phong dai 1.000 lan.
Ham lwong GO trong nanocomposte ldan Lot (a) 0,3%, (b) 0,5% va (c) 0,7%
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3.6. Tinh chat co hoc ciia nanocomposite v&i
cac ham lwong GO khac nhau

Két qua khao sat do bén co hoc cua vat liéu
nanocomposite dugc thé hién ¢ Hinh 5.
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Hinh 5. Anh hwong ciia ham leong GO dén dé bén uon
va kéo cua vt ligu nanocomposite

Két qua ¢ Hinh 5, cho thiy do bén udn tang khi
tang ham lugng GO tir 0% dén 0,5%, tuy nhién khi ting
ham luong GO 1én 0,7% thi d6 bén ubn lai giam xudng.
Dat gia tri cao nhét twong tng véi ham lugng 0,5%. Do
bén kéo cua nanocomposite ciing bién ddi twong tu
(Hinh 5), tang khi ting ham luong GO tir 0% dén 0,5%,
giam khi ham lugng GO dat 0,7%. Gié tri d6 bén udn va
kéo cao nhit twong ng véi ham luong GO trong
nanocomposite dat 0,5%.

Trong mau GO c6 su xuit hién cua cac nhom
hydroxyl, carbonxyl va nhdm epoxy. Cac nhdm nay tao
thanh cac diém hoat hoa dé lién két voi cac phan tir
nhém chirc cua cac phan tir epoxy, gilp cho cau trdc
nanocomposite c6 do sit chat, két bé chat chg, co kha
nang chéng lai &ng suat tdc dung. Do véy d6 bén co hoc
cua vat liéu nanocomposite dugc cai thién khi co6 mat
cua GO.

Mt khac trong khéi epoxy nguyén chét, giita cac
cdu truc thuong ton tai nhitng diém ciu tric rdng
(khuyét tat). O nhitng diém rdng nay, cac doan mach
phan tir c6 do linh dong Ién va lyc tac dung twong hd
giira cac phan tir rat nho. Dudi tac dung luc co hoc, thi
rng suat xuat hién trong khéi polyme khong dong déu
nén polyme s& bi pha hay véi gié tri luc khong Ion lam.

Khi dugc dién ddy bang GO hoic mach dai phan tir
epoxy chén vao giira cac I6p GO, do bén lién két gitra
mach dai phan tir epoxy véi cdc 16p GO duogc tang 1én.

Tuy nhién, vai 0,7% khdi lwong GO thi s& ton tai
cac hat GO du. Lac nay, trong hé s& hinh thanh pha
riéng biét, pha v ciu triic dong nhit caa hé GO/epoxy.
Duéi tac dung cia ngoai luc, tng suat s& phan bé khong
déu trong khéi vat liéu 1am cho do bén caa mau giam.
Dong thai, khi trong mau nanocomposite c6 chira ham
lugng GO 16n (0,7%) thi s& gay kho khan cho qua trinh
ddng nhat mau do d6 nhét ting cao trong thoi gian ngan
va bot khi xuat hién nhiéu trong san pham. Pay chinh 13
nguyén nhan khién d6 bén cua mau giam. Két qua nay
cling kha tuong ddng véi két qua danh gia do phan tan
cua GO ¢ Hinh 4.

4. Két luan

Nanocomposite trén nén nhya epoxy voi chat don
gia cudng 1a graphene oxit (GO) da dwoc ché tao thanh
cong. GO dugc tong hop tir graphite bang phuong phap
hoa hoc. Thong qua cac két qua phd IR va phd XRD, co
thé khing dinh ring GO da duoc tong hop thanh cong
Vi cac nhom chuc dic trung duoc gan Ién cau trdc cua
nd. Céc nhém chirc chira O nay da tao nhiéu thuan loi
cho viéc lién két véi nhua epoxy lam nén. Tinh chit co
hoc nhu d6 bén ubn, d6 bén kéo cua vat liéu
nanocomposite dugc cai thién rd rét so vai nhya epoxy
khong c6 chat don. Ham lugng GO 0,5% theo khdi
lwong 12 t6i wu véi loai chit don nano nay.
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SYNTHESIS AND PROPERTIES OF GRAPHENE OXIDE (GO)
THE APPLICATION AND USE OF GRAPHENE OXIDE
IN STRENGTHENING NANOCOMPOSITE ON THE FOUNDATION OF EPOXY

Abstract: Nanocomposite graphene oxide/epoxy was fabricated successfully in this research. Graphene oxide (GO) has been
synthesised by using modified Hummer method. SEM picture showed that GO had been exfoliated clearly after chemical oxidation in
concentrated H,SO, acid. The oxygen functional groups that could be seen on the FTIR spectra, were attached onto GO surface.
XRD spectroscopy showed that the space among the layers of GO increased from 0.34 nm to 0.78 nm after oxidation, which can be
explained by the insert of oxygen functional group. BET results provided information of specified surface areas, porous volume and
article diameter of the product. GO has a medium porous diameter. It is also shown that the mechanical properties of the fabricated
product improved significantly with the use of GO as compared to neat epoxynanocomposite. The optimum amount of GO in
GOl/epoxy was 0.5% of weight.
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