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TOM TAT

Nanocompozit graphen/polystyren duwoc
téng hop béng phuong phép trung hop vi
nhii twong. Graphen duoc téng hop tir
graphit oxit, sau khi bién tinh bdng mudi
diazonium cta axit sunfanilic. Phan tich phé
Ranman va kinh hién vi dién ti& truyén qua
Twr khéa: Polystyren, graphen, vi nhi tuong
MO DAU

Trong nhitng ndm gan day graphen véi mang
lugi cachon 2 chiéu da thu hat duge nhiéu su chl
y cuia gigi khoa hoc do dic tinh co, nhiét, dién uvu
viét cia né co thé ang dung trong nhiéu linh vuc
tir nanocompozit dén mang mong dan dién [1].
NGi chung, tim graphen c6 thé duoc ché tao theo
3 cach: (i) Tach boc co hoc micro tao dugc tam
graphen voi sb luong it; (i) Epitaxy tao mang
film graphen va (iii) Phuong phép héa hoc gom
giai doan oxy hda graphit, tach béc graphit oxid
va khir vé graphen [2].Trong 3 phuong phap trén,
phuong phép hda hoc 1a phuong phap thich hop
dé tao dwoc graphen véi sé lugng l6n. Tuy
graphen tir phuong phap nay khong thu dugc
graphen hoan toan tinh khiét nhung n6 da mé ra
ung dung cho polyme nanocompozit.

Nanocompozit trén co s& graphen véi cac
tinh chit co, dién va dién méi doc nhét cé thé sir
dung trong cdng nghé nhya va son phu va ciing

(TEM) cho thay trén nén polystyren graphen
c6 nhiéu 16p xép chdng lén nhau. Nhiét d6
chuyén thady tinh héa Tg clia nanocompozit
graphen/polystyren tidng theo ham Iwong
graphen thém vao qua két qua khdo sét co
ly déng (DMA).

c6 thé ung dung 1am 16p ban dan trong transistor.
Hon nita, graphen oxide c6 thé dugc bién tinh
héa hoc va khtr véi sy c6 mit cia polymer dé tao
thanh vat liéu compozit trén co sé polymer.
Chinh vi vay graphen da thu hut sy chl y véi vai
tro la mot chit don dic biét cho polymer
nanocompozit. Mac di véi tiém ning nhu vay
hién nay van c6 rét it nghién ciru lién quan dén
nanocomposit trén co s& graphen. Nhin chung,
cac phan tir ¢6 cau trac vong thom di duoc nhiéu
nghién ctu ching minh 14 ¢6 twong tac manh vai
bé mat graphen thong qua lién két n- = [3, 4, 5].
Do d6 nanocompozit polystyren/graphen hién
dang thu hat sy quan tdm nghién cuu cua cac nha
khoa hoc.

Trong nghién ciru nay chung t6i da tong hop
nanocompozit polystyren/graphen bing phuong
phép tring hop vi nhii twong. Do graphen c6 xu
huéng két tu lai sau khi khtr do lyc lién két Van
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der Waals nén truéc khi khur graphit oxit dwoc
bién tinh v&i mubi diazonium cua axit sunfanilic
theo quy trinh caa nhém nghién ciru T. Samulski
[6]. Su ghép cip cua mudi diazonium trén tim
graphen dugc khang dinh bang phd FTIR. Do
bén nhiét ciia graphen va nanocompozit ciing
duoc khao sat bang TGA. Lan dau tién, tinh chat
co cta nanocompozit PS/graphen dugc khao sét
theo ham lugng graphen thém vao.
VAT LIEU VA PHUONG PHAP

bé tong hop nanocompozit
graphen/polystyren chung t6i da st dung cac hda
chat sau: Graphit (Malaysia), NaNOs (Trung
Quéc), H.SO, dam dic (Trung Québc), KMnO,
(Trung Qudc), H0, 30% (Trung Qudc),
CH3COCH3z (Trung Qudc), NaNO, (Trung
Quéc), Axit sulfanilic (Merck), HCI (6ng chuan
1N Viét Nam), Dung dich NHz (Trung Qudc),
NaBH, (Sigma), Styren (Merck), Natri
dodecylsulfat (An Do), CsHiOH (Sigma),

Na;S;0s (Merck), NaHSOs; (Merck), CH3OH
(Trung Quéc).

Nanocompozit graphen/polystyren dugc tong
hop gém hai gia doan:

Giai dogn 1: tong hop pha gia cuong
graphen tir graphit oxit (GO) duoc bién tinh boi
mubi diazonium cua axit sulfanilic, dugc ky hiéu
la GO-SO3H.

Giai dogn 2: tong hop nanocompozit
graphen/polystyren bang phuong phap tring hop
vi nhil tuong. GO-SOsH dugc khir mot phan véi
NaBH4 (r-GO-SO3H) trude khi trung hop vi nhit
trong v6i monome styren. San phiam sau triing
hop dugc khir hoan toan véi NaBHa4. Ham luong
(phan trim vé khdi lugng) graphen so voi
monome styren lan luot 12 1, 3, 5 va 10% vé khdi
luong, duoc ky hiéu 1G/PS, 3G/PS, 5G/PS va
10G/PS tuong tng.

Qué trinh tong hop nanocompozit duoc tém
tat qua so dd sau:

Biéntinh bfing mudi
Oxi hoa bing Khir s0 b diazonium cia axit
, ing Wfanilc”
phuong phap ban’[i 5
Hummer” NaBH;

G‘[le]'lit — 3| G0 |——| GO _ GO-S0:H

Khir mot ph3
Khithoan Ténghoptai bingNaBH;
toan bing chd vinhi
NaBH, Dung dich twong M

Nanocompozit G/PS ‘

——— | 1-GOSOH
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Pé xac dinh va kiém tra cau trdc san pham
ctia mdi gia doan chling tdi lan luot tién hanh cac
phan tich sau:

— Phan tich ph hong ngoai, FT-IR (Fourier
Transfer Infact Red), trén may EQUINOX
55 hang Bruker CHLB Dirc. Lugng nho mau
dugc tron voi KBr va nén thanh dang vién.
Tan sb khao sat 400 — 4000 cm, d6 phan
giai la 4 cm™

— Phan tich nhidu xa tia X, trén may D8—
ADVANCE, véi dién ap gia téc 40 KV,
cuong do dong 40 mA, bic xa Cu—Ka (diung
tam loc Ni), tbc d6 quét 0,01°26/0,2s. Sir
dung khoang 1 g mau dé phan tich toan bo
d4 sau khi nghién thanh mau bét, sau d6 cho
vao khay mau va cho vao may phan tich.
Mot duong nhiéu xa X—Ray duoc chay cho
moi mau véi dai goc tr 2 - 30°, K, trung
binh: 1,54184 A, K : 1,5406 A, K :
1,54439 A, Kp: 1,39222 A,

— Chup kinh hiém vi truyén qua, TEM
(Transmission Election Microscopy), nhing
mau trong bai nay duoc chup boi may JEOL,
model JEM-1400.

— Phan tich nhiét trong lwong, TGA (Thermo
Gravimetry Analysic), trén may Q500. Khéi

lugng cua mdi mau phan tich khoang 4mg.
Nhiét 6 phan tich: 32> 800°C, voi téc do
gia nhiét: 20°C/ phut, trong méi truong khi
N2. Mau trude khi do dugc bao quan trong ta
say chan khong 60°C trong 3 gio.
— Phan tich co ly dong, DMA (Dynamic
Mechanical ~Analytic),trén may Bohlin
Gemini HR nano rheometer. Mau duoc phun
trén may Haake Minijet II.
KET QUA VA THAO LUAN
Phén tich phé hong ngoai

Phé hdng ngoai (FT-IR) cia GO véi cac mili
hip thu dic trung ctia GO nhu: 3383 cm™ (vo.n),
1224 cm* va 1062 cm? (vco) lan luot 1a dao
dong cua epoxy va alkoxy, 1720 cm? (vco),
1620 cm? (vc=c). Pdi véi miu GO-SOsH va r-
GO-SOzH c6 cac mili hip thu twong ty GO
nhung v6i cudng d6 thip hon. Dic biét co su
Xuit hién cua cac mii hap thu dic trung cua
nhém chuc sulfanilic tai vi tri 1211 cm? (S-0),
1153 cm? (S-phenyl) [6]. Piéu nay chuang to
mudi diazonium cua axit sulfanilic da phan tng
véi r-GO, lam cho GO-SO3H cé kha nang phan
tan tt trong moi trudng nudc.
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Ph6 hdng ngoai ciia PS ciing nhu cac mau
nanocompozit ¢6 su xuat hién cac miii twong tu
nhau. Tai viing hip thu dic trung ctia nhém chirc
sulfanilic mau PS va cdc mau nanocompozit ciing
c6 sy hap thu vi vay dya vao FT-IR kho c6 thé
két luan mot cach chic chin da khir dugc hoan
toan cac nhém chuc ton tai trén pha gia cuong.
Céac két qua nay can duoc kiém tra bang phd
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c6 thé xac dinh mirc 6 oxy hoé cua graphen oxit
va graphen. Tuy nhién trong diéu kién cac phong
thi nghiém & Viét Nam van chua c6 phd phan
tich nay nén trong khudn khé nghién ctru nay van
chua thuc hién phan tich nay.
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Phan tich nhiéu xa tia X
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Hinh 4. Gian dd nhidu xa tia X ctia PS va nanocomposit 1G/PS, 3G/PS, 5G/PS, 10G/PS

Gian dd nhidu xa tia X chang to rang: bang  sulfanilic ciu tric xép 16p ban diu cua graphit
phuong phap Hummer, dudi tdc dung cua cac tac ciing nhu GO di dugc phé hay hoan toan.
nhan oxi héa manh khoang céchgitra cac khoang
duogc nong rong Ién tir 0,37 nm > 0,79 nm. Sau
khi bién tinh bang mudi diazonium cua axit

Gian dd nhiéu xa tia X cua cac mau
nanocomposit G/PS ciing khéng con ton tai cac
miii dac trung cua graphit va GO.
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Chup kinh hiém vi truyén qua TEM

Anh TEM cia miu nanocompozit 5G/PS
mot lan nita khing dinh két qua cua nhidu xa
tia X: pha gia cudng graphen phan tan tét trong
nhya nén PS.

Hinh 5C cho thiy PS c6 kha ning dinh trén
céc tim G nhung chua 1. Phuong phap TEM
dung dich s& cho két qua chinh x4c hon nhung
diéu kién phong thi nghiém hién tai ¢ Viét
Nam chua thyc hién duoc.

Phan tich nhiét khdi lwgng TGA
A

MAU_C609 [ TEM |
EM-14 1 k (is]

Gian @6 TGA cua: graphit, GO, GO-SO3H, r-
GO-SO3H cho thdy NaBH4 di khir cac nhém
chic phén cyc lam cho pha gia cuong r-GO-
SOsH bén nhiét hon. Déi véi mdu GO & khoang
200°C, GO c¢6 su giam khdi luong déng ké dugc
giai thich 1a sy phan huay cta cac nhom chuac
phan cuc chia oxi. Mau GO-SO3H da duoc khir
s0 bo bai NaBH4 mot lan nén co do bén nhiét cao
hon GO, nhung kém hon mau r-GO-SOsH di
duoc khir so by boi NaBH; hai lan.

Gian d6 TGA cua PS va cac mau
nanocomposit cho thdy pha gia cuong da lam

. "
MAU_C609 [ TEM ] 500.0nm
M. 40( )0k 101 00% § PN

MAU_C609 [ TEM ]
EM-T400 50K 1008

Hinh 5. TEM cua 5G/PS

taing do bén nhiét cho nhya nén PS. Cac miu
nanocomposit G/PS c6 nhiét do phéan huy cao
hon PS (400°C > 418°C). Bic biét vai cac mau
nanocomposit ¢ nhiét do trén 450°C ¢6 su giam
khdi lwong cham lai. Mot diéu nhan thay rat rd
khéc 1a khi ham luong graphen ting 1én, phan
traim khdi luong con lai ¢ khoang 450 - 650°C
ciling tang. Didu nay ching to graphen di dan xen
khé t6t vao nén PS tao mot 16p than bao boc PS
lam PS phan huy chdm hon.
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Hinh 7. TGA cua PS, 1G/PS, 5G/PS, 10G/PS

Bing 1. Nhiét d6 phan huy va phéan trim tro con lai ctia PS va cac mau nanocomposit

M Nhiét d6 bit diu phan hay Nhiét d6 phan hay cuc dai Phn tram odn Lai (%)
(°C) (°C)
Graphit 97
GO 209 210 42
GO-SOsH 341 372 65
r-GO-SOzH 73
PS 400 418 1,1
1G/IPS 418 442 2
3G/PS 421 443 038
5G/PS 419 440 0,24
10G/PS 420 441 5,439

Phéan tich co' ly dong DMA

Phan tich co Iy dong, DMA la phuong phap
dung dé nghién ciu tinh chat luu bién cua vat
liéu polymer nhu tinh chat dan hoi nhét, nhiét do
chuyén pha... Tir két qua DMA c6 thé xac dinh
duoc modul tich, modul thoat va do hut khdi cua
vat liéu.

Modul tich dic trung cho tinh dan hoi trong
khi modul thoat dac trung cho tinh nhét cua

polymer. § 1a goc phan anh thoi gian tré gitra ung
suit tac dung va bién dang va dwoc dinh nghia
bang ti s6 goi 1a do hut :khdi tan & = G/ G,
trong d6 G’’ tuong ung voi modul thoat va G’
tuong (g voi modul tich. tan & 1a d6 hut khéi va
la thude do ty s6 ciia do tan ning luong dudi
dang nhiét chia cho nang lugng cuc dai tich trong
vat liéu trong mot chu ki dao dong.
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Hinh 10 T, cia PS va cac nanocomposit theo tan o

Bang 2 T, cia PS va cac méu nanocomposit theo

tan delta va modul thoat.

T theo modul

. T, theo tan
Mas delta (-C) thodt(°C)
o o6 92
1G/PS 106 100
3G/PS 109 102
5G/PS 112 106
10G/PS 117 108

Modul tich cua cac mau nanocomposit G/PS
déu ting theo ham lugng graphen thém vao so
v6i mau PS trong ving trudc nhiét do thay tinh
hoéa. Tai 60°C gia tri modul tich cua PS 1a khoang
2,1*10°Pa, cua cAC Mau nanocomposit dao dong
trong khoang tir 24> 4,2*10%a. Cac mau
nanocomposit khi ting ham lugng pha gia cuong
thi Ty tang, chung to pha gia cuong phan tan rat
t6t trong nhua nén PS. S di ¢6 su phan tan t6t
nhu vy c6 hai nguyén nhan:

—  Pha gia cudng ¢ day co cau truc vong
thom tuong tw nhu PS. Cac ndi pi trén PS
va bé mit pha gia cudng c6 sy xen pha lan
nhau.

—  Trang hop vi nhil twong PS trén bé mit r-
GO-SOsH, bé mat r-GO-SOsH con nhiéu
sai hong sp®, trong qua trinh tring hop
sinh ra gdc tu do, c6 kha ning PS gin Ién
graphen tai vi tri sai hong do.

Cing nhu duong cong modul thodt, tur dinh
ctia dudng cong Tan & ta ¢6 thé tinh duoc Ty cia
mau PS va cac mau composit. Cac gia tri T4 thu
duoc tr dinh dudng cong ndy cua C4c mau
naocomposit cao hon so véi mau PS. Mot lan nira
cho thay kha ning twong tac kha tét cua G va PS.

Két qua DMA cho thiy pha gia cuong da
lam tang tinh chit co ciing nhu nhiét d¢ thay tinh
hoa cua PS.
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KET LUAN

Bang phwong phap Hummer ching t6i da
tong hop thanh cong GO. Mudi diazonium cua
axit sulfanilic duoc sir dung véi vai tro 1a chét
bién tinh. Chinh n6 di lam cho pha gia cuong
phan tan rét tt trong moi truong nudc. Viéc tong
hop nanocomposit Graphen/PS véi graphen dugc
tong hop thong qua graphit oxit dugc bién tinh
boi mudi diazonium cua acid sulfanilic da dap
g dugc muc tiéu dé ra. Pha gia cuong don vao
phan tan tét trong nhya nén PS, lam ting kha

ning bén nhiét va tinh chat co 1y cho vat liéu.
Nanocompozit ndy cé thé st dung dé lam
mastebach. Khéng chi dung lai ¢ day, chung toi
lubn mong mudn tao ra dwoc nanocompozit c6
kha nang din dién. B¢ dat dugc muc dich nay,
can tim va khao st chat khir vai ham lwong hop
Iy bén canh d6 ciing can c6 mot phuong phap do
do dan phu hop véi vat liéu tao ra dé co d6 chinh
Xac cao.

Synthesis of graphene/polystyrene
nanocomposite by microemulsion

polymerization

e Phan Thi Thanh Cuc
® Mai Thanh Tam
e Pham Huynh Tram Anh
e Ha Thuc Huy
University of Science, VNU- HCM

ABSTRACT

Graphene/polystyrene  nanocomposites
were prepared by water-based in situ
microemulsion polymerization. Graphene
was synthesized from graphite oxide, and
then modified by diazonium salt of sulfanilic
acid. FT-IR spectrum indicated the presence
of functional group SOz on the surface of
graphene. It helps graphene not aggregate
in water after reduced by NaBH., which
supported  water-based microemulsion

Keyword: Polystyrene, graphene, microemulsion

process. Ranman spectrum and Tramission

Electronic  Microscopy (TEM) showed
graphene dispersed well in polystyrene
matrix. However, there were still some

tactoids where graphene had multilayer. The
addition of GO increased the glass transition
temperature of the PS/GO composites. The
storage modulus and thermal stability of the
nanocomposites were also improved
compared with PS.
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