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TOM TAT

Véat liéu compozit polyme gia cuong
graphen oxit la mét trong nhing huwdng
nghién ctru méi va phat trién manh tr ndm
2005 cho dén nay. Trong nghién ctru nay,
ching téi d& ché tao thanh céng vét liéu
compozit polystyren (PS) gia cwrdng graphen
oxit (GO) bang phuong phép dung dich, mét
phwong phap don gidn va hiéu qua. Graphit
oxit dugc téng hop tir graphit bang phuong

phap Hummers (1958) va duwoc tach boc
trong dung méi dwéi tac dung cua séng siéu
am. Vat liéu compozit PS/GO tao thanh cé
tinh chéat co, nhiét vwot troi hon so véi
polystyren tinh chét. Bén canh d6, dé tai da
di sdu vao nghién ctu anh huwdéng cua
graphen oxit 1én tinh chat lwu bién cua
polystyren — mot trong nhiing tinh chat quan
trong nhét cta vat liéu polyme.

Twr khod: Compozit polystyren/graphen oxit, graphit oxit, graphen oxit, polystyren.

MO PAU

Polystyren la mot polyme nhiét déo cé nhiét
do thay tinh hoéa trong khoang 80 — 120°C.
Polystyren c6 rat nhiéu tng dung trong linh vuc
d6 gia dung ciing nhu trong cong nghiép Vi
nhiéu dang khac nhau PS khéi, PS x&p va PS soi.
Vi thé tinh chét co 1y va kha nang chiu nhiét cua
polystyren ngay cang dugc quan tdm nghién cau
nhim thoa man cac muc tiéu tng dung khac
nhau. Bén canh cac phu gia nhu cac hop chat cua
phospho [13], halogen [14], amonium va cac
dang din xuat cua chung thi cac pha gia cudng
nhu silica [3, 19, 22], dat sét [4, 5, 12, 17], hat
nano kim loai [30] ciing dugc dua vao PS nham
tang kha nang chiu nhiét va tinh chat co ly. Trong
do, graphit oxit [23, 25] hay graphen [10, 20, 21,
27] duoc biét dén c6 kha ning gia ting nhiét do

phan huy, chéng chay theo co ché pha rén dong
thoi ting tinh nang co ly khi dugc dua vao
polyme ndi chung va polystyren ndi riéng.
Graphen oxit duoc ché tao bang cach tach
boc cac 16p cua graphit oxit. Graphit oxit 1a san
pham cua qua trinh oxy héa graphit bing céc tac
nhan oxy héa manh nhu NaNO3z, KMnOs, KCIO3
hay hén hop cac hé oxy hoa khac nhau. Mot
trong nhimg phuong phap thong dung nhat tong
hop graphit oxit la phuong phdp Hummer [11]
vGi hé oxy héa NaNOs, HSO4, KMnO4. Graphit
oxit ¢6 cdu triic twong ty nhu graphit tuy nhién
trén bé mat c6 xuat hién cac nhém phan cuc nhu
hydroxy, cacboxylic, epoxit [6, 8]. Chinh dic
diém nay, graphit oxit c6 kha ning phan tan tét
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trong nudc va cd khoang cach gitta hai l6p dugc
nang Ién tir 3,3 A dén khoang 8 — 9 A [8]. Vi thé,
kha nang tich 16p graphit oxit thanh cac 1ép
graphen oxit c6 kich thuéc nanomet tré nén dé
dang hon.

Vit ligu compozit dugc danh gia 1a ¢6 nhiéu
tinh ning vuot troi so véi vat liéu nén. Bén canh
d6, nhiéu cong trinh nghién ciru vé tinh chét luu
bién cua compozit da duoc cong bd song song
véi sy phat trién vé cong nghé thiét bi khao sat
lru bién polyme. Bén canh cac loai polyme dan
hdi nhét (elastome) nhu cao su, polyuretan nhiét
déo (TPU) [2, 26, 29], polyolefin [7, 18], cac
copolyme hay hdn hop polyme véi cao su thi cac
polyme va compozit trén nén cac polyme cing
gion tai nhiét do phong nhu
polymetylmetaacrylat (PPMA), polystyren (PS)
[1, 15, 24, 28, 31] cling dugc quan tdm nghién
ctu tinh chat luu bién & trang théai chay long.
Dya vao sy thay d6i modul, ung suét chay, do
nhét phtc, kha nang chiu rdo va tinh chat hoi
phuc (ng suit, khi thay déi nhiét do hay tan sb
tac dung luc lam cho tinh chéat cua vat liu
compozit duoc thé hién rd nét va gitip danh gia
duoc kha nang twong tac gilra pha gia cuong va
polyme nén. Trén tinh thin d6, nhém nghién ciru
da khao sat twong tac ctia graphen oxit véi nhya
nén théng qua tinh chat luu bién & trang thai
long.

VAT LIEU VA PHUONG PHAP
Ho4 chit va dung cu

Cac hoa chat chinh: graphit dang vay
(sigma), axit sulfuric ddm dac (Trung Quédc), axit
clohydric (Trung Qudc), tetrahydrofuran (THF),
kalipermanganat (Trung Quéc), polystyren Mw =
800000 (Dai Loan) va cac loai dung mdi can thiét
khéc. Céc thiét bi chinh : méay siéu am (UP400S
— Puc), may tron Minilab (Btc), may phun mau
Minijet (Pwc), may luu bién Gemini HR"™

(M¥), may phan tich nhiét trong luong Q500 —
Trung tdm phan tich Tra Vinh, may nhiéu xa tia
X — Vién dau khi Viét Nam va cac thiét bi hd trg
khac.
Téng hop graphit oxit

Graphit oxit dwoc tong hop bang phuong
phap cia Hummers [11]. Theo d6, 10 g graphit
va 0,5 g NaNOs lan luot dugc cho vao trong 230
ml H,SO, dam dic. Hon hop duoc khudy déu va
lam lanh ¢ 0°C. Sau d6 300g KMnO4 dugc cho
tir tir vao hé (ch y gii nhiét do caa hé huyén phu
khong quéa 20°C). Sau d6, nhiét do cua hé duoc
nang 1én dén 35+ 2°C trong 30 phut dé phan ung
oxi hoa graphit xay ra. Tiép theo, 460 ml nuéc
cit dugc thém vao. Sau khi pha loang, nhiét do
cua hé duoc nang 1én 98°C va giir & nhiét do nay
trong vong 15 phat. Két thac 15 phat, huyén phu
tiép tuc dugc pha lodng voi 1,4 lit nwoc cat va
H,02 30% duogc thém vao hdn hop dé khir MnO4
con du trong hdn hop. Sau khi xir 1i bang peroxit,
hén hop ¢6 mau vang sang. Cudi ciing san pham
duoc ly tdm, rira nhiéu lan bang aceton va siy
kho tai 100°C. Graphit oxit duoc kiém tra cau
tric va tinh chat bang phan tich nhidu xa tia X
(XRD), phé hong ngoai (FTIR), Raman, UV-Vis,
phan tich nguyén té, nhiét trong lugng (TGA).
Ché tao compozit PS/graphit oxit

Can chinh xac 10,00 g polystyren hoa tan
vao 200 ml tetrahydrofuran (THF) va khuay co
trong 8 gio dé PS phan tan déu trong dung moi.
Ta ¢6 hdn hop (1). Pdng thoi 0,500 g GO ciing
duoc phan tan vao 200ml dung méi THF va danh
siéu &m (siéu &m thanh tin s6 50-60Hz) trong 2
gio. Ta c6 hdn hop (2). Sau d6, hdon hop (2) nhé
tirng giot vao hdn hop (1) va khuiy déu trong 24
gio. Ta c¢6 hon hop dung dich (3). Hon hop (3)
dugc taa trong 2 lit ethanol (98%). San pham
cubi PS/GO (5% GO) duogc loc va siy chan
khéng & nhiét do 70°C.
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Bang 1. Cac thong sb tron miu va phun mau

Pidu kién tron Gia tri thong sb Pidu kién phun miu Gia tri thong sb
Nhiét do tron 180 | °C Ap suit phun 750 bar
Téc d6 nap lidu 50 vong/ phat Ap suét giit mAu trong khuon 600 bar
Tdc d¢ tron 100 | vong/ phat Thoi gian phun 10 giay
Thoi gian nap liéu 5 phat Thoi gian lam chay mau 3 phut
Thoi gian tron 30 phat Nhiét @6 xilanh 180 °Cc

Nhiét d6 khudén 60 °C

Tur hon hop PS/GO véi ham luong 5,0% GO
theo khéi lwong dugc xem nhu masterbatch,
ching toi tién hanh gia cong cac mau véi ham
luong GO thap hon: 0,5%, 1,0%, 1,5%, 3,0% va
5,0% trén may tron 2 truc vit Minilab va may

45 mm

phun mau Minijet theo chuan ISO 527 theo cac
diéu kién cho ¢ Bang 1

Kich thu¢c mau tao thanh cho nhu Hinh 1
(chuan 1SO 527).

Q\é‘
Q /’
\Q'v

7 1,0 mm

Hinh 1. Cu tao miu sau khi phun theo ISO 527

Cac mau compozit PS/GO dugc khao sat cac
tinh chat co 1y dong, do chiu rdo, kha niang hoi
phuc, tinh chét nhiét, va tinh chat luu bién.

Cac phwong phap phén tich

Cac mau graphit, graphit oxit, polystyren va
compozit PS/GO duoc phan tich cu tric bang
XRD trén may D8-Advance, dién ap 40 KV,
cuong d6 dong 40 mA, birc xa Cu—Ka (ding tam
loc Ni), tbc do quét 0,03%/ giay tir goc 20 = 2 >
30° vé6i khéi lwong mau bot phan tich khoang 1,0
g/ 1 1an. Phan tich nhiét trong lugng (TGA) nham
xac dinh khdi lwong mau vat liu mét di (hay
tang 1én) theo nhiét 9. Cac mau graphit, graphit
oxit, polystyren va compozit PS/GO dugc phén
tich TGA bang may Q500 (Trung tam Phan tich
Truong PH Tra Vinh) trong moi truong khi tro
(nitrogen), véi toc do gia nhiét 10°C /phdt, tir
50°C dén 600°C.

Phan tich co Iy dong (DMA) la phuong phép
dung dé nghién ciru tinh chat co — nhiét cua vat
liéu polyme. Phuong phap duoc thyc hién bing
cach cho mau chiu tac dung luc dao dong vai tan
s6 va bién do ¢b dinh dong thoi thay doi nhiét do.
Két qua thu duoc cac gia tri modul tich G modul
thoat G” va G* = G’ + iG” 12 modul phtrc. Ngoai
ra, tand = G'/G’ 1a thudc do ty s clia do tan ning
luvong dudi dang nhiét chia cho nang luong cuc
dai tich trong vat liéu trong mét chu ki dao dong.
Quan trong nhit phwong phap DMA con la
phuong phap nghién ctitu nhiét d6 thuy tinh hoa
Tq VA céc su chuyén pha thi cdp trong polyme.
Trong nghién cttu nay, cac mau compozit PS/GO
dugc phan tich DMA (Bang 2) bang may lueu
bién Gemini HR™™ (MY).
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Bang 2. Diéu kién khao sat co 1y dong cac mau PS/GO

Pidu kién khao sat DMA

Nhiét d6 khao sat

Téc d6 gia nhiét

Tan so

Bién d6 bién dang

Gia tri cac thong sb
35>120 °C

5 C / phut
5 Hz
0,0005

Do réo la khao sat do bién dang cua mau do
mot tai hoac mot luc khong doi gay ra trong mot
khoang thoi gian. Hau hét cac phuong phap do
ro bang cach do do thay ddi chiéu dai mau dudi
luc kéo khong ddi, nhung ciing c6 khi do do réo
bang d¢ truot, xo4n, hodc nén. Néu vat liéu cimng
va gion, do rio duoc do bang d6 udn. PO hdi
phuc (ng suat dugc thuc hién bang cach cho mau

bi bién dang nhanh (tac thi) dén mot gia tri cb
dinh dong thoi tng suit thay ddi s& dugc ghi lai
theo thoi gian. Do hoi phuc nham danh gia duoc
cac tuong tac bén trong vat liéu dac biét la cac
vat liéu dan hoi nhét nhu polyme. Trong dé tai
nay, ching toi khao sat do rdo xoin va do hdi
phuc ng suat trén may luu bién Gemini HR"
(M¥) nhu Bang 3.

Bang 3. Diéu kién khao sat do rio va do hoi phuc tng suét

Didu kién khao sat rio Gia tri cac thong sb Didu kién khao sat hdi phuc | Gia tri cic thong sé
irng suit

Ung suét tai 108 Pa D6 bién dang 1,0 %

Thoi gian rao 2,0 Gio Thoi gian hdi phuc 2,0 Gio

Nhiét d rdo 40va60  °C Nhiét d¢ hdi phuc 40va60  °C

Tinh chat luu bién ¢ trang thai long nham
xac dinh dugc d6 nhat phuc (n*), modul tich (G)
va modul thoat (G**) theo nhiét d6 va cé dinh tan
s6 tac dung luc, hay thay doi tan s6 ¢6 dinh nhiét
d6. Trong dé tai, chiing tdi khao sat tinh luu bién

trén may Gemini HR™™ (M%) vGi khubn tron
dang dia nhim danh gia kha ning tuong tac va
anh huong cia ham luong 1én d6 nhat phirc hay
modul cua cAc mau compozit PS/GO nhu Bang
4.

Bang 4. Diéu kién khao sat tinh chat luu bién & trang thai long

Khao sat theo nhiét do Khio sat theo tin sb
Diéu kién khio sat Gia tri cac thong sb Diéu kién khio sat Gia tri cac thong sb
Nhiét d¢ khao sat 120 5200 °C Tén s6 khao sat 01>50 Hz
Tdc do gia nhiét 5,0 oC / phiit Nhiét do khao sat 170 °C
Tén s6 2,0 Hz Bién d6 bién dang 0,001
Bién d6 bién dang 0,001 Chiéu cao Gap* 0,800 mm
Chiéu cao Gap* 0,800 mm Ban kinh dia 25 cm
Béan kinh dia 25 cm

*Gap la chiéu day I6p chat long cdn do.
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KET QUA VA THAO LUAN
Két qua tong hop graphit oxit
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Hinh 2. Gian d6 nhiéu xa tia X ciia graphit va graphit oxi

Gian d¢6 XRD (Hinh 2) caa graphit ¢6 1 mii
& g6c 20 = 26,5° va twong wng dooz = 3,3690 A.
Cuong d6 miii rat cao cho thiy graphite ban dau
¢6 d6 két tinh cao. Trong khi do, gian d6 XRD
ciia GO cho thdy c6 sy doi miii vé goc 20 = 11°,
cuong d6 miii thip hon so vai graphit va khoang
cach dooz clia GO ting 1én 7,7920 A. Diéu nay
duoc giai thich 1a do sau qué trinh oxy hda, trén
bé mat graphit dwoc dinh 1én cac nhom phan cyc
nhu hydroxy, carboxylic, epoxit tao thanh graphit
oxit. Chinh cadc nhém chic nay da nong rong
khoang cach gitra cac 1op caa GO va két qua la
gia ting khoang cach dooo.

Phé FTIR cua graphit oxit (Hinh 3) cho thay
mili tu rong & 3394 cm? dic trung cho nhém
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T
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Hinh 3. Phd hong ngoai cia graphit oxit

hydroxyl —OH. Do tin hiéu miii rong va do hap
thu sau, ching to cac nhém hydroxyl cé lién két
hydrogen véi nhau, hoic lién két véi nudc van
con trong khoang cia GO, Tiép theo miii & Vi
tri 1720 cm™? 1a dao dong cua nhém carbonyl
C=0 va cu thé 1a nhém chic carboxylic. Mili
1621 cm® 1a dao dong cua ndi d6i C=C cua
carbon trén 16p GO. Bén canh d6 con xuat hién
cac miii ¢ 1070 > 1227 cm™ dic trung cho dao
dong lién két C-O, C-O-C ciia nhdm epoxit va C-
OH. Théng qua phé FTIR mot lan nira khing
dinh chinh cac nhém phan cuc hydroxy,
carboxylic, epoxit da lam gia tdng khoang cach
gitta cac 16p trén graphit oxit, d& dugc ching
minh trén gian dd XRD trudc do.
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Hinh 4. Phb Raman cua graphit va graphit oxit

Phé Raman (Hinh 4) cho thiy xuét hién chu
yéu 3 mii dao dong D, G va 2D. Miii D tai
khoang 1350 cm 1a dao dong cua cac ria hay cac
nhom tap trén tim graphit va GO. Miii D cang
cao, tinh bat 6n cang 16n. Miii G tai 1580 cm™ la
dao dong Eazg [9, 16] dat trung cho graphit va
graphen. Miii cudi cing 2D tai 2500 cm™ duoc
cho 1 dao dong bac hai (hoa tin) cua dao dong
E2g. Miii 2D xuét hién khi ciu trac graphit c6 do
trat tw cao, hay thuong thiy khi phan tich
graphen don 16p. Nhin chung GO tao thanh cé
cAu tric bat 6n do xuat hién cac nhém chuc trén
bé mit nén cac miii D va G c6 xu huéng doi vé
d6 hap thu cao va ty 1& cuong do D/G cua GO
(1,2) cao hon so vai graphit (0,1) cling da ching
minh diéu d6 mét lan nixa.

Két qua phan tich TGA cua graphit cho thay
graphit bi giam cip lién tuc, tuy nhién tong khoi
luong sut giam khong dang ké (2,7%). Di voi
graphit oxit, gian 46 TGA c6 su khac biét rd rét,

1104
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Hinh 5. Gian dd phan tich nhiét trong luong

quéa trinh giam cip nhiét bat dau xay ra khi nhiét
d6 1én dén khoang 50°C va cho dén 110°C khéi
luong sut giam 1a 8,57%. Sy sut giam khdi luong
nay dugc cho 14 bay hoi ctia cac khi va nuéc hap
phu trong cac khoang cia GO. DBiac biét, su sut
giam khdi luong cuc dai tai 222°C véi khéi
lugng giam 34,2% . P6 1a sy phan hay cua cac
nhém carboxylic, hydroxy, peroxit trén tim GO.
Trong khoang nhiét dé tiép theo cé sy giam lién
tuc khéi luong. Diéu nay do qua trinh giam cap
cua cac 16p graphit oxit vi cau tric cua céc 16p
graphit oxit khong dugc bén viing va nhiéu
khuyét tat hon graphit.

Tiép theo la két qua phan tich nguyén té
(Bang 5) chi ra rang ti 16 C/O cua GO nho hon so
véi graphit (gan 4 lan). Diéu nay ching to qua
trinh oxy hoa graphit dat két qua tt va ty 1é C/O
= 2,8 1a twong duong véi cac nghién ciu lam trén
phuong phap Hummers [11], chirmg minh tong
hop thanh céng GO.

Bang 5. Két qua phan tich nguyén t6 (miu dugc phan tich tai Dirc)

%C %H %N %S %0 TileC:0
Graphit 91,21 0,48 >0,1 0,06 7,95 11,5
Graphit oxit 71,18 2,21 >0,1 0,68 25,63 2,8
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Téng hgp PS/5%GO bing phwong phap dung
dich

Polystyren phan Ién ton tai ¢ dang vo dinh
hinh nén trén gian ¢6 XRD (Hinh 6) khdng xuat
hién mili r& rang. Mau PS/5%GO ciing cho két
qua twong tu nhu PS. Miii két tinh cia GO khéng

1600 -

Graphit oxid (GO)
Polystyren (PS)
—— PS/5% GO

1400 -

1200

1000 -

800
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400

200+

0 é 1b 15 2‘0 2‘5 3‘0 3‘5
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Hinh 6. Gian dd XRD cua cac mau PS, GO, PS/5%GO

Tinh chat co — nhiét cua cac mau PS/GO
dugc thé hién rd nét thong qua phan tich DMA
(Hinh 7). Cac miu compozit gia cudng GO déu
cho modul tich cao hon PS tai nhiét d6 trudc Tg.
Vi du ¢ tai 50 @6 C gia tri modul tich cua PS la
khoang 2,1x10°Pa, trong khi d6 cac mau
compozit PS/GO c6é modul tich ting cao hon va
c6 gia tri tir 2,2-2,8x10°Pa. Didu nay da khing
dinh kha nang gia cuong hiéu qua cua GO trén
nén PS. Khi ham luong GO cang ting thi modul
cang ting va cao nhit tai 5%GO.

Ngoai ra phan tich DMA con cho thay nhiét
do6 thay tinh héa théng qua 2 céch tinh : theo dinh
modul thoat va dinh cua tan & cho & Bang 6. Nhin
chung gia tri Tg cdc mau PS/GO cao hon PS
(76,7 va 83,9°C) va cao nhit la PS -5% GO (88,3
va 93°C). Gia tri Tg tinh theo tand thong thuong

dugc tim thiy d6i voi miu compozit, diéu nay
chung té ciu trdc cia GO khdng con trat tu nhu
ban dau. Vé mat ly thuyét, cé thé du doan cac 16p
GO da duoc tich boc hoan toan (dudi tac dung
cua siéu &m) hay bi dan xen boi polyme nén
trong qua trinh gia cong.

S = 0.5%GO
S - 1.0%GO |

’S - 3.0%GO i

o
=Y

3 - 5.0%GO i

G'10°Pa

o

00

300 35.0 400 45.0 500 55.0 60.0 65.0 T°C 80.0 85.0 90.0 950 1050 1150

Hinh 7. Gian dd modul tich theo nhiét do cua PS/GO
v6i cac ham lugng GO khac nhau

16n hon theo modul thoat va 16n bao nhiéu thi tly
V&0 cau trdc cua tirng loai polyme.

Bang 6. Két qua Tg tinh thong qua gian d6 DMA

Loai Mau | 1@ the’o Modul Tytheo Tg &
thoét (°C) (°C)
PS 76,7 83.9
GO
PS -1% GO 82,3 87,3
PS -3% GO 82,0 89,1
PS -5% GO 88,3 93,0
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Hinh 8. Két qua do chiju réo cua cic mau PS/GO
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Hinh 9. Két qua d6 hdi phuc tmg suit ciia cac mau PS/GO

Hinh 8 cho thdy gia tri J. (gi4 tri dic trung
cho phép do rdo, goi 1a do mém, c6 gié tri bang
nghich dao cua do cing) & 40°C khong thay ddi
chiing t6 kha ning chiu rdo cua cAc mau la nhu
nhau va GO khéng thé hién rd vai tro trong
truong hop nhiét do thip hon nhiéu so véi Tg.
Khi nhiét d6 tang 1én 60°C dudng cong Je cua cac
mau compozit ting cham hon so véi PS. Ching
t6 kha niang chiu rdo ctua c4c mau compozit ting.
Diéu nay chirng t6 pha gia cuong GO phan tan
t6t va ngin can qua trinh chuyén dong cua cac
mach polyme dudi tdc dung cta ngoai luyc. Mot
cach tuong tu, kha niang hdi phuc &ng suit cua
c4c mau compozit cham hon so véi PS nén & ca
hai nhiét a6 40 va 60°C (Hinh 9).

Hinh 10 va Hinh 11 cho thiy két qua phan
tich lwu bién long cua cac mau compozit. Khi
nhiét d6 dwoc giam tir 200°C dén 120°C gi4 tri
modul tich va thoat dugc ghi nhan (Hinh 10) cho

thiy G’ va G” ctia cA&c mau compozit déu 16n hon
PS va vi tri cac giao diém cua hai dudng cong G’
— G” ¢ nhiét do cang cao khi ham lugng GO cang
tang (tir 135 > 170°C). Theo nguyén tic, tai giao
diém nay modul tich va thoét bing nhau phan
cimg dan hoi va mém chay c6 ty Ié nhu nhau.
Dudi téc dung ciia GO lam gia ting phan cimng
dan hoi cua vat liéu, din dén sy doi giao diém
trén vé phia nhiét do cao. Diéu nay ciing din dén
gia tang d6 nhét ¢ trang thai long cua PS khi cd
mat cua GO. Hinh 11 cho thiy khi tan s6 tac
dung luyc tang lam vat liéu tré nén cung hon vi
khi lyc tdc dung qué nhanh thi cdc mach polyme
khéng kip ang X, vi thé tré nén cing hon. Hién
tuong nay thay ro & cadc mau compozit va mau
PS. Tuy nhién modul va d6 nhét phac cua
compozit dugc quan sat thay l6n hon so véi PS vi
€0 su tuong tac vai GO.
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Gian db phan tich nhiét vi sai cua PS (Hinh
12) cho thiy nhiét d6 bét dau phan huy 1a khoang
388°C va dén 500°C thi gan nhu bi phan huy
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Hinh 10. Két qua phan tich luu bién theo nhiét d6 ciia cac mau PS/GO
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100

80

60

Weight (%)

40

20 4
—PS

——PS/5% GO

Graphite oxide (GO)

T T T T | P | T T T 1
0 50 100 150 200 250 300 350 400 450 500

Temperature (°C)

Hinh 12. Gian d6 TGA cua PS va cdc miu compozit
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hoan toan. Trong khi d6, PS/GO c¢6 nhiét do bt
dau phan hay ¢ 413°C (tang 25°C) va nhiét do
phan huay cuc dai ting khoang 20°C (Bang 7).
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Bang 7. Két qua phan tich TGA mau compozit PS/GO
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KET LUAN

Chung t6i da tong hop thanh cong graphit
oxit bang phuong phap Hummer dwoc chimng
minh bing cac phuong phap phan tich XRD,
TGA, FTIR, Raman va phan tich nguyén t5. Két
qua dat dugc GO ¢6 dooz = 0,79 nm, ty I¢ C/O =
2,8. Vit lieu PS/GO tdng hop cho két qua vé
modul tich, ting kha nang chiu rdo, giam thoi

gian hdi phuc, tang nhiét d¢ thiry tinh hoa va ting
kha ning chiu nhiét. Bén canh d¢, tinh chét luu
bién cua PS/GO dwoc chang minh c6 su thay doi
thdng qua sy gia taing modul va o nhét phuc &
ca hai qua trinh thay d6i nhiét d va thay ddi tan
S0.

Synthesis and study on rheological
behavior of polystyrene/graphene
oxide nanocomposites

® Mai Thanh Tam
e e Pham Duy Linh
e Ha Thuc Chi Nhan
e Ha Thuc Huy
University of Science, VNU-HCM

ABSTRACT

Polymer nanocomposites reinforced by
graphene oxide is one of the new research
and developed from 2005 up to date. In this
study, we had successfully fabricated
polystyrene/graphene oxide nanocomposite
by solution-based method. Graphite oxide
was synthesized by the method of Hummers
and exfoliated in solvent under the effect of

ultrasound. The thermal and mechanical
properties of PS/RGO nanocomposites were
superitor to original polystyrene. In addition,
our research has focused on the effect of
graphene oxide to the rheological properties
of polystyrene — one of the most important
properties of polymer materials.

Key words: Graphite oxide, composite PS/GO, graphene oxide, polystyrene.
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