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TOM TAT

Bdng con duong téng hop insitu vi nhii
twong ching téi da téng hop thanh cong
nanocomposite trén nén polystyrene duoc
gia cuong bang cac tdm graphene oxide khir
hai giai doan bang nhiét dé va tac nhan kha
NaBH,; sau khi chung da dwoc x& ly voi
monoglyceride. Sw két hop nay cho thdy

nhimg céi thién dang ké vé doé dén
dién(khoang 2,01x107° S/cm), dé bén nhiét
(tdng khoéng 120 °C ) ciing nhu tinh chét co
ly (nhiét d6 chuyén pha thay tinh tdng khoéng
6,40 °C, modul tich tdng 45 %) cua vat lidu
nanocomposite tao thanh so véi nhua nén
ban dau.

T khoa: D6 dén dién, d6 bén nhiét, monoglyceride, nanocomposite, graphene, graphene

oxide, polystyrene, vi nhi tuong.
MO PAU

Graphene 1a mot vat liéu noi bat voi nhirng
tinh chat wu viét hién nay do d6 dan dién, d6 bén
nhiét cao va duoc biét dén qua nhiéu (ng dung
trong nhiéu linh vuc ki thuat nhu pin nhién lidu
[1], vat liéu siéu dan [2], cam bién sinh hoc [3],
nanocomposite [4]... Bing con duong khir két
hop nhiét 6 va xu ly véi hoa chat da dugc ching
minh 1a con duong rét hiéu qua cho qua trinh tach
boc ciing nhu khir graphene oxide thanh
graphene theo con dwdng Top-Down tir nguon
graphite ban dau [5]. Polystyrene (PS) duoc biét
dén vai tinh chit co 1y kha t6t, trong sudt, nhe va
ré tién dugc ung dung rat nhiéu trong doi séng
nhat 1a trong bao bi va nhiédu vat dung thong
thuong tuy nhién it dugc tng dung trong céac linh
vuc ky thuat cao do ton tai mot s nhugc diém

nhu d6 khang thdm khi thap, chiu nhiét chua cao
va nhét la khong thé dan dién duoc. Viéc cai
thién cac nhuoc diém nay cua PS c6 thé mo ra
thém rat nhiéu tng dung mdai cho loai vat liéu
nay va day ciing 13 van d& duoc kha nhiéu nha
khoa hoc trén thé gigi quan tam.

Tir khi graphene dugc biét dén rong réi vao
nam 2004 thi nhitng Gng dung vé loai vat liéu
nay ciing phat trién v6 ciing phong phu trong d6
¢d linh vyc nanocomposite voi sy kha tuong
ddng trong cu trc gitra graphene va PS vao nim
2010 nhom tac gia nguoi Han Qudc da cong bd
bai nghién ctu dau tién vé nanocomposite PS/
graphene tong hop bang con dwong insitu [6]
budc dau cho thay nhiing cai thién dang ké trong
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do din va tinh chat co 1y cua cac san pham tao
thanh. Bang con duong khir két hop hai tac nhan
nhiét ¢6 va NaBH, véi su tham gia hd trg cua tac
nhan monoglyceride trong qua trinh tong hop
graphene dugc xem la phuong phap kha don
gian, ré tién va than thién vai moi truong dé tong
hop graphene c6 tinh chét t6t. Graphene sau d6
dugc tiép tuc dua vao lam pha gia cuong cho PS
trong qué trinh tong hop insitu vi nhii twong. San
pham tao thanh dugc tién hanh phéan tich d6 bén
nhiét qua TGA, tinh chat co 1y qua DMA va xéc
dinh d6 dan dién thong qua ki thuat phan tich
hiéu ung Hall.
VAT LIEU VA PHUONG PHAP
Vit ligu

DPé tong hop nanocomposite cac héa chat
duoc st dung trong bai nghién cau gém: graphit
vay tinh khiét (loai SNO-30, cong ty SEC
CACBON, LIMITED, Nhat), KMnO, (Trung
Quéc), NaNO; (Trung Quéc), H,0, (Trung
Quéc), HCI (Trung Quéc), Ethanol (Chemsol-
Viét Nam), Metanol (Chemsol-Viét Nam),
NaBH4 (Sigma), Acetone (Chemsol), Na,S,0g
(Merk), NaHSO; (Trung Quéc), Sodium Dodecyl
benzene sunfonat (SDBS) (Sigma Alrich),
Monoglycerid (Rikemal - buc), 1-Pentanol
(C5H110H)(Merk) tat ca cac héa chat déu Ia
dang thwong mai va st dung truc tiép, riéng
Styren (Merk) dugc chung cat lai sau khi mua vé
nham loai chit wrc ché truge khi tién hanh tong
Phwong phap nghién ciu

Phan tich quang phé hdng ngoai FTIR
(EQUINOX 55, Brucker) va phan tich nhiéu xa
tia X dang bot (D8- ADVANCE) cac mau duoc
nghién min va say kho trong chan khéng 24 h ¢
65 °C trudc khi phan tich. Cac mau quan sat qua
kinh hién vi dién to truyén qua, TEM
(Transmission Election Microscopy), trudc khi

quan sat cac mau duogc tién hanh chuan bi nhu
sau: Véi cac mau graphene quan sat ¢ dang long,
mau dugc phan tan trong dung méi ethanol
(0,001 mg/ml) bang siéu &m khoang 30 phat, con
véi mau nanocomposite duoc pha lodng trong
nudc khoang 10 lan sau khi dwgc tong hop.

V6i mau nanocomposite dang ran sau khi
duogc tao khéi mau dugc cit tryc tiép bang dao
kim cuong mot lat mong 50 mm va tién hanh
quan sét anh dudi kinh hién vi.

Phan bé kich thudc hat duoc xac dinh bang
thiét bj Zetasizer nano particle DTS Ver.5,1, miu
dugc chuan bi ¢ dang huyén phu dugc lay truc
tiép tir hé sau phan wng va pha lodng khoang 10
lan truéc khi phan tich. Phan tich nhiét luong
quét vi sai (DSC), cac mau dugc thuc hién trong
moi truong khi tro, quét tir nhiét d6 phong Ién
800 °C, tbc d6 10 °C/ phat. Cac mau déu phai
dugc say kho trude khi phan tich trén may Metler
Toledo- Buc. Phén tich nhiét trong lugng (TGA),
cac mau duoc siy khd & 65°C, 24h trong chan
khong truéc khi phan tich trén thiét bi Universal
V45A TA.

Phan tich co 1y dong (DMA) cac mau sau khi
dugc téng hop s& dugc ép & nhiét d6 200 °C tao
mau c6 kich thuéc 74x10x1 mm va tién hanh
phan tich trén may do luu bién (Bohlin Gemini
HR nano) kiéu xoan tir nhiét d6 phong lén 180
°C, thoi gian mau bién dang 1a 10 phat, tan sb
2Hz véi bién dang 5x10-4 %. Cac két qua phan
tich d6 dan s& duoc phan tich theo phwong phéap
do bén miii do dugc tich hop trong thiét bi phan
tich hiéu ung Hall (Ecopia HMS 3000) dat tai
phong thi nghiém phan tich vat liéu ban dan va
mang mong cua truong Pai hoc Khoa hoc Tu
nhién sau khi duoc do bé day bang thiét bi do bé
diy Stylus( Dektak 6M- Veeco, Khoa hoc Vit
lieu). Mau trude khi do duoc sdy kho & 80 °C, 24
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gio sau d6 dugc nghién min va ép thanh vién
c6 duong kinh 13mm trén may ép khi nén tai
phong thi nghiém vat liéu ki thuat cao truong Dai
hoc Khoa hoc Tu nhién.
Téng hep graphene bang cach khi két hep
nhiét dj va NaBH,:
Xu ly Graphite oxide v&i monoglyceride tao
graphene oxide. GO duoc tong hop tir graphite
tinh khiét dang vay va dugc tién hanh oxi héa vai
cac chat oxi héa manh nhu KMnO, H,SO,,
NaNO; va H,0, theo phuong phdp Hummers [7].
Sau khi GO duoc tong hop, dugc phan tan trong
hé dung méi con: nusc (50:50 %wt) bang
phuong phap siéu am tao hé huyén phu (1,009/1).
Cho 100ml hé phan tan GO vao binh cau 3 c6
250 ml, ldp hé hoan luu va khudy co dé chuan bi
cho qué trinh xir ly. Sau d6 nang nhiét d6 1én 80
°C, tiép tuc chon 7,00 g monoglyceride vao
khudy trong 24h. San pham tao thanh dem sdy &
90 °C trong 24h dé dudi hét dung moéi thu duoc
san pham ki hiéu 1a GOM.
Khe graphene oxid thanh graphene bang con
dwong khie két hop hai giai doan:

GOM sau d6 duoc tan nhuyén va cho vao

binh ciu 2 cb khudy co va u trong nhiét d6 150
°C trong 2 gio. San pham tao thanh dwoc ly tam
nhiéu lan véi con dé rira bé monoglyceride con
thura sau qua trinh xa ly. Sau khi duoc loai bo
monoglyceride san phim duoc phan tan lai trong
nuéc bang phuong phap siéu am tao hé huyén
pht (1,00 g/1).100 ml hé huyén phu duoc cho vao
binh cau ba ¢, lap hé khuay co va hoan luu. Tiép
theo hé phan g dugc dua 1én pH = 8 bang dung
dich NH3 va 0,80 ¢ NaBH4 duoc cho vao binh

KET QUA THAO LUAN
Két qua do trong lrong phan tir

Qua két qua phan tich GPC (Bang 2) chling
t6i nhan thdy rang mau masterbatch cho trong

cau va tién hanh khir trong 4 gio. San pham tao
thanh duoc loc rira nhiéu 1an véi nuée va sy kho
& 80 °C trong 24 gio, miu dugc ki hiéu la
rGOMa.
Tong hep nanocomposite polystyrene/ graphene
khi hai giai doan

Hé chat hoat dong bé mat (nuéce cit, SDBS,
C5H110H) dugc pha nhu Bang 1 duoc khudy tir
tao mot dung dich dong nhit, sau d6 rGOMNa
dugc phén tén trong hé hoat dong bé mat bing
phuong phép siéu 4m. Toan bd hdn hop duogc cho
vao binh ciu 3 ¢6, 500 ml ¢6 lap éng hoan luu va
hé khudy co, ban dau hé dwoc lam lanh trong bé
da (nhiét do < 5 °C) ddng thoi tién hanh cho
monomer styrene vao hé tir tir bang phéu nho
giot. Sau khi monomer dwgc cho vao hét, hé tiép
tuc duoc 1am lanh va tién hanh danh siéu am tan
s6 24 KHz trong 30 phut, tao hdn hop nhil twong
truéc phan ¢ng. Lap hé kin cho nito vao suc
trong long dung dich trong 20 phdt, cho khuay co
két hop cho tur tir Na,S,05 va NaHSO; vao hé
phan ng. Sau khi cho hét héa chit tién hanh
nang nhiét do cua hé 1én 85°C v¢i thoi gian phan
ung la 4gid duoc tinh tir 1Uc nhiét d6 phan ung
dat 85 °C. San pham thu dugc cho két tu trong
methanol va sau d6 tién hanh loc rra nhiéu lan
v6i nude dé rira sach chat hoat dong bé mat, cudi
cling san pham s& duoc siy chan khong ¢ 65 °C
trong 24 gio, mau tao thanh ki hiéu PSrtGOMNa.
Trong nghién ciu ching toi c6 tién hanh tong
hop thém mau polystyrene tring khong gia
cuong rGOMNa bing phuong phép vi nhil twong
theo quy trinh twong ty tong hop mAau
PSrGOMNa, mau ki hiéu 1a PS.

lugng phan tir va do da phan tan 16n hon dong
thoi hiéu suit thu duoc thip hon so véi mau PS
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trang. Theo céc tac gia Han Quéc [6], do da phan
tan ting trong truong hop tong hop masterbatch
Ia do anh huong cua cac thm bat goc ty do trén bé
mat cac tam graphene. Khéi luong phan tir cua
polymer trong truong hgp PSrGOMNa cao hon
S0 Voi PS trang thi ¢ thé dugc giai thich nhu
sau: theo ly thuyét cac hat polymer s& duoc dan
hinh thanh va phat trién trong micelle va sau d6

s& duoc dinh 1én cac tim rGOMNa duéi tac dung
lyc twong tac  — 7 gita PS va cac tim graphen
[6] (Hinh 1) va nhitng hat cdu PS nay thudng c6
phén tir lwgng nhé hon do sy can tré cling nhu
kha nang hap phu cac tim hoat dong cua cac tam
graphene diéu nay lam cho qué trinh tat mach
dién ra nhanh hon so véi tong hop mau PS tring.

Bing 1. Bang thong ké thanh phan va khéi lwong cac chat trong qué trinh tong hop PStGOMNa

Nudc cat Sodium 1- rGOM | Styrene Natri Natri hidrosunfit
hai lan Dodecyl pentanol Na (9) thiosunfat (NaHSOs)
() benzen (CsOH) (9 (Na,S;0%) ©
sunfonat (9) 9)
(SDBS)
@)
200,02 6,02 3,01 0,51 5,02 0,051 0,005
Két qua phan tich FTIR Két qua phan tich XRD

Trong két qua FTIR caa mau nanocomposit,
PS va rtGOMNa (Hinh 2) cac miii xuét hién la tap
hop cac miii dic trung trong phd ciia ca rGOMNa
va PS tring nhu cac dao dong trong ving 2900-
3000 cm™(dic trung cho cac dao dong kéo dan
ctia —CH,, trén mach chinh), 1600-1900 cm™ (cac
dao dong t6 hop cua C-H trong vong benzene),
1400-1600 cm™ (dao dong kéo ddn cua C-C trén
vong thom, dao dgng cua ca vong) va cac miii
trong ving tir 905-1300 cm™ (ddc trung cho
nhitng dao dong bién dang cua C-H trong vong
thom), miii & ~750 cm™ (déc trung cho dao dong
bién dang cua céc nguyén tir hidro trén vong),
miii & ~690 cm™ (dao dong ubn cua vong thom).

Tat ca cac mau hau nhu khong c6 mili trong
viing 2-thetatir 2-30° trén gian d6 XRD (Hinh 3),
nhu vay céu tric cia PS va rGOMNa hau nhu
khong thay déi sau qua trinh tong hop, qua két
qua XRD thu dugc ciia mau nanocomposite con
cho thay cac 16p graphene khong bj tu tap lai sau
qua trinh tong hop.Trong gian d6 XRD cua PS va
PSrGOMNa déu c6 sy xuat hién cta hai u mii c6
tin hiéu thip va trai rong trong ving 2-theta tir
15-25°, day duoc xem la hai u miii dic trung cho
cAu trac vo dinh hinh cua nhya nén PS nhu két
qua da cong bd trong nghién ctiu khéc ciia nhém
tac gia Wenig [8].
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Bing 2. Bang thdng ké két qua trong lugng phan tir va d6 da phén tan bing phuong phép sic ki tham gel (GPC)
cua cac mau PS va PSTtGOMNa tong hop bang phuong phéap vi nhii twong

Mau PS PSrGOMNa
M, — 1,930x10° 3,284x10°
M, 1,463x10° 3,335%10°
PDI 7,581 10,155

Hiéu suat phan (ng 90,27+1,88 75,78+3,04
(%)

200,010

Hinh 1. Anh TEM ctia mau A. rGOMNa; B. PSrtGOMNa

C
2oo-w | C
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§ 150+ B
= @
5 5 A
100
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wavenumber (cm-1) 2-theta (degree)
Hinh 2. Phé FTIR. A. PS; B.PSITGOMNa va C. Hinh 3. Gian 46 XRD A. PS; B. PStGOMNa va C.
rGOMNa rGOMNa
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Hinh 4. Gian &6 TGA. A. PS; B. PStGOMNa va C. rGOMNa

Két qua phan tich TGA

Mau nanocomposite cho két qua do bén
nhiét ting manh so véi mau PS tring véi nhiét do
bit dau phan huy tang hon 100 °C (Hinh 4). Két
qué nay ciing kha phu hop véi nhiéu két qua khac
da cong bd trude day [6, 9], didu nay c6 thé duoc
ly giai nhu sau v6i kha ning bao vé cua cac tim
rGOMNa, dong vai trd nhu nhig “tdm chin”
bao vé cho cac mach polymer, khi cung cap nhiét
tir bén ngoai cdc mach polyme sé nhan nhiét va
s& chuyén dong khi nhiét du I6n thi cac mach s&
bi dut gay va sau d6 la qua trinh phan huy dién ra
cho t&i khi hoan toan, ¢ day do rGOMNa c6 do
bén nhiét cao (dudng C trong Hinh 4) nén ching
s& hip thu b6t mot phan ning lwong tir nhiét do
bén ngoai cung cip 1am cho cac mach polyme
nhan nhiét it hon va kéo dai thoi gian bit dau
phan huay ciing nhu 1a nhiét 6 bat ¢au phan hay
trong trueong hop nay ciing s€ tang cao.
Két qua phan tich DMA
Két qua modul dan héi (Hinh 7) cho thay do
cing cua vat liéu nanocomposite tang khoang 40
% so v&i PS trang ban dau trong ving nhiét truée

ving chuyén pha thay tinh cua vat liéu, két qua
nay cho thdy hiéu qua cia qué trinh gia cudng
cac tim graphene rGOMNa trén nén PS, qua
trinh ndy lam cho c&c mah PS tré nén cang hon
va dan hoéi hon do sy hinh thanh céc nat thit tai
cac diém tuong tac gitra cac soi polymer va cac
tam rGOMNa, khién cho cac mach polymer khé
quay hon va trugt 1én nhau cling khé khan hon so
mau tringkhi ting nhiét do hoic dudi tac dung
cua lyc bén ngoai. Tai ving diém uén cua modul
dan hoi tuong wng véi ving chuyén pha thay tinh
modul dan hdi giam mot cach dot ngot do cac
mach polymer trong giai doan ndy bit dau
chuyén dong manh polymer chuyén tir trang thai
cing ran tré nén mém déo hon tw do hon trén
toan mach. Sau khi két thuc giai doan chuyén
pha, modul dan hoi khi nay c6 xu huéng 6n dinh
va cho d6 lén nhu nhau trong ca truong hop co
chat don va khong cd chat don. C6 thé noi sau
khi tré nén mém déo d6 bién dang cua vat liéu
khéng phu thudc vao lugng chat don nira, chung
bién dang gin nhu nhau theo nhiét do véi clng
{ing suat tac dung.
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Hinh 5. Buong biéu didn modul thoat theo nhiét do A.

PS; B. PStGOMNa.

Mau masterbatch sau khi duoc gia cudng véi
cac manh rGOMNa c6 modul thoat cao hon so
v6i mau PS trang cho thiy cac I6p graphen da
dan xen vao gitra mach PS va tuong tac tot Vai
nhya nén PS 1am ting modul thoat cua vat liéu.
Gia tri modul thoat cia mau cé gia cuong ludn
cao hon trong subt giai doan trudc va sau khi két
thGc hoan toan quéa trinh chuyén pha (dinh cua
modul thoat Hinh 5) cho thay vat liéu duoc gia
cuong it bi bién dang dudi clng ung suat tac
dung hon so v6i khi khong duge gia cuong, ciing
nhu két qua modul tich dat dugc diéu nay cho
thiy su tuong tic manh giira nhya nén PS va céac
tam rGOMN. Nhiét do chuyén pha thay tinh (T,)
ciia mau nanocomposite xac dinh théng qua nhiét

Elastic Modulus (Pa)
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Hinh 6. Buong biéu dién tan delta theo nhiét do A. PS;
B. PSrTGOMNa.

do tai dinh trong gian dd phan tich Tan delta
(Hinh 6 va Bang 3) cao hon nhiéu so véi mau PS
tring (khoang 6 °C) mét lan nira cho thiy kha
ning twong tac t6t cua graphen véi nhya nén PS.
Ngoai ra gi4 tri tan delta nay con cé thé duoc
hiéu nhu gia tri ¢ giam chan cua vat liéu, vai gia
tri dinh tan delta cua viéc gia cuong cac manh
rGOMNa thap hon so véi PS tring cho thay khi
dugc gia cuong phan niang lugng bi tan thanh
nhiét trong vat liéu thap hon khi khong duoc gia
cuong, két qua nay ciing hoan toan phu hop voi
cac gia tri modul tich va modul thoat trude do. Vi
khi duge gia cuong phan cang cua vat lidu ting
manh hon so véi phan nhét cua vat liéu nén tan
delta cho két qua cao hon la diéu hop Ily.

Bang 3. Tg tinh theo tan delta

Mau

Tg (°C)

PS

86,0

PSrGOMNa

92,4
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Hinh 7. Buong biéu dign modul tich theo nhiét 6 A. PS, B. PStGOMNa.

Bang 4. Két qua do do dan, dién tré mat va bé day cua cac miu

Tén Mau Po Dan bién tré mat Bé day
Slcm (D6 dan= (Ro) mau
1/( Rs x d) [10]) (K ) d
(cm)
rGOMNa 40,80 0,0018 0,0134
PS R4t nho Vo cunglsn | 0,0135
PSrGOMNa 2,009x10° 3,555 0,0135

Két qua do dd din dién

Vi cc hat cau PS bam Ién trén bé mat cac
tam rGOMNa nhu trong anh TEM (Hinh 1) mau
nanocomposite cho thiy sy cai thién dang ké
trong d6 dan dién (Bang 4) mic du d6 dan chua
cao tuy véi két qua nay dat dwoc ciing di mo ra
mot hy wvong cho viéc tao thanh cac
nanocomposite ¢ thé dan dién duoc va c6 thé
mé ra thém nhidu huéng tng dung cua PS trong
nhiéu linh vuc thich hop.
KET LUAN

Vit liéu nanocomposite PSrGOMNa tao
thanh bang con dudng polymer héa nhil tuong
insitu va graphene tong hop theo con duong khir
két hop nhiét d6 va NaBH, day ciing duoc xem
nhu mot phuong phap kha than thién méi truong

va phu hop trong viéc ché tao cac vat liéu
nanocomposite. Thong qua lyc tuong tac m-m
gilp cho viéc gén két cac hat cau PS 1én bé mat
tam rGOMNa va nht 12 tai cac lién dién tiép xtc
gitra chung dugc quan sat qua anh TEM, tir d6
tinh chét cua composite dwoc cai thién dang ké
trong d6 dan dién, nhiét do chuyén hoéa thuy tinh
va do bén qua DMA, d6 bén nhiét qua TGA so
v6i mau khi khong dugc gia cuong. Véi két qua
thu dugc m¢é ra thém pham vi ung dung cua
polystyrene trong mot sé cac linh vuc nhu ning
lwong, vat lidu bén nhiét va c6 do bén cao.

Céng trinh nay diroc thuc hién dudi sir tai tro tir dé
tai logi C cdp Pai hoc Qudc Gia — HCM diroc duyét
theo Céng van s6 2527/PHQG-KHCN ngay
26/12/2014.
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Improvement in conductivity and
thermal stability of polystyrene with
two-step reduced graphene oxide
based nanocomposite Graphene

/polystyrene

e Nguyen Tuong Vy

¢ Vu Nang An

e Ha Thuc Huy

University of Science, VNU-HCM

ABSTRACT

In insitu microemulsion synthesis, we have
synthesized  successfully  nanocomposite
based on polystyrene (PS) and two-step
reduced graphene oxide sheets with heat and
NaBH, agent after they had been treated by
monoglyceride. Resulted Nanocomposite has
been Dbetter in electrical conductivity

(approximately 2,01 x 10-2S / cm), thermal
stability (increased about 120 °C) and physical
properties (glass transition
temperatureincreasesof over 6.40 °C, elastic
modulus increases by 45 %) than the pure PS
properties.

Key words: Conductivity, microemulsion, monoglycerid, nanocomposite, graphene oxide,
graphene, polystyrene, thermal stability, two-steps reduction
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