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TOM TAT

Vit liéu nanocomposite polymethylmethyl
acrylate (PMMA) dugc tong hop tr graphene
bang phuong phdp nhii twong in situ ¢ c4c tinh
chat vuot tréi hon so véi PMMA tréng. Nhiét do
T, tang tir 5-8 °C, nhiét o bat dau phan hiiy ting
hon 50 °C, dé cirmg ting gan 46 %, dé dan dién
dat gan 30,67 S/m. Qud trinh khir graphene oxide
tach boc trong nanocomposite TGO-PMMA sau
khi tong hop cho thdy nhitng hiéu qud hon hdn so

véi viée khir graphene oxide tich béc truée roi
sau dé mdi tién hanh tong hop nanocomposite.
Sw khdac biét nay dwoc thé hién rdt ré qua hinh
théi va cdu tric cia cdc mdu nanocomposite
(kinh hién vi dién tir (SEM)) tir @6 ddn dén nhitng
khdc nhau trong tinh chdt ciing nhw nhitng thay
d6i so véi PMMA trdng ban dau, mé ra nhimg
huwong wng dung moi cho vt liéu nanocomposite
thu duoc.

Tir khéa: graphite oxide, gian nd nhiét, hydrazine, nanocomposite, polymetamethyl acrylate

MO PAU

Graphene la mot trong nhiing vat liéu tha vi
da thu hat sy dau tu nghién ctu cia nhiéu nha
khoa hoc trén thé giéi voi nhiéu huéng tng dung
méi ¢6 tiém ning to 16n. Graphene duoc xem Ia
vat liéu nano hai chiéu, trong d6 cac nguyén tir
carbon c6 trang théi tap chung sp® duoc sép xép
trong mang ludi nhu t6 ong, chiéu day mdi tam
graphene la 0,35-1 nm [1]. M6t trong nhitng dac
tinh quan trong nhat cia graphene 1a kha ning
dan dién, dong vai trd nhu nhitng hat tai phi khoi
lugng (hay con goi la Dirac fermions) [2].
Graphene con duge xem nhu 13 ban kim loai ma
nang luong ving cidm cua né hiu nhu khong ton
tai, do dan dién cuia graphene giam dan theo s
lugng 16p graphene [3]. Graphene c6 do truyén
qua cao (~98 %), do hip thu anh sang tring cua
huyén pht don 16p graphene 1a 2,3 % véi cuong

d6 phan xa khong dang ké (<0,1 %), d6 hap thu
anh sang ting tuyén tinh theo s 1op graphene
[3]. Ngoai ra, graphene con c6 kha ning dan
nhiét tét, & nhiét do phong gié tri nay dwoc Xac
dinh vao khoang 3000-5000 Wm™K™ [3]. Bang
cach sir dung kinh hién vi luc nguyén toc AFM c6
thé xac dinh dugc céc tinh chit co ndi tai cia don
I6p graphene va graphene oxide, trong do
graphene c6 sirc bén pha v 1a 42 Nm™ va modul
young la 1 Tpa [4].

Dé tdng hop graphene c6 rat nhidu phwong
phép, tir don gian nhu khir nhiét, héa chat cho
dén phuc tap nhu cac phuong phép lang dong hoi
héa hoc (CVD)...Tuy nhién gan day cac nghién
ctru viéc két hop khu trong tdng hop graphene
budc dau cho thay nhitng két qua kha quan trong
viéc bd sung hiéu qua cho nhau nhét 14 theo con

Trang 214



TAP CHi PHAT TRIEN KH&CN, TAP 19, $0 T5- 2016

duong tong hop graphene trong pha long [5].
Trong d6 ¢6 thé thay nhiét do duoc chiang minh
la c6 hiéu qua trong viéc khir cac nhdm hydroxyl,
carboxyl [6] hodac tdc nhan hydrazine véi cac
nhom epoxy [7] trén bé mat graphene oxide.

Hién nay, vat liéu graphene dwoc ung dung
trong linh vyc ché tao vat ligu polymer
nanocomposite trén nhiéu loai nhuya nén khac
nhau [3]. Mét trong nhitng huéng nghién ciu
dién hinh 1a ché tao vat lisu PMMA/graphene
nanocomposite, tuy nhién céc nghién ctu cho
thdy mirc do phan tan cua graphene tinh khiét rat
kém trong ma tran caia PMMA dan dén kho dat
dugc trang thai tach boc hoan toan trong
nanocomposite. Sy phan tdn cua graphene phu
thuoc vao cac yéu té nhu loai chat bién tinh sur
dung, ky thuat tong hop composite, cac nhom
chtic phén cuc trong ma tran polymer [8-11].

Nhin chung c¢6 hai phuong phap chu yéu dé
ché tao vat lisu PMMA/graphene nanocomposite.
Phuong phéap khu trudce 1a phuong phap dugc st
dung phd bién trong cac quy trinh ché tao
polymer nanocomposite. Graphene oxide khir
(RGO) duogc phan tan tryc tiép vao trong ma tran
cua polymer théng qua qua trinh trén néng chay
hay phén tan trong dung méi hitu co. Phuong
phép nay thuong dugc ap dung véi cac polymer
khdng phé&n cuc nhu PP, PS [12] va cao su thién
nhién [13, 14]. Tuy nhién PMMA la mot polymer
tuong ddi phan cuc nén thuong it dugc téng hop
bang phwong phap nay. Phuong phap khir sau 1a
con duong thuan lgi hon trong ché tao
PMMA/graphene nanocomposite. Trudc tién GO
duoc phan tan vao trong nhil tuong PMMA, sau
d6 duoc khir bang tac chat NaBH, hoic hydrazine
dé hoan nguyén lai cau tric graphene trong ma
tran cia PMMA. Viéc dua thém pha gia cuong
graphene vao PMMA nay hira hen gép phan cai
thién duoc dang ké mot sb tinh chat cua loai nhya
nén nay nhim mé rong thém pham vi tng dung
cua vit liéu tao thanh.

VAT LIEU VA PHUONG PHAP
Hoa chét

Graphite dang vay (LIMITED, Nhat),
KMnO, (Trung Quéc), NaNO; (Trung Quéc),
H,SO, (Trung Quéc), H,0, (Trung Quéc), HCI
(Trung Qudc), acetone (Chemsol-Viét Nam),
Na,S,05 (Merk- Puc), NaHSO; (Trung Qudc),
metanol  (Chemsol-Viét Nam), hydrazine
monohydrate  (Merk-Btc), sodium dodecyl
benzene sulfonate (SDBS) (Sigma Alrich-My),
tetrahydrofuran (Merk- Btc), dimethyl formamid
(Propalo-My), cac chéat sir dung nhu khi dugc
mua vé. Methyl methacrylate (MMA) (Merk-
Puc), duge chung cit lai nham loai bo chit tc
che.

Cic thiét bi chinh

Thanh siéu am (UP400S-ELMA), may li tam
(EBA-21, Hettich), may tron hai truc Minilab
(Thermo, Ptic), may luu bién (Gemini HR™™,
M¥) mau & dang thanh c6 kich thuéc 74 mmx10
mmx1 mm quét tir 40-180 °C, thoi gian 10 phut,
tan s 2 Hz, d6 bién dang 0,0005 %.

Thiét bi phan tich phé hong ngoai (FTIR).
T4t ca cac mau déu & dang bot, siy & 80 °C, 24 h
truée khi dugc phan tich trén thiét bi EQUINOX
55, Bruker.

Phuong phap phan tich nhiéu xa tia X (XRD)
duogc s dung dé phan tich ciu trdc tinh thé cua
cac mau nghién ctu. Cac mau graphite, GO,
TGO va RTGO c6é dang bot dugc quét géc 26 tur
2 ° d@én 30 ° v6i budc chuyén 0,03 %giay. Riéng
mau composite ¢6 dang mang dugc quét goc 20
tir 2 ° dén 30 ° vai buée chuyén 0,03 Ygiay.

May phéan tich nhiét trong lugng (TGA,
Universal V4.5A TA) cac mau graphene va
composite dugc chuan bi & dang bot, siy & 80 °C,
24 h truée khi phan tich trén thiét bi tir nhiét do
phong dén 800 °C, téc do 10 °C/phuat trong moi
truong khi tro ¢ nhiét do phong va céc thiét bi hd
tro khéac.
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Khir graphene oxide bing nhiét do va tac
nhan hydrazine

Tong hop graphene oxide (GO): GO duoc
téng hop tir graphite tinh khiét dang vay va dugc
tién hanh oxy héa véi cac chat oxy héa manh nhu
KMnO,, H,SO,, NaNO; va H,0, theo phuong
phap Hummers [15].

Khir nhiét graphene oxide tao graphite oxide
khir nhiét (TGO): GO phai duoc nghién min dén
kich thude qua rdy 120 mesh, sau d6 dugc cho
vao ong nghiém thay tinh cé lip van khi va tién
hanh rat chan khong. Hé dugc rat chan khéng
khoang 10 phut dé loai hoan toan khéng khi trong
mdi truong phan tng. Sau d6 dan khi N, vao hg,
tién hanh nang nhiét nhanh dén khoang 250-300
OC phan ing dién ra trong vong 2 phit.

Khir TGO bang hydrazine (RTGO): 0,40 g
TGO dugc phén tan trong 200,00 g dung dich
sodium dodecylbenzenesulfonate (SDBS) 2 %
dudi tac dung cua siéu am, sau d6 dung dich NH;
25 % duoc thém tir tir vao hé dén khi pH=10. Sau
d6 toan bd hé phan tan duoc cho vao binh cau
500 mL, cung lac d6 4,00 g hydrazine dugc thém
vao hé khudy déu, khi nitrogen suc trong vong 15
phat. Hé dugc gitr kin trong mdi truong khi tro
nham tranh anh hudng bai khi oxygen trong subt
qua trinh khi. Hé phan ung dugc dun hoan luu,
khudy tir trong 24 gio 6 100 °C. Sau khi phan ¢ng
két thac hdn hop san pham duoc dé ngudi dén
nhiét do phong roi két tu bang HCI 5 %. Sau
cung san pham khtr duoc loc 4p suat kém, ria
nhiéu lan bang nudc cit va acetone (dén khi pH
nudc rira Vé trung tinh).

Téng hop nanocomposite bing phwong phap
trung hop nhil twong

Tong hop nanocomposite trén nén PMMA
v6i wt 10 % RTGO tryc tiép tir san pham khir
RTGO

Tong hop nanocomposite gian tiép tr TGO
tao R(TGO-PMMA) (khtr sau): Cén 0,60 g TGO
duogc phan tan trong 300,00 g dung dich nudc va

chit hoat dong bé mat SDBS ham lugng 2 %
bang cach siéu &m 1 gio. Trong giai doan dau cua
qua trinh tong hop pH cua dung dich duoc giir 6n
dinh & khoang pH 8-9 bing hé dém mudi
phosphate dé tao diéu kién huan lgi cho TGO
phan tan tét trong moi truong phan tmg. Sau d6
chuyén toan bo tac chat vao binh cdu 500 mL
ddng thoi thém 6,00 g monomer MMA vao, lap
hé kin suc khi nitrogen va cho khuéy co trong 30
phit. Sau d6 thém 0,06 g Na,S,0g va 0,06.10 g
NaHSO; khudy manh ¢ 80 °C. Phan wng polymer
hoa duoc thyc hién trong 6 gid. Sau do tiép tuc
thém 6,00 mL hydrazine monohydrate vao hé (ty
Ié TGO: hydrazine monohydrate=1:10), tiép tuc
phan &ng trong 16 gio & 90 °C. Cudi cuing san
phdam dugc ria nhidu lan bing dung dich
methanol 50 % dé loai SDBS con lai sau qua
trinh polymer héa. Mau composite dugc lam kho
& 80 °C 24 gio trong tu sdy chan khong.

Tbng hop nanocomposite truc tiép tir RTGO
tao (RTGO-PMMA) (khir trugc): quy trinh tién
hanh twong ty nhu trong tong hop khir sau tao
R(TGO-PMMA). Tuy nhién RTGO dugc dua
vao trong hé téng hop nhii twong nanocomposite
RTGO-PMMA va khong co giai doan khir voi
hydrazine.

KET QUA VA THAO LUAN
Két qua phan tich cic miu khir
Két qua XRD

Gian @6 XRD cua graphite c6 mot miii Vi
cuong do cao tai 20 = 26 ° &tng véi dggp = 3,37211
A. Bé rong cua miii hep, cuong do miii cao
chimg to graphite c6 cau trdc tinh thé hoan hao
véi khoang céch giira hai I6p lién tiép khoang
3,37 A. Sau qua trinh oxy hoa graphite bang céac
tdc nhdn oxy hdéa manh nhu H,SO,;, KMnO,,
NaNO; tong hop GO, lam xuét hién cac nhém
chic phan cuc trén bé mat cua san phiam tao
thanh. Didu nay 1am cho gian d6 XRD cua GO
Xuit hién mii c6 cuong do cao tai 20~ 11 °
tuong ng Voi dez~7,82 A, (Hinh 1A va 1B).
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Miii rong cho thay cac 16p khong dugc sip xép
trat tu so véi graphite ban dau. Tir két qua XRD
(Hinh 1), cho thidy GO sau qué trinh khir mot giai
doan bang nhiét (TGO) hoac mau khur két hop
(RTGO) déu cho thay c6 hién twong mat miii két
tinh tai 20~ 11° nhu trong gian db cia GO, ciing
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Hinh 1. A. Gian d5 XRD cua GO, TGO, RTGO va graphite; B. Gian d6 XRD cia miu GO

Két qua pho hong ngoai FTIR

Viéc khir don gian bang nhiét do (Hinh 2)
hoic két hop hydrazine (Hinh 2) san phiam cho
thiy mii ddc trung cua GO (Hinh 2) van con hién
dién trén phd @6 IR cua cac mau TGO va RTGO,
nhung xuét hién cac tin hiéu yéu hon nhu cac
miii hip thu & vi tri khoang 3382,23 cm™ dic
trung cho dao dong caa nhom hydroxyl hogc hai
mii & 1230,04 cm® va 1067,62 cm™, mii dic
trung cho dao dong cua nhom ether (C-O) [15-
17] nhét la trong phd IR cua TGO, su bién mat
cia mii khoang 1724,13 cm® dic trung cho
nhém carbonyl, c6 thé 1a cia cac nhom aldehyde,
acide hoic xetone trén bé mat GO. Piéu nay cho

thdy kh6 c6 thé loai bo hoan toan cac nhém chirc
phan cuc trén bé mat GO néu chi sir dung
hydrazine 1a tdc nhan duy nhét cho qua trinh kh.
Két qua nay hoan toan phu hop véi nghién ctu
trudge do cua nhdm téc gia Sasha Stankovich [18].
Tuy nhién nhitng két qua nay ciing phan anh
dugc hiéu qua cua cdc tac nhén khir nhiét va
hydrazine trong viéc loai bo dugc mét phan cac
nhom chic phan cuc trén bén mit cia GO va
hiéu qua cua viéc két hop hai tdc nhan khir cho
phd hong ngoai ciing kha tuong dong va hau nhu
khéng mang nhém chic phan cuc coa graphite
(Hinh 2).
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Hinh 2. Quang phé hdng ngoai cua GO, TGO, RTGO
va graphite
Két qud phan tich nhiét trong hirong (TGA)

Gian d6 TGA cua GO c6 thé dugc chia
thanh bén ving phan hay nhiét chinh (duong a-
Hinh 3). O giai doan dau tir nhiét d6 phong dén
150 °C ¢6 su giam khoang 15 % khéi luong do sy
giai hap cua nudc, dung moi acetone va khi CO,
trong khoang. Giai doan tiép theo trong khoang
nhidt do tir 150-300 °C la giai doan khir nhiat
manh nhat cia cac nhém chic kém bén trén bé
mit GO nhu —~OH, C=0, COOH tao thanh khi
CO, CO.. Viéc khtr cAc nhdm chue thanh khi CO,
CO, twong &ng véi viéc giam khoang 30 % khbi
lwong cua san pham trén gian d6 TGA, ddng thoi
GO dugc tach béc do ap suat tir khi CO va CO,
sinh ra trong khoang do qué trinh khur nhiét cac
nhom chic. TGA 1a mot cong cu hiéu qua dé
phét hién c6 sy thay doi cau tric cua san pham do
qua trinh khtr nhiét gy ra, diéu nay ciing 14 co s
dé chiang toi tién hanh mau khur nhiét TGO trong
nghién ctru. Giai doan ba bit dau tir 300-500 °C

v6i do dbc giam cham va déu hon, c6 thé trong
giai doan nay tiép tuc dién ra cac qua trinh phan
hay cua cac nhom chac con sot lai trén bé mat
cua GO. Giai doan sau cung la giai doan tu 500—
800 °C duoc xem 1a giai doan cracking cia suon
carbon, do rét it c6 nhém chtc ndo trén bé mat
GO con bén duoc téi nhiét o nay [16]. Khac voi
GO, gian dd TGA cua TGO va RTGO (duong b
va ¢ - Hinh 3) chi bit ¢au phan hay manh sau 300
OC va nhit 1a trong giai doan 500-800 °C. Nhu
vay sau khi duoc khir so bo bang qua trinh @
nhiét nhanh & 300 °C trong diéu kién khi nitrogen
thi toi giai doan nay TGO tiép tuc phan huy
nhitng nhém chtic con lai trén bé mat, do van con
mot s6 nhém chic t6n tai dugc nhan biét trong
phd ITIR trude do, cudi cing 1a giai doan cua
viéc cat mach mang luéi carbon. Trong giai doan
nay, néu bé mat san phiam cang ton tai nhiéu
khuyét tat sau qua trinh khir thi giai doan dién ra
cang nhanh, diéu nay dugc thé hién rd trong cac
mau c6 sy tham gia khtr nhanh cua nhiét do.
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3
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Hinh 3. Gian dd TGA cua GO (a), TGO (b), RTGO (c)
va graphite (d)
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Két qua phé Raman

Bang 1. Bang thong ké két qua phd Raman caa cac mau

Tén miu Vi tri miii D Vi tri miii G Vi tri miii Ty 1€ cwong do Ip
(cm™) (cm™) 2D (cm™) g
Graphite 1332,26 1571,54 2669,32 0,211
GO 1337,09 1601,74 2639,11 1,252
TGO 1337,08 1585,53 2659,19 1,099
RTGO 1341,09 1589,66 2658,18 1,116

Trén phé Raman cua cdc mau graphite, GO,
TGO va cac mau khir déu co cac mili phd dic
trung nhu D, G va 2D (Hinh 4). Trong d6 miii G
& ving 1582 cm™, miii D & ving 1350 cm™ va
miii 2D & viing 2700 cm™. Binh G tuong tng voi
dao dong cua nhitng phonon ¢ tdm cua vung
Brillouin (d6i xtng E,;) cua graphite, thé hién
dao dong cua nhitng nguyén tir carbon lién két
v6i nhau boi lai héa sp? (lien két giira nhirng
nguyén tir carbon trong mang graphene). Bén
canh d6 con c6 sy Xuat hién cia miii D twong ung
v6i dao dong cua nhitng phonon diém K caa ddi
xtng A hay con goi la dao dong tho cua cac lop
graphite, thé hién dao dong cua nhitng nguyén tir
carbon lai héa sp®, phan anh sy mat trat ty va
khuyét tat cdu trac trong mang graphene. Dinh
2D c6 ngudn géc tir qué trinh tan xa Raman cong
huéng kép, biéu thi cho sy phan tan cua céc
electron va phonon trong mang graphene. Do do
mili G va 2D dugc xem la cac mii phé Raman
dic trung bac nhit va bac hai cho sy ton tai cua
mang graphene [19]. Tir két qua phan tich phd
Raman ctia graphite (duong d-Hinh 4) cho thay
dinh G va 2D xuét hién kha nhon va 13 rang dic
trung cho cau trdc tinh thé cua vat liéu graphite;
sy ¢6 mat cua mii phd D mic du véi tin hiéu
thip hon nhiéu so v6i mili G nhung ciing cho
thdy su ton tai mot sb sai hong trong cau tridc tinh
thé graphite ban dau. Sau khi dwoc oxy hoa, miii
2D hau nhu khong thiy xuit hién, con miii G thi
xuét hién yéu hon hin so véi miii D, cho thiy su

thay ddi trong cau trdc cua GO so véi graphite
ban dau, hay noi khac hon do viéc oxy hda gin
cac nhém chirc phan cuc trén bé mat GO tir cac
lien két pi ban dau trong mang ludi graphite lam
tang sb luong lién két C-sp® so véi C-sp?. Céc
mau TGO va RTGO ¢6 ty Ié cudong do tuong ddi
ctia mili D so v6i miii G (Ip/lg) déu giam so voi
GO (Bang 1 va duong b va ¢ - Hinh 4 ), c6 thé
thay rang sé luong lién két pi cua mang graphene
dugc khéi phuc dan theo qué trinh khir bo céc
nhom chic cd chira oxygen. Ngoai ra, két qua
phé Raman con cho thay cac mau khir hai doan
du da bi anh hwong manh baéi nhiét @6 va héa
chat khir 1am xuét hién nhiéu khuyét tat trén cau
tric graphene (cuong d6 miii D tang) nhung san
pham thu duoc van & dang cdu trdc tinh thé mot
phan do van con mang lién két C-sp® trong cu
trdc.

Intensity (cnt)

T T T )
1000 1500 2000 2500 3000
Raman shift (cm-1)

Hinh 4. Phd Raman cia GO (a), TGO (b), RTGO (c)
va graphite (d)
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Két qua phan tich nhiét lwong quét vi sai (DSC)
Qua két qua phan tich qua trinh khir nhiét
ciing nhu khir két hop cua GO trén gian d6 DSC
cho thiy c6 phan twong ddng so véi két qua phan
tich TGA tru6e d6 (Hinh 5 a). Trén gian dd DSC
cua GO khi quét nhiét tir 25-385 °C (do diéu kién
gi6i han cua thiét bi DSC nén khong thé khao sat
dén nhiét @6 cao hon) c6 hai giai doan phan huy
nhiét chinh. Trugc hét 1a qua trinh thu nhiét trong
khoang nhiét do khoang 50-100 °C, xuét hién

=
E
=
o
o .
= a
T
b

mot mii rong thu nhiét do qué trinh giai phong
nudéc bi hat am va khi CO, hap phu trong cau tric
GO. Piéu nay hoan toan phu hop véi két qua
phan tich FTIR va XRD trudc do da dé cap (Hinh
2 va 1). Ngoai ra trong vung nhiét d6 tor 200-275
OC trén gian ¢4 DSC ctia GO con xuét hién thém
mot miii téa nhiét cao cho thay ning lugng sinh
ra rat 1on do qua trinh khtr nhiét cat dut lién két
cia cac nhom chic kém bén nhiét trén bé mat
GO tao nén.
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Hinh 5. Gian db phén tich DSC cta GO (a), TGO (b), RTGO (c) va graphite (d)

Két qud do dé dan cia cac mau kha

Bang 2. Két qua do do dan dién va dién tré mat cua cac mau khir

Tén miu P§ day mang-d Pién tré mit- R Pj dan dién-
(km) ) ¢ (S/m)
GO 110,00 Khong thé xac dinh 0
TGO 125,00 Khong thé xac dinh 0
RTGO 118,00 8,90 952,20

*Pién tré mat duoc xac dinh dya theo cong thirc: o dan= 1/( R, x d)

Két qua do do dan dién (Bang 2) cho thay
hiéu qua cua qué trinh khir két hop hai tac nhan
nhiét va hydrazine don gian that sy dem lai hiéu
qua trong qua trinh cai thién do din dién ciia GO
ban dau. Két qua thu dugc cho thay trién vong
trong viéc tng dung cua RTGO trong nhiéu linh

vuc ki thudt cao nhu ning lugng, ché tao cac
composite voi muc dich cai thién do dan cua cac
polymer ma trong phan tiép theo caa nghién cau
ching t6i, tng dung trén nhya nén PMMA mot
loai vat ligu cach dién dién hinh.
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Két qua téng hop nanocomposite R(TGO-PMMA) va RTGO-PMMA

Két qua phan tich do bén nhiét qua gian do phan tich nhiét trong lirong(TGA)

100:
90:
80:
70:
60:
50 -

40 -

Weight (%)

30
20 4
10 4

0

[o]

b

a

T T T
(0] 100 200 300

T T T T 1
400 500 600 700 800

Temperature (°C)

Hinh 6. Gian dd phan tich TGA ctia PMMA (a), RTGO-PMMA (b) va R(TGO-PMMA)

Tir gian &6 TGA cua hai mau nanocomposite
va PMMA trang (Hinh 6) do trong cting diéu kién
trong moi truong khi tro cho thay chi c6 mot giai
doan phan huy nhiét duy nhét trong khoang 300—
500 °C 1a giai doan phan huy cua cac mach
polymer. Gian dd TGA cho thay nhiét do bat dau
phan hay cia PMMA tréng la 308 °C trong khi
cia miu RTGO-PMMA la 346 °C va miu R
(TGO-PMMA) la 354 °C. Nhu vay véi viéc gia
cuong thém cac tim graphene dd lam cai thién
dang ké do bén nhiét cua cac mach phan tir
PMMA, c6 thé Iy giai diéu ndy do kha ning
tuong tac gitra cA¢c manh graphene va cdc mach
phan tir polymer dong vai trd nhu cac nat thét
lam cac mach phén tir tré nén cung hon, kho
quay hon va do dé can cung cp nhiéu nhiét hon
dé cac mach phan tir polymer c6 thé chuyén dong
va truot 1én nhau dé dan dén qua trinh phan hay
nhiét. Giita hai mau nanocomposite téng hop
bang hai phuong phép tring hop in situ trong d6
TGO khir truéc va khir sau khi téng hop
nanocomposite c¢d nhiét do bat dau phan hay
khéng léch nhau nhiéu, tuy nhién chi quan sat
thdy ré diéu nay sau 400 °C, miu R (TGO-
PMMA) cho do bén nhiét cao hon hin so Vi

mau RTGO-PMMA, dé giai thich diéu nay nhém
chung toi da dua ra mot gia thuyét vé sy tuong
tac gitta cAc mach phan tir polymer PMMA va
cac tim graphene, c6 thé véi viéc khir truge voi
hydrazine tao RTGO ¢6 bé mat tro hon TGO va
kho phén tan hon trong moi truong nhii tuwong
cia PMMA lam giam hiéu qua gia cuong cua
mau composite tao thanh. Nguoc lai mAiu
R(TGO-PMMA) trén bé mat cac manh TGO van
con nhitng nhém chirc phan cyc nhu carbonyl,
epoxy, carboxyl chua khir hét gitp n6 dé& phan
tan hon trong méi truong nhii tuong, déng thoi
twong hop tét véi nhém carbonyl cua mach
PMMA tang kha nang phan tan pha gia cuong
trén nén PMMA, diéu nay that su c6 hiéu qua bao
vé cac mach polymer khi & nhiét d6 cao; con
trong giai doan dau dudi 400 °C c6 thé cac manh
TGO trong mau R(TGO-PMMA) ma van chua
duoc khir sau qua trinh tong hop in situ sé tiép
tuc bi khir nhiét trong giai doan nay nén do bén
nhiét trong giai doan nay chua cao.

Két qua phan tich cdu tric qua XRD va hinh thai
qua SEM
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Tir két qua XRD (Hinh 7) dwoc sir dung ¢  gian d6 XRD hoan toan khong suit hién mii
khao sat trang thai phan tan cua pha gia cuong nhidu xa nao khac trong viing 26 tir 2-30° ching
trong hai mau nanocomposite. Ngoai miii vo dinh t6 cac tim graphene khong bi tai tu tap sau quéa
hinh xuit hién & vi tri 26 ~13,8° dic trung cho trinh téng hop cuia trong cac mau nanocomposite.
céu tric vo dinh hinh cia PMMA [20-21], trén

Intensity (cps)

b
a
T T T T J
5 10 15 20 25 30
Angle (2-Theta °)

Hinh 7. Gian dd phan tich XRD ciia PMMA (a), RTGO-PMMA (b) va R(TGO-PMMA)

v, déc’ manh
“graphene . -,

Hinh 8. Anh SEM ctia TGO (A, B), mit giy ctia hai miu nanocomposite R(TGO-PMMA) (C) va RTGO-
PMMA(D)

Hinh thai cua cac mau dugc quan sat qua trong ma tran cia PMMA, két qua nay ciing
SEM (Hinh 8) cho thdy cac manh graphene c6  twong tu voi nhiéu cong bd khac trén thé gigi
hinh dang bé mat nhau nat va nhin nheo tao ra [21-22]. Khi so sanh hinh thai cta hai mau
van nham c6 kich thudc chi vai nanomet phan b nanocomposite, miu R(TGO-PMMA) hau nhu
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khong cho thidy c6 sy tu tap cua cdc manh
graphene trén polymer nén PMMA (Hinh 8C),
trong khi 6 & anh SEM cua mau RTGO-PMMA
¢6 nhitng ving cac tam graphene bi co cum cuc
bo (vong tron trong Hinh 8D). Két qua nay cang
giai thich r& hon két qua trong phan tich TGA
trude d6 vé viéc cac tim graphene bi ty tap va
kho phan tan hon trén bé mat giy cia PMMA
trong truong hop cac tim TGO duoc khir bang
hydrazine trudc khi dua vao téng hop in situ voi
MMA.
Két qud do dé dan dién

Biang thiét bi bén dau do, mau
nanocomposite tong hop bang con duong dua
TGO vao tong hop in situ véi MMA sau d6 moi
tién hanh khir véi hydrazine R(TGO-PMMA) cho
thiy sy cai thién dang ké trong do dan dién vao
khoang 30,67 S/m, trong khi d6 o mau
nanocompsite RTGO-PMMA thi khéng thé xac
dinh dugc gié tri nay trén ngudng do cua cung
thiét bi do d6 din qué thip. Nho sy phan tan va
tuong tac tt gitra cac tim graphene va polymer
nén PMMA da buéc dau cho thay su cai thién
trong kha ning dan dién cua vat liéu cach dién
nhu polymer PMMA, tuy gia tri chua cao so véi
cdng trinh cua Tripathi va cac cbng su [23],
nhung két qua nay cho thiy duoc trién vong ting
dung cia RTGO trong linh vuc nanocomposite
¢6 kha nang dan dién.
Tinh chit co 1y dong (DMTA) ciia cic miu
nanocomposite

Két qua phan tich modul tich cua cac mau
PMMA tring va hai mau nanocomposite (Hinh
9A) cho thiy c6 su ting dang ké tir 2002500
MPa tting véi RTGO-PMMA va R(TGO-PMMA)

khi thém vao cac méanh graphene gia cudng cho
polymer nén PMMA so véi polymer tring ban
dau. Thong s6 modul thoat (Hinh 9B) dic trung
cho phan déng gop cua phan nhét cua polymer
trong vat li¢u, phan chay dudi tac dung cua tng
suat. Khi duoc gia cuong thi modul thoat ciing
tang theo, dac biét 1a ¢ gia tri dinh. Piéu nay
hoan toan phu hop véi két qua thu duoc tir tan
delta (Hinh 9C) va modul tich (Hinh 9A), khi
nhiét do tang va dudi tac dung cua luc bén ngoai
cac mach polymer chuyén dong truot 1&n nhau va
bi can tré do ma sat tai vung lién dién gitra
polymer va bé mat tim graphene nén ning luong
thoat ra nhiéu hon dic biét tai ving chuyén héa
thay tinh so véi mau polymer triang. Thong sb tan
delta 1a ty s6 cua modul thoat trén modul tich,
hay con dugce xem nhu d6 giam chan cua vat ligu.
Gia tri tan delta cang nho thi vat liéu cang cé tinh
dan hoi, do giam chan I6n vat liéu c6 tinh nhot.
Gia tri nhiét d6 chuyén pha thiyy tinh (T,) ciing
dugc xac dinh théng qua nhiét do tai dinh cua
dudng cong tan delta va modul thoat [24]. O day
c6 thé nhan thay gia tri tan delta cia mau PMMA
tring 16n hon so véi cua hai mau nanocomposite,
tuy nhién dinh lai xuat hién & nhiét d¢ thép hon
nén c6 T4 nho hon va xu hudéng nay ciing kha
tuong tu VGi xu hudng ting trong két qua thu
duoc tir gian dd mdul thoat (Bang 3), qua d6 cho
thiy r5 hon hiéu qua gia cudng cua cac tam
graphene, ting luc twong tac gita cadc mach
polymer lam ting d¢ dan hdi, tinh cing cua vat
liéu nén gia tri modul tich tréi hon so v&i modul
thoét tir d6 lam tiang modul tich dong thoi ciing
lam tang T4 Tuy nhién gia tri T, khong cho thay
c6 su khéc biét nhiéu gitta hai maiu
nanocomposite.
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Hinh 9. Gian db modul tich (A), Modul thot (B) va tan delta (C) ciia miu PMMA tring (a), RTGO-PMMA (b) va

Bang 3. Nhiét do thay tinh héa cua hai mau nanocomposite va PMMA tring x4c dinh bing phuong

T u
40 60 80
Temperature (°C)

R(TGO-PMMA) (c)

phép do co ly dong

T T T T T 1
100 120 140 160 180 200

Tén miu T, theo Tan Delta (°C) | T, theo Modul thoét (°C)
PMMA 122,66 109,14
RTGO-PMMA 127,67 113,85
R(TGO-PMMA) 130,37 114,96
KET LUAN
Bang cach két hop hai qua trinh khir don  trinh  téng hop vat lieu nanocompsite

gian giira séc nhiét & 300 °C va hydrazine, mot
tac nhan khir khé phé bién, di tao thanh mot loai
vt liéu graphene theo mét quy trinh méi nhung
van mang ddy da nhiing tinh chat tt cua
graphene nhu d6 bén nhiét cao, d6 dan dién t6t va
c6 cau trac tach bdc tét. Tur d6 Gng dung trong
viéc tong hop vat liéu nanocomposite theo con
dudng trang hop nhii tuong in situ trén nén nhya
PMMA lam cai thién dang ké do bén nhiét, tinh
chét co ciing nhu do bén nhiét cua PMMA. Qué

PMMA/graphene theo con duong khir hyradzine
sau khi tong hop nhii twvong PMMA va TGO cho
thdy nhitng két qua kha quan trong viéc tach boc
va phan tan cac manh graphene trén nén PMMA
tir d6 dem lai nhiing tinh chat tot hon trong vat
liéu nanocomposite thu dugc.

Loi cam on: Céng trinh ndy’ duwoc thuc hié’n
duoi su tai tro tir dé tai logi C cap Pai hoc Quoc

Gia TP. HCM. Mé s6 dé tai C2015-18-16.
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Graphene synthesis by hydrazine and
reduced thermal expansion graphite oxide
and application in the preparation of nano-
composite PMMA/graphene

e Nguyen Tuong Vy
e Huynh Lap Trung
e Mai Thanh Tam
e Ha Thuc Huy
University of Science, VNU-HCM

ABSTRACT

By in situ emulsion method to prepare
polymethyl metaacrylate (PMMA) and graphene
nanocomposite materials showed remarkable
properties: the in glass transition temperature
was increased from 5-80 °C, the decomposition
temperature was 50 °C higher, the stiffness is
46 % higher compared to the pure PMMA. The
reduction of exfoliated graphene oxide in TGO-
PMMA nanocomposite after synthesis by
hydrazine is more effective than the reduction of

graphene oxide into graphene and then
synthesizing the nanocomposite with PMMA.
There are some differences in the structure and
morphology of two hanocomposite samples (SEM
and TEM) synthesized by these two methods,
leading differences in their properties, as well as
the original pure PMMA. These results open up
new potential for the application of graphene and
resulted nanocomposites.

Keywords: graphite oxide, hydrazine, nanocomposite, polymetamethyl acrylate, thermal expansion
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