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TOM TAT

Trong nghién ctru nay, chung téi nghién
ctru téng hop polyuretan (PU) bat ngudn tcr
monoglycerid va 4,4"-diphenyl
metanediisocyanat (MDI) — mét loai polyme
than thién méi truwong. Trén co s& do,
graphen oxit (GO) ciing dwoc chon dé gia
cwong cho  polyuretan  tao  thanh
nanocompozit  polyuretan/graphen oxit
(PU/GO). Qué trinh téng hop PU va PU/GO
déu duoc thuc hién truc tiép trén may dun
hai truc vit. Vi thé, day la phuong phép don
gian, tiét kiém thoi gian, mang tinh kinh té va
than thién méi trurdng. Nanocompozit duwoc

ché tao véi ham lwong pha gia cuong GO
lan Iwot thay déi la 0,5% ;1% va 1,5% theo
khéi luong. Két qud phéan tich cau truc cla
PU/GO cho thdy GO phén tén tét va dat cau
tric tach béc théng qua dnh TEM (kinh hién
vi dién t& truyén qua). Ngoai ra, céc tinh
chét co, nhiét cia nanocompozit ciing duoc
céi thién hon so véi PU ban dau. Nghién ctru
la mét budc di moi cho cac hwong nghién
ctru téng hop polyuretan cing nhw
nanocompozit trén nén PU bang phuong
phap in-situ néng chay.

T khoéa: Polyurethane, nanocomposite PU/GO, graphit oxit, may dun hai truc vit.

MO PAU

La mot loai vat liéu da nang, Polyuetan (PU)
dugc sir dung rong réi trong nhiéu tng dung nhu
dd gd, 16p phu, chat két dinh, cac vat lidu xay
dung, to soi, dém 16t, vat liéu dan hdi, da téng
hop, cé&c loai son va son mai, ném xop, mo cay
ghép y sinh, con lan ¢ kha nang chiu ma sat, vo
boc day dién, dé gidy v.v... [2, 5]. Véi cac ky
thuat pha ché, san xuat khac nhau da ché tao nén
cac loai PU c6 dac tinh khac biét ma theo dong
thoi gian ching da duoc phat trién dé dap ung
v6i nhu cau str dung vat liéu trong ki thuét, cong
nghé ciing nhu trong cudc séng. Theo cach thong

thuong, PU c6 thé duoc tdng hop tir hop chét
diisocyanat va polyol bang phwong phap c6 dung
mdi hay khéng dung méi [1].

Phuong phap dung méi mang nhiéu han ché
nhu thoi gian phan tng kéo dai, gay 6 nhiém moi
trudng va anh huéng dén hiéu suit phan @ng.
Trén tinh than d6, nhém nghién ctru ching t6i da
dua ra mot phuong phap mdi la tong hop PU truc
tiép trén may dun hai truc vit. Phuong phap nay
6 nhiéu wu diém nhu thoi gian phan (ng ngan,
thuan lgi trong qua trinh gia cong truc tiép va
pht hop trong san xuat véi sé luong I6n. Bén
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canh d6, chiing toi da thay thé monoglycerid cho
polyol dé nham tao ra mot loai PU than thi¢n moi
truong, hoa nhap dugc voi xu hudng trén thé
gi6i hiégn nay. Hon thé nira, vat liéu
nanocompozit trén nén PU di va dang duoc
nhiéu nha nghién ctu quan tdm nhim ting co
tinh, d6 mai mon, kha chiu nhiét va chéng chay
[6, 7, 8, 9, 10, 11, 12]. Bén canh cac pha gia
cuong nhu dat sét, nano silica, hat nano kim loai
thi graphit oxit I& mét trong nhiing pha gia cudng
duoc lya chon nhiéu nhat hién nay.

Graphen oxit duoc ché tao bang cach tach
boc cac 16p cua graphit oxit. Graphit oxit & san
pham cuia qué trinh oxy héa graphit bang céc tac
nhan oxy héa manh nhu NaNO3z, KMnOa, KCIO3
hay hdon hop cac hé oxy hda khac nhau. Mot
trong nhitng phuong phéap thong dung nhit tong
hop graphit oxit 1a phwong phap Hummer [4] véi
hé oxy héa NaNOs, H2SO4, KMnO.. Graphit oxit
c6 ciu trac twong tu nhu graphit tuy nhién trén bé
mat c6 xuit hién cac nhom phan cuc nhu
hydroxy, cacboxylic, epoxit [3]. Chinh dic diém
nay, graphit oxit c6 kha ning phan tan tét trong
nudce va cd khoang céch gitra hai 16p dugc nang
Ién tir 3,3 A dén khoang 8 — 9 A. Vi thé, kha
nang tach 16p graphit oxit thanh cac I6p graphen
oxit ¢ kich thugc nanomet tré nén dé dang hon.
Trong nghién cau nay ching téi su dung
monoglycerid lam tac nhan bién tinh lam ting
khoang cach gitra cac I6p graphit oxit va tach I6p
graphit oxit dgya vao siéu &m trong dung mobi.
Dua trén co s¢ do, vat liéu nanocompozit PU/GO
dugc ché tao thong qua phuong phap tron néng
chay in-situ. Thong qua phwong phap nay, chiing
ta c6 thé vira thuc hién tong hop PU, vira phéi
tron GO tryc tiép trong qua trinh phét trién mach
cua PU. Mét trong nhitng phuong phap don gian,
tiét kiém thoi gian, mang tinh kinh té cao.

VAT LIEU VA PHUONG PHAP
Vit liéu

Hoa chat sir dung: monoglycerid ran thuong

mai (Malaysia), MDI thwong mai (Singapo),

H,SO4 dam dac (TQ), KMnO4 (Merk), graphit
vay tinh khiét (Sigma), NaNO; (TQ), H.02 (TQ),
anhyride acetic (Sharlau), Axit oxalic (TQ), KOH
(TQ), pyridine (Merck), toluen (Merck), N-
dibutylamine (Sigma), isopropyl H20, (TQ), Ong
chuan HCL 1IN (Merck).

Thiét bi sir dung: may siéu am (UP400S —
Duic), may tron Minilab (Dtic), may phun mau
Minijet (Dtic), mdy luu bién Gemini HRmw
(M$), may phan tich nhiét trong lwgng Q500 —
Trung tdm phén tich Tra Vinh, may nhiéu xa tia
X — Vién dau khi Viét Nam va cac thiét bi hd trg
khéc.

Téng hgp graphit oxit

Graphit oxit dwoc tong hop bang phuong
phép cia Hummers [1]. Theo do, 10 g graphit va
0,5 g NaNOs lan lugt dugc cho vao trong 230 ml
H,SO, dam dac. Hon hop duoc khudy déu va lam
lanh & 0°C. Sau dé 300 g KMnO4 duogc cho tir tir
vao hé (cha y gitr nhiét d6 cua hé huyén phu
khong qua 20°C). Sau do, nhiét do cua hé dugc
nang 1én dén 35+ 2°C trong 30 phit ¢é phan ng
oxi héa graphit xay ra. Tiép theo, 460 ml nudc
cit duoc thém vao. Sau khi pha lodng, nhiét do
cua hé dwoc nang 1&n 98°C va giit ¢ nhiét do nay
trong vong 15 phat. Két thic 15 phat, huyén phu
tiép tuc duoc pha lodng voi 1.4 lit nuéc cit va
H.02 30% dwoc thém vao hdn hop dé khir MnO4
con du trong hdn hop. Sau khi xur Ii bing
peroxid, hdn hop c6 mau vang sang. Cubi cung
san phdm duoc ly tim, rira nhiéu lan bang aceton
va sdy khd tai 100°C. Graphit oxit dugc kiém tra
cau tric bang phan tich nhidu xa tia X (XRD),
phd hong ngoai (FTIR).

Bién tinh graphit oxit

Cén 0,264 g graphit oxit phan tan vao hén
hop 60 ml nuwéc cit va 140 ml etanol bang cach
danh siéu 4m trong 2 gio. Tiép do hdn hop trén
duoc cho vao binh cau 3 ¢b ¢6 hoan luu va cho
thém vao day 3,000 g monoglycerid khudy déu
hén hop trén bing méy khudy co. Qua trinh bién
tinh thuc hién trong 24 gio ¢ khoang 80°C. Sau
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d6 dung moi duoc loai di bang co-quay va siy
chan khéng ¢ 80°C. Graphit oxit sau qua trinh
bién tinh c¢6 cdu trac duge kiém tra bang phuong
phap phan tich nhiéu xa tia X (XRD).

Téng hop nhua nén PU

Tong hop nhya nén PU trén may dun
Minilab tir hai tac chat 1a MDI va monoglycerid
o ti lé 1:1 (theo két qua da dugc dinh phan lai cac
nhom chuc). Piéu kién thuc hién qua trinh tron
duoc néu theo Bang 1. PU tao thanh dugc dinh
danh bang phd hong ngoai (FTIR).

Bang 1. Thong sb tron mau nhya nén PU

Ti l¢ (NCO)/ Tée dd quay Nhiét d9 nap Tée dd quay Thoi gian Nhiiét do tron
Ten mau (COOH + OH) truc vit khi nap ligu va trgn truc vit trén tron phan phén tng (°C)
ligu (vong/phat) so' bd phan &ng wng
(°C) (vong/phut) (phut)
PU1-1 11 50 80 100 10 160

Téng hep vit liéu nanocompozit PU/GO

Diéu ché vat liéu composite PU/GO (¢ cac
%GO: 0,5%; 1%; va 1,5%) dugc thuc hién trén
may dun hai truc vit (ddng chiéu) Minilab theo
phuong phap téng hop in-situ. Theo d6 cic tac
chat MDI, monoglycerid va graphit oxit bién tinh

cung mot lac dugc cho vao phan Gng trén may
dun. PU/GO tao thanh duoc kiém tra vé ciu trac
va tinh chit bang phan tich nhidu xa tia X(
XRD), phan tich co Iy dong (DMA) va tinh chét
nhiét (TGA). Céac diéu kién gia cong tong hop
mAau nanocompozit dugc dua ra & Bang 2.

Bang 2. Cac thong s6 tron mau PU/GO

Téc dd quay Nhiét do Tée dd quay Thoi gian Nhiiét do
. N truc vit khi nap nap liéu va truc vit tron tron phan tron phan
STT Tén mau %GO R )
liéu (vong/phut) tron so bd phan &ng ang ung (°C)
(°C) (vong/phut) (phat)

1 PU0,5%GO 0,5 50 80 100 40 160

2 PU1%GO 1 50 80 100 40 160

3 PU1,5%G0O 15 50 80 100 40 160

KET QUA VA THAO LUAN
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Phin tich graphit oxit bing XRD va FTIR
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Hinh 1. Gian d5 XRD cua graphit va graphit oxit

Gian dd phan tich nhidu xa tia X (XRD) cua
graphit cho thiy c6 miii dic trung & dooz = 3,3709
A véi cuong d6 cao, sic nét goc tai 20 = 26,42°,
Nhu vay graphit ban dau c6 do két tinh cao, ciu
trdc tinh thé gan nhu hoan hao. Trong khi do,
gian dd XRD cua graphit oxit cho thdy c6 su doi
miii vé goc 26 = 11,3° va khoang cach dooz ting
1én 7,7973 A véi cudng @6 mii thip hon nhiéu
so véi graphite cho thiy graphit oxit khdng con
c4u trdc tinh thé cao nhu graphit. O day, diéu du
doan 1a do sau quéa trinh oxy hoa, trén bé mat
graphit duoc gin 1én cac nhém chuc phan cuc
nhu hydroxy, carboxylic, epoxid (dugc chung
minh bang phé IR & phan sau) tao thanh graphit
oxit. Chinh cadc nhdém chirc nay da nong rong
khoang céch gitra cac 16p cua GO.

Pho FTIR cua graphit oxit trén Hinh 2 cho
thdy miii tii rong hap thu & s6 song 3394 cm™ dic
trung cho nhém hydroxyl —OH. Do tin hiéu mii
rong va do hap thu sau, ching té cac nhém
hydroxyl c6 lién két hydrogen véi nhau, hoac lién
két v6i nudc van con trong khoang cua graphit
oxit. Tiép theo miii & vi tri 1720 cm'! 1a dao dong

Transmittance (%)

Graphit

—— Graphit oxit
80 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm'1)
Hinh 2. Phd FTIR cua graphit oxit

cua nhém carbonyl C=0 va cu thé 1a nhém chic
carboxylic. Miii 1621 cm™ 1a dao dong cua ndi
d6i C=C cua carbon trén I6p graphit. Bén canh
d6 con xuét hién cac mii ¢ 1070 > 1227 cm?
dic trung cho dao dong lién két C-O, C-O-C cua
nhém epoxid, C-OH. Sy xuét hién cua cac nhém
phén cuc trén da lam gia tang khoang cach giira
cac 16p trén graphit oxit, d3 dugc chiing minh
trén gian d6 XRD ¢ trén. Két qua phan tich XRD
va FTIR cua graphit oxit cho thay phu hop véi
céc két qua nghién ctru trudc ddy, chung to rang
nhom di tong hop thanh cong graphit oxit.
Phan tich XRD ciia graphit oxit bién tinh bing
monoglycerid

Sau khi bién tinh graphit oxit bang
monoglycerid, d& biét duoc tac dong cua
monoglycerid 1én graphit oxit 1a dan xen hay tach
béc ta dung phuong phap phan tich XRD vai hai
mau bién tinh truéc (MO/graphit oxit) va sau
(SMO/graphit oxit) tinh ché. Tinh ché hdn hop
GO/monoglycerid bang cach soxhlet miu véi
etanol trong 48 gio ¢ 80°.
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Hinh 3. Gian ¢4 XRD cia graphit bién tinh trude va
sau tinh ché

Qua gian d6 XRD cho thay graphit oxit sau
khi duoc bién tinh voi monoglycerid da khéng
con xut hién miii graphit oxit (20 = 11,3°). Biéu
d6 co6 thé giai thich theo hai huéng, mot la cac
I6p graphit oxit da duoc tach boc, hai la
monoglycerid chui vao cac 16p graphit oxit lam
nong rong cac lop nay lam graphit oxit mat di
céu trdc trat ty truge d6. BE lam sang to diéu do,
sau khi soxhlet mau bién tinh loai b hét lwong
monoglycerid da dung, ta thiy xuat hién lai mi
graphit. Tir d6 co thé cho rang, monoglycerid chi
dan xen giira céc 16p graphit oxit bang chang 1a
sau khi soxhlet miii graphit oxit xuat hién chimng
t6 ¢6 sy sap xép lai cua cac I6p graphit oxit.

Phan tich nhwa nén PU bang FTIR

Tur phd FTIR trén Hinh 4 cho thiy c6 su xuat
hién miii & 1730 cm™? 1a mili ctia dao dong C=0
va xuit hién mii & khoang 3323 cm, c6 thé la
miii dao dong cua N-H cua ndi urethan hoic miii
—-OH cua monoglycerid. Do mii -OH cua
monoglycerid nhon hon nhiéu, ta c6 thé két luan
mili 3323 cm™ 1a miii cia N-H. Twr hai miii trén
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Hinh 4. Phd FTIR cua cac mau PU1-1, monoglycerid va
MDI

cho thay c6 su tao thanh lién két urethan sau quéa
trinh téng hop trén may dun hai truc vit Minilab.
Két qua téng hop nanocompozit PU/GO

T gian d6 XRD cua cac mau PU1-1,
PU1,5%GO cho thdy c6 sy xut hién mii rong &
khoang 20 = 20° dén 25°. Miii nay c6 thé chi I
miii két tinh kém cua PU (do miii trai rong) hoic
¢6 thém miii két tinh caa monolycerid chdng 1én
(s& duoc két luan lai sau khi phan tich TGA).

O miu nanocompozit PU1,5%GO khéng c6
su Xuat hién mii két tinh cua graphit oxit. Diéu
ndy c6 thé ly giai, qua trinh tong hop
nanocompozit bang phuong phép in-situ, duéi tac
dong cua qua trinh hinh thanh polyme, cac 16p
graphit oxit cd thé bi tach béc, tao mau c6 ciu
trdc kiéu tach b6c hoan toan. Hoic c6 thé qué
trinh tdng hop chi 1am nong céc 16p graphit, 1am
cac 16p nay bi nghiéng khdng con ciu tric két
tinh nhu ban dau, khi d6 mau s& ¢6 céu trac dan
xen. Dé co thém thong tin két luan vé ciu trdc
cia mau PU1,5%GO can phan tich thém bang
TEM.
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Hinh 5. XRD ctia cac mau PU1-1, PU1,5%GO, graphit
oxit, monoglycerid, MO/graphit oxit
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Hinh 7. Modul thoat theo nhiét 6 ctia cac mau PU1-1,
PU0,5%G0, PU1%GO, PU1,5%GO

Két qua DMA cho thdy modul tich cua cac
mau PU0,5%GO0, PU1%GO, PU1,5%GO so Voi
mau tring la khong thay doi. Ngoai ra, gia tri T
(tinh theo modul thoat va Tan &) caa cac mau
PUO0,5%GO0O, PU1%GO, PU1,5%GO ciing khong
khac nhiéu so véi mau tring. C6 thé giai thich
rang, & day do cac mach polyme ban than da
tuong tac manh voi nhau (tao bai cac lien két
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Hinh 6. Modul tich theo nhiét d6 cta cac mau PU1-1,
PUO0,5%G0O, PU1%GO, PU1,5%G0O
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Hinh 8. Tan & theo nhiét d cua cac mau PU1-1,
PUO0,5%GO, PU1%GO, PU1,5%GO

hydrogen). Khi cd mat thém pha gia cudng, do c6
thé tuong tac giita pha gia cuong va cac mach
polyme yéu hon twong tac giita cAc mach
polyme, hoic do pha gia cuong lam giam lién két
lién phan tir cia PU ma tir ¢6 1am cho tinh chat
co ly dong ciia miu trang va cac mau compozit
v6i ham lugng chat don GO thap khong c6 su
thay ddi nhiéu.
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Bing 3. T, tinh theo modul thoét va tinh theo Tan & cac mau PU1-1, PU0,5%GO, PU1%GO,
PU1,5%GO
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T, theo Modul thoat

T, theoTan &

PU1-1
PUO0,5%GO
PU1%GO
PU1,5%G0O

T,=673
T,=702
T,=69,8
T,=66,8

T,=78,1
T,=84,7
T,=825
T,=83,6

— PUL
—— PU05%GO
—— PU1.5%GO
1004 —— PUI%GO
80

60 4

(%)

404

204

300 400 500 600
Temp (°C)

Hinh 9. Gian db phan tich TGA cua cac mau PU1-1,
PUO0,5%GO, PU1%GO, PU1,5%G0O

Gian d6 TGA cho ta biét sy bién thién khoi
lwgng mét di theo nhiét do va tir do, ta xac dinh
dugc kha nang chiu nhiét vat liéu (dwa vao
nhiét d6 bat dau phan huy hay bét dau cé su sut
giam khdi lwong). Mau duogc phan tich voi toc
d6 gia nhiét: 20°C/ phat, khoang nhiét do khao

sat 30 > 600°C, trong maéi trudong khi nito.

T T T
0 100 200

Theo gian @5 TGA Hinh 9 cho thay khi c6 su
hién dién caa GO ¢ cac ty 1€ khac nhau thi cac
vat ligu ting dang ké kha ning chiu nhiét,
chang han nhu mau PU1,5%GO c6 nhiét do bét
dau phan huy 16n hon dén 26,59°C so véi mau
tring. ra, qua gian dd TGA cho thdy khong
con MDI (phan hay & khoang 180°C) hoidc
monoglycerit (phén hay ¢ khoang 230°C).
KET LUAN

Budc dau ching t6i da tong hop dugc
nanocompozit PU/GO bing phuong phap in-
situ trén may dun 2 truc mot cach don gian,
kinh té va kha nang tng dung cao. Vi viéc
thém pha gia cuong graphen oxit vao PU hau
nhu khong c6 sy thay doi ro rét Ién gia tri
modul va Ty cuaa vat liéu polyuretan. Tuy
nhién, tinh chat nhiét cia PU thi ting 1én dang
ké (ting hon 21°C so v6i mau trang) khi c6 sy
hién dién cua pha gia cudng nay.
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A new method in synthesis of
polyurethane/graphite oxide
nanocomposites by twin-screw

extruder
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e Ha Thuc Chi Nhan
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University of Science, VNU-HCM

ABSTRACT

In this study, we have synthesized
polyurethane based on monoglyceride and
4.4 '-diphenyl methanediisocyanate (MDI) —
an environmentally friendly  polymer.
Graphene oxite (GO) was used to reinforce
for polyurethane forming
polyurethane/graphene  oxide  (PU/GO)
nanocomposite. The synthesis of PU and
PU/GO was performed directly on the twin-
screw extruder. This is a simple, time saving,
economical and environmentally friendly
method. Nanocomposites were

manufactured with GO phase changed
from 0.5% to 1.5% by weight. Structural
analysis results of PU/GO showed a good
dispersion through TEM figure (transmission
electron microscopy). In addition, the
mechanical and thermal properties of the
nanocomposite were improved as compared
to the original polyurethane. This study is a
new step for the synthesis of
polyurethane and nanocomposite based on
polyurethane by the melt intercalation
method.

Keyword: Polyurethane, nanocomposite, PU/GO graphite oxide, two screw extruder.

TAI LIEU THAM KHAO

[1]. W. Hummersjr, R. Offeman, Preparation of
graphitic oxide, The baroidd ivision
nationalle adcompany, 1339 (1958).

[2]. P. Vermette, H.J. Griesser, G. Laroche, R.
Guidoin,  Biomedical applications  of
polyurethanes, Tissue Engineering
Intelligence Unit 6 (2001).

[3]. S.M. Liff, Preferential nanoreinforcement of
thermoplastic polyurethane elastomers with
dispersed nano - clay, Department of
Mechanical ~ Engineering,  Northeastern
University (2003).

[4]. S.X. Zhou, L.M. Wu, J. Sun, W.D. Shen,
Effect of nanosilica on the properties of
polyester-based polyurethane, Journal of
Applied Polymer Science, 88, 189-193
(2002).

[5]. S. Plavlidou, C.D. Papaspyrides, A review on
polymer—layered silicate nanocomposites,
Progress in Polymer Science, Greece, 33,
1119-1198 (2008).

[6]. V. Mittal, In-situ synthesis of polymer
nanocomposites, Wiley-VCH Verlag GmbH
& Co. KGa (2012).

Trang 52



TAP CHi PHAT TRIEN KH&CN, TAP 16, S0 T4 - 2013

[7]. V.P.

Joshi, Studies on synthesis &
characterization of thermoplastic
polyurethane-urea copolymers, University of
Pune, India (2009)

[8]. W. Fischer, Production of high concentrated

monoglyceride, Lecture given on occasion of

[9].

the DGF - Symposium
Germany (1998).

E.W. Gacitua, A.A. Ballerini, J. Zhang,
Polymer nanocomposites: Synthetic and
natural fillers: a review, Maderas. Ciencia y
tecnologia, 7, 159-178 (2005).

in  Magdebug,

Trang 53



