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NGHIEN CUU CAU TRUC CUA VAT LIEU NANOCOMPOSITE PHAN HUY
SINH HOC TREN CO SO HON HOP TINH BOT
VA POLY(VYNYL ALCOHOL)

Truong Phuéc Nghta, Tran Quang Thuan, Bang Téan Tai, Ha Thic Huy
Trudng Bai hoc Khoa hoc Ty nhién, DPHQG-HCM
(Bai nhan ngay 24 thang 03 nam 2008, hoan chinh stra chita ngay 20 thang 06 nam 2008)

TOM TAT: Vat lidu nanocomposite phan hdy sinh hoc trén co s& hén hop tinh
bt va poly(vinyl alcohol) da dwoc téng hop thanh cong bang phuong phap dung dich. Cac
vat liéu thu dwoc déu c6 pha phan tan & kich thuwéc nanomet véi cac ham lvong khoang sét
montmorillonite thay di tir 3, 7, 9, 11, 13 dén 50phr (parts per hundred resin). Hinh thai
clia hdn hop tinh bot va poly(vinyl alcohol) ciing c6 s thay déi khi ¢ s hién dién ciia pha
phan tan nano. Kich thidc nano clia pha phan tan dugc khao sat bang phé nhiéu xa tia X goc
hep (Small Angle X-Ray Diffraction-SAXRD) va kinh hién vi dién tl truyén qua
(Transmission Electron Microscope-TEM). Hinh thai cla hon hop va vat liéu
nanocomposite duoc phan tich bang kinh hién vi dién t quét (Scanning Electron
Microscope- SEM).

Twr khoa: nancomposite, biodegradable, starch, poly(vinyl alcohol).

1.GIOI THIEU

Trén thé gidi hién nay c6 rét nhiéu nghién ctru vé nhura phan hiy sinh hoc nham lam giam
6 nhiém mai treong do phé thai 12 nhya gay ra. Tuy nhién chua c6 cdng trinh nao cho ra san
pham nhya phan hdy sinh hoc ¢6 gia thanh, tinh chéat va phuong phéap gia cong cé thé canh
tranh va thay thé dugc cac loai nhya chdm phan hady hién dang dugc st dung trong cac linh
vire bao bi, vat liéu xay dung, hay ndng nghiép. Mot so san phdm bao bi, mang nhva dugc
san xudt tir Polypropylene, Polyethylene (PP, PE) tron véi tinh bt vira xut hién trén thi
trudng trong va ngoai nudc thoi gian qua dé dap (ng dugc yéu cau canh tranh véi cac loai
nhira cham phan hady, nhwng lai dugc khang dinh 1a khdng cé kha ndng phan hiy sinh hoc va
con gay hai cho méi truong [1-3]

Trong thoi gian gan day, nhiéu cong trinh nghién clu trén thé gidi tap trung nghién
clru v& hon hop tinh bét nhiét déo va nhwa Poly(Vinyl Alcohol) (PVA) nhu 1a huéng giai
quyét t8i wu cho van dé nhyra cham phan hiy. Tuy nhién, két qua nhirng nghién ctru nay van
chuwa tao dwoc san pham cé tinh chat cd thé so sanh ngang véi cac loai nhya cham phan hiy
thuong dugc stir dung nhw PP va PE [4-14] Vat liéu polymer nanocomposite st dung khoang
sét Montmorillonite (MMT) phan tan & kich thuéc nanomet ¢6 nhiéu vu diém nhu lvgng
chat don thap, than thién v&i moi trvong va gia tang dang ké tinh chat so véi polymer nén.
Mot s6 tinh chat dwoc cai thién cla vat liéu polymer nanocomposite la tang do bén co ly
(modul, ¥ng suat), dd bén nhiét, gidm tinh thdm khi, gidm kha ndng boc chay, tang téc do
phan hady sinh hoc,...[15-18]. Do dd, vat liéu nanocomposite phan hay sinh hoc trén co s&
tinh bot va PVA duwoc tong hop thanh cong (co cdu trdc nano) sé cd khad nang thay thé dwgc
cac loai nhya chdm phan hiy PP, PE.

Trong cng trinh nay, ching toi tap trung khdo sat kha nang phan tan & kich thudc
nano cla khoang MMT khi dugc don voi hon hop nhua nén la tinh bot nhiét déo va
Poly(Vinyl Alcohol) ciing nhw dnh hwéng clia khodng MMT dén hinh thai clia vat liéu tao
thanh.
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2. THUC NGHIEM

2.1. Nguyén liéu

Tinh bdt sén nhap tir Thai Lan cla cong ty TNHH Kim Ngan, TpHCM. PVA 205 cla
cong ty Poval Kurray, Nhat BAn (Mn=10000 g/mol, dd thiy phan 90%). Khoang MMT N757
clia cong ty Sud- Chemie, Phap. Chat héa déo Glycerol, Trung Qudc. Tat ca hoa chat ding
truc tiép khong can xt ly lai.

2.2. Phuong phap thyc hién

Diéu ché hon hop tinh bt nhiét déo va PVA: Hon hop tinh bot:PVA:glycerol
(100:20:30) duoc cho vao nudc va khudy tron & nhiét dd 90°C trong 8 gid. Ty Ié pha ran/nuée
la 1/10. Dung dich sau khi khudy tron dugc d6 khudn va sdy tao mang & 45°C. Mang duoc
phan tich hinh thai bang anh SEM.

Diéu ché vat liéu nanocomposite phan hly sinh hoc: Tuong ty qui trinh trén nhung
thoi gian khudy duoc thay doi la 8, 12, 16 gio. Thoi gian khudy t6i wu dugc khao sat bang
phé SAXRD. Ham lugng khoang sét MMT dugc thay doi la 3, 7, 9, 11, 13 va 50phr (so
v6i ham lwgng tinh bot). San phadm dugc chup phd SAXRD va anh TEM dé xac dinh cau tric
nano.

3.KET QUA - BIEN LUAN

3.1.Khao sat hinh thai hoc ctia hdn hop tinh bot nhiét déo va PVA

Quan sat anh SEM clia hon hop tinh bdt va PVA sau khi tinh b6t dugc hda déo & nhiét
dd 90°C trong 8 git (hinh 1), ta thdy cAu trdc hat cda tinh bdt phan Ién d& bi pha v& va
khéng co s tach pha gitra tinh bot nhiét déo va PVA. Hon hop c6 sw tuong hop 1a nho lién
két hydro lién phan t& gilta tinh bot va PVA [10]. Tuy nhién, quan séat k¥ trong ving a va b
van con nhitng hat tinh thé tinh bot nhé c6 kich thuwdc khoang 0,5 dén 2 m. Nhitng hat tinh
bdt nho nay chua bi pha vo cdu tric két tinh do dd kho tao lién két lién phan tlr voi PVA.

Hinh 1. Anh SEM clia hdn hop tinh bot:PVA:glycerol (100:20:30).

3.2. Khao sat thoi gian khuay tron va ham lwvgng MMT

Quan sét cac phd nhiéu xa tia X goc hep duoc chup tir 0,5° dén 10° cta hén hop tinh
bot:PVA: glycerol:MMT véi ham lvgng MMT la 15phr & cac thoi gian khudy tron 8, 12 va
16 gio (hinh 2), ta thay thoi gian khudy tron tang tlr 8 gi¢ dén 12 gio, dinh phd dac trung
clia cho khodng céch hai lép clia khodng MMT la dgo; tdng tr 6,46nm I&n 9,32nm. Diéu nay
cho thdy khi tang thoi gian khudy tron, kha ndng dan xen cla cac mach tinh bot va PVA vao
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gitra hai l6p khoang sét cling tdng dang ké. Tiép tuc tang thoi gian khudy tron dén 16 gio, ta
thu duoc trén phd SAXRD mot dinh pho rong co cwong do thdp dac treng cho phan khoang
MMT tich tu khéng thé dwgc ndng rong hon nita vi ham lvgng 15% la kha cao déi voi vat
liéu nanocomposite.

Hinh 2. Phd SAXRD clia hdn hop tinh bot:PVA:glycerol: MMT (100:20:30:15) & cac thoi gian khudy
khac nhau: 8 gior (1), 12 gio (2) va 16 gio (3).

Dé xac dinh anh hudng cla ham lwong khoang sét MMT dén cdu tric cla
san pham nanocomposite, cac hén hop tinh bot:PVA:glycerol: MMT (100:20:30:X) véi X
la ham lwgng cla khoang sét duoc thay doi tlr 3phr dén 50phr. Quan sat cac phd SAXRD
thu duoc trén hinh 3, ta nhan thdy, & ham lvong 3phr MMT khong xuét hién dinh dac trung
doo1, chitng t6 cac 16p khoang sét da tach 1op va ton tai & cdu tric mat trat tv. O ham luong
7phr va 9phr MMT, c6 nhitng dinh pho rat nho va khong rd rang, cé thé la dac treng cho mot
lvgng nhd khoang sét MMT bi tich tu. Khi ham lwgng tang dén 11phr va 13phr MMT, su
tich tu cang ré rang hon béi cac dinh phd déc trng dyo; ngay cang cao va nhon dan.

Hinh 3. Phd SAXRD clia hén hop tinh bot:PVA:glycerol: MMT (100:20:30:X).

Khi ham lvgng khoang sét MMT tiép tuc dugc tang Ién dén 50phr, quan sat phd SAXRD
trén hinh 4, ta nhan thdy mot dinh pho dg; rat nhon va cao. Diéu nay cho thay khoang sét
MMT t6n tai chl yéu & cdu tric dan xen co trat tw, khoadng cach gitia hai 16p déat sét khoang
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11,8nm. Nhu vay, khi cang ting ham lugng khoang sét, cdu tric nano cla vat liéu
nanocomposite chuyén dan tlr cau triic tach lop hoan toan mat trat tw (exfoliated structure)
sang cdu tric dan xen, trat tw hon (intercalated structure), trong dé & nhitng ham lwgng trung
binh xudt hién cdu tric hdn hop vira tach 16p vira dan xen. Quy luat trén ciing rat phi hop véi
nhitng nghién ctru tong quan vé vat liéu nanocomposite clia nhiéu tac gia trén thé gidi [15-18].

Lin (Counts)
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Hinh 4. Phd SAXRD clia hdn hop tinh bot:PVA:glycerol:MMT (100:20:30:50)

3.3.CAu trdc nano va hinh thai ctia vat liéu nanocomposite

Dé khang dinh rd hon vé ciu tric nano ctia khodng MMT phan tan trong hdn hop, anh
TEM clia hdn hop tinh bot:PVA:glycerol:MMT (100:20:30:7) da dwoc khao sat. Quan sét trén
hinh 5 cho ta thy r6 khoang sét phan tan & cd dang cdu tric dan xen (vung a), tach 16p
(viing ¢) va hén hop (viing b). Trong d6, ciu tric tach 16p chiém wu thé. Két qua nay ciing
rat phi hop véi nhitng két qua khao sat bang ph6 nhiéu xa tia X goc hep & muc 3.2. Nhu
vay, khoang sét MMT c6 kha ndng phan tan kha dé dang trong hdn hop nhwa nén tinh bot
nhiét déo va PVA cho cdu tric nano dang tach 16p hay dan xen phu thudc ham lugng MMT.

&

Hinh 5. Anh TEM cla hén hop tinh bdt:PVA:glycerol:MMT (100:20:30:7)
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Hinh thai ctia hdn hop tinh bot nhiét déo va PVA ciing c6 thay d6i khi co su hién dién cla
khoang MMT. Quan st trén hinh 6, ta nhan thdy, b&8 mat clia hén hop khéng phéng, co
dang vay & mot s6 vung (ving a,b). Nhitng viing nay cé thé do anh hudng cla chat don
MMT. Tuy nhién, van khéng quan sat thdy hién twong tach pha gilta tinh bot va PVA.
Diéu nay cho thdy MMT khong lam anh hwdng dén kha nang twong hop cla hai nhya nén.
Céc hat tinh thé nhé cla tinh bét cling giam. Do dé kha ndng tuvong tac hydro lién phan ti
cang tang.

Hinh 6. Anh SEM ctia hdn hop tinh bét:PVA:glycerol: MMT (100:20:30:7).

4.KET LUAN

Nghién clru nay da téng hop thanh cong vat liéu nanocomposite phan huy sinh hoc trén
co s& hdn hop tinh bot nhiét déo, PVA va MMT. Pha phan tan MMT clia vat liéu c6 cdu tric
nano. Dang cla cdu trdc nano (dan xen, tach 16p hay ca hai) tuy thudc vao ham lwvgng cla
khoang MMT. Khdng co6 hién twong tach pha khi cé thém sy hién dién cla chat don MMT.
Khé& nang phan tan clia MMT trong hdn hop nhwa nén 14 rat tét vi cd rét it nhua nén cd thé
phan tan dén 50phr MMT ma van gilr dwoc cdu tric dan xen.

Tl két qua ban dau néu trén cho thdy rat ¢ kha nang cai thién dugc nhitng khuyét diém
trong tinh chéat ctia hdn hop tinh bot nhiét déo va PVA béang cach st dung chat don MMT
phan tan & kich thudc nanomet. Cac két qua veé tinh chat clia vat liéu nanocomposite nay sé
duwoc tiép tuc nghién ciu.

STUDY THE STRUCTURE OF BIODEGRADABLE NANOCOMPOSITE
ATERIAL BASED ON THERMOPLASTIC STARCH
AND POLY(VYNYL ALCOHOL)

Truong Phuoc Nghia, Tran Quang Thuan, Dang Tan Tai, Ha Thuc Huy
University of Natural Sciences, VNU-HCM

ABSTRACT: Biodegradable nanocomposite material based on thermoplastic starch
and poly(vynyl alcohol) has been successfully synthesized by solution casting method. The
clay contents using as nano-filler are 3, 7, 9, 11, 13 and 50phr. All of these products have
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nano-structures. These structures of montmorillonite dispersing phases are studied by Small
Angle X-Ray Diffraction machine (SAXRD) and Transmission Electron Microscope (TEM).
Morphology of the blend of thermoplastic starch and poly(vynyl alcohol) changes when
montmorillonite is added. The morphologies of polymer blend and nanocomposite materials
are characterized by Scanning Electron Microscope (SEM).

Keywords: nancomposite, biodegradable, starch, poly(vinyl alcohol).

TAI LIEU THAM KHAO

[1]. Qudc Thanh, Bao bi nhya tw hly: Sai 1am khi gidi thiéu ra thi treong, Tudi tré, 19/09
(2005).

[2]. Catia Bastioli , Handbook of Biodegradable Polymers, Rapra Technology Limited,
London (2005)

[3]. Ray Smith, Biodegradable polymers for industrial a lications, Woodhead
Publishing Limited, London (2005)

[4]. Patrizia Cinelli, John W.Lawton, Sgerald H.Gordon, Syed H.Imam, Emo
Chiellini, Injection molded hybrid composites based on corn fibers and Poly(Vinyl
Alcohol), Macromol. Symp, 197, 115-124 (2003)

[5]. Patrizia Cinelli, Sgerald H.Gordon, Syed H.Imam, Emo Chiellini,
Characteristics and Degradation of Hybrid Composite Films Prepared form
PVA, Starch and Lignocellulosics, Macromol. Symp, 197, 143-155 (2003)

[6]. Maria Grazia Cascone, Dynamic-Mechanical Properties of Bioartificial Polymeric
Materials, Polymer International, 43, 55-69 (1997)

[7]. J.W. Lawton, Effect of starch type on the properties of starch containing films,
CarbohydratePolymers, 29, 203-208 (1996)

[8]. Jayasekara, I. Harding, |. Bowater, G.B.Y. Christie, G.T. Lonergan, Preparation,
surface modification and characterisation of solution cast starch PVA blended
films, Polymer Testing, 23, 17-27 (2004)

[9]. N. Follain, C. Joly, P. Dole, C. Bliard, Properties of starch based blends. Part 2.
Influence of poly vinyl alcohol addition and photocrosslinking on starch based
materials mechanical properties, Carbohydrate Polymers, 60, 185-192 (2005)

[10]. Siddaramaiah, Baldev Raj, R. Somashekar, Structure—Property Relation in
Polyvinyl Alcohol/Starch Composites, Journal of Applied Polymer Science, 91, 630—
635 (2004)

[11]. Sreedhar, M. Sairam, D. K. Chattopadhyay, P. A. Syamala Rathnam, D. V.
Mohan Rao, Thermal, Mechanical, and Surface Characterization of Starch—
Poly(vinyl alcohol) Blends and Borax- Crosslinked Films, Journal of Applied
Polymer Science, 96, 1313-1322 (2005)

[12]. Yeping Yin, Jianfang Li, Yingchun Liu, Zhong Li, Starch Crosslinked with
Poly(vinyl alcohol) by Boric Acid, Journal of Applied Polymer Science, 96, 1394—
1397 (2005)

[13]. B.Ramaraj, Crosslinked Poly(vinylalcohol) and Starch Composite Films.II.
Physicomechanical, Thermal Properties and Swelling Studies, Journal of Applied
Polymer Science, 103, 909-916 (2007)

[14]. Soon-Do Yoon, Sung-Hyo Chough, Hye-Ryoung Park, Effects of Additives with
Different Functional Groups on the Physical Properties of Starch/PVA Blend Film,
Journal of Applied Polymer Science, 100, 3733-3740 (2006)

Trang 67



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Science & Technology Development, Vol 12, No.03 - 2009

[15]. Suprakas Sinha Ray, Masami Okamoto, Polymer/layered silicate
nanocmomposites: a review from preparation to processing, Progress in Polymer
Science, 28, 1539-1641 (2003)

[16]. Daniel Schmidt, Deepak Shah, Emmanuel P.Giannelis, New advances in
polymer/layered silicate nanocomposites, Solid State & Material Science, 6, 205-212
(2002)

[17]. Micheal Alexandre, Philippe Dubois, Polymer-layered silicate nanocomposites:
preparation, properties and uses of a new class of materials, Material Sciences and
Engineering, 28, 1-63 (2000)

[18]. Peter C. LeBaron, Zhen Wang, Thomas J.Pinnavaia, Polymer-layered silicate
nanocomposites: an overview, Applied Clay Science, 15, 11-29 (1999)

Trang 68



