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CHE TAO BIOCOMPOSITE TREN CO SO CAO SU THIEN NHIEN/TINH BOT SU
DUNG CHAT TRQ TUONG HQP CAO SU EPOXY HOA
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Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(Bai nhdn ngay 05 thang 04 nam 2012, hoan chinh swa chita ngay 23 thdng 10 nam 2012)

TOM TAT: Cao su ti nhién (NR) chita khodng 60% la cis -1,4 Poly isoprene, la nguon nguyén
liéu c6 thé tdi tao. NR c6 nhiéu wu diém ndi bat nhe dé dan héi cao, dé bén kéo gian cao va dé gia
cong. Dé cdi thién cdc tinh chdt cho cao su, cdc chat dén tang cuong cho cao su dwoc nghién ciru nhie
than den, dat sét va silica. Hién nay tinh bot nhiét déo (TPS) la mot trong nhirng chat dén dang duoc
quan tam vi tinh than thién méi trwong, khoi lwong doi dao, cé thé tdi tao va gid thanh thap. Vin dé can
quan tdm khi dwa tinh bgt vao cao su la khd nang twong hop gitta cdc logi polyme voi nhau. Do do
trong nghién ciru nay chiing t6i da sir dung cao su epoxy héa (ENR) nhw mét gidi phdp dé cdi thién d¢
tirong hop giita NR va TPS. Cao su epoxy héa dwoc tong hop trong phong thi nghiém véi ham long
epoxy héa dat 50% dwoc sir dung nhu mét tdc nhan tro twong hop, cdi thién tiong tdc bé mdt pha trong
qud trinh tron NR va TPS bang mdy trén Haake Rheomix 600 theo cdc ty 1é khoi lwong nhat dinh. Cdc
phwong phdp phéan tinh hinh thdi cdu tric va tinh chdt nhie XRD, SEM, TGA, do d¢ trirong va do tinh
chdt co Iy da dwgc tién hanh. Két qua cho thdy, véi 15%wt ENR sir dung trong hén hop NR/TPS (70/30)

tinh chdt cia vt liéu duoc cdi thién ro rér.

Tir khoa: cao su ty nhién, tinh bot, compozit

MO PAU

Trong nhidu thap ky qua, than den da tr&
thanh loai chit don c6 tinh gia cuong quan
trong, dugc st dung phd bién trong nganh cong
nghiép cao su. Tuy nhién loai chit don nay van
tdn tai nhugc diém khé khic phuc, d6 1a tao
mau cho san phim. Chinh diéu nay da han ché
(g dung ciia san phdm cao su gia cuong than
den. Dé khic phuc han ché nay va mé rong ung
dung céc san phim cao su, nhiéu nghién ctru da
tién hanh @ tim ra loai chit d6n méi dong vai
trd thay thé hiu qua cho than den. Mot vai chit
don cai thién duge nhuge diém cua than den da

dugc tim ra bao gom dat sét, cao lanh, silica va

canxi cacbonat [1-6]. Ching dugc st dung
rong rai gia cudong cho cao su nhung kha nang
cai thién tinh chit cho cao su khong bing than
den. Tinh bot 1a mot trong nhitng polyme tu
nhién c6 kha ndng phan huy sinh hoc, gia thanh
ré, ngudn nguyén lidu ddi dao va c6 thé téi tao,
... Diéu nay htra hen cho céc nghién ciru vé vat
liéu than thién mdi trudng trén nén tinh bot voi
cao su [7-12]. Tuy nhién, tinh bot rit khé gia
cong & didu kién nhiét do cao va viéc thém tinh
bt vao cao su khé cai thién duoc tinh chit cao
su do tach pha [13].

Trong nghién ciru nay, tinh bot sin dugc sir

dung lam chit don cho cao su tu nhién dé téng
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hop vat liéu compozit médi vdi cac ty 1€ khac
nhau. ENR duoc dua vao compozit dé cai thién
su tuong hop ctia hai thanh phan cao su va tinh
bot. ENR vura twong hgp v6i tinh bot, vira
twong hop véi cao su, nén déng vai trdo quan
trong trong su tuong tic bé mit hai pha tinh bot
va cao su. Cdc mau compozit da duge kiém tra
hinh thai, do Két tinh, do truong trong nudc va
trong toluen, tinh chét co 1y va tinh chat nhiét.
VAT LIEU - PHUONG PHAP
Vat liéu

Latex cao su ty nhién (DRC = 60; DRC la
khdi lwong cao su kho trong 100 g latex) mua
tai cong ty Van Thanh (Viét Nam); tinh bot sén
¢6 ngudn géc tir nha mdy san xut tinh bot Tay
Ninh (Viét Nam); cic tdc nhan dung dé luu héa
co nguén tor Trung Tam K§ thuat Cao su Va
Chét déo (Viét Nam); hydrogen peroxid ( 35%)
va Axit Formic (85%) 1 san phdm ciia cong ty
Tianjin Camel Imp & Exp ( Trung Qudc);
CaCl, cua cdng ty Tianjin Flourish Chemical
(Trung Qubc).
Phwong phap
Téng hop cao su epoxy héa

Latex cao su epoxy héa (ENR) dwoc tong
hop tir latex cao su thién nhién bing phuong
phép in situ. Ban du latex cao su thién nhién
duoc 6n dinh boi Arkopal va chét chéng tao
bot & 60°C d& ngin chin qud trinh gel héa.
Ammoniac dugc loai bo trong 4 gid dé dat

dwoc gia tri pH = 7. Tiép theo, cao su duoc

epoxy héa bing hdn hop axit formic va
hydrogen peroxide véi ty 1& khéi lwong
HCOOH/DRC 1a 0.2/1 va H,O,/DRC la 0,8/1.
Qué trinh bit diu bang cich ha nhiét do hé
phan tng xudng dudi 10°C, sau d6 vira khudy
vira nho tir tor hydrogen peroxide vao hé trong
30 pht, cling lam twong ty nhu vay véi axit
formic trong 30 phit tiép theo. Sau khi da cho
hydrogen peroxide va axit formic, ndng nhiét
dd cta hé 1én tir tir dat dén gia tri 65°C. Hé
dugc khudy va duy tri nhiét d6 nay trong 10
gior dé phan tng epoxy héa xay ra. Khi két thic
phan tng, dung dich dwoc dua vé nhiét do
phong va trung hoa lwong axit du bing dung
dich natri cacbonat 10% (pH = 7). Tu dé thu
duoc latex ENR 50%.
Ché tao compozit TPS/NR

Tinh bot dugc héa déo béng cach hoa thanh
dung dich 8% trong 30 phiit & 80°C. Sau d6,
NR va ENR dugc thém tir tir vio, hén hop
duoc khudy trong 30 phiit & nhi¢t ¢ phong va
dong tu bé“mg dung dich CaCl, 10%. Chét rin
sau khi dong tu dugc sdy kho trong méi truong
chan khoéng trong 24 h, & 70°C. San pham siy
khd duogce tron vai cac thanh phén Iwu héa trén
mdy tron Hakee Rheomix 600 trong 15 phit &
50°C. Thanh phan luu héa cta hdn hop dugc
cho trong Bang 1. Sau d6, mau compozit dugc
ép luu héa & 160°C, 4p suat ép 60 bar trong 30
phit. Mau sau khi luu héa duge dé 6n dinh

trong desiccators 24h rdi dem do tinh chit co

ly.
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Bang 1. Thanh phin lru héa ciia compozit NR/tinh bt
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KET QUA - THAO LUAN
Khio sat tinh chit co Iy ciia compozit

Tir Hinh 1 cho dén Hinh 4 cho thdy anh
hudng cta chét trg twong hop ENR 1én do bén
kéo ctia cdc miu compozit & 3 ty 1¢ TPS/NR
20/80, 30/70 va 40/60. Khi ham lugng TPS
ting, 6 bén kéo, modun va do cing ting, ddng
thoi d¢ gidn dai giam. Nhitng tinh chat nay dat
gid tri twong dbi tot & ty 16 TPS/NR la 30/70.
Khi ham lugng chat trg tvong hop thay dbi, do
bén kéo va modul duoc cai thién va dat gia tri

t6t nhit & 15%wt cia ENR. Thong thudng, tinh

Stress (MPa)

ENR i 11 15
Content y, t%)

bot va cao su khong twong hop, tuy nhién véi
sw c6 mat ciia ENR da gitp giai quyét van dé
nay. Nhitng két qua trén c6 thé giai thich dwa
vio cu tric cia ENR. ENR ¢6 chtra hai loai
nhém chirc, nhém epoxy va nbi dbi con lai.
Trong qud trinh tron TPS, NR va ENR & nhiét
d6 cao thi nhém epoxy cua ENR sé& phan ing
v6i nhém hydroxyl cta tinh bot, va ndi doi s&
tham gia vao qud trinh khdu mang cung véi
NR. Cic két qua dat duoc chimg t6 ENR da
dong vai tro lam cAu ndi héa hoc rat tét cho sy

tuong tac cua cao su va tinh bot.
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-

Hinh 1. Ung suét ciia compozit TPS/NR & cdc ham Iugng ENR khac nhau
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Hinh 2. Bién dang ctia compozit TPS/NR & cdc ham lugng ENR khéc nhau
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Hinh 4. B¢ cing cua compozit TPS/NR ¢ cdc ham lugng ENR khéic nhau
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Hinh thai cdu tric ciia vat litu compozit
(TPS/NR)

Phé nhiéu xa tia X cta tinh bot va compozit
TPS/NR duoc thé hién nhu trong hinh 5. Hinh
5a cho thdy cdc miii xudt hién & 20 = 15.2°,

17.3%, va 23° 1a dac trung cho cAu tric két tinh
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cua tinh bot. Trong khi d6 ¢ Hinh Se, mdt mii
& 20= 18° cho thdy cau tric két tinh cta cao su.
Khi tinh bt dugc thém vao trong NR & cic ty
1¢ 14n luot 12 20/80, 30/70 va 40/60 thi cic mii
dac trung cua tinh bot va cao su héu nhu bién

mét nhu trong Hinh 5b, 5c va 5d.
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Hinh 5. D6 thi XRD cua tinh bdt va compozit: (a) tinh bot tu nhién; (b) TPS/NR/ENR (40/60/15), (c)
TPS/NR/ENR (30/70/15), (d) TPS/NR/ENR (20/80/15), (¢) NR

Nhu vay sau khi trén néng chdy gitta TPS va
NR c6 st dung chét twong hop ENR, ciu tric
két tinh ctia TPS va NR da bi pha v& lam cho
cdc miii nhidu xa dic trung bién mét (Hinh 5b,
5c va 5d), ching to su tdn tai cia ENR nhu
mot chit tro twong hop dd lam ting kha ning
phan tén cia TPS vao NR dén dén phd v& ciu
triic két tinh cuia tinh bot va cao su trong qué
trinh gia céng ¢ nhiét o cao. Piéu nay chi ra
rang tinh bot phan tin vao cao su & trang thai
v6 dinh hinh. D& chéc chin hon, ching tbi tién
hanh khao sat hinh théi cdu tric ctia compozit
thong qua anh SEM.

Nhu dwoc thé hién trong Hinh 6 véi cic ty 1€
TPS/NR, tinh bot phén tdn vao trong cao su &

nhiéu kich thuéc hat khdc nhau khoang Ium -
5um. Bé mit miu khong ddng nhét, c6 sy két
tu ctia cdc hat tinh bdt va tao ra cAu trdc hat 16n
hon c6 dang hinh ciu hay da gidc. Piéu nay cé
thé giai thich 1a khi str dung ENR dé c6 hiéu
qua lam tang kha nang phan tdn TPS vao nhua
nén NR, nhung do ban chit khdc nhau giira hai
loai polyme niy nén vin cé sy co cum clia
thanh ph?m tinh bot & moét mic d6 nhit dinh

trong pha nén NR.
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Hinh 6. Anh SEM ciia céc compozit: (a) TPS/NR/ENR (40/60/15); (b) TPS/NR/ENR (30/70/15); (c) TPS/NR/ENR
(20/80/15).

Tinh chét nhiét ciia compozit TPS/NR

Nhiét phan huy ciia mdu NR va cdc mau
TPS/NR/ENR (40/60/15),
TPS/NR/ENR (70/30/15) and TPS/NR/ENR
(80/20/15) duge thé hién trong Hinh 7. Mau

compozit

NR bt dau phan hiy & 347°C va chi xay ra ¢
mot budc duy nhit. Trong khi d6, cdc miu
compozit c6 hai giai doan phan huy ro rét. Sy
khic nhau ndy 13 do thanh phan TPS ton tai

trong cdc mau compozit.
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Hinh 7. Gian d TGA ciia cdc compozit: (a) TPS/NR/ENR (40/60/15), (b) TPS/NR/ENR (70/30/15), (c)
TPS/NR/ENR (80/20/15).

Su t6n tai cla tinh bt 1am cho nhiét bit dau
phan hiy cia cdc miu compozit Xay ra sém
hon mAu NR. Giai doan thtr nhét dic trung cho
su phan huy cta tinh bdt va giai doan thur hai
dac trung cho sy phan huy ctia NR. Tuy nhién
trude d6 da c6 sy giam khéi lugng miu xay ra
& 80°C. Pay c6 thé 1a sy bay hoi cta nuéc cé
san trong tinh bot. Nhiét phan hiy & giai doan
thir hai cta cdc miu compozit TPS/NR/ENR
(80/20/15), TPS/NR/ENR (70/30/15) va

TPS/NR/ENR (40/60/15) lan luot 1a 347°C,
349°C va 350°C. Nhitng gid tri nhiét do nay
khong khic nhau dang ké. Nén & giai doan
nay, tinh bot hau nhu khong dnh huéng dén sy
6n dinh nhiét ctia cic compozit.

Nhu vay, viéc thém tinh bdt vao cao su s€
anh huong khong tdt dén d6 bén nhiét cua cao
su. Do trong cau triic cta tinh bot c6 chira céc
nhém chic khac nhau nhu OH, COOH va

COOR, trong céu tric ciia ENR c¢6 cdc nhém
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epoxy va ndi d6i. O nhiét d6 cao, mdt phan
trong ching sé tich ra va bay hoi. Bén canh
d6, cac gbc ty do s& hinh thanh tir nhitng nhém
chtic ¢6 san va xidc tdc cho sy phan hiy cua
mach cacbon.

Kha ning hip thu dung méi cia cic

TPS/NR compozit

600

Phin trim he‘ip thu nudc (%WT) va phén
tram hép thu toluen (%TU) dugc tinh dua vao

cong thuc sau:

{my—1myg) x 100

g

%WT (%TU) =

Trong d6, m, la khdi lugng ctia mau sau thoi
gian (t) nhing trong dung méi, m, 1a khdi

luong ban dau cua mau khi chua ngam.
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Hinh 8. Kha niing hép thu toluen ciia NR va compozit TPS/NR theo thoi gian
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Hinh 9. Kha ning hap thu nuéc ctia NR va compozit TPS/NR theo thoi gian

Kha ning hép thu toluen ctia compozit phu
thugc va ham lugng cua tinh bot trong vat liéu
(Hinh 8). Mau NR truong 1€n 549,1% sau 40 h
va gid tri ndy cao hon clia cdc mau compozit.
St ton tai cta TPS trong hdn hop 1am ting ban

chét ki toluen cua vat liéu. Bén canh d6, su ¢6

mit cia ENR di hd trg su phan tdn cua TPS
trong NR lam déc tinh ki toluen cta vét li¢u
ciing tang 1én dang ké.

Trong khi d6, nhu duwge mo6 ta trong Hinh 9
céc mau compozit ting kha ning hap thu nudc

khi ham luong tinh bot ting. Sy tén tai cua
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chit don wa nudc nhu TPS v6i ham lugng cao,
tao diéu kién cho vat liéu hdp thy nuéc dé
dang. Do tinh b6t ¢6 chira cdc nhém chirc phan
cuc va ua nudc. Nhirng nhém chiic nay s€ tao
lién két hydro véi cdc phan tir nudc va lam
tang do truong cua vat liéu.
KET LUAN

Hbn hop ciia TPS/NR/ENR dugc ché tao tir

phuong phdp trdn néng chdy trong mdy tron

Haake Rheomix 600 da céi thién duogc sy phan
tdn cua TPS trong nhua nén NR dé dat duoc
trang thai dong nhat. Tuy nhién, viéc thém TPS
da bi giéi han béi TPS khong tuong hop véi
cao su. Do d6, véi s c6 mat cia ENR dong
vai trd nhu mot chét tao ciu dd cai thién do
trong hop gita TPS va NR tré nén tét hon.
Tinh chét cua hdn hop TPS/NR duoc cai thién
t6t nhat & ti 1¢ 30/70 véi ham lugng ENR thém

vao la 15%wt.

SYNTHESIS NEW BIOCOMPOSITGE OF STARCH/NATURAL RUBBER BY USING
EPOXIDIZED RUBBER AS A COMPATIBILIZER

Nguyen Dang Mao, Tran Duy Thanh, Nguyen Thi Kim Ngan, Ha Thuc Chi Nhan, Ha Thuc Huy
University of Science, VNU-HCM

ABSTRACT: The main component of Natural rubber (NR) is cis-1,4-poly isoprene a renewable
natural elastomer produced from the latex of rubber tree. NR has many excellent properties, such as
outstanding resilience, high strength, tear resistance and good process ability. Therefore, it is
compounded with various chemicals and fillers like carbon black, clay, silica in suitable high
concentration to achieve wide range properties having many applications in industries. However, as
many synthetic polymers, NR needs a lot of time to be degraded and using carbon black as a filler
could cause pollution and gives to the rubber a black color that has a significantly negative effect on
products. The aim of the present work was to study the mechanical properties of bio based materials
from thermoplastic starch (TPS), natural rubber and epoxidized natural rubber (ENR) used as a
compatibilizer. The TPS/NR material was prepared by blending the plasticized starch with natural
rubber latex and ENR in a Haake Rheomix 600 mixer. The morphology, mechanical and thermal
properties of the material was investigated. The results show that the crystal structure of blend
disappeared and thermal stability of material was not improved. Material had the best mechanical

properties at TPS/NR ratio 30/70 with ENR content 15%wt.

Keywords: Rubber, starch, composite.
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