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NGHIEN CUU CAU TRUC VA TINH CHAT CUR HON HOP POLYMER
TU POLYSTYREN VA TINH BOT BIEN TiNH ANIT BENOIC

NGUYEN DANG MAO, TRAN DUY THANH, HA THUC CHI NHAN

Khoa Khoa hoc Vat liéu, Truong Pai hoc Khoa hoc Tu nhién
Pai hoc Quéc gia TP H6 Chi Minh

Ngay nay Polystyrene 1a mat trong nhifing loai polymer da va dang dugc si dung rong rai
trong nhiéu linh viic ctia d&i sdng va cong nghiép [1, 2, 3]. Nhung polymer nay ¢6 ngudn gdc
tong hop tif nguyén liéu hoa thach, sau khi két thic vong ddi sif dung, do dac tinh khd phan
hily, Polystyren trd thanh loai rac thai 6 nhiém mai trudng [4, 5, 61. D& giai quyét thyc trang
nay, nhiéu nghién ciiu da dugc thuc hién trong thdi gian vira qua. Mot huéng di duge quan
tam d6 1a tong hgp hon hop polymer tif tinh bot déo (TPS) va nhua nhiét déo PS. TPS ddng
vai tro nhu mdt chat don co kha nang phan hiy sinh hoc cho nhua nhiét déo PS [7, 8]. Trong
nghién cifu ndy, dic diém cau tric va cac tinh chat cia hdn hgp PS/TPS da dugc xem xét &
ba ty |é khac nhau 10/90, 20/80 va 30/70. D& cai thién kha ning twang thich véi polymer nén,
tinh bt da dugc bién tinh béng cach ghép vdi axit Benzoic dé gidp cai thién kha nidng phén
tan cta tinh bot vao polymer nén tot hon. Do bén kéo cia vat ligu duge ting cudng khi ham

lwgng tinh bt (ghép 5% axit Benzoic) 20% so vdi hén hop.
Tir khéa: Polystyrene, tinh bét, axit Benzoic.

STUDY MORPHOLOGY AND PRODPERTIES OF
BLEND FROM POLYSTYRENE AND BENZOIC ACID
MODIFIED STARCH
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Polystyrene was widely used in many fields because it hosses a lot of good properties [1,
2, 3]. But this polymer likes other synthetic polymers from mineral-oil. After finishing their
functional life they have to spend many years to degrade and residues have resulted in a
broad range of pollution, litter and waste disposal problems for the society [4, 5, 6]. To
resolve this problem, many researches have been investigated for along time. A good choice,
composite from plasticized starch (TBS) and PS is concerned as an exchangeahle material
[7, 81. In this study, the properties of starch/PS-g-Benzoic acid have been investigated. The
TBS as a filler for thermoplastics has been tested using three various ratios of PS/TPS-g-
Benzoic acid 90/10; 80/20 and 70/30. To improve the compatibility of the starch with the
polymer matrix, treatment of starch have also been performed by grafting Benzoic acid on
the structure of starch to make it enhance hydrophobic ability. From there, starch could be
dispersed into polymer matrix to make homogeneous morphology. The mechanical properties
of the materials are enhanced at ratio PS/TPS-g- 5% Benzoic acid was 80/20.
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1. Gio1i thieu

Trong tinh hinh hién nay, 6
nhiém mai tridng dang la van dé
clp bach, de doa sy sdéng cla
tat ca cac loai sinh vat trén trai
dat. Cac loai rac thai, dac biét la
cac loai bao bi nylon, nhya phé
thai.. dang trg thanh ndi lo khéng
nho clia xa hdi, gay anh hudng
nghiém trong dén stc khoe va
ddi séng con ngudi. Hau hét cac
loai polyme truyén théng dugc
t6ng hop tUi ngudn nguyén liéu
héa thach déu khdong c6 kha
nang phan hdy sinh hoc. Do do,
c4c san phdm sau qua trinh s
dung da trG thanh nguén rac thai
kho tai ché, gay & nhiém dén moi
trudng (vi qua trinh phan hay
dién ra rdt cham hodc gén nhu
la khéng phan hiy dugc). Do la
ly do ma trong thdgi gian gan day
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polyme phan hly sinh hoc da va dang thu hat sy quan
tam cla cac nha khoa hoc trén toan thé giéi. D& bao vé
moi trudng, tranh tinh trang 6 nhiém ngay cang tang nhu
hién nay, doi hdi phai phat trién cac san pham vat liéu
polymer than thién véi mai trudng hon, cd kha ndng phan
hly sinh hoc cao, nhung phai ddm bao tinh chat ca Iy,
hoa hoc va kha ndng (ing dung trong thuc tién. Nghién
cliu nay tap trung ché tao, khao sat cdu trdc va tinh chéat
cla vat liéu composite trén cd sé nhua Polystyren va
tinh bot dugc bién tinh bang axit Benzoic.

2. Thue nghiém
2.1. Hoa chét

Axit Benzoic (Trung Qudc), do tinh khiét 99,5%. Tinh
b6t sén dugc 18y t Nha may tinh bot Tay Ninh (Viét
Nam). Nhya Polystyrene dang hat dugc cung clp bdi
Cong ty Enchuan (Pai Loan). Ethanol tuyét déi (99,8%)
dudc cung cép tii Cong ty Chemsol, Viét Nam. Glycerol
99,5%, nhiét dd ndng chay 17,8°C (Malaysia). Sodium
Dihydrogen Phosphate Dehydrate 99% (Trung Qudc).

2.2. Thi nghiém

2.2.1. Quy trinh khdo sat anh hudng thoi gian ghép
axit Benzoic Ién tinh bét

Tinh bét ghép axit Benzoic (TPS-g-axit Benzoic)
dugc tdng hop bang phuong phap dung dich. Mét binh
cau 3 ¢d chuia dung dich 3% tinh bot dugc cho thém 5%
axit Bengoic va mot lugng phu hop cla NaH,PO,.2H,0,
khudy déu & nhiét do 90°C trong thdi gian 20 phat. Tiép
theo, ha nhiét dé dung dich xuéng 65°C, d6 vao khudn
va lam kho dung dich ngoai khong khi trong vong 48h.
Phan rén con lai dugc sdy & 165°C trong nhiing khoang
thdi gian khac nhau (3, 5, 7, 9 phut) dé phan Ung ester
hoa x4y ra, ti do thu dugc TPS-g-axit Benzoic nhu mong
muén. San ph§m TPS-g-axit Benzoic sau khi thu dugc
tU giai doan trén dugc nghién min trd lai thanh dang
bot, hoa trong dung méi Ethanol tuyét déi dé loai bd
lugng axit Benzoic du khong phan Ging. Thyc hién danh
siéu am dung dich trong 5 phut réi loc 18y phan chét ran
khong tan. Lap lai qua trinh trén nhiéu 1an va thi pH,
cho t6i khi dung dich chiia TPS-g-axit Benzoic dat téi
pH = 7. Cudi cung phan rdn TPS-g-axit Benzoic con lai
dugc sy & 50°C trong vong 24h. Tién hanh chup phé
XRD cho cac mau néu trén. Béng thai tao cac hén hop
PS/TPS-g-axit Benzoic theo ty & 80/20, trong d6 TPS-
g-axit Benzoic dugc thay déi theo céc thdi gian ghép
khac nhau: 3, 5, 7 va 9 phut.

2.2.2. Quy trinh khdo sét dnh hudng néng dé ghép
cla axit Benzoic Ién TPS

Pé kh&o sat &nh hudng clia néng do axit Benzoic 1&n
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c4u tric tinh bot dung mét binh cdu 3 ¢6 chiia dung dich
3% tinh bdt dugc cho thém lugng axit Benzoic thay ddi
lan lugt la 3, 5, 7, 9% axit Benzoic va mot lugng phi hgp
cla NaH,PO,.2H,0, khudy déu & nhiét do 90°C trong
thoi gian 20 phut. San phdm dugc sdy & 165°C trong
thdi gian 5 phut dé phan (ing ester héa xay ra, tir d6 thu
dugc TPS-g-axit Benzoic nhu mong mudn. Cac cong
doan ti€p theo dugdc thyc hién tuong ty nhu quy trinh
khao sat &nh hudng thgi gian ghép axit Benzoic 1én TPS
dé thu dugc s&n phdm TPS-g-axit Benzoic. Sau dé ciing
ti€n hanh chup phé hdng ngoai (IR), phd XRD cho cac
méau. Dong thdi tao cac hdn hgp PS/TPS-g-axit Benzoic
theo ty lé 80/20, trong d6 TPS-g-axit Benzoic dugc thay
déi theo cac ndng dd axit Benzoic ghép khac nhau: 3,
5,7 va 9%.

2.2.3 Quy trinh ché tao hén hgp PS/TPS-g-axit
Benzoic

Hén hgp polymer dudc tao thanh bang qué trinh tron
néng chay trén may tron kin Haake. Dau tién, TPS-g-
axit Benzoic, PS va Glyceron (30% so v6i TPS) dudc
tron sa bo trong 1 phut réi cho vao may tron kin 6 nhiét
do tron 170°C, véi tdc do 80 vong/phut trong thai gian
10 phut. H6n hgp sau d6 dudc lay ra, cho vao khudn
¢6 kich thudc 17 cm x 17 cm x 2 mm ép gia nhiét bang
may ép & nhiét do 170°C trong 5 phut. Mau thu dugc cat
theo chudn ASTM D638 dé kiém tra tinh chat ca ly clia
vat liéu.

pe 2 ~ 2 ~

3.1. Anh huéng thoi gian ghép Ién céu truc va tinh
chét vét liéu

Anh hudng cla thoi gian ghép dugc khao sat thong
qua c4u trdc tinh bot va do bén kéo clia hon hgp PS/
TPS-g-axit Benzoic.

b A = Mol M)
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Hinh 1: dnh hudng théi gian ghép Ién céu tric tinh bét:
(a) tinh bét ban dau; (b) 3 phut; (c) 5 phdt; (d) 7 phat; (e) 9 phut



Dua vao phé XRD, ta nhan thdy, mau tinh bét chua
bién tinh (hinh 1a) cé cac mii két tinh (ing véi nhiing vi
tri 2(8) = 15.29, 17.3° va 23.1°. Trong khi d6, cac méau
tinh bot dugc ghép axit Benzoic trong cac thdi gian 3, 5,
7 va 9 phut (hinh 1b, ¢, d va e) lai khéng nhan thay rd sy
xudt hién cac mii két tinh & cac vi tri tuong ty. Diéu do
chiing t6 Itc nay da co su hinh thanh lién két gidia axit
Benzoic vdi cdu trdc phan td tinh bot. Chinh sy hién dién
clia axit Benzoic trén c4u tric tinh bot da can trd sy sap
xép lai cla cac phan t tinh bot trong qua trinh két tinh
nén lam cho cac mii két tinh bi gidm di va bién mat.

TU hinh 2 ta thay, khi thdi gian phan (ing TPS-g-axit
Benzoic tang dan tir 3 dén 5 phut thi tinh chat cd cla
vat liéu dugc tang 1&n. & thai gian phan ting 5 phat, ca
modul va Ung sudt déu tang dong thdi dat gia tri cao
nhét so v4i cadc mau con lai. Thé nhung khi kéo dai thém
thi gian phan (ing thi tinh chét co clia cac mau 7 phut
va 9 phut sé gidm dan. C6 thé luc nay cac phan t{ tinh
bot & nhiét do cao da bi phan hdy mét phan, cho nén
hiéu qua ghép axit Benzoic 1én tinh bot gidam di. Qua
dé c6 thé két luan thgi gian ghép 5 phat la t6i uu cho
qua trinh tdng hgp TPS-g-axit Benzoic, dugc st dung dé
kh&o sét anh hudng nong do ghép cla axit Benzoic 1&n
TPS trong thi nghiém ti€p theo.
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Hinh 2: &4nh hudng cua thoi gian ghép Ién dé bén kéo mau
PS/TPS-g-axit Benzoic composites
Mé&u duoc tao tu PS/TPS-g-axit Benzoic (80/20) va ham luong
axit Benzoic sii dung dé ghép la 5%

3.2. Anh huéng ham lugng axit Benzoic Ién céu
trdc va tinh chat vat liéu

Cuing do

=0
Baw

Hinh 3: anh huéng ham lugng axit Benzoic Ién cdu truc tinh bét:
(a) tinh b6t ban dau; (b) 3%; (c) 5%; (d) 7%, (e) 9%

Zir 20

K&t qua XRD (hinh 3) cho thay, & ca 4 mau tinh bt
bién tinh (b, ¢, d, e) déu khong xuat hién cac mii két tinh
& vi tri tuong ty so v6i mau tinh bdt chua bién tinh (a).
Chiing t6 & day da co su ton tai clia axit Benzoic ghép
lén tinh bt nén da lam cho qua trinh két tinh lai cta tinh
bot khé xay ra.

Tu két qua do kéo ta thay, khi ting ham lugng su
dung axit Benzoic tu 3-5% (so véi TPS) thi vat liéu sé
c6 tinh chat cd tang dan va dat gia tri cao nhat tai 5%
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axit Benzoic. Khi ham lugng sU dung axit benzoic tiép
tuc tdng dén 7-9% thi modul va Uing suét clia mau bat
dau gidm xudng. Bai vi khi ham lugng axit benzoic tang
|én, lugng axit du khdng phan Ging sé tao thanh pha mdi
trong hén hgp lam can tr6 kha nang tuang hgp gitia PS
va TPS, ti d6 lam giam tinh chat ca hén hg Nhu vay,
vGi ham lugng 5% axit Benzoic s dung dé bién tinh tinh
bot da mang lai hiéu quéa t6t hon so véi cac ham lugng
khac.
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Hinh 4: dnh hudng ham lugng ghép axit Benzoic 1én dé bén kéo
PS/TPS-g-axit Benzoic composites
Céc mau PS/TPS-g-axit Benzoic (80/20) vdi cdc ndéng dé khac
nhau: 3, 5, 7 va 9%

Hinh 5 cho thdy, phé FTIR cla tinh bot ban dau
va tinh boét bién tinh v6i ham lugng axit Benzoic 5%
trong 5 phut. Trong hinh 5a, cac pic hap thu xuat hién
G 3357cm" va 2928 cm™' la dao déng cla cac nhom
chtc —OH va —CH trong vong glucos. Khi so sanh vdéi
tinh bot ban dau, trén phd clia TPS-g-5% axit Benzoic
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trong 5 phut xuét hién mot dai hap thu méi tai 1732 cm
c6 thé 1a do dao dong kéo dan cla nhém C=0 cla axit
Benzoic ghép I&n tinh bot. K&t qua chi ra rang, tinh bot
da dugc ghép thanh coéng axit Benzoic thong qua phan
Uing ester hoa.

¥
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Hinh 5: phé FTIR cla cac mau khdo sat ham lugng s dung
axit Benzoic:
(a)Tinh bét, (b) TPS-g-5% axit Benzoic trong 5 phut

3.3. Khao sat anh huéng cua ham lugng TPS-g-axit
Benzoic Ién tinh chat composite

3.3.1. Anh hudng cta ham lugng TPS-g-axit Benzoic
Ién tinh chét co ly

Dya vao két qua do kéo clia cac mau & hinh 6 dé
dang nhan thay, véi ty 16 PS/TPS-g-axit Benzoic (80/20)
c6 modul va Ung suét cao han so v6i cac mau khac.
Diéu nay chuing té khi do tinh bot va nhua nén PS da cé
sy tuong hdp tét v6i nhau, mau thu dugc cé su phan tan
t6t cla TPS vao nhya nén PS, tao nén hén hgp cé do
déng nhat cao nén tinh chat co cla vat liéu ting 1én.
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Hinh 6: tinh chét cd ly cla cac mau PS/TPS theo ham lugng
TPS-g-axit Benzoic

Khi ham lugng TPS ghép axit Benzoic tiép tuc tang
I&n 30 (%wt) thi modul va (ing suét clia m&u giam xuéng.
Nguyén nhan cé thé 1a do lugng axit Benzoic c6 mat
trén cau trdc tinh bot Itc nay khong du lam tang kha
nang tuong hgp gitia tinh bot véi nhua nén, ti dé tinh bot
khoéng con phan tan tét vao PS niia va tinh chat cd clia
mau thu dugc s& bi giam di.

B o A

Hinh 7: &nh SEM ciia mau PS/TPS: (a) 90/10; (b) 80/20 va (c)
70/30

K&t qua &nh SEM clia 3 mau PS/TPS-g-axit Benzoic
déu cho thay, tinh bot c6 sy phan tan tét va déu trong
nhua nén PS, hdn hgp cé sy tuong tac tét gitia tinh bot
va PS. Tuy nhién, 8 mau c¢ khi ham lugng tinh bét tang
I&n (tinh phan cuc ctia hén hop tang) thi bat dau xay ra
hién tugng tach pha, luc nay tinh bét khéng con phan
tan déu vao nhuya nén, do dé kha ning tudng hop cla
méau gidm di, mau thu dugc khong cé sy déng déu cao
nhu cac mau a va b c6 ham lugng tinh bot thap han.

3.3.2. Tinh chat nhiét cia hén hgp PS/TPS-g-axit
Benzoic

Céac mau composite dugc quét véi tbc do gia nhiét
10°C/phut trong moi truong N, 16ng. Khoang nhiét do
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quét nam trong vung 25-500°C. Tu két qua khdo sat
TGA cla cac mau trong hinh 8 ta nhan thdy, mau (a)
chtia PS c6 nhiét do phan hiy cao nhéat va chi xay ra
duy nhat mét giai doan & nhiét do 309,2°C va sau qua
trinh phan hdy thi lugng mau bi mat di hau nhu hoan
toan. Trong khi d6, cac méau con lai déu cho thdy su
phan hiy dién ra theo hai giai doan rd rét va nhiét do
phan hly clia ching thap han so v6i mau PS. Phan khi
lugng giam di ban dau cGa nhiing mau nay trong khoang
nhiét dd 50-110°C |a do lugng nudc trong mau bi mét
di. Phan khéi lugng bi mat di cla 3 mau composite &
budc thi nhat 1a d&c trung cho sy phan hiy cla tinh bot
(275-360°C) va budc thu hai la ddc trung cho sy phan
hly cla PS (360-465°C). Sau qua trinh phan hdy thi ca
ba mau nay déu con lai mot khdi lugng du nhat dinh ty
|é thuan v6i ham lugng tinh bt c6 mét trong mau khéo
sat.
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Hinh 8: phé TGA cla cdc mau PS/TPS/TPS-g-5% axit Benzoic

3.3.3. Tinh khang nuéc clia hén hgp PS/TPS-g-axit
Benzoic

Phan tram hap thu nudc (%WT) dudc tinh toan theo
phuong trinh sau:
{m¢—g) x 100
Iy
Véi m, 1a khéi lugng sau thdi gian t dugc ngam; m, 1a
kh&i lugng mau trude khi ngam.

o WT =
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Hinh 9: dé thj biéu dién d¢ hép thu nudc theo thdi gian cla céc
mau composites

Tu hinh 9 cho thdy, mau PS c6 do hap thu nuéc thap
nhét, k& dén la mau PS/TPS (90/10) va tang dan & mau
PS/TPS (80/20). Dac biét dé h&p thu nuéc clia mau PS/
TPS (70/30) la cao nhét trong 8 cac mau khao sat. Diéu
nay c6 thé giai thich 1 do ban chat clia PS khong phan
cuc, gilia PS va nuéc khdng tuong tac véi nhau, do do
dd hdp thu nudc ctia mau PS la khéng dang ké. Trong
khi d6, d&i véi 3 mau con lai véi su hién dién cia tinh bot
cho thay d6 hap thu nudc tang dan theo ty 18 tinh bot cé
trong mau. B&i vi ban chat tinh bot 1a polymer phan cuc,
phan t0 tinh bot c6 chia rat nhiéu nhom OH, do do khi
ngam mau vao nudc cac nhém OH nay sé hinh thanh
lién két hydrogen véi cac nhom OH cia nudc, ti d6 lam
cac mau c6 chia tinh bot hat nude dé dang hon.

4. Kétluan

Tinh bot 1a polymer c6 kha nang phan hiy sinh hoc,
gia thanh ré, la mot chat don hiéu qua va co tinh tng
dung thuc tién cao trong ché tao vat liéu composite than
thién vdi moi trudng.

Théng qua viéc khdo sat cdu tric va tinh chat hdn
hgp PS/TPS-g-axit Benzoic, cac két qua thu dugc cho
thay khi ham lugng axit Benzoic dugc st dung la 5% (so
vGi TPS) va thai gian phan ting dién ra trong 5 phat thi
s& mang lai hiéu qua t6i uu nhat cho qua trinh ghép axit
Benzoic 1&n cau tric tinh bdt. Sy tron hgp gitia TPS-g-
axit Benzoic va PS & ty 16 20/80 cho thay su tuong
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hgp tét, tinh chat co Iy dugc cai thién dang ké. Qua do
cho thay, budc dau da ché tao dugc vat liéu composite
PS/TPS-g-axit Benzoic bang phuong phép trén néng
Chéy u
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