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Nghién ciru cde yéu 0 anh hwong dén tinh chat cia vit liéu phn hiy sinh hoe
che tao tir nhwra polyhydroxyalkanoates gia cwong cellulose vi khuan
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Tém tiit:

Nhiam muc tiéu phat trién cac tinh chét ciia nhua phan hiy sinh hgc aé thay thé nhya géc diu mé, giam thiéu 6
nhiém rac thii nhya, nghién ciru nay khio sat cic yéu t6 znh huong dén tinh chit cia vat liéu phan hiy sinh hoc
dua trén nhua polyhydroxyalkanoates (PHAs) gia cuwong s¢i cellulose vi khuin (BC). Trong khuén kho nghién ctru,
ham hrong chit trg twong hop 3-6% va ham lwong soi gia cwong 2-8% dwoge duwa vao nén nhua PHA. Hiéu qua ciia
chét tro twong hop dwoc danh gia thong qua dd bén kéo dirt va dd giin dai khi dit, anh huong ciia ham lwong soi
gia cuong dwgce danh gia dwa trén tinh chit nhiét, phd hdng ngoai, dd hip thu nwéc, goc thAim wét va do bén kéo.
Két qua khio sat da Ira chon dworc ty 18 trg twong hop phit hop 13 5% va ty 1¢ gia cwong tdi wu 1a 4% véi cac tinh
chit nhu: d9 bén kéo dirt ciia vat liéu dat 12,08 Mpa, d gian dai 86%, kha ning hap thu nuéc 0,7%, géc tiép xic
82°. Tinh chét nhiét va pho hong ngoai ciia vat liéu it bi anh hwéng béi ham lwong gia cwong thém vao. Toi wu hoa
ham lwong tro twong hop va ham lrong gia cwong trong ché tao vat liéu phan hity sinh hoc PHA/BC gép phan lam
giam gia thanh va cai thién dwoc tinh chit co hoc ciia PHA.
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Abstract:

Aiming to enhance the properties of biodegradable plastic to gradually replace petroleum-based plastic products and
reduce plastic waste pollution, this study examines the fabrication and characterisation of polyhydroxyalkanoates
(PHASs) reinforced with bacterial cellulose (BC) fibre. The study investigates the properties of PHA/BC composite
by varying the content of compatibiliser PHA-g-MA from 3-6% and reinforcement BC fibres from 2-8%, thereby
selecting the optimal reinforcement content. The performance of the compatibilisers will be measured with tensile
strength and elongation at break, while the reinforcements will be evaluated based on thermal properties, infrared
spectrum, water absorption, contact angle, and tensile strength. The results indicated a suitable matching rate of
5%, an optimal reinforcement ratio of 4%, a tensile strength of 12.08 MPa, an elongation at break of 86%, a water
absorption of 0.7%, and a contact angle of 82°. Thermal behaviour and infrared spectrum were not significantly
affected by the added reinforcement content. Optimising the compatibiliser and BC reinforcement content for
manufacturing PHA/BC biodegradable materials will contribute to reducing the cost of the product and improving
the mechanical properties of PHA.
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1. Dédt van de

Cling v6i sw phat trién ctia khoa hoc cong nghé, polyme ngay
cang dugc tng dung rong rdi va trd thanh vat lidu thay thé cho rat
nhiéu vét liéu truyén thong nhw gd, kim loai, silicat... So voi vat
liéu 1am bang kim loai, polyme ¢6 nhiéu wu diém nhuw nhe hon,
kha ndng chdng an mon tot hon va rat kho hodc khong bi phan hity
dudi tic dong ciia méi truong. Tuy nhién, chinh nhimg wu diém
nay da lam cho polyme, cu thé 1a nhua, tré thanh loai chét thai gay
ra nhidu van dé moi truong nan giai khong thé tranh khoi trong quéa
trinh xir 1y va chon lap.

Trong nhiing nam tr¢ lai day, da c6 mét su thay d6i manh mé
trong nhan thirc cia con ngudi vé nhig tic hai cua nhya thai
gy ra cho mdi truong va tir do da cé nhiing giai phap rd rang vé
viéc khic phuc nhimg hau qua nay. Mot cach tiép can tiém ning
la khuyén khich st dung cac nhya sinh hoc than thién moi truong.
V6i khd nang phan huy hoan toan thanh CO,, H,O va mun nho
vao céc vi sinh vt trong thoi gian ngan, c6 thé noi rang, img dung
cac loai vat liéu phan huy sinh hoc (PHSH) dang 1a mot trong
nhitng xu thé phat trién ciia nganh san xuat vat liéu gop phan quan
trong vao vi¢c bao vé moi truong, tiét kiém va phat trién nguén tai
nguyén. Céc loai vat liéu méi duge khuyén khich nghién ctru va
ché tao nhim giam gia thanh cua céac loai vat li¢u thd va qua trinh
san xuat.

Bén canh cac loai nhya phé bién trén thi truong, nhya phan
huy sinh hoc nhu polylactic acicd (PLA) hay polybutylene adipat
terephthalate (PBAT), PHA ciing dan dugc biét dén rong rai hon.
Mang nhiéu dic tinh gidng nhw nhya tong hop c6 ngudn gbe tir dau
mo nhung PHA ¢6 wu diém 1a phan huy hoan toan béi céc vi sinh
vt dé tao thanh CO, (hoac CH,) va H,O nghia la khong sin sinh
dgc o trong qua trinh phan huy. Thoi gian phan huy cua PHA da
duoc xac dinh bing cac phuong phép danh gia ngoai quan, phuong
phép phd, suy giam khoi lugng hay tinh thé tich CO, trong nhiéu
dieu kién khac nhau nhu trong dat, bun, nudc bién chi mat vai
thang, ngan hon rit nhidu so v6i nhya tong hop [1]. Hon nita, day
14 loai polyme duoc tong hop bai vi sinh vét do d6 khong ¢6 nguy
hai trong qua trinh tong hop, san xuét ciing nhw khéng co monome
du va céc phu gia anh huong dén stre khoe va méi truong trong qué
trinh su dung. Ngoai ra, phan huy sinh hoc con dong gop tich cuc
vao chu trinh tudn hoan cacbon toan cau boi thoi gian phan hiy
ngin va gan nhu khong phat thai cacbon. Diéu nay c6 thé dong
g6p vao viéc hién thyc hoa cam két cua Chinh phu Viét Nam vé
viée xay dyng va trién khai cc bién phap giam phat thai khi nha
kinh dé dat mirc phat thai rong bang “0” (Net Zero) vio nim 2050.

PHA la vt ligu xanh dic trung, chiing c6 ngudn gdc sinh hoc,
duoc téng hop sinh hoc, ¢6 thé phan hiy sinh hoc, tao compost va
twong thich sinh hoc. Didu quan trong 1 PHA ¢6 thé duoc dé dang
gia cong bang cac phuong phap thong thuong nhu céc loai nhya
c6 ngudn goe dau mo khac. PHA nong chay vo cling linh dong cho
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phép ché tao cac san pham c6 thanh mong hodc co cau tric phirc
tap, co y nghia quan trong trong linh vuc y sinh [2]. Tuy nhién,
PHA con ton tai mot s6 nhuoce diém nhu: tinh chit co hoc chua tht,
kha nang bién tinh han ché boi it nhom chirc, d& bi nhiét phan khi
gia cong, chi phi san xudt cao, ning suat thip. Du vdy, néu dugc
phdi tron va xir 1y phi hop, s& co nhiéu tinh chét twong tw nhu PP,
PE la cac vat li¢u nhya thong dung khac.

Mot polyme xanh thuong duge xem xét bd sung vao nén nhya
phan hiy sinh hoc 1a BC hay con dugc biét toi véi tén goi cellu-
lose sinh hoc, cellulose vi sinh, 14 cellulose do vi khuan téng hop.
Ban chit cia n6 13 mot polysacarit mach thing dwgc hinh thanh
nho cac don phan glucose lién két voi nhau theo lién két B-1,4
glycosid tuong tu nhu cellulose ¢ nguon goc thuc vat [3]. Trong
cong nghiép, BC thuong duoc san xudt boi vi khuan Acetobacter
xylinum. Soi BC ¢6 kich thude nhé hon khoang 100 14n so véi cel-
lulose tir thuc vat va c6 cdu triic chat ché, thanh phﬁn hoa hoc tinh
khiét khong Ian hemicellulose va lignin. Hon nita, cac tinh chét co
hoc nhu khd ning chiu kéo, do déo va kha nang giit nudc cua BC
t6t hon so voi soi thuce vat néi chung. Do d6, BC phu hop hon dé
st dung lam chit gia cuong cho cac vt li¢u can tinh bén. Bén canh
tinh chét co hoc tot, BC con 1a mot san phém rat phé bién trong tu
nhién voi gia thanh twong ddi ré. Viéc lua chon BC dé bd sung vao
nén nhya PHA dugc ky vong vira cai thién tinh chét vira gop phan
lam giam gi4 thanh cta san pham.

Trén thuc té, cdc san phim tir nhya phan hily sinh hoc dang
thiéu tinh canh tranh v6i céc san pham cling loai c6 ngudn gc dau
mo do céc han ché vé tinh chét va gia thanh cao hon gap nhiéu lan.
Vi thé, viéc bo sung céc chat don va gia cudng nhiam gia ting tinh
chat va giam thidu gia thanh cua cic san phdm tir nhya phan huy
sinh hoc dang 14 van d& nong. Tuy nhién, qué trinh dua céc loai
gia cuong ty nhién vio nén nhya PHA con gip nhiéu kho khin do
ban chét cac loai soi tu nhién wa nude trong khi PHA lai ¢6 tinh ki
nude nén tuong tc gitta hai pha kém. Piéu nay c6 thé duoc khic
phuc bing céch bé sung thém phu gia trg twong hop [4]. Vi vay,
nghién clru ndy tap trung nghién ctiru anh hudng cia ham luong
chat trg twong hop PHA-g-MA va ham luong chat gia cuong kha
ning twong hop ciia PHA va BC va ham lugng BC thich hop c6 thé
dua vao nén PHA dé cai thién cac tinh chat.

2. Nguyén vat liéu va phuong phap nghién ciiu
2.1. Nguyén vit liéu

PHA dugc san xuat boi Shenzhen Ecomann Biotechnology
Co., Ltd., Trung Qudc, ¢b tén thuwong mai la Ecomann® Bioresin
EM30010. Cellulose vi khuan (BC) dugc nudi cdy tir nude dira
dang tAm tai Bén Tre, Viét Nam; dung moi dimethylformamide
(DMF) va maleic alhydride (MA) cua Xilong Scientific, Trung
Qudc, Dicumyl peroxide (DCP) tir MERCK, Piic.



Khoa hoc Tu nhién | Vat ly; Khoa hoc Ky thuat va Céng nghé | Ky thudt vat liéu va luyén kim s

2.2. Phuwong phdp cong nghé

Chudn bi BC: Ngam cac tim BC trong nudc khoang 1-2 gioy dé
BC hut nudc, truong nd [én. Sau do, dung kéo cat nho cac tim BC,
cho vao may xay nhuyén. Hon hgp BC/nuéc thu duge dem di loc
rira 3-4 1an bang nudc thuong, thir bang quy tim cho dén khi quy
khong doi mau xanh nita thi loc rira lan cudi bang nudc cat. Sau do,
vit cho b6t nude trong hdn hop. Sau khi vét kho, dem BC da xay
di sdy & 50°C dén khi khoi lwong khong doi. Nghién BC mot lan
nira bing may nghién bi hanh tinh sau d6 sang qua sang c& micro
dé thu duge BC ¢ dang bot min.

Ché tao tro twong hop PHA-g-MA: PHA duoc sy kho & 50°C
trude khi tién hanh ghép. Qua trinh ghép MA 1én mach PHA dugc
thuc hién trong may tron kin & 130°C voi chét khoi mao 1a DCP.
Dau tién, cho PHA vao may tron 2-3 phiit dén khi nong chay hoan
toan sau do thém tir tir MA, rdi dén DCP vio hon hop nhya. Hon
hop tiép tuc dugc gia nhiét thém 10 phut dén khi két thuc qué trinh.
Dé loai bo MA va DCP du, hdn hop nhua dugc hoa tan trong DMF
néng sau do rira lai bang methanol. Loc iy két tia, siy PHA-g-
MA di duoc tinh ché ¢ 50°C dén khdi luong khong doi [5].

Ché tao vat liéu nhua phan hiy sinh hoc PHA gia cuong BC:
Composite PHA gia cuong BC dugc phéi tron trén thiét bi din 2
truc vit Labtech LTE16-52 véi toc do truc vit 1a 120 pm, te do
nap li¢u 18 rpm va nhiét dg cua cac khoang ¢ pham vi 130-155°C
cu thé nhu trong bang 1. Sau khi tron, nhya duge cat thanh hat roi
mang di ép thanh cac tim day 2mm dé do tinh chat. Quy trinh ché
tao vat liéu duoc trinh bay ¢ hinh 1.

Bang 1. Diéu kién gia cong composite polyhydroxylalkanoat/cellulose
vi khuan trong thiét bi dun hai truc vit.

Ving nhiét df (°C)

Tedy  Apsudt
vt dura 3y 5 6 7 8 9 U 12 Dun
120RPM 14 PSI 130 140 145 145 150 150 155 150 145 145 140 135 140
PHA
PHA-g- —| | . 3 £ 5 £
MAH Pun hai truc vit Cat hat Ep tam
BC

Hinh 1. So’ dd ché tao mau composite polyhydroxylalkanoat/cellulose
vi khuan.
2.3. Phuong phdp bé tri thi nghiém

Thi nghiém 1: Khdo sat ham luong tro twong hop. Thi nghiém
ndy ¢ dinh ham luong BC 14 5% va thay d6i ham luong trg tuong
hgp PHA-g-MA trong khoang 1-5%. Don phdi liéu dugc trinh bay
0 bang 2.
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Bang 2. Pon phdi lieu khao sat anh hwéng tro twong hop
polyhydroxylalkanoat-g-maleic alhydride.

ety MDA MAO% MA% MA4% MAS% MAG%
PHA (%) 100 95 92 91 90 89
PHA-g-MA (%) 0 0 3 4 5 6

BC (%) 0 5 5 5 5 5

Thi nghiém 2: Khao sat ham lvong gia cuong. Trong nghién
ctru nay, BC duoc bd sung vao nén nhya PHA véi céc ty 1€
2,4, 6 va 8% cung v6i chat trg tuong hgp PHA-g-MA. Don
phoi liéu dugc trinh bay ¢ bang 3.

Bang 3. Pon phdi liéu khao sat anh hwéng gia cwong cellulose vi
khuén.

Miu

S PHA BC2% BC4% BC6% BC8%
PHA (%) 100 93 91 89 87
PHA-gMA (%) 0 5 5 5 5

BC (%) 0 2 4 6 8

2.4. Phwong phdp phdn tich

Mau dugc phan tich thong qua phd FTIR bang thiét b
Nicolet™ iS20 FTIR Spectrometer trong giai s song tir
400 cm™' dén 4000cm™! & do phén giai 4 cm™'; d6 bén kéo dit
va d6 gidn dai khi dat cta vat li¢u duoc xac dinh trén thiét
bi do co 1y van ning Instron theo tiéu chuin ASTM D-638;
do h?ip thu nudc cia mang duoc xac dinh theo tiéu chuan
1SO-2896. Cac mau dugc cit tir tim thanh cac hinh vuong
¢6 kich thudc bang nhau 1a 2x2 cm, sdy kho & nhiét 6 50°C
dén khéi luong khong do1 (W,) chinh xac dén 103 g. Mau
dugc ngdm trong nudc cit va can lai khdi lugng (W1) sau
cac khoang thoi gian 24, 48, 72, 96 va 168 gio. Phan trim
khdi luong nude hip thy trong miu nhwa composite dugc
xac dinh theo cong thuc:

Do hap thu nudce (%) = Gz o) 0)) x 100

trong do: W la khdi lwgng mang ban dau (g); W 1a khéi lugng
mang sau khi ngadm trong i gio (g).

Goc tiép xuc cua chét 1ong 14 nudc trén nén vét lidu PHA gia
cuong BC duoc xéc dinh theo tiéu chudn ASTM D7334-08. Goc
tiép xtc 1a goc duoc tao ra giita chit nén va duong tiép tuyén duoc
vé tai diém giao nhau giira giot chat long va chat nén ngay khi giot
chét long roi xuéng bé mat vat liéu. bay la goc dugce tao badi chét
long ¢ ranh gii ba pha trong d6 mot chat long, khi (khong khi) va
chét ran (vét liéu).

< S -
3. Ket qua va ban luan

3.1. Khdo sdt anh hwong ciia ham lwgng trg twong hgp dén
tinh chat vt li¢u

Két qua do do bén kéo dut va do gian dai khi dirt ciia vt
liéu khi thay d61 ham luong chat tro twong hop 3-5% dugce
thé hién & hinh 2.
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Hinh 2. Anh hwéng ciia ham lwong chét tro twong hop dén
do ben kéo dwt va do gidn dai khi dit cua vat liéu composite
polyhydroxylalkanoat/cellulose vi khuan.

Tir hinh 2 ¢6 thé théy, khi khong c6 mat cua cht trg tuong
hop, ca do bén kéo dut va do gian dai khi dut cua vat liéu com-
posite PHA/BC déu giam. Do bén kéo dirt cuia vét liéu khi khong
¢ trg tuong hop chi dat 5,29 MPa, théip hon gﬁn mot nira so voi
nhya nén. Khi ham lugng tro trong hop PHA-g-MA ting dén,
d6 bén kéo durt cua vat liéu tang ty 1€ thuan voi ham lugng PHA-
g-MA thém vao, do bén kéo dut ctia vat liéu cao nhét dat 10,73
MPa khi ham lugng trg twong hop 1a 6%. Diéu nay dugc ly giai
do khi b sung BC vao PHA du chi v6i mot
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ham luong tro trong hop ting 1én ciing dong nghia véi mat do
mang khong gian trong cau triic vat liéu tang 1én dan dén két
qua la do bén kéo bi suy giam.

Dua vao két qua do bén kéo dit va do gian dai khi dut, ¢6
thé thiy ham luong tuong hop PHA-g-MA 5% la ham lugng i
uu nhat trong khoang khéo sat. Tuy gia tri d6 bén kéo dut cia
mau MA 5% thip hon so v&i miu MA 6% nhung mat d6 mang
khong gian ting cao khi bé sung qua nhiéu tro twong hop s&
khién cho d¢ gidn dai giam xudng, 1am gidm tac dung cai thién
co tinh cua vat liéu. Do do, vai muc dich df”)ng thoi cai thién do
bén kéo dit va do gian dai cua hé vt liéu composite PHA/BC,
ham lugng twong hop PHA-g-MA 5% s& dugc lya chon dé tién
hanh nghién ctru tiép theo.

3.2. Khdo sdt ham leong sgi cellulose vi khudn gia cwong
dén tinh chat vat liéu

Phé héng ngoai FTIR: Phé héng ngoai cua nhya nén PHA,
soi gia cwong BC va cdc mau vat lidu composite ché tao tir nhua
PHA gia cuong cac ham lugng soi BC khac nhau duoc thé hién
& hinh 3. Pho hong ngoai cia PHA duoc dic trung boi cac peak
dao dong gian doi xung va bat dbi xung cua lién két C-H trong
pham vi khoang 2800 dén 2900 cm, peak & khoang 1720 cm!

ham lugng nho, sy twong tac kém gilra hai
pha d khién cho vét lidu xuét hién diém yéu
tai bé mat phan tach pha, vi thé khién tinh
cht vat liéu bi suy giam. Nhung khi c6 mit
cta chit tro twong hop, cac nhom hydroxyl
cta chat xo tw nhién c6 thé d& dang phan
{ng v&i nhom chire alhydride cua chét trg
twong hop dé hinh thanh céc tuong tac t6t
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hon va thanh phan chinh ciia chat trg twong
hop van la nhya PHA cung loai véi nhya
nén [6]. Thém vao do, twong tac thir cip
ciing ¢6 thé duoc hinh thanh thong qua lién
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két hydro gitta nguyén tir 6xy cta nhom W m
anhydride va nguyén tr hydro cua soi ty |k "
nhién hodc ngugc lai [7].

Tuy nhién, d¢ gian dai khi dat cua vat 111} Sy s e — e W
liéu lai theo mot xu huong khac. Khi ham | \ ( uﬁ \/W f | R
luong PHA-g-MA ting 3-5%, do gidn dai [ ‘f | /\/N |

khi dut cua vat liéu ting nhe tir 72 1én dén

83%, khi ham lugng PHA-g-MA tiép tuc
tang dén 6%, do gian dai khi dat lai giam
manh va nhin chung, d¢ gian dai khi dirt ciia
vat liéu du da thém trg trong hop van khong

Y%T

50

100JPAA “r—“——‘\[{_f_\f—"'

thé dat duoc nhu ban dau. Diéu nay co thé
giai thich do khi ché tao chat trg tuong hop,
mot phan chét khoi mao peroxit da tham gia
phan tng khau mach ctia nhya nén tao thanh
cdu trac mang khong gian ctng chic. Khi
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Hinh 3. Phé hdng ngoai clia nhwa nén polyhydroxylalkanoat, s¢i gia cwong cellulose vi
khuan va cac mau vat liéu composite ché tao tir nhwa polyhydroxylalkanoat gia cwéng cac
ham lwong sei cellulose vi khuan khac nhau.
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dac trung cho lién két C=0 va peak dic trung cho dao dong uén
cua C-H ¢ 1420, 1375, 1335 va 1278 cm! [8, 9]. Trong khi do,
phd hdng ngoai cua BC lai c6 cac peak dic trung cia nhém OH
& vi tri 3400cm™ va cac dinh khac nim & 900 cm™! va 1160 cm!
dwoc gan cho dao dong gidn cua lién két glycosid C-O-C [9,
10]. Tir két qua phd hdng ngoai c6 thé thiy dugc ham lugng BC
trong vat li€u tang Ién thi dinh déc trung cho nhoém OH ciing c6
su tdng nhe, didu nay duoc giai thich do su xuét hién cua BC
trong vat liéu va mot phﬁn do sy hinh thanh cac lién két hydro
gitta BC va chit trg trong hop. S thay doi 16n nhat trong phd
hong ngoai 14 ¢ vi tri khoang tir 1300-1400 cm! ctia lién két
C-H, khi ham Iugng BC trong vat liéu tang, cuong do cua cac
dinh nay suy giam manh. Két qua nay ciing duoc cung cb boi
cac két qua do tinh chét co hoc trong cac thir nghiém tiép theo
dudi day.

D¢ gidn dai khi dirt: DO bén kéo dut va d gian dai khi dut
ctia nhya nén PHA va cac mau vat liéu composite PHA/BC voi
ham lugng gia cudng khac nhau dugc trinh bay ¢ hinh 4.

12 — 120
=10 s 86 100
] ~
: N .
2 3 ™ 80 =
s \ 56 S|
76 N 60 g
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Hinh 4. D6 bén kéo dirt va do gian dai khi dirt cua vat lieu dwa trén
céc ty 1 cellulose vi khun khac nhau.

Két qua khao sat tir hinh 4 cho thdy, khi tang ham lugng
soi gia cuong BC 2-8%, d6 bén kéo dut cua vat liéu c6 xu
hudng ting nhe rdi sau d6 giam dan. Lién két tot giita hydro
v&i nguyén tir 6xy ciia nhom anhydride va nguyén tir hydro soi
t nhién c6 thé 1a nguyén nhan khién cho do bén dat cua vat
liéu ting. Vi ham luong BC 4% d6 bén kéo dut dat cao nhét la
12,08 MPa, tang thém 42% so v6i nhya nén va d¢ bén kéo dirt
thap nhét 1a 8,03 MPa, giam 6% so vdi nhya nén khi gia cuong
8% BC. Diéu nay c6 thé dwoc gidi thich do BC ¢ ban chat wa
nude trong khi PHA lai 1a polyme ky nuéc khién cho néu ham
lugng soi BC gia cudng qué cao s& dan dén tinh trang hai pha
rét kho két hop véi nhau dan dén lam giam tinh chat vat ligu.

D9 gian dai khi dut cua vat liéu lai giam di khi ting dan ham
lugng BC. Nhya nén PHA c6 tinh mém déo, d6 gian dai khi dut
1én dén 129% nhung khi thém ham lwong nho BC, d6 gian dai
khi dat cua vat ligu lai giam xuéng chi con 94%. Ham lugng
BC cang tang thi kha nang gian dai khi dat cua vat li¢u cang c6
xu hudéng gidm manh. Khi ham lugong BC trong vt li¢u dat dén
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8%, gia tri do gian dai khi dut cua vat li¢u 1a 15%, gidm hon
100% so v6i nhya nén khong ¢6 gia cuong. Mot trong nhitng
nguyén nhan ly giai hi¢n tuong nay la do sy twong tac pha kém
hinh thanh nén nhiing diém yéu gitta bé mit phan chia pha.
Mot nguyen nhan khéc ¢6 thé giai thich cho hién tugng nay la
sy xuat hién cia BC dé lam han ché tinh linh dong cua mach
polyme [11] Kha nédng glan dai ban dau cua vt liéu nén tuong
ddi tot, khi suy giam van mot phan van c6 thé dap ting dugc
cac yéu cau st dung trong mot s0 linh vue nhu ché tao cac san
phém gia dung, y té hay mang phu néng nghiép. Tuy nhién, khi
do gian dai gidam manh s€ han ché cac ung dung cua vt liéu, do
d6 can can nhéc cac yéu cau cta Gmg dung dé c6 thé diéu chinh
ham lugng gia cudng phu hop.

Thong qua qua trinh khao sat do bén co hoc cua vat liéu
composite PHA/BC, Iya chon ham lugng gia cuong BC 1a
4% vé6i muc dich t6i wu hoa do bén kéo dirt va do gian dai khi
duat cua hé vat liéu.

Do hdp thu nuwoc: Do hép thu nude cua cac mau duoc xac
dinh trong khoang thoi gian 24, 48, 72, 96 va 168 h, két qua
dugc thé hién ¢ hinh 5.
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Hinh 5. Kha niang hip thu nwéc cha vat liéu composite
polyhydroxylalkanoat/cellulose vi khudn dwa trén céc ty 1& cellulose
vi khuan khac nhau.

Tir hinh 5 ¢6 thé thdy, nhya PHA thé hién rd ban chat ky
nude khi khdi luong mau khong thay ddi trong nhiing ngay
dAu tién. Trong khi d6, bo sung thém BC wa nudc vio nén PHA
lam ting d¢ hép thy nude. Kha nang hép thu nudc cua vat liéu
tang dan 1én khi ham luong BC ting dan 2-8%, Sau chu ky thir
nghiém (7 ngay), kha ning hap thu nudc ciia vat lidu 0,1% va
dat dén 0,7% khi ham lugng BC trong vat liéu 1a 8%. Giai doan
h?ip thu nude manh nhét 13 ¢ 48 h dau, tuy nhién, néu so sanh
voi BC nguyén ban c6 thé hap thu nudc gip nhidu gan khoi
lugng khé cua no thi kha niang hip thu nuéc cua BC gia cudng
trong nén PHA kém hon han. Nguyén nhén c6 thé do sy bao
boc ctia nén nhya xung quanh d 1a can tro qua trinh hap thu.

Goc tiep xuc cua mang: Ket qua do goc tiép xuc cua vat
liéu dugc thé hién ¢ hinh 6.
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Hinh 6. Goc tiép xic cha nwéc va vat lieu composite
polyhydroxylalkanoat/cellulose vi khudn véi cac ham Iwong
cellulose vi khuan khac nhau. (A) polyhydroxylalkanoat; (B) cellulose
vi khuan 2%; (C) cellulose vi khuén 4%:; (D) cellulose vi khu&n 6%; (E)
cellulose vi khuén 8%.

£=82132°

Pic tinh ky nuéc cia PHA duoc thé hién rit rd thong qua
gbc tiép xtic ciia nude véi bé mat PHA. Khi chua c6 sy xuét hién
cua BC, tiép myén cua giot nudc tai diém tiép xtc tao v6i bé mat
nhya mot goc 97°. Goc nay giam dan di khi ham lugng BC trong
mau ting 1én, nho nhét 1a 82° khi ham lugng BC thém vao dat
10%. Tir két qua nay c¢6 thé giai thich 1a do BC ¢6 tinh ra nudc
nén khi bd sung vao PHA nhin chung da lam giam tinh ky nudc
cua vat ligu [12].

Kha nang hap thy nudc ciing v6i tinh ua nude cua vat lidu
tang 1én rat c6 y nghia trong qué trinh phan huy sinh hoc ciia vat
liéu. Thir nhét, khi tinh va nuée cua vat lidu tang 1én, cac vi sinh
vat va nim mdc s& dé dang bam dinh vao bé mat vat liéu. Thit hai,
moi truong 4m va do 4m cao rét thich hop cho ching phat trién,
ma day la tac nhan chinh gy nén sy phan ra cua nhya trong moi
truong tao compost. Do d6, khi bo sung thém ham lugng nho BC
vao nén nhya PHA, vat lidu s& c6 kha nang phan rd nhanh hon
trong moi truong tao compost. Su thay d6i nay s& thich hop khi
vat liéu duoc str dung cho cac img dung ngéin ngay.

4. Két luan

Trong pham vi nghién ctru nay, anh hudng cua ham lugng
chét tro tuong hop PHA-g-MA va soi gia cuong BC dén tinh
chit vat liéu composite PHA/BC da dugc khao sat. Viéc bd sung
soi gia cuong BC vio nén nhya PHA véi trg tvong hop di lam
thay di tinh chét co hoc, kha nang hap thu nudc va goc tiép xic
ctia nude voi vat lidu. Cac két qua di cho thay, khi thém tir 2-8%
BC vao PHA d6 bén kéo dit ting va giam do gidn dai khi dat.
V61 ham lugng BC gia cuong 4%, do bén kéo cua vat liéu tang
cao nhat 1a 42%, do gian dai khi dut giam tir 129 xudng 86%.
Cac tinh cht co hoc nay phi hop véi cac tmg dung yéu cau kha
ning chiu kéo va do gidn dai khi dut twong ddi voi vong doi
ngan nhu nganh hang gia dung, y t&, néng nghiép. Su c6 mit ciia
BC trong PHA ciing lam ting kha nang hip thu nudc va giam

JHOAHOC [

memsssmmmm Khoa hoc Tu nhién | Vat ly; Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim

tinh ky nudc ciia vat liéu thé hién qua sy giam goc tiép xiic. Cac
yéu to nay nhin chung anh hudng co loi cho qua trinh phan huy
sinh hoc cua vat liéu.

Nghién ctru nay dugc thyc hién trong khuon kho dé tai cép
co s& ndm 2024: “Nghién ctru xdy dung quy trinh ché tao vat
liéu phan huy sinh hoc tir nhya polyhydroxyalkanoates (PHA)
gia cuong cellulose vi khudn (BC)” do Trung tim Cong nghé
Vat liéu chu tri thuc hién. Nhom tdc giad xin tran trong cdm on
Vién Ung dung Cong nghé, Bo6 Khoa hoc va Cong nghé di cip
kinh phi cho nhiém vu nay.
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