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Abstract

Polylactic acid (PLA) is the first commodity polymer produced from annually renewable resources. its degradation
is caused by hydrolyuc cleavage of the polymcr backbone wuh or without enzymes. However, PLA is commontly
termedasa b ion polymer. Schi: homii McClure is also a biodegradable material. So polymer
composite (PC) material based on PLA and fiber of Schizostachyum funghomii McClure is call green composite with
mechanical properties depending remarkably on kind of fiber (untreated or treated fibers). Water absorption capacity of
material was evaluated through weight gains while scanning clectron microscope (SEM) was used to study the
morphology of surface of sample after soaking in chemical or biological medium. Thermal degradation temperature of
PC was slightly lower than that of pure PLA. The weight remaining of PLA in neat PLA or PC sample is a function of
elapsing time while the weight remaining of PLA in both samples afier soaking in biological medium decreased almost
linearly with elapsing time. In all medium, the degradation of PLA in neat PLA was slower than that of in PC sample.
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1. MG PAU

Vit ligu polyme compozit (PC) cé rét nhiu tinh
(W] vnet so véi cac vat liéu khac, ké ca cac vit liéu
truyén théng nhu thép va cdc ho'p kim, nhung chiing
c6 mot nhuge didm rt 16n 1a hdu hét khong ty phan
huy dugc trong moi Lrudng sau khi trg thanh phé
ﬂ‘lﬂl gdy anh hudmg xau dén moi m.rérng sinh théi -
vén dé ma con ngudi hign nay dang rét quan tam dé
khic phyc. Do viy, nghién ciru ché tao vét liu
polyme compozit ¢6 thé ty phin huy trong moi
trudmg sau khi str dyng 1a mot vén dé rit cin thiét va
chp bach.

Po[yme compozit s¢i thyc vét da dugc nghlen
ciru nhidu khéng chi & V1<;l Nam ma cdn ca trén thé
gidgi. Tuy nhién, cdc nén nhya cho compozit nay
thuong la epoxy, polyeste khong no hay nhimg
polyme khdng phan hiy khac. Didu ndy c6 nghia la
polyme compozn soi thye Vit méi chi phin ndo dép
{mg dugc yéu ciu phan hiay nay Chinh vi viy vit
li¢u compozit “xanh” (“green” composites) da nhan
dugc nhiéu sy quan tim. Kh6ng chi sir dung chit gia
cudng 1a sgi thyc vt ma cac oompoznt “xanh” con
duge ché tao tir cac nhya nén c6 nguon g6c di tir
thyc vt va cé khd ning phan huy (1. Ponme
compozit nén nhya PLA gia cudmg bing s¢i nira 1a
mét trong nhimg compozit “xanh” nay.

2. THYC NGHIEM
2.1. Nguyén liéu

PLA §-22 (Toyota Moter Limited, Nhat Ban):
Tn~187,5 °C, M,, = 175000, M,/M, = 1,67. Nira 4 to
3 nam tudi & Quan Hoéa Thanh Héa (Schizostachyum
Sfunghomii McClure).

2.2. Phuong phap nghién ciru

Chu tric hinh thai cha vat liéu dugc nghién ciu
trén kinh hién vi dién tir quét (SEM) JEOL IMS
6360 LV (Nhét Ban). D§ tdn hao khéi lugng cia vit
ligu duqc xéc dinh trén may DTG-60H mdi Irurmg
khi 1ro, téc dé ting va ha nhiét 10 °C/phit. By bén
kéo dugc do theo tiéu chuin 1SO 527—1993 trén méy
INSTRON 5582100 KN (My), vdi tdc do diu do S
mm/phit, tai 25 °C, d§ 4m 70 %. D3 ben va dap
Izod dugc do theo tiéu chuin ASTM D256 trén may
Tlmus Olsen (My), & 25 °C, do 4m 70 %. Dy bén
udn duge do theo tiéu chuin 1SO178- 1993(E) trén
méy INSTRON 5582-100 KN (My), tdc do ubn 2
mm/phit, nhigt do 25 °C, d6 Am 70 %. Do hap thy
nuée duge x4c dinh theo tiéu chudn 1SO 175-1981.

Su thay déi khéi uong trong mdi trudmg: Mau
vat liéu voi kich thudc (IOXIOXO 4 mm) dugc say
khé, cin va ngdm vao trong cic éng nghiém cé chia
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2 ml dung dich cic mdi trudmg (nuéc, NaOH, HCl
va Proteaza K (S0 mM Tris-HCI, pH 8,6)). Ong
nghi¢m duge bit kin bing mang deo parafin va giir &
50 °C v6i méi trudng NaOH va HC), 38 °C trong
mdi truong Proteaza K [2] va nhiét do phong véi
moi truong nude. Mél u'ucmg lrong céc 6ng nghiém
s& dugc thay sau méi 48 gi& dé dam bao dé pH trong
dung dich NaOH va HCl cung nhu duy tri hoat tinh
cia enzym trong sudt thai gmn thi nghlcm Theo
timg khoang thoi gmn mAu lay ra khoi & ong nghiém
dugc nra bang nudce cit va etanol sau dé dugc sdy
khd va can khéi lugng miu con lai. % khéi lugng
PLA con lai trong compozit duge xic dinh theo
cong thic:

% khéi lugng PLA

A fora.mo - (Mo - my)
con lai =

frLa.mo
Trong do: fpa 12 phan PLA ¢6 trong miu ban dAu;
mg, m, 1in Jugt 14 khéi lugng miu ban
dau va khéi luvng méu cdn lai sau timg
khoang thoi gian ngém.

x 100

2.3.Ché tgo vat liéu compozit

Miu dugc ché tao bing phuong phép ép néng
céc tAm prepreg don hudng vai ti 1€ sgi nhya 40/60
trong khudn trén m 2y ép thay lyc & nhiét d6 190 °C,
4p lyc ép 30 KG/em®.

3. KET QUA VA THAO LUAN

Tén va ki hiéu cla céc vat liéu PC s& duge
nghién ciru trong bai béo ndy trinh bay & bang 1.

Bdng I: Tén va ki hiéu cia vit liéu PC
nén PLA vdi ba loai sgi nira

Ki higu Tén

PLA-KXL P(': nér} PL@ g'ia cutmg bing s¢i
nira khong xir ly
PC nén PLA gia cuong bing sgi

PLA-XLNg | nia duge xir ly bang dung dich
NaOH 0,1 N trong 72 gi & 25 °C
PC nén PLA gia cuéng bing soi

PLA-XLN | nira dugc xu ly bang dung dich
NaOH 1 N trong 2 gitr & 70 °C

3.1. Aoh huéng cua loai sgi téi tinh chit co hoe
cia vit ligu PC

Tién hanh ché tao vit ligu PC véi ba loai soi
(bing 1) v x4c djnh tinh chit co hec cia ching vai
huéng kéo miu tring véi huémg sgi nira gia cuong.

Nguyén Thi Thiiy va cgng sic

Két qua x4c dijnh 3 bdn kéo, uon, va dap dugc trinh
by trén hinh 1, 2 v bang 2.
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~ »
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Vit ligu PC

Hinh I: Anh hu‘é’ng cua loal sqi tm 40 bén,
modun vi 4§ bién dang uén

Hinh 1 cho 1héy dd bén cha vat ligu PC ting
manh tir sgi KXL t6i sgi XLNg va ting Inep J sqi
XLN. D) bén ubn cia vat liu PC s¢i XLN dat
130,5 MPa ting 3 I3n so véi cia vt lidu PC sqi
KXL va 2 3 I&n so vé&i cua vat ligu PC sgi XLNg.
Modun uén cuia vit ligu PC sgi XLN cling ting 42 %
va 82 % so vai cua vt ligu PC sqi XLN§ va KXL
Trai nguoc voi su ting manh clia d§ bén ubn va
modun udn, 46 bién dang ubn cua vt liéu PC ting
nhe tir sgi KXL tdi XLNg va XLN.

E=309 b kéo EZ3Modun g Gilin d

2

»~

D gian dii khidit, %

Modun kéo, GPa
DY bdn kéo, NPa

PLAOL PLANN PLAXN

Vitigu
Hinh 2: Anh huémg cia logi soi t6i d§ bén, modun
va d9 gian dai khi kéo

Hinh 2 cho thiy modun kéo cia vt liéu PC tang
rét nhe tir sgi KXL, XLNg t6i XLN, tuy nhién sy c6
mit cia sgi khdng cai thi¢n duge nhidu modun kéo
cua vit liu so vdi cia ban than nhya nén PLA.
Nguge lai, d§ gian dai ting manh tir vét lleu PC sqi
KXL (7,2 %) va 1di XLNg (8,6 %) va tiép tuc ting
téi XLN (9,7 %) va cai thi¢n mét cach rd rét so véi
cia ban thin nén PLA (0,5 %) do tac dung cua sgi
gia cudng. DY bén kéo ciia vat ligu ting tir ban than
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nhyra nén PLA (48 MPa) téi vit liéu PC sgi KXL
(64,1 MPa) t6i vat liéu PC soi XLNg (75,2 MPa) va
ting manh & vat liéu PC sgi XLN (106,3 MPa).

Ciing tuong tw nhu d gian dai khi kéo, duéi tac
dung cla sgi nia gia cu(mg d6 bén va djp mng rit
manh (bang 2) tir ban thin nén PLA 2,84 J/m’ t6i vit
Incu PC gla cudmg bang sgi KXL 55,35 J/m? (ting
ghp 19,5 1An), 161 vat heu PC g,la cudng bing soi
XLNg 82,09 J/m? (léng ghp 28,9 lan) va toi vat Ileu
PC gia cudmg bing sgi XLN 112,63 J/m? (ting gap
39,6 1an).

Bdng 2: Anh hudmg cua loai sgi toi d6 bén va dap

Vit ligu D5 bén va ddp, J/m’
PLA 2,84
PLA-KXL 55,35
PLA-XLNg 82,09
PLA-XLN 112,63

Nhu vy, cac tinh cht co hoc cia vét liéu PC nén
PLA phu thuc kha phidu vao loai sgi gia cudng
duge sit dung. Vit liéu PC gia cudng bing sgi XLN
¢6 tinh chat co hoe 16n hom ca va s& duge sir dung
cho cac nghién ciru tiép theo.

3.2. Tinh chét chju méi trudmng caa vat ligu
3.2.1. M6i trieomg héa chdi

PLA la m{t polyeste nén phan tmg quan trong
nhat ciia n6 1a phan mg thay phén. Ngu'qc véi phan
img este hoa, phan (mg thiy phén ¢6 !he xuc tac bai
ca axit hojic kiém. Vi viy khi ngim miu trong moi
trudmg axit hojic kiém s& xdy ra phan ng thay phan
lam dint cac lién két este din tGi sy giam lién tuc
khéi lugng phan tir PLA tic 14 PLA bi phan hiy va
Khdi lugng mau ngam s& bj giam theo thai gian.

Mau nhya nen PLA va vit liéu PC sgi XLN
duge siy khd rdi can khdi lugng truée khi ngdm
trong céc mdi trudng NaOH 0,1 N va HCI 6 N. Vi
cac m01 trromg pH khéc nhau sy lhay déi khéi luqng
cia miu duge xAc dinh theo thoi gian. Trong moi
trudng NaOH va HCI, PLA bj phén hiy va lugng
PLA con lai duge xac dinh theo thdi gian va dugc
trinh by trén hinh 3 va 4,

Trong cé hai méi tnrdmg lugng PLA trong mau
PLA bj phan hiy it hon trong miu vt ligu PC PLA-
XLN Trong méi truémg NaOH 0,1 N PLA trong
mau PC PLA-XLN bj phén hiy manh trong 48 gio
ddu sau d6 mirc 46 phan hiy giam. Sau 72 gior ngam
lugng PLA Lrong PC PLA-XLN con Ieu 60 % va da
quan st thdy mAu bj nint, con trong miu PLA vin
con lai 88,27 % (hinh 3).

Vét ligu compozit “xanh” tit nhya...

Trong mdi truong HCI, sw phﬁn hiy PLA dién ra
manh trong 2 ngay d4u ngim miu sau d6 mie &
phan hiy giam. Sau 7 ngay ngdm lugng PLA con li
trong mau PLA 95,13 % va trong PC PLA-XLN
85,12 % (hinh 4).
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Hinh 3: Anh hudng ciia thoi gian ngém NaOH dén
murc d phan hay PLA

B¢ suy gidm khéilrgng PLA, %
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Thei gian ngdm HCI 6N, ngdy

Hinh 4: Anh hudng cia thoi gian ngam HC! dén
mirc 4§ phan huy coa PLA

Nhur vdy, trong méi lruim% axit PLA khé bj phan
huy hon trong méi truang kiem. D& giai thich cho
két qua ndy ta quan tim dén phuong trinh phan (mg
thiy phén trong hai méi lrutmg Trong mdi trudng
axit phan img thiy phan ciia cic mat xich trong
mach PLA la qua trinh thuén n¥h|ch (phan img (1)).
Ngugc lai, trong moi trudng kiem, qui trinh nay chi
xdy ra mt chiéu (phan img (2)) [3] do d6 qué trinh
thiy phén trong méi trudmg kiém di&n ra manh hon
vi d6 chinh 12 ly do cho sy phan hily it hon ciia PLA
trong méi trudng HCI 6 N.

o] o]
U U

K-C-O-R'+ H-Cl &==2 R-C-Cl + R-OH ()
0 0

Vi U
R-C-O-R'+ NaOH —> R-C-ONa + R-QH (2
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Ca ly thuyét va thyc nghi¢m déu cho két qua
PLA bj phan hiay rmng méi truong kiém manh va
nhi¢u hon trong méi truomg axit. Diéu nay ciing de
dang quan sat thiy trén anh SEM chyp bé mit miu
sau khi ngam (hinh 5).

PLA ngdm NaOH (4200)

PC ngam NaOH («100)

Hinh 5. Anh SEM chyp bé mit miu PLA va
PC sau ngim méi trudmg héa chét

8 do phéng dal 500 14n, trén bé mi&l mau PLA
sau 7 ngay ngdm mau trong HCI 6 N thdy xuét hi¢n
nhimg 16 nho nhung thua va néng, nguoc lai nhing
1 nhé xudt hién dAy d3c véi dudmg kinh 1én hon va
sy hcm ¢4 thé thdy r8 ngay & d§ phong dai 200 1an
voi miu PLA ngam trong NaOH 0,1 N. Ciing tuong
ty nhu vdy véi mau vét ligu PC PLA-XLN. o} do
phong dai 500 1an chl quan sat thdy cac 16 nho xuét
hign trén bé mat mau PLA ngim 7 ngay trong HCI
6N nhumg dé quan sit lhay sgi 1§ ra va ci cac 16 va
rinh shu trén bé mat miu PLA-XLN ngay ¢ dd
phong dai 100 lan. Diéu nay chimg lo ca PLA va
PLA-XLN déu bj phan hiy trong ki¢m manh hon
trong axit.

Mat khéc, vai ciing 46 phong dai 500 lan 56
lugng cac 16 nhd quan sat thay trén bé mat miu PC
PLA-XLN 16n hon nhiéu so véi trén bé mat PLA khi
cling ngdm trong HCI 6N, diéu nay chimg to sy c6
mit cia s¢i gia cucmg di thic day qua trinh phan
hiy cia PLA. Két qua tuomg tir ciing nhin dugc véi
mau khi ngam trong dung dich NaOH 0,1 N.

3.2.2. M6i trueng sinh hoc

Mot sé enzym c6 kha nding xuc tc cho phan ing
thity phin PLA trong dé Proteaza K I enzym ¢ kha
ning xuc tdic manh nhit. Co ché cia thiy phan
enzym chinh 1a & mon bé mal & giai doan hai cua
qué trinh phan hiy PLA. Didu nay c6 nghia la thiy

Nguyén Thj Thiy va cong s
phan enzym chinh la phan hily thily phan & giai doan
hai c6 mat ciia xic tic enzym (2, 4].

Lugng PLA cén lai v&i ca mau PLA va miu PC
PLA-XLN déu giam gén nhu tuyén tinh cho thiy sy
phén hiy thiy phén enzym dién ra manh. Ddng thi,
lugng PLA trong mau val liéu PC bj phan huy nhiéu
hon trong méu PLA. Diéu nay chimg to su' cd mit cha
sgi nira gia cuong ¢6 tic dyng lam ting téc o phan
hdy ciia PLA trong mau vat ligu PC. Cy thé, sau 15
ngay ngdm trong mdi trudng enzym da c6 30 %
lugng PLA trong méu PLA bj phan hiy con trong
mau vét liéu PC lugng PLA bj phan huy Ién 16i 63 %.

100
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Thor glan ngam enzym Proteara K, ngdy
Hinh 6: Anh huéng cia thoi gian ngam enzym dén
mic do phan huy PLA

Khéng chi dimg lal & nhiing s6 li¢u thye nghiém,
hinh thai bé mat miu sau § ngay ngam trong méi
truomg enzym Proteaza K duge nghién ciru nho anh
SEM (hinh 7) ciing cho két qué twong ty.

PLA ngam enzym (*300)

PC ngam enzyme (+ 200)

Hinh 7: Anh SEM chyp bé mit mau PLA va PC sau
ngam mdi truomg sinh hoc

Vi do phong dai 500 Ian, trén bé mat miu PLA
chi quan sat thdy m{t sb cac diém, cac vét ma 1ai d6
PLA di b| phan hiy. Nhung chi cin vai dd phong
dal 200 14n da quan sét thdy céc 16 nho li ti va cic
vét 16m PLA bj phén huy trén bé mit mau vt li¢u
PC.

3.2 3. Méi truong nuoc

a. Sy phan hiy PLA
Trong méi trudng aude pH = 7 va nhiét d§ mdi
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trudmg, mic do phan hiy cba PLA trong céc méu
ciing duvc danh gia thong qua lugng PLA con lai
sau 5 tudn ngﬁm Két qua trinh bay & bang 3.

Trong méi trudng nuoc vi & nhiét 4o thuong,
PLA trong mau PLA gan nhu chua bj phan huy sau
S tudn ngam. Nguge lai, sy c6 mat cia sgi nita gia
cuéng d3 1am phén hiy khoang 5 % PLA trong méu
PC PLA-XLN. Diéu nay cho thiy khong can moi
tnromg kidm hay axit ciing nhu khéng can su c6 mat
ciia enzym hay vi sinh vat lam xiic tic, PLA trong
vit ligu PC PLA-XLN vin dé dang bj phén huy ngay
trong mdi trudmg nudc cht tai nhiét dd moi trudng.
Nhu vay, vét ligu PC PLA-XLN 14 vat liu thin
thién méi trudng bai céc sin pham dugc ché tao tir
vét ligu ndy sau khi trg thinh phé thai s dé dang ty
phén hiy trong mdi trudmg.

Bang 3: Lugng PLA con lgi sau § tuin
ngim trong nudc

Mau ‘ PLA ‘PLA-XLN

Lugng PLA cén lai, % ‘ 99,42 ‘ 95,10

b.D§ hap thy nudc cia vt ligu

Trong méi trudng nude, bén canh viée danh gia
sy phan huy cua PLA thi d hap thu nudc cua Vit
ligu cﬁng dugc quan tam. Tién hanh ngam miu trong
nucc cht & nhiét d¢ phong va danh gi4 khéi lugng
mau theo thdi gian. Két qua cho thy s¢i gia cudmg
a3 Jam ting manh dd hap thy nudce cua vt Ileu PC
PLA-XLN ngay tir nhng ngay dAu ngam miu. Sau
3 ngay ngim mic d§ hip thy nuéc cia PLA-XLN
giam din con PLA vén duy tri mic 40 hép thu nude
(hinh 8). Diéu nay 6 thé duge ly glal boi nude hip
thy qua bé mit miu PLA-XLN, khuéch tan qua I6p
nhya nén PLA vio tdi sgi XLN. Sgi c6 do hat nuéc
rét 16n nén cang ting téc cho qua trinh khuéch tén,
do dé nuée hap thy qua bé mit mau cang nhidu. Qué
trinh nAy s& chém Iai khi lugng nuée sgi gla cuong
ngim tién dan t6i mirc bao hoa. Con véi mau PLA
thi chi ¢6 qué trinh nuéc hip thy qua bé mat miu r6|
khuéch tan vao trong, qué trinh nay chim haon rt
nhleu nén mic do hgp thu nuéc clia méu PLA nhd
hom rt nhiéu so vdi ciia mau PLA-XLN [5, 6].

Ciing chinh do co ché hap thy, khuéch tan va hiat
nudc cia soi trong miu vit liéu PC PLA-XLN ma
lugng dung dijch HCJ, NaOH hojc enzym Proteaza
K s& duge hp thy vio vt ligu PC PLA-XLN nhiéu
hon vao PLA. Do dé phén (mg thiy phan dién ra
manh hon, s6 lugng céc lién két este b dirt nhiéu
hon tirc lugng PLA bj phan hiy nhiéu hon. Day
chinh 1 ly do cia sy cé mit cia s¢i Jam ting mic
46 phan hiy cia PLA trong cac mdi trudmg.

Vit ligu compozit “xanh” tis nhya...

D4 hilp thy nvére, %

Thés gian ngam murdre, ngdy
Hinh 8: Do hip thu nuée ciia miu PLA va PC

3.3, Tinh chit nhiét ciia vét ligu

Hinh 9: Biéu db TGA ciia miu vat liéu

Sur c6 mit cia sgi gia cudng khéng nhimg lam
ting mirc d§ phan hiy cia PLA trong moi truéng
axit, kiém, sinh hoc va nuéc ma con 1am ting mic
d6 hap thy nudc coa vat lidu nhung lai lam giam
nhiét o bét ddu phan huy tir 300,26 °C (véi PLA)
xubng 269,89 °C (PLA-XLN) va dong thoi lam gidm
nhiét dd ma & d6 vét liéu phan hiy manh nhat ti
356,76 °C (v&i PLA) xudng 350,80 °C (hinh 9). S¢
gjam ohi¢t d¢ phéan hiy nay duqc cho la do sy glam
khéi luorng phan 1 twong d8i cia PLA khi sgi nia
lién két vai PLA & trang thai néng chay trong qué
trinh ép miu [2, 7]. Nhung khi nhigt d tang téi 400
°C thi miu PLA bj tdn hao 96 % trong khi d6 mav
PLA-XLN mi b tdn hao 78 % va t5i khoang 580
°C miu nay van con 6 % chua bj phan hiy.

4. KET LUAN

Mic db sy ¢d mit ciia sgi nira gla cuong dic bigt
la sgi XLN da lam giam nhi¢t d¢ bat dau phin hiy
nhung lai lam ting déng ké céc tinh chét co hoc cla
vit hcu PC so voi PLA. Trong do dang chir y nhit 12
d6 bén va dap ting 161 40 l4n, didu nay cho thiy sy
¢6 mit cia sgi nira di gop phan khic phyc dugc tinh
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gion ciia PLA.

Soi nira rit ua nuéc nén lam tang d9 hép thu
nudc cita vat ligu PC so véi cia PLA. Ma sy phin
hiiy ciia PLA lai dién ra theo co ché thily phdn bé
gdy lién két este nén trong c4c méi trudmg héa chat
(dung djch NaOH 0,1 N va HCI 6 N) ciing nhu méi
trudmg sinh hoc (enzym Proteraza K) mirc 4 phan
hiy PLA trong vét heu PC Ién hon trong ban than
PLA. Diéu ndy cho thdy sy ¢ mit ciia sgi nira gia
cuong lam ting kha ndng phén hily cua PLA, Sy
phin hiy PLA trong vat li¢u PC PLA-XLN dién ra
ngay trong méi truomg nuéc & nhiét d§ thudmg cho
thdy ddy chinh 1a mdt compoznt “xanh”.

Nhu vay, sy ting d§ bén co hoc va tang kha
m‘mg phan hay cia vat ligu PC PLA-XLN da gép
phan trong vi¢c mo rong linh vyre ing dung cia
PLA.

Lii cdm on: Céng trinh nay dwpc hé trg boi PTN
Trong diém Polyme & Compozit, Tromg Dai hoc
Bdeh khoa Hé Néi.
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