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ABSTRACT

Scaffold - a porous structure is an important component in tissue engineering,
because it supports the formation of 3D structure. Therefore, this study was
conducted to fabricate scaffold from polylactic acid (PLA). Nonsolvent induced
phase separation method (NIPS) was applied and important factors affecting
the formation of scaffold such as solvent types, polymer concentration,
temperature of solvent system, the ratio of ethanol/water, and the ratio of
solvent/nonsolvent (v/v) were investigated. Experimental results showed that
when increasing the concentration of polymer and the water content in the
nonsolvent were reducing pore size of scaffold. In contrast, when increasing
the temperature and the ratio of solvents/nonsolvent were increasing the pore
size of scaffold. Scaffold in the pore size of 42.4 um could be prepared at
condition of PLA 150 g/L, 40 °C, the ethanol to water volume ratio of 96/4, the
solvent/nonsolvent volume ratio of 1/20. In addition, the results of mechanical
tests showed that tensile strength of scaffold decreased as the pore size
increased. Tensile strength of scaffold in pore size of 42.4 um was 65.5 MPa
and its specific surface area was 25.7 m%/g.

TOM TAT

Scaffold - dang cau triic khung xop, la mot thanh phan quan trong trong ky
thugdt mo vi né gop phan vdo viéc tao nén cdu triic mé ba chiéu. Vi thé, dé tai
nay dwoc tién hanh nham nghién ciru ché tao scaffold tir polymer phén hiiy
sinh hoc polylactic acid (PLA). Phwong phap tach pha dung moi dwoc sir dung
vd cdc yéu té anh hidng dén sw hinh thanh scaffold nhir loai dung méi, nong
do polymer, nhiét do trao dsi, ti 1é ethanol/nuéc ciia hé dung mai trao déi, ti
1¢ dung dich va dung méi trao déi dgc tién hanh khao sat. Két qua thi nghiém
cho thay khi tang nong do polymer va lugng nudc cia dung moi trao doi lam
gidam kich thude 16 xop. Nguoc lai, khi tang nhiét do trao déi va ti 1é dung méi
hoa tan/dung méi trao déi lam tang kich thuée 16 xop. Scaffold cé kich thiede
16 xép 42,4 um co thé duoc ché tao & n5ng do PLA la 150 g/L, nhiét do trao
déi la 40°C, dung méi trao déi cé ti 1é ethanol/mueée la 96/4, i 1é thé tich dung
méi hoa tan/dung méi trao doi la 1/20. Ngodi ra, két qua thir nghiém co hoc
cho thdy dé bén kéo ciia scaffold giam khi tang kich thiede 16 x6p. Scaffold véi
16 x0p 42,4 um cé d bén kéo la 65,5 MPa va dién tich bé mdt riéng la 25,7
m?/g.

Trich dan: H6 Qudc Phong, Tao Thé Duong, Huynh Lién Huong va Tran S§ Nam, 2019. Nghién ctru ché tao
scaffold polylactic acid bang phuong phap tach pha dung méi. Tap chi Khoa hoc Truong Dai hoc
Can Tho. 55(4A): 82-91.
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1 GIOI THIEU

K§ thuat mé xut hién nhu 12 mot khai niém day
htra hen cho su phat trién va stra chira lai cdu trac
mo hay tai tao xuong bang cach st dung cac té bao
thich hop va cac vat li€u ty nhién hoac téng hop.
Mot trong nhitng phuong phap chinh cia k¥ thuét
cdy mo 1a nudi dudng cac té bao thanh mé hay co
quan ¢o chu trac ba chiéu (3D). Tuy nhién, trong
thuc té cac té bao khong thé tu phat trlen thanh cau
trac 3D ma s& phat trlen mdt cach ngau nhién tao
thanh 16p t& bao c6 cau tric hai chiéu (2D) (Burg,
Porter et al., 2000). Vi vdy, can phai c6 khung X0p
hay con goi la scaffold, dugc xem nhu 1a khung kién
trac nhan tao dong vai trd nhu 13 khudn nén ngoai
bao nhén tao (extracellular matrix - ECM) dé huéng
c4c té bao phat trién theo ciu trac 3D. Scaffold voi
ciu triic 3D x&p giup diéu tiét té bao, 1a noi dé cac
té bao bam 1én, sinh truong va phat trién hinh thanh
mo 3D. Khi céc té bao bam 1én scaffold, ching s&
biét hoa, to chirc thanh mé khoe manh binh thuong
dong thoi tiét ra cc thanh phan nén ngoai bao dé tao
mo (Shajkumar, 2015).

Scaffold c6 rat nhiéu hinh thai khic nhau nhu
mang x6p, hat, soi, gel,... Trong k¥ thuat mo, tiy
vao hinh thai va dic tinh riéng biét ma mdi loai
scaffold s& c6 nhimg tmg dung riéng. Chéing han, ddi
v6i nhitng scaffold c6 dién tich bé mat riéng 16n, do
tuong hop sinh hoc cao c6 thé ding dé dan truyén
thudc, tai tao mo da, day chéng, day than kinh hodc
scaffold co tinh tot c6 thé ding tai tao xuong, sun.
Tuy theo muc dich st dung ma scaffold co thé duoc
ché tao tir nhiéu nguén vat li¢u khac nhau, thuong
tir 3 ngudn chinh 1a: polymer ty thién, polymer tong
hop va gdm sir (ceramic). Scaffold duoc ché tao tir
ceramic thuong c6 co tinh réat cao, tvong ddi tro vé
sinh hoc nén thudong dugc sir dung trong xuong nhan
tao, chinh hinh. Scaffold ché tao tir polymer thudng
¢6 d6 mém déo cao. Tuy nhién, nhitng loai scaffold
nay lai c6 mot nhugc diém 14 co tinh yéu (Okamoto
and John, 2013). Viéc ndy c6 thé dugc khic phuc
bang cach phdi tron nhiéu loai polymer lai véi nhau
hodc bd sung thém khoang ceramic.

Ngoai viéc lya chon nguyén li¢u thich hop,
viéc Iyra chon phwong phap ché tao ciing anh huong
rt 16n dén cau tric, hinh thai va tinh chat Iy hoa cia
scaffold. Hién nay, c6 rat nhidu phuong phép ché tao
scaffold tir polymer duoc sir dung rong rai trén thé
gidi, vi du nhu két soi (fiber bonding), ép dum
(extrusion), ép khuon (compression molding), kéo
soi dién thé (electrospinning), tach pha (phase
separation) hay in 3D (3D printing). Mdi phuong
phap déu c6 wu, nhuge diém riéng va tuy vao muc
dich st dung, phuong phap ché tao scaffold phi hop
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s€ dugc st dung. Trong d6, tach pha dung méi la
mot phuong phap don gian, dé str dung trong viéc
ché tao vat lidu polymer c¢6 cau trac xop (Guillen,
Pan et al., 2011).

Tach pha dung moi hay con dugc goi 1a tach pha
bang bé dong tu, 1a phwong phap lam tach pha giira
dung mdi va polymer dé tao thanh céu triuc polymer
x6p. Polymer dugc hoa tan trong dung moi thich
hop (solvent) dé tao thanh dung dich polymer dong
nhat. Dung dich polymer sau do trao doi voi chat
long khong hoa tan polymer (nonsolvent). Qua trinh
trao d6i giita dung modi cta polymer va dung moi
khong hoa tan dién ra, ddn dén qua trinh tach pha
nham hinh thanh nén céu tric x6p. Pic tinh quan
trong ctia phwong phép 1a sy trao dbi giita dung moi
hoa tan polymer (solvent) va chét long trao dbi
(nonsolvent). Nhu vay, sy hinh thanh cAu trac
polymer xp phu thudc nhiéu vao cac yéu t6 khac
nhau nhu loai dung méi hoa tan (solvent), dung moi
trao ddi (nonsolvent), nhiét d6 qua trinh trao doi va
ti 1¢ thé tich solvent/nonsolvent.

2 HOA ’CH[&T VA PHUONG PHAP
NGHIEN CUU

2.1 Hoéa chat

Polylactic acid (PLA) 1a polymer phan huy sinh
hoc dugc str dung phd bién trong cac nghién ciru ché
tao vat liu st dung trong linh vuc y hoc. Trong
nghién ctru nay, PLA c6 khdi lugng phan tir 60,000,
duge cung cap boi Sigmaaldrich. Cac dung moi
chloroform (CHCls), tetrahydrofuran (THF), 1,4-
dioxane, 1,2-Dichloromethane (CH>Cly) dugc cung
cap tir Cong ty Merck Viét Nam va con tuyét dbi
xuét xtt Viét Nam.

2.2 Phuong phap ché tao

Polymer

Hoa tan
trong moi

Dung dich polymer

Trang 1én
khuon Teflon

Khudn Teflon chira
dung dich polymer
Trao ddi ethanol/nude

@ trong bé dong tu

Scaffold

Hinh 1: So @ ché tao scaffold bing phwong
phap tach pha dung moi
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Phuong phap ché tao scaffold dugec mo ta theo
so dd cua Hinh 1. Polylactic acid (PLA) dugc hoa
tan trong dung moi & nhiét do phong dé tao thanh
dung dich ddng nhat véi ndng do xac dinh. Dung
dich polymer (20 mL) dugc trang 1én khuon Teflon
(60 mm x100 mm x 5 mm). Khudn chira dung dich
polymer dugc loai bo hoan toan bot khi, sau d6 dugc
cho vao bé dong tu chira hé chat long trao doi la
ethanol/nudc. Sy trao d6i ciia hé chat long trao doi
Bang 1: Cac yéu td khio sat
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ethanol/nudc voi dung mdi din dén sy hinh thanh
nén polymer cu trac khung x6p. Céac yéu t& anh
huéng dén sy hinh thanh scaffold céu tric xép duoc
khao sat theo phuong phép luan phién timg bién cho
cac yéu to nhu loai dung méi, nong d polymer,
nhiét d6 trao dbi, ti 1 ethanol/nude va ti 1& dung moi
hoa tan/chit long trao dbi. Chi tiét cac khoang khao
sat dugc trinh bay trong Bang 1.

Yéu to khio sat

Khodng khio sat

Loai dung méi Dioxane Chloroform THF DM
Nong do polymer, g/L 75 100 125 150
Nhiét d¢ ché tao, °C 10 20 30 40
Ti 1¢ ethanol/nudc, v/v 90/10 80/20  70/30  60/40
Ti 1¢ dung mi/chét long trao doi, v/v 1/10 /15 1/20  1/25

THF: Tetrahydrofuran; DM: Dichloromethane.

2.3 Cac phwong phap phan tich danh gia
2.3.1 Xac dinh hinh thai va kich thwoc
scaffold

Hinh thai va kich thude 16 x5p cua scaffold dwoc
xac dinh bang kinh hién vi dién tr quét (SEM)
Hitachi Tabletop Microscope TM-1000. D& phan
tich hinh thai va kich thudc 16 xdp, cac mau scaffold
s& duoc cat voi kich thude 1 em x 1 cm, xir li bang
phuong phap be gay tu nhién dé khong anh huong
dén cau trac x6p. Mdi mau duoc chup & 3 vi tri khac
nhau véi cac do phong dai x200, x500 va x1000 &
diéu kién dién ap 20 kv. Kich thudc 15 Xép trén hinh
duge xac dinh bang phin mém phéan tich anh
Imagel.

2.3.2 Xdc dinh dién tich bé mdt scaffold

Dién tich bé mit riéng cua scaffold s& duoc xac
dinh bang phuong phap ctia Brunauer - Emmett -
Teller (BET) trén may Quantachrome Nova 2200.
Thiét bi hoat dong v&i chat hap phu 1a khi nito c6 ap
sudt hoi bao hoa P, = 765 mmHg, nhiét d6 budng
mau -195,65 °C, thé tich xi lanh V= 0,07645 cm?.

3 KET QUA VA THAO LUAN
3.1 Al}h huéng caa hé dung mdi/dung moi
trao doi den tinh chat scaffold

Cac nghién ctru cho thdy cac loai dung moi
thuong duoc sir dung dé hoa tan PLA 1a chloroform
(Mikos, Thorsen et al., 1994, Zoppi, Contant et al.,
1999, Ghorbani, Nojehdehian et al, 2016),
tetrahydrofuran (THF) (Wei and Ma, 2004), 1,4-
dioxane (Yamaguchi, Shinbo ef al., 2004, Ellis and
Chaudhuri, 2007, Niu, Feng er al., 2009) va
dichloromethane (Liu, Lee et al., 2004). Vi thé, anh
huong cta dung moi hoa tan dén cau trac cia PLA
scaffold dugc khao sat. Cac loai dung moi hoa tan
khac nhau nhu dichloromethane, 1,4-dioxane, THF,

84

chloroform duoc sir dung ché tao mau scaffold. Mau
scaffold dugc tién hanh véi didu kién thi nghiém cb
dinh ndng d6 PLA 150 g/L, nhiét d6 phong va hé
dung moi trao d6i ethanol/nude = 95/5 va ti 1¢ dung
moi hoa tan/dung moi trao doi 1a 1/20. Két qua khao
sat cho thay scaffold khong hinh thanh tir dung moi
dichloromethane. Scaffold tao tir 1,4-dioxane rat
moéng va kho hinh thanh scaffold (Hinh 2a). Scaffold
duoc ché tao tir dung moi hoa tan 1a THF c6 bot khi
xudt hién rat nhiéu trén bé mat (Hinh 2b). Scaffold
duoc tao thanh tir dung moi chloroform cé dang tam
va bé mat phang dep (Hinh 2c).

Nhu vy, c6 thé noéi dung mdi dong vai trod rat
quan trong trong sy hinh thanh scaffold. Dung méi
hoa tan dugc lya chon phai c6 kha ning hoa tan tot
PLA va c6 kha nang tron 1dn véi dung méi trao doi.
Theo Hansen, sy hoa tan ctia polymer vao dung moi
s€ phu thudc vao sy chénh I¢ch nang luong tuong
dbi RED (relative energy difference) cta polymer
va dung moi hoa tan. RED duoc tinh bang Ra/Ro,
trong d6: Ro la ban kinh tuong tac cua polymer
trong khong gian Hansen va Ro cia PLA 1a 10,7. Ra
1a tham sb khoang cach hoa tan dugc phat trién boi
Skaarup (Hansen, 1967) va duogc tinh bang cong
thire sau:

Ra = j4(6dz— Bar)? + (Bys— 8y0)7 + (Ony — Oy)?

Trong do: 84, 6, 8y, 1an luot 14 tham sb phan tan, do
phan cuec, lién két hydro. Chi s6 1 va 2 duoc ki hiéu
tuwong tng cho polymer va dung moéi. Cac gia tri &4,
8y, 6, cua cac chat dugc tham khao tir s6 tay cua
Hansen (Hansen, 1967, Auras, Lim et al., 2010).
Trong d6, gi trj RED tién vé 0 thi kha nang hoda tan
polymer cang t6t.

Bén canh sy chénh I¢ch ndng luong tuong
doi RED, y,,- tham s6 tuong tac Flory cling duoc
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sir dung dé xac dinh kha niang hoa tan ctia polymer
vao dung moéi (Flory and Krigbaum, 1950,
Koningsveld, Kleintjens et al., 1974). y,, dugc tinh
bang cong thirc:

X2 = ;_1’;[((5:12 = 8a)’ + (G2 = 8p1)* + (Bnz = Sn1)?)]

Trong do: 14, (cm’.mol™) 1a thé tich mol cua
dung mai, R 1a hang s6 khi 1i twong = 8.314 (j.mol’

Tép 55, S6 44 (2019): 82-91

LK1, T = 298K. Tuong ty nhu RED, kha ning hoa
tan cua PLA vao dung mdi s€ tang khi gia tri y,,
giam. Gia tri cua RED va y, , dugc tinh toan va trinh
bay trong Bang 2. Két qua tir Bang 2 cho thdy do
hoa tan cia PLA vao 4 dung méi giam dan theo thur
tu sau dichloromethane > THF > chloroform > 1,4-
dioxane.

Hinh 2: Hinh scaf{old duge ghé tao tir cac !02.1i dungrmﬁi h(‘)q tan khac nhau: (a) 1,4-dioxane, (b) THF,
() chloroform. Mau dugc tién hanh véi diéu kién co dinh nong do PLA 150 g/L, nhiét d phong va h¢
dung méi trao doi ethanol/nuéc = 95/5 va ti 1€ dung moi hoa tan/dung méi trao doi 1a 1/20.

Bang 2: Gia tri RED va y,, twong tac giira PLA va m{t s6 dung méi

Polymer/Dung méi PLA 1,4-dioxane Chloroform THF Dichloromethane
Thé tich mol, cm?/mol - 85,7 80,7 81,7 63,9
Nhiét d6 soi, °C - 101 61 66 40
Khéi lwong riéng, g/em? 1250 1033 1498 0,886 1327
84, (MPAY/?) 18,6 19,0 17,8 16,8 18,2
Sy, (MPA/?) 9,9 1,8 3,1 5,7 6,3
Sn, (MPAY/?) 6,0 7.4 5,7 8,0 6,1
Ra 10,7 8,3 7,0 5,5 3,7
RED - 0,8 0,7 0,5 0,3
X1z - 2,34 1,53 0,82 0,34

rl

Tuy nhién, bén canh su hoa tan t6t ciia PLA vao
dung méi hoa tan thi sy tron 13n giita dung moi hoa
tan vao dung mai trao ddi ciing quan trong khong
kém. Dung méi hoa tan va dung méi trao dbi phai
tron 1an tot vao nhau. Trong nghién ciru nay, ethanol
dugc chon 1am dung méi trao d6i. Kha ning tron 1an
cua dung moi hoa tan vao ethanol dugc xac dinh boi
enthalpy tu do ctia hdn hop theo cong thic:

AGp,

RT

Trong d6: n 14 nong d6 mol riéng phan, ¢ 1a thé
tich riéng phan. Trong d6, ethanol dugc ki hiéu bang

= nllnd)l + n2ln¢2 + X12 (¢)n1¢2
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chi s6 1 va dung méi hoa tan ki hiéu 1a chi s6 2, 7,,
1a tham sé twong tac Flory giita ethanol va dung méi.
Trong trudong hop nay, tham s6 tuong tac Flory y,,
dugc tinh bang cong thirc:
4,2 G-

—[InyIn—4+nyln—+—
nl(l)l ! ¢1 2 (I)z RT

G Ev la enthalpy tg do du thtra va dugc xac dinh
bdi biéu thurc:

GE =RT (njlny; + nplnys)

X12 =

Trong d6, cac hé s6 hoat dong Iny;, Iny; duoc xac
dinh bang phuong trinh ban thuc nghiém van Laar:
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A1z Az1
Iny, = —2—:lny, = —2—
’Yl (1+A12n1)2 ’ ’Yz (1+A21Tl2)2
Az1m2 A12n1

Trong do, A;; duge xac dinh boi phuong phéap
cua Shigetoshi Kobuchi nhu sau (Kobuchi,
Takakura et al., 2013):

Mij = 7\1’1’)
RT

v.
—(1 — &) (viv))°%8;8); 1= =i =

0.5
Sij = — | —
V.
J

Agj exp (—

5

8

L2

0.8 o

Hing s6 tuong tac Flory

0.8
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Khi y,, tang thi kha nang tron lan cia 2 dung
moi vao nhau giam, y,,tién v€ 0 thi kha nang tron
lan cua 2 dung méi la ly tuong. Hinh 3 thé hién d6
thi sy phu thudc cta z,, vao ¢, - thé tich riéng phan
cua ethanol. Khi thé tich riéng phén cua ethanol tang
thi y,, cua 4 loai dung mdi hoa tan déu giam. DO thi
Hinh 3 cho thay kha nang trén lan cua
dichloromethane trong ethanol la thap nhat, do 7, ,=
0.83 ¢ ¢, = 1. 1,4-dioxane c6 kha nang tron lan trong
ethanol la tot nhat, do ¢6 y,, = 0.6 6 ¢, = 1.
Chloroform va THF cho kha néang tron lan ethanol
1a tuong duong nhau véi y,, =056 ¢, = 1

Dichloromethane

" Chloroform

THF

l.4-Dioxans

0.4 . T . T
0.0 0.2 0.4

T T T T 1
0.8 0.8

Thé tich riéng phan ciia ethanol ¢,

Hinh 3: Sy twong quan giira tham s6 twong tic Flory giira dung méi hoa tan va thé tich riéng phan
cua ethanol

Nhu vay, dung moi 1,4-dioxane c6 kha nang
tron 1an voi ethanol tot nhat nhung lai hoa tan PLA
kém nhét nén scaffold dugc ché tao tir 1,4-dioxane
rit mong va kho hinh thanh. THF c¢6 kha ning tron
14n t6t v6i ethanol, tuy nhién THF lai c6 khéi luong
riéng thap, diéu nay lam cho THF c6 xu huéng noi
1én trén bé mit ctia hdn hop, dan dén qua trinh kéo
s¢i cling nhu xuét hién bot khi. Dichloromethane c6
kha nang hoa tan PLA t6t nhit nhung kha ning tron
1an v6i ethanol lai khong 1y twéng, hon nita nhiét do
s6i cua dichloromethane qua thép, chi khoang 40 °C
nén khong phu hop véi diéu kién khao sat. Scaffold
tao thanh tr dung méi chloroform cé bé mit va chu
trac lién khéi (Hinh 2c¢) nén phu hop lam dung moi
hoa tan PLA.
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3.2 Anh hudng ciia nong do polymer dén
hinh thai scaffold

Dé khao sat anh hudng ctia ndng do polymer dén
cu tric, scaffold dwoc ché tao tir dung dich polymer
¢6 ndng do thay dbi tir 75 g/L dén 150 g/L). Trong
d6, diéu kién thi nghiém ¢ dinh: nhiét d6 25 °C, ti
1¢ ethanol/nudc 96/4; ti 1€ dung mdi hoa tan/dung
moi trao d6i 1 1/20. Két qua anh SEM cho thdy kich
thudc 16 x0p hay do xdp giam khi ting nong do
polymer. Trong dé, kich thudc 16 x6p 1a 33,2 pm,
28,1 pum, 24,7 pum va 17,9 pm tuong tmg véi nong
do polymer 1a 75 g/L, 100 g/L, 125 g/L va 150 g/L.
Ngoai ra, khi ndng d6 PLA ting, d0 day cua vach
ngan giira cac 16 x0p ciing tré nén day hon (Hinh 4).
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33.2+8.2 um

28,1=7.5 um

S6 phén tir
o n > o ©

15 20 25 30
Nch muaclé x8p, micron

AN
5§ 10 15 20 25 30 35 40 45

Kich thubc 16 x8p, micron

2017/01/13 16:35 L x500 200 um CTU0967 2017/01/13 16:42 L x500 200 um

22,6=6.5 pm 17.9=4.9 um

g - S
5 10 15 20 25 30 35 40 45 50 i X 5 . 5 20 25
Kich thuoc 18 x6p , micron A v Kich thugc 16 x5p, micron

CTU0971 2017/01/13 16:49 L x500 200um CTUO0909 2016/12/23 17:22 L x500 200 um

Hinh 4: Hinh thai mit cit ngang ciia scaffold dwgc hinh thanh tir dung dich polymer ¢ cac nong do
khac nhau: (a) 75 g/L, (b) 100 g/L, (¢) 125 g/L va (d) 150 g/L. Piéu kién co dinh: nhiét dg 25 °C, ti 1¢
ethanol/nuéc 96/4; ti 1¢ dung moi hoa tan/dung méi trao doi l1a 1/20.

Diéu nay c6 thé duoc thiy, khi ndng d6 ciia PLA n%lfrng yéu t6 quan tropg é‘n_}} hudong déI}A hinAh thai
tang thi thoi gian trao d6i hay tach pha giam xubng cua §caffgld. ;Fron% thi Anghﬂl@m’nay,qnhlf_:t fi(? thi}y
tir 46 din dén gidm kich thuée 18 x8p. Hon nita, ¢ 401 tir 10 °C dén 40 °C d€ khao sat sy anh huong dén

ndng do cao thi lugng phan tir PLA trén bé mat 16p cé:lu triic cua scaffold. Trong do, diéu kién cb dinh:
dung dich polymer cling ting, nhitng phén tir PLA nong do PLA 150 g/L; ti 1€ gthanol/guéc 96/4 va ti
trén bé mit s& ngan can sy di chuyen lam toc do di 1¢ dung moi hoa tan/dung moi trao d.él 1/20. Ket qua
chuyén cuia chloroform vao chit 1ong trao ddi giam anh SEM (Hinh 5) cho thay khi nhiét do tang kich
di, ddng nghia din dén kich thudc 16 x8p ciing nho thude clia 16 x0p tang va vach ngan cling tré nén
lai, vach ngan lai tré nén day hon. O nhiing mau mong hon. Kich thuge 16 xop 1a 15,5 pm, 18,6 pm,
scaffold c6 ndng do thip, viéc chloroform di chuyén 24,7 ym, va 42,4 pm tuong (g v4i nhiét do trao doi

d& dang va thoi gian tach pha lau hon dan dénkich 12 10 °C, 20 C, 30 °C va 40 °C. Do nhiét d¢ anh
thudce 16 xop to dong thai vach ngin 16 xop mong. huong truc tiép dén d nhot ciia dung dich, khi nhiét

DPbi voi scaffold dung cho k§ thuét mo, kich thude d¢ tang thi d0 nhdt cua dung dich giam, cic phan tir

16 x6p 1a mot trong nhimg yéu t6 quan trong. L3 x&p chloroform dé dang di ch’u'yén yép h¢ dung n}f‘)i hoa
16n va do xop cao s& giup cho viéc van chuyén céc tan 'la‘lm tang toc d9 trao doi. Khi toc do trao doi dung
chat can thiét dé tai tao mo xay ra dé dang hon. Tuy mél tang s& dan dén kich thudc 10 x6p tang va ngén
nhién, néu do xdp qua cao thi do bén co lai khong gitra cdc 10 gép cﬁng mong dan. K&t qua ndy ciing
dam bao vi thé viéc chon lya nong do polymer dé phu hop véi nghién ciu cia Zheng va cong sy

(Zheng, Wang et al., 2006). Dbi véi scaffold dung
cho mé thi kich thudc 16 xdp chi can 16n hon 10 um,
song kich thude 16 x6p cang cao thi cang tot (Singh,
Kasper et al., 2013). Do do, nhiét d6 40 °C duogc

Su thay ddi nhiét do dan dén thay ddi toc do trao chon c6 dinh dé tiép tuc khao sat cac yéu t con lai.
dbi gitta hai dung moi, vi thé nhiét d6 1a mot trong

ché tao scaffold phu thudc vao muc dich sir dung.
3.3 Anh hudng cia nhiét dd ché tao dén
hinh thai scaffold
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Hinh 5: Hinh thai mit cit ngang mit caa scaffold dwoc ché tao & nhiét d§ khac nhau: (a) 10 °C, (b) 20

°C, (¢) 30 °C va (d) 40 °C. Diéu kién co dinh: nong dd PLA 150 g/L; ti I¢ ethanol/nwéc 96/4 va ti 1¢
dung moi hoa tan/dung méi trao doi 1/20

3.4 Anh huong cia ti 1¢ ethanol/nuéc dén vay, khi lugng nudce ting 1én thi kich thude 18 xbp
hinh thai scaffold giam dang ké. Két qua tinh toan thé hién sy twong
thich giita hai dung méi (Hinh 3) va s liéu do
moment ludng cuc cia chloroform la 1,04 D, cua
ethanol 13 1,69 D va cta nude 1a 1,85 D. Biéu nay
cho thdy chloroform phan tin tét trong ethanol
nhung lai khéng phan tan t6t trong nudc. Nhu vy,
viée str dung mot lwong vira phai nudc dé kidm ché
tbc do trao ddi va dung lugng trao dbi dé tao va kiém
soat kich thudc 16 xp. Tuy nhién, néu luong nuée
qua 16n & cac ti 18 70/30 hay 60/40 thi su trao d6i
kho dién ra nén khé hinh thanh 15 x4p.

Tinh chét ciia hé¢ dung méi trao d6i anh huong
dén cau trac scaffold dugc tién hanh khao sat.
Scaffold duoc ché tao st dung hé dung moi trao d6i
ethanol/nudc c6 ti 1é khac nhau. Mau scaffold duogc
khao sat & diéu kién c¢b dinh: ndng d6 PLA 150 g/L;
ti 16 dung méi hoa tan/dung méi trao d6i 1/20; nhiét
d6 ché tao 40 °C. Phan tich anh SEM (Hinh 6) cho
thdy kich thudc 16 x6p 1an luot 1 13,5 pm, 11,4 pm,
6,3 um va 6,1 um tuong tng véi ti 16 thé tich
ethanol/nude 1a 90/10, 80/20, 70/30 va 60/40. Nhu
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Hinh 6: Hinh thai mat ciit ngang ciia scaffold dwoc ché tao st dung h¢ dung mdi trao dbi ethanol/nuée
¢6 ti I¢ thé tich: (a) 90/10, (b) 80/20, (c) 70/30 va (d) 60/40. Dieu kién co dinh: nong do PLA 150 g/L; ti
1€ dung moi hoa tan/dung maéi trao doi 1/20; nhiét do che tao 40 °C

3.5 Anh huéng cia ti 1¢ (v/v) dung mdi hoa dinh: nhiét do 40 °C, ti 1¢ ethanol/nudce 1a 90/10,
tan va dung moi trao doi den hinh thai scaffold nong do PLA la 150 mg/L. K&t qua anh SEM cho
thay 10 x0p cua scaffold c6 xu hudng tang 1én khi

X s 1 n SO . J tang luong dung méi trao ddi (Hinh 7). Kich thude
thé tich riéng phan cua ethanol (¢) va tham so twong 15 xgép cﬁag scaffgol d137,7 um, (1 15 !ytﬁl 13,5 um va

tac Flory (y,,), khi thé tich riéng phan cua eEhan,ol 15,4 um, twong (mg véi ti 16 dung mi hoa tan/dung
tang thi 7, , cia h¢ chloroform/ethanol giamdandeén 154 trap déi 1/10, 1/15, 1/20 va 1/25. Tuy nhién, st

Theo nhu d6 thi thé hién mbi twong quan giita

kha Il?,l’lg tron 1511 cua chloroform véo.ethanol tét dung lu'o'ng 16n dung moi trao dél s& tén nhléu chi
hon. O thi nghiém nay, luong dung mdi hoa tan va phi vi the sir dung lwong dung moi nhu thé nao cho
dung moi trao do0i s€ dugc khao sat tai cac ti 1€ thé phfl ho‘p con tfly kich thudc 16 Xép mong muén'

tich khac nhau. Trong d6, diéu kién thi nghiém cb

&9
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Hinh 7: Hinh thai mat ciit ngang cia scaffold dwugc ché tao o' cac ti 18 thé tich dung dich/dung méi trao
doi: (a) 1/10, (b) 1/15, (c) 1/20 va (d)1/25 (d). Di€u kién co dinh: nhiét d) 40 °C, ti I¢ ethanol/nuéc 1a
90/10, nong d9 PLA la 150 mg/L

3.6 Anh huwéng kich thuéc 18 xop dén co
tinh cia scaffold
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T

17,9

Hinh 8: Quan h¢ giira co tinh va kich thuéc 16
x0p ciia ciia vét li¢u scaffold

Co tinh vat liéu scaffold dugc danh gia thong
qua d6 bén kéo do trén thiét bi Zwick/Roell BDO —
FBO50TN. Thiét bi c6 cong suit 0.6 kW, tai tac dung
khi kéo-nén 13 50 KN. Téc do cua con trugt 13 0.001
— 180 mm/phut. Vén téc kéo mau 1a 500 = 50 mm/
phat. P bén kéo dugc ghi nhan tai thoi diém vat
liéu bi dat. Két qua do ghi nhan dugc luc kéo cuc

90

dai ciia mau scaffold lan luot 1a 65,5 MPa, 77,2
MPa, 88,7 MPa, 166,3 MPa va 224,7 MPa tuong
g véi kich thude 16 xop 42,4, 33,2 um, 28,1 pm,
22,6 pm va 17,9 pm (Hinh 8). Nhu vdy, co tinh cua
mau giam khi tang kich thudce 16 x6p. Ngoai ra, ket
qua do BET cho thdy ring bé mit riéng ciia miu
scaffold c6 do xop 42,4 um 1a 25,7 m?/g.

4 KET LUAN

Nghién ciru dd ché tao thanh cong scaffold tir
polylactic acid bang phwong phép tich pha dung
moi st dung dung moi hoa tan chloroform va hé
dung moi trao doi 12 hdn hop ethanol/nude. C6 thé
ché tao dugc scaffold c6 kich thudc 16 x6p 42,4 um,
d6 bén kéo 1a 65,5 Mpa va dién tich bé mit riéng 1a
25,7 m%g. Véi dic diém vé kich thude 16 xdp va co
tinh cho thay vat liéu scaffold co thé sir dung trong
linh vyc k¥ thudt mo.

LOTI CAM TA

Nhom tac gia xin cam on Quy nghién ctru khoa
hoc ctia B Gié}o Quc & Dao tao da ho trg cho nghién
ctiu nay. Ma so dé tai: B2017-TCT-20DT.
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