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Ché tao mang PVA/CNC/Ag bang phuong phap electrospinning
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TOM TAT

Bai bdo trinh bay nhimng két qua vé hinh thai, cau trdc va tinh chat clia mang tir ba thanh phan la
poly(vinylalcohol), nano tinh thé cellulose va nano bac (PVA/CNC/Ag), dugc ché tao theo phuong
phap electrospinning. CNC, dugc co lap tir be 14 dira nudc Viet Nam bang phuong phéap héa hoc,
dugc st dung lam gia mang dé téng hop hat nano Ag (CNC/Ag) bang ky thudt x( ly nhiét don gian.
Sy hién dién ctia Ag NPs trén nén CNC cung kha nang khang khuan ctia CNC/Ag dugc chiing minh
bang phuong phap khao sat vong khang khuan. Vat liéu CNC/Ag sau d6 dugc phdi trén vai PVA va
tién hanh electrospinning. Mang PVA/CNC/Ag dugc phan tich bang cac phuong phap nhu gidn do
nhiéu xa tia X (XRD), ph& héng ngoai bién ddi Fourier (FT-IR), &nh hién vi dién tlr quét phat xa trudng
(FESEM) va phuaong phap nhiét lugng ké quét vi sai (DSC). Két qua FESEM cho thay PVA/CNC/Ag ¢
hinh thai la sgi khndng dong déu, bé mdt go ghé, dudng kinh sgi trung binh khodng 70 nm, I6n hon
so vGi c& PVA va PVA/CNC. Phan tich DSC cho thdy su hién dién ctia CNC/Ag c6 anh huéng ddng
ké @én tinh chat nhiét ctia vat liéu mang PVA/CNC/Ag. Nhiing két qua budc dau nay cho thay can
khao sat mot cach chitiét vé cac théng sé ché tao clia qué trinh electrospinning dé téi uu héa dac
tinh clia mang PVA/CNC/Ag nham tao ra vat liéu co tinh ndng phi hgp dé cé thé lam mang bang
vét thuonag.

T khoa: Mang bang vét thuong, nano tinh thé cellulose, nano Ag, phuong phap electrospinning,

Use your smartphone to scan this
QR code and download this article

Trudng Pai hoc Khoa hoc Ty Nhién,
DHQG-HCM

Lién hé

Vi Nang An, Trudng Dai hoc Khoa hoc Ty
Nhién, PHQG-HCM

Email: vnan@hcmus.edu.vn

Lich su

e Ngay nhan: 26-10-2021

o Ngay chép nhan: 10-3-2022

© Ngay dang: 19-5-2022

DOI :10.32508/stdjns.v6i2.1142

| '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé

ma& dugc phat hanh theo cac diéu khoan cla

the Creative Commons Attribution 4.0
International license.

‘E

<_

VNUHCMW PRESS
25 years of scholarly publshing

wrar

poly(vinylalcohol)

MG bAU

Vat liéu dang sgi c6 kich thudc nanomet dugc ché
tao bang phuong phap electrospinning (electrospun)
dugc sy quan tdm nghién cttu nhim dinh huéng
ung dung trong rat nhiéu cac linh vyc cong nghiép.
Electrospinning c6 mot s6 cac dic diém thu vi nhu
ty 1é gitta dién tich bé mait va thé tich 16n, hoat
tinh héa hoc cao, c6 thé mé rong quy méd ché tao
v6i chi phi hiéu qua’?.
polymer da dugc ché tao thanh cong bing phuong
phap electrospinning nhu polyacrylonitrile (PAN) >#,
polystyrene (PS) 3 polyamide (PA) o, polyimide (PI) 7,
polyurethane (PU)® va polysulfone (PSU)°, v6i hinh

Cho dén nay, nhiéu loai

dang va hinh thai lién két ctia cic electrospun c6 thé
diéu chinh khi thay d6i cac thong s6 ché tao cta qué
trinh nay. Nhing vét liéu nay cé dinh huéng tng
dung trong nhiéu linh vuc, nhat la lam mang loc khi
va xti Iy méi truong 1011

Qua trinh ché tao vat liéu electrospun thudng bao
gom giai doan hoa tan cc polymer trong dung moi,
cht yéu 13 dung moéi hitu co, 1a nhiing héa chat rat
dé chdy va doc hai. Thong thudng, dung dich elec-
trospinning dugc diéu ché 6 ndng do thap hon 30%,
nghia 13 qua trinh ché tao can stt dung mot lugng 16n
dung moéi hitu co. Biét ring, tiép xuc v6i cac dung
modi hiiu co véi s6 lugng nhiéu trong quy trinh san

xudt hodc tham chi tiép xic & s6 lugng it nhung trong
thoi gian dai, nhat 1a khi cac san phdm cu6i cting dugc
giai ly ra trong qua trinh st dung, c6 thé dan dén cic
vén dé vé stic khoe va moi truong. Ngoai ra, viéc xi
ly cac vat liéu nay sau qud trinh st dung cting 1a mot
van dé dang quan tam, khi cac loai polymer st dung
déulaloai khong c6 kha ning tu phan hay, vi thé ciing
g6p phan lam cho lugng rac thai ra ngoai mdi trudng
ngay cang ting. Nham khdc phuc cdc vén d€ trén, mot
hudng tiép cin khic la st dung cdc loai polymer c6
kha nang phan huy sinh hoc, hoa tan dugc trong nude
va than thién v6i moi trudng.

Trong s6 hon ndm muoi loai polymer khéc nhau cé
thé dugc ché tao bang phuong phép electrospinning,
electrospun cua poly(vinyl alcohol) (PVA) cho thdy
tiém ning tng dung I6n trong linh vuc y sinh, thi
du lam céc gid thé nuodi cdy mo hay lam mang bang
vét thuong. Diéu nay c6 dugc nho vao kha ning hoa
tan trong nudc, kha ning tuong thich sinh hoc va
kha ning phan haly sinh hoc ctia PVA 12, Tuy nhién,
nhugc diém cua electrospun PVA la tinh niang co ly
yéu. Vi vy, mot s6 phuong phap da dugc dp dung
dé cai thién vin dé trén nhu st dung tic nhan tao
lién két khiu mang 13 phdi tron véi mét loai polymer
Kkhac ', xit Iy sau khi ché tao '°, hay sti dung thém mét
pha gia cudng & kich thudc nanomet '°. Cac nghién

Trich dan baibaonay: AnVN,KhaHT, TienNTC,NganBK, My N TT, Hi€u L V. Ché tao mang PVA/CNC/Ag
bang phuong phap electrospinning. Sci. Tech. Dev. J. - Nat. Sci.; 6(2):1979-1990.
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ctu trudc day cho thdy tinh ning co ly cta electro-
spun PVA c¢6 thé dugc ting cudng bing cich thém
vao cdc pha gia cudng c6 kich thudc nanomet nhu 6ng
nano carbon &7, graphene 18 va nano tinh thé cellu-
lose (CNC) '*?°, Trong s6 d6, CNC thu hut dugc rat
nhiéu sy quan tim do ¢6 mét s6 tinh ning ndi trdi nhu
dd ciing cao, ty trong thép (khoang 1,57 g.cm™3), hé
s6 gian nd nhiét thap va module dan héi cao (khoing
150 GPa). Nh¢ nhiing tinh chat nay, CNC dang tré
thanh mot Gng ct vién ddy trién vong trong viéc lam
pha gia cudng cho céc loai polymer nhiét déo va nhiét
rin nhim huéng dén cic ting dung khac nhau?!-23,
Cac nghién ctiu trude déy cho thay khi gia cuong CNC
vao hé PVA, d¢ bén kéo cuia vat liéu thu dugc tang 1én
80% va module tich cling ting gdp 3 1an 1924,

Hoat tinh khang/khtt khuén cta cdc hat nano kim
loai, d4c biét 1a hat nano bac (Ag NPs), cing kha nang
ung dung ctia vt liéu nay trong linh vuc sinh hoc
va khing khudn da dugc nghién ctiu khd nhiéu trong
hon hai thép ky qua. Ag NPs thé hién hoat tinh khing
khuén déng ké chéng lai Bacillus subtilis va E. coli®,
14 nhiing tac nhin cht yéu gay ra nhiém trung xam
l4n & céc vét thuong. Gén day, su ra doi cta cac loai
mang c6 chiia cac tac nhan khéng khuén nhu céc hat
nano bac (Ag NPs) 2%, hat nano déng (CuNPs) ?7, iode
va thdm chi & mét ong, dugc ché tao bing qud trinh
ngam tdm tryc tiép, da cung cdp cho linh vucy t€ mot
loai mang bang vét thuong cé kha ning khong ché
hién tugng nhiém trung nay 2%,

Nhudc di€ém ctia Ag NPs la do cac hat nano nay khong
bén nhiét dong hoc vi c6 ning lugng tu do bé mit
161, nén cac hat c¢6 xu hudng tap hop lai, d€ tao thanh
khéi trong dung dich. D€ giai quyét vin dé trén, nhiéu
nghién ctiu da stt dung cac chit 6n dinh ¢6 ngudn géc
ty nhién, nhu cellulose, d€ kiém sodt su két tu va ting
trudng ctia cac hat kim loai dya trén mét s6 phuong
phap: khi in-situ mudi kim loai trong huyén phu cel-
lulose, diéu ché vat liéu nanocellulose/kim loai, gin
hat nano bac vao mang gidy loc va cellulose vi khudn.
Trong s6 cac phuong phéap ché tao Ag NPs, qua trinh
kht héa hoc 14 phuong phép phé bién nhit nhs quy
trinh va thiét bi don gidn va kha nang tdng hgp ra cic
hat nano véi kich thuéc déng nhat?>?-3!. Tuy nhién,
hau hét cac qua trinh khi hoa hoc thong thuong déu
st dung chét khti, chit 6n dinh va/hodc dung moi doc
hai®!33. Trong nghién ctu nay, CNC dugc st dung,
vita giti vai tro 13 gid mang, gitp 6n dinh Ag NPs, ma
con 1a chdt khit nhdm chuyén d6i Ag™ thanh Ag NPs.
Hoat tinh khti cia CNC 1a nho trén bé mit cia CNC
¢6 cac nhom chtic hydroxyl, c6 kha ning khti ion kim
loai thanh kim loai ¢4 kich thudc nanomet. Viéc gén
két Ag trén gid mang CNC gitip 8n dinh hinh thai, cu
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tric cta Ag, khién cho CNC/Ag phan tén t6t trong
nén polymer PVA & qua trinh electrospinning.

Muc dich ctia nghién ctiu nay 1a 4p dung phuong phap
electrospinning dé budc dau ché tao vat liéu t6 hgp ba
thanh phén dang sgi la PVA/CNC/Ag, 1 céu tric co
ban trong viéc ché tao mang bing vét thuong.

VAT LIEU VA PHUONG PHAP

Vat liéu

Nguén nguyén liéu be 14 dita nudc dugc thu gom tu
khu vuc vung ngip mdn, tinh Tién Giang, Viét Nam.
Be dita nudc sau khi thu vé, dugc ché thanh tling doan
nho dai 25-30 cm, day khodng 1 cm. Tiép dén loai bod
phén vo ctia mau va can trén may can hai truc. San
phém dugc phoi kho, tich ra thanh sgi va xay nhuyén
thanh bot. Bot nay dugc sang loc béing ray véi ludi
inox, kich thudc 6 luéi la 0,95 mm. Bot sau ray dugc
stt dung cho cac budc xt ly tiép theo. Poly (vinylalco-
hol) (PVA, M,, 13.000-23.000, d6 thiy phan 87-89%)
lahéa chat tinh khiét thuong mai ¢ xuét x( tit Sigma-
Aldrich. NaOH, HCOOH, H; O, HCI, ciing tién chit
cta Ag la AgNO3 déu la cac hoa chat thuong mai, cd
xudt xd ti Trung Qudc. Tat ca cic hoa chit déu dugc
stt dung truc tiép ma khong qua bat ky qua trinh tinh
ché nao.

Phuong phap phan tich

Céc mau dang bot duge nghién min va sdy 24 gid &
80 °C. Tiép dén, mot lugng nhé mau (2-3 mg) dugc
ép vién véi KBr theo ty 1¢ khéi luong mau va KBr la
1:100, & lyc nén 250 kN. Vién nén dugc phéan tich
phd hong ngoai bién d6i Fourier (FT-IR) trén thiét bi
quang phd EQUINOX 55 (Bruker, btic), trong viung
s6 séng tii 4000-400 cm~! va d6 phan gidi 4 cm .
Gian d6 nhiéu xa tia X (XRD) ctia cdc mau dang bot
dugc do trén thiét bi D2 PHARSER (Bruker, Dtc).
Qua trinh phan tich dugc thuc hién tai géc 26 trong
khoang tit 10-80° va budc chuyén 0,02 °/phit. Hinh
thai bé mit ctia cdc vat liéu dugc phan tich bang dnh
hién vi quét phét xa trudng (FESEM) trén thiét bi S-
4800 v6i thé gia t6c 10 kV. Ham lugng nguyén t6 hién
dién trén bé mat dugc xac dinh thong qua phd tan sic
nang lugng tia X (EDX), stt dung hé Emax Energy két
hop trén thiét bi S-4800. Anh hién vi dién ta truyén
qua (TEM) dugc st dung d€ khao sat hinh thai cta
vat liéu CNC/Ag duéi dang huyén phu. Trude khi
quan sat, CNC/Ag dugc phéin tan trong nudc (0,01
mg/mL) béng siéu 4m trong 30 phut, sau d6 mot giot
ctia hé huyén phui nay dugc dua 1én ludi dong va phu
1én mot 16p carbon mong, tiép dén mau dugc sdy kho
trudc khi phén tich.

Gian d6 nhiét-khéi lugng (TGA) nham danh gid do
bén nhiét cta vét liéu dugc phén tich trén may TGA
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Q500 ctia M. Mau dugc khao sat trong khoang nhiét
do tit 30-800 °C trong moi trudng khi nitrogen, toc
d0 gia nhiétla 10 °C/phat. Nhiét do chuyén thuy tinh
(Tg), két tinh lanh va nhiét d6 néng chay (T,,) ctia vét
liéu dugc phan tich bang phép phén tich nhiét lugng
ké quét vi sai (DSC). Phép phén tich nay dugc thuc
hién trén méay DSC, TA Q100 ctia My. Mau dugc do
trong moi trudng khi quyén nitrogen. Mau phén tich
dugc gia nhiét tit nhiét do phong dén 250 °C, tiép dén
ha nhiét d¢ ti 250 °C dén nhiét 46 phong cung véi téc
d0 gia nhiét 1a 10 °C/phut. Qua trinh xu 1y nhiét nay
dugc thuc hién trong 3 chu trinh lién tiép.

C6 lap cellulose tir be la dira nudc va thay
phan tao CNC

Quad trinh 6 lap cellulose va thiy ph4n tao CNC tit
be la dita nudc duge thuc hién theo cong bé trude
déay clia nhém chung t6i**. Bot diia nude tho dugc
khudy tai 90 °C trong 2 gi6 v6i nude DI theo ti1é 1:20
(khoi lugng bot/thé tich nudc), tiép dén, san phdm
dugc loc, rua lai véi nudce va sdy kho & 60 °C. Bude
tiép theo bot dita dugc dun khudy hoan luu ¢ 100 °C
trong 2 gid trong dung dich HCOOH 90%, ty 1¢ gitia
khéi lugng bot dita va thé tich HCOOH 14 1:15. Hon
hop sau khi xt ly dugc loc, rita véi nude cit d€ loai
hét HCOOH du va sdy kho ¢ 60 °C. Bot duia nude
dugc tiép tuc xu ly v6i hén hgp PFA theo ti 1é 1:20
(khoi Iugng/ thé tich) va hén hgp PFA bao gom 90%
dung dich HCOOH 90%, 4% dung dich H,O; 30%
va 6% nudéc. Hé dugc khudy hoan luu trong 2 gic &
80 °C. Budc cudi cung la giai doan tdy trang bot dita
dé thu dugc cellulose tinh khiét. Cu thé, bot sau khi
xt Iy PFA dugc tao dung dich huyén phu véi nuée cit
(3%), sau d6 cho NaOH 1 M vao huyén phu dé diéu
chinh dén pH 11, thém H,O, vao (khéi lugng chiém
40% khéi lugng sgi). Khudy déu hdn hop trén ¢80 °C
trong 1 gid. Sau d6 loc, rtia hé bing nudc cit va sdy
kho6 san phdm rdn. San phim thu dugc 1a cellulose
tinh khiét.

Soi cellulose dugc tiép tuc thay phan bang dung dich
HCIl 6 M d€ thu dugc nano tinh thé cellulose (CNC).
Trong giai doan nay, sgi cellulose dugc khudy dun
hoan luu trong dung dich HCI 6M (ty 1é khéi lugng
sgi: thé tich axit1a 1:25) § 90 °C trong 90 phut. Huyén
phu sau khi thay phan dugc ly tim trong nudc cét véi
téc do 4.000 vong/phit trong 10 phut. Budc ly tam
nay dugc thyc hién nhiéu l4n dén khi dung dich trung
hoa c6 pH 7. Sau d6, ly tam tiép 2 lan bing acetone.
Két qua thu dugc mau CNC dang bot trang sau khi
sdy kho & khoang 50 °C.

Ché tao CNC/Ag

Trong qud trinh nay, 50 mL dung dich AgNO3 véi
noéng do 0,4 mM dugc thém vao 50 mL dung dich
huyén phit CNC (0,1% theo khdi lugng). Sau d6, hon
hop phan tng dugc dudi hét khong khi bang cach
bom khi nitrogen (N3) va gia nhiét & 100 °C, trong
12 gi¢. Qua trinh phan tng luén dugc duy tri trong
moi trudng khi quyén Nj. Sau d6, huyén phu dugc
rlia sach béng cach ly tim (t6c d 4000 vong/ phut
trong 20 phut) dé loai bo hét dung dich AgNO3 du,
chua tham gia phan tng. San phdm thu dugc la dang
bot mau nau, ki hiéu 1a CNC/Ag.

Ché tao mang PVA/CNC/Ag bang phuong
phap electrospinning

0,05 gam mau CNC/Ag dugc thém vao 50,00 gam
nudc va dugc danh siéu 4m khoang 30 phut cho hop
chat ran phan tdn déu, hinh thanh hé huyén phu
CNC/Ag trong nudc. Sau d6 6,00 gam PVA dugc cho
vao hé huyén phu va khudy déu. Qua trinh khudy
dugc gia nhiét nhe cho PVA tan hoan toan. Sau do,
dung dich dugc thuc hién electrospinning trén may
ELMARCO chuyén dung, & dién 4p 50 kV, dudng
kinh d4u phun la 0,9 mm, khoang cach gitia ddu phun
va dé la 20 cm, téc do ddu phat 1a 200 mm/s. Két
thuc qué trinh phun, thu dugc mang PVA/CNC/Ag.
V6i muc dich so sanh d6i chiing, cdc mang PVA va
PVA/CNC ciing dugc diéu ché & cung nong do va
dugc thuc hién electrospinning & di€u kién tuong tu
nhu PVA/CNC/Ag.

KET QUA THAO LUAN

Phan tich vat liéu CNC/Ag da ché tao

Gidn d6 XRD

Hinh 1 1 gidan d6 XRD cta CNC va composite
CNC/Ag. Cau tric tinh thé ctia CNC dugc dic trung
bdibdn dinh nhiéu xa tai cdc vi tri 26 14n lugt 14 14,4°;
16,5°%; 22,6° va 34,9°, tuong ling v6i cdc mit mang
(101), (101), (002) va (040) **. Ph6 XRD ctia CNC/Ag
cho thdy cac dinh dic trung cho tinh thé Ag tai cac
goc 20 = 38,2%; 44,4%; 64,6° va 77,5° tuong ung véi
cic mit mang (111), (200), (220) va (311) ctia Ag*°.
Ngoai ra, qua trinh hinh thanh Ag trén gid mang CNC
dudi tac dong ctia nhiét d6 cing kem theo sy tao
thanh clia AgyO. Diéu nay dugc minh chiing thong
qua hai dinh nhiéu xa c6 cudng do tuong déi tai 260
= 27,9° va 32,2, ddc trung cho mdt mang (220) va
(122) ctia AgyO (JCPDS 76-1393) va céc dinh nhiéu
xa c6 cudng do yéu tai cic goc 20 = 46,5° va 57,6° 7.
Két qua XRD ciing cho thdy, cic dinh nhiéu xa cta
CNC trong CNC/Ag c6 cudng d6 giam. Nhu véy, gian
dé XRD da xdc minh sy ton tai ciia nano Ag trong
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composite CNC/Ag. Qua trinh hinh thanh cta Ag va
Ag>0O da anh huéng dén CNC, lam cho cu tric tinh
thé cia CNC khong con hoan hao so véi ban dau.

[A'g = JCPDS No. 870717
g
T s E
£
3
3(040)
10 20 30 40 50 60 70 80
Géc 26 (9)
Hinh 1: Gian d6 XRD clia CNC va CNC/Ag
Phé FT-IR

Phg FT-IR ctuia CNC (Hinh 2a) cho théy rd tinh chit
ua nudc ctia CNC, dac trung bsi dai phd rong tai s6
song 3400 cm~!. Pay la viing dao dong kéo din ctia
cac nhom hydroxyl trong c4u tric CNC. Mii hip thu
tai 2900 cm~! 13 dao dong kéo dan ctia lién két C-
H3%%°, Miii 1440 cm ™! ting v6i dao dong bién dang
cta cac nhom -CHp-. Miii quan sat dugc tai 1370
cm~! 12 dao dong bién dang bét d6i xing cta lién
két C-H. Cac mii & 1000-1200 cm~! do dao dong
kéo dan cua lién két C-O. Dao dong khung C-O-C
ctia vong pyranose 1a mot dai r6 & 1060 cm ™!, dic
trung cho hgp chit polysaccharide®®. Miii hdp thu
déc trung cho ciu truc cta cellulose 13 mai ¢ 890
em~ L. Mai nay nho va nhon déc trung cho dao dong
bién dang -C-H két hop véi dao dong udén ctia O-H
trong lién két B-glycoside>®. Ca hai phd déu cé miii &
khoang 1645 cm ™!, mii nay dugc cho la ¢6 lién quan
dén sy hdp thu hoi &m tao lién két hydrogen lién phan
tt ciia nhém O-H déc trung trén cac thanh phén ctia
sgi thuc vat véi cac phén tit nude trong khong khi.

Phd FT-IR ctia CNC/Ag dugc thé hién trén Hinh 2b.
Nhin chung, sau khi gin Ag lén CNC, cic dao dong
ddc trung ctia cac lién két trong CNC khong thay dai.
Ti 1é cudng d6 mii hap thu tai s6 séng 1330 em ! dic
trung cho bién dang quat ctia nhém -CH, v6i mai
hdp thu & 1645 cm™! & miu CNC/Ag bi gidm so v6i
mau CNC thudn. Diéu nay dugc giai thich 1a do Ag
lién két véi cdc nhém —OH, trong d6 c6 nhém —OH
lién két v6i nhém —CHj lam cho nhém nay kho dao
dong hon nén cuong do hép thu bi giam. Két qua
XRD cho théy c6 sy hinh thanh Ag,O do Ag trong
khong khi bi oxy hda, tuy nhién phé FT-IR khong phit
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Hinh 2: Phé FT-IR clia (a) CNC va (b) CNC/Ag

hién mai hép thu cho lién két Ag-O bai vi s6 séng dic
trung cho lién két nay & vung s6 song thdp (gan 400
cm~!) nén dé bi nhiéu va chéng l4p béi cdc dao dong
khéc.

Anh TEM, anh FESEM va phé EDX

Anh FESEM ctia CNC/Ag & cac thang do khéc nhau
dugc thé hién trén Hinh 3a va Hinh 3b. Két qua cho
thdy CNC sau khi thuy phéin cé dang thanh, trén bé
mit CNC c6 su phén tdn clia Ag dang hat cau. Anh
TEM cua CNC/Ag (Hinh 3c) xac nhén Ag tao thanh
trén gia mang CNC c6 dang hat cdu véi duong kinh
trong khoang 20-30 nm va phin b6 dong déu trén bé
mait CNC. Gia mang CNC gitp 6n dinh kich thuéc
ctia cac hat Ag, tranh hién tugng cac hat két tu lai véi
nhau d€ tao thanh ciu tric khéi cé kich thudc 16n.
Ph§ EDX mot 1an nita xac dinh sy hién dién cua Ag
trén CNC thong qua sy ¢é mdt ctia cic nguyén t6 C,
O va Ag v6i phén tram khoi lugng va nguyén ti dugc
thé hién trén Hinh 3d.

Thong qua cac két qua XRD, FT-IR, FESEM, EDX va
TEM, c6 thé gidi thich sy hinh thanh ctia CNC/Ag
thong qua co ché hinh thanh vat liéu dugc trinh bay
trong Hinh 4. Pau tién, dung dich AgNO3 dugc thém
vao huyén phit CNC. Khi d6, cac cation Ag™ dugc
hép phu trén bé mit cia CNC thdéng qua tuong tac
tinh dién ctia cdc cation mang dién tich duong nay
va cdc nhom hydroxyl mang dién tich 4&m ctia CNC.
Tiép dén, hon hgp dugce gia nhiét 6 100 °C trong moi
trudng nitrogen. Dudi tac dong ctia nhiét do trong 12
gi%, cdc nhom hydroxyl trén bé mat CNC déng vai tro
la chat khti cac ion Ag™ thanh Ag c6 dinh trén bé mit
CNC.

Phdn tich TGA

Hinh 5 la gidan 46 TGA va DTG ctia CNC va CNC/Ag.
Ca hai vt liéu déu c6 mot giai doan phan hiy nhiét
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Hinh 4: Co ché dé nghi cho su hinh thanh vat liéu CNC/Ag

chinh. P6i véi CNC, khi gia nhiét ti nhiét do phong
dén khoang 150 °C, vt liéu c6 d¢ sut gidm 10% khdi
lugng do su bay hoi ctia lugng hoi &m hip thu trong
méau. O nhiét dd 150-250°C la khoéng bén nhiét ctia
CNC. Giai doan phéan huy chinh cua CNC la trong
khoang 250-450 °C tuong ting v6i do mat khoi lugng
12 82%. Day la giai doan cdu trac CNC dao dong hén
loan do nhiét, tit 46 xay ra dong thoi ca ba qua trinh
bao gém phd v& ciu tric tinh thé, phan huy nhom
chiic bé mit va bé gay cac mach cellulose thanh cac

phan td nho hon. Sau 450 °C la ting v6i qua trinh
than hoa hinh thanh carbon graphite, véi d6 mat khoi
lugng viing nay chi 1a 2%. D6i véi mau CNC/Ag, ti
nhiét d6 phong dén 140 °C 1a khoang bay hoi cta
nudc véi d6 mat khoi lugng 1%. Do mat khéi lugng
trong qua trinh nudc bay hoi cia CNC/Ag thdp hon
so v6i CNC la do & vat liéu CNC/Ag, Ag tuong tac
v6i cac nhém —~OH ctia CNC lam cho cac nhém -OH
nay khong thé tuong tac dugc véi HyO ngoai khong
khi dan dén ham lugng nudc hdp phu trong CNC/Ag
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Hinh 5: Gian d6 TGA va DTG ctia CNC va CNC/Ag

thép hon so véi CNC. Tl 140-200 °C 1a khoang bén
nhiét cia CNC/Ag. Giai doan phén hiy chinh cta
CNC/Ag xdy ra sém hon so v6i CNC (200-380 °C)
v6i 6 mat khoi lugng 14 88%. Nguyén nhén cta hién
tugng nay 13 do Ag c6 d6 dan nhiét rét t6t, vi vay cac
hat nano Ag trén bé mit CNC gitp qud trinh nhén va
truyén nhiét cia CNC/Ag dugc thuan lgi hon so véi
CNC thuén. Vi vdy, CNC/Ag phin hiy sém va kém
bén nhiét hon so v6i CNC. T 380-800 °C ting véi
qua trinh than héa hinh thanh carbon graphite va tro
rdn. Khdi lugng tro rdn con lai cia CNC/Ag la 6%.

Khd ndng khdng khudn cia CNC/Ag

Trong phuong phip do duong kinh vong khang
khuén, & nhiét 40 phong, moét lugng nhd CNC/Ag (~
0,01g) dugc dit lén mat moi trudng thach cé cdy vi
khuéin Gram am dai dién 13 E. coli va Gram duong la
S. aureus tai 3 vi tri khdc nhau. Sau thoi gian 24 gio,
thanh phan Ag trong CNC/Ag nhanh chéng khuéch
tan trén moi trudng thach va tc ché sy sinh trudng va
phat trién ctia vi khudn, tao vong khang khuén. Tinh
khéng khudn manh hay yéu tuy thu¢c vao dudng kinh
vong khéng khu#n 16n hay nho. O Hinh 6, két qué cho
thdy d6i véi chung vi khudn E. coli vong khéang khudn
c6 dudng kinh tai ba vi tri 14n lugt 1 7,05 mm; 6,42
mm va 7,07 mm. D&i v6i chung vi khuén S. aureus,
két qua cho dudng kinh vong khang khuén tai ba vi
tri 13 8,00 mm; 6,90 mm va 7,35 mm. Diéu nay cho

1984

théy, vatliéu CNC/ Ag dang bot méc du c6 ham lugng
Ag khé nho nhung hoat tinh khang khuén trén ca hai
chung vi khuéin Gram 4m (E. coli) va Gram duong (S.
aureus) van cho hiéu qua tuong d6i tét.

Phan tich vat liéu PVA/CNC/Ag dugc ché tao
bang phuong phap electrospinning
Anh FESEM

Anh FESEM ctia PVA, PVA/CNC va PVA/CNC/Ag
dugc thé hién trén Hinh 7. Qua trinh electrospinning
tao ra cdc sgi PVA c6 kich thudc kha dong déu, véi
dudng kinh trung binh khoang 50 nm. Tuy nhién,
hinh thdi sgi PVA ¢6 su khong 6n dinh. Bé mat s¢i
g6 ghé, mot vai viing c6 su tao thanh cidc mang 16n.
Khi ¢6 thém CNC, duodng kinh ctia sgi PVA/CNC
quan sat dugc c6 kich thudc nho hon cta PVA, tuy
nhién, mét do ctia cdc cum mang I6n xudt hién nhiéu
hon. Dai v6i mau PVA/CNC/Ag, hinh thai ctia sgi
thu dugc khong dong déu, bé mit go ghé va sgi co
dudng kinh khodng 70 nm, 16n hon so véi ca hai mau
PVA va PVA/CNC. Ngoai ra, trong ciu truc sgi dai
ctia PVA/CNC/Ag van c6 cdc cum mang l6n. Sy hién
dién cac cum mang lén trong cdu truc ca ba sgi thu
dugc c6 thé dugce gidi thich la do dung dich PVA dugc
diéu ché trong nghién ctiu nay 13 12%. Day dugc coi
la dung dich c6 d6 nhét khé 16n d€ thyc hién elec-
trospinning. Vi vay, trong qua trinh ap thé va dung
dich dugc phun ra khéi ddu phun c¢6 su v& thanh cac
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Hinh 7: Anh FESEM ctia PVA, PVA/CNC va PVA/CNC/Ag & cac thang do 5 tm va 500 nm.

giot bin chuyén dong trong viing dién trudng va bam
dinh trén mang thu. Chinh sy mit 6n dinh cta tia
chét 1ong trong qua trinh electrospinning da dan dén
st hinh thanh cdc méang 16n trén cdu trac chiéu dai
ctia sgi 4041,

Gidn dé XRD

Hinh 8 1a gian d6 XRD clia cdc mang PVA/CNC va
PVA/CNC/Ag thu dugc sau qué trinh electrospin-
ning. Két qua cho thdy ca hai mang déu c6 dinh
nhiéu xa tai 26 = 19,8°. Pay la dinh dic trung cho
cac vung tinh thé trong cdu trac PVA, dugc hinh
thanh do mang ludi lién két hydrogen ndi phan ti
va lién phén t ctia polymer nay. Két qua XRD cua
mang PVA/CNC/Ag, ngoai dinh dic trung cho PVA
¢6 cudng dd cao, con cb cac dinh nhiéu xa dic trung

cho tinh thé Ag cdu trac l4p phuong tai cic goc 26
= 38,2%; 44,4%; 64,6° va 77,5° tuong ting v6i cac mét
mang (111), (200), (220) va (311) ctia Ag*?.

Ag «I37) JCPDS No.87—0717
(zoo)

(2z20) (311)

Ao 111

Cuong do (a)

Ao @ooy
: AT (220) Ag (311>

PV A/CNC/AG

PV A/CNC
10 20 30 a0 so so 70 s0
Soc 20 ()

Hinh 8: Gidn d6 XRD ctia PVA/CNC va PVA/CNC/Ag

1985



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 6(2):1979-1990

Phé FT-IR

Két hop cung gian d6 XRD, phd FT-IR (Hinh 9)
ctia cdc mau mang PVA, PVA/CNC va PVA/CNC/Ag
cing dugc khao sat. Két qua FT-IR cho thdy ca ba
mau mang déu ¢ mot mii hip thu 16n, dang bau tai
s6 song 3300 cm ™!, dic trung cho dao dong kéo dan
cua lién két O—H. Day la lién két ddc trung cho cac
lién két hydrogen néi phén t1, lién phan td va ca cac
nhém —OH tu do trong ciu truc vat liéu. Cac dao
dong kéo dan doi xding va bat d6i xting ctia nhom
—CH, v6i mii hdp thu & 2865 va 2925 cm™!. Céc
mii hdp thu dic trung cho PVA #? ciing dugc quan
sét thdy trén Hinh 9, bao gom mai & 850 cm™! (dao
dong C-C), 1087 cm! (kéo dan va u6n ctia C-0),
1328 cm~! (dao dong kéo dan C-C) va 1420 cm!
(dao dong kéo dan C—C trong —~CH,). Miii h4p thu c6
cuong do manh tai 1725 em ! dic trung cho lién két
C=0, hién dién trong thanh phdn ~-OCOCHj3; chua bi
thay phén ctia PVA. Khong c6 sy xuét hién ciing nhu
dich chuyén vi tri ctia cdc miii hdp thu khi so sanh phd
FT-IR cua ca ba vét liéu, diéu nay cho thay trong qua
trinh phdi tron céc thanh phan va ché tao bang quy
trinh electrospinning khong c6 su lién két cing nhu
két hop hoa hoc gitia cac hop phén.

Db truyén qua (au)

12865

3300 o35

4000 3500 3000 2500 2000 1500 1000 So00
Sé song (em™)

Hinh 9: Phé FT-IR cla cdc mang (a) PVA, (b)
PVA/CNC/Ag va (c) PVA/CNC/Ag

Phan tich DSC

Phan tich nhiét lugng ké quét vi sai (DSC) dugc
sti dung dé€ phan tich tinh chit nhiét cha mang
PVA/CNC/Ag sau khi thuc hién electrospinning. Do
PVA dé bi phan hiiy & nhiét d6 trén 200 °C nén phép
do DSC dugc khao sat trong 3 chu ky tit nhiét do
phong dén 250 °C cung véi téc d6 gia nhiét/ha nhiét
1a 10 °C/phut va khong thuc hién budc déng nhiét
tai 250 °C. Gidn d6 cling két qua phén tich DSC cua
PVA/CNC/Ag dugc hién thi tai Hinh 10 va Bang 1.
O chu ky d4u tién, khi gia nhiét, gian d6 DSC xut
hién 2 mai thu nhiét. Mai c6 cudng d6 thip 6 khoang
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130 °C 1a sy hay hoi clia nu6c véi gia tri enthalpy
la 61,47 J/g. Su bay hoi ctia cac phan tl nudc tao
lién két lién phén ti manh va ndm siu trong ciu tric
ctia mang PVA/CNC/Ag sé dugc ghi nhén tai mii thu
nhiét tiép theo xudt hién véi cudng do cao tai 169 °C.
Gid tri enthalpy ghi nhén cho qud trinh nay la 112,26
J/g. Qua trinh néng chay ctia cdc mach PVA lam xuat
hién mai thu nhiét & khoang nhiét d6 195-210 °C.
Khi ha nhiét, cdc mach PVA ¢ sy téi sdp xép cdu truc
vakét tinh 6 175,48 C véi gid tri enthalpy 12 28,51 J/g.
& chu ky thit hai, mach PVA bit d¢4u néng chay & nhiét
do thip hon & chu ky thd nhat. Ving thu nhiét néng
chay ctia PVA xdy ra trong khoang nhiét d¢ rong 140-
210 °C, v6i gid tri enthalpy la 47,30 J/g. Nguyén nhan
ctia hién tugng nay la do sau khi ndng chay & lan gia
nhiét th nhat tai chu ky 1 thi CNC/Ag da phén tan
t6t vao pha nén PVA. Véi dic tinh dan nhiét t6t, 6 1an
gia nhiét thi hai, Ag nhan nhiét va truyén cho PVA
lam cho PVA dé néng chay & nhiét d6 thip hon. Pha
nén PVA sau hai lan néng chay da gitip cho CNC/Ag
phén tan dong déu trong ciu truc. Su tuong tac gitia
PVA va CNC/Ag di lam cho cac chubi mach PVA trit
tu va kho dao dong nhiét hon. Chinh vi vay, ¢ lan
gia nhiét thd ba, mii thu nhiét néng chay ctia PVA
dich chuyén vé viing nhiét d6 cao hon & 175-225 °C
va gid tri enthalpy tuong ting la 99,98 J/g. Gia tri nay
cao hon § cd hai chu ky 1 va 2 truéc d6. Trong ca ba
1an ha nhiét thi mdu PVA/CNC/Ag déu xuit hién muai
toa nhiét & khoang 175 °C, tuong ting v6i qua trinh
két tinh ctia PVA. Gi4 tri enthalpy tuong ting ctia qud
trinh nay gidm din qua 3 chu ky. Diéu do6 cho thay
khi CNC/Ag phén tan t6t hon vao pha nén PVA thi
CNC/Ag lam cho mach PVA mit trat tu. Tt d6, PVA
khong thé két tinh lai t6t nhu ban dau.

KET LUAN

Trong nghién ctiu nay, nano tinh thé cellulose (CNC),
dugc co lap tii ngudn nguyén liéu be la dita nudc
Viét Nam, dugc st dung lam gid mang dé Ag NPs
tao thanh sau qua trinh xt Iy nhiét gin két 1én. Su
hién dién cia Ag NPs trén nén CNC cung kha ning
khang khudn cia CNC/Ag dugc xdc minh bang gian
d6 XRD va phuong phap khao sit vong khang khudn.
Vat liéu CNC/Ag sau d6 dugc phdi tron v6i dung dich
PVA va ché tao thanh sgi PVA/CNC/Ag bang phuong
phép electrospinning. Sgi PVA/CNC/Ag thu dugc c6
duong kinh trung binh khoang 70 nm. Phén tich DSC
cho thdy sy hién dién cia CNC/Ag c6 anh hudng dang
ké dén tinh chdt nhiét cta vat liéu. Tuy nhién, két
qua FESEM cho théy d€ sgi PVA/CNC/Ag thu dugc
¢6 hinh thai cung sy dinh huéng t6t va kich thude
dong déu cin phai tiép tuc khao sat chi tiét cac yéu
t6 anh hudng dén qud trinh hinh thanh vat liéu bing
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phuong phép electrospinning. Nhiing két qua budc
d4u nay cho thdy mang PVA/CNC/Ag c6 thé dugc t6i
uu héa d€ tao ra vat liéu c6 tinh nang phtt hgp nhim
tng dung trong linh viic lJam mang bang vét thuong.

LOI CAM ON

Nghién ctiu dugc tai trg bai Truong Pai hoc Khoa hoc
Ty nhién, PHQG-HCM trong khuon khé Dé tai ma
$6 T2021-24. Nhom téc gid xin chan thanh cam on.

DANH MUC TU VIET TAT

CNC Nano tinh thé cellulose

DSC Nhiét lugng ké quét vi sai

EDX Phé tén sic ning lugng tia X

FT-IR Phé hong ngoai bién d6i Fourier

FESEM Kinh hién vi dién t& quét phat xa trudng
PVA Poly(vinylalcohol)

TEM Kinh hién vi dién tii truyén qua

TGA Phan tich nhiét trong lugng

XRD Nhiéu xa tia X

XUNG DOT LOI iCH
Nhoém tac gid cam két khong c6 xung dot lgi ich.

PONG GOP CUA CACTACGIA

Huynh Trong Kha, Nguyén Thi C4m Tién, Bui Kim
Ngéan, Nguyén Thi Thanh My: thyc nghiém

Vit Néng An, Lé Van Hiéu: chudn bi ban thao va chinh
stia/phan hoi phan bién, hoan chinh ban thao.
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Fabrication of PVA/CNC/Ag membrane by electrospinning method

Vu Nang An’*, Huynh Trong Kha, Nguyen Thi Cam Tien, Bui Kim Ngan, Nguyen Thi Thanh My, Le Van Hieu

TOM TAT

In this study, the morphology, structure, and properties of three-component composite mem-
. ) brane including poly(vinylalcohol), cellulose nanocrystals, and nanosilver (PVA/CNC/Ag) fabricated
Use your smartphone to scan this by electrospinning method were presented. CNG, isolated from Nypa fruticans branches by a chem-
QR code and download this article ical method, was used as a membrane to synthesize Ag nanoparticles (CNC/Ag) by a simple heat
treatment technique. The presence of Ag NPs on CNC and the antibacterial ability of CNC/Ag were
verified by the disc diffusion method. The CNC/Ag material was then mixed with PVA and the
electrospinning step was performed. The PVA/CNC/Ag membrane was characterized by methods
such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), field emission scan-
ning electron microscopy (FESEM), and differential scanning calorimetry (DSC). The FESEM results
demonstrated that PVA/CNC/Ag had an irregular fiber morphology, rough surface, and fibers with
an average diameter of about 70 nm, larger than both PVA and PVA/CNC. DSC analysis indicated
that the presence of CNC/Ag had a significant effect on the thermal properties of the PVA/CNC/Ag
material. These initial results showed that it was necessary to further investigate the fabricating
parameters of the electrospinning process to optimize the properties of the PVA/CNC/Ag materials
in order to afford membranes with suitable properties for wound dressing applications.

Tu khoa: Cellulose nanocrystals, electrospinning method, nano Ag, polyvinylalcohol, wound
dressing
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	Vật liệu
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