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TOM TAT

Bai bdo trinh bay viéc ché tao mang biocomposite ba thanh phan trén co s& chitosan, nano tinh
thé cellulose va nano bac (mCS/CNC/Ag), nham dinh hudng ung dung trong xU Iy nudc. Mang
mCS/CNC/Ag dugc ché tao bang moét quy trinh hai giai doan. Budc dau, mang mCS/CNC dugc
téng hop bang phucng phap gel hda dong lanh. Hinh thai hoc cia mang mCS/CNC dugc phan
tich bang anh hién vi dién tir quét (SEM). Két qua SEM cho thdy mang ban thdm mCS/CNC c6 cdu
trdc xdp, kich thudc 16 x6p tir 50-200 mm. Hinh thai clia 16 x6p & 2 phia bé mat ctia mang c6 su
khac nhau o rét, trong dé mot bé mat co s6 lugng 16 x6p it hon va kich thudc 16 x6p cling nhd hon
so vGi bé mdt con lai. Biéu nay chiing minh mang mCS/CNC thu dugc cé cdu tric bat doi xing.
Tiép dén hat nano Ag (Ag NPs) dugc gén 1én mang mCS/CNC bang phuong phép chiéu xa UVC. Su
hién dién ctia Ag trong cau tric mang mCS/CNC dugc xac dinh thdng qua két qua phan tich nhiéu
xa tia X (XRD), phé hong ngoai bién déi Fourier (FT-IR) va phé tan sdc nang lugng tia X (EDX). Két
qua anh SEM cho thay sau khi Ag NPs dugc tao thanh da chen vao trong mang mCS/CNC, pha vé
cdu truc 16 x6p va tao thanh mang mCS/CNC/Ag. Mang biocomposite mCS/CNC/Ag co hiéu qua
khir methylene blue cao (hon 90%) chitrong 1 phut khi cé mat clia NaBHy4. Su céd mdt cia CNC gop
phén cai thién tinh chét co hoc clia mang va co6 thé giup mang téi st dung sau qua trinh xu ly.

Tur khoa: Chitosan, nano tinh thé cellulose, nano Ag, mang ban tham, phuong phép gel hda lanh,

XU ly nuéc

MG PAU

Hién nay sy gia ting dan s3 cuing sy phat trién nhanh
ctia cac nganh khoa hoc va cong nghé dang dan dén hé
luy 1a tinh trang 6 nhiém mdi trudng ngay cang ning
né, dac biét1a moi trudng nude. Ngubn nude 6 nhiém
¢6 nguyén nhan la do céc loai kim loai ning, thudc
nhudm, thudc tri sau, thudc diét co,...dugc théi ra ti
cac hoat dong san xuét cdng nghiép va néng nghiép
clia con ngudi 2. Trong s6 d6 thi thudc nhuom, hay
phédm mau hitu co 1a mét trong nhiing tdc nhan chiém
ham lugng cha yéu. Thu6c nhuém hiiu co 1a cac hgp
chét c6 cdu tao gom cac vong benzene ciing cac nhom
phtic chit mang mau khé bén va khong bi phan hay &
diéu kién thong thuong. Day la loai hda chat dugc su
dung rong rai trong cac nganh cong nghiép nhu dét,
thudc da, gidy, dugc phdm, my phdm,... Sau qua trinh
san xudt, chung dugc thai ra moi trudng va néu khong
dugc xt ly bang quy trinh phit hgp thi thuéc nhuém
sé tron 1an v6i mach nudc trén bé mit, tiép dén la
mach nudc ngdm cua trai dat, gy doc hai, tac dong
tiéu cuc dén moi trudng séng clia con ngudi va hé
sinh thai»*. Mot thi du cu thé c6 thé ké dén 1a methy-
lene blue (MB). Bay 1a mét loai thuéc nhuém cation,

thudng dugc sti dung truc tiép dé€ nhuém mau vai, s¢i
boéng, hay ding d€ nhuém gidy, nhuém céc san pham
t tre nifa, manh truc,... Khi néng d6 MB trong nudc
qud cao sé gy can trd su hap thu oxygen tit khong khi
vao nudc. Piéu nay lam anh hudng qua trinh sinh
trudng cua cac dong thuc vat, gay ra hién tugng xao
tron hoat dong ctia vi sinh vat va anh hudng dén qué
trinh ty lam sach cua nu6e. Khi phoi nhiém véi MB,
con ngudi ¢ thé bi cdc bénh vé mat, da, dudng ho
hép, duong tiéu hoéa va thdm chi bi ung thu. Chinh
vily do d6, viéc xti Iy loai bd MB ciing cac loai thudc
nhudm khac ra khéi nguén nudc sinh hoat dang tré
nén vo cung cdp thiét d6i véi doi séng con ngudi. Cho
dén nay, mot s6 phuong phép bao gém ca vat Iy, hoa
hoc va sinh hoc da dugc nghién ctiu nham loai bo cac
loai phdm nhudém nay. Trong s6 dd, phuong phap xu
ly phdm nhudm bang phan ting héa hoc dudi sy hod
trg ctia chat xuc tic dang thu hit dugc nhiéu su quan
tam®.

Trong vai thip ky viia qua, viéc nghién ctiu st dung
cdc hat nano bac (Ag NPs) lam xuc tac di thé cho cac
phan tGng hda hoc, nhét 13 cdc phan tng phan hay
phdm nhudm hitu co hay céc hgp chét nitro c6 chua
vong thom giy 6 nhiém moi trudng nudc, dang rét

Trich dan bai bao nay: An V N, Phuang L T T, Ngan B K, Huong V T D, HA N T, Uyén N T N. Ché tao mang
biocomposite ba thanh phan trén co s& chitosan, nano tinh thé cellulose va nano bac ting dung
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phat trién®=. Chit xdc tic Ag NPs c6 hoat tinh cao,
¢6 tinh chon loc, tinh 6n dinh ciing nhu chi phi téng
hop Ag NPs thip so v6i cac hat nano kim loai quy khéc
nhu Au, Pt, Pd, ... Ddc biét, Ag NPs c6 dién tich bé
mat 16n, bé mit gidu dién tich nén dé dang tham gia
vao qua trinh kht mau thudc thuém. Tuy nhién, do
6 tuong tac Van der Waals cling ning lugng bé mat
cao nén Ag NPs dé bj két tu thanh cac khdi c6 kich
thudc 16n. Piéu nay da han ché pham vi ting dung va
lam giam dang ké hoat tinh xtic tac ctia chiung '°. Mot
thach thic khéc la qua trinh tach xtc tdc Ag NPs ra
khoi dung dich sau phéan ting kha khé khan, doi hoi
céc ki thuat ly tam hodc ling loc & giai doan hiu xu
ly phiic tap, ton kém. Day la mot trd ngai 16n vé mét
kinh t€ khi ing dung xtc tic Ag NPs & quy md 16n.
Chinh vi véy, d€ khic phuc cic nhugc diém trén,
nhiéu nha khoa hoc da dé nghi phat trién cac phuong
phép giup gan két Ag NPs trén céc loai gid mang khac
nhau. Day la mot céch ti€p can dang rit dugc quan
tam, ddy htta hen trong viéc ché tao ra cic hat vat
liéu t6 hop & cdp d6 phan tan vi di thé. Phuong phép
nay khong nhiing gitp gitt dugc do dn dinh, kha ning
phén tdn ma con co thé gia ting dugc hoat tinh xtc
tac ctia Ag NPs. Xuét phat tit dinh hudng nay, kha
nhiéu cac nghién ctu da dugc cong bé vé viéc tng
hgp Ag NPs trén cac loai gia mang khac nhau nhu vét
liéu carbon ', silica 2, kém oxide '3, polyacrylamide
(PAM) 4, poly(methyl acrylate) (PMAA) -poly (vinyl
pyrrolidone) (PVP) 15 . Dic biét, khi st dung gia
mang la cac loai polymer sinh hoc, cac loai vat liéu
nay con c6 thém mot s6 tinh chdt méi nhu kha ning
tai stt dung, ting hoat tinh xuc tdc, kha nang hip phu
cao cling véi chi phi thap '°.

Chitosan (CS) 1a dan xudt cta chitin, thanh phin
chinh ¢6 trong vo ctia cac loai dong vét gidp xdc.
bay 1a mét polysaccharide mach théng, dugc téng
hgp trong moi trudng kiém tii phan tng deacetyl
héa chitin, bién d6i nhém N-acetyl (CH3CO-) thanh
nhém amine (-NHy) & vi tri C2'7. Uu diém cta CS
14 ¢6 tinh khang khuén ty nhién, khong doc hai va
c6 thé phan huay sinh hoc. Cho dén nay da c6 kha
nhiéu cac nghién ctiu vé viéc tong hgp Ag NPs trén
gid mang CS dang mang huéng dén ting dung lam
mang bing vét thuong ', bao bi bio quin nong san ¥
hay mang khang khuin =22, Di c6 mét s6 cong bs
vé mang composite trén co s6 CS va Ag NPs ting
dung lam xdc téc trong phan tng khtt thuéc nhudém
va khang khuin?’ va gan day nhit 1a lam vat liéu
hép phy cic loai phdm nhudm anion?* hay lam xtc
tac cho qué trinh khi cac hgp chdt nitrophenol doc
hai?®. Tuy nhién, tinh chét co Iy ciing d¢ bén nhiét
kém cta CS da han ché pham vi ting dung cta loai
vat liéu nay. Chinh vi ly do d6, vét liéu composite

mdi két hop gitia CS va nano tinh thé cellulose (CNC)
da dugc nghién ctiu v6i muc dich khong nhiing khéc
phuc dugc nhugc diém nay ma con tao ra mot s6 tinh
ning maéi nhim huéng dén kha ning ting dung trong
nhiéu linh viic khdc nhau?®. CNC dugc diéu ché bing
cach thiy phén cellulose, 1a loai polymer sinh hoc c6
tri lugng 16n nhét trong tu nhién, trong moi trudng
acid?”?8. Pay 1a vat liéu nano tdi tao dang thu hut
dugc rit nhiéu sy quan tim do s& hitu cdc dic tinh n6i
troi nhu do bén va do ciing cao, ty trong thip cung kha
ning phan hiy sinh hoc,...?°. Nhg kha ning tucng
thich t6t véi cac chat sinh hoc khac ma CS c6 thé két
hop t6t véi CNC. Vit liéu composite dang mang gitia
CS va CNC khéng nhiing cé tinh ning co ly tét, than
thién véi moi trusng ma con c6 tiém ning ting dung
rong 16n trong cac linh viic nhu y sinh, bao bi va xt ly
nudc2630, Karim va cong su? di ché tao composite
CS/CNC dé€ loai bo thudc nhudm cation trong nudc
nho co ché hdp phu thong qua tuong téc tinh dién gitia
CNC tich dién 4m va thuéc nhuom tich dién duong.
Tuy nhién, han ché ctia composite CS/CNC la kha
nang khang khuén cting qua trinh tdi stt dung chua
hiéu qua. Gén day nhit, Zhao cling cic cong sy !
da ché tao composite ba thanh phén bao gém CS, Ag
NPs va cellulose vi khuin. Vat liéu thu dugc c6 kha
nang khiang khuén t6t d6i v6i ca vi khudn Gram 4m
va Gram duong.

Cho dén nay, theo hiéu biét ctia ching t6i, viéc t6ng
hgp composite ba thanh phan trén co sd CS, CNC va
Ag NPs huéng dén ting dung trong xti ly méi trusng
nudc van con rit han ché. Bai bdo trinh bay viéc ché
tao mang biocomposite ba thanh phan trén co s& CS,
CNC va Ag NPs bang mot quy trinh ché tao don gian
va chi phi thip.Vat liéu tao thanh khong nhiing c6
hoat tinh khti thuéc nhu¢m cao ma con cé kha ning
tai stt dung va than thién v6i moi trudng.

VAT LIEU VA PHUONG PHAP

Vat liéu

Cellulose cong nghiép (CMC) Avicel-PH101 c6 kich
thudc hat ~50 um dugc mua tii hang Sigma-Aldrich.
Sodium hydroxide (NaOH, 96%), sodium borohy-
dride (NaBHy, 98%), citric acid (C¢HgO7, 99%), hy-
drochloric acid (HCI, 37%), acetic acid (CH;COOH,
> 90%) cung tién chat ctia Ag la AgNO3 déu la cac
héa chat thuong mai, dugc cung cip bdi hang Xilong,
Trung Qudc. Chitosan (CS) stt dung trong nghién ctiu
nayla dang thuong mai c6 xudt xt Viét Nam, véi trong
lugng phén tt M,, ~ 74.000 g.mol~ Ivadoda phan tén
14 1,95. Ethanol la dung méi thuong mai dugc mua tit
hang Chemsol, Viét Nam. Phdm nhuém methylene
blue (C16HsN3CIS) ciing la dang thuong mai dugc
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mua tit hang Xilong, Trung Qudc. T4t ca cac hda chit
dugc stt dung truc tiép ma khong cin phai tinh ché
lai.

Phuong phap nghién ctu

Céc miu phan tich bao gdm ca dang bot va dang
mang dugc phén tich phd hong ngoai bién d6i Fourier
(FT-IR) trén thiét bi quang phd TENSOR 27 (Bruker,
Pic), trong ving s6 séng tit 4000-400 cm ™! va do
phén giai 4 cm~!. C4u tric tinh thé cia vat lidu dugc
phén tich tit gidn d6 nhiéu xa tia X (XRD), dugc do
trén thiét bi D2 PHARSER (Bruker, Dtic). Qud trinh
phén tich dugc thuc hién tai goc 26 trong khoang 10—
80° va budGc chuyén 0,02 °/phut. Hinh thdi bé mit
ctia mang vat liéu dugc phén tich bing dnh SEM, trén
thiét bi IGS-QUANTA 650 vi thé gia tdc 20 kV. Ham
lugng nguyén t6 hién dién trén bé mit dugc xac dinh
thong qua phd tan sic ning lugng tia X (EDX), st
dung hé Emax Energy két hgp trén thiét bi S-4800.
Phg UV-Vis dugc do bang mdy Jasco UV-Vis V-670
(Nhét), trong viing budc séng tit 300-800 nm, véi téc
d6 400 nm/phut.

Ché tao nano tinh thé cellulose (CNC) tur cel-
lulose vi tinh thé (CMC)

Nano tinh thé cellulose (CNC) dugc ché tao bang cach
thay phén cellulose vi tinh thé (CMC) trong hon hgp
C¢HgO7 va HCI dya trén nghién ctu ctia Yu cling
cac cong su 3233, Quy trinh dugc thuc hién nhu sau:
CMC (8,0 gam) dugc thém vao dung dich hén hgp
Ce¢HgO7/HCIL (400 mL, ti 1é thé tich 9:1; néng do
Ce¢HgO7 1a 3 M va HCl la 6 M). Huyén phu dugc
khudly co lién tuc bing mdy khudy dta IKA RW 20
digital véi téc do 300 vong/phut & 80 °C trong 6
¢io. Huyén phit dugc lam ngudi nhanh dén nhiét d6
phong, sau d6 san phdm phan ting dugc ria lai nhiéu
14n v6i nu6e khti ion bing cach ly tAm véi t6c d6 5.000
vong/phut trong 20 phut. Cdc mau sau ly tam dugc
sdy kho trong tt sdy 6 80 °C cho dén khi kho, thu dugc
CNC dang bot.

Ché tao mang mCS/CNC

Mang mCS/CNC dugc téng hop bing phuong phap
gel hoa donglanh. Giai doan ddu tién 1a diéu ché dung
dich CS 3% (wt%) va huyén phtt CNC trong dung dich
acetic acid 1% (v/v). Dung dich CS 3% (wt%) dugc
diéu ché béng cach cho CS dang bot vao dung dich
acetic acid 1% (v/v) va khudy tli & nhiét d6 phong cho
dén khi CS tan gan nhu hoan toan, sau d6 hén hgp
CS dugc loc dé loai bo chitin cung CS khong tan va
thu dugc dung dich CS. Dong thoi v6i qua trinh nay
la khudy CNC trong dung dich acetic acid 1% (v/v)

dé tao thanh huyén phu. Tiép dén, cho ti tit dung
dich CS vao huyén phit CNC va khudy cho CNC phan
tan déu trong CS. Sau do, dung pipet rut 10 mL hon
hop trén cho vao dia petri biang chat liéu polystyrene
va giti 6 nhiét do -15 °C trong vong 1 gid, dong thoi
ciing lam lanh dung dich NaOH : ethanol (1:1, v/v) &
cung nhiét d6 va thai gian. Sau 1 gid, dung 6ng nho
giot rut dung dich NaOH : ethanol da dugc lam lanh
cho vao mang dén khi bé mét mang da dugc phtthoan
toan bai dung dich NaOH:ethanol. Mang dugc ngam
& nhiét d6 -15 °C trong 24 gid. Sau do, riia mang bang
nuéc DI cho dén khi pH 7. Ngdm mang lan lugt trong
dung dich ethanol véi ti 1é 70, 80, 90, 100% cudi cling
la dung dich glycerol véi thoi gian ngdm méi 1an 1a
15 phut. Sau d6, mang dugc sdy dong kho, boc mang
khoi dia petri dé thu dugc mang ban thdm mCS/CNC.
Quid trinh ché€ tao mang d6i chiing mCS, khong c6
CNC ciing tuong tu nhu quy trinh da dugc mo ta &
trén.

Ché tao mang mCS/CNC/Ag

Mang mCS/CNC sau khi téng hgp xong dugc ngdm
trong dung dich AgNO3 0,1 M trong thoi gian 24
gio & diéu kién khong cé 4nh sdng. Tiép dén, mang
mCS/CNC dugc 14y ra va tién hanh chiéu xa UVC (4
= 254 nm) trong 1 gid d€ hinh thanh cic hat nano
Ag trén mang mCS/CNC. Sau d6, mang dugc riia lai
nhiéu lan bing nudc DI va luu trit & nhiét do -15 °C
trong 24 git. Cudi cung, mang dugc sdy dong kho dé
thu dugc mang composite mCS/CNC/Ag.

Khao sat hoat tinh xtic tac

Mang mCS/Ag va mCS/CNC/Ag c6 cung kich thuéc
1x1 cm? dugc nhing vao mot cdc thity tinh c6 chita
sdn hon hgp gébm 3 mL dung dich NaBH, 0,1M va 30
mL methylene blue (MB) néng d6 10 ppm. Tai mbi
thoi diém khao sit, mang mCS/CNC/Ag dugc 14y ra
khoi dung dich va dung dich trong beaker dugc do do
hép thu bang phd UV-Vis v6i bude séng 300-800 nm,
sau d6 dua vao dudng chuidn MB dé xac dinh ndng do
MB con lai. Khé ning khit MB dugc tinh theo cdng
thc (1):

Kha nang khi = & (1)

Trong d6 C; va C, 14n lugtla ndng do tai thoi diém tva
nong d6 ban dau ciia MB. Mot hé tuong tu cling dugc
thuc hién dé€ khéo sit kha nang khit MB khi khong c6
sy hién dién ctia NaBHy.

KET QUA THAO LUAN
Thiy phan CMC tao CNC

Phé FT-IR

Hinh 1 13 ph6 FT-IR ctia CMC va CNC. Phg FT-IR
cho thdy CMC va CNC déu c6 cadc mai hép thu tuong
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Hinh 1: Phé FT-IR cia CMC va CNC

tu nhau. Mii biu manh h4p thu & s6 séng 3412 cm ™!
dic trung cho dao dong kéo gian ctia n6i O-H>*. Miii
&6 s6ng 2900 cm ™! diic trung cho dao dong kéo gidn
ctia n6i C(sp®)-H3*3. Mii hdp thu & s6 song 1430
cm~! dic trung cho dao déng bién dang trong mit
phing nghich pha (bién dang cit kéo) ctia CH,, déng
thai bién dang ngoai mit phing d6ng pha (bién dang
quat) cta CHj cho thdy mii tin hiéu & s6 song 1370
cm~13¢ & 56 s6ng 1636 cm ™! 1a dao dong bién dang
ctia ndi O-H ctia nudc, bén trong cdu truc cha cellu-
lose®. Do cellulose c6 chiia nhiéu nhém —~OH phan
cuc nén dé dang tuong téc véi cdc phan ti nudc trong
khong khi, dan dén nudc dugc giti trong cu truc cel-
lulose. Mii hdp thu & s6 song 1330 cm ™! dic trung
cho dao dong bién dang ctia n6i C-H. Mili 6 s6 song
1060 cm~! dic trung cho dao dong kéo gidn ctia clia
néi C-O va mii & s6 séng 875 cm ™! dic trung cho
néi B-(1,4)-glycoside .

Su khdc nhau gitta phd FT-IR cia CMC va CNC1a phd
ctia CNC ¢6 xudt hién mai hdp thu & s6 séng 1735
em™! dic trung cho dao dong kéo gidn ctia ctia néi
C=0. Nguyén nhan la trong qua trinh thity phan CMC
duéi tac dung ctia hén hop citric acid va HCl, cac phan
v6 dinh hinh trong céu tric CMC dugc loai bo, diéu
nay lam ting ham lugng tinh thé cia CNC. Déng thoi,
dudi tac dung ctia xtic taic HCI, phan ting ester hoa
gilia citric acid va cic nhém -OH linh dong trén bé
mit cellulose xay ra. Két qua la sau qué trinh thay
phéan, CNC tao thanh, c6 thém cac nhém dinh chtic
-COOH trén bé mjt>>*. Hinh 2 14 co ché phan ting
thay phin va bién tinh bé mat ctia cellulose.

Gidan dé XRD

Hinh 3 la gian d6 XRD ctia CMC va CNC. Két qua
cho thdy ca CMC va CNC déu c6 cac dinh nhiéu xa
quan sat dugc 6 26 = 15,5%; 16,5%; 22,5%; 34,5 tuong
ung v6i cac mat mang tinh thé (ITO) ,(101), (200) va
(004) 3°. B¢ két tinh (Crl) ctia cd CMC va CNC dugc

xac dinh tii gian d6 XRD dua vao cong thiic ban thuc

nghiém ctia Segal (2) 35,36,38,

Crl (%) =1— fam )
Do

Trong d6 Igp la cudng do cuc dai clia mit mang (200)
dac trung cho ca phén tinh thé va v6 dinh hinh, lam 1a
cuong do t6i thiéu tai 20 khoang 18, § gilia hai mit
mang (200) va (110), dac trung cho phan v dinh hinh
clia mau.
Qua do, gia tri CrI tuong d6i ctia hai mau CMC va
CNC lan lugt 1a 77,95 % va 81,70 %. CMC vdéi ban
chétla mét polymer bén tinh thé, véi cdc viing vo dinh
hinh va tinh thé dan xen nhau. Qua4 trinh thuy phéin
lam cit dat cac lién két B-glycoside béi cac ion hy-
dronium ctia acid, cac ion nay tac kich héa hoc vao
vung v6 dinh hinh trén CMC ddng thdi loai bd cac
vung nay, chi d€ lai nhiing viing tinh thé. Két qua 1a
ham lugng tinh thé tang tli 77,95 % v6i mau CMC 1én
81,70 % v6i mau CNC da qua thity phan.
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Hinh 3: Gidn d6 XRD ctia CMC va CNC

Két qud phan tich mang mCS/CNC va
mCS/CNC/Ag

Phé FT-IR

Két qui FT-IR trén Hinh 4 thé hién cdc dao dong
dac trung cua céc lién két trong ciu tric mang CS va
mCS/CNC. Mii h&p thu dang bau & 3250-3500 cm !
la cac dao dong kéo gidn ctia ndi O—H va kéo gian
lién két N—H bi chong 14p 1én nhau. Hai mii hédp thu
tai 2940 cm~! va 2887 cm~! 1a dao d¢ng kéo gian dsi
xung va bat d6i xting gian ctia n6i C—H. Dao dong kéo
gian ctia n6i C=0 trong amide va dao dong bién dang
ctia n6i N—H ctia CS lan luot tai 1646 cm ™! va 1577
cm~ !, Mii hép thu tai s song 1425 cm~!adao dong
bién dang ctia —~CHj3 trong N-acetyl glucosamine. Cac
miii hdp thu tai 1384 cm ™! va 1040 cm~! 1a dao dong
bién dang cia -CH, va dao dong kéo gidn cta noi
C—0. Két qua FT-IR cho thdy khong c6 su khac biét
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Hinh 4: Phé FT-IR cla CS dang bét (a), mCS (b), mCS/CNC (c) va mCS/CNC/Ag (d)
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dang ké gitia mang mCS va mang mCS/CNC do cdu
tric héa hoc ctia CS va CNC khd tuong tu nhau 39,40,
Riéng phd FT-IR ctia mCS/CNC/Ag c6 su khac biét
so v6i cdc phé con lai. Cudng do cta mai O—H,
N—H gidm hon nhiéu so v6i cac phé con lai, cho thdy
sau qua trinh chiéu xa, Ag tao thanh gin 1én mang
mCS/CNC thong qua tuong tac v6i nhém -OH va
-NH,. Chinh di€u nay lam cho dao ddng cta cic
no6i néu trén khi hip thu bic xa IR tré nén khoé hon,
dan dén cudng d6 mai trén phé FT-IR gidm. Mui
hép thu dic trung cta CS c6 sy dich chuyén tit 1648
cm~! sang s6 séng thap hon 1632 cm ™! va cudng do
giam *!, cho th4y c6 sy xudt hién clia Ag trong cdu triac

clla mang.

Gidn dé XRD

Gién d6 XRD ctia mang mCS va bot CS dugce thé hién
trong Hinh 5. Ca hai dang CS déu xudt hién dinh
nhiéu xa dic trung tai 20 = 19,5° tuong Gng v4i mit
mang (110). Tuy nhién, c6 thé nhan thdy rd cudng do
ctia dinh nhiéu xa nay ¢ CS dang bot manh hon so
v6i cudng do ctia mang CS. B két tinh (CrI) cua CS
dugc xac dinh tii cong thiic (3):

Crl (%) = (171“—'") x 100 3)
Ii10
Trong d6 I 119 dinh nhiéu xa cuc dai & 19,5%, Iy 12
cudng d6 nhiéu xa ctia pha v6 dinh hinh 26 =13,5°.
Theo cdng thtic trén, do két tinh cta CS bot va CS
mang cé gid tri l14n lugt 13 75,38% va 67,71%. Diéu
nay la do qua trinh hoa tan CS trong acetic acid dé
tao thanh dung dich da lam pha v& lién két hydro-
gen lién phén t& va noi phan tu cta CS. Trong qua
trinh tao mang lic sau, cdc mach CS téi sdp xép lai
nhung khong thu dugc cdu truc tinh thé nhu dang
bot ban dau nén do két tinh ctia mang CS gidm so
v6i CS bot*2. Gian d6 XRD clia mang mCS/CNC c6
su hién dién dinh nhiéu xa dic trung ctia CS & 20
= 20,5°. D9 két tinh clia mang mCS/CNC cao hon
so v6i mang mCS. Nguyén nhén la trong qud trinh
ché tao CNC dugc phén tan déu trong dung dich CS.
Khi qud trinh ngung két, sdy dong kho dé tao mang
xdy ra, CNC da dong vai tro 1a cac tam két tinh, dé
cdc mach CS tai sdp xép lai mot cach c6 trat ty hon
thong qua tuong tac gitia CS va CNC. Diéu nay lam
cho cdc mach CS trong mang composite mCS/CNC
sdp xép ¢6 trat ty hon so v6i mCS, ti d6 lam ting
ving tinh thé ctia mang. Nhom nghién ctu ctia Mao
cling cac cong su? ciing thu dugc két qua tuong tu
khi ché tao mang composite ctia CS va CNC biéng
phuong phdp d6 khudn dung dich, hay gan day nhit
1a két qua nghién ctiu mang composite CS/CNC ctia
Pongchaiphol ciing cic cong su*®. Céc tac gia ciing

sti dung phuong phdp d6 khudn dung dich dé€ ché tao
mang CS/CNC véi CNC dugc ché tao tii cdc ngudn
nguyén liéu khdc nhau. Két qua cho thdy su tuong tac
tot gitta CS va CNC c6 anh hudng quan trong dén cdu
truc tinh thé ctia mang. Su tuong tac nay khong chi
gitip CNC phén tan tét trong dung dich CS hoa tan,
ma ca trong qud trinh bay hoi dung moéi hinh thanh
mang composite. Trong qua trinh nay, CNC déng vai
tro 1am gid mang ran tao tuong tac gan két dé sip xép
cac mach CS lai mot cach trat ty hon.

Két qua XRD ctia mang mCS/CNC/Ag c6 sy thay d6i
rd rét vé vi tri dinh nhiéu xa so v6i mang mCS/CNC.
DPinh nhiéu xa tai 26 = 20,5° ciia mang mCS/CNC da
mdt di va thay vao d6 1a xuit hién mot dinh nhiéu xa
dang bau, cuong d6 thdp & khoang 26 = 25,5° trong
mang mCS/CNC/Ag. Diéu nay cho thiy qua trinh
gin két Ag da anh hudng dén d¢ két tinh ctia mang
mCS/CNC/Ag. Day 1a hé qué cta ca mét qua trinh
ché tao, bit dau tu giai doan ngdm mang trong dung
dich AgNOs3 24 gio, tiép dén la chiéu xa UVC va cudi
cung la sdy déng kho. Dinh déc trung ctia Ag dugc
quan sat § 20 = 37,79, tuong Ging v6i mat mang (111).
Tuy nhién, cac dinh 626 = 44,67 ; 64,5° va 77,5° tuong
ung véi cic mit mang (200), (220) va (311), ddc trung
cho cdu tric lap phuong tim mit ctia bac** khong
xudt hién & gian d6 XRD clia mCS/CNC/Ag.

Phé EDX va anh SEM

Thanh phén va ham lugng cac nguyén t6 trén bé mat
ctia mang mCS/CNC/Ag dugc phéan tich bing phé
EDX (Hinh 6). Két qua phd EDX cho thdy sy hién
dién ctia cac nguyén t6 chinh trong ciu truc vét liéu
la C, N, O va Ag va khong c6 thém nguyén t6 nao
khac. Diéu nay cho thdy mCS/CNC/Ag sau khi téng
hop c6 46 tinh khiét cao va qua trinh gin két Ag bing
phuong phép chiéu xa UVC lén mang mCS/CNC da
thanh cong. Sau khi dugc ngdm t&m trong dung dich
AgNOj3 24 gi¢ & diéu kién bong t6i, mang mCS/CNC
CS da hép phu cdc ion Ag™. Qué trinh hip phu nay
xdy ra thong qua sy hinh thanh cac lién két phéi tri
gitia cac cdp electron tu do trén cac nhém -OH, -NH,
vaion Ag" . Saudé cicion Ag' da tao thanh céc hat
Ag khi dugc kich thich duéi biic xa UVC. Qua trinh
nay xdy ra cting véi hién tugng mau sic ctia mang da
thay ddi tit khong mau sang mau xdm den.

Hinh 7 la anh SEM dugc chup tai hai bé mét trén,
dudi va bé mit tiét dién cit ngang ctia cdc mang mCS
va mCS/CNC. Két qua cho thdy cic mang mCS va
mCS/CNC ¢é cdu tric x8p, kich thuéce 16 x8p 50—
200 mm. Hinh théi ctia 16 x8p & hai phia bé mit ctia
mang c6 sy khac nhau r6 rét, trong d6 mot bé mit
¢6 s6 lugng 16 x6p it hon va kich thudc 16 x0p clng
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Hinh 6: Phé EDX cla mang mCS/CNC/Ag

nho hon so v6i bé mét con lai. Day la bé mét & dudi
day dia petri trong qué trinh ché tao. Nguyén nhéan
la do céc phan t& polymer cé xu hudng tu lai bén
duéi déy dia, lam han ché qua trinh hinh thanh 16 x6p
ctia mang (céc 16 x6p dugc hinh thanh nho vao qua
trinh loai bo dung moéi). Nhu véy, két qua anh SEM
da cho thdy cdc mang mCS va mCS/CNC c6 cdu truc
bét déi xting. DEi véi cdc mau mang c6 thém CNC,
thi CNC dugc nhén thdy c6 dang hinh sg¢i ngdn phan

bo khong déu bén trén cac bé mat cia mang. Hinh
thai ctia 16 x6p quan sat dugc r6 nhit qua anh SEM
chyp mdt cit ngang ctia cdc miu mang. Két qua anh
SEM trén Hinh 8 ctia mang mCS/CNC/Ag cho thdy
mang khong con giti dugc ciu truc 16 x6p nhu ban
dau. Hinh thai mit cit ngang ctia mang quan sat thdy
mot s6 16 x0p da bi pha vd. Diéu nay co thé la do
hé qua ctia toan bo qua trinh ngdm mang trong dung

dich AgNOj3 trong sudt 24 gio, tiép dén la qud trinh
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Hinh 7: Anh SEM tai cac vi tri bé mat ciia mang mCS va mCS/CNC
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Hinh 8: Anh SEM tai cac vi tri bé mit cila mang mCS/CNC/Ag

chiéu xa UVC dé tao thanh Ag gin két trong cdu tric
mang va cudi cung la sdy dong kho. Ngoai ra, anh
SEM ciing cho thdy bé mat cia mang mCS/CNC/Ag
¢6 d6 tuong phan va xudt hién cac pha sang hon so véi
cac mang khong c6 Ag. Theo nguyén ly hoat dong va
su tao anh trong SEM, nguyén ti c6 nguyén tu s6 (Z)
16n sé xudt hién cac pha saing hon so véi nguyén ti cd
Z nho. Ag c6 Z16n hon so vé6i C, O va N (c6 trong CS
va CNC) nén da lam xuét hién cdc pha sdng hon trén
anh SEM ctia mCS/CNC/Ag. Két qua nay métlan nita
da xac minh cho sy hién dién clia Ag trén mang.

Két qua khir MB
Dua trén cong thiic (1) kha nang khit MB cta céc loai
vat liéu dugc xdc dinh va két qua dugc thé hién trén

Hinh 9. Két qua trén Hinh 9a cho théy khi khong c6
st hién dién NaBH,4, mang mCS/CNC/Ag gin nhu
khong c6 kha nang khitt MB. Hiéu sudt khit MB trong
truong hop nay 1a 2,18%, con thip hon ca khi chi su
dung don thuidn NaBHy4. Khi c6 sy hién dién NaBHy4
trong dung dich thi qua trinh khii MB ctia cac mang
mCS/Ag va mCS/CNC/Ag dién ra rit nhanh va dat
hiéu sudt cao, chi trong thoi gian 1 phut dau tién.
biéu nay chiing t6 hoat tinh khii MB clia mCS/Ag va
mCS/CNC/Ag chi tt khi ¢6 sy ho trg ciia NaBHy.

Kha néng khii MB nhanh ctia cac mang khi sy hién
dién NaBH, c6 thé dugc giai thich thong qua mot co
ché phan ting gém hai giai doan, nhu dugc dé nghi
va minh hoa trén Hinh 10. Ban d4u, khi nhing mang
mCS/Aghoac mCS/CNC/Ag vao trong dung dich MB
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Hinh 9: Kha nang khit MB theo thdi gian cung hiéu suat (hinh nhd) ctia cac vat liéu khac nhau

thi MB dugc hdp phu trén mang hodc trong cac 16 x6p
nh¢ tuong tac tinh dién gitta cic nhém chic phan
cuc cua CS hodc CNC véi MB. Tiép dén, MB da bi
kht khi nhan electron tii Ag NPs v6i sy ho trg cua
NaBHj. Theo cac tai lieu?®>%’, khi ¢ dang dung dich,
ion BHy ™~ trong NaBHy4 la mét tdc nhan thén hach,
BH,~ da dong thoi bam trén bé mit va chuyén elec-
tron sang Ag NPs. Ag NPs, dong vai tro lam trung
gian d€ chuyén electron dén chat nh4n la MB va qua
trinh kht MB da xay ra.
Khid ning tdi st dung cta mang mCS/Ag va
mCS/CNC/Ag dugc danh gid thong qua kha nang khti
MB & ba lan téi sti dung lién tiép nhau. Cac mang sau
qua trinh khao sat d4u tién da dugc thu héi va ngam
1an lugt trong nudc va ethanol, v6i méi 14n ngam 30
phut. Ti€p dén, mang dudc sdy kho ¢ 60 °C trong 2
gid va thuc hién lai qud trinh xt ly MB trong diéu kién
tuong ty nhu ban ddu. Hiéu sudt khtt MB ctia mang
mCS/Ag vamCS/CNC/Ag sau ba lan tai st dung dugc
thé hién trén Hinh 11. Két qud cho thiy sau bdn
lan st dung lién tiép, hiéu suit khii MB ctia mang
mCS/CNC/Ag c6 giam nhe sau 1an st dung déu tién
va gin nhu khong thay d6i sau lan st dung th hai.
Tuy nhién, hiéu suit khit MB cia mang mCS/Ag lai
bi sut gidm dang ké ngay tit 14n tdi st dung d4u tién
va dén 14n st dung thd tu thi hiéu suit khu thu dugc
chila 15,06%, chi cao hon khoang 5% so véi khi chi
sti dung NaBH, (Hinh 9a). Pong thoi sau qua trinh
tai st dung mang mCS/CNC thi trong dung dich MB
sau xu 1y c¢6 xudt hién cdc ba mun kim loai. Nguyén
nhén cta hién tugng nay cé thé 1a do su gin két cua
Ag trong mang mCS/Ag yéu nén Ag dé bi gidi ly ra
khoi ciu truc mang va di vao dung dich. Diéu nay
dan dén ham lugng Ag trong mang con lai thdp, dan
dén lam giam hiéu sudt khi MB. Khi c6 sy hién dién

ctia CNC, Ag dugc lién két t6t va giii chit trong cdu
tric va khong bi giai ly ra khoi mang mCS/CNC/Ag.
Do d6 hiéu suat khtt MB ctia mang mCS/CNC/Ag sau
cdc lan tdi stt dung van cao va 6n dinh. Diéu nay hua
hen sé mang lai hiéu qua vé mat kinh t€ khi dua vat
liéu ting dung vao thuc té.

KET LUAN

Két qua thuc nghiém cho thdy, CNC, v6i cac nhom
chtic -COOH trén bé mit, da dugc tong hgp bing
cach thuy phan CMC thuong mai trong hén hgp
acid HCI va citric acid. Su xuit hién ctia cdc nhém
chitc nay trén bé mit da giip cho CNC tao dugc
tuong tac tot véi CS trong qua trinh hinh thanh mang
mCS/CNC ¢6 cdu tric bat d6i xing. Tu d6 lam cho
do két tinh clia mang ting va cdu trac 16 x6p cua
mang nhd lai. Sau d6, Ag dugc gin c6 dinh 1én mang
mCS/CNC duéi blic xa UVC. Mang biocomposite
mCS/CNC/Ag tao thanh c6 hoat tinh xt Iy MB rét
nhanh trong thoi gian chi mét phut véi hiéu suét cao
(~ 95,5%) khi c6 sy hién dién ctia tdc nhéan cho elec-
tron la NaBHy. Ngoai ra, su hién dién ctia CNC cling
lam cho Ag dugclién két chat ché va khong bi gidily ra
khoéi mang mCS/CNC/Ag trong qué trinh xt ly MB.
Diéu nay gitp cho hoat tinh va hiéu suit ctia mang
van cao va 6n dinh sau bén l4n stt dung. Nhiing két
qué nay hda hen sé mang lai hiéu qua cao khi dinh
huéng st dung vt liéu nay trong linh vuc xt ly moi
trudng.

LO1 CAM ON

Nghién ctiu dugc tai trg boi Pai hoc Qudc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
DPé tai ma s6 C2021-18-24. Nhom tac gia xin chén
thanh cam on.
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DANH MUC TU VIET TAT Vit Ning An, Nguyén Théi Ngoc Uyén: chuén bi ban
CNC Nano tinh thé cellulose thao va chinh stta/phan héi phan bién, hoan chinh
. ban théo.
CS Chitosan

EDX Phé tén sic ning lugng tia X

FT-IR Phé hong ngoai bién d6i Fourier
SEM Kinh hién vi dién tu truyén qua
XRD Nhiéu xa tia X

CAM KET XUNG DOT LOIiCH

Nhoém tac gid cam két khong c6 xung dot lgi ich.

PONG GOP CUA CAC TAC GIA

Lé Thi Thu Phuong, Bui Kim Ngén, Ving Thi Diém
Huong, Nguyén Thi Ha: thuc nghiém.
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Fabrication of a ternary biocomposite membrane based on
chitosan, cellulose nanocrystals and Ag nanoparticles for water
treatment

Vu Nang An"?"*, Le Thi Thu Phuong'?, Bui Kim Ngan'-2, Vang Thi Diem Huong'?, Nguyen Thi Ha'?,
Nguyen Thai Ngoc Uyen'2

ABSTRACT

The paper presented the preparation of a ternary biocomposite membranes based on chitosan (CS)
with cellulose nanocrystals (CNC) and silver nanoparticles (Ag) with the aim for water treatment.
The mCS/CNC/Ag membranes were fabricated using a two-stage process. Initially, mCS/CNC mem-
branes were synthesized by the cryogenic gelation method. The mCS/CNC membrane morphol-
ogy was studied by scanning electron microscopy (SEM). SEM results indicated that the mCS/CNC
semi-permeable membrane had a porous structure with pore size of 50-200 um. The morphology
of the pores on the two sides of the membrane's surface showed significantly different in which
one surface of the membrane had less pores and a smaller pore size than the other. This proved that
the obtained mCS/CNC membrane had an asymmetrical structure. Then, Ag nanoparticles (Ag NPs)
were attached to the mCS/CNC membrane by UVC irradiation. The presence of Ag in the mCS/CNC
membrane structure was confirmed through the results of X-ray diffraction (XRD), Fourier-transform
infrared (FT-IR) spectroscopy and energy-dispersive X-ray (EDX) spectroscopy. The SEM image re-
sults showed that after the Ag NPs were formed, they were then inserted into the mCS/CNC mem-
brane, breaking the pore structure to form the mCS/CNC/Ag membrane. The mCS/CNC/Ag bio-
composite membrane had a high methylene blue removal efficiency (more than 90%) in 1 minute
in the presence of NaBH,4. The presence of CNC improved the mechanical properties of the mem-
brane and could help to reuse the membrane after processing.
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	Chế tạo màng mCS/CNC
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