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Presently, biopolymer materials have been given more attention for
their outstanding properties, high efficiencies and promising
applications in various fields. In this study, Fe,Os/chitosan aerogel-like
spheres were successfully prepared from chitosan and FeCls by sol-gel
process and freeze-drying to provide high-surface area materials. The
factors affecting the material synthesis have been studied. The
asprepared Fe;Os/chitosan material was characterized by Infrared
Spectroscopy (IR), X-ray diffraction (XRD) and Scanning Electron
Microscopy (SEM) methods. The results showed that the aerogel
spheres have a hollow structure made of chitosan nanofibril networks.
FeoOs nanoparticles get high crystallinity and have an average particle
size of 33 nm.

Gidi thiéu chung

Vat liéu polymer sinh hoc ngay cang dugc quan tam
nghién cltu va phét trién, dac biét 1a trong inh vuc ché
tao vat liéu tai tao, than thién va&i mdi truong [1].
Chitosan (CTS) la polysaccharide thu dugc tU qua trinh
deacetyl hda chitin, polymer sinh hoc cé trlf lugng I6n
thd hai sau cellulose [2]. CTS c6 thé dugc ché tao
thanh nhiéu dang vat liéu khac nhau nhu dang hat,
mang, hydrogel, vat liéu x&p... trong dé dang vat liéu
x6p dang dugc chd trong phat trién do c6 nhiéu uu
diém nhu c6 do x6p cao, khéi lugng riéng nho, dién
tich bé mat I6n, d6 bén ca hoc cao [3], [4]. Mat khéc,
mach polymer ctia CTS khé linh hoat va c6 chla cac
nhém chic ¢é tinh hoat déng hda hoc cao nhu amino
va hydroxyl nén CTS c6 thé tao phic véi nhiéu cation
kim loai tao thanh dang vat liéu lai hodc composite [5],

[6], [7]. Nhiéu phdc chét gitia CTS va ion kim loai dé
dugc nghién clu téng hgp va Ung dung, trong doé
phiic CTS-Fe(lll) nhan dugc su quan tdm tU nhiéu nha
khoa hoc [5], [8], [9], [10]. Su két hgp gilta phic chéat
CTS-Fe(lll) va vat liéu xGp dé tao thanh dang vat liéu co
nhiéu uu diém dac biét la trong linh vuc ché tao vat
litu c6 khad hdp phu chat mau va ion kim loai nang
nham x{ ly nudc thai, bao vé mai trusng [5), [10], [11].

Trong nghién ciu nay, hat cau x6p Fe,O3/CTS da dugc
nghién cltu téng hop théng qua két hap phuong phap
sol-gel va sdy dong khd chan khong. Mét s6 yéu té
anh hudng dén qué trinh t8ng hop vat liéu Fe,Os/CTS
cling da dugc dénh gid bao gom fti 1& gitia CTS va
Fe(lll), cac yéu t6 ca hoc, nhiét do thiy nhiét.

Thuc nghiém va phuang phap nghién clu
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Diéu ché chitosan

CTS dugc diéu ché tir vo cua thdng qua qué trinh khir
protein, khir khoang va deacetyl hda [12]. Vo cua dugc
khir protein bang cach ngadm trong dung dich NaOH
5% & nhiét do 80 — 90 °C trong 6 gid. Quéa trinh nay
dugc 13p lai 3 1an. Sau d6, san pham dugc tiép tuc xir ly
véi dung dich HCI 1 -5 % & nhiét d6 phong dé loai bd
hoan toan mudi khoang. Qué trinh khi protein dugc
thuc hién 13p lai dé loai bd hoan toan protein trong vo
cua thu dugc chitin. Tién hanh deacetyl hdéa chitin
bang dung dich NaOH 50% & 90 °C trong 8 gid va lap
lai qua trinh nay 2 1an. San phém sau dé dugc rda sach
bang nudc cét roi sdy trong khéng khi & 40 — 50 °C
trong 24 gid thu dugc CTS c6 DDA ~ 90%.

Diéu ché vt liéu xGp Fe-O3/chitosan

Quy trinh diéu ché ché vat liéu x6p Fe,Os/CTS dugc
thuc hién dua trén mét s6 cong bé khoa hoc [13], [14],
[15]. Qué trinh dugc thuc hién nhu sau: Tién hanh hoa
tan cac khdi lugng CTS khéac nhau vao 20 mL dung
dich FeCls & nhiét dé phong thu dugc dung dich phic
CTS-Fe**. Sau do, nho ting giot dung dich CTS-Fe**
vao binh chda 100 mL dung dich NaOH 1,0 M théng
qua syringe déng thai khudy nhe va sau dé dé yén
trong 3 gid thu dugc cac hat cdu gel Fe(OH)s/CTS. Tién
hanh thly nhiét hat cdu Fe(OH)s/CTS trong dung dich
NHs 5 % & cac nhiét do 120-180 °C trong 6 gid. Qua
trinh thay nhiét két thic thu san phdm la cac hat gel
c&u Fe;03/CTS mau ndu do. Tién hanh sdy dong kho
chan khong céc hat gel cau Fe,Os/CTS & -30 °C trong
24 gig thu dudc céac hat cadu x6p Fe,Os/CTS.

Céc yéu t6 khdo sat bao gém céc yéu t6 anh hudng
dén qué trinh hoa tan CTS vao dung dich FeCls va
nhiét dé thay nhiét.

- Cac yéu t6 anh hudng dén qué trinh hoa tan:
ndng dé dung dich FeCls (0,1 M; 0,075 M; 0,05 M;
0,025 M va 0,01 M), cac yéu t6 ca hoc (dé tan ty
nhién, khudy tU va c6 hd trg siéu am) va ti 1é khdi
lugng gitta CTS va FeCls (tién hanh hoa tan 0,1 -
0,8 g CTS trong 20 mL dung dich FeCl5 0,05 M).

- Nhiét dé thdy nhiét: 120, 140, 160, va 180 °C.
Cdc phuong phdp ddc trung

Cac méu t8ng hap dugc dac trung bang cac phuong
phép sau: Phé hdng ngoai (IR) dugc do trén may IR-
Prestige-21 spectrometer (Shimadzu) trong vung cé
budc song tU 400-4000 cm™. Gidn dd nhiéu xa
Ranghen (XRD) dugc ghi trén méay nhiéu xa Ranghen

Advance Bruker D8 X-ray diffractometer, s dung
nguon buc xa CuKq vai budc séng A = 1,5406 A, goc
quét 26 thay dai tir 10-80°. Anh chup trén kinh hién vi
dién tU quét (SEM) dugc ghi trén may Jeol JSM-
6490LV, quan sat & vj trf mat cat va va vi tri bé mat &
cac dé phan giai khac nhau.

Két qua va thao luan

Cdc yéu t6 anh hudng dén qua trinh hoa tan CTS vao
dung dich FeCls

Anh hudng ctia ndng dé dung dich FeCls

Céc dung dich FeCls dugc khédo sat pH = 2,0 - 2,6. Nhu
vay cac dung dich déu c6 mbi trudng axit va do do
trén Iy thuyét cé thé hoa tan dugc CTS. Ngoai ra, qua
trinh hoa tan co kem theo sy tao phuc gilta CTS va ion
Fe**. Trong cac dung dich FeCls cé pH ~ 2 gitta CTS va
ion Fe** hinh thanh phic chét trong do 1ion Fe** s
tham gia tao lién két phdi trf v&i cadc nhdom chic —NH;
va -OH cla 1-3 don vi glucosamine trong mach
polymer clia CTS [16]. Tuy nhién, két qua cho thdy mau
CTS chi tan trong cac dung dich FeCls c6 néng do
0,1M; 0,075 M va 0,05 M, con cac dung dich FeCls &
cac ndng do 0,025 M va 0,01 M lai khdng hoa tan hét
hoan toan mau CTS. Diéu nay co thé dudc giai thich 1a
do khi dung dich FeCls ¢c6 néng dé cang nho thi qua
trinh thy phéan ion Fe** dé tao thanh cac dang hidroxit
Fe(OH),"") va Fe(OH)s cang nhiéu. Vi vay, lugng ion
Fe** tu do trong dung dich sé cang it va lugng phuc
tao thanh sé gidm. Nhu vay, khi néng dé dung dich
FeCls qua nhd thi lugng ion Fe** khdng dd dé tao phuc
va dong thai hoa tan CTS vao dung dich. Vi vay, dung
dich FeClz c6 néng do 0,025 M va 0,01 M d& khéng
hoa tan hét lugng CTS khéo sat. Vdi cac két qua nay,
dung dich FeCls ¢ néng dé 0,05 M duagc lya chon cho
cac thi nghiém tiép theo.

Anh hudng cdc yéu té ca hoc

Thi nghiém hoa tan dugc thuc hién bang ba phuong
phap: dé tan tu nhién, khudy tir va siéu am. Két qua
cho thdy, thai gian dé CTS tan hét lan luct theo ba
phuong phap trén la 180 phut, 30 phdt va 40 phut.
Nhu vay, qué trinh hoa tan c6 hd trg khudy tu sé
nhanh hon so vdi hai phuong phéap con lai. Tuy nhién
trong qué trinh thuc hién chidng téi thdy rang khi lugng
CTS hoa tan vao dung dich cang nhiéu thi dé nhét cla
dung dich cling tang 1én nén cang vé sau qué trinh
khudy dién ra cang kho khan. Ldc nay, néu qua trinh
hoa tan dugc hod trg bang séng siéu am thi s& dién ra
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nhanh han. Vi vay, ching t6i da két hgp ca hai phuang
phap la khudy tir va siéu am dé hoa tan CTS vao dung
dich FeCls.

Ti 8 khoi luong gitia CTS va FeCls

K&t qua anh hudng khdi lugng cla CTS dén qué trinh
hoa tan dugc trinh bay & Bang 1. Két qua & Bang 1 cho
thdy 20 mL dung dich FeCls 0,05 M c6 thé hoa tan t6i
da 0,6 g CTS. Tién hanh nho ting giot dung dich gel
CTS-FeCl3 vao dung dich NaOH 1,0 M thu dugc sén
pham Fe(OH)s/CTS.

Bang 1: Anh hudng ctia khéi lugng CTS dén qud trinh

hoa tan
Muic do hoa tan Thesi gian
Ki hjéu McTs \ Khong trur\wg binh
mau (gam) HO;é’iaﬂ hoa tan hhc?a tar\w
hét oan toan
L1 0,1 X 30 phat
L2 0,2 X 1gig
L3 03 X 2 gio
L4 0,4 X 2 git
L5 0,5 X 10 gis
L6 0,6 X 24 gig
L7 0,7 X X
L8 0,8 X X
a) — b), ‘ - ) e '@ :
88y . e, %

Hinh 1: Céc san pham Fe(OH)s/CTS thu dugc tir cac
maua) L1, b)L2, L3, d)L4, e)L5vaf)L6

Két qua cho thédy céac hat cau gel Fe(OH)s/CTS ¢ dd
bén tdng dan tuong Ung vdi cac mau L1, L2, L3, L4, LS
va L6 (Hinh 1), trong dé, hat cau gel mau L1 va L2 dé
v va co kich thudc khong én dinh, cac mau con lai thi
hat gel cau bén hon. Tuy nhién hat gel cau mau L5 va
L6 cb kém theo phan dudi do dung dich CTS-FeCls ¢
dé nhdét qué cao nén qué trinh nhd giot tao hat gel

cau khéng hoan chinh. Vi vay 0,4 gam la khéi lugng
CTS dugc lya chon dé hoa tan vao 20 mL dung dich
FeCl; 0,05 M trong céc thi nghiém tiép theo.

Anh hudng ctia nhiét do thay nhiét

Nhiét d6 la mot trong cac yéu té quan trong trong qua
trinh thdy nhiét dé téng hgp vat liéu vi né anh hudng
dén d6 bén cua hat cdu clng nhu do tinh thé cla
Fe,Os. Qué trinh thay nhiét hat cau gel Fe(OH)s/CTS
dé tao thanh san pham Fe,0s/CTS dugc khao sét & cac
nhiét do 120, 140, 160 va 180 °C thu dudc cac san
phém tuong Ung c6 ky hiéu la Fe,Os/CTS-120,
Fe;03/CTS-140, Fe,03/CTS-160 va Fe,03/CTS-180. Cac
san pham tao thanh dugc trinh bay & Hinh 2.

Hinh 2: Cac san pham Fe,O3/CTS thu dugc sau khi tién
hanh thiy nhiét Fe(OH)s/CTS & cac nhiét do khao sat
a) Fe203/CTS—120, b) Fe203/CTS—14O, C) Fezog/CTS-

160 va d) Fe,O3/CTS-180

K&t qué cho théy khi tién hanh thay nhiét & cac nhiét
do tur 120-160 °C, san phdm Fe,0s/CTS thu dugc van
git nguyén dang hat gel céu, riéng san pham
Fe,05/CTS-180 ¢é hién tugng bat déu bi va vun, khéng
con gilr nguyén hinh dang hat cau ban dau.

= o-Fe,0;
m o-FeOOH "

—— Fe,0,/CTS-160
Fe,0,/CTS-140
Fe,0,/CTS-120
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—

—
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o L = = = [ ] ]
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| ]
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Goc nhiéu xa 26 (d6)

Hinh 3: Gidn d& XRD clia cac san phdm Fe,Os/CTS thu
dugc & cac nhiét do khao sat
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Mt khac, két qua phan tich XRD (Hinh 3) cac mau
Fe,03/CTS-120, Fe,03/CTS-140 va Fe03/CTS-160 cho
thdy cac tinh thé Fe,Os trong cac mau co sy hoan
thién dan khi tang nhiét doé cta qua trinh thay nhiét.
Gian dé XRD clia cac mau khao sat déu xudt hién peak
tinh thé clia Fe.Os Tuy nhién, trong cac mau
Feo03/CTS-120, Fe,03/CTS-140 con thdy su cd mét cac
peak tinh thé cla FeOOH [17]. Va trong mau
Fe,03/CTS-160 hau nhu chi xuét hién cac peak dac
trung cho tinh thé a-Fe,O5 véi cudng dé 16n. Nhu vy,
muc dé tinh thé cla Fe,Os cao va hoan thién nhét &
mau thuy nhiét tai 160 °C. Tl cac két qua trén, nhiét do
thdy nhiét thich hgp dugc lua chon trong qua trinh
t6ng hop vat liéu Fe,Os/CTS 1a 160 °C.

K&t hgp cac két qua khao sat cac yéu té anh hudng
dén qué trinh t6ng hop vat liéu Fe,Os/CTS, diéu kién
thich hop dudc lva chon la tién hanh hoa tan 0,4 gam
CTS vao 20 mL dung dich FeCls bang cach khudy tur
két hop siéu &m thu dugc dung dich phdc CTS-FeCls.
Sau do6, tién hanh thly nhiét hat cdu Fe(OH)s/CTS
trong dung dich NH3z 5 % & 160 °C trong 6 gid thu
dugc céac hat gel cadu Fe,03/CTS mau nau doé. Tién
hanh sdy dong khd chén khdong céc hat gel cau
Fe,0s/CTS thu dugc cac hat cau x6p Fe,Os/CTS.

M6t s6 ddic trung vt liéu

Céu trdc va hinh thai cla vat liéu hat cadu x&p
Fe,0s/CTS dugc dac trung bang mot s6 phuong phép
nhu IR, SEM va XRD.

Phé IR cla vat liéu CTS va Fe,O3/CTS (Hinh 4) déu xuat
hién cac dao déng cla cac lién két va nhdm chiic dac
trung trong phan t& CTS nhu dao déng hda tri clia céc
lien két O-H va N-H/amin (chdng 1én nhau) tai s&
séng 3200 — 3550 cm™, dao déng hoa tri cla lién két
C—H tai s6 séng 2886 — 2920 cm™, dao déng hda tri
cla lién két C=O/amide tai 1647 — 1655 cm~, dao
déng bién dang hinh kéo cla lién két N-H/NH; tai s&
séng 1404 c¢cm™ va dao déng hoa tri cua lién két
C-O-C/glicozit tai 1072 — 1078 cm™" [13]. Ngoai ra,
phé IR clia Fe,0s/CTS con ghi nhan su xudt hién cla
tin hiéu cua lién két Fe-O dac trung clia a-Fe;0s tai s6
séng 589 cm™' [18].

Hinh théi cla vat lieu CTS va Fe;Os/CTS cling dugc
danh gia qua anh SEM (Hinh 5). Anh SEM bé mat va
mat cat cla mang CTS cho thdy mang CTS ban dau
dudc tao bdi cac sdi nano CTS va cac sgi nay xép
thanh tiing 16p song song vd&i nhau. Anh SEM bé mat
va mat cat clia hat cdu Fe,Os/CTS cho théy hat céu co
c4u truc x6p dugc tao thanh bdi hé théng cac sgi nano
CTS dan xen vdi nhau va dong thai thdy su cd mat cla

cac hat nano Fe,Os trén bé mat sgi. Trong hat gel cau
Fe,Os/CTS, CTS va Fe;Os chi chiém mét ham lugng
nho khoang 3% va phan con lai la nudc véi ham lugng
I6n (khodng 97%).

I

Fe,0,/CTS

20 %

i Vo-uVN-H

D0 truyén qua (%)

Vas (C-0-0)

Vo-1VN-H
4500 4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™1)

Hinh 4: PhS IR clia vat liéu CTS va Fe,03/CTS

Trong qué trinh sdy dong khé chan khong, nudc trong
hydrogel bi déng da va sau dé thang hoa dé lai cac 16
tréng 16n tao cdu tric x6p cho vat liéu aerogel
Fe,Os/CTS va khéng phé v& hinh dang cau cla vat liéu
hydrogel ban d&u. Mat khac, c&u tric sgi nano ctia CTS
trong mang CTS ban dau ciing d& dugc gitt lai trong
hat cau x&p Fe,0s/CTS.

Hinh 5: Anh SEM a) bé mat, bymét cit clia mang CTS
ban dau va anh SEM (c,d) bé mat va (e,f) mat cat cla
hat cau x6p Fe,03/CTS

Gian do XRD cla hat cau x8p FexOs/CTS (Hinh 6) xuét
hién cac peak tinh thé tai cac géc nhiéu xa 20 = 24,3°;
33,3% 35,87 41,1°; 49,5°%; 54,1°; 62,5°; 64,2° tuong Ung
V@i cac mat phan xa (012), (104), (110), (113), (024), (116),
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(214), (030). Bay la cac peak tinh thé dac trung cho ciu
trdc cla a-Fe;O3 phu hgp vdi di liéu JCPDS Card, No.
33-0664 vGia = b = 5.038 A°, c = 13.772 A° [14]. Cac
peak tinh thé c6 cudng dé 16n va sac nhon, ching to
cac hat nano Fe;Os co do tinh thé cao va co kich thudc
nho. Kich thudc hat tinh thé nano Fe,Os trong hat cau
x8p Fe,03/CTS dudgc tinh theo phuang trinh Sherrer
dua trén peak (104) c6 gié tri trung binh la 33 nm.

3500

(104)

3000
(110)

2500

(012) (214)(030)

2000

Cudng do (cps)

1500

1000 T T T T T T
20 30 40 50 60 70 80

Géc nhiéu xa 26 (dd)

Hinh 6: Gidn dd XRD cla hat cau x6p Fe,03/CTS

K&t luén

Tom lai, vat liéu Fe,0s/CTS dang hat cau x6p da dugc
téng hop thanh cong sau bang phuong phép sol-gel
két haop sdy déng khd chan khong. Véi cau tric rdng
tao thanh ttr cac hé théng sai nanochitosan va hat tinh
thé nano Fe,Os;, day la vat liéu composite polymer sinh
hoc tiém nang, co thé Ung dung dé hap phu chat mau
hitu cg, ion kim loai trong x Iy nudc théi, bdo vé moi
trusng.
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