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SUMMARY

PREPARATION AND INVESTIGATION OF CHITOSAN GEL PARTICLES
FOR Pb* ION ADSORPTION

In this work, chitosan with deacetylation degree of 81.3% was prepared by deacetylation of chitin
extracted from crab shells with the yield of 50.1%. By stirring and cross-linking with glutaraldehyde,
chitosan gel particles with the size of about 5 um to 20 um were prepared. Some characteristics of
chitosan and chitosan gel particles were investigated by FTIR, SEM, TGA, XRD,.... The adsorption
capacity of Pb?* ion was investigated with Langmuir, Sip and Freundlich isotherm adsorption models.
The results showed that the chitosan gel particles adsorbed Pb?* ions consistent with the Freundlich
isotherm model and after 24 hours of sample treatment, the Pb?* content in the solution decreased by

96,39%.

Keywords: chitosan, chitosan gel particles, isotherm adsorption models.

1. MO PAU

Chitosan 1 mot polysaccharide dugc diéu ché
bang céch deacetyl hoéa chitin c¢é trong vo cua
cac loai giap xac nhu tém, cua, ghe, ...[1-3].
Chitosan la polymer thién nhién khéng doc, c6
kha nang phan huy sinh hoc va tuong thich
sinh hoc, duoc tng dung trong nhiéu linh vyc
nhu: cong nghiép thuc pham, néng nghiép,
sinh hoc, y hoc, cong nghiép gidy va con la
nguyén liéu quan trong trong diéu ché
glucosamine [4-7]. Do trong phén t chitosan
cd c&c nhém hydroxyl (-OH) va nhdm amine
(-NH,) ¢6 kha ning tao lién két véi cac nhém
chirc khac nén chitosan thudng dugc dung ché
tao vat liéu y sinh [6,8], vat liéu mang thudc
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[8-10], .... Bé&n canh do, chitosan va cac san
pham bién tinh cua chitosan con dugc ung
dung vao linh vuc méi truong, dung lam chit
hip phu sinh hoc dé hip phu thudc nhudm,
tach céc ion kim loai niang & dang vét ra khoi
nudc thai do kha ning tao lién két tuyét voi
cua cac nhom chuc vai ion kim loai trong nuée
thai nhu Hg?*, Cu?*, Cd?*, Ni?*. Trong d6, kha
niang hap phu cua chitosan phu thuoc vao
phuong phap ché tao va kich thudc cua hat
chitosan. Mot sé nghién ctu gan day da cho
thdy rang, hat gel chitosan c6 céc tinh chat co
ly va kha niang hap phy ion kim loai niang tét
hon so véi chitosan [11-14].
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Trong bai bdo ndy, chung t6i di tién hanh diéu
ché hat gel chitosan tir vo ghe bang phuong
phap co hoc két hop tao lién két ngang véi
glutaraldehyde; khao sét cau tric hoa hoc, cau
trGc tinh thé, d6 bén nhiét, hinh thai hoc va
khao sat kha ning hap phu ion Pb% bing
phuong phap phé hip thu nguyén tir AAS theo
cic mo hinh ding nhiét Langmuir, Sip va
Freundlich.

2. THUC NGHIEM

2.1. Nguyén liéu va hda chit

V6 ghe phé thai thu & viing bién thi x Cira Lo,
tinh Nghé An;

NaOH, ethanol, dung dich CH3;COOH, dung
dich HCI 37% (Trung Qudc), dung dich
glutaraldenyde 50%, dung dich Pb(NOs),
(Sigma-Aldrich, buc).

2.2. Piéu ché chitosan va hat gel chitosan
Chitosan dugc diéu ché tir vo ghe phé thai theo
quy trinh da duoc cong bé [1]. Sau do, hat gel
chitosan duoc diéu ché bang phuong phéap co
hoc két hop tao lién két ngang nhu sau: Hoa
tan 2,0 gam chitosan vao 200 mL dung dich
acid acetic 2,0%. Dung dich duoc khuiy trong
24 gio & nhiét o phong dé chitosan hoa tan
hoan toan. Nho tung giot dung dich NaOH
0,01M vao dung dich chitosan cho dén pH =
5,6. Sau do, thém tur tor 2,5 mL dung dich
glutaraldehyde 10% vao dung dich chitosan va
khudy déu bang may khudy tir trong 4 gio. Dé
yén dung dich qua dém & nhiét do phong. Tiép
tuc thém tir tir dung dich NaOH 2M va khuiy
déu dén khi dung dich c6 pH=7. Tién hanh loc
hat chan khdng va rira sach 1an luot bang nuée
cit va aceton. Sdy hat gel thu dugc & 40°C
trong tu sdy chan khong trong 24 gio.

2.3. Khio sat mdt s diic trung cia hat gel
chitosan

- Do nhét cua chitosan dugc do bang may do
d6 nhot Model LVDVE cua hang Brookfield
(M3).

- Cau trdc hda hoc cua chitosan duoc khao sat
bing phé hdng ngoai dugc do trén may
IMPACT 410 (Dtc).
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- Do deacetyl héa cua chitosan dwgc xac dinh
bang phwong phap phd hong ngoai theo cong
thac cua Alasdair Baxter [15]:

DDA = 100 - 115 22542

2441
Trong d6, DDA (Degree of Deacetylation-d¢
deacetyl hoa), Asess 1a cuong do van hap thu
ctia nhém amide va Ass 14 cuong do van hap
thu caa nhém OH.
- CAu trdc tinh thé duoc x4c dinh bang phuong
phiap XRD do trén thiét bi D8 AVANCE
Bruker (Dtrc). Quét mau tir goc 5° (20) dén 45°
(20), tbc do quét 5°/budc.
- Hinh théi hoc dugc xac dinh bang phuong
phap chup anh SEM trén thiét bj Hitachi S-
4800 (Nhat Ban).
- Do bén nhiét dugc xac dinh bang phuong
phdp phén tich trong luogng theo nhiét do
(Thermogravimetric Analysis-TGA). Chuong
trinh nhiét d6 khao sat mau la t nhiét do
phong dén 800°C, téc do6 gia nhiét la
10°C/phut, trong moi trudong khi nito.
2.4. Khao sat kha ning hip phu ion kim
loai ciia hat gel chitosan
Chuan bi dung dich Pb(NO3),: Liy 10 mL
dung dich Pb(NO3), 1000 mg/L cho vao binh
dinh mtc dung tich 1000 mL, roi thém nudc
cat dén khi binh da 1000 mL.
Cho 200 mL dung dich nuéc thai nhan tao vao
cbe thuy tinh dung tich 250 mL, thém 0,5 gam
hat gel chitosan va khuiy déu trong 10 phut dé
bé mit chat hap phu thAim w6t hoan toan va bat
dau tinh thoi gian. Sau cac thoi diém khao sat
ldy mau va loc nhanh qua gidy loc.
Ham luwong Pb?* con lai trong dung dich dugc
xac dinh biang phuwong phap phd hip thu
nguyén ta F-AAS (theo TCVN 6193:1996).
Gigi han dinh lugng ctia phuong phap LOQ =
0,03 mg/L. Két qua dugc danh gia theo 3 mo
hinh ddng nhiét sau:
M6 hinh dang nhiét Langmuir

_ K.C
C=% Tk
Trong do:



Q: dung luong hdp phu tng véi nong do C
(mg/g); Qo: dung lugng hip phu cuc dai don
16p trén mot khéi lwong chat bi hip phu
(mg/g); C: ndng do chat bi hip phu con lai
trong dung dich (mg/1); K: hang sd can bang
hap phu Langmuir (phu thudc vao ban chat hé
hap phu va nhiét do).
Mé hinh dang nhiét Freundlich

1
Q=kxc%
Trong dé: k van la hang s Freundlich
MG hinh dang nhiét Sip

KxCm

Q:Q?J’IRI Kl—I‘K’xCH
Trong d6: Qmax 12 dung lugng hip phu cuc dai;
C la nong do cua dung dich sau khi can bang;
K 1a hing sé can bang; n 1a tham sb biéu thi
tinh khong ddng nhét bé mat.
- S6 liéu thuc nghiém dugc xu ly bang phan
mém excel va phan mém Origin 8.5.
3. KET QUA VA THAO LUAN
3.1. Piéu ché chitosan va hat gel chitosan
Chitosan dugc diéu ché tir vo ghe véi hiéu suit
chuyén hoa tir chitin 12 50,1%. San pham
chitosan thu dugc ¢6 mau tring nga, do nhoét
tuyét ddi la 380 cp véi do deacetyl héa la
80,3%. Két qua nay cho thiy, chitosan diéu ché
dugc c6 do deacetyl hda thap hon khong dang
ké so véi két qua thu dugc caa H.El. Knidri va
cong su [1].
3.1.1. Phé héng ngoai ciia hat gel chitosan
Tu phd FTIR cua hat gel chitosan (Hinh 3.1)
cho thiy c6 cac dinh hip thu quan trong nhit
dac trung cho chitosan: 3200-3600, 2919, 1643
(cmY). Trong d6, dinh hap thu & 2919 cm* dic
trung cho dao dong bién dang cua céc lién két
C-H, dinh hap thy ¢ 1643 cm™ dic trung cho
nhém CONH con lai trong phén tir chitosan,
dai hap thu 3200-3600 cm™ dic trung cho dao
dong hod tri cua cac nhém —OH va —NH,. Diéu
d6 cho thay trong phan tur chitosan dang con
cac nhém OH chua phan ung. Tuy nhién & day,
ta d& dang nhan thdy rang, dinh hip thy dic
trung cho dao dong hod tri cua lién két O-H c6
cuong d6 hip thy thip hon va vung hép thu
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dugc mo rong so vai chitosan (3000-3600 cm-
1) do sy ¢ mat caa nhdm COOH trong san
pham. Cac két qua nay tuong tu nhu trong cac
cong trinh da cong bd vé phd FTIR cua
chitosan [1-3].

Wermaczu

s B o Ly
g 8§ 8 3i8

Hinh 1. Phé hong ngogi ciia hat gel chitosan
3.1.2. Phé XRD caia chitosan va hgt gel
chitosan
Hinh 3.2 cho thay, chitosan c6 2 pic dic trung
tai 20 = 9,7° va 20 = 20,1°, phu hop véi gian do
nhiéu xa cua chitosan di duoc cong bé [2,3],
thé hién dang vo dinh hinh va c6 mirc dé tinh
thé thip cua chitosan tir vo ghe. Tuy nhién,
khong c6 phan xa nao duoc tim thiy trong gian
dd nhidu xa cua hat gel chitosan. Diéu nay cho
thiy cdu trdc tinh thé cua chitosan da bi pha
haty khi tao lién két ngang véi glutaraldehyde.
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Hinh 2. Gian do XRD cuia chitosan (CS) va hat
gel chitosan (CS-GEL)

3.1.3. Hinh théi hgc caa chitosan va hat gel
chitosan

Anh SEM cua chitosan va hat gel chitosan véi
d6 phong dai 2000 lan cho thay, bé mat cua
chitosan (hinh 3.3a) kha phing va min, trong
khi bé mat cua hat gel chitosan (hinh 3.3b) x6p
hon. B& mit cua hat gel chitosan duoc tao tir
céc hat co kich thuéc khong ddng déu va co
hop chét phu gén két cac hat lai voi nhau. Kich



thuéc hat nam trong khoang tir 5pm dén 20
pm.
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Nhu vay, su giam khéi manh cua chitosan &
giai doan 2 véi nhiét d6 khoang 250°C dén
500°C, trong khi d6 su giam khdi lwong manh
cua hat gel chitosan ¢ giai doan 3 vai nhiét do
khoang 400°C dén 700°C. Piéu d6 cho thiy hat
gel chitosan c6 d6 bén nhiét cao hon chitossan.
3.2. Kha ning hap phu ion Pb?*

3.2.1. Théi gian dat can bang va higu sudt
hdp phu

Su thay d6i ham lugng Pb? trong dung dich
theo thoi gian dugc thé hién trong hinh 3.5.
Sau 1 gio xir Iy ham luong Pb?* trong dung
dich giam tir 0,887 mg/L xudng con 0,200
mg/L (giam 77,45%), sau d6 ham lugng Pb%*
trong dung dich giam cham. Sau 24 gid, ham
lwong Pb?* trong dung dich chi con 0,032 mg/L
(giam 96,39%). Sau 4 gio, nong do Pb?* trong
dung dich giam nhanh hon so véi tir 1 gio dén
3 gio, didu nay co thé do bé mat vat lieu hip
phu khong dong nhat, sau 4 gi ¢6 su phan b
lai ndng d6 Pb2* trén bé mat vat lieu dan dén
tang kha ning hap phu.
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Hinh 3. Anh SEM ciia chitosan (a) va hat gel
chitosan (b) véi dg phong dai 2000 lan

3.1.4. Khdo sdt dp bén nhigt

Tir gian d6 TGA cua chitosan (hinh 3.4a) va
hat gel chitosan (hinh 3.4b), ta thiy trong viing
nhiét d6 khao sat déu xuit hién 3 qué trinh
giam khéi luong ké tiép nhau. Déi véi
chitosan, ty 1& hao hut khdi lwgng twong wng la
14,27%; 67,11% va 19,99%, con & hat gel
chitosan ty I& hao hut khdi lugng tuong ung la
19,66%; 33,43% va 45,48%.
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Hinh 4. Gidn d6 TGA ciia chitosan (a) va hat gel chitosan (b)
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Hinh 5. Anh hieong ciia thoi gian dén ham
leong Pb?* trong dung dich
Hiéu suat hap phu cua hat gel chitosan dugc
biéu dién & hinh 3.6. Két qua cho thiy khi thoi
gian xu 1y tang Ién, hiéu suat hap phu ion Pb?*
tang tir 77,43% dén 96,39%. Hiéu suit hip thu
tang nhanh & 1 gio dau tién sau d6 ting cham.
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Hinh 6. Anh huong thoi gian dén hiéu sudt hdp phu



3.2.2. M6 hinh va phwong trinh hip phu cén
bing
Két qua phan tich mau nudc sau khi xir Iy dugc
trinh bay & bang 3.1.

Bdng 1. Anh huong ciia nong do dung dich Ph**

Co (mg/L) Coo (mg/L) Q (mg/g)
0,887 0,192 0,148
1,800 0,115 0,158
4,690 2,015 0,253
8,660 5,500 0,287
17,700 13,050 0,442

Tur hap phu ding nhiét cua hat gel chitosan cho
thdy v6i ham luong dung dich Pb?* dudi 20
mg/L luong chat hap phu trong pha hap phu ¢
trang thai can bang cua hat gel chitosan ting
dan.

0 5 10 15 20 25
C (mg/L)

Hinh 7. Puong hap phu ddng nhiét
Két qud tinh toan cdac tham $6 nhiét dong hoc
cua cac mo hinh déng nhiét khao sat duoc
trinh bay trong bang 3.
Bdng?. Bang tham sé nhiét déng hoc

M hinh déng nhiét

Langmuir Sip Freundlich

Q| K| R |[Qux] K | N| R | K|N| R?

0,480,250,8174 955 [0,000130,4030,92570,127)2,480,9505

Tur két qua bang 3.3 nghién ctru mo6 hinh dang
nhiét hap phu Langmuir, Sip va Freundlich ta
c6 thé nhan thy, cac sb liéu thuc nhiém phu
hop véi mé hinh dang nhiét Freundlich voi gia
tri hing s tuong quan theo moé hinh
Freundlich (R? = 0,9505) I6n hon so v&i md
hinh Langmuir (R? = 0,8176), va md hinh Sip
(R? =0,9257). Hé s tuong quan hoi quy tuyén
tinh R? dat gi4 tri kha cao ciing khing dinh
rang qué trinh hip phu tuan theo mé hinh ding
nhiét Freundlich. Gid tri hé s6 n trong mé hinh
dang nhiét Freundlich 1<n<10 déu nim trong
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khoang thuan loi cho mé hinh ding nhiét
Freundlich. Tuy nhién, théng sé6 K dic trung
cho kha nang hap phu cua hé lai c6 gia tri nho
(K=0,127 mg/g), diéu nay dong nghia vai viéc
hé co kha nang hap phu kém nén khéng phu
hop khi st dung mo hinh ding nhiét
Freundlich dé danh gi qua trinh hap phu nay.
Diéu nay ching té, bé mat hip phu cua hat gel
chitosan khong dong nhat.

4. KET LUAN

Chitosan di dugc diéu ché tir vo ghe vai hiéu
suat chuyén héa tur chitin 1a 50,1%. San pham
chitosan thu dugc c6 mau tring nga, do nhét
tuyét doi la 680 cp véi do deacetyl héa la
80,3%. Bang phuong phap khudy co hoc va tao
lien két ngang Vvéi glutaraldehyde da diéu ché
dugc hat gel chitosan c6 kich thudc khoang
5um dén 20 pm. Cau tric hoéa hoc, ciu tric
tinh thé, hinh thai hoc va do bén nhiét cua
chitosan va hat gel chitosan da duoc khao séat.
Kha ning hap phu ion kim loai Pb?* da dugc
khao sat voi ba méd hinh hip phu ding nhiét
Langmuir, Sip va Freundlich. Két qua cho thiy
hat gel chitosan hap phu ion PbZ* phu hop Vi
mo hinh ding nhiét Freundlich.
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