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Tém tiit
Chitosan (CTS) khéi luong phan tu thép duoc tao ra béng ky thuat chiéu xa gamma Co-60.
Hat nano chitosan (N-CTS) duogc diéu ché tir chitosan khéi lugng phan tir thip bang ky thuét tao
gel ion hoa vdi tac nhén tao lién két ngang natri tripolyphotphat (TPP). Céc thong s6 anh huong
dén kich thudc hat nhu ham luong chitosan, khéi lugng phan tir ctia chitosan va nong do TPP su
dung ciing duoc nghién ctru. Cac dic trung ciia N-CTS duoc x4c dinh bang phd hong ngoai chudi
Fourier (FT-IR), tan xa 4nh sang dong (DLS) va kinh hién vi dién tir quét (SEM). Kha nang hap
thu cac 1on kim loai cua N-CTS va cac mo hinh déng nhiét da duoc khao sat.

Tir khéa: cdt mach birc xa, hd'p phu, ion kim logi, nano chitosan..
1.MO PAU

Hién nay, hoat dong san xuat cong nghiép, néng nghi¢p da thai truc tiép chat thai co
chtra céc ion kim loai nang vao ngudn nudc gy anh hudng xau dén méi truong sinh thai va
sttc khoe con nguoi. Vi vay, viée thu gom, tach loai cac kim loai ning ra khoi ngudn nudc 1a
mot vin dé can thiét. Ngay nay, tong hop vat liéu hap phu ion kim loai tir cac polymer co
ngudn gdc ty nhién (chitosan, cellulose, ..... ) 1a trong nhirng hudng nghién ctu dang dugc cac
nha khoa hoc quan tam. Trong nhimg nam gan day nhiéu nghién ctru sir dung chitosan dé héap
phu cac ion kim loai ning va kim loai chuyén tiép [1, 2]. Pham vi va hiéu qua mg dung cua
chitosan duoc mé rong khi khéi lugng phan tir cua ching dugc giam cap bang birc xa gamma
[3,4]. Nghién ctru str dung N-CTS thay thé chitosan 1a hudng nghién ctru img dung nhiéu tiém
ndng trong cong ngh¢ sinh hoc, héa hoc va moéi truong [5, 6, 7]. N-CTS véi kich thudce hat cd
nano mét, c6 dién tich bé mit 16n d& hap thu cac ion kim loai [7, 8]. Bai viét trinh bay cac két
qua nghién ctru vé anh huong cta cac thong sé dén kich thude hat va kha nang hap phu cac ion
kim loai caa N-CTS tir chitosan cdt mach béng burc xa Co-60.

2. NOI DUNG

2. 1. Poi twong va Phuong phap
2.1.1. Poi twong nghién ciru
- Chitosan tir vo cua }(héi lugng phan td My, ~ 101,9 kDa, d¢ Deacetyl 1a 78,33%
- Chuan da ngpyén tf), Merck (Cu, Cd, Fe, Pb, Zn...)
- Céc hoa chat chuan phan tich PA cua Merck: NasP30;o (TPP); CdSO4; Zn(NOs3)y;
NaOH; HNOs; CH;COONa; CH;COOH; H,0; ...
- Nudc cat 3 1an duoc st dung cho thi nghiém.
2.1.2. Phwong phap nghién ciru

- Cit mach chitosan bang ky thudt chiéu xa gamma Co-60
Cén 5 g Chitosan ngam truong 1 gi¢' trongl0 mL dung dich HO, 5% [4, 6], sau d6 dem
chiéu xa & lidu xa 10 kGy bang thiét bi chiéu xa gamma Co-60 GC - 5000 (BRIT, An Do), hoat
d6 4000Ci, suat lidu 2,0 kGy/gio (trung tdm budng chiéu). Mau sau khi chiéu xa s& duoc xac
dinh khéi lugng phan tir trung binh bang sic k¥ gel GPC trén may LC-20AD Shimadzu. Chét
chuan 1a Pullulan c6 M,, tir 12.200 dén 100.000 Da, dung méi pha dong 13 CH;COOH
0,25M/CH3COONa 0,25M véi tbe d6 bom 0,5mL/phut, nhiét do cot 40° C [6].



- Diéu ché N-CTS béng ky thuit tao gel ion héa véi tic nhén natri tripolyphotphat

N-CTS duoc diéu ché bang ky thuit tao gel ion hoa voi tac nhan tao lién két ngang 1a TPP
[5, 6]. Chitosan dugc hoa tan co néng do 3 g/L trong dung dich axit acetic 2%, sau d6 nho tr tir
timg giot 50 ml dung dich TPP vé6i nong d6 khac nhau, khudy & téc d6 1000 vong/phit. Cac hat
N-CTS tao thanh trong dung dich dugc xac dinh kich thudc hat bang phuong phap DLS trén
may do kich thudc hat va thé zeta Zetasizer nano SZ (Anh) [6]. Hat N-CTS dugc nhan bang
phuong phéap ly tdm véi tbe do 12000 vong/phut trong 30 phit sau d6 dong kho trén thiét bi
[IShinBioBase (Han Qudc). Xac dinh cac dic trung tinh chit cia N-CTS bang phan tich phd
FT-IR va SEM.

- Khdo sdt khd nding hép phu cdc ion kim loai ciia N-CTS
Can 0,1 g N-CTS r6i lan luot cho vao binh tam giac 250 ml chtra 50 mL dung dich céc
ion Zn*" va Cd*" khudy & tdc do 250 vong/phut. Khao sat anh hudng cua pH, thoi gian khudy
va ndng do ion kim loai khac nhau dén kha ning hap phu ciia N-CTS. Dung dich sau khi
khudy duoc ly tim véi tc d6 12000 vong/phut trong 10 phut. Liy dung dich xac dinh luong
jon kim loai con lai bang phuong phap AAS trén may quang pho hap thu nguyén tir Shmadzu
A4-6800 (Nhat Ban).

Hiéu suat hip phu duoc tinh theo cong thirc:

H%=——"= oG £ x100 (1)
CO
Dung luong hip phu dugc tinh theo cong thirc:
e: (CO -Ce )XV (2)
W

Trong d6: C, 1a ndng do ion kim loai ban dau trong dung dich (mg/L), C, 1a ndng d¢ ion
kim loai con lai trong dung dich (mg/L), V 1a thé tich dung dich (L), W 1a khoi lugng chat hap
phu da dung (g).

- Mo hinh déang nhigt o ,

M6 hinh dang nhiét m6 ta qua trinh tuong tac gitra chat hap phu va ion kim loai bi hap
phu c6 dang tuyén tinh nhu sau [7, 8]:

Mo hinh dang nhiét Langmuir:

C C 1

=y 3)
qc qmax qmax 'KL
Mo hinh dang nhiét Freundlich:
Lngq, =LnK, + 1 LnC, “4)
n

Trong do: qe 1a dung luong hép phu tai thoi diém can bang (mg/g), Qnay 12 dung lu’ong
hap phu cyc dai (mg/g), Ce la nong do cta chét tan trong pha long ¢ trang thai céan bang
(mg/L), Ky: hiang s6 hap phy Langmuir, K¢ va n: cic hang s6 Freundlich.

2.2. Két qua
2.2.1. Khdi lwgng phan tir cia chitosan
. Khéi luong phan tir cia CTS sau khi cat mach bang k¥ thuat chiéu xa gamma Co-60 ¢
lidu xa 10 kGy duoc xac dinh bang phuong phap sac ky gel tham qua (GPC). Két qua duoc
thé hién ¢ hinh 1. ) ) )
Chitosan sau khi chiéu xa c6 khoi lugng phan tu trung binh khoi (My) cua CTS la
29,67 kDa; khoi lugng phan tir trung binh s6 (M) 1a 13,55 va chi s6 da phan tan (PI) 1a 2,18.
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Hinh 1. Sic ky @0 GPC ciia chitosan chiéu xa 10 kGy
2.2.2. Anh hwéng ciia mot s6 thong s k§ thuat dén kich thwéc hat N-CTS

/frgh hwong ciia nong dp TPP . )

Két qua khao sat anh huong cua néng do dén kich thudc hat N-CTS tao thanh véi
chitosan My~29,67 kDa ¢ nong d¢ 3 g/L dugc trinh bay trong hinh 2.a

Hat N-CTS tao thanh c6 kich thudc hat trung binh nho nhat 1a 141 nm & né)ng do TPP
la 1,2 g/L twong tng voi ty 1&¢ CTS:TPP 5:1 (w/w).

/frgh hwong cua pH dung dich chitosan: )

Két qua khéao sat anh hudéng pH ctia dung dich chitosan dén kich thudc hat N-CTS tao
thanh dugc trinh bay & hinh 2.b. Kich thudc hat N-CTS 16n khi pH ctua dung dich chitosan
cao. Trong khoang pH tur 3-3,5 hat N-CTS c¢¢ kich thudc tur 141- 145 nm. Nhung khi tang pH
1én tir 4,5 dén 5,0 thi hat N-CTS c¢¢ kich thudc 16n hon
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Hinh 2. Anh hwéng ciia ndng dd TTP (a) va pH (b) dén kich thuéc hat N-CTS
Cdc dic trung tinh chit ciia N-CTS

- Anh SEM va sy phén bé kich thuée hat ciia N-CTS: Trinh bay ¢ hinh 3.a va 3.b
Két qua khao sat sy phan bd kich thude hat cia N-CTS ché tao tir chitosan 29,67 kDa
dugc thé hién ¢ hinh 3.a cho thiy, hat N-CTS phan b tap trung va cé kich thudc hat trung
binh khoang 141 nm véi ndng d6 TTP 1,2 g/L va pH dung dich chitosan 1a 3,5. Két qua chup
anh SEM cua N-CTS ¢ hinh 3.b cho thidy N-CTS tao thanh c6 kich thudc hat twong d6i dong
deu.



Results

Size (d.nmj): % Intensity: . StDev(d.n...
Z-Average (d.nm): 1412 Peak1: 2373 100.0 1807
Pdl: 0308 Peak 2: 0.000 00 0.000
Intercept: 0.943 Peak 3: 0.000 0.0 0.000
Result quality: Good
Size Distribution by Number (a)
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Hinh 3. Anh phén b kich thuéc hat (a) va SEM (b) ciia N-CTS

- Pho FT-IR:

Két qua hinh 4 cho thay phd FT-IR c6 su chuyén dich dinh 3360 cm™ va 3290 cm™ cua
chitosan vé dinh 3240 cm™ ctua N-CTS. Pong thoi xudt hién dinh hdp thu ¢ 1212 cm™ dic
trung cho dao dong ciia nhom —P=0. Dinh hép thu & 1586 cm™ dic trung cho dao dong cia -
NH, ctia chitosan v6i N-CTS dich chuyén vé 1537 cm™. Diéu nay chtng t6 TTP di lién két
v6i nhom NH; trong N-CTS.
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Hinh 4. Phd hong ngoai ciia N-CTS va chitosan
2.2.3. Kha niing hip phu cic ion kim loai ciia N-CTS

Khao sat cac yéu té anh huéng dén hiéu suit hip phu cac ion kim loai Zn*" va Cd** cua
N-CTS c6 kich thudce hat trung binh 1a 141 nm.

Anh hwéng ciia pH:

Khao sat anh huéng cia pH dén hiéu suét hip phu cac ion Zn>* va Cd** caa N-CTS véi
thoi gian khudy 1a 120 phat dugc trinh bay & hinh 4.a

Két qua khao sat cho thdy hiéu sudt hip phu cua N-CTS dat gia tri cao nhat & pH 5 ddi
véi cac Zn”" va Cd*' 1an luot 14 67,39 % va 87,43 %.

Anh hwéng ciia thoi gian khudy:

Khao sat anh huéng cta thoi gian khudy dén hiéu sudt hap phu cac ion Zn*" va Cd*" cua
N-CTS ¢ pH= 5 duogc trinh bay ¢ hinh 4.b

Két qua khao sat ciing chi ra réng, hiéu sudt hép phu céc ion kim loai cua vat li¢u N-
CTS tang 1én theo thoi gian khudy. Thoi gian khudy t6i wu cta ion Zn** 13 150 phut v6i hiéu
suét hip phu 70,67 % va Cd** 120 phut 1a 87,43 %.
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Hinh 5. anh hwéng pH (a) va thoi gian khuiy (b)
2.2.4. M hinh ding nhiét

M6 hinh drfmg nhi¢t dugc dung dé mo ta su hép phu céc ion Zn* va Cd*" lén vat liéu
nanochitosan nhu mo hinh Langmuir, Freundlich dugc trinh bay ¢ hinh 6.
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Hinh 6. M6 hinh ding nhi¢t Langmuir (a) va Freundlich (b)
Két qua tinh toan dya trén mo hinh dang nhiét Langmuir va Freundlich dugc trinh bay
¢ bang sau:
Bdngl. cdc tham s6 moé hinh dang nhiét Langmuir va Freundlich

Mo hinh Langmuir Freundlich
Ton Jmax(mg/g) | Kp(L/mg) R? Kr(mg/g) n R?
Zn* 196,08 0,005 0,9815 4,10 1,75 0,9848
cd** 263,16 0,012 0,9697 14,48 2,21 0,9974

Theo mod hinh dfmg nhi¢t Langmuir tinh toan dugc dung luong hép phu cuc dai cho ion
Zn”*" 14 196,08 mg/g va ion Cd*" 1a 263,16 mg/g. Hé sb tuong quan cho thdy mé hinh déng
nhiét Freundlich (Zn2+, R*= 0,9848 va Cd2+, R*= 0,9974) cao hon md hinh déng nhiét
Langmuir (Zn>™ R*= 0,9815 va Cd*" R’= 0,9697) cho thay su hdp phu cac ion Zn*" va Cd**
ctia N-CTS phu hop véi mé hinh dang nhiét Freundlich [7, 8].
2.3. Ban luan

Tir cac két qua nghién ctru cho thiy kich thudce hat N-CTS tao thanh bi anh huéng cua
nong d6 TTP va pH cta dung dich CTS. Véi ndng do TPP thap khong dii dé tao cac lién két
v6i phan tir chitosan, khi ting nong d6 TTP phén tir chitosan c6 xu hudng lién két chit ché
v6i nhau thong qua lién két ngang lam cho kich thugc hat nano nhé lai. Nhung khi nong do



TTP qua cao thi cac hat nano c6 xu huéng két hop lai voi nhau tao thanh hat c6 kich thudc
16n hon. Anh huéng pH cua dung dich CTS dén kich thudc hat N-CTS c¢6 thé giai thich khi
pH ting dan sé& dién ra sy trung hoa vé mat dién tich trong dung dich chitosan, nhém—NH;'s&
bi mat H' tré thanh —NH, lam cho céc phan tir chitosan kém linh dong hon gy hién tuong tu
hat 1am cho kich thudc hat ting. Két qua nghién ctru phit hop véi nghién ctru ciia Nguyen
Trong Hoanh Phong va cong sy [6]. Hat N-CTS tao thanh c6 kich thudc hat tuong dbi dong
deu.

Kha ning hap phu cac ion kin loai ciia N-CTS anh hudng cua cac yéu td nhu thoi gian
khudy, pH... Trong d6, pH 1a mét tham sé hét stc quan trong cho qua trinh hap phu cac ion
kim loai ciia N-CTS. khi moi truong dung dich c¢6 pH thip, cac cation kim loai phai canh
tranh rat manh voi ion H' dong thot c6 su proton hoa cac nhom (-NHy) cua N-CTS trong acid
tao thanh (-NH;") gay ra luc day tinh dién 601 v6i cation kim loai ddn dén 1am giam kha ning
hap phu ion kim loai. Tuy nhién néu pH tiép tuc ting thi cac ion kim loai c6 xu hudng tao
thanh hinh thanh dang phtic hydroxy lam giam kha nang hap phu [8]. V6i dung lugng hap
phu cac ion kim loai cia N-CTS 1én vi vay c6 thé tmg dung giai quyét van dé 6 nhiém kim
loai nang trong moi trudng nude.

3. KET LUAN

Hat N-CTS dugc diéu ché tir chitosan c6 khbi luong phan tir 29,67 kDa béng phuong
phép tao gel ion hoa véi tac nhén tao lién két ngang TPP c6 kich thudc hat nano 141nm véi
né)ng do TTP 1,2 g/L va pH cua dung dich chitosan bﬁ“mg 3,5. Hat N-CTS tao thanh c6 hinh
cdu va phén bd kha dong déu. Két qua khao sat hap thu cac ion kim loai Zn*" va Cd*" ctia N-
CTS c6 hiéu suat hip phu cao nhéat & pH 5 va thoi gian khudy 150 phut dbi véi ion Zn*", 120
phut véi ion Ccd*. Dung luong hap phu cuc dai cua ion Zn*" va Cd*" 1an luot 1a 196,08 va
263,16 mg/g. Qua trinh hip phu ciia N-CTS phu hop vé6i véi mé hinh dang nhiét Freundlich
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ABSORPTION OF HEAVY METAL IONS Zn** AND Cd*" ONTO NANO-
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Abstract

Preparation of low molecular weight chitosan by irradiation technique was carried out.
Nano-chitosan particles (N-CTS) were synthesised by ionic cross linking of chitosan with
sodium tripolyphosphate (TPP). The effects of concentration and molecular weight of chitosan,
concentration of TPP on the particle size of the resulting N-CTS were studied. Characteristics of
the resulting product were determined by Fourier transform infrared (FT-IR) spectrometer,
dynamic light scattering (DLS) and scanning electron microscope (SEM). The ability to absorb
metal ions of N-CTS was investigated.

Keywords: absorbent, metal ion, nano-chitosan particles (N-CTS), radiation



