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Tom tiit:

Chitosan khéi lwgng phan ti thé"lp duge tao ra b%ng ky thuit chiéu xa gamma Co-60. Hat nano chitosan (N-CTS)
dwoc didu ché tir chitosan khoi lwgng phén tir thip bing k§y thuit tao gel ion héa véi tac nhan tao lién két ngang natri
tripolyphotphat (TPP). Cac thong s6 anh hwéng dén kich thude hat nhw ham lwong chitosan, khdi lwong phan tir ciia
chitosan va nf”)ng do TPP sir dung ciing dwge nghién ciru. Két qua cho théy, khéi lwgng phén tir ciia chitosan cang thé"lp
tao ra hat N-CTS c6 kich thuéc cang nho. Cac dac trung cia N-CTS dwgc xac dinh bﬁng pho hﬁng ngoai chudi Fourier
(FT-IR), phn tich nhiét quét vi sai (DSC), tan xa anh sang dong (DLS) va kinh hién vi dién tir quét (SEM). Khi ning

hip thu cac ion kim loai Cu?*, Cd?* va Pb** ciia N-CTS di dwoc khio sat.

Tir khda: cit mach bire xa, hfip thy, ion kim loai, N-CTS.
Chi sé phin logi: 2.9

Dat van dé

Ngay nay, 6 nhiém kim loai nang trong méi truong dat va nudc
do cac hoat dong san xudt cong nghiép va sinh hoat ciia con ngudi
dién ra ngdy cang nghiém trong. Vi vdy, viéc nghién ctru tim ra céc
vat liéu mdi, an toan, cong nghé ré tién dé thu gom va xu Iy kim
loai nang la hét stic can thiét. Viéc ung dung cac vat liéu ty nhién
hodc tén dung phu phém nong nghiép dé thu gom cac kim loai ngng
12 mot trong nhitng huéng nghién ctru dang dugc gidi khoa hoc
quan tam. Chitosan 1a mdt loai polysacchacaride ty nhién dugc san
xuét cha yéu tir vo tom, cua va céc loai gidp xéc, gan ddy duoc rat
nhiéu nha khoa hoc nghién ctru sir dung lam chat hip phu cac ion
kim loai nang va kim loai chuyén tiép. Chitosan c6 kha ning hap
phu mot s6 ion kim loai nhw Cu®', Zn®*, Pb**; Cd** [1]. Pham vi va
hiéu qua tmg dung ctia chitosan duoc md rong khi khoi lvong phan
tir cia chung duoc giam cap bang birc xa gamma [2]. Nghién ciru
st dung N-CTS thay thé chitosan 14 hudng nghién ctru tmg dung
nhiéu tiém nang trong cong nghé sinh hoc, héa hoc va méi trrong
[3], boi N-CTS vdi kich thude hat ¢ nano met, ¢4 dién tich bé mit
16m, d& hap thy cdc ion kim loai [4]. Bai viét nay trinh bay cac két
qué nghién ciru vé anh huéng cua céc thong s6 gia cong dén kich
thudc hat va kha nang hap thu cac ion kim loai ciia N-CTS.

Vat liéu va phuong phap nghién ciiu
Nguyén vit liéu
- Chitosan tir vo cua, khbi luong phén th M~ 101,9 kDa.

*Tac gia lién hé: Email: sharahio@yahoo.com
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- Chuan da nguyén t5, Merck.

- Céc hoa chit chuan phan tich PA ctia Merck: TPP, Cu(NO,),,
Pb(NO,),, CdSO,, Zn(NO,),, NaOH, HNO,, CH,COONa,
CH,COOH, H0,...

- Nuéc ct 2 lan duogc st dung cho thi nghiém.
Phuong phap nghién ciru

Cdt mach chitosan bang ky thudt dong vdn: cac mau chitosan
duoc ngdm truong 1 gio trong dung dich H,0, 5%, sau d6 dem chiéu
xa ¢ khoang liéu xa 0-25 kGy bang thiét bi chiéu xa gamma Co-60
GC - 5000 (BRIT, An Do), hoat d6 4000 Ci, sudt liéu 2,0 kGy/gio
(trung tAm budng chiéu). Mau sau khi chiéu xa s& dugc xac dinh
khi Iwong phén tir trung binh bing sc ky gel GPC [5].

Diéu ché N-CTS bang ky thudt tao gel ion héa véi tic nhan
TPP: N-CTS dugc diéu ché bing k§ thudt tao gel ion héa vdi tac
nhan tao lién két ngang 14 TPP. C4c mau chitosan dugc hoa tan
thanh nong do 3 mg/ml trong dung dich CH,COOH 2%, sau do
nho tr tur tung giot dung dich TPP nong d§ 1 mg/ml vao, khuay
& toe do 1000 vong/phit cho t6i khi dung dich chuyén sang mau
vang duc. Cac hat N-CTS tao thanh trong dung dich dugc xac dinh
kich thudc hat [6, 7].

Thu nhdn N-CTS: hat N-CTS dugc thu nhan bang thiét bi dong
khé IIShinBioBase (Han Quédc), sau d6 duge do FT-IR va DSC dé
xac dinh cac déc trung céu trac.
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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. Results showed that
a lower molecular weight chitosan corresponded to a
smaller N-CTS size. Characteristics of the resulting
product were determined by Fourier transform infrared
(FT-IR) spectrometer, differential scanning calorimeter
(DSC), 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-CTYS), radiation degradation.

Classification number: 2.9

Xac dinh cac ddc trung tinh chat ciia chitosan va N-CTS:

Xac dinh d9 deacetyl (PDA) cua chitosan: DDA cua chitosan
duge xéac dinh bang phuong phdp do phd IR trén may FT-IR 4600,
Jasco (Nhat Ban). DDA dugc tinh theo phuong trinh [8]:

DDA %=100-[(A -0,3822)/0,03133] )

Vi A, A 1ado hip thy tuong tmg tai cac sb song 1320,

1320’

1420 cm’!

1320 1420

1420

Xéc dinh khdi luong phan tir trung binh cua chitosan bang
sic ky tham thau gel: khdi lugng phéan tir ciia chitosan (M,) duoc
xéc dinh bang phuong phap sic ky gel thim qua (GPC) trén may
LC-20AD Shimadzu (Nhat Ban), su dung detector RID-20A va
cot Shodex SB-803 HQ, kich thudc c¢ot 8x300 mm. Chat chuan
1a Pullulan (M ~ 12200-100000 Da). Nhiét do budng cot 1a 40°C,
pha dong la dung m6i CH,COOH 0,25M/CH,COONa 0,25M véi
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tdc d6 bom 13 0,5 ml/phut. Thé tich mAu tiém vao cot khoang 50 pl.

Xéc dinh tinh chit nhiét trén thiét bi phan tich nhiét quét vi sai
bu ning lugng DSC-60, Shimadzu (Nhét Ban): can chinh xac mot
lugng méau (khoang 4 mg) cho vio ndi phan tich mau bang nhom,
sau d6 niém méu bang thiét bi chuyén dung, 1am tuong ty v6i mau
so sanh dung AL,O,. Sau khi chuan bi xong, dat mau so sanh va mau
can do vao buong nhlet cua DSC-60 va tién hanh do miu. Tdc do
dong khi nito' 50-100 ml/phut, tbe d6 gia nhiét 20°C/phut, khoang
nhiét d6 do 30-600°C.

Xac dinh kich thudc hat nano va thé zeta: hat N-CTS duoc
xac dinh kich thudc va thé zeta bang thiét bi Zetasizer nano SZ,
Malvern (Anh). St dung cuvet thach anh 4 mdt va chon goc do
173°C.

Khdo sdt kha nang hdp thu cdc ion kim logi ciia chitosan va
N-CTS:

Hiéu suit hap thu duoc tinh theo cong thirc:
H% = €2="2x 100

)
Trong do C la ndng do ion kim loai ban dau trong dung dich
(mg/l), C_la nong d¢ ion kim loai con lai trong dung dich (mg/1).

Dung lugng hép thy duoc tinh theo cong thirc:
_ (CO_Ce)
e w
Trong d6, W 1a khéi lugng chét hip thu da ding (g).

3)

Xac dinh dung lugng hap thy céc ion kim loai: can 0,1 g N-CTS
r6i lan luot cho vao binh tam giac 250 ml chira 50 ml dung dich
fon Cu*, Pb¥, Cd* c6 nong do 100 ppm, khudy 250 vong/phit véi
thoi gian khudy 1an luot 1 20, 40, 60, 80, 120, 140 va 160 phi.
Dung dich sau khi khudy duoc ly tam vai toe do 12000 vong/phut
trong 30 phut. Loc thu ldy dung dich va xac dinh lwong ion kim loai
duoc hap thu boi N-CTS bang phuong phap AAS trén méy quang
phé hap thy nguyén tir Shmadzu A4-6800 (Nhat Bén).

MOi thi nghiém tién hanh 3 1an, 4y gia tri trung binh.
X Iy 56 liéu thwe nghi¢m

Két qua danh gid va xir 1y s0 ligu bang phan mém SPSS 16.0.
Phan tich phuong sai mot yéu to voi mire tin cdy la 95% (p<0,05).

Két qua va thio lugn
Mot s6 thong so ban ddu ciia chitosan trude khi chiéu xq

Phé hong ngoai: két qua do phd FT-IR cua chitosan trinh bay &
hinh 1 cho thy, phd hong ngoai cua chitosan c6 dinh hap thy nam
trong ving 3297 em' ddc trung cho dao dong hoa tri ciia nhém -OH
lién hop; dinh hép thy ¢ 2875 cm! déc trung cho dao dong hoa tri
bt ddi xtmg va dbi ximg cua nhom -CH; dinh hép thy ¢ 1653 cm!
dic trung cho dao dong bién dang -NH, cua amin bc mdt; dinh hip
thy & 1589, 1420, 1381 cm’! lan lugt tuong mg voi dao dong hoa
tri ciia nhom -C=0, dao dong ctia nhom -OH va dao dong ddi xtmg
cua nhom -CH,; dinh hép thy & 1320 cm! dac trung cho dao dong
cua nhom amld bic 3 -CH;; dinh hép thu 6 1149 cm™ ddc trung cho
dao dong ctia nhom C=0 céu ndi oxy két qua ciia sy deacetyl hoa
chitosan va dinh hp thy & 895 cm! dic trung cho dao dong C-H
trong céu triic vong ciia polysacarit.
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ey 1

D§ hap thy

Sé song [cmr1]
Hinh 1. Phd hong ngoai clia chitosan.

DDA cua chitosan dugc tinh theo phuong trinh (1): cac két qua
chi ra rang, do DDA cua chitosan ban dau la 78,05%.

Khéi heong phdn tir ciia chitosan: khéi luong phan tir ciia
mau chitosan ban ddu dugc xac dinh bang phuong phap sic ky
gel thim qua (GPC) trén may LC-20AD Shimadzu (Nhat Ban), sir
dung detector RID-20A va cot Shodex SB-803 HQ, kich thudc cot
8x300 mm. Sic ky do dugc thé hién & hinh 2.

mv

o P P T T P T T P
thi gian, phitt

M Mw
54759 101989

Hinh 2. Sic ky do GPC ctia chitosan nguon.

Leg (MW.)

1.56251

Céc két qua khao sat khoi lugng phan tir ciia chitosan ban dau
trong hinh 2 cho thy, khéi lugng phan tir trung binh khéi (M,) cua
chitosan ban dau 1a 101,9 kDa; khdi luong phan tir trung binh s6
(M) 1a 54,7 va chi s da phan tan (PI) 1a 1,86.

Anh huwdng ciia liéu Xa lén M chitosan

Anh hudng cua liéu xa lén hiéu suat cit mach chitosan truong
trong dung dich H,0, 5% dugc trinh bay ¢ hinh 3.
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Khdilwgng phan tir, kDa

0 s 0 15 20 25 30
Liéu xa, kGy
Hinh 3. Anh huéng cta liéu xa dén M, ctia chitosan.
(Né&u khong chiéu xa (0 kGy) thi KLPT cta chitosan ban dau 1a 101,9 kDa)
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Céc két qua nghién ciru chi ra réng, khoi lwgng phan tir trung
binh (M, ) cua chitosan giam theo lidu xa dat M ~21,47¢6 lidu chiéu
xa 15 kGy, M, ~17,96 kDa ¢ lidu chiéu xa 20 kGy va M ~12,36
kDa ¢ liéu chleu xa 25 kGy.

Anh hwéng ciia mjt sé thong sé ky thudgt dén kich thuéc hat
N-CTS

Anh hwong ciia khoi heong phin tir chitosan: tién hanh tao
hat N-CTS voi cic mau chitosan khdi lugng phan tir khac nhau
dé khao sat anh huong ciia khdi lugng phan tir chitosan dén kich
thudc hat nano. Céc két qué khao sat dugc trinh bay ¢ hinh 4.
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Hinh 4. Anh huéng cia M, chitosan dén kich thudc hat N-CTS.

Két qua nghién ctru cho thay kich thudc hat N-CTS tao thanh
ty 1 thuén voi khdi luong phan tir chitosan. Chitosan co M, ban
dau cang thap thi kich thudc hat nano tao thanh cang nho va ngugc
lai. Tir cac két qua nghién ciru nay ciing chi ra rang, & khoang M,
chitosan 12,36-21,47 kDa thi kich thudc hat N-CTS tao thanh thay
doi khong dang ké, dao dong trong khoang 110-117 nm. Vi véy,
ching t6i chon chitosan M ~21,47 kDa cho cac nghién ctru tiép
theo.

Anh huéng ciia nong dé TPP: trong nghién cru ndy, ching toi
da tién hanh khao sat anh huong cua ty 1é chitosan/TPP dén kich
thude hat N-CTS tao thanh véi chitosan M ~21,47 kDa ¢ nong do
ban dau 1a 3 mg/ml.
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Hinh 5. Anh huéng ctia nong do TPP dén kich thudc hat N-CTS.
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Két qua nghién ciru ¢ hinh 5 chi ra ring, nong d TPP anh
huong rét 1on dén qué trinh hinh thanh hat N-CTS va qua trinh
hinh thanh hat nano bang phan tmg khau mach ndi phan trai qua 3
giai doan chinh. Giai doan 1 1a khi nong d6 TPP ¢ mirc nho, dung
dich nano tao thanh trong sudt. Giai doan 2 1a khi tang néng do
TPP lén dan, dung dich N-CTS tao thanh bt dau chuyén sang mau
vang duc. Giai doan 3 1a khi nf”)ng do TPP qua cao, dung dich bt
dau két tia.

Cac két qua khao sat ciing chi ra rang, 6 nong do TPP a 1
mg/ml tuong g voi ty 1¢ chitosan/TPP 1a 3/1 (w/w), dung dich
chitosan bt dau chuyén qua mau vang duc, diéu nay chimg to hat
nano da dugc hinh thanh va dat kich thuéc khoang 122 nm. Két
qua nghién ctru nay cling phu hgp voi cac nghién ctiru ctia Grenha

[9].

Anh huong ciia pH: két qua khao sat ¢ hinh 6 cho thay pH c6
anh huong manh dén kich thude hat N-CTS, pH cang cao thi kich
thudce hat cang 16n.
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Hinh 6. Anh huéng ctia pH dén kich thudc hat N-CTS.

Trong khoang pH tir 3-3,5 hat N-CTS c¢6 kich thude tir 120-
122 nm, nhung khi tang pH 1én tir 4 dén 5 thi kich thudc hat ¢6
chiéu huéng ting manh va ¢6 xu huéng tach 16p. Didu nay c6 thé
giai thich khi ting dan pH sé& dién ra su trung hoa vé mit dién tich
trong dung dich chitosan, nhom -NH," s& bi mit proton trg thanh
-NH, lam cho di¢n thé hat giam, gy hlen tuong tu hat va lam cho
kich thu'orc hat tang lén.

Cic dic trung tinh chit ciia N-CTS

Phé hong ngoai: phd hong ngoai IR ciia N-CTS duoc trinh
bay ¢ hinh 7.
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i
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Hinh 7. Phd hong ngoai ctia N-CTS, chitosan (CTS), TPP.
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Trén pho hong ngoai cia N-CTS ¢6 cac dinh hép thu tuong tu
chitosan. Tuy nhién, dinh hap thu ¢ 1653 cm™ dic trung cho dao
dong cua NH, cua chitosan, dinh nay cua N-CTS Xuét hién & 1632
cm!. Didu do chung to NH, da lién két v6i TPP trong N-CTS. Dinh
hép thu & 1215 cm' ddc trung cho dao dong cuia nhom -P=0, dao
dong nay chi xuét hién & N-CTS.

Phdn tich nhiét vi sai DSC: két qua phan tich nhiét vi sai DSC
cua chitosan va N-CTS duoc trinh bay ¢ hinh 8 cho thay, nhiét do
néng chay T va nhiét do phan huy T_cua chitosan (a) va N-CTS
(b) co su thay d6i 1o rang. V6i mau “chitosan (a), T_ ¢ nhi¢t do
90,32°C dc trung cho sy mat nude hip thu trong phan tir chitosan
va T la 314,18°C ddc trung cho sy phan huy hoan toan céc phén
tir chitosan. 0 gian do nhi¢t cia N-CTS (b), ngoai T ¢ nhiét do
79,48°C dac trung cho sy mat nude hip thu trong phan tir chitosan
6 thém mot T & nhi¢t d6 230,87°C cho thdy su pha huy lién két
-P=0 trong cic hat N-CTS va chua c6 T, ¢ khoang nhiét do 600°C.
Céc két qua nghién ctru chi ra ring, TPP da lién két cic phan tu
chitosan thong qua lién két -P=0 v6i nhom -NH, cua phéan tu
chitosan va bi phan huy dut lién ket ¢ nhi¢t do 230, 87°C Do tinh
thé giam di cho thdy sy thay ddi cAu tric trang théi rin cua chitosan
do sy lién két chéo, vi vay lam tang do bén nhiét cua hat N-CTS.

mw

| 32418°C

230,87°C

o 100 200 300 400 500 600
Nhigt d [C]

Hinh 8. Gian do nhiét clia chitosan (a) va N-CTS (b).

Anh SEM va sy phdn bé kich thuéc hat cia N-CTS: két qua
chup SEM cua N-CTS ¢ hinh 9 cho thfiy, N-CTS tao thanh c6 kich
thudc hat twong ddi dong déu. Két qua khao sat su phan b kich
thudc hat ciia N-CTS ché tao tir chitosan 21,47 kDa dugc thé hién
& hinh 10 cho thay, hat N-CTS phan bd tap trung va c6 kich thude
hat khodng 122 nm.

K st it o 12
: v CUREO SJ

01 1 10 100 1000 10000
Kich thde hat, sm

Hinh 10. Phan bd kich

thudc hat cta N-CTS.

Hinh 9. Anh SEM ctia N-CTS.
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Kha nang hd'p thu cdc ion kim logi ciia N-CTS

Kha ndng hdp thu ion kim logi ciia chitosan va N-CTS: kha
ning hap thy cac ion kim loai Cu*, Cd**va Pb* nong do 100 ppm
cua chitosan (M _~21,47 kDa) va N-CTS kich thudc hat ~122 nm
trong 120 phit du(rc trinh bay & hinh 11. Két qua cho thiy N-CTS
¢6 hiéu suat hap thu cac ion kim loai Cu?"; Cd* va Pb*"cao hon hin
chitosan khdi lwgng phan tir thip.

@ Chitosan

m nano chitosan
87.43

96.23 100
S

86.96

BT 9503

&

Hi¢u suéit hip thu, %

40 60 8 100 120 140 160
Thoi gian khudy, phit

Hinh 12. Kha ning hap thy
ion kim loai cia N-CTS theo
thaoi gian.

0 20

Cu Cd Pb

Hinh 11. Kha nang hap thu
ion kim loai ctia chitosan va
N-CTS.

Két qua khao sat kha nang hap thu ion kim loai nong d6 100
ppm ciia 0,1 g N-CTS 122 nm theo thoi gian khudy dugc trinh bay
& hinh 12 cho thay, ham lugng ion kim loai hép thy ting theo thoi
gian. Sau 150 phut, hiéu suat hip thy cac ion kim loai Cu?, Cd*
va Pb** lan lugt 13: 80,23, 88,25 va 96,74%. Két qua khao sét ciing
cho théy, thoi gian dat trang thai can bang hép phu la khoang 120
phat. Do ion kim loai dé bi két toa & nf”)ng d¢ cao va pH dung dich
cao nén anh huong cua pH dung dich t6i sy hdp thu cua N-CTS
chi dugc khéo sat & gia tri pH cao nhat 1a 5 va day duoc coi la gia
tri pH t5i wu.

Dung hrong hdp thy t6i da ciia N-CTS: trén co so céc diéu kién
thoi gian, pH t6i wu da tim dugc, tién hanh qué trinh hap phu voi
ndng d9 ctia Cu?*, Cd* va Pb* ban dau khac nhau. Cac dit liéu hip
thy dugc phan tich theo md hinh ddng nhiét hip phu Langmulr
Dang tuyén tinh ctia phuong trinh Langmuir dugc biéu dién trong
hinh 13.

3.5
<Cu oCd OPb
3.0 y (Cu)=0.0043x + 0.4721 (o
R2=0.9678
2.5
y (€Cd)=0.0039x +0.3115

o 20T R2=0.9703
o4
S 15 <

1.0

y(Pb) =0,003x + 0,1415
0.5 R2=10,9486
0,0 & L 1
0 200 e 400 600

Hinh 13. Dang tuyén tinh cla phuong trinh Langmuir déi véi Cu*,
Pb2, Cd,
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Két qua nghién ciru cho thay, mo hinh hép phu ding nhiét
Langmuir mo t kha chinh xac sy hap phu ciia Cu?*, Cd** va Pb*
16n N-CTS. Dung lwgng hap phu cuc dai gmax cta N-CTS ddi v6i
Cu*, Cd* va Pb>* 1an luot 14 232,55, 256,41 va 333,33 mg/g. Ning
luong lién két b (Kqmax) trong truong hop nay 1a: Cu?: 0,4721;
Cd*: 0,3115 va Pb**: 0,1415.

Ket luan

Két hop hiéu (mg dong van giita tia birc xa gamma Co-60 va
dung dich H,0,5% (v/v) & lidu xa 25 kGy c6 thé phan cit chitosan
khéi lugng phan tir 102 kDa thanh chitosan khoi lugng phan tir
thp M ~12,36 kDa. Hat N-CTS duoc didu ché tir chitosan khdi
lugng phan tir thip bang phuong phép tao gel ion hoa vdi tac nhan
tao lién két ngang TPP. Kich thudc hat nano tao thanh phu thuge
vao khéi luong phan tir, nong do va pH cua dung dich chitosan.
Khoi lwgng phan tir ctia chitosan cang thap thi hat N-CTS tao thanh
¢ kich thudc nho, ndng do dung dich chitosan cang cao thi kich
thude hat N-CTS tao thanh cang 16n, pH cta dung dich cang cao
thi tao ra dung dich nano c¢ kich thudc hat 1on. Anh SEM cho théy
hat N-CTS tao thanh c6 hinh ciu. Phén tich cho thiy hat N-CTS co
kich thudc khoang 122 nm, phan b kha dong déu. Két qua khao
sat su hép thu céc ion kim loai Cu**, Cd** va Pb* cua N-CTS theo
md hinh hép phy déng nhiét Langmuir cho thdy: dung lwong hap
phu cuc dai gmax cua N-CTS d6i voi Cu?t, Cd* va Pb* 1an luot 1a
232,55, 256,41 va 333,33 mg/g. Nang luong lién két b (Kqmax)
ctia Cu*"1a 0,4721, Cd* 12 0,3115 va Pb*1a 0,1415.
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