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SUMMARY

PREPARATION OF ABSORBENTS BASED ON RADIATION CROSSLINKING
OF CHITOSAN FOR REMOVAL DYES FROM WASTEWATER

At present, the effluents of textile industry are severely contaminating to the enviroment, but the
removal of pollutants from wastewater is rather costly because the synthetic nature of organic dyes.
Many methods have been developed to remove the dyes from textile influents in practice, and it was
found that chitosan, a marine polysaccharide, can be utilized as natural absorbents to absorbe and
remove the dyes from textile wastewwater. The present study aiming to prepare the effective absorbents
from chitosan, and improve their stability by radiation crosslinking to use as environmental friendly
absorbents. The effects of chitosan concentration, content of crosslinking agent and radiation dose on
chitosan beads were characterized. Absroption capacity of the resulting chitosan beads were also

investigated with Direct Red 80.
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1. MO PAU

Chitosan 13 san pham deacetyl hoa cua chitin,
mdt polyssachride ty nhién c6 nhiéu trong bd
xuong ngoai ciia dong vat giap xac, duoc cdu
thanh tir cAC don vi cu triic glucosamine va N-
acetyl-d-glucosamine lién két v&i nhau qua lién
két 1-4 glucoside [1]. Phu thudc vao ngudn goc
va qua trinh didu ché, chitosan thuong & dang
bot hodc vay tring hay vang nhat véi khdi
lwong phan tir trung binh tir 100 dén 1200 kDa,
khong tan trong nudce, dung dich kiém va acid
ddm ddc nhung tan trong acid loang. La
polyme phén huy sinh hoc, twong hop sinh hoc
va dac biét 1a khong doc ddi véi con nguoi va
mdi truong nén da duoc xem la vat lidu tiém
nang cho nhiéu tng dung khac nhau tir néng
nghiép, thyc pham, dén y té va méi truong.
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Phu thugc vao kich thudc phan tur, chitosan cé
mot s6 hoat tinh sinh hoc khac nhau. Zainol va
CS da phat hién thdy chitosan v6i khéi lugng
phén tir khoang 80 kDa c6 kha nang day nhanh
qua trinh lanh vét thwong [2], trong khi
chitosan khdi lugng 20 kDa dugc thiy c6 kha
nang ngan chin sy tién trién cua bénh dai thao
dudng [3]. Hoat tinh khang khuan, khang ndm
ctua chitosan ciling dugc ghi nhén boi nhom
chiing t6i ddi vai chitosan cé trong lwong phin
tr nam trong khoang 10-50 kDa [4,5]. Céc
oligochitosan véi trong lugng phan tir khoang
1 kDa di dugc dung nhu chat kich thich sinh
truong thyc vat [6].

Trong linh vyc modi trudng, chitosan da dugc
tmg dung dé 1am vat liéu hap thy dé loai bo cac
kim loai nang ddc hai va mot s6 chit 6 nhiém



httu co nho khéa nang tao thé keo, tao phuc voi
chiung. O nhiém mau d dugc nhan ra ngay tir
khi phat minh k¥ thuat nhuém. Nhiéu loai chat
nhudém tong hop khac nhau thudng thiy xuit
hién trong nudc thai cong nghi€p dét nhudm,
da giay, san xuat bot gidy, son... Py chinh la
nguyén nhan lam cho nuéc thai dét nhuém cod
dd mau cao, va la tac nhan giy 6 nhiém moéi
truong nghiém trong. Cac hop chét hitu co nay
s& can trd' sy hap phu oxy va anh sang mit troi,
gay bét lgi cho sy ho hép, sinh truong ctia cac
loai thuy sinh, ngédn can qua trinh phén giai cac
chat hitu co c6 trong nude thai cua vi sinh vat
[7]. Mbt sb thuée nhudém cé doc tinh cao, dic
biét nhu thudc nhudm ngudn gbc benzidine
hay arylamine c6 thé gdy ung thu [8].

Hién nay, 6 nhiém tir nuéc thai nganh dét dang
gy 6 nhim nghiém trong ddi véi méi truong
Viét Nam do van st dung cic cong nghé lac
hau, tham chi lugng thudc nhudém tdn du thai
ra mdi truong sau cong doan nhudm co thé 1én
dén 50% téng luong thuéc nhudm tai mot sd
co s¢ dét nhuom [14]. Vi viy, viéc loai bo cac
chét nhudm tong hop khéi nudce thai 1a mot vin
dé vo6 cung quan trong. Nhiéu phwong phap
khac nhau da dugc ap dung dé loai bo chung
khéi méi truong nude nhung cac chit nhudm
déu thuoc loai "cung dau" do ban chét hitu co
vong thom va khé phan huy sinh hoc cua
chang.

Trong cac phuong phap hién c6, viéc sit dung
vat liéu hép phu dé bét gitt cac chit mau dugc
xem la bién phap hiéu qua va tiét kiém. Do do,
nhiéu chat hip phu di dwoc phat trién gdm
chat hip phu chon loc nhu carbon hoat tinh hay
cac chat hap phu ré tién tir phé phy phdm nong
nghiép [9,10]. Chitosan da dugc ghi nhan 1a co
kha niang hip phu cao dén 1000 mg/g dbi véi
céc chit nhuém nguodn gdc anion, nhd co cac
nhom cation NH3* linh dong trong phan ti.
Kha ning hip phu cua chitosan ciing dugc cai
thién dang ké sau khi khau mach thanh dang
hat bead.

Céc nghién ctru cua Chious va CS da ghi nhan
kha nang hép phu rat cao cta ching ddi voi
mot s6 chat nhudm hoat tinh trong moéi truong
acid [11]. Tuy nhién,

viéc st dung
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epichlorohydrin, mot hoa chét ¢o doc tinh cao
dé tao chitosan khau mach trong nghién ciru
phan nao han ché kha niang tng dung. Gan day,
chiéu xa d duoc xem nhu mot cong cy hiéu
qua dé gay khau mach dé stra d6i nhiéu loai
polymer khac nhau. Mic du chitosan dé dang
bi phan hiy thanh cic phan doan ngin hon
trong qua trinh chiéu xa [12], song néu duoc
b6 sung khau mach phi hop c6 thé tao cau trac
khau mach dé 1am bén hat chitosan [13].

Nham tao ra mot loai vat liéu hap phu hiéu qua
d6i v6i chit mau c6 kha ning ung dung lam
sach nudc thai cong nghi€p dét, nghién cuu
nay ap dung xtr 1y chiéu xanhdm khau mach
tao hat chitosan bén lam vat liéu hép phu, va
budc dau danh gia kha niang hap phu cua hat
chitosan khau mach tao dugc dbi véi thude
nhudém d6 C.I. Direct Red 80.

2. THUC NGHIEM

2.1. Nguyén vit liéu

Chitosan 7B c6 d6 DD 70%, dugc mua tir cong
ty hoa chit Katokichi, Nhat Ban, Sodium
tripolyphosphate (sTTP) 98% dugc mua tir
cdng ty Sigma-Aldrich, Tryallyl isocyanurate
(TAIC) tir cong ty Nippon Kasei Chemical,
Nhéat Ban. Thuéc nhuém C.I.Direct Red 80
(Saturn Red F3B200) dugc cung cép boi cong
ty Tan Hoang Phat va dugc st dung nguyén
nhu khi nhan. Acid acetic, sodium hydroxide
(NaOH) va mot sb hoa chit thong dung khac
dugc mua tir cong ty hoa chat Dejung, Han
Qudc va Wako, Nhat Ban.

2.2. Tao hat chitosan khiu mach ion

Céc dung dich chitosan c6 ndng d6 khac nhau
da dat dugc bang cach hoa tan mot lwong xéc
dinh chitosan trong dung dich acid acetic 5% &
nhiét do phong. Dung dich dugc khudy qua
dém va loc qua luédi thép khong gi cé kich
thude SUS 0.028 x 325 mesh dé loai bo phan
tap chit khong tan. Dung dich loc dwoc nho
giot tir syringe nhwa vao cbc thuy tinh chira
dung dich sTPP c6 ndng d6 va pH xac dinh
dang duoc khudy nhe trén may khudy tir. Sau
qué trinh khau mach ion thanh dang hat bead
trong khoang 4 gid, cac hat dugc vot ra, loc va
rira vai 1dn bang nudc cit 2 1an, dé kho qua
dém trong khong khi, va tiép tuc lam kho trong



ta sdy chan khoéng & 50°C trong 8 gid. Kich
thudc va hinh dang hat da duoc quan sat va xac
dinh dbi véi cac cong thuc tao hat khac nhau.
2.3. Xir Iy chiéu xa va tao hat chitosan khiu
mach burc xa

Chat khau mach TAIC di duoc bd sung vio
dung dich chitosan véi ty 1€ tir 0,5-5 % so véi
trong lugng chitosan trong dung dich ban déu
theo quy trinh tao hat dd d& cap ¢ trén dé tao
hat chitosan khau mach biurc xa. Phu thudc vao
ham lugng chat khau mach, hat c6 thé c6 mau
vang trong dén tring trong. Sau khi 1am khd,
cac hat chitosan duoc cho vao tii PE va chiéu
xa cac liéu 25, 50, 75 va 100 kGy véi cing
suit lidu 4.3 kGy mot gio, trén thiét bi chiéu xa
Gamma-Cell cta Vién nghién ciru hat nhan ba
Lat.

Hinh thai hat trude va sau chiéu xa duoc quan
sét trén kinh hién vi dién tr quét (SEM, Quanta
200) tai vién Vat 1y k¥ thuat, Pai hoc Bach
khoa Ha Noi. Phan trim tao gel va muc do
trrong cua hat dugc xac dinh theo lidu chiéu
nhu d6i v6i dan xuit chitosan khau mach [15-
17]. Hat chitosan chiéu xa dugc ngam trong
nude cat du & 40°C trong ti 4m c6 lic 24 gid
dé loai bo phan chit tan khong khau mach.
Phan tram tao gel hay muc do khau mach dugc
tinh theo cong thirc:

GF (%) = [(Wg - Wi)/Wi]x100 (1)

trong d6 Wg va Wi la trong lugng kho cua
phan gel khong tan va hat chitosan ban dau.
Céc hat chitosan sau khi loai phan khong khau
mach dugc ngdm vao nudc loai ion ¢ nhiét do
phong. Sau 72 gid, cac hat dugc vét ra, lam
kho bé mit bang gidy loc va trong lwong hat
chitosan truong Ws dugc xdc dinh. Muc
truong nudc duge tinh theo cong thirc:

S (lan) = (Ws - Wg)/Wg (2)

2.4. Thye nghiém hip phu chit nhudm va
cac phwong phap phén tich két qua

Hat chitosan tao dugc dd dugc s dung hip
phu chit nhuém C.I. Direct Red 80. Pu tién,
mau nudc chira thuéc nhudém chudn bi béng
cach dugc hoa tan 0,2 g chét nhuém vao 1 L
nudc cat thanh dung dich c6 ndng d¢ 200 mg/L
nhu quy trinh nhudm tai co s¢ dét nhuom [16].
Cac mau nuéc chira cing modt lugng chét
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nhudm duoc dua vao cac 6ng nghiém dung
tich 50 mL va pH duogc diéu chinh d&én gia tri
khic nhau bang NaOH va HCI lodng. Mot
lwong xac dinh hat chitosan khau mach dugc
dua vao dé khir mau. Cac 6ng nghiém dugc lac
on nhiét & nhié¢t d§ phong. Sau 12, 24, 48, 72
va 120 gio, 5 mL dung dich duoc lay ra, diéu
chinh dén ciing gia tri pH 6, loc hét cin va phd
hap thu ctia né dugc ghi lai bang quang phd tir
ngoai UV-Vis Spectrometer 2450 (Shimadzu,
Nhat Ban) tai budc song tuong mg véi phd
hép thu cyc dai (Amax = 540 nm). Kha nang
hap phu chit nhuém theo thoi gian cua hat
chitosan dugc xac dinh theo thang mau tiéu
chudn tinh bang don vi Pt-Co (ASTM D1209-
05; 2011).

3. KET QUA VA THAO LUAN

3.1. Anh hudng ciia ham lwgng chitosan dén
kha ning tao hat

Céc ion duong NH3" trong chitosan c6 thé lién
két voi cac nhom tich dién 4m trong dung dich
kiém dé tao thanh cdu trac khiu mach trong
cung mdt mach phan tr hay gitta cic phan tir
chitosan. Phu thudc vao ham lugng chitosan
trong dung dich, ndng do chat khau mach ion,
pH dung dich va thoi gian khdu mach, cac hat
chitosan ¢6 hinh dang va kich thudc khac nhau
6 thé tao duge. Cac dung dich chitosan khac
nhau da duoc nho giot vao dung dich sTPP 2%
& pH 8.5 dé tao hat trong thoi gian 4 gio. Hat
chitosan hinh thanh duoc loc, rira sach, dé kho
tu nhién va hinh dang bén ngoai cla cac loai
hat chitosan khac nhau duoc thé hién trén Hinh
1.

C6 thé thiy rang cac hat c6 cdu tric hinh ciu
kha déng nhit dat duoc tur dung dich F3, trong
khi céc hat tao dugc tur cong thuc chitosan c6
ham luwong thip (F1 va F2) co kich thudc
turong ddi 16n va khong bén. Diéu nay c6 thé 1a
do ty 1¢ chitosan thép so voi chat khau mach
ion di lam ting sé diém khiau mach ciing nhu
xac xuat khau mach trong cing mot phéan tir
chitosan trong dung dich lodng, két qua hinh
thanh cac hat ¢6 céu tric khong 6n dinh tuy
kich thudc 16n hon. Khi néng dd dung dich
tang lén, d0 nhot dung dich tré nén lon hon
din dén hinh thanh hat c6 hinh dang thuén dai



va ¢6 thé co dudi. S¢ di vay 1a do phan dung
dich chitosan tiép xtic voi sTPP ban dau da
hinh thanh cau truc khau mach ion nhanh hon
phin sau nén hat khong giit dugc hinh cau

ddng nhat. Két qua nay di cho phép lwa chon

chitosan 2% lam dung dich tdi wu dé tao hat

chitsosan

F4

F5

Hinh 1. Hat chitosan khdau mach ion hinh thanh ti cdac dung dich chitosan 1% (F1),; 1,5% (F2),; 2%
(F3); 2,5% (F4) va 3% (F5) trong acid acetic 5%

3.2. Anh huéng cia ndng dé chit khau
mach sTPP dén hat chitosan

Trong moi truong dung dich, cac phan tu sTPP
thuy phan va giai phong céac ion hydroxyl OH-
, sau d6 ca OH- va P305 - cua sTPP déu c6 thé
cung ton tai va tuong tac voi cac nhom NH3 +
. STPP ¢6 thé 1a cau ndi dé lién két cac phan tir
chitosan v&i nhau tao thanh mang khau mach
ion dang hat bead, tuy nhién néu néng d6 sTPP
qué thip, cac nhém hydroxyl s& canh tranh dé
khur proton hoa chitosan ngan can viéc khau
mach ion 1am cho hat chitosan tao thanh khong
that bén va c6 kich thudc 16n, truong nude cao
anh huong dén kha ning tng dung chung.
Trong nghién clru nay, chitosan 2% da dugc
nhoé giot vao cac dung dich chia sTPP vdi
ndng do tir 1-5 % trén may khudy tir va kich

thudc hat tao thanh dugc xac dinh sau khi da
lam kho bang cach do truc tiép miu dai dién.

Badng 1. Kich thudc hat chitosan khau mach

ion theo ham luong chdt khéu mach

Cong thudNong  [Thoi  gianPuong kinh trung
mau d0 sTPPkhau machbinh hat tao duog
%) gio) mm)
C1 il A4 1,4921 + 0,0052
C2 P A 1,4614 + 0,0036
C3 3 A4 1,4568 + 0,0027
C4 A 4 1,4523 + 0,0034
C5 5 4 1,4455 + 0,0039
C6 5 6 1,4454 + 0,0042
C7 5 12 1,4328 + 0,0036

Két qua Bang 1 cling chi ra sy phu thugc kich
thudc hat theo n?)ng d6 chat khau mach va thoi
gian tao hat. Kich thuéc hat giam xudng khi



ndng d6 sTPP ting lén. Khi ham luong chit
khau mach qua th?ip, sb lién két khau mach
ciing thip 1am cho cau triic khau mach 16ng 1éo
v6i nhiéu 16 rdng trong hat. Sy ting ham luong
chat khau mach 1am ting sb lugng céc ion tréi
dau sTPP trong qua trinh tao hat, hinh thanh
cAu triic mang chdt ch€ hon véi nhidu diém
khau mach hon [19]. Qua trinh tao gel tiép theo
cua chitosan theo thoi gian cling anh hudng
dén kich thudc hat, song cac hat thu duoc trong
dung dich sTPP trén 2% duong nhu khong bi
anh huéng, va dung dich sTPP 2% dugc chon

dé tao hat chitosan khau mach cho cac nghién
ctru tiép theo.

3.3. Anh huéng ciia TAIC va lidu chiéu xa
dén hat chitosan khiau mach birc xa

C6 thé thiy ring viéc bd sung chéat khau mach
da thay d6i it nhiéu mau sic hat khau mach ion
dat duogc tir tring hoi vang sang tring trong.
Céc hat van gitt dugc hinh tron 6n dinh, song
khi ham lugng TAIC tang trén 2 % hat s€ bi
bién dang trong qua trinh siy chan khong. Anh
huong cia ham lwong chit khau mach TAIC
dén mau séc va hinh dang cua hat trudce va sau
sdy duoc thé hién trén Bang 2.

Bdng 2. Anh huéng ciia chat khau mach dén hinh dang bén ngodi ciia hat khdu mach

cong thirc | Nong do TAIC (%) Hinh dang hat am Hinh dang hat kho

X1 0 cau dong nhat cau dong nhat

X2 0,5 hinh cau cau khong dong nhat, co dubi

X3 1,0 cau dinh két cau khong dong nhat, c6 dudi

X4 1,5 cau cing cau dong nhit, cung déu

X5 2,0 cau dan hoi cau khong dong nhat, dinh két

X6 2,5 cau dan hoi bién dang thanh gel dinh két

X7 5,0 cau dan hoi bién dang thanh gel dinh két
0 kGy

Hinh 2. Cdc hat chitosan khau mach birc xa tao dwoc vdi cac liéu xa khac nhau

Tir két qua Bang 2, cong thirc hat X4 chira chat
khdu mach voi ham luong 1,5% so voi
chitosan kho ban diu dugc chon dé tao hat
khéu mach birc xa. Nhu c6 thé quan sat thdy
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trén Hinh 2, chiéu xa da lam cho cac hat
chitosan bi vang mau, lidu chiéu cang cao mau
hat cang dam. Piéu nay c6 thé 1a do cac tap
chit bit mau ton tai trong nguyén liéu ban dau.




Hoic ciing c6 thé lidu chiéu cao di giy ra
nhiing thay ddi nhat dinh trong cau triic phan
tir chitosan. P4i v6i nhidu loai polyme chiéu
xa ¢ thé ddng thoi gdy ra cac hiéu ung khau
mach va cit mach phéan tr. Chitosan la mot
polyme kiéu "phan hiy", tuy nhién viéc bo
sung cac chat khau mach da lam ting muc do
khiu mach ciia no, cac lién két doi linh dong
trong phan tir TAIC c6 thé lién két cac mach
chitosan di bi cit ngin trong qué trinh chiéu
xa, lam tang tinh bén co hoc cho hat khau
mach dat dugc [13].
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Hinh 3. Phan tram tao gel va d¢ truong niée
ctia hat chitosan theo liéu chiéu xa
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100um

Hinh 4. Hinh anh SEM ciia hat chitosan truée a) va sau chiéu xa liéu 50 kGy b)

Anh hudng cua lidu chiéu xa dén muc do tao
gel khau mach va d¢ truong nudc cua gel da
duoc xac dinh theo liéu chiéu. Két qua Hinh 3
chi ra gel chitosan da hinh thanh sau qua trinh
khau mach ion trong dung dich chua sTPP,
muc tao gel rat cao da dat duoc do khau mach
cua cac phan tir chitosan vdi TAIC trong qua
trinh chiéu xa. Viéc tang lidu chiéu xa da lam
giam dang ké mirc do trwong nudc cua gel
khdu mach. Didu nay c6 thé anh huong dén
kha niang hdp phu cta hat chitosan trong méi
truong chira nude. Anh hién vi dién tir quét
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chup hat chitosan khau mach ion va khau mach
blic xa chi ra cac bé mat ciu & do phong dai
thip voi bé mat san sai gdbm cac nép cudn 16n
& d6 phong dai cao hon nhu quan sat thdy trén
Hinh 4. R rang 1a da co sy thay ddi déang ké
trén bé mat hat, sy gia tang céc nép cudn gép
nghia 14 ting dién tich bé mat dat dwoc sau qua
trinh chiéu xa. Két qua nay co thé cho phép du
do4n kha ning hap phu cua hat chitosan khau
mach bic xa s& duogc cai thién so vdi hat
chitosan khau mach ion thong thuong.



3.4. Kha niing hép thu chit mau trong méi
trudong nuwéc

Hinh 5 cho thay chitosan khau mach da héap thu
t6t thuéc nhudm cé trong méi trudng nudc O
nhiém chat mau. Vi mot luong chitosan twong
dbi thip chi sau 1 ngay lic vai hat chitosan
khau mach, mau thuéc nhuém da giam dang
ké, va mic do hap thu thudc nhudém ting 1én
theo thoi gian. Sau 5 ngay nudc chua thude
nhuém do Direct red 80 di dugc khir mau hoan
toan. Nhu vay cd thé két luan hat chitosan
khau mach c6 kha ning hip thu tét ddi véi
thuc nhuom. Tuy nhién dé ung dung thuc tién
can nghién ciru thém vé dong hoc qua trinh hip
phu.

N
L]

a) . b) <)

d) .

= 2

Hinh 5. Thay d6i mau nweée theo thoi gian a)
thuoc nhuom; b) sau 24; ¢) 48 va d) 120 gio
hap thu bang hat chitosan
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Hinh 6. Anh huong cia pH dén dung lirong
hap phu chat nhugm 1én hgat chitosan khau
mgch ¢ nhiét d¢ phong
Anh huong cia pH moi truong dén kha ning
hdp phu thudc nhuéom ciing dwoc khao sat
trong dai pH tr 4.5-9.0 Nhu trinh bay trén
Hinh 6, hiéu qua hap phu kha cao trong moi
truong c6 pH hoi acid, trong méi truong kiém
téc do hdp phu thudc nhuom giam xudng, tuy
nhién sau 48 gio hap phu lugng thudc nhuom
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trong dung dich ciing dd giam hon 50% nhu
dugc xac dinh tir phd hip thy cua dung dich
mau. Piéu ndy co thé giai thich boi nhém
hydroxyl trong méi trudng kiém da canh tranh
V6i céc goc bat mau SO* trong phan tir thude
nhudm trong viéc lién két véi nhém amin ty do
cua cac phan tu chitosan.
Nhu chi ra trén Hinh 7, hat chitosan khau mach
dd co hiéu qua hap phu kha tot déi voi chat
nhuém do. Chi s6 mau Pt-Co cua dung dich
thuéc nhuom ban dau da giam rat nhanh tur
khoang 18.000 xuéng con 6500 sau 12 gio
dugc xir ly bang chitosan. Sau 72 gio, dung
lwong hip phu cuc dai cua hat chitosan duong
nhu dat dugc sau 72 gid, va chi s6 mau giam
nhe khong dang ké khi tiép tuc kéo dai thoi
gian hap phu 1én 120 gio.
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Do mau cia dung dich (Pt-Co)

Hinh 7. Anh huong cua thoi gian hap phu dén
dé mau cua dung dich nhugm

4. KET LUAN

Céac hat chitosan kh&u mach ion da c6 dang
hinh cau ddng nhit da dwgc hinh thanh bing
cach nho giot dung dich chitosan 2% vao mot
lugng du sTPP 2% ¢ pH 8.5. Phu thudc vao
ham lugng chitosan, nong d6 STPP, ty 1& chat
khdu mach TAIC trong hdn hgp ma céc hat
chitosan khau mach buc xa khac nhau da duoc
tao thanh, Mat d6 khau mach, d6 truong nudc
va hinh thai bé mit cua hat da thay d6i dang ké
theo lidu chiéu xa. Khau mach birc xa da lam
tang kha ning hap phu cua chitosan bead ddi
v6i thudc nhuém Direct red 80. Hat chitosan
khau mach c6 thé hip phu hoan toan thudc
nhuom hoa tan. Két qua ciing cho thay hiéu
qua hap phu cua hat chitosan trong 12 gi¢r dau
la rit cao, va dung luong hip phu cuc dai dat
duoc sau khoang 72 gio xu ly.
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