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Abstract: Chitosan is a natural-derived polymer which has been used for water treatment due to its
biodegradability. In this study, chitosan adsorbent was successfully fabricated from shrimp crust.
The chitosan adsorbents were characterized using FTIR, SEM, and Zeta potential analysis. The
experimental results indicated that fabricated chitosan in this study has similar properties to standard
chitosan from Sigma-Aldrich which contains functional groups such as -OH, -CH, C-O-C,
saccharide rings and amide groups I, Il, I1l. Furthermore, the surface morphology of the adsorbent
is moderately flat and the pHpzc was 7.2. Chitosan in flake forms could adsorb DB71 dye in water
with a concentration of 35 ppm at the efficiency of 100%. The optimal conditions for the dye
removal were at 0.2 g/L of concentration and contact time of 60 minutes. The dye is well adsorbed
by chitosan in acidic environment with optimal pH of 3. The main mechanisms of dye adsorption
onto the chitosan adsorbent maybe ion exchange or complexation.
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Nghién ctru loai bo thude nhuém DB71 trong nudce
bang vat li¢u hap phu chitosan tir vo tom

Tran Van Son”, Nguyén Thanh Ha, Pong Thanh Binh

Truweong Dai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi,
334 Nguye:n Trai, Thanh Xuan, Ha Noi, Viét Nam

Nhan ngay 21 thang 8 ndm 2023
Chinh sira ngay 06 thadng 11 nam 2023; Chéap nhin ding ngay 29 thang 11 nam 2023

Tém tit: Chitosan 1 mot polymer c6 ngudn gde tu nhién da dugc sir dung dé xir Iy nuée do kha
nang phan hity sinh hoc ctia nd. Trong nghién ctru nay vat liéu chitosan da dugc ché tao thanh cong
tr vo tom. DPéc tinh cua chitosan dugc dac trung boi FTIR, SEM va dién thé Zeta. Két qua thuc
nghiém cho théy chitosan duoc ché tao c6 chira cac nhom chirc nhu -OH, -CH, C-O-C, vong
saccharide va nhom amide I, 11, 111 - twong tu nhur chitosan tiéu chuan tir Sigma-Aldrich. Bé mit cta
chitosan duoc quan sat kha phang va co gié tri PHrzc 1a 7,2. Chitosan ¢ dang vay co thé hap phu
hoan toan thudc nhuém DB71 trong nu6c voi nong do 35 ppm voi lidu luo’ng vat liéu 0,2 g/L trong
60 phiit. Thudc nhudm hap phu tét trong moi trudng axit va pH 3 1a gia tri pH tdi wu. Céc co ché
chinh hép phu thudc nhudm 1én vat liéu ha?ip phu chitosan dugc d& xut nhu trao ddi ion, tao phrc.

Tir khéa: Chitosan, khir mau, DB71, v6 tom, chat hip phy, hip phu.

1. Mé dau

Nganh dét nhudém dong vai tro quan trong
trong sy phat trién kinh té tuy nhién hoat dong
san xuat cta co nhiing tac dong tiéu cuc dén moi
truong sinh thai. Nudc thai dét nhudm thuong co
nhiét d, d6 mau va COD cao. Thudc nhudém sau
cac cong doan cta qua trinh dét nhuém con thura,
khong gin vao xo soi duoc loai bo trong cong
doan gidt taora chit 6 nhidm. Ngay ca khi ¢ ' ndng
do rat nho thue nhudém da cho cam quan vé mau
sic khi di vao cac ngudn nudc nhan nhu song,
sudi, hd, kénh dan,... Mau cta nudc thai ty 18
thudn voi luong nudc thai thai ra moi truong.
Dleu nay gay can trd su chiéu sang cua mat troi
xudng cac tang nudc cia thiy vuc, giy bat lgi
cho qua trinh quang hop va sy tang trudng cua
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dong thuc vat thay sinh [1]. Mau cta nudc thai
nhudém anh hudng xau dén kha ning phéan giai
céc chét 6 nhiém c6 trong nudc thai cta vi sinh
vat. Boi véi nguoi va dong vat, mot s6 loai phém
nhudm co thé gy ra cac bénh vé da, phoi, dudng
h6 hap tham chi c6 kha ning gy ung thu.

Mot sé cong nghé thudong duoc ap dung dé
loai bo thude nhudm tir nude thai, chang han nhur
két tia, oxy hoa, phuong phap mang, phuong
phap keo tu,... Tuy nhién, nghién ciru ché tao
chat hip phu dugc cho 1a phd bién, ching han
nhu zeolites, dat sét, vat liéu tir tinh,... [2]. Viéc
st dung polymer tu nhién, chitosan, tir vo dong
vét gidp xac dang duoc quan tdm st dung vi
mang lai nhiéu loi ich: gi4 thanh thip, nguyén
lidu doi dao, c6 kha nang tyr phan huy sinh hoc,
khong ddc, an toan cho nguoi.
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O diéu kién thuong, chitosan la chat rin, xép,
nhe, ¢4 mau tréng hay vang nhat, khong mui vi,
khong tan trong nuéc hay dung dich kiém va
tuong dbi 6n dinh trong dung dich axit sunfuric
va axit photphoric [3]. Tuy nhién, chitosan hoa
tan trong mot so axit hitu co loing nhu axit
formic, axit acetic [4, 5]. Chitosan c6 tinh hoa
hop sinh hoc cao véi co thé, co kha nang tu phan
huy sinh hoc, khong ddc, an toan cho nguoi.

Chitin  CH3

Chitosan
Hinh 1. Cong thirc cau tao cua chitin va chitosan.

Chitosan dugc ung dung trong cac linh vuc
nhu y té, cong nghiép thuc pham, trong cong
nghiép in, trong nong nghiép ciing nhu trong xi
ly va lam sach méi truong. Do chua nhoém chue
amino va hydroxyl nén chitosan tré nén trung
hoa vé dién va dé bién doi hoa hoc [3]. Nho vay,
chitosan c6 tiém ning hap phu nhiéu chit 6
nhim khac nhau. Nhom amino trong ciu triic
cua chitosan dong vai trd quan trong trong qua
trinh hap phu, do &i luc v&i cac chat 6 nhiém tich
dién 4m (nhu thudc nhudm, khang sinh, chat 0
nhiém hitu co,...) [6]. Chitosan va dan xuét con
dugc tmg dung dé xir Iy d6 duc cua nude thai
nganh coéng nghiép thuc pham. Kha ning nay
dwra vao kha ning két tu cua chung véi cac chat
hiru co trong nudc thai.

2. P6i twong va phwong phap nghién ciru
2.1. Poi twong nghién ciru

Dung dich thuéc nhuém DB71 c6 nong do
ban dau 100 ppm duoc hoa tan tir bot DB71 tir
Sigma Aldrich Co. va nudc deion.

Chitosan dugc chiét xuat tir vo tom, dugc thu
mua tai cic quan hang hai san & cho Thanh Xuan
Bic, quin Thanh Xuan, Ha Noi. Sau khi thu
gom, chén, mit va cac tap chit dam khac duoc

loai bé va rira sach. Sau do, vo tom séy kho hoan
toan ¢ 80 °C. Cac dung dich HCI 10%, NaOH
3%, KMnO4 1% va axit oxalic 1% dugc st dung
dé loai tap chat vé co, protein va chit mau dé thu
dugc chitin. Qué trinh deacetyl cua chitin trong
dung dich kiém dic NaOH 50% dé thu duoc
chitosan. Cac dic tinh cua vat liéu hip phu
chitosan dugc déc trung bdi kinh hién vi dién tir
quét (SEM), pho hong ngoai (FTIR) va dién
thé Zeta.

2.2. Cac Yéu to anh hieong dén qud trinh hdp phu
thuoc nhuom DB71

Céc yéu té nhu pH, nong d6 thuéc nhuom
ban dau, liéu luong vat liéu va thoi gian hép phu
anh huong anh huong dén qua trinh loai bo
DB71 bang chéat hip phu chitosan. Hiéu sut
duoc xac dinh nhu sau:

—-C
O "€.,100(%)
0 1)

Va kha ning hap phu trén mot gram vat lidu
(ge) duoc xac dinh:

Co-C
q==2—=5xV (mg/g)

H=

)
Trong d6, Co v Ce tuong tng la nong do
thudc nhuom trong dung dich trudc va sau hap
phu (mg/L hay ppm), m 1a khdi lugng chit hap
phu chitosan (g), V 1a thé tich dung dich (L).

Anh huong ciia pH dung dich dugc khao sat
trong khoang pH tir 2 &én 9 duoc diéu chinh bang
dung dich HCI 0,01 M va dung dich NaOH
0,01 M. Trong 25 mL dung dich thudc nhuém
ndéng do 25 ppm thém 0,1 g vat liéu chitosan.
Qua trinh hip phu dién ra trong 2 gid véi toc do
lic 1a 150 vong/phut & nhiét do phong. Sau do,
loc mau, do d hap phu quang dé xac dinh nong
d6 thudce nhudm con lai va thu duge pH tdi uu
(hiéu qua loai bo thudc nhudém cao nhét) cua qua
trinh xr ly.

Tur dung dich gdc noéng do 100 ppm, pha
lodng t&i cac ndng do 20, 25,30 va 35 ppm dé
khao sat anh huong ciia ndng do thudc thuém
DB71 téi qua trinh hap phy. Qué trinh hap phu
dugc thuc hién trong 2 gio ¢ pH t6i wu d3 duge
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xac dinh voi 0,1 g vét liu chitosan trong 25 mL
dung dich thuéc nhudém. Sau dé, loc mau, do dd
hép phu quang dé xac dinh ndng dé thuéc nhudém
con lai va thu duoc néng d6 DB71 t6i wu.

Thi nghiém anh huéng cua liéu lugng vat
liéu hap phu (0,45 2; 4; 8; 20 va 40 g/L) duoc
thye hién voi ndng do thudc nhudm tdi wu trong
diéu kién pH toi wu. Khéi lugng vat li€u khac
nhau 0,01; 0,05;0,1;0,2;0,5valg lan luot duoc
thém vao 25 mL thudc nhudém & néng do toi uu
dé tién hanh qua trinh hap phu. Sau d6, mau duoc
chuan bi va phan tich tuong tu cac thi nghiém
trude d6 dé xac dinh dé xac dinh ndng do thude
nhudm con lai va liéu luong t6i wu cho qua trinh
hép phu.

Pé kiém tra anh huong cua thoi gian hap
phu, hon hop duoc lic ¢ tdc do 150 vong/phut va
cac mau dugc lay sau 5, 15, 30, 60, 90 va 120
phut. Cac mau dugc loc va phan tich nhu céc thi
nghiém trén.

2.3. Phwong phdp phan tich nong dé ciia DB71
trong nudc

Néng dd cua dung dich thuc nhuom DB71
trong cic mau phan tich dugc xac dinh bang
phuong phap do do hép phu quang cuia dung dich
bang may do quang ph6 L-VI1S-400. Budc song
co do hap thu quang cuc dai voi pham nhudém
DB71 1a 587 nm. Puong chuan duoc xay dung
v6i cac diém ndng do 2,5; 10; 15; 20; 25; 30; 35
ppm c6 gia tri hdi quy R? 140,999 (Hinh 2).
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Hinh 2. Puong chuén cta thudc nhuém DB71 &
budc song hap phu 587 nm.

Hinh 3. Két qua SEM cua vat liéu chitosan.
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Hinh 4. Thé Zeta cta chitosan phu thudc vao pH.

3. Két qua va thao luin
3.1. Dac tinh cua chitosan

Két qua SEM duogc thé hién & Hinh 3. Bé mat
cua vat liéu chitosan kha bang phang, khong co
cac ranh xé sau. Cac nép gp nhe két hop voi cac
cham 16 nho, khong sau tuong dong véi chitosan
chiét xuat tir vo tom trong nghién ciu cia
Antonino va cdng su [5].

Su thay ddi dién thé cua vat liéu chitosan
dugc thé hién trong Hinh 4 va diém dién tich bé
mat vat liéu bang 0 — pHpzc cua chitosan duoc
xac dinh 1a 7,2. Tuong tu trong nghién clru cla
Bellato (2013) da xac dinh pHpzc cla chitosan la
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6,3 [7]. Khi pH ctia dung dich hap phu thip hon
pHpzc, bé mit vat liéu chitosan tich dién duong,
thudn loi cho viéc hap phu anion nhu cac chit 6
nhidm hitu co, khang sinh, thudc nhudm,... Bé
mat vat liéu chitosan tich dién am khi pH cua
dung dich 16n hon pHezc.

Céc sb song clia chitosan ché tao & phd hong
ngoai FTIR dugc so sanh véi chitosan tiéu chuan
cho thay két qua twong dong [8]. Pinh hép thu &
s6 song 3447,7 cm® trong tng véi dao dong cuia
nhém hydroxyl (-OH) trong chitosan. Cac nhém
amide I, II, IIT dac trung cho chitosan xuét hién
& cac sb song 1624,3; 1559,7 va 12614 cm?
tuong ung. Dao dong dac trung ciia nhom chirc
hydrocacbon nhu —CH, —CH,, —CHs duogc thé
hién tuong tng & cac sb song 2890,8; 1419,6 va
1379 cm'™. Binh hap phu ¢ cac sb song 1156,5;
1027,7 va 896,5 cm? dao dong cia cac mach
C-O-C, -C-O, vong saccarit. Tuy nhién, xuat

hién dao dong & s6 song 1654 cm™ 1a dic trung
cua acetyl con du chua dugc loai bd boi qua trinh
deacetyl bang NaOH 50%.

Sau qua trinh hip phu c¢6 thé quan sat thay sy
thay d6i cac dinh hap phu trong phd hong ngoai
ctia vat liéu trude va sau hip phu (Hinh 5). Hau
hét cac dao dong dic trung cua vat lidu chitosan
¢ cuong do giam di. Sy suy giam rd nhét duoc
quan sat cia cuong do cac nhém amin, dac trung
cua chitosan. Hién tugng nay duoc giai thich do
trong qua trinh hip phu xuét hién tuong tac giita
proton amin ctia chitosan va anion thudc nhudém
theo phuong trinh (5). Hon nira, dinh hap thy
méi xuat hién ¢ phé FTIR cua vat liéu sau hap
phu & céc s6 song 1460 cm™. Pinh hip thu nay
la dao dong cuia vong benzene trong phan tir
thudc nhudém, cho thdy thudc nhuém DB71 di
lién két v6i chat hap phu chitosan [9].
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Hinh 5. Ph6 FTIR cua chitosan (a) trudce va (b) sau hap phy.

3.2. Anh hieéng ciia pH dung dich dén qud trinh
hap phu

Khi thay d6i pH dung dich tir 2 dén 9, kha
nang hép phu cuc dai duoc quan sat tai pH 3,
hiéu suat dat 82,4% tuong tng v6i dung lugng
hép phu 13 6171,15 pg/g. Tuong tu, trong nghién
ctru ciia Szygula va cong su (2008), pH 2,3 dugc
xac dinh 1 pH t6i wu cho qua trinh xir Iy pham

nhudém bé“mg chitosan [2]. Tai pH 3, vat li€u
chitosan tich dién duong do pH dung dich nho
hon pHpzc. Trong khi d6, trong mdi truong axit,
cac nhom amino cua chitosan bi proton hoa tao
ra NHs™:

R’—NH; + H" <> R"—NH3" 3)

Pong thoi nhom sulfonate ciia thude nhudm
phan tmg d3 duoc phan tach va chuyén doi thanh
céc anion thudc nhudm:
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D-SO:Na <« D-SO3 + Na* (4)

Qua trinh hip phu dién ra do twong tac tinh
dién gitra hai phan Ung nay:

R’—NH;*+D-SO3 «<R’-NH3"03S-D  (5)

O diéu kién pH cang thap, ion H* cang nhiéu
khién qué trinh proton hoa nhom amin ciia phan
tur chitosan cang tang, diéu nay giai thich tai sao
khi pH tang tr 3 dén 6 kha nang hap phu giam.
Kha niang hap phu thuéc mau DB71 cua chitosan
giam di trong khoang pH 16n hon 7,2 vi qua trinh
phan ly khong xay ra. Tuy nhién, trong khoang
pH nay hiéu qua trinh hap phu van dién ra dya
trén co ché khuéch tan bé mat hodc do sy hinh
thanh lién két cong hoa tri cia nhém hydroxyl va
phan tir thuéc nhudém [9].
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Hinh 6. Anh huong ciia pH dén qua trinh hip phu.

3.3. Anh huong ciia nong dg thuoc nhuém dén
qua trinh hap phu

100,00

[ Hiéu suéit hép phu (%)

99,951 —u— Dung lugng hép phu (ug/g) F9000

99,904 )
o 7 =)
& 9985 / tsooo 2
= L 2
. 99804 / o,
Iy - -
“E 99,754 L7000 &
5 g
o
S 99,704 £
@ -]
= =
@ 9965 16000 &P
= =

99,60 ./ [=]

99,55 r5000

99,50

20 25 30 35
Nong dd ban du (mg/L)

Hinh 7. Anh huong cua ndng d6 thudc nhuom
ban dau den qua trinh hap phu.

Sau thoi gian hip phu, & hau hét cac nong do
thudc nhuém duoc khao sat déu bj hap phu hoan
toan boi chitosan, hiéu suat déu dat trén 99%.
Khi ting néng do thudc nhuém dung lugng
lugng hép phu ting va dat cao nhat 1a 9074,52
pg/g tai nong d6 35 mg/L. Vi vay, nong do nay
duogc lua chon dé kiém tra kha nang hap phu cua
vat liéu.

3.4. Ayni’z hieong cua lieu leong vt lidu dén qud
trinh hap phu

Khi ting lidu luong vat lidu chitosan hiéu
suat hap phu ting, nguoc lai dung luong hip
giam khi liéu lwong vat lidu ting. Dung lugng
hap phu 16n nhat dat 57354,36 pg/g & lidu lugng
0,4 g/L. Dung luong hip phu giam di khoang 3
lan, chi con 16994,79 pg/g, khi liéu lugng ting
1én 2 g/L, tuy nhién hiéu suét dat trén 90%. Khi
tang liéu lugng 1én trén 8 g/L vat liéu chitosan co
kha ning hap phu hoan toan thudc nhuém DB71
35 ppm nhung dung luong hip phu réat thip
879,29 — 1758,59 ug/g. Khi ting liéu luong hap
phu tao ra nhiéu vj tri hép phu trén bé mat chat
hép phu, tuy nhién lugng chét bi hip trong dung
dich khong du dé chiém hét cac vi tri hap phu
ctia vat lidu din dén kha nang hip phu cua chit
hap phu giam dan trong khi hiéu sut loai bo ting
dan. Do d6, liéu luong 2 g/L dugc lwa chon l1a
lidu lwong t6i wu cho qué trinh hap phu thude
nhuém DB71 bang chitosan dang vay.
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Hinh 8. Anh hudng cua liu lugng vat ligu
deén qua trinh hap phu.
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3.5. Anh huéng ciia thoi gian

Sau 5 phut, chitosan c6 kha niang hap phu
611,58 pg/g hiéu suat hip phu dat 48,1%. Sau
d6, hiéu suat hip phu ting nhanh sau 15 dén 30
phdt va thudc nhudém bi hip phu hoan toan boi
chitosan. Thudc nhuém bi hdp phu hoan sau 60
phut va khong quan sat duoc hién tuong giai hip
sau do.
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Hinh 9. Anl} hudng cua thoi gian hap phu
deén qua trinh hap phu.

3.6. Pé xudt co ché hdp phu thuéc nhuém
clia chitosan

Do céu triic dic biét cta chitosan va chua
cac nhom chire hydroxyl (-OH) va amin (-NHy),
ma chitosan c6 thé két hop v&i cac nhém chirc
khac nhau cta chit 6 nhiém. Nhiéu nghién ctru
da chi ra rang, nhom amin trong phan tir chitosan
dong vai tro quan trong trong qué trinh hap phu
[5, 10]. Trong diéu kién axit cac nhom amin cua
chitosan b proton hoa, dong thoi thude nhudom
s€ phén ly thanh cac ion SO3 va Na*. Qua trinh
hép phu sau do6 s& dién ra do luc hut tinh dién
gitra cac ion. Bén canh do, co ché khuéch tan van
dugc d& xut cho qua trinh hép phy thudc nhuém
cua chitosan.

4. Két luan

Nghién ciru ché tao thanh cong chitosan tir
phé liéu ctia nganh ché bién hai san, vo tom, bang

phuong phap hoa hoc don gian véi cac hoa chat
thong dung. Bé mit vat liéu duogc quan sat ¢ do
phong dai 1000 1an cho thay vat liéu chitosan c6
cAu tric bé mit bang phang, nhdn min. Két qua
FTIR cho thiy vat liéu diéu ché c6 chira cac
nhom chirc cta chitosan nhu hydroxyl, amide.
Sau khi hip phuy, cac nhém chtrc trén phd hong
ngoai FTIR cua vat liéu c6 cuong do giam di va
xuét hién cac nhom chire nang cla thudc nhudm.
Phép do dién thé bé mat dugc tién hanh trong
khoang pH tir 2 dén 9 va pHpzc ctia vat liéu duoc
Xa&c dinh 1a 7,2. Vat li¢u chitosan c¢6 kha nang xtr
1y hoan toan dung dich thuéc nhudm & pH 3,
néng d6 thudc nhuom DB71 ban dau 1a 35 mg/L
v6i ty 18 chét ran/long 14 0,8 g/L, sau khoang thoi
gian, thoi gian hap phu 30 phit.

Chitosan-NHZ

Chitosan-NH3 Chitosan-NHZ

Hinh 10. Co ché hép phu thuéc nhuom
trong diéu kién axit.
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