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ABSTRACT

In this study, chitosan was extracted from Penaeus monodon shrimp shell waste
and was used as a bio-sorbent to remove Methyl Orange (MO) dye in agqueous
solution. Batch adsorption experiments were carried out to evaluate the influence
of solution pH, chitosan dosage, contact time and initial MO concentration on the
adsorption process. The study was conducted with varying contact time from 1 to
720 min, adsorbent dose from 0.1 to 3 g, adsorbate concentration from 10 to 200
mg/L, and pH from 3 to 10. The results showed that adsorption of MO by chitosan
reached equilibrium after 240 min. The maximum adsorption capacity of MO
calculated by Langmuir model was 23.1 mg/g obtained at room temperature
(25°C), pH of 3, chitosan dose of 0.2 g and MO concentration of 50 mg/L. The
kinetics of the adsorption process followed the pseudo-second-order kinetic model
with the correlation coefficient R? of 0.96. The Langmuir isotherm adsorption
model described well the MO adsorption process, with R? of 0.97. The study
demonstrated that the chitosan can be extracted from shrimp shells simply and
can be effectively used to remove Methyl Orange anionic dye in aqueous solution.

TOM TAT

Trong nghién ciru nay, chitosan chiét xudt tir Vo t6m sii Penaeus monodon dirgC
sit dung lam chdt hap phu sinh hoc @é logi bo hop chdt mau methyl orange (MO)
trong dung dich, Nghién ciru dwoc tién hanh véi thoi gian tip xiic thay doitir 1
dén 720 phiit, liéu hrong chitosan tir 0,1 dén 3 g, nong dé MO tir 10 dén 200 mg/L,
va pH tir 3 d@én 10. Két qud cho thdy kha nang hap phu MO ciia chitosan dat cin
bang sau 240 phit. Kha ning hap phy t6i da ciia MO tinh todn bang mé hinh
Langmuir la 23,10 mg/g thu dwoc & nhiét dp phong (25°C), pH = 3, khéi hrong
chitosan 0,2 g va néng do MO 50 mg/L. Péng hoc Cita qud trinh hdp phu tudn
theo mé hinh dgng hoc biéu kién bdc hai véi R? la 0,96. Mé hinh hap phu ding
nhiét Langmuir mé ta 16t qua trinh hdp phu MO véi R2 la 0,97. Két qua chitng
minh vé tém s c6 thé duoc chiét xudt thanh chitosan cé gid tri nhw mot chdt hcfp
phu dé loai b6 thuéc nhuém MO khéi dung dich.

1. GIOI THIEU

Thubc nhudm tong hop 1a cac hop chét hiru co

nghiép khac nhau (Robinson et al., 2001; Ogugbue
& Sawidis, 2011). Dét nhuom lai la mot trong nhiing

rat phic tap dugc sir dung dé tao mau cho cac chat
nén khac nhau, bao gdbm gidy, da, cao su, dét may,
my phim hoac thiam chi ca thyc pham. Trén toan cau
¢6 hon 10.000 loai thuc nhuom téng hop khac nhau
v6i hon 7x10° tAn thude nhuém tdng hop dugc san
Xuit hang nim va sir dung trong cac nganh cong
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nganh cong nghiép mii nhon & Viét Nam. Diéu nay
¢6 thé gay ra vin dé nan giai cho méi trudng vi thanh
phan nudc thai dét nhuém chira mot luong 16n cac
hop chat hitu co doc hai nhu thudc nhuoém, kim loai,
mubi, cac hop chit hitu co bén (WWF, 2019;
Yaseen & Scholz, 2019). Do d6, khi xa nuéc thai co
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chua thudc nhudém téng hop vao méi truong tu
nhién, thudc nhudom duoc giai phong va cac san
pham phén huy cua thudc nhugm c6 kha ning gay
dot bién, ung thu do su hién dién cia cac tac nhan
nhu naphthalene, benzamine va cac hop chat thom
khac (Forgacs et al., 2004; Saini 2017). Néu khong
duogc xur 1y, thudc nhuom nay s& ton tai trong moi
treong mot thoi gian dai (Forgacs et al., 2004; Saini,
2017). Hau hét cac loai thudc nhuom téng hop phirc
tap co thé ton tai nhu mot chat 6 nhiém thuy sinh
bén viing trong moi truong, can tro hoat dong quang
hop cua tao, lam can Kiét oxy hoa tan trong cac thuy
vice va do d6 gy ra mbi de doa cho cac loai thuy
sinh (Yusuf, 2019). Chung ciing dwoc xép vao nhom
6 thé gay dot bién va gy ung thu cho con ngudi
(Lellis et al., 2019). Methyl orange (MO, hay con
goi la metyl da cam) la mot loai thu6c nhuom azo
pho bién va hoa tan trong nudc (thuong dugc goi la
chat chi thi pH), 1a mot trong nhitng loai thudc
nhudm pho bién st dung trong nganh dét nhuom
trén toan thé gioi (Malviya etal., 2015). Phén tir MO
¢6 cAu tao mach cacbon kha phirc tap va cong kénh,
chira lién két -N=N- va vong benzen kha bén viing
nén rat kho bi phan huy va rat doc, co kha ning giy
ung thu va gy quai thai (Bai et al., 2020; Haque et
al., 2021), dong thoi ¢6 hai cho méi truong va sinh
vat (Kant 2012; Mittal 2020). Do d9, viéc xu 1y nuée
thai co chira MO trudce khi thai vao cac ngudn nuée
tu nhién 1a can thiét.

Trén thyc té, cac phuwong phap vat 1y, héa hoc va
sinh hoc khac nhau da duoc sir dung dé xur 1y cac
loai nudc thai dét nhuom, ching han nhu qua trinh
oxy hoa nang cao (Soares et al., 2014), loc mang
(Marszalek & Zytta, 2021), qua trinh oxy hoa dién
héa (Wang et al., 2020), ozon héa (Tehrani-Bagha
et al., 2010) va cic phuong phap dua trén su keo
tu/tao bong (Gadekar & Ahammed, 2020). Tuy
nhién, cic phuong phap nay con ton tai mot sé han
ché nhu thiét ké phirc tap, kha nang xir Iy khong cao,
chi phi van hanh va bao tri cao. Trong thoi gian gan
day, phuong phap hap phu duoc chap nhan rong rai
do tinh hiéu qua cao, d& van hanh, chi phi thip va c6
kha nang mo rong quy moé cong nghiép (Alguacil &
Lopez, 2021). Tuy nhién, hiéu qua cua qua trinh hap
phu phan l6n phu thudc vao nhleu yéu t6, vi du nhu
pH, nhiét do, tbc do khudy, ndng do chat 6 nhiém;
ngoai ra, chat hip phu duoc st dung trong qué trinh
hap phu ciing déng mot vai tro rat quan trong (Rapo
& Tonk, 2021). Nhiéu loai chat hap phu da duoc
phat trién va sir dung dé loai bo thudc nhuoém, bao
gdém chét thai nong nghiép (Ramaraju et al., 2014),
vt lieu ty nhién (Salman et al., 2015), dat sét
(Kausar et al., 2018), than hoat tinh (Kheddo et al.,
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2020), zeolite (Hammood et al., 2021), khung kim
loai - hiru co (Uddin et al., 2021), than sinh hoc
(Sutar et al., 2022), va cac san pham tong hop (Pai
etal., 2022).

Trong s6 cac vt ligu hip phu ké trén, vat liéu
cao phan tir c6 ngudn goc tir tu nhién nhu chitosan
da thu hat sy chu y dang ké vi chung c6 kha niang
phan huy sinh hoc, khong doc hai va than thién voi
moi treong (Enescu & Olteanu, 2008; Begum et al.,
2021). Theo dinh nghia, chitosan la mdt
polysaccharide mach thing, mot dan xuit N-
deacetyl hoa cua chitin, dwoc tao ra tir qua trinh khr
oxy hoa chitin (Zia et al., 2019). Chitin xuit hién
trong tu nhién dudi dang cac vi soi tinh thé c6 trat
ty tao thanh cac thanh phan ciu tric by xwong ngoai
cua dong vat chan dét, nhu dong vat giap xac, hoac
trong thanh té bao ciia nAm va nim men (Shepherd
et al., 1997). Chitosan ciu tao boi cac phén tir D-
glucosamine (don vi da deacetyl hoa) va N-acetyl-
D-Glucosamine (don vi chira nhom acetyl) lién két
véi nhau tai vi tri B-(1-4). Do tinh khong doc, tinh
tuong hop sinh hoc, kha nang phan huy sinh hoc va
su phong phu, hop chit cao phén tir nay dugc xem
1a mot chat hap phu hiéu qua, bén vimg va chi phi
thip (Jiménez-Gomez & Cecilia, 2020; Sowmya et
al., 2021; Omer et al., 2022). Ngoai ra, do chitosan
c6 chtra cac nhom hydroxyl (—OH) va nhém amino
(-NH>) c6 kha ning lién két véi cac ion kim loai
nang va cac phan tir thudc nhuom, cho phép loai bo
céc chat 6 nhiém thong qua sy hinh thanh lién két
hydro, lyc hat tinh dién va lyc van der Waals
(Nandanwar et al., 2022). Trén thyc té, chitosan
thuong dugc nghién ciru va ung dung trong xu ly
cac ion kim loai ning trong nud¢c thai (Zia et al.,
2019; Begum et al., 2021).

Dong vat giap xac co tam quan trong truc tiép va
gian tiép 16n ddi véi con ngudi. Cac loai giap xac
16n hon (nhu tém s, tdm hum va cua) dugc st dung
lam thuc pham trén khip thé gisi va do dé rat quan
trong d6i vai nén kinh té cua nhiéu quéc gia. Tuy
nhién, nganh ché bién thay san thai ra mot luong l6n
chat thai tir dong vt c6 vo gidp xac; bo xuong ngoai
dugc chuyén do6i thanh chét thai ran, tich tu trong
cac bii chon 14p tré thanh chat gy o nhiém moi
truong. Cac nganh cong nghiép ché bién giap xac
trén thé gidi tao ra hon 60.000 tan chét thai mdi nam
(Thirunavukkarasu & Shanmugam 2009). B6 xwong
ngoai ciia dong vat giap xac chiém khoang 50-60%
tong trong lwong ¢ cua va tir 35 dén 50% & tom
(Dima et al., 2017). Nhitng chat thai giap xac nay
chira khoang 10-25% chitin tinh theo trong luong
kho, tuy thude vao loai (Dima et al., 2017). Viéc st
dung hop 1y cac chat thai vo nay khong chi giai
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quyét van d& xu Iy chiing ma con tao co sé cho nhiéu
san pham tiém nang dwoc st dung trong céc linh virc
khac nhau nhu y hoc hay néng nghiép. Cho dén nay,
céc ngudn chitin thwong mai chinh 14 cua va vo tom
(Rinaudo, 2006).

Cho dén nay, hip phu thudc nhudém tong hop
nhu MO st dung vat liéu hap phu chitosan tir vo tom
st hién con rat han ché. Do do, trong nghién ctru
nay, chitosan chiét xuat tir vo tom sa dugc ché tao
lam vat liéu hip phu MO trong dung dich. Trén 1y
thuyét, qua trinh hap phu s& phu thudc chii yéu vao
pH dung dich, thoi gian tiép xuc, khdi lwong vt liéu
hip phu va ndng do chat hap phy ban dau (Samoila
et al., 2019). Do d6, cac yéu té anh huong dén qua
trinh hap phu nay s& dwoc nghién ciru chi tiét. Cac
két qua thich hop thu dugc sau d6 s& dugc sir dung
cho cac nghién ctru dong hoc va déng nhiét nham du
doan co ché cia qué trinh hap phu, déng thoi danh
gia kha nang hip phu MO boi chitosan, 1am co s&
g dung chitosan dé loai bo MO ra khoi nudc thai
tir viéc tan dung ngudn phé pham tir vo tom su.

Rira, nghién

Bot tdom nghien

120°C/60 pht

NaOH 50% NaOH 0.315%

trong 15 phut

] NaOH 5% [
3 gitr 6 90°C/3 lin
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2. VAT LIEU VA PHUONG PHAP
2.1. Héa chit

Céc hoa chét sir dung cho nghién ctru bao gom,
acid acetic (CH3COOH), acid hydrochloric (HCI),
natri hydroxide (NaOH) duoc san xuit tai Trung
Qudc. Methyl Orange duwoc mua tir Sigma-Aldrich.
Dung dich chuin MO 1000 mg/L duoc chuan bi
bang cach: Can 0,1g MO dang bét cho vao binh dinh
mitc 100 mL, sau d6 thém nudc cit dén vach mic,
day nut, lac déu. Tir dung dich MO ndng d6 chuén
1000mg/L, ta tién hanh pha lodng thanh dung dich
MO c6 n6ng d6 10, 30, 50, 80, 100, 120, 150, 180
va 200 mg/L.

2.2. Chiét xut chitosan
Quy trinh chiét xuat chitosan tir vo tom su

Penaeus monodon dugc thé hién trong Hinh 1, theo
quy trinh dé xuat cua Radwan et al. (2012).

Vo tom da khir Protein ]

HC10.25M
30 phit ¢ nhiét do phong

]

Vo tom sau khir khoang va
khr Protein

Hinh 1. Quy trinh chiét suit chitosan tir vé tom

C6 thé tom tat mot s budce chinh trong quy trinh
nhu sau:

— Vo tom tuoi dugc rira sach, dem siy kho roi
nghién, tao thanh bt tom nghién.
Khir protein: Tién hanh khir protein bang
cach can 100 g vo tom da nghién (kich thudc >2
mm) cho vao 1.000 mL dung dich NaOH 5%, khudy
trong 3 gid v6i 3 1an 13p lai & nhiét d6 90°C thu dugc
vé tom da khir protein.
Khir khoang: Sau khi khtr protein, vo tom s&
dugc tién hanh khir khoang bang 1.500 mL dung
dich HC1 0,25M va khudy trong 30 phut ¢ nhiét do
phong.

Khu mau: sau 2 giai doan khu protein va khu
khoang 1a giai doan khir mau bang 1000 mL dung
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dich NaOH 0,315% va khudy trong 15 phiit & nhiét
d6 phong, thu dugc chitin.

— Tao Chitosan: Khudy chitin véi 1.000 mL
dung dich NaOH 50% trong 1 gio voi nhiét do
120°C. Rira hdn hop bang nuéc cit dén pH trung
tinh, sdy mau chitosan & nhiét do 60°C dén khi mau
kho hoan toan.

2.3. Pic trung bé mit chitosan

Kinh hién vi dién tir quét SEM (Hitachi S-4800,
Japan) duoc sir dung dé quan sét hinh thi dic trung
ctia bé mat chitosan. Quang phd hong ngoai bién doi
Fourier FTIR (FTIR-PerkinElmer Spectrum 10.5.2,
UK) ciing dugc sir dung dé xac dinh cac nhom chirc
nang trén bé mat biochar. May Tristar IT Plus (hing
Micromeritics Instrument Corporation, My) dugc su
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dung dé phan tich dién tich bé mat riéng, thé tich 15
rong va duong kinh mao quan cua vat liéu.
2.4. Thi nghiém hip phu

Hiéu suat hap phu cta chitosan dbi véi MO trong
dung dich d dugc d4nh gia trong cac thi nghiém hip
phu theo mé. Tat ca cac phép thir hdp phu duoc tién
hanh ba 1an va ldy két qua trung binh. Trong mét thi
nghiém dién hinh, mét lwong ¢ dinh (0,2g) cua
chitosan va 50 mL dung dich MO (50 mg/L) dugc
thém vao dng ly tam, hon hop sau d6 dugce ly tim
Véi toe do 60 vong/phut & diéu kién phong (25°C)
trong mét thoi gian €6 dinh (240 phut), st dung may
ly tim Hettich EBA 280 nham phan tach pha ran
chitosan khoi dung dich. Cac dung dich sau do duoc
loc bang gidy loc Whatman No.1 (kich thuéc 15 loc
11pm), ludn co thi nghiém dbi ching véi mau
khong MO. Ham lwong MO dugc xac dinh bing
phuong phap do quang tai budc song 478 nm voi
phuong trinh dwong chuan xac dinh nong d6 MO
duogc xay dung c6 dang 1a Abs =(0,079+0,002)C véi
R2=0,999.

Dé xac dinh cac diéu kién thi nghiém thich hop,
céc thi nghiém di dugc thyc hién voi sy thay déi cua
pH dung dich (pH =3, 4, 5, 6, 7, 8, 9 va 10) bang
cach thém vao dung dich NaOH 1M hoic HCI 1 M,
khéi lugng vat liéu hap phu (0,1 g, 0,29, 0,3 g, 0,5
g, 19, 3 g), nong d6 MO (10, 30, 50, 80, 100, 120,
150, 180 va 200 mg/L) va thoi gian tiép xtc (1, 5,
10, 20, 30, 60, 90, 120, 180, 240, 480 va 720 phut).
Céc két qua thich hop thu duoc sau d6 duoc st dung
cho cac nghién ctru dong hoc va dang nhiét & nhiét
d6 phong 25°C.

Dung lwong hap phu Q (mg/g) cua vat ligu va
hiéu suat hap phu H (%) dugc xac dinh theo phuong
trinh (1) va (2):

Q(mg/g) =

H (%) =

(Co~ Ce) v

()
)

Trong do, Co: Nong do chét bi hap phu trong dung
dich ban dau (mg/L), Ce: Nong do chat bi hap phu
trong dung dich can bang (mg/L), V: the tich dung
dich (L), m: Khoi luong vat liéu hap phu (g).

2.5. M hinh ddng hoc va dang nhiét hap phu

(Co—Ce)-100
Co

M& hinh dong hoc biéu kién bac mot va mé hinh
dong hoc biéu kién bac hai dugc sir dung dé nghién
ctru dong hoc ciia qua trinh hap phu. Mé hinh déng
hoc hap phu biéu kién bac mot va bac hai lan luot
duoc biéu dién theo phuong trinh (3) va (4):

Qr = Qe(1—e7*1) ®3)
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Q& kat
1+Qekyt

Q= 4)

Trong do, Qe, Q¢ lan luot 1a dung luong hap phu
tai thoi dlem cén bang va thoi diém t (mg/g); ki 1a
hang s6 toc do hap phu biéu kién bac mét (1/phut);
k12 hing s6 téc do hap phu biéu kién bac hai (g/mg.
phut).

Hai m hinh déing nhiét thong dung Langmuir va
Freundlich dugc su dung dé mo ta trang thai can
bang hip phy. M6 hinh ding nhiét Langmuir va
Freundlich lan luot duoc biéu dién theo phuong
trinh (5) va (6):

Qe (mg/g) = 2mextice

1+K1,Ce

(®)
Trong do6:

Q.: Dung luong hap phu tai thoi diém can bang
(mg/g); Ce: Nong d6 can bang cua chit bi hap phu
con lai trong dung dich (mg/L); Qmax: Luong chat bi
hap phu cuc dai (mg/g); Kv: Hang s6 nang lugng hap
phu theo mé hinh dang nhiét hap phu Langmuir
(L/mg); Kg: Hang sé dang nhiét Freundlich c6 quan
hé dén dung lugng hép phu, dé chi kha nang hap phu
tuong dbi cua chat hap phu (mg/g)(mg/L)"; 1/n: he
s6 dac trung cho tinh khong ddng nhat cua bé mit
chat hip phu.

Dua vao s6 liéu thuc nghiém cua Ce va Qe, dd thi
dugc xay dung vdi truc hoanh 1a ndng do cua chét
bi hap phu & giai doan can bang Ce (mg/ L) (ndng do
cubi clng cua chit bi hip phu sau khi hap phu) va
truc tung 1a dung lugng hap phu cin bang cia vat
liéu Qe (mg/g) tinh toan theo cong thirc (1). Cac mod
hinh hap phu dang nhi¢t (Langmuir va Freundlich)
dugc diéu chinh bang phan mém MS Excel, sir dung
cong cu Solver. Sau khi diéu chinh, mé hinh s& xuat
hién céc gia tri dwoc tim thay cho timg tham sé cua
mdi duong ding nhiét nhu K (mé hinh Langmuir),
Ke va 1/n (mo6 hinh Freundlich), tir d6 tinh toan dugc
lugng hap phu cuc dai Qmax (MY/g).

2.6. Xirly sb ligu

Két qua théng ké duoc xir Iy bang phin mém
SPSS phién ban 20.0. Sy sai khac gilta cac gia tri
trung binh duoc danh gia bang phuong phap phan
tich phuong sai ANOVA mét chiéu (One way
ANOVA) va Duncan’s test (a = 0,05).

3. KET QUA VA THAO LUAN
3.1. Pic trung ciu tric bé mit vat ligu
Anh SEM
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$-4800 10.0kV 8.1mm x2.00k SE(M)
Hinh 2. Anh SEM bé mit chitosan
Két qua FTIR

Tinh chit bé mat cAu trac vat liéu chitosan dugc
khao sat qua hinh chup kinh hién vi dién tir SEM, str
dung kinh hién vi dién tir quét SEM (Hitachi S-
4800, Japan), két qua duoc trinh bay & Hinh 2. Theo

1003
100.0+

3784

%T

97.5-

97.0+

96.5-
6.3

2410
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d6, bé mit chitosan ¢o dang v6 dinh hinh, cAu tric
khong 16 xp va céu trac cac 16p song song bi pha
hity gan nhu hoan toan (Hinh 2).

FTIR 1a phwong phap xac dinh cac thanh phan
trong vat liéu dua trén kha nang hip thu bire xa hong
ngoai. Phuong phap nay ghi nhéan cac dao dong dac
trung cua céac lién két hoa hoc gitra cac nguyén ti.
Két qua phan tich FTIR cua chitosan dugc trinh bay
trong Hinh 3. Két qua cho thdy trén gian d6 phd
hong ngoai cua chitosan xuat hién cac dinh dic
trung cua chitosan, d6 1a dinh xuét hién & s6 song
3784 cm™ ng vo&i dao dong hoa tri cia nhom
hydroxyl (O-H); dinh & s6 song 2874 cm™ dc trung
cho lién két C-H, céac dinh & s6 song 1648 cm™ va
1316 cm? lan luot 1a dao dong hoa tri cia nhom
C=0 cua amide I va N-H cua amide II. Dinh xuit
hién & s6 song 1090 cm® twong ng véi lién két cua
nhém amin ty do (—NHjy) & vi tri glucosamine C;
(Radwan et al., 2012; Queiroz et al., 2014).

3500 3000 2500

2000 1500 1000 500400

cm-1

Hinh 3. Pho FTIR cia vét liéu chitosan

Dién tich bé mdt riéng va dwong kinh mao quan

Két qua cho thdy dién tich bé mat riéng cua
chitosan 1a 9,854 m?g, thé tich 15 rong 1a 0,011
cm®¥g va duong kinh mao quan 1a 2,3 nm. Nghién
ctru trude day cua Alakhras et al. (2019) ciling cho
thy chitosan thuong mai (deacetyl > 85%) ciing c6
dién tich bé mit riéng thap (6,9 m%g). Chitosan la
vt lidu polysaccharid mach thing tu nhién, c6 khéi
luong phan tir 16n, 6 x6p thap dan dén dién tich bé
mit riéng thap (Alakhras et al., 2019).

3.2. Anh hwéng cia pH dén kha ning hép

phu MO

pH cua dung dich dong mot vai tro quan trong
trong toan bo quéa trinh hap phu va dic biét anh
huéng dén kha nang hip phu, dién tich bé mat cua
chat hip phu, mirc d6 ion hoa cua vat liéu hip phu
¢6 trong dung dich va su phan ly ctia cac nhém chirc
trén cac vi tri hoat dong cua chat hap phu (Crini &
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Badot, 2008). Hinh 4 cho thay hiéu suat hip phu MO
giam nhanh khi ting pH tir 3 dén 10 (giam tur
74,24% xudng con 18,78%). Trong mdi truong
kiém, su giam dién tich dwong ctia cic nhém amin
(-NH,) ciia chitosan c6 thé xay ra do du thira cac
phan tir -OH (Lukum et al., 2020). Diéu nay c6 thé
dan dén sy dé proton hoa (loai bo H*) cac nhom -
OH trén bé mat chitosan (—CS-OH + OH &
—CS—0~ + H,0), din dén dién tich bé mit cua
chitosan tré nén am hon (Lim et al., 2021). Do ion
MO ciing mang dién tich 4m nén xuét hién lyc day
tinh dién gitra chitosan (-CS—-O" ) va MO, do d6
hiéu suat hap phu MO giam trong méi truong pH
cao. Tuy nhién, mot lwong MO van bi hap phu trong
moi truong pH cao 1a do sy hap phu van c6 thé bi
anh huong boi lién két cong hoa tri giira thudc
nhuém MO va nhém hydroxyl -OH cua chitosan
(Sakkayawong et al., 2005). Nguoc lai, trong méi
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truong pH théap, dién tich bé mat chitosan tich dién
duong hon do su proton hoa cua cac nhom hydroxyl
—OH dé hinh thanh H30O* (Wang et al., 2015). Trong
truong hop nay, do HzO* la mét axit manh trong
dung dich nén lyc hat tinh dién manh hon gilra
H30*véi MO~ c6 thé xay ra, két qua 1a hiéu suat hap
phu MO va lugng MO bi hdp phu ting 1én. Ngoai
ra, nhém amin —NH; trong chitosan ciing c6 thé
nhan mot proton tr mot ion hydronium (—NH;
+ H;0* 5 NH3* + H,0) (Zhou et al., 2013; Lukum
et al., 2020). Lyc hat tinh dién gitra NHs* va MO~
ciing co thé xay ra, dan dén hiéu suat hap phu MO
va lugng MO bi hap phu ciing cao hon trong moi
truong pH thap.
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Hinh 4. Anh huéng ciia pH dén kha niing hap
phu MO ciia chitosan

Ghi chii: 86 ligu dieoc trinh bay 1d gid tri trung binh + sai
s6 chudn, n=3. Nhitng gid tri trong ciing mét ot 6 ki tw
(a, b,c) khdc nhau thi khac biét ¢d y nghia théng ké ¢ mirc
a=5%.

Toém lai, trong thi nghiém anh hudng cua pH dén
hip phu Methyl Orange cua chitosan thi & khoang
pH ~ 3 c6 hiéu suat dat cao nhat (74,24%) so Vi cac
gia tri pH con lai, do d6 pH~3 dugc chon cho cac thi
nghiém hap phu tiép theo.

3.3. Anh hwéng caa khéi lwong vt ligu hap

phu dén kha ning hip phu MO

Khéi lugng vat liéu hap phu ciing 13 mét trong
nhiing yéu té quyét dinh dén hiéu qua hip phu. Hinh
5 cho thy hiéu suat hip phu MO cua chitosan ting
tir 67,75% 1én 82,95 %, trong khi d6 lwong MO bi
hip phu lai giam tir 14,19 mg/g xudng con 0,58
mg/g khi ting khdi lwong chitosan tir 0,1 g dén 3,0
g. Tir d6 thdy duoc hiéu suat hip phu MO ti 18 thuan
v6i khdi luong chitosan va lwong MO bj hip phu ty
18 nghich véi khdi lugng chitosan, c6 nghia 14 ting
khéi lugng chitosan s& lam ting hiéu suat hap phu
cac ion mau MO va nguoc lai, luong MO bi hap phu
giam dan. Cac xu hudng nay ciing di dugc tim thay
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trong nghién ctru vé str dung chitosan tir vo tom
Fenneropenaeus indicus hip phu xanh methylen
trong dung dich cua Raiyaan et al. (2021), véi 49
chat hap phu chitosan cho két qua t6i wu trong viéc
khir mau thudc nhuém xanh metylen véi hiéu suat
hip phu dat cao nhat 1a 93,23%. Su gia ting higu
suat hap phu khi khéi lugng chitosan ting c6 thé 1a
do dién tich bé mit chitosan duoc ting tuong ung
Vi luong chitosan thém vao, do d6 cung cap nhiéu
vi tri lién két hon, két qua 1a hiéu suat hip phu MO
trong dung dich ting twong tng (Rahangdale et al.,
2016). Tuy nhién, khi cac vi tri hoat dong trén bé
mit chat hap phu bi gigi han, thi bat ky su gia ting
khéi lugng chat hap phy s& khong 1am thay ddi déng
ké hiéu suat hap phu. Noi cach khac, lugng MO bj
hap phu giam khi ting khdi lwong chitosan 13 do sur
mat can bang giira cac vi trf hoat dong cua chat hap
phu chitosan va s luong phan tir MO (Crini &
Badot, 2008). Tir d6 co thé thay khi ting khdi lugng
chat hap phu lam tang higu suat hip phu MO nhung
lai 1am giam lwong MO bi hip phu, cac két qua
tuong tw dugc tim thay tir bao cao cua Azimvand et
al. (2018).
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Hinh 5. Anh huéng ciia khoi lwong chitosan dén
kha ning hap phu MO

Ghi chii: 86 liéu dieoc trinh bay la gid tri trung binh + sai
s6 chudn, n=3. Nhitng gid tri trong ciing mét cét cé ki tu
(a, b) khdc nhau thi khdc biét ¢é ¥ nghia thong ké & mirc
a=5%.

Theo két qua nghién ctru, du hiéu suat hap phu
MO tang nhung khong déng ké khi ting khéi lugng
vat liéu hap phu 1én nhiéu lan. Dién hinh khi ting
khdi lugng chitosan tir 0,2 g 1én 0,5 g (luong
chitosan tang 2,5 14n), hiéu suat ting dudi 8%, va
tiép tuc tang tir 0,5 g 1én 3 g chitosan (lwong
chitosan tang 6 lan), thi hiéu suét ting chi hon 2%.
Do d6, & dam bao hiéu suat hap phu MO cao nhung
van dam bao lugng MO bi hip phu & mic khong quéa
thip, ddng thoi tiét kiém luwong vat liéu hap phu,
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khéi luong 1a.0,2 g chitosan dugc chon dé thyc hién
qua trinh hap phu MO cho cac thi nghiém sau.
3.4. Anh hwéng cia thoi gian dén kha niing
hap phu MO

Thoi gian tiép xuc cling la mot trong nhiing yéu
t6 anh huong chinh dén qua trinh hap phu. Trong
nghién ctru nay, khoang thoi gian tlep xuc tur 1 dén
720 phat dugc danh gia trong diéu kién cé dinh
pH=3, khdi lwong chitosan 0,2 g va nong d6 MO 50
mg/L. Két qua thuc nghiém duoc biéu dién & Hinh
6 cho thdy hiéu suit hip phu ting nhanh trong
khoang thoi gian 1-30 phat; nhung sau do6 tang
cham dan trong khoang 60-180 phut; va sau 240
phit thi gan nhu khéng thay doi (p>0,05), ching to
su hap phu da dat can bang.
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Hinh 6. Anh’hm’mg ciia thoi gian dén kha ning
hap phu MO cia chitosan

Ghi chii: S6 ligu dwge trinh bay la gid tri trung binh £ sai
s6 chudn, n=3. Nhitng gid tri trong ciing mét ¢ét ¢é ki tw
(a, b) khdc nhau thi khdc biét cé ¥ nghia thong ké & mirc
0=5%.

Xu huéng nay co thé duoc giai thich nhu sau:
Trong 30 phut tiép xuc dau tién, hiéu suit hip phu
MO va lugng MO bi hip phu ting rat nhanh (hiéu
SUAt tir 49,17 % tang 1én 64,39%, lwong MO bi hap
phu ting tr 8,78 mg/g 1én 13,11 mg/g). Nguyén
nhan 1a do & giai doan dau, cac phan tr MO d& dang
dugc hip phu 1én bé mat chitosan nhd vi tri san c6
trén bé mat chitosan (Labidi et al., 2019). Tir 60 phut
dén 180 phut, tbc do tang cua hiéu suat hip phu va
lugng MO bi hap phu dat cham lai, diéu nay c6 thé
1 do ham lugng MO trén bé mat chitosan chénh léch
khong nhiéu so véi ham lwong MO trong dung dich.
Tai thoi diém 240 phut, hiéu suat hiap phu MO
(72,81%) va lugng MO bi hip phu (14,82 mg/g) dat
dén mot gia tri gan nhu khong dbi. Su khac biét vé
cac hiéu suét hap phu va luong MO bi hip phu sau
240 phat 1a rat nhé (hiéu suat hap phu MO va luong
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MO bi hip phu lan lugt chénh léch chi khoang 3%
va 1 mg/g). Piéu nay c6 thé 13 do tai thoi diém 240
phat, hau hét sé lwong tam hip phy trén bé mat
chitosan da dugc ldp day boi cac ion MO, dan dén
két qua tdc do tang cuia hiéu suat va lugng hap phu
dat gan nhu cin bang. Do d6, cac thi nghiém tiép
theo duogc tién hanh trong thoi gian tiép xuc 240
phut.

3.5. Anh hwéng ciaa ndng dé MO ban dau

dén kha ning hap phu cia chitosan

Bén canh cac yéu t6 nhu pH, khéi lugng vat liéu,
thoi gian hap phu thi nong d6 MO ban déu ciing 1a
mét trong nhirng yéu té quan trong anh huong dén
kha nang loai bo6 MO cua chitosan (Labidi et al.,
2019). Hinh 7 cho thay nong d6 MO ban dau ti I&
nghich véi hiéu suat hap phu MO va ty 18 thuan véi
lugng MO bi hip phu. Cu thé, hiéu suit hip phu
giam tir 96,31% (¢ ndng d6 MO 10 mg/L) xudng
con 51,22% (& néng d MO 200 mg/L), trong khi
d6 thi lwong MO bi hap phu tang tir 3,97 mg/g (ndng
d6 MO 10 mg/L) 1én 32,36 mg/g (ndng d6 MO 200
mg/L). Tuy nhién, & ndng do MO thap (tir 10 mg/L
dén 50 mg/L), hiéu suat hip phu MO van duy tri trén
82%, diéu nay c6 thé do & nong d6 MO thap khong
¢6 di1 s6 lugng phan tir MO dé co thé lap day luong
16 céc vi tri lién két c6 san trén bé mat vat ligu, do
d6 hiéu suat hap phu MO van duy tri ¢ gia tri cao.
Tuy nhién, & nong @ MO cao hon (tir 50 mg/L dén
200 mg/L), luc nay sd lugng phan tir MO d3 ting,
khi d6 cac vi tri lién két trén bé mat vat liéu da giam,
din dén hiéu suit hip phu MO giam nhanh, tir
82,59% (ndng do MO 50 mg/L) xubng con 51,22%
(ndng d6 MO 200 mg/L) (Kannan & Sundaram
2001).
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Hinh 7. Anh hwéng cua ndng do MO ban dau
dén kha niang hap phu cia chitosan

Ghi chii: 86 liéu dwoc trinh bdy la gid tri trung binh + sai
so chudn, n=3. Nhitng gid tri trong ciing mét ¢ét ¢6 ki tw
(a, b) khdc nhau thi khdc biét c6 ¥ nghia thong ké & mirc
0=5%.
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Do d6, dé duy tri hiéu suat hip phu MO cao va
leong MO bi hip phu & muc khong qua thip, ndng
d6 MO 50 mg/L dugc chon lam nong do thich hop
cho qué trinh hap phy MO cua chitosan.

3.6. Nghién ctru ddng hoc clia qua trinh hip
phu

Mo hinh dong hoc hép phu duogc su dung dé xac
dinh téc d6 hap phu bi anh huong boi thoi gian (Febi
et al., 2020). Pong hoc hip phu cua MO trén
chitosan dugc md phdng theo mo hinh dong hoc
biéu kién bac mot va bac hai & dang phi tuyén tinh.
Hinh 8 biéu dién db thi ciia hai mé hinh déng hoc
cho qua trinh hap phy MO trén chitosan.
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Hinh 8. Mé hinh dgng hoc biéu kién bac mdt va
béc hai cia chitosan hap phu MO

T Hinh 8, ta co thé tinh toan dugc cac thong sb
dong hoc bi€u kién bac mdt va bac hai (Bang 1).
Bang 1. Cac thong s6 md hinh dong hoc hip phu
Pong hoc biéu  Paéng hoc biéu

Thong 5o Kién bac mot  Kién bac hai
R? 0,88 0,96
Qe, exp (MQ/Q) 8,52

Qe, cal (mg/g) 8,16 9,11
ks 0,12 -
ke i 0,02

Duya vao dir liéu trong Bang 1, m6 hinh dong hoc
biéu kién bac hai c6 hé s6 trong quan (R?=0,96) cao
hon mé hinh dong hoc bac nhat (R%=0,88). Lugng
MO bj hap phu Qe tinh toan tir phwong trinh dong
hoc bac hai 13 9,11 mg/g chénh léch khong dang ké
so véi két qua thuc nghiém 1a 8,52 mg/g. Nhu vy,
mé hinh dong hoc biéu kién bac hai mé ta phu hop
hon qué trinh hip phu ion MO cua vat liéu chitosan.
Do d6, c¢6 thé du doan qua trinh hap phy MO bgi
chitosan chu yéu 1a qua trinh hoa hoc lién quan dén
viéc tao phuic gitta cac ion MO véi cac nhom chirc
trén bé mat vat lidu chitosan (Labidi et al., 2019).
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3.7. Nghién ctru ding nhiét ciia qua trinh
hap phu

Puong dang nhiét hap phu c6 loi cho viéc nghién
ctru cac lyc tuong tac gitra chat hap phu va bé mat
chat hap phu (Raiyaan et al., 2021). Puong ding
nhiét Langmuir (1918) va Freundlich (1907) da
dugc sir dung rong rai dé lap mé hinh dir liéu can
bang va phan tich dir li¢u thyc nghiém. Nghién ctu
can bang hap phu dang nhiét dwoc tién hanh véi cac
nong d dau vao khac nhau cua ion MO trong diéu
kién nhiét do phong (25°C). Céc yéu té anh huong
khac nhu pH~3, thoi gian tiép xac 240 phut, luong
chat hap Pphu 1a 0,2 g dugc gilr nguyén khong doi
trong sudt qua trinh tién hanh thi nghiém. Buong
cong hip phu déng nhiét Langmuir va Freudlich cua
MO trén chitosan dugc thé hién trén Hinh 9.
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Hinh 9. Pwong cong hip phu ding nhiét
Langmuir va Freudlich cia MO trén chitosan

Dua vao dir ligu két qua thi nghiém anh huéng nong
d6, cac thong s6 cia md hinh dang nhiét dugc trinh
bay trong Bang 2.

Bing 2. Céc thong s6 mé hinh diang nhiét hip
phu

Thong $6 Mo hin.h Mo hi.nh

Langmuir Freundlich
R? 0,97 0,94
Qmax (Mg/g) 23,10 -
K. (L/mg) 0,08 -
Kr ((mg/kg)/(mg/L)") - 4,07
1/n - 2,63

Két qua phan tich dir liéu thuc nghiém cho thay,
su hip phu cac ion MO cua vat liéu hap phu chitosan
dugc mi€u ta kha t6t theo ca hai md hinh. Tuy nhién,
hé¢ sd tuong quan cua phuong trinh Langmuir
(R?=0,97) 16n hon so véi hé s6 twong quan cia
phuong trinh Frendlich (R?=0,94), ching to su hap
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phu cac ion MO theo mé hinh dang nhiét hip phu
Langmuir phu hop hon so v4i mé hinh Frendlich.
Su phtt hop t6t voi mé hinh Langmuir ching to rang
qué trinh hap phu MO trong dung dich 14 hap phu
don 16p, khong c6 sy twong tac giita cac phan tir hap
phu (Raiyaan et al., 2021).

Dua vao md hinh ding nhiét Langmuir thi c6 thé xac
dinh duoc kha ning hap phu t6i da (Qmax) trén bé
mat don 16p cua vat liéu chitosan 1a 23,1 mg/g,
chénh léch khong nhiéu so véi vat lieu hap phu
Chitosan 10B (100% deacetylated, Katokichi Bio
Co., Ltd., Japan) thwong mai, véi lwong hap phu cuc
dai ion MO trén vat liéu la 28,41 mg/g & pH 4,0,
khdi luong chitosan 1a 0,05 g; nhiét 46 1a 33°C (Saha
etal., 2010).

4. KET LUAN

Céc yéu té bao gom pH dung dich, khéi luong
chitosan, thoi gian tiép xac va nong do dung dich
MO ban dau déu c6 anh huong dén kha nang hap
phu MO cua chitosan. Luong hap phu téi da (Qmax)
cho MO trén bé mat don 16p cua vat liéu chitosan
dugc tinh dya trén moé hinh Langmuir 1a 23,1 mg/g.
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