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This work aims to synthesize CTS/pectin composite and investigate the
adsorption capacity on cation and anion dyes. The composite is
generated at 30°C, during 1 hour and the mass ratio of chitosan and
pectin (C:P) = 1:9 (w/w). FT-IR result revealed that all characteristic
peaks of each material are found in composite and a zeta potential of
composite is -18.30 mV. The evaluation of potential removal for cation
dye (methylene blue, MB) using 1C:9P composite showed that the
adsorption efficiency and capacity are 63.54% and 6.354 mg/g,
respectively, at pH 10, within 75 min, and MB concentration of 20
mg/L. The change of weight ratio between CTS and pectin (3C:7P)
helps an increase of MB removal possibility, particularly the adsorption
efficiency and capacity reach 91.82% and 27.8 mg/g, respectively. The
MB adsorption process of pectin and CTS/pectin is well-described
using Langmuir isotherm model. Besides, the maximum efficiency and
adsorption capacity of methyl orange are 75.03% and 84.01 mg/g with
the ratio 9C:1P, respectively. This proves the cationic and anionic dye
treatment potential of CTS/pectin composite, with pectin originating
from natural source.
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Nghién ctru nay nham tong hop vat liéu composite CTS/pectin va khao
sat kha nang hip phu ddi véi cac loai thuéc nhudém cation va anion.
Composite dugc tdng hop & 30°C, 1 gio va ty 1é chitosan:pectin (C:P) =
1:9 (g/g). Két qua FT-IR cho thiy composite c6 day du cac dinh hap thu
dic trung va dién thé zeta 1a -18,30 mV. Panh gi4 kha ning hap phu
thudc nhuom cation (methylene blue, MB) ciia composite 1C:9P cho
thay hiéu suat va dung lwong hip phu lan lugt 1a 63,54% va 6,354 mg/g
& pH 10, 75 phut va ndng d6 MB 1a 20 mg/L. Khi thay d6i ty 1& CTS va
pectin 3C:7P, hiéu suat va dung lugng hip phu MB lan luot 14 91,82%
va 27,8 mg/g. Qua trinh hip phu MB cua pectin va CTS/pectin tuan
theo mo hinh hip phu Langmuir. Ngoai ra, hiéu suit va dung luong hip
phu methyl orange dat cuc dai lan luot 1a 75,03% va 84,01 mg/g vdi ty
I&6 9C:1P. Piéu nay ching t6 tiém ning xir 1y thuéc nhudm cation va
anion ciia CTS/pectin, véi pectin ¢6 nguon goc tw nhién.
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1. Gigi thigu

Sy phat trién nhanh chong cua cac nganh cong nghiép va bung nd déan sé anh hudng tiéu cuc
dén mai truong song, trong d6 ¢6 6 nhidm nguén nudc tir cac loai thudc nhuom. Pay 1a nudc thai
tir cac nganh dét may, c6 chira cac loai thuéc nhuom tong hop khac nhau va gay hai dén stc khoe
con ngudi [1]. Thuc nhudém cation va anion dién hinh 1a methylene blue (MB) va methyl orange
(MO) 14 céc loai thudc nhuém khé phan hay vi chiing bén véi anh séang [2]. Mot s6 phuong phap
dé xtr Iy thudc nhudm nhu vat 1y, hoa hoc, sinh hoc di duoc ung dung, trong d6 hap phu duoc lua
chon 13 phuong phap c6 két qua tét va co thé sir dung nhiéu loai vat liéu khac nhau [2]. Dé tiét
kiém chi phi cho qua trinh hép phu nén tan dung céac ngudn phu phiam néng hodc céng nghiép
tong hop vat liéu hap phu 1a can thlet

Buoi ¢6 phan cui mau tring xop chiém khoang 30% trong luong qua budi, la nguyén li¢u dé
chiét xuét pectin. Pectin 1a mot nhom polysaccharide thanh té bao thuc dwoc cu tao chu yéu boi
cac don vi D-galacturonic acid lién két cong hoa tri. Pectin thuong mai dugc trich ly tir vo cta
céc loai trai cdy c6 mui nhu cam, chanh, quyt, buoi,... chiém 85,5%, bi tdo (14,0%) va cu cai
duong (0,5%), va dugc sir dung 1a chat tao gel, chat on dinh, chat nhii hoa va chit lam dic, diéu
chinh hé vi sinh vat trong duong ruét, van chuyén thudc [3].

CTS, duogc cau tao tir cac D-glucosamine va N-acetyl-D-glucosamine, lién két thong qua lién
két B- 4 glycosidic, 1 san pham cta qua trinh deacetyl héa chitin trong méi truong kiém & nhiét
d6 cao hoic sir dung enzyme. Cau trac cua CTS c6 su hién dién cia nhom hydroxyl (-OH) va
nhom amine (-NH,) nén CTS c6 kha ning tao lién két v6i cac nhom chire khac vi thé CTS duoc
g dung trong dan truyén thudc. Ngoai ra, CTS kha ning ¢ng dung trong tao mang, két dinh
niém mac, khang khudn va lam lanh vét thuong, kha ning lién két chat béo va acid béo va ting
cuong tham nhdp qua mang niém mac [4].

Vit liéu composite CTS/pectin 1a su két hop gitra pectin va CTS bang tuong tac tinh dién giira
NH;" va COO™ [5], [6]. Co nhiéu cong trinh nghién ctu Ve composite CTS/pectin va dugc ung
dung trong linh vucy té nhu dan truyen anthocyanin gitip 6n dinh tiéu hoa, chdng oxy héa, chdng
nhiét, chong tia UV va giap vi khuan kéo dai dwoc tudi tho [7], mang CTS/pectin hay hat
CTS/pectin xu ly ion Pb (II) trong nuéc thai [8]. Tur day co thé két luan rang composite
CTS/pectin dugc két hop tir cac polymer c6 ngudn gbc tu nhién, than thién véi moi trudng va co
tiém niang ung dung rong rdi trong nhiéu linh vyc. Trong nghién ciru nay, tong hop vat liéu
composite CTS/pectin dugc thuc hién va thir nghiém hap phu thubc nhudm cation va anion. Céac
yéu té anh hudéng dén qua trinh tong hop composite CTS/pectin nhu nhiét do, thoi gian va ty 16
phdi tron gitta CTS va pectin dugc thuc hién nhim Iya chon diéu kién téng hop vat liéu
composite tét nhat. Bén canh dé, danh gia kha nang hip phu thuéc nhudém cation va anion ciing
duoc tién hanh dé danh gié tinh da dung cua vat liéu composite nay.

2. Phwong phap nghién ctru
2.1. Hod chit va nguyén li¢u

Hoa chét st dung gém citric acid 99,5%, acetic acid 99,5%, sodium chloride 99,5%, calcium
chloride 96,0%, sodium hydroxide 96%, hydrochloric acid 36%, ethanol 96%, dugc mua tir cong
ty hoa chat Chemsol (ViNa Chemical Solution Co. Ltd., Viét Nam), AgNO; 0,1N buffer (Merck,
buc), chitosan do deacetyl hoa 87% (medium molecular weight), methylene blue 98,5% va
methyl orange (Xilong Scientific, China). V6 budi ndm roi dugc thu thap tai dia ban thanh phé
Can Tho.

2.2. Tong hep vt liéu composite CTS/pectin

Quy trinh trich ly pectin duoc thira huéng tir nghién ciru d cong bd [9], vai diéu kién trich ly
nhu sau: 5 g cui budi va 100 mL dung dich citric acid 0,14 M véi ty 1¢ 1:20 g/mL & 95°C trong
60 phut, vai hiéu suat trich 1y 1a 18%. Pectin c6 d0 ester hoa 1a 30,73% va khoi luong phan ti
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trung binh 1a 58939 dvC. Quy trinh tong hop vat liéu composite CTS/pectin: Dung dich CTS
dugc chuan bi bang cach hoa tan 1 g CTS trong 100 g dung dich acetic acid 5%. Tuong tu, khudy
1 g pectin trong 100 g nudc cét tao thanh dung dich pectin. Dung dich CTS duoc cho tir tir vao
dung dich pectin & diéu kién khao sat va tiép tuc khuay & toc do 600 vong/phut. Sau 1 gid, dung
dich gel dugc trung hoa bang NaOH 1 M, rira dén pH trung tinh va sy dén khdi lugng khong
dbi, thu dugc composite CTS/pectin. Cac diéu kién téng hop composite CTS/pectin dugc trinh
bay & bang 1.

Bang 1. Piéu kién tong hop vt liéu composite CTS/pectin

Nhiét @ (°C) Thai gian (gio) Ty 16 C:P (g/g)

30 -60 2 5:5
Nhiét do thich hop 05-4 5:5
1:9
2:8
3.7
5:5
7:3
9:1

Nhiét do thich hop Thaoi gian thich hop

“C:P la ty 1¢ khéi liong cuia CTS va pectin
2.3. Ddnh gid tinh chdt cia vt ligu composite CTS/pectin

Céc nhom chuc dic trung ciia CTS va pectin duoc xac dinh bang phuong phap phd hong
ngoai bién d6i Fourier (FT-IR), st dung thiét bi FT-IR Thermo Nicolet 6700 (Thermo Scientific,
US) Vvéi s6 song tir 400 — 4000 cm™. Pién thé zeta duge xac dinh bang phuong phap tan xa anh
sang (dynamic light scattering-DLS) bai thiét bi Nanoparticle Series Instruments SZ-100
(HORIBA, Nhat Ban).

2.4. Ddnh gid khd ndang hap phu ciia composite CTS/pectin

Diém dang dién (point of zero charge, pH,zc) dugc xac dinh bang cach: Can 0,2 g vat liéu
CTS/pectin cho vao 20 mL dung dich KCI 0,1 M pH dung dich dugc diéu chinh tir 2 — 12 bang
NaOH 0,1 M hoac HCI1 0,1 M. Gia tri pH cua dung dich duoc xac dinh sau 24 gio.

Kha nang hip phu MB cua vat ligu CTS/pectin 1C:9P dugc danh gia bang cach cho 0,02 g
pectin va 20 mL dung dich MB vao binh Erlenmeyer 250 mL, lic ¢ téc d6 200 vong/phut, nhiét
d6 phong. Diéu kién hip phu duogc thuc hién theo phuong phép luan phién tirng bién & cac gia tri
khao sat nhu pH 4-10, thoi gian 30-90 phut, nong d6 MB 5-30 mg/L va cb dinh khi luong vat
lieu 1 g/L. Khi két thic thi nghiém, vat liéu duoc tach ra khoi dung dich bang cach ly tim. Thi
nghiém hap phu MO cua vét liéu CTS-pectin duoc thuc hién twong tu v6i cac vat liéu composite
khac nhau (1C:9P, 2C:8P, 3C:7P, 5C:5P, 7C:3P, 9C:1P) & pH 10, khéi lugng 1 g/L, ndng do 20
mg/L va thoi gian 75 phat.

Xac dinh nong d6 dung dich ciia MB va MO trudc va sau khi hap phu bang thiét bi UV-Vis
(UV-Vis model v730 Jasco, Nhat Ban) véi budc song 664 nm dbi véi MB va 459 nm ddi voi
MO. Hiéu suét hap phu H (%) va dung luong hap phu g; (mg/g) dugc tinh toan nhu sau:

Co —C¢
H (%) = x 100 (1)
0
(Co—C)xV
-0 "t 2
dc W (2)

Vi Co va C; lan lugt 12 nong d6 cia MB hay MO tai thoi diém ban dau va thoi diém bat ky
(mg/L); V 1a thé tich caa MB hay MO (L); W 1a khéi lwong cua vat liéu (g).

Céc mo hinh hap phu dang nhiét Langmuir va Freundlich dugc ap dung dé xem xét co ché cua
qué trinh hap phu MB 1én bé mit pectin va CTS/pectin [1].
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3. Két qua va thao luan
3.1. Vdt ligu CTS/pectin

Hinh 1 va hinh 2 cho thay & dai hap thu 3500-3300 cm™ c6 su xép chong 1én nhau boi hai dao
dong kéo dai cua lién két O-H va N-H, nén khong thé quan sat duoc rd rang su hién dién cia lién
két N-H. Néu chi dua vao dai hap thu trén thi khong thé khang dinh duoc sy ton tai cua CTS. Tuy
nhién, dinh 1642cm™ 14 giao dong udn cua N-H, chimg minh sy ¢6 mit cia nhom -NH, trong
CTS [10]. Bang 2 trinh bay chi tiét cac lién két cua composite CTS, pectin va composne tuong
g Voi cdc so song trong két qua FT-IR. Su xuét hién dinh hap thu & sé song 1732 cm™, 1260
cm™ lan luot 14 cac lién két C=0 va C-O trong nhom chuc ester caa pectin. Bén canh dé, céc lién
két C-H, -CHj, C-O cua ether, dic trung cua polysaccharide, thé hién lan luot ¢ cac sé song 2924
cm?, 1403 cm™ va 1120 em™. O nhiing s6 song 1560, 1567, 1582, 1593 va 1597 cm™ 1a lién két
gitta CTS va pectin do tuong tac tinh dién gitta nhom NH;" va COO [11].
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Hinh 1. Phé FT-IR cua CTS/pectin ¢ 30 — 60°C (a), 0,5-4 gio (b)
Bang 2. Lién két giita CTS va pectin cuia vdt liéu composite CTS/pectin

STT S6 séng (cm™) Lién két
1 3650-3300 Lién két O-H
2 3500-3300 Lién két N-H
3 3000-2840 Lién két C-H trong cau tao ctia CTS va pectin
4 1750-1700 Lién két C=0 trong hop chat carboxylic (R-COO-R’)
5 1610-1500 Lién két gitta—COOH va —NH, (R,NH;")
6 1320-1210 Lién két C-O trong hop chit carboxylic (R-COO-R”)
7 1120 Lién két C-O trong ether (R;-O-R,)

Hinh la cho thay c6 su xuat hién cia cac nhom chire dic trung cua CTS, pectin va lién két
gitta géc NH;" ciia CTS va COO" cua pectin. Tuy nhién, & 60°C, c6 su xuat hién cac dinh hap thu
nhidu ¢ s6 song tir 2500-2000 cm™ va khong c6 sy ton tai cia lién két C=0 (6 s6 song khoang
1732 cm™) trong nhom ester cia pectin. Diéu nay c6 thé chirng minh rang nhiét d6 anh huéng
dén qua trinh tdng hop composite CTS/pectin. O nhiét do cao, pectin c6 thé bi bién tinh tao cac
dinh hap thy nhiéu. Su ton tai cua cac nhom chirc va lién két didc trung ctua CTS va pectin duoc
trinh bay ¢ hinh 1b. Binh hap thu cua lién két gita CTS va pectin khong xuét hién tai khoang s6
song 1610-1500 cm™ ¢ 0,5 gio, chitng to khong ¢ su twong tac giita CTS va pectin vi lién két
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chwa dugc tao thanh trong thoi gian ngén. Tuy nhién, néu kéo dai thoi gian phdi tron tir 1 — 4 gio,
su xuit hién cua cac sb song 1597, 1560 va 1593 cm™, ching to su twrong tac gitta CTS va pectin.
Thoi gian khuay tron anh huong dén qua trinh tao thanh composite CTS/pectin, va khong c6 su
thay doi gitra cac dinh hap thu khi kéo dai thoi gian khudy tron. Do d6, thoi gian thich hop duoc
lya chon 1a 1 gio.

9C1P o I
7C3P : :
~ |scsp
= .
: -
= o
g 3C7P P
g e —— *-E.,—_JE,/\,..—/NMV,J ]
£
& | 2C8P L
T~ \E’\\:l/'\.f’"ﬁ”ﬂ,m‘/ffkw aa—
1C9P
3248 2925 1634| 1405
1560
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Hinh 2. Phé FT-IR cia composite CTS/pectin ¢ cdc ty 1é C:P khdc nhau

Khi thay doi ty 1& phdi tron gitta CTS va pectin (hinh 2), cac dinh hap thu dic trung cua
composite déu dugc tim thay. O ty 1é 9C:1P, do luong pectin st dung qua it nén khong c6 cac
dinh hap thu cua lién két C=0. Tuy nhién, cac dinh hap thu dic trung ciia composite déu xuat
hién & nhiing ty 1& C:P khac nhau. Két qua dién thé zeta ciia composite dugc trinh bay & bang 3,
composite CTS/pectin cta nghién ctru nay c6 dién thé zeta tir 35,5 dén -18,30 mV, phu hop Véi
cong trinh nghién ctru da cong bd (42,73 dén -21,42 mV) [20]. Ngoai ra, pectin sir dung duoc
trich ly tir vo budi, cé dién thé zeta 1a -30,3 mV, khong khac biét nhiéu so véi nghién ciru [12].
Diéu d6 ching to rang pectin trich ly c6 tinh chét tuong tu nhu pectin thwong mai. Qua phén tich
két qua FT-IR va dién thé zeta, vét liéu composite dugc tao thanh bén nhat & didu kién tong hop
30°C, 1 gio va ty 1€ CTS: pectin = 2:8 (g/g).

Bang 3. So sanh dién thé zeta ciia composite CTS/pectin ¢ pH 5

o A Pién thé zeta (mV)
Tyle C:P(do) Nghién ciru nay Nghién ciru [12]

CTS 42,30° 44,45P
Pectin -30,30° -32,63¢

7C:3P 35,35 42,40-42,73

5C:5P 29,25 43,00

3C:7P 16,04 32,48-36,90

2C:8P 7,03 24,20

1C:9P -18,30 21,42

ACTS thuong mai (khoi lwong phdn tir trung binh) (Sigma-Aldrich, US); °CTS thwong mai (khoi hrong
phan tir of 2,38 x 10° g mol™) (Primex, Iceland); pectin trich ly tir vé buéi ¢ pH 2, 60 phiit va 95°C;
dpectin thuwong mai tir trdi cdy cé miii (CPKelco, GENU® 105 rapid set, Brazil)

_ Trong cac nghién ctru vé hip phu, dién thé zeta 1a mot yé,u t6 guan trong dé xé4c dinh dién tich
bé mat cua vat liéu hap phy, tir @6, c6 thé lya chon dugc chat thai can x 1y phu hop vai vat liéu
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turong tmg. Qua qua trinh lugc khao tai liéu, dién thé zeta 4m cuia vat liéu nén pectin gitp ting
cuong kha nang hap phu céc cation [13]. Bén canh d6, CTS gbép phan cai thién co tinh cho vat
liéu nén pectln do d6, vat liéu composite CTS/pectin 1C:9P duoc lwa chon dé hap phu thudc
nhuom MB”.

3.2. Hdp phu MB ciia vt ligu pectin va composite 1C:9P

Hinh 3 cho thay pectin va vat liu 1C:9P ¢o6 diém dang dién (PHpzc) lan luot tai pH 3,22 va
3,63, c6 nghia 1a khi diéu kién hap phu ¢ pH 16n hon 3,22 (ddi véi pectin) va 16n hon 3,63 (dbi
véi vt liéu 1C:9P) sé cho hiéu suat hap phu t5t hon.

a 2 b 27
1+ 171
0 - 0 1
10 5 10 5 16 10 15
am -2 + s 2T
(=% -3 4+ < -3+
<
4 + -4 +
51 -5+
Pl -6 +
Pl 71
8 , 8~ ,
pH dau pH dau

Hinh 3. Piém ddng dién cua pectin (a), vat liéu 1C:9P (b)

Bang 4a. Anh hwong cia pH dén qud trinh hap phu MB cia pectin

pPH Ve (mL) Co(mg/L) Thoigian (phat) C,(mg/L) Qi (mg/g) H (%)
4 11,78 411+0,17  41,10+2,12
6 9,99 500+0,19  50,02+2,25
8 10 20 00 8,52 574+0,14  5742+198
10 7,91 6,05+0,15  60,48+2,56

Bang 4b. Anh huong ciia pH dén qud trinh hdp phu MB cia CTS/pectin

pH Vmg(mL) C,(mg/L) Thaigian (phit) C; (mg/L) Q:(mg/g) H (%)
4 12,39 380015 38,04 %202
6 10,30 4854020 48494215
8 10 20 60 9,08 5464010 54614179
10 8,52 5744015  57.4242.50

Hinh 4a va bang 4a trinh bay sy anh huong ciia pH dén qua trinh hip phu MB cua pectin.
Hiéu suat hap phu & pH 4 va pH 10 lan luot 1a 41,10% va 60,48%, ting 32,0%. Diéu nay ching
t6 & pH cao, nhom —COOH bj de-proton héa tao thanh -COO’, va twong tac véi MB* bang luc hut
tinh dién, do d6 hiéu suat hap phu tang. O gia tri pH thap hon, c6 sy canh tranh nhom -COO" giita
H" va MB’, va sy hinh thanh lién két hydro gitta cac nhom chirc cacboxyl va nhom hydroxyl
trong chu01 polymer do d6 hiéu suat hap phu MB gidam [14]. Dung luong hap phu ¢ pH 4 (4,11
mg/g) gap 1,47 lan & pH 10 (6,05 mg/g). Anh huéng cia pH dén qua trinh hap phu MB cua vat
liéu 1C:9P dugc trinh bay & hinh 4b va bang 4b voi hiéu suat hap phu ting tir 38,04% — 54,61%
(pH 4 - 8) va 57,42% (pH 10). Mang polymer cua vat liéu composite 1C:9P truong ng Voi cac khe
rianh hep do c6 su lién két gitta CTS va pectin, didu nay cho phép MB khuéch tan vao cu trac cua
composite. Cac vi tri hdp phy chinh 1a do cac nhom carboxylate clia pectin twong tac tinh dién véi

B [15]. Bdng thoi, lién két hydro duoc tao thanh giita cac nhém amin cta phan tir MB va cac
nhém carbonyl ctia monomer riéng 1é tao thanh hydrogel, nén gia trj pH tiang dan dén kha ning hap

http://jst.tnu.edu.vn 206 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology

228(10): 201 - 212

phu tang. Dung luong hap phuy ting tuyén tinh v&i higu suat hap phu tir 3,804 mg/g (pH 4) dén 5,74
mg/g (pH 10). Vi the, gia tri pH 10 dugc lya chon cho cac thi nghiém hap phu tiep theo.

a

100 8 _
e 173
= 80 + le E
£y z
o 60 T T° 2
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Hinh 4. Anh hueong ciia pH dén qud trinh hap phu MB cua pectin (a), 1C:9P (b)

Bang 5a. Anh hwong cua thoi gian dén qud trinh hap phu MB cua pectin

Thoi gian (phit) Vmg (ML) Co(mg/l) pH  Ci(mg/L) Qi (mg/g) H (%)
30 12,39 3,80 0,20 38,04+225
45 10,30 485+0,15  48,49+2,02
60 10 20 10 7,91 6,05+£0,15 60,48 +2,56
75 6,12 6,94+0,11 69,40 +2,50
90 5,96 7,02+022 70,17+ 1,80
Bang 5b. Anh huwong cua thoi gian dén qud trinh hap phu MB cia CTS/pectin
Thai gian (phat) Vg (ML)  C,(mg/L) pH C; (mg/L) Q:(ma/g) H (%)
30 13,56 322+0,16  32,17+222
45 11,17 442+0,19 44,16+2,56
60 10 20 10 8,52 5,74+0,15 57,42+250
75 7,29 6,35+0,18  63,54+249
90 6,98 6,51+0,19 6507+278
a
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Hinh 5. Anh hieong thoi gian dén qud trinh hdp phu MB cua pectin (a), 1C:9P (b)
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Hiéu sut hap phu MB ciia pectin tang tir 38,04% dén 69,40% trong khoang thoi gian 30 — 75
phiit (hinh 5a va bang 5a). Nguyén nhéan 1a do cac anion trén pectin tao lién két véi cac cation
MB* [16]. O 90 pht, hiéu suat hap phu 1a 70,17%, vi hau hét cic anion ciia pectin d tao lién két
v6i MB*. Twong tu nhu anh huong cia pH, dung luong hap phu ting tuyén tinh 3,80 — 6,94 mg/g
(30 — 75 phat). Khi kéo dai thoi gian hap phu thi dung lugng hap phu khong thay doi nhiéu, do
d6 75 phit 1a thoi gian hip phu thich hop trong khao sat cta pectin. Di vai vat liéu composite
1C:9P, hiéu suat hap phu MB 14 32,17% & 30 phut dau, hiéu suat tang lén gip doi sau 75 phit va
dat trang thai can bang ¢ 90 phit (hinh 5b va bang 5b). Pidu nay 1a do cac khe rdnh cua
composite 1C:9P con nhiéu 13 trong tao diéu kién thuan loi ¢ MB* khuéch tan dé dang vao vat
liéu. Hiéu suat dat trang thai can bang sau 75 phut 1a do céc vi tri tAm hap phu cua composite da
duogc lap day bai cac phan tr MB [17], nén khong c6 sy khac nhau vé dung luong hip phu & 75
phut va 90 phut.

Bang 6a. Anh hwong cia nong d MB dén qua trinh hdp phu cua pectin

Co(mg/L) Vmg(mL) pH  Thoigian (phat)  C(mg/L) Qi (mg/g) H (%)
5 0,86 2,06+£0,19 82,66 £ 2,55
10 2,13 3,93+0,17 78,65 + 2,64
15 3,95 5,52+ 0,09 73,65 £ 2,45
20 10 10 [ 6,12 6,94+0,11 69,40 + 2,50
25 10,60 7,19 +0,15 57,58 £2,75
30 15,85 7,07+ 0,16 47,16 + 2,74
Bang 6b. Anh hirong ciia nong dé MB dén qud trinh hap phu ciia CTS/pectin
Co(mg/L) Vmg(mL) pH Thoigian (phat)  C,(mg/L) Q: (mg/g) H (%)
5 0,97 2,01 +£0,21 80,62 £2,75
10 2,68 3,66 + 0,20 73,16 £2,89
15 4,86 5,07+0,18 67,57 £2,55
20 10 10 7 7,29 635018  63.54+2.49
25 11,51 6,74+ 0,15 53,94 £2,68
30 16,69 6,65+019  44,34+295
a
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Hinh 6. Ankh hurong nong dé MB d@én qud trinh hap phu cia pectin (a), 1C:9P (b)

Trong thi nghiém nay, hiéu suat hip phu MB cua pectin giam tir 82,66% dén 47,16% tuong
g voi ndng d6 MB tir 5-30 mg/L (hinh 6a va bang 6a). Trong khi d6, dung luwgng hap phu ting
tir 2,06 — 7,07 mg/g, vi ndng do MB con thép, pectin c¢6 thé hap phu hau hét lugng cation MB”.
Tuy nhién, dung lwong hip phu thap (chi 2,08 mg/g) do ndng d6 MB thp (5 mg/L), mat do cac
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ion MB* thua thot nén chiing chua 14p day cac tam hap phu [16], [17]. O ndng ¢6 MB 20 mg/L,
luong MB da l4p day cac tdm hap phu nén dung lwong hip phu dat trang thai can bang (6,94
mg/g). Tir day, c6 thé nhan thiy rang dung lwong va hiéu suat hap phu ty & nghich véi nhau. Déi
Véi vat liéu composite, tai nong 46 MB thép, luong MB tuong dbi it so véi composite nén higu
suit hap phu cao va nguoc lai. Hi¢u suat hip phu giam dan va dung luong hip phu ting dan theo
chiéu ting cua ndng d6 MB (hinh 6b va bang 6b). Su tang giam nay 1a do tang mat d¢ cation
MB" ¢6 trong dung dich tuong tu nhu dbi véi qua trinh hap phu cua pectin. Kha néng hép phu
ctia composite 1C:9P xay ra khi nong d¢ dung dich MB ban dau ting dan [16].

Pectin ¢6 kha nang hap phu MB tét do vi tri hoat dong cta cac nhém OH™ va -COOH. Hiéu
suat hap phu thubc nhuém MB cta composite CTS/pectin dugc trinh bay & hinh 7 va bang 7. O
ty I¢ 1C:9P, higu suat va dung lugng hap phu lan luot 13 63,54% va 6,35 mg/g. Hiéu suat va dung
luong ting khi thay d6i ty 16 C:P cia composite 2C:8P (87,95% va 26,63 mg/g) va 3C:7P
(91,82% va 27,80 mg/g), giam dan khi ting lugng CTS trong composite (5C:5P — 9C:1P). Két
qua nay phu hop véi két qua dién thé zeta (bang 3), khi lwong pectin sir dung cao hon lugng CTS
dan dén hiéu suat hap phu duoc cai thién va dat cuc dai & 91,82% (ty & 3C:7P). Diéu nay chung
t6 hiéu qua hap phu MB cua pectin khi lién két véi CTS.

Bang 7. Anh hirong cua ty 1¢ CTS:Pectin dén qud trinh hap phu MB
Ty l¢ Co Ve

Thoi gian C:

CTSPectin_ (mg/) (L) PH hay  (mgy  Q(MI9) H (%)
1C.9P 729 635%0.18 63,54 2.49
2C:8P 241 2663+024  87.95%2.65
3C:7P 164 27804012  91.82+2.54
5C:5P 20 1010 S 241  26.63+016  87.95+3.00
7C:3p 6.28 2078011  68.62+2.99
9C:1P 878  1697+021  56.06+3.05
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Hinh 7. Anh hrong cua ty 1¢ CTS:Pectin dén qud trinh hdp phu MB

MG hinh hap phu dang nhiét Langmuir va Freundlich

Bang 8 trinh bay cac tham sb dugc tinh toan dya trén mo hinh hap phu dang nhiét Langmuir
va Freundlich. Puong dang nhiét Langmuir giup xac dinh duge dung lugng hip phu cyc dai
(Omax) 12 9,56 mg/g dbi voi pectin va 8,27 mg/g doi vai CTS/pectin. Hé s6 hdi quy tuyén tinh cua
moé hinh Langmuir (>0,99) so v6i mé hinh Freundlich (>0,81); cac sé liéu thuc nghiém cho thay
qua trinh hap phu MB cua pectin va CTS/pectin tuan theo mo hinh hip phu Langmuir, xay ra trén
bé mat hdp phu ddng nhat, khong c6 su twong tac 14n nhau giita cac phan tir bi hip phu 1én vat
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liéu. Ngoai ra, dung luong hap phu cuc dai va hé sb R* gan twong dwong nhau ciing cho thy tinh
chat hap phu khéa tuong dong giita pectin va vat liéu composite CTS/pectin. Ngoai ra, kha nang
hap phu ciia pectin va CTS/pectin d6i véi MB ciing duoc thuc hién ¢ ty 1¢ CTS/pectin 1a 1:5
(g/g), dung lugng hap phu cua vat liéu giam tir 2,2 mmol/g xuéng 1,2 mmol/g so véi pectin ban
dau [15]. Vi vay, két qua cua nghién ciru nay 1a phu hop va déang tin cdy. Péng thoi, c6 thé nhan
dinh riang su két hop gitta CTS va pectin c6 thé gitip cai thién co tinh cua pectin nhung van
khong anh huong 16n dén kha nang hap phu caa pectin d6i véi thuée nhuém cation.

Bang 8. Tham sé ciia phurong trinh dang nhiét Langmuir va Freundlich

Cac tham sé Langmuir Freundlich

Pectin CTS/pectin Pectin CTS/pectin
k. (L.mg™) 0,32 0,37 - -
Omax (Mg.g™) 9,56 8,27 - -
R? 0,9943 0,9943 0,8179 0,8772
ke (L.g™) - - 2,629 2,279
n - - 2,31 2,26

3.3. Hép phu MO cria vat liéu composite CTS/pectin

Hiéu qua hap phu thudc nhuém MO cua composite Véi cac ty 1¢ khac nhau duge trinh bay &
hinh 8 va bang 9. Két qua cho thiy su hip phu khong thuan lgi cia composite véi thudc nhuém
anion vi vat liéu 1C:9P mang dién tich am (-18,30 mV). Hiéu suét va dung luong ting dan khi
tang luong CTS sur dung trong vat liéu composite, va hiéu suat va dung lugng cuc dai lan luot 1a
75,03% va 84,01 mg/g (& ty 18 9C:1P). Qua trinh hip phu nay dién ra theo co ché twong tac tinh
dién gitta cac nhom amine ciia CTS véi nhom SO* ciia MO [18]. Khi ham lwong CTS cang nhiéu
trong vt liéu composite, c6 nghia 1a cdc nhém amine cang nhiéu, dan dén hiéu suat hap phu MO
cua vat liéu duoc cai thién.

Bang 9. Anh hirong cua ty ¢ CTS: Pectin dén qud trinh hdap phu MO cia CTS/pectin

Ty I¢ Thoi gian o
CTS Pectin Yms (ML) (phiif) Co(mg/L) pH Ci(mg/L)  Qi(mg/g) H (%)
1C:9P 17,80 0,83 +0,27 10,99 +2,15
2C:8P 18,65 7,52+0,21 6,72+235
3C:7P 18,76 6,89+0,75 6,16 +1,98
5C:5P 10 » 20 10 17,53 13,79+0,85 12,32+222
7C:3P 15,63 2445 +£1,15 21,84+1,78
9C:1P 4,99 84,01+ 1,65 75,03+2,55
100 100
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Hinh 8. Anh huong cua ty 1¢é CTS:Pectin dén qud trinh hdp phu MO

http://jst.tnu.edu.vn 210 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 201 - 212

Ngoai ra, dung luong hap phu MO cia 9C:1P (84,01 mg/g, thoi gian hap phu 75 phit) cao hon
2,51 lan tro trau sau khi hoat hoa (33,5 mg/g, can bang hap phu 15 phit), 4,37 1an than hoat tinh
(19,2 mg/g, can bang hap phu 20 phut), va 83,18 1an tro trau tho (1,01 mg/g, can bang hap phu 30
phiit) [19]. Bén canh d6, thoi gian hip phu MO ciia vét liéu duoc ché tao tir bi mia (90 phit, dung
lwong hap phu 11,6 mg/g) dai hon va dung lugng hip phu nho hon 7,24 1an so véi vat liéu 9C:1P
(75 phit) [19]. Nhin chung, nghién ctru nay da cho thay sy kha thi khi xir Iy MO bang vt liéu
composite 9C:1P, tuy nhién két qua chi dung lai & budc thu nghiém tiém nang xir 1y ma chua tién
hanh day du cac thi nghiém hap phu. Day chinh 1a tlen de nghién ctru cho céc thi nghiém tiép theo
vé xir Iy thudc nhugm MO cia cac composite c6 ngudn goc tir polymer tu nhién.

4. Két luan

Nghién ciru d trich ly thanh cong pectin tir cui budi va danh gia kha nang xir 1y thuéc nhuém
cation cuia pectin véi hiéu suat hip phu 69,4% va dung luong hap phu 6,94 mg/g ¢ pH 10, thoi
gian hap phu 1a 75 phut, ndng d6 MB 1a 20 mg/L va khéi luong vat liéu 1a 1 g/L. Bén canh d6, dé
cai thién tinh chét cling nhu kha ning hap phu cua pectin, nghién ciru nay da tong hop vat liéu
méi CTS/pectin véi cac ty 18 C:P khac nhau. Hiéu suat hip phu MB dat 91,82% (tang 1,32 1an)
va dung lugng hap phu dat 27,8 mg/g (ting 4 1an) so vai vt liéu pectin. Qua trinh hap phu MB
clia pectin va composite CTS/pectin duoc tuén theo mé hinh ciia Langmuir véi hé sé hdi quy R?
> 0,9943. Pé tang tinh da dung cho vat liéu, nghién ctu hip phu thudéc nhuém MO ciing duoc
tién hanh véi hiéu suat va dung lwong hap phu cia 1C:9P lan luot 1a 10,99% va 0,83 mg/g va
9C:1P 1a 75,03% (tang 6,82 1an) va 84,01 mg/g (tang 101,22 1an).

Lé&i cam on
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