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NGHIEN CUU KHA NANG HAP PHU METYL DA CAM
TRONG NUOC BANG VAT LIEU DIATOMITE PHU CHITOSAN

STUDY ON THE ADSORPTION OF METHYL ORANGE FROM AQUEQUS SOLUTION

ONTO CHITOSAN-COATED DIATOMITE

TOM TAT

Trong bai bao nay, céc déc tinh cla vat liéu diatomite ph chitosan da dugc
phan tich bang phurang phéap phé hdng ngoai (FT-IR), kinh hién vi dién ti quét
(SEM). Céc yéu t6 anh hudng dén hiéu suét hap phu metyl da cam clia vét liéu
nhu khdi lrong vat liéu, pH, thoi gian va nhiét do clia qua trinh hdp phu da dugc
khao sat. Hiéu suét hap phu toi da dat 97% véi 0,359 diatomite phi chitosan
trong diéu kién pH = 4,0 sau 60 phut x( Ii. K&t qua nghién ctu cho thdy trong
khoang nhiét do 30 + 60°C, sir hép phu tuan theo c& hai md hinh dang nhiét hap
phu Langmuir va Freundlich véi dung lwgng hap phu cyc dai la 52,63mg/g. Vi
két qua nay, diatomite hita hen s& 12 vt liéu h&p dan trong viéc g dung vao xir
Ii mbi trudng nirée dang bi 6 nhiém.

Tir khéa: Diatomite ph chitosan, metyl da cam, hap phu.

ABSTRACT

The preparation, characterization and dye adsorption of chitosan-coated
diatomite were investigated. The prepared chitosan-coated diatomite was
characterized using Fourier transform infrared (FT-IR) spectroscopy and Scanning
electron microscope (SEM) techniques. The influences of sorbent dosages, pH,
reaction time, reaction temperature and adsorption isotherms were studied. The
optimum conditions for methyl orange adsorption were pH 4.0, contact time of 60
min with 0.35 g of chitosan-coated diatomite. The maximum adsorption rate
reached to 97.0%. Langmuir and Freundlich adsorption model were applied to
describe the equilibrium isotherms. The equilibrium data were found to be fitted well
to both Langmuir and Freundlich isotherm and the maximum adsorption capacity
was determined to be 52.63mg/g. The results suggested that chitosan-coated
diatomite was a promising sorbent to remove dyes from textitle wastewater.
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1. MO PAU

Thudc nhudm duogc st dung rong rai trong rat nhiéu
linh vuc, nhue 1a dét may, cong nghiép gidy, cong nghiép
nhudm hoac thudc da [1]. Trong d6, nudc thai nganh dét
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nhudm cé chira rat nhiéu thuéc nhudm, dac biét la cac loai
thudc nhudm c6 cau tric vong, c6 chira nhém azo bén va
kho bi phan hady. Phan Ién ching cé mau, doc tinh cao va
c6 thé gay tac hai nghiém trong véi stec khoe clia con nguoi
va sinh vat. Cing véi s phat trién nhanh chdéng ctia nganh
cdng nghiép nay, nudc thai dét nhudém da tré thanh mot
ngudn lén gay 6 nhiém méi truong. Néu khdng kip thoi xi
Ii nghiém ngat trede khi di vao mai truong, ching co thé
phéa hdy moi trvdng séng clia cac sinh vat thly sinh, de doa
kha nang tv lam sach clia nguon ti€p nhan va anh hudng
dén doi sbng clia con nguoi [1, 2].

Hién nay, c6 rat nhiéu phuvong phap dugc nghién ctru dé
Xt ly nuéce thai nhudm nhu: hap phu [3], oxi hda hda hoc [4],
keo tu [5], mang siéu loc [6] va trao d6i ion [7]. Trong dé, hap
phu la phuong phap dwrgc nhiéu nha khoa hoc quan tam va
nghién ctru dé xtr ly nwéc thai bdi vi cong nghé nay co tinh
kinh t& hiéu qua, dé ap dung, cong nghé don gian va
thuong st dung nhitng vét liéu tu nhién cé gia thanh thap.

Chitosan la dang chitin da bi khir axetyl véi nhiéu dac
tinh dac biét nhv khéng doc, c6 kha nang tuong thich sinh
hoc va phan hly sinh hoc, dang dwgc st dung rong rai
trong hap phu [8]. Ngoai ra, day la mot loai polyme sinh
hoc ton tai phong phd nhéat trong tw nhién chi sau
xenlulozo. Chitosan cé rat nhieu nhém amino va hidroxyl
trong cdu tric phan tlr nén ching duoc str dung dé loai bd
thudc nhudm, cac ion kim loai nang va protein. Tuy nhién,
chitosan nguyén chat cé gia thanh cao va kém 6n dinh héa
hoc, cu thé la sé tao gel & diéu kién pH thap. Biéu dé lam
gi¢i han tng dung cla chitosan trong qud trinh hap phu
[9]. Vi vay, khi c6 dinh chitosan Ién mot vat liéu cé gia thanh
ré nhw la bentonite, diatomite, dat sét, tro than hay cat sé
co thé gidm yéu cau khdi lvgng chitosan ma khéng lam
thay d6i dung lvong hap phu téng cla chat hap phu.

Diatomite la mot loai da tram tich, chd yéu bao gém
nhirng héa thach cua tdo cat [10]. Vat liéu nay khéng chi
nhe va xp, né con co dién tich bé mat riéng Ién, nhiét do
néng chay cao va bén héa hoc [11]. Do do6, diatomite la mot
chét hap phu ré, hiéu qua, than thién véi méi truong va la
mot vat liéu c6 kha nang cb dinh chitosan t6t. Khi pha
chitosan l1én bé maét diatomite tao thanh chat hap phu méi
c6 kha nang hap phu t6t thuéc nhuém.
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Trong nghién cru nay, nhom tac gia tap trung khao sat
anh huéng cua cac yéu té dén sy hdp phu metyl da cam
bang vat liéu diatomite pht chitosan.

2. PHUONG PHAP THUC NGHIEM
2.1.Héachat

Cac héa chat dwgc dung trong nghién cliu: chitosan
(CS) (cong ty duge pham Thién Nguyén, thanh phé H6 Chi
Minh, dang bét min, mau trdng nga, do axetyl hoa 97%),
diatomite Phu Yén (DM), axit axetic > 99%, metyl da cam
(MO) dang b6t (Trung Quéc).

Vi la mot loai thuéc nhuém (thudc nhudém anion) nén
MO (C,,H.,N;NaO,S) duwgc chon dé nghién cliu trong cac
mau tv tao.
2.2.Thiétbi

Céc thiét bi dugc st dung trong phong thi nghiém la:
may quang ph6 UV-Vis Biochrom S60 (Anh), may quang
phd hbéng ngoai Prestige - 21 (Shimadzu - Nhat Ban), thiét
bi hién vi dién tlr quét phan giai cao Hitachi S - 4800 (Nhat
Ban), may do pH TOA (Nhat Ban), may lac ngang Jeio tech
(Han Quéc), bé 6n nhiét Memmert.

2.3. Phuong phap thyc nghiém

Ham lvong MO dugc xac dinh bang phurong phéap do
quang tai buéc séng 478 nm véi phuong trinh duong
chuan xac dinh néng do MO dvoc xay dung ¢ dang la
Abs = (0,079+0,002)C v&i R*=0,999.

Dung lugng MO duoc hdp phu tai thoi diém can bang
(qe) dugc tinh bang cong thirc:

(Co-Ce )V
Qe —w

Trong dé, V la thé tich dung dich MO (L), W [a khoi
lvgng chat hap phu (g), C, va C, lan lwvgt la ndng dé MO ban
dau va tai thoi diém can bang (mg/L).
2.4.Tong hop vat liéu diatomite phti chitosan (DM/CS) [12]

Viéc téng hop vat liéu DM/CS dugc tién hanh theo quy
trinh sau: Hoa tan 2,0 g CS vao 100 mL dung dich axit axetic
1% dé thu duwoc mot dung dich CS- axit axetic dang gel.
Thém 30,0g DM vao hén hop gel CS- axit axetic va trén déu.
Sau d6 dem sdy kho & 118°C dén khéi lvgng khéng d6i. San
pham cudi ciing clia qué trinh sdy 1a vat liéu DM/CS dung
dé nghién ctru hap phu MO trong nwéc.

3. KET QUA VA THAO LUAN
3.1. bac diém vat liéu DM/CS

So sanh pho hdp thu héng ngoai FT-IR clia DM va
DM/CS (hinh 1) nhan thdy c6 mét vai diém khac biét. Trén
phd hdp thu hdng ngoai ctia DM/CS xuét hién dinh hap thu
tai 1585cm™. Binh hap thu nay dwoc quy két la do dao
dong bién dang clia nhém amino NH,-, dao déng nay chi
lam thay ddi gia tri goc lién két chir khong lam thay déi do
dai lién két. Binh hap thu tai 2880cm™ va 1383 cm™ lan lwot
duwoc quy két la do dao dong héa tri clia lién két C-H va dao
dong héa tri cla lién két C-N trong phan t& chitosan. Diéu
nay chirng t6 nhém amino clia CS da duoc lién két hoac
dwoc hap phu Ién bé mat ctia DM.
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Hinh 1. Phd hdng ngoai FT-IR ctia DM (a) va DM/CS (b)
Hinh anh SEM ctia DM va DM/CS (hinh 2) cho thdy, bé
mat clia vat lieu DM/CS da tr& nén kém x6p hon so véi DM
nguyén liéu ban dau. Sau khi phti CS 1én bé mat ctia DM tho,
CS da chui vao bén trong cac 16 tron déu ctia DM. Tuy nhién
cdu truc 16 ctia DM van dugc duy tri sau khi CS dwoc pha 1én.
Diéu nay gilp cho DM/CS van la vat liéu nhiéu tiém ning
trong viéc hap phu cac hgp chat mau trong nuéc.

IMS-NKL 5.0kV 3.0mm x20.0k SE(M)

b)
Hinh 2. Hinh &nh SEM clia méu DM/CS (a) va DM (b)
3.2. So sanh kha nang hap phu MO ctia DM va DM/CS

Chuén bi 2 mau, méi mau chira 50 mL dung dich MO
nong do 200 mg/L. Lan lvgt thém 0,35 g DM vao mau 1 va
0,35 g DM/CS vao mau 2. pH cla dung dich duoc diéu
chinh bang 4,0. L4c c4c dung dich nay & nhiét dd phong voi
téc dé 160 vong/phit. Sy thay doéi ndng dé MO sau céc
khodng thoi gian tir 15 dén 180 phut dwgc khao sat va két
qua duwoc thé hién trong hinh 3.
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Hinh 3. So sanh hiéu suét hap phy MO ctia DM/CS va DM

D0 thi thinh 3 cho thay, kha nang hap phu MO cua vat
litu DM/CS cao hon han so véi DM. Hiéu suét hdp phu MO
sau thoi gian 180 phut ctia DM va DM/CS lan lvot |a 67,7 va
97,0%. Nhu vay, két qua brdc dau cho thady rang viéc phi
CS Ién DM déa lam tang kha nang hap phu thuéc nhuom
anion clia loai vat liéu nay.
3.3. Khao sat anh huéng ctia khéi lugng vat liéu hap phu

Chu&n bi 5 mau, méi mau chita 50 mL dung dich MO
noéng dcf)~200 mg/L. Khéi lvgng DM/CS duoc st dung dé xi
Ii cac mau trén dugc thay déi lan luot la 0,20; 0,30; 0,35;
0,40; 0,50g. Gia tri pH bang 4,0 dugc duy tri trong tét ca cac
méau. Céc dung dich déu duoc Iac voi tée do 160 vong/phit
& nhiét do phong. Néng dd MO con lai trong dung dich sau
60 phut xt Ii dwgc thé hién trong bang 1.

Bang 1. Nong d ctia MO con lai sau 60 phit xi¥ Ii va hiéu sust hdp phu trong (ing

Mowcs () Cuo(Mg/L) H (%)
0,2 20,7 89,7
0,3 11,7 94,2
0,35 8,1 96,0
0,4 71 96,4
05 6.4 96,8

Két qua bang 1 cho thay, khi khéi lvgng vat liéu DM/CS
cang tang thi hiéu suat hap phu MO cang cao. bBiéu nay c6
thé duoc gidi thich rang: khi ting khéi lvgng DM/CS, s6
nhém chirc c6 kha nang twong tac tinh dién voi thudc
nhudém anion tang. Tuy nhién, khi khoi lvgng vat liéu tang
lén dén 0,35g thi téc do tang hiéu sudt hdp phu bat dau
cham lai va thay doi khéng dang ké khi tiép tuc tang khai
lvgng vat liéu hap phu lén 0,4g va 0,5g. Hiéu suét tang nhe
tlr 96,0% dbi voi 0,35g DM/CS Ién dén 96,8% dbi voi 0,59
DM/CS. Do do6, nhém nghién ctru Iva chon khéi luvgng
DM/CS st dung trong cac thi nghiém tiép theo la 0,35g.
bay la khoi lvgng vat liéu vira ddm bao tinh kinh té va vira
van dat hiéu sudt hap phu cao.

3.4. Khao sat &nh huéng ctia pH dung dich

Chuén bi 9 mau cung chira 50 mL dung dich MO 50
mg/L. Lan lugt thém vao mdi mau mot lugng DM/CS gidng
nhau la 0,1g. Gia tri pH cla cac mau duoc thay déi trong

khoang tlr 2 dén 10 bang dung dich HCI va NaOH. Hinh 4 la
hiéu sudt hdp phu MO thai gian 60 phat xi li bang vat liéu
DM/CS v@i cac mau cé gié tri pH khac nhau.
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Hinh 4. Hiéu suét hap phu MO clia DM/CS tai céc gié tri pH khac nhau

pH cla dung dich déng mot vai trd quan trong trong
qua trinh hap phu va anh huéng dén kha nang hap phu
[13]. D€ tranh su gidam dd tan ctia MO trong mai trvong pH
rat thap, chuang t6i tién hanh khao sat pH tir khoang 2,31
dén 9,96. Hinh 4 cho thay hiéu suat hdp phu MO cao nhat
tai pH khoang bang 3,96, dat t&i 91,6 %. O’ gia tri pH thap
hon 3,96, si hdp phu MO van xay ra nhung hiéu suat hap
phu clia vat liéu giam con 56,6% tai pH = 2,31 sau 60 phdt.
Khi gia tri pH tdng lén, I&n hon 3,96, hiéu suat hip phu
cling bat dau giam manh. pH cla dung dich cang tang,
hiéu sudt hap phu MO cUla vat liéu cang gidm. Diéu nay
duogc giai thich nhw sau: Trong moi trvong axit, cic nhom
amino cla CS sé dwgc proton hoa dé trg thanh NH,*, nhitng
nhom nay tuong tac voi nhdm sunfonic clia MO bang luc hat
tinh dién [14]. Do dé céc phan t&r chat mau MO duoc loai bd
khéi dung dich va bam trén bé mét clia vat liéu hap phu. O
diéu kién pH thap, CS bi hoa tan trong dung dich, khién cho
sO lwvgng tdm hap phu trén bé mat vat liéu giam. Nguoc lai,
khi pH clia hé ting, dan dén s6 lugng ion OH tang va canh
tranh véi ion MO cling mang dién tich &m trén bé mat chat
hap phu. Vi vay, pH t8i vu khoang bang 4,0 dugc Iya chon
cho cac thi nghiém tiép theo.

3.5. Khao sat &nh huéng cula thoi gian hap phu

30

o 4 @ @ 4 g °®
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Hinh 5. Anh hiréng ctia thoi gian dén stz hép phu MO bang DM/CS
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Str dung 0,35g DM/CS dé xi li 50mL dung dich MO
néng do 200mg/L, pH ctia dung dich dugc chinh tdi 4,0. Lac
dung dich véi téc dd 160 vong/phut. Dung lugng hap phu
MO clia DM/CS theo thoi gian dugc thé hién trong hinh 5.

Quan sat hinh 5 cho thay, sy hdp phu khac nhau & cac
thoi gian hap phu khac nhau. Sy hap phu xay ra rat nhanh
trong 30 phat dau tién, thé hién qua d6 doc cla do thi rat
I&n. Khi thoi gian hap phu tang 1én, d6 doc cda do thi giam
di. B6 la do trong khoang thoi gian dau, dién tich bé mat
chat hap phu con rat Ién, sau dé gidm dan theo thoi gian
dén bdo hoa. Sy hdp phu dat can bang sau thoi gian
khoang 60 phut, lGc nay dung lugng hdp phu MO cua vat
litu DM/CS dat 27,41mg/g va hiéu sudt hap phu dat téi
95,9%. Sau thoi gian 60 phut, dung lwvgng hap phu MO cla
vat liéu thay déi rat nho. Vi vay, thoi gian téi vu dugc chon
la 60 pht.

3.6. Khao sat &nh huéng clla nhiét dé hap phu

X0 If 50mL dung dich MO ndng d6 200mg/L bang 0,35g
DM/CS tai pH = 4,0. Dung dich duoc lac véi téc dd 160
vong/phut trong khoang thoi gian tlr 15 dén 180 phdt.
Nhiét do cta qua trinh hap phu duoc khao sat lan lwot 1a 30,
40, 50 va 60°C. Két qua duroc thé hién trong hinh 6.

Cé thé thay, khi nhiét dd hap phu téng Ién, dung lugng
hap phu MO gidm dan. Cu thé, sau khoang th&i gian 60
phut, dung lwvgng hap phu MO clta DM/CS & 30°C la
26,73mg/g va & 60°C thi dat 24,88mg/g. Két qua nay cho
thay rang, qua trinh hap phu MO ctia DM/CS 1a qua trinh hap
phu vat li. Qua trinh hap phu vat li thuong xay ra & nhiét do
thap, nhiét do cang tang thi hap phu cang giam.
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Hinh 6. Khao sat qua trinh hép phu MO clia vat liéu DM/CS & cac nhiét do
khéc nhau
3.7. Budng dang nhiét hap phu

Dé xay dung duwdng dang nhiét hap phu, cac mau duoc
chuan bi la 50mL dung dich MO véi cac ndng d6 dau khac
nhau (20; 50; 75; 100; 125; 150; 175; 200 mg/L), ding 0,35g
DM/CS dé x li trong 60 phut tai pH = 4,0.

Phuwong trinh Langmuir [15] dang khéng tuyén tinh Ia;

_ QmaxKLCe

=" K(Ce
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P .. C 1 C
dang tuyén tinh la; =& = L+t

Qe qmaxKL Omax

Trong do:
_tCe noéng doé MO trong dung dich tai thoi diém can

bang (mg/qg)
_+ e dung lugng hdp phu clia MO tai thoi diém can

bang (mg/qg)
+ Omae dung luong hap phu cuc dai cia MO v6i don

I6p bdo hoa (mg/g)

+K.: hang s6 Langmuir, dugc tinh tir hé s8 tu do Va g,
Phuong trinh Freundlich [16] dang khéng tuyén tinh;

1

Qe =KgC{

dang tuyén tinh Ia: logq, =logK +£Iogce
n

Trong d6, K: va n 1a hdang s6 thé hién nang suét va
cwong do hap phu, duogc tinh tir hé sd goc va hé s6 tv do
tlr phuong trinh trén.

Xay dung cac dudong dang nhiét theo tirng mé hinh
Langmuir va Freundlich va thu dwoc cac két qua nhw hinh 7
vabang 2.

0,4

o /
/

¥=0,0197x+0,1802
028 R*=0,9997
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Hinh 7. Burding déng nhiét hap phu cho qué trinh hdp phu MO bang DM/CS
(A) dang nhiét Langmuir va (B) d&ng nhiét Freundlich
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Bang 2. C4c tham s6 trong img c&c md hinh dang nhiét

M@ hinh Langmuir Freundlich
dang nhiét
Tham s6 . O R | K(/mg) | n R?
(fmg) | (mg/g)
Giatri 0,106 52,63 0,999 | 6,683 | 1,656 | 0,994

K&t qua bang 2 cho thay, hé s6 R? theo mé hinh dang
nhiét Langmuir va m6 hinh déng nhiét Freundlich lan lwot
la 0,999 va 0,994. Vi thé, c6 thé két luan rang, qua trinh hap
phu MO bang vat lieu DM/CS tuan theo c& hai md hinh
dang nhiét Langmuir va Freundlich.

4. KET LUAN

Ké&t qua nghién cru kha nang hap phu MO trong nuéc
bang vat lieu DM/CS dat khoang 97,0%. Diéu kién t6i uu
cla qua trinh hap phu 50ml dung dich MO 200mg/L voi
khéi lvgng DM/CS la 0,35g, pH 4,0 va thoi gian dat can
bang hap phu 12 60 phut.

Két qua khao sat sv hap phu MO clia DM/CS cho thay
trong khodng nhiét d6 30 -+ 60°C, su hap phu tuan theo ca
hai md hinh dang nhiét hdp phu Langmuir va Freundlich
voi dung lugng hap phu cuyc dai la 52,63mg/g. V6i nhitng
két qua dat dwgc nay, DM/CS la vat liéu mang nhiéu hia
hen trong viéc (*ng dung ching vao linh vic hdp phu va
xuc tac.
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