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ABSTRACT

The study of the methylene blue adsorption from aqueous solution by Phu Yen diatomite was
conducted in terms of kinetics, isotherme adsorption and thermodynamics. The study of methylene
blue adsorption was conducted in batch condition. Kinetic data and equilibrium removal
isotherms were obtained. The rate of methylene blue adsorption was well described by a second-
order kinetic model. The adsorption isotherm of Langmuir model gave a better fit to the
experimental data in comparison with the Frendlich molel. The maximum capacity of blue
methylene adsorption is around 128.20 mgl/g at 30°C. Thermodynamic study revealed that
methylene blue adsorption is an endothermic process (AH = 4.12 kcal/mol) and the adsorption

increase with an increase in temperature from 283 to 303 K.

1- MG DAU
Xanh metylen (Methylene blue,

C,¢H,sCIN;S.3H,0) la loai pham nhuoém dugc sir
dung trong cong nghé nhudém va ciing la cau tu
gay 0 nhiém trong nudc thai dét nhuom. Khi
thai ra moi trudong nudc mot lugng véi néng do
x&p xi 1 ppm thi s& lam cho nuéc c6 mau xanh
rdt ban 1am han ché kha niang quang hop din
dén de doa hé thly sinh [1]. C6 nhiéu phuong
phdp dé xtr Iy xanh metylen hay cdc loai pham
nhuom néi chung trong dung dich nuéc bao
gébm hdp phu, két tha bf)ng bang cdc mudi
nhom, oxy hod béing céc hé xuc tiac Fenton ddng
thé va di thé [1 - 3]. Trong cic phuong phap nay
hap phu dugc xem 1a phuong phédp c6 nhiéu uu
diém do qué trinh van hanh don gian, c6 kha
nang loai bo lugng 16n chat gay 6 nhiém. Tuy
nhién trong phuong phap hip phu, gia thanh va
kha nang hoan nguyén ctia chat hap phu luén la
van dé thach thic. Diatomit 12 loai khodng tu

nhién c6 cau tric x0p va c¢6 kha nang hoan
nguyén nén 1a chat hap phu 1y tuéng dé xt ly
moi trudng. & nudc ta, diatomit Phd yén c6 trit
Iuong kha 16n [4], thuong dugc nghién citu dung
lam chat hap phu Iam sach hd nuo6i tom, lam
gach nhe cidch am v. v. it c6 cong trinh nghién
cttu vé hip phu cdc phdm mau dét nhuom bing
diatomit Phd yén dugc cong bo. Trong nghién
ciiu nay ching t6i s€ trinh bay nghién cttu co
ban vé dong hoc, ding nhiét va nhiét dong qua
trinh hdp phu xanh metylen 1én diatomit Phu
Yeén.

II - THUC NGHIEM

Diatomit thuong mai 1ay tr Tuy An (Phd
yén). Xanh metylen (Aldrich) va nudc dé ion
duoc sur dung trong nghién ctu nay.

Quad trinh hap phu xanh metylen dugc thuc
hién trong binh cdu ba c6 250 mL c6 géin sinh
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han. Hon hop dung dich xanh metylen ¢6 néng
do xac dinh va luong chat hap phu diatomit xac
dinh dugc dua vao binh cdu. O tung thoi gian
xac dinh, dung dich dugc 1dy ra loc loai bo
diatomit, ndng do clia xanh metylen dugc xdc
dinh bing phuong phdp do quang trén may
722N-VS. Spectrophotometer (Trung Qudc) &
budc song c6 do hap thu cuc dai 1,,= 665 nm [1,
3].

- D€ nghién ctu dong hoc qua trinh hap phu,
mo hinh dong hoc hap phu tuong tu bac nhat
(pseudo first order equation) va tuong tu bac
hai (pseudo second order equation) dugc 4p
dung [5].

Dang tich phan ctia phuong trinh dong hoc
tuong tu bac nhat la:

In(g, —g,)=1n(q,) -kt M

Trong d6 &, (phit™") 1a hang s6 toc do; ¢, va g,
lan luot 1a dung lugng hap phu (mg/g) & thoi
diém can bing va ¢ thoi diém .

Dung lugng hép phu, ¢, dugc tinh theo
phuong trinh

C -C)H)*V
q, = (T’) (mg/g) (2)

Muc do hap phu F duogc tinh theo phuong

¢,-C)

trinh F = (%), trong d6 C, va C,

(mg/L) 1an lugc 1a ndng do xanh metylen & thoi
diém ban dau va thoi diém ¢. V va m lan luoc 1a
thé tich dung dich xanh metylen (L) va lugng
diatomit (g) dung cho méi lan hap phu. Gi4 tri
g. duoc tinh nhu ¢, & thoi diém can bang.
Dang tich phan ctia phuong trinh dong hoc

tuong tu bac 2 la:

t 1 N 1 ;

—= 2 T 3)

q[ k2qe qe
Trong d6 k, 1a hing s6 t6c do; céc dai lugng
khdc da dinh nghia & trén.

- Dé nghién cttu dang nhiét hap phu ching
toi dung hai phuong trinh dang nhiét hdp phu
phé bién nhat 1a Langmuir va Frendlich [6].

Dang nhiét Langmuir c¢6 dang tuyén tinh la:
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2 = L + C. 4)
q. bq, aq,

Trong d6 ¢,, (mg/g) 1a dung lugng hap phu don
I6p cuc dai; b la tham s6 phuong trinh
Langmuir.

DPiang nhiét Freundlich c¢6 dang tuyén tinh

N

la:
1

lgg, =1gK, +—C, (5)
n

Trong d6 Ky va n 1a cdc tham s cua phuong
trinh Freundlich.

111 - KET QUA VA THAO LUAN

1. Anh hudéng cuia nong do xanh metylen
ban dau dén mic do hap phu coa
diatomit

Hinh 1la trinh bay dong hoc hap phu xanh
metylen béng diatomit & cdc ndéng do ban dau
khac nhau. Két qua cho thay, diamotmit cé kha
nang hadp phu rit manh xanh metylen. Mitc do
hap phu dat ~ 100% sau 100 phiit. Nong do ban
dau xanh metylen cang 16n thi t6c d6 hap phu
cang nhanh dat bdo hoa. Thoi gian dé qud trinh
hap phu xay ra dat bdo hoa phu thu¢c vao noéng
do ban dau. Trong khoang néng do tir 400 - 600
mg/L thi thoi gian dat bao hoa l1a 100 phut. Céc
duong cong dong hoc hdp phu nhan dugc c6
hinh dang gidng nhau. Qua trinh hip phu xay ra
hai giai doan. Giai doan dau (trong khoang 20
phit) t6c do hap phu xay rat nhanh chiém
khoang 70 - 80% con giai doan 2 x4y ra cham
va tién t6i dat can bang.

bong hoc hdp phu xanh metylen 1én
diatomit c6 thé nghién cttu bing cich st dung
cdc mo hinh dong hoc tuong tu bac 1 va bac 2.
Su tring khép nhét gitta s6 liéu thuc nghiém va
mo hinh dong hoc nao d6 s€ cung cip nhiing
thong tin vé mo hinh dong hoc clia qud trinh hap
phu nay. Hoi qui céc s6 liéu thuc nghiém In(g,-
g, va t theo phuong trinh (1); #/q, va t theo
phuong trinh (3). Gia tri clia doan cét truc tung
va do doc ctia dudng hoi qui cho phép tinh todn
cdc gia tri tham s6 ctia phuong trinh nay. Hinh
1b minh hoa d6 thi mo hinh dong hoc tuong tu
bac 2. Dung lugng hap phu can bing thuc



nghiém ¢, ,, 6 cdc néng do ban dau khdc nhau va
cac sO liéu tham s& dong hoc tinh toan ti
phuong trinh héi qui duogc trinh bay & bang 1.
Két qua cho thdy mo hinh tuong tdc hap phu hoa
hoc tuong tu bac hai 2 cho mdi quan hé tuyén
tinh v6i hé s6 tin cay cao (R* > 0,99). Hon thé

nita, dung luong hap phu can béang g, tinh todn
tr phuong trinh dong hoc twong tu bac hai gan
V6i ¢, hon 1a cic mo hinh tuong tu bac nhat.
Nén c6 thé két luan ring mo hinh hap phu bac 2
1a mo ta tét cho qua trinh hap phu xanh metylen
lén diatomit.

100 et 16-
T ™t 14l ® 400 mglL
80+ /A/ o 500 mglL
Q " —=— 400 mg/| 124 A 600 mg/L
= f —e— 500 mg/!
£ 60 —4— 600 mg/l 101
& o
£ > 08
3 401 06 ]
=
0.4
20
a 0.2+ b
0 T T T T T T 0.0 T T T T T T
0 20 40 60 80 100 120 0 20 4 e 8 100 120
Thai gian (phit) Thoi gian (phiit)
Hinh I: (a) Anh huéng ctia néng do xanh metylen ban ddu dén muc do hap phu cla diatomit;
(b) Bong hoc hép phu tuong tu bac hai
(dung dich xanh metylen: 200 mL; diatomit: 1 g; nhiét do: 303 K)
Bdng 1: Céac tham s6 dong hoc cuia cdc mo hinh tuong tu bac nhat va bac hai
Nong 400 mg/L 500 mg/L 600 mg/L
do (Gew= 79,7 mg/g) (Gewn= 99,8 mg/g) (Gery =118 mg/g)
TlIO’ng R2 K] qe R2 K] qg R2 K] qe
twbac 1 | 0865 | 0,124 | 12,5 0,840 0,098 44,7 0,897 | 0,065 63,0
Tu’o‘ng R2 k2 q. R2 k2 ¢ R2 k2 q.
tubac 2 71,000 | 0,065 | 80,00 0,999 0,008 | 101,01 | 0.999 | 0,003 | 1219

Anh huong cta nhiét do dén mic do hép
phu xanh metylen ctua diatomit.

Nghién citu déng nhiét hdp phu nhim cung
cdp nhitng thong tin nhu dung luong hap phu
cuc dai, phuong trinh dang nhiét mo ta thich hop
qua trinh hap phu xanh metylen béng diatomit.

S6 liéu thuc nghiém nghién ctu dang nhiét
hédp phu trinh bay & bang 2. Tu s6 liéu nay tinh
céc gid tri ¢, theo phuong trinh (2). Hoi qui cdc
gid tri thyc nghiém (C,, C./q.) va (1ggq., C.). Tu
gid tri doan cét vdi truc tung va do doc clia cic
duong thang héi qui ta tinh duoc cic tham s6
ctia phuong trinh Langmuir theo phuong trinh

(4) va Freundlich theo phuong trinh (5). Két qua
trinh by & bang 3. Nhan thay rang phuong trinh
Langmuir cé hé s6 tuong quan tuyén tinh cao
(R* = 0,992) hon phuong trinh Freundlich, mat
khac gia tri thuc ¢, (128,2 mg/g) tinh theo
phuong trinh Langmuir cla ciing gan véi gia tri
q. (118,9 mg/L) thuc nghiém. Nén mo hinh
dong hoc dang nhiét Langmuir mo ta thich hop
vG6i qua trinh hap phu xanh methylene Ién
diatomit. Dang chi y 1a dung lugng hip phu cuc
dai xanh methylene bang diatomite khd 16n
(128,2 mg/g) so v6i dung lugng hip phu xanh
metylen bing than d4 (33,6 mg/g) [3] va bing
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cam my (~4 mg/g) [1].

1004 T%’ ;.;;s=:':':':I:';t 4 -
P 0.07
sod L/ g 0.06 / —
s —=—283K| .
iy —e—293K| 2 005
= 60 —A—303K| _& 1
& —¥—313K| ‘80 04
& o)
= E
"8 404 o 0.034
=
0.024
204 g
a  on] . b
0 T T T T T T T T T T T T 0.00 T T T T T T T
0 20 40 60 80 100 120 280 285 290 295 300 305 310 315
Thoi gian t (pht) Nhiét do (T)
Hinh 2: (a) Anh huéng ctia nhiét do dén mic do hap phu; (b) D6 thi tuong quan k, va T
Bdng 2: C4c diéu kién thi nghiém nghién cttu dang nhiét hap phu
(T =303 K, thoi gian hap phu: 120 phut)
Néng do xanh Thé tich dung dich : . Noéng do xanh
STT metylen ban dau xanh metylen, Lugng diatomit, metylen dat can
C, mg/L V (mL) m(g) béng, C, (mg/L)
1 400 200 1,2 0,175
2 400 200 0,8 0,351
3 500 200 1,0 0,909
4 400 200 1,0 1,496
5 600 200 1,0 5,765
6 400 200 0,6 19,649
7 400 200 0,4 89,470
8 400 200 0,2 184,210

Bdng 3: Céc tham s6 dang nhiét ctia qu4 trinh hap phu xanh metylen trén diatomit

Mo hinh Langmuir (phan tuyén tinh)

Mo hinh Freundlich (phan tuyén tinh)

b Am (mglg) s

n Ky ) g

3,391 128,2 0,992

8,038 91,47 0,946

Anh huong cta nhiét do dén mic do hép
phu trinh bay & hinh 2a. Ap dung mo hinh dong
hoc hdp phu béc hai d6i v6i méi nhiét do va tinh
dugc hing toc do hap phu véi méi nhiét do khac
nhau. Méi tuong quan gilta hing s6 t6c do &, va
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T trinh bay & hinh 2b. Nhan thdy riang khi nhiét
do tang tir 283 K dén dén 303 K hang s6 toc do
tang. N&u ti€p tuc tang nhiét do, thi gia tri &, ¢
khuynh huéng gidm. Diéu nay c6 thé gii thich
la do trong khoang nhiét do thap ban dau tir 283
K dén 303 K, qua trinh hdp phu c6 thé 1a qué



trinh hdp phu hoa hoc, khi tiép tuc tang nhiét do
qua trinh khuéch tdn lai chiém uu thé nén gia tri
clia hang s6 toc do bi giam. Do diéu kién ching
toi khong thé nghién citu ban chat phan ting hod
hoc bé mat gilta xanh metylen va diatomit xay
ra nhu thé nao, nhung cé thé du dodn 1 céc
phan tir xanh metylen tuong tic hod hoc véi cac
tam sit trén bé mat diatomit. Gia thi€t hing s6
toc do trong khoang nhiét do tir 283 dén 303 K
hdp phu tuan theo phuong trinh Arrhenius

k, =k,e™™™" hay Ink, = Ink-E/TR v6i k, 1
hing s6 toc do hap phu twong tu bac 2
(g mg 'min"); k, 1a hing s6 Arrhenius khong
phu thudc nhiét do; E la nang lugng hoat hda
(cal/mol), R 12 hing s6 khi (1,982 cal mol 'K ")
va T 1a nhiét do (K). Hoi qui tuyén tinh cdc gid
tri thuc nghiém 1/T va Ink,. T d6 doc cua
duong thang héi qui, tinh dugc nang luong hoat
hod E = 16,9 kcal/mol. Gid tri nang luong hoa
hod tuong doi 16n [7] khang dinh day 1a qua
trinh hap phu hoa hoc.

Nhiét dong hoc qua trinh hap phu ciing duoc
nghién cttu. Cic tham s6 qud trinh nady bao
gbm: bién thién nang luong tu do Gibbs (4G,),
bién thién entalpy (4H,) va bién thién entropy
(AS5°).

Gia su qud trinh hdp phu xanh metylen lén
diatomite theo phuong trinh:

D+M«5—D-M ©6)

Trong d6 D va M ky hiéu lan luot 1a diatomit va
xanh metylen. K, va K, lan luot 12 hing s6 t6c
do cta qua trinh hip phu va giai hap.

Héng s6 can bang K, dugc tinh theo cong
thic Ke = K/K, = Cyp/Cys trong d6 Cyp va
Cus 1an lugt 1a nong do can bang cua xanh
metylen trén diatomit va trong dung dich. Céc
noéng do nay biéu dién bing cic phuong trinh
Cup = Cy(F) va Cys = Cy(1-F) nén Kc = F/(1-
F).

Mat khac ta cling c6 AG = -RTInK. = DH-
TDS hay:

K, =—21, A% (7)
RT R

Ho6i qui tuyén tinh cdc gid tri thuc nghiém
(InKc, 1/T) va tir d6 d6c va doan cét véi truc
tung tinh dugc cdc tham s6 nhiét dong hoc theo
phuong trinh (7). Két qua tinh todn cdc tham s6
nhiét dong hoc trinh bay & bang 4.

Bdng 4: Cac tham s6 nhiét dong hoc

AS!
AH, kcal/mol | AG, kcal/mol keal mol K-
4,015 -3,667 0,035

Nhan thdy gia tri AH duong cho thdy day la
qué trinh thu nhiét diéu nay phi hop vdi két qua
thi nghiém dé6 1a khi nhiét do tang thi qud trinh
hap phu xay ra nhanh hon. Gi4 tri AG am khang
dinh day 1a qué trinh ty xay ra. AS duong c6 thé
giai thich 1a do xanh metylen khi bi hdp phu lén
bé mit rin-16ng c6 do phan tdn dong thoi giita
hai pha cao hon hon 1a trong dung dich. Két qua
tinh todn gid tri AS duong ciing tuong dong véi
két qua ctia nhiéu cong bs nghién ctu hdp phu
kim loai lén cdc vat ran [8, 9].

IV - KET LUAN

Qua trinh hdp phu xanh metylen béang
diatomit da dugc nghién cdu trén phuong dién
dong hoc, dang nhiét hap phu va nhiét dong hoc.
Két qua cho thay diatomit c6 kha nang hap phu
rdt manh xanh metylen. Ddng hoc hap phu tuan
theo mo6 hinh tuong tu bac hai. Day la qua trinh
hép phu hoa hoc trong viing nhiét do thap tir 283
dén 303 K. Cac s6 liéu thuc nghiém hdp phu
hop t6t véi mo hinh dang nhiét Langmuir hon 12
Freundlich.
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