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KHAO SAT HAP PHU p-NITROPHENOL TREN CETYL
TRIMETYLAMONI BROMUA BIEN TiNH BENTONIT

TS. Biii Viin Thing’
CN. Trén Thi Xuan Mai®

TOM TAT

Tinh chdt cia bentonit bién tinh bdi cetyl trimetylamoni bromua dwoc khao
s&t bai pho XRD dira trén su thay doi khodng céch ldp co ban d. Sw ting khodng
cach I6p co ban d 1a do tac nhan hoat déng bé mat thém vao va hai md hinh sap xép
mach ankyl trong khodng cach I6p xen giira cia bentonit dwoc dwa ra. Anh hwéng
cua nong dg, pH, thoi gian va nhiét dé dén kha ning hap phu dwroc khao sat. Két qua
cho thdy, khd ndng hdap phu tang khi pH tang. Péng hoc hap phy phl hop véi md
hinh déng hoc biéu kién bdc 2 va mé hinh dang nhiét Langmuir mo td di kién thuc
nghiém tér hon mé hinh dang nhiét Freundlich.

Tur khéa: Bentonite, modified bentonite, p-nitrophenol, kinetics, isotherms

1. Pit van aé

p-Nitrophenol va céc hop chat
nitrophenol déu la nhiing chat c6 doc
tinh cao. Hop chét p-nitrophenol gay
bong khi tiép xdc véi da, vbng mac va
duong hd hap twong ty hién tuong bong
phenol. Chung tuong tac vai hemoglobin
trong mau hinh thanh methaemoglobin
la nguyén nhan gay ra bam tim cuc bg,
réi loan tuan hoan mau hoic gay bat
tinh. Néu nhiém doc p-nitrophenol theo
duong tiéu hoa gay dau bung, ndn mua,
tiép xdc thoi gian dai gay ra di tng da
[1]. X&r ly céc hop chét nitrophenol la
treong hop riéng cta qua trinh xu ly céc
hop chat hitu co 6 nhiém trong nudc.
Mot s6 phuong phap thuong dugc sir
dung dé loai bo p-nitrophenol trong
nudéce 1 hap phy, phan hiy sinh hoc, oxi
hoa,... Trong d6, hip phu 1a phuong
phap don gian, d& trién khai, ré tién va
thich hop véi khoang diéu kién hoa ly
rong [2-4].

L2 Truong Pai hoc Dong Thép
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Bentonit 1a khoang dAt sét c6 san, ré
tién va ham lwong phong phd trong tu
nhién. Trong ty nhién, bentonit thuong
c6 sy thay thé ddéng hinh cua cac
nguyén tur trong tim ta dién va tim bat
dién, dan dén su thiéu hut dién tich am
trén bé mat 16p co so va duoc can bang
bai cac cation kim loai kiém va kiém
thd hidrat (Na*, K*, Ca*, Mg%,...)
chiém gitr khoang khéng gian giira cac
16p nay [1, 5]. Khoang bentonit uva nudc
boi Vi cation can bang I6p giita cua
chiing dé bi hidrat hoa, do vay lam han
ché tng dung trong hip phu cac hop
chat hiru co 6 nhiém. Dé 1am thay doi
tinh chat nay cua sét bentonit 1a chuyén
tr dang wa nudc sang dang wa hiru co
bang cach trao ddi cation can bang
hidrat 16p gitra bang cation hitu co. Sét
bentonit bién tinh bang cac cation hitu
co thuong dugc goi la bentonit hiru co.

Cation htru co thuong dugc sir dung
dé bién tinh sét bentonit 1a cation amin
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bac bén véi céng thac chung
[(CH3)sNR'] hodc [(CHs):NR]", trong
d6 R 1a gbc hidrocacbon vong hoic
hidrocacbon béo. Tac nhan amin bac 4
thuong duoc su dung dé didu ché
bentonit hiru co 1a cetyl trimetylamoni
bromua (CTAB) [3, 5]. Qué trinh bién
tinh sét bentonit bang cation hiru co lam
tang kha nang tng dung cua ching trong
xa ly va phuc hdi nguon nuéc bi &
nhidm bai céc chat hitu co doc hai [1, 2].

Trong nghién ctru nay, bentonit hru
co duoc diéu ché bang cach bién tinh
bentonit bing tic nhan  cetyl
trimetylamoni bromua véi ndng do khac
nhau. Khao sat mot s6 yéu té anh husng
dén kha nang hap phu p-nitrophenol cua
bentonit hiru co nhu anh huong cua
nong d6 tac nhan bién tinh, pH, thoi
gian va nhiét d6 dugc nghién cu.

2. Thuc nghiém

2.1. Hoa chit, dung cu va thiét bi

Bentonit nguyén liéu st dung trong
diéu ché bentonit hiru co 1a bentonit
kiém (Binh Thuan) c6 ham luong
montmorillonit > 80% (Bent). Mau
quing sau khi lam giau, dugc nghién
min va sang qua rady 100 mesh. Dung
luong trao do6i cation 1a 75 meq/100 g.
Tac nhan bién tinh sir dung trong nghién
ciru nay la cetyl trimetylamoni bromua
(Sigma—Aldrich). Cac hoa chat 4-
nitrophenol, AgNOs;, NaOH, HCI Ila
nhitng héa chit sach phan tich (Trung
Qudc) va mot sb tac nhan can thiét khac.

2.2. Piéu ché vit liéu bentonit hivu co
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Qua trinh diéu ché bentonit hiru co
duoc tién hanh nhu sau: ldy 4 gam
bentonit Binh Thuan (Bent) phan tan
trong 400 ml nuéc cat dudi diéu kién
khudy manh trén may khuay tir gia nhiét
Vi toe do 600 vong/phut trong 2 gio.
Dung dich CTAB thém cham vao huyén
phi sét bentonit & 70°C. Nong do
CTAB sir dung lan luot 1a 0,25; 0,5;
0,75; 1,0; 1,5 va 2,0 lan so véi CEC cta
sét bentonit. H3n hop phan tng tiép tuc
khuay manh & 70°C trong 4 gio, sau d6
gitr & nhiét do phong trong 24 gio. Sau
phan ng huyén phu duoc loc tach va
rira bang nudc cat vai lan dé loai bo hét
ion Br~ du (thtr bing AgNO3 0,01M) va
phan ran duoc say ¢ 110°C trong 10 gio
thu dugc vat liéu bentonit hiru co. Mau
duoc ky hiéu theo nong do tac nhan
CTAB, vi dy, mau 0,25C-Bent dugc
diéu ché véi nong d6 CTAB Ia
0,25CEC cua bentonit.

Xac dinh khoang cach 16p co ban
cua vat liéu bentonit bién tinh bang pho
XRD trén may D8 Advance-Bruker
(buc) sir dung btrc xa 40 kV, 300 mA,
quét tir 1-10°, khoang céach lop dugc
xac dinh béi XRD 1a dinh 001.

2.3. Khdo séat hap phu

Qua trinh hap phu duoc tién hanh
nhu sau: can 0,1 gam bentonit hitu co
cho vao 100 ml dung dich p-nitrophenol
c6 ndng do xac dinh. Piéu chinh pH
bang dung dich NaOH 1M (hoic HNO3
1M). Tién hanh khao sét anh huong cia
cac yéu té nhu thoi gian hap phu, pH
dung dich, nhiét do dén kha niang hap
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phu p-nitrophenol cua bentonit hitu co.
Sau khi hap phu, huyén phu loc qua
gidy loc (0,45 um) va phan tich nong do
p-nitrophenol con lai trong dung dich
bang phdé UV-Vis & bugc song 317 nm.
Dung luong hap phu (q) duoc tinh tir
cong thuac (1) [5]:
C,-C,)V
(C-G)V - ) (1)

Trong d6 Co, C; (Mg/L) 12 ndng
d6 ban dau va ¢ thoi diém t (phat), V 1a
thé tich dung dich (lit), m la khéi lwong
chat hap phu (g).

3. Két qua va thio luin

G =

3.1. Ddc trung cua vat liéu
bentonit hiru co

Két qua phan tich XRD caa méu
bentonit Binh Thuan (Bent) dung lam
nguyén lidu diéu ché vat lieu bentonit
hitu co dugc trinh bay trong hinh 1 cho
thiy, dinh phd dic trung cua
montmorillonit 6 d = 12,77 A, 4,49 A va
2,56 A. Tur gid tri d cho biét, sét bentonit
Binh Thuan thudc loai bentonit kiém
chaa chi yéu cation hidrat bu ¢ 16p gitra
la Na" va K*. Bén canh céac dinh pho dic
trung cua montmorillonit con c6 mot s6
dinh phd cia cic tap chit khac nhu
quartz voi d = 425 A va 3,35 A;
microline véi d = 3,23 A; albit véi d =
3,19A va canxit véi d = 3,03 A
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Hinh 1: Gidan @6 XRD ciia mau Bent

T T T
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Khi cation vd co hidrat ¢ 16p
gitta cua sét bentonit dugc thay thé
bang tic nhan CTAB lam ting khoang
cach lop gitta cua bentonit hiru co. Gian
d6 XRD cua mau bentonit hitu co bién
tinh bang tac nhan CTAB duoc chi ra
trong hinh 2 cho thay, gi4 tri doo1 cua
c4c mAu bentonit hiru co diéu ché véi
nong 46 CTAB la 0,25CEC cua sét
bentonit chi thu dugc 1 dinh phd nam &
15,06 A. Khoang cach 16p co ban cua
cac mau 0,50C-Bent; 0,75C-Bent va
1,00C-Bent lan luot la 17,62 A; 19,81
A va 20,12 A. Khi néng do CTAB >
1,0CEC cua sét bentonit thi xuat hién 2
dinh phé o khoang 19,6 A va 41 A,

Gid tri dog1 ctia mau 0,25C-Bent
la 15,06 A gan voi tong chiéu cao cua
dau amin phan cyc (5,1 A) va bé day 1
I6p sét bentonit (9,6 A) chi ra rang,
mach ankyl sip xép kiéu don 16p trong
khoang khéng gian & 16p xen gitta cua
sét bentonit.

Khoang cach 16p co ban cua
mau 0,50C-Bent l1a 17,62 A gan véi
téng chiéu cao cua dau amin phan cuc
(6,7 A) va bé day 1 16p sét bentonit (9,6
A) cho thiy ring, mach ankyl sip xép

J
50
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kiéu don 16p trong khoang khéng gian
I6p xen gitra cua sét bentonit. Gia tri
doo1 cia mau 0,75C-Bent 12 19,81 A gan
véi tong chiéu cao cua dau amin phan
cuc (5,1 A), bé day 1 16p sét bentonit
(9,6 A) va chiéu cao caa dudi ankyl (4,6
A) chi ra riang, mach ankyl sip xép kiéu
hai 16p trong khoang khéng gian 16p
xen gitra cua bentonit htru co. Mach
ankyl cua phan tir CTAB sap xép kiéu
don 16p parafin va goéc hop gitta mach
ankyl cua phan tr CTAB vai l6p sét
bentonit, a, dugc tinh todn tu phuong
trinh (2) nhu sau:
sin o= (d — h)/I @)

Trong d6: d la khoang cach 16p co
ban, h la bé day Iép sét bentonit (9,6 A)
va | 1a chiéu dai cua phan tot CTAB
(25,3 A) [6].
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Hinh 2: Gian d6 XRD ctia mau bentonit
hitu co diéu ché & nong dé CTAB khéc
nhau

Ap dung phuong trinh (2) tinh dwoc
gid tri a cia mau 1,00C-Bent la 24°.
Khoang cach 16p co ban ctia cac mau
diéu ché voi nong do CTAB > 1,0CEC
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ctia sét bentonit thi xuét hién thém dinh
phd ¢ khoang 41 A chi ra rang, mach
ankyl c6 thé sap xép kiéu hai 16p parafin
V6i goc a la 36°. Két qua nay ciing phu
hop véi mot sb bao cao da cong bd trude
day [4, 6].

3.2. Xdac dinh thoi gian dat can
bang hdp phu

M&i quan hé gitta thoi gian va dung
luong hap phu caa p-nitrophenol trén
mau bentonit va bentonit hitu co duoc
chi ra trong hinh 3.
e)
3

b)
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Hinh 3: Su phu thugc cua dung lrong
hdp phu p-nitrophenol cia bentonit hizu
co theo thoi gian: a) Bent; b) 0,5C-
Bent; ¢) 0,75C-Bent; d) 1,0C-Bent va e)
2,0C-Bent.

Tir hinh 3 cho thay, c6 ba budc hap
phu xay ra trong khoang thoi gian khao
sat. Giai doan xay ra nhanh trong 30
phit dau la do sy tan cong cua p-
nitrophenol dén bé mit hodc 16p xen
gitta cua chat hap phu. Giai doan hap
phu xay ra cham hon trong khoang thoi
gian tir 30 phut dén 120 phut 1a do twong
tac day cua chat da bi hap phy va chat bi
hap phu trong dung dich. Giai doan 3 Ia
giai doan can bang gita chat bi hap phu
va chat hap phu trong dung dich.
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Bentonit chua bién tinh ding lam
nguyén liéu dé diéu ché bentonit hiru co
c6 kha nang hap phu p-nitrophenol thap.
Trong khi do, bentonit hitu co c6 kha
niang hiap phu p-nitrophenol Ié6n hon
nhiéu so véi bentonit nguyén liéu, bai vi
s6 tm hap phuy trong bentonit hiru co
tang 1én khi tdc nhan CTAB duogc dua
vao gitra lop cua sét bentonit thdng qua
qua trinh trao doi gira ching voi céac
cation vo co hidrat 16p gitra. Két qua nay
cling twong ty nhu nghién citu cua mot
s6 tac gia trudc d6 [1, 5]. Thoi gian can
thiét ¢& hip phu p-nitrophenol trén vat
ligu bentonit hiru co la 60 phut, tuy
nhién, dé dam bao can bang thi nghiém
can tién hanh thi nghiém trong 2 gio.

3.3. Anh hwong cua pH

Phan tram hap phu p-nitrophenol
cua bentonit httu co ¢ pH khac nhau
dugc chi ra trong hinh 4.
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Phin tram hip phu (%)

8 9 10 11 12
Hinh 4: Sir phy thudc cua phan tram
hap phu p-nitrophenol cia bentonit hiu
co vao pH dung dich: a) Bent; b) 0,5C-
Bent; c) 0,75C-Bent; d) 1,0C-Bent va e)
2,0C-Bent.

Tir hinh 4 cho thay, phan trim loai
bo p-nitrophenol tang khi pH dung dich

tang trong khoang pH < pK, va pH >
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pKa. Nhung trong khoang pH tir 7 dén
8, phan tram hap phu gan nhu khong
ddi trong tat ca cdc mau khao sat. p-
Nitrophenol c6 thé tn tai dang phan ti
khi pH < pK; hoac ion khi pH > pK, [3,
6], do d6, kha niang hiap phu bi anh
huong boi sy canh tranh ngay cang tang
Ién gitra ion p-nitrophenol va phurc ion —
phan tir p-nitrophenol.

C6 hai co ché hap phu cua p-
nitrophenol trén vat liéu bentonit va
bentonit hitu co: (i) co ché twong tac
tinh dién khi p-nitrophenol t6n tai dang
anion va (ii) co ché hap phu khi p-
nitrophenol ton tai dang phan tir do
twong tac yéu gita phan ta p-
nitrophenol va tac nhan CTAB cua
bentonit hitu co.

Tuy nhién, trong hinh 4 cho thay,
phan trim hap phu p-nitrophenol van
tang khi pH > 9, diéu nay c6 thé giai
thich dya vao phuong trinh (3) [4],
trong d6 murc do ion cua p-nitrophenol
tang khi gia tri pH dung dich tang va
@ion la mac do ion hoa cua p-
nitrophenol dugc chi ra trong bang 1.

1

o O

Tir két qua hap phu cho thay
rang, kha ning hip phu p-nitrophenol
cuc dai xuit hién trong khoang pH xap
xi bang gia tri pK, cua ion p-nitrophenol
g véi phan ng tach proton. Nhiéu bao
cdo di duoc cong b trude diy vé anh
huéng caa pH dén kha nang hip phu p-
nitrophenol khac nhau phu thudc vao
diéu kién thuc nghiém [2, 4].

¢ion =
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Bang 1: Muic do ion cua p-nitrophenol ¢ pH khac nhau

pH 3 4 5

6 7 8 9 10 11 |12

o | 6,92x10° | 6,91x10™* | 6,87x10°

0,065

041 087 098099 | 1 |1

3.4. bong hoc hdp phu
Mb hinh dong hoc biéu kién bac 2
(4) va mo6 hinh Elovich (5) thuong duoc
sit dung md ta dong hoc hip phu p-
nitrophenol trén bentonit hiu co [4, 5].
Dang tuyén tinh cia phuong trinh dong
hoc biéu kién bac 2 va phuong trinh
Elovich dugc viét nhu sau:
t 1 1

— =1+ 4)
9 g ko
1 1
qtzﬁlna,burzlnt (5)
a)
1.25 4 100 mg/L

_.1.00 W 200 mg/L

f=2]

?Em 075 A 300 mg/L

e X 500 mg/L

5 050

[=%

£ 025

0.00

T T T T T 1
0 20 40 60 80 100 120
t (phait)

Trong d6 qe 13 dung lwong hap phu
& trang thai can bang (mg/g), k 1a hang
sb tdc @6 hap phu (g/mg.phat), t 1a thoi
gian (phdt). o la téc d6 hap phu ban dau
(mg/g.giay), A 1a hang s6 khir hap phu
(g/mg) trong bat ky thi nghiém nao.

Do thi tuyén tinh theo mé hinh biéu
kién bac 2, mé hinh Elovich duoc chi ra
trong hinh 5 va tinh toan cac tham s6
déc trung ttr hinh 5 dugc trinh bay trong
bang 2.

100 mg/L

150 7/ g 200 mg/L
= 130 | 4300 mg/L « X XX
= 110 x 500 mg/L
£
= 9
o

70

50 - T T

1 2 3 4 5

In(t)

Hinh 5: Béng hoc hdp phu p-nitrophenol cia bentonit hizu co:
a) Dang tuyén tinh ciia phwong trinh déng hoc biéu kién bdc 2 va b) Dang tuyén tinh
Cua phwong trinh Elovich

Tir két qua cho trong bang 2 nhan
thiy rang, tat ca cac hé sé twong quan
(R%) cua phuong trinh dong hoc biéu
kién bac 2 déu lén hon mé hinh
Elovich, diéu d6 c6 nghia 13 phuong
trinh dong hoc biéu kién bac 2 mé ta tét
quy luat dong hoc hép phu  p-
nitrophenol trén bentonit hitu co & 30°C
v6i hé sb trong quan cao (R* > 0,999).

Két qua nay phu hop véi nghién
ciru dong hoc hap phu p-nitrophenol
trén bentonit hitu co caa mot sé tac gia
[2, 4]. Hang s6 toc do hap phu, k, ting
khi nong do p-nitrophenol ting tir 100
mg/L 1én 500 mg/L, tuy nhién, su ting
nay ciing khong dang ké cho thiy anh
huong cua ndng do dén hing sé toc do
khéng nhiéu.
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Bang 2: C4c tham sé déng hoc hdp phu p-nitrophenol cia bentonit hizu co

1 1 1 1
l:_t+_2 g =—Int+=In(ap)
Néng do p- g d ko B B
nitrophenol
k (g/mg.phat) | qe.(mg/g) R? o (mg/g.phit) B R?
(g/mg)
100 mg/L 0,0053 100,00 | 0,9997 1847 0,0949 | 0,7686
200 mg/L 0,0052 105,26 0,9997 2739 0,0938 | 0,7556
300 mg/L 0,0042 119,05 0,9997 1919 0,0792 | 0,7990
500 mg/L 0,0037 131,58 0,9997 2105 0,0719 | 0,8002

3.5. Pwong diang nhiét hap phu

bang nhiét hap phu p-nitrophenol
trén bentonit hitu co thuong dugc mo ta
theo phuong trinh Langmuir (6) va
phuong trinh Freundlich (7) [4] duoc
thé hién nhu sau:

C. 1 1

el — (6)
qe qm KL'qm

Ing, :%InCeJrln K. @)

Trong d6 C. (mg/L) va ge (mg/g) la
nong do p-nitrophenol can bang trong
dung dich va trong pha ran, g 1a dung
lugng hap phu cuc dai (mg/g), K. la
hang sb hap phu Langmuir, Ke va 1/n 1a
cac hang s6 Freundlich.

Do thi tuyén tinh theo phuong trinh
Langmuir va Freundlich dugc chi ra
trong hinh 6 va tinh toan cac tham s
dac trung duoc trinh bay trong bang 3.
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Hé sd twong quan trong Bang 3 cho
thiy, phuong trinh dang nhiét Langmuir
(R? = 0,99) mé ta tét hon phuong trinh
Freundlich (R? = 0,85) ddi vai qué trinh
hip phu p-nitrophenol bang bentonit
hitru co & trong khoang nhiét do tir 30
dén 45°C.

Tir két qua chi ra trong Bang 3 cho
thiy, dung lwong hap phu bdo hoa don
16p (gm) ti 1€ thuan vaéi nhiét do, nghia
1a dung luwong hip phu p-nitrophenol
trén bentonit hitu co tang khi nhiét do
taing va qua trinh hap phu la thu nhiét.
Dung luong hap phu ting di kém voi
nhu cau ning luong cao cho qué trinh
hip phu p-nitrophenol trén vat liéu hap
phu khao sat. Két qua nay pha hop véi
béo cdo truéc d6 vé sy hip phu p-
nitrophenol trén bentonit hitu co [3, 4].
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37 a) .

2.5
o 27
=)
& 1.5 1 @ 30°C
8 14 W 35°C
A 40°C
0.5 1 X 45°C
O T 1
0 100 200 300 400
Ce (mg/L)

55 4

b)

InCe

Hinh 6: Dang tuyén tinh theo phwong trinh dang nhiét ciia qua trinh hap phu p-
nitrophenol cua bentonit hizu co: a) Langmuir va b) Freundlich

Bang 3: Cac tham sé phwong trinh Langmuir va Freundlich ciia qud trinh hdp phu
p-nitrophenol trén bentonti hitu co ¢ 30°C, 35°C, 40°C va 45°C

S G L Inqe:(ljlnCeHnKF
Nhiét do G On Kiln n
K, (L/mg) 0 (MQ/g) R? 1/n Ke (L/g) R?
30°C 0,0769 138,89 0,9801 0,105 72,60 0,8563
35°C 0,0791 153,85 0,9930 0,107 80,00 0,9399
40°C 0,0973 161,29 0,9947 0,116 81,04 0,9531
45°C 0,1119 166,67 0,9958 0,122 81,86 0,9469
4. Két luan 1,0 CEC cua sét bentonit phu hop voi

Ph6 XRD duoc sir dung dé khao sat
su thay doi khoang cach 16p co ban cua
sét bentonit va bentonit bién tinh bing
tac nhan CTAB. Déi véi mau 0,25C-
Bent va 0,50C-Bent cd cau tric sap xép
kiéu don 16p trong khoang khdng gian
I6p xen gitra bentonit hiru co. M6 hinh
sap xép cua mau 0,75C-Bent phu hop
véi kiéu hai 16p don, con mau 1,00C-
Bent thi md hinh sip xép kiéu don 16p
parafin voi goc o = 24° va mau bentonit
hitu co bién tinh véi nong d6 CTAB >
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md hinh sap xép kiéu hai 16p parafin
Véi goc a = 36°.

Anh huéng caa pH, thoi gian hap
phu va nhiét d6 duoc khao sat. Phan
tram hap phu p-nitrophenol ting khi pH
tang, dung luong hap phu ting nhanh
trong thoi gian dau va dat can bang sau
120 phat. Bong hoc hap phu p-
nitrophenol cua bentonit hitu co phu
hop v&i mé hinh dong hoc biéu kién bac
2 v6i hé sb tuong quan cao (R® >

0,999). Phuong trinh ding nhiét
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Langmuir mé ta qua trinh hap phu p-  khoang nhiét d6 khao séat tir 30°C dén
nitrophenol cua bentonit hitu co tot hon 45°C.
SO0 V&1 phuong trinh Freundlich trong
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AN INVESTIGATION OF p-NITROPHENOL ADSORPTION BY CETYL
TRIMETHYLAMMONIUM BROMUA MODIFIED BENTONITE

ABSTRACT

Cetyl trimethylammonium bromide modified bentonite clay property was studied
by X-ray diffraction through the chances of basic d-spacing. The d-spacing first
increases with increase in the amount of added surfactant, two kinds of novel
arrangement of alkyl chains in interlayer of bentonite were proposed. The effects of
the concentration of modified agent, pH, contact time and temperature were
investigated in details. The results revealed that the adsorption of p-nitrophenol
increases with an increase in pH. The adsorption kinetics was found to follow the
pseudo-second-order kinetic model and the equilibrium data fitted the Langmuir
equation better than Freundlich equation.

Keywords: bentonite, modified bentonite, p-nitrophenol, kinetics, isotherms
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