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Adsorption performance of tetracycline in water by cyanobacterial biochar
modified with oyster shells

LIANG Naisi, ZENG Yue, CHEN Xiaoli, LI Jin
(School of Chemistry and Environment, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)

Abstract: [ Objective] The adsorption performance of oyster shell-modified cyanobacterial biochar (CaBC) in removing tetracycline
(TC) pollution in water was evaluated to provide a basis for the abatement of antibiotic pollution in water bodies. [ Method ] CaBC
was prepared by hydrothermal synthesis using cyanobacteria as the raw material and oyster shells calcined at 400 °C as the calcium
source for the removal of TC from aqueous solutions. The biochar was characterized and analyzed before and after modification by
scanning electron microscopy ( SEM) , Fourier transform infrared spectroscopy ( FTIR) , X-ray diffraction (XRD) and specific sur-
face area measurement. [ Result] The modified CaBC had significantly more surface functional groups, larger specific surface area,
pore volume and smaller particle size, and the initial biochar (BC) was successfully loaded with oyster shells by FTIR and XRD
characterizations. The removal performance of modified CaBC was increased by 22.8% compared to BC, and the removal of TC by
CaBC reached 87.15% at an initial TC concentration of 80 mg + L', a CaBC dosage of 1.25 g - L', and pH=9.0. Langmuir model

fitting results showed that the adsorption capacity of CaBC was enhanced with the increased initial concentration of TC solution. Ki-
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netic tests showed that the adsorption behavior of CaBC on TC was in accordance with the quasi-secondary kinetic model, indicating

that the adsorption process was chemisorption in a monomolecular layer. It was further shown that CaBC realized the efficient adsorp-

tion of TC through pore filling, -1 interaction and electrostatic attraction. After 5 adsorption-desorption cycles, the removal rate re-

mained at 51.83% , which proved its high adsorption efficiency and stability. [ Conclusion]CaBC showed excellent adsorption per-

formance in removing TC from water bodies, and its high efficiency and stability indicated its good application prospect in TC-pollu-

ted water bodies.

Key words: cyanobacteria; biochar; oyster shell; adsorption; tetracycline
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1.2 BC.CaBC #l#&

B S g K E e T, BT 60 C TR E
fe T 5 A, it 60 B, BB, FRES.0 ¢
WEHEAEYI T, INAEA 100 mL 4l K B Bepe b | 1
PRSI IR 56RS NI 48 7F 200 °C 251 R i f 77k 34
12 hy RMZEH G, R ZE R, H 0.45 pm
VENR I8 W IR AE 60 °C T TR EE B E,
BC, & & H .

CaBC 4 I A sk 220K o ek W 52 LA 25
BRZL IR, T4l K shdk 2~ 3 WK, 7E 80 °C F T
SRS WG RE AN (1~3 em) , FFTE
400 CHY SR Bke 3 h, LG, B4t WE5e iF
FERUB A, I3 60 H i K Ir At 5 e 4 it 47 76 2%
F48 . FREL2.0 g BC A11.0 g #LWH5E4, A 100
mL ZEAK R PE A 5T LEREPE T 2% T e i 1 b
12 h, BRGWHEB RN 2T, 7E 200 C KK
V12 b, BUR R T 0g, IF A 70 CF T
R, SR B AR, CaBC,

1.3 BC RIEHH

Wk SEM W% KE 5 R EE S, 48 B BC H
CaBC. W WL 45 44 5 1) FH 325 56 B0 VR e 6 %5 BC Al
CaBC W} TC A5 BIAE M- T 2065 50 B, AR
4000~400 cm™", 23 HEHEN 4 em ™ FIH XRD
J3HT BC I CaBC W} TC RS A SAARZE , F1 4678
Fil 20=5°~80°, LK A =0.15 nm, A HJEH
5° « min™" ;38 AU - JBLBHZ 6T BC R CaBC Y
SRR B AL LR AT 0, R E R
200 °C, W E] K 12 h,

1.4 #HEWHHLE

FEFE R A K 0.05 ¢ B CaBC 7R
40 mL ) TC(80 mg - L™ ) Wl 3R G WHE T
100 mL FHEIEIE T 2EE R 4R 5% 2% (120 ¢ -
HR 7 L, 0~ 24 b BURE I 0 2 B 5315 ¢ Bt )
() TC TR BE , S P 5, eI R 1 i 7
hEE, FEHE BC BMERTIE R pH HEI5EH |
CaBC $ %t TC W FFHPERE R, A i 50 1%
B3 AT,

I3 mL BES T 0.45 wm 7K 2R B i ] 42 41
A D6 RE HAE A =355 nm AR I8 BOL %
FEIFTE ¢ B 200 TC BT FE 38 2k 1 R B ot
(equilibrium adsorption capacity, ¢, ) Fl 25 FR % (re-

min~")

moval rate, R) PEfli CaBC X} TC MK IIPERE, ¢, 1
R EARI= (1) =X (2) st .

(C,~C)V

.= (1)
C,—C

_(G ')><100% (2)

K. €, FoR TC BIWIIA R E (mg - L7') 5 C,
FoR TC W B s (4 BT B (mg + L) 5V 3R0R
AR TC HE A AR FR (L) 5 m 2715 W B30 45 o
(2)o
1.5 W3 HhZFiK8

#4 50 mg 1Y CaBC 7 H7E A (KBl 40 mL,
JE R 4351 50 .60 .80 mg - LAY TC I Y4k
TR, f B A IR & W TR IR R 5 4% (120 « -
min”") FPRG B, IR AE TR G B RD AT (0~ 24 h)
D == 5 R N O D 7 (5 N D B R . 85
e 30 °C R AT, W E 3 A e, 450
SURY i &) W 20| R & A Ko i Ui W =
BRI AR (3) A (4) Fis™

In(q.—q,) =lng.—k,1t (3)
1

. (4)

q, kyq. 4.

X.q, F1 g, 23 B2 R CaBC W} TC - B A1 ¢
I 20 B W B (mg + g™ ) 50 W BRFISS T (min ) 5 &,
I key 53500 Ry — 5 8l ) 2 B0 TR 28 B (min ")
FIWE RS 125 R (g » mg™
1.6 WHERLIRE

£ 100 mL #HETE IR, RN A 50 mg 1Y
CaBC 140 mL ) TC ¥ (50~ 100 mg - L™) , 7E
PE IR IR 25 T 20 LA 30,40 .50 °C 4R 3% W (24 h,
w3 HP s, W45 R @ T Langmuir 1
Freundlich #4728 401G, AR 72N 243 51 an
X (5) Mz (6) B .

-min”")

qmaxKLCc

= 5
=K C (5)
qe:KFCe(l/") (6>

R €, WL TR TC 0 (g -
L) 5, i1 g 4031000 15 A
H(mg-g") K, K, 7 # /R Langmuir 1 Fre-
undlich F % ;n HERHEL
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2.1 BC.CaBC HIRIES

2.1.1 SEM %4 #f FIH SEM Xf BC . CaBC )3 Ifi
TEAMATEIESH ., B 1A F1 B J& BC WERIES
FRE, MR 1A B9 500 pwm RE R ] LLE H, BC )
FLBREE MR D | R R HBUR AR S 13
RTEREE TR ZE 10 pm BYE 1B HE— 2D HIA 13X Fh
JEI B FRTARFAE , AR A TNk, {0 O {4
FEHAVXT 5/, FLBRAS B 8, S8 B BC A M ik

o S

REARR, K 1C 1D WoR T 4tu5c A BLS B) CaBC
RIS, WA 1C #9100 wm RE R A LIFF],
CaBC FYZSAE O INGAS , F A K R, FLE
SRR Kk, K% 10 pm E 1D
CaBC R HIA7A7E K i 4 /NIRRT (8 R A2 1k R
FERE | 2 I b7 5 AP Ak B 2, R bR R Bk IR &5
PR3 22 0 S P T LR A, X FPRLRE L 2 ALY
SEFBE T WL B 5 A R TR CaBC Y WL Ff

oy
He /JJ o

1 BC(A, B)#1 CaBC(C, D)#&J SEM &#7
Fig.1 SEM images of BC (A, B) and CaBC (C, D)

2.1.2 BET 247 K2 435/ T BC & CaBC iy
N, W Bit—Md Bf 25 5 £k A fL A% 40 A it 26, BC Al
CaBC 114 W [FF—JI3t B 25 e 2 B VA 2 S 2 IV (1A
2A 2C) , W FHEAEAR R B Z35 I N, 431 LA

A 35 —o— WLt Adsorption

350 L T Ji Bt Desorption
~
T @ 25 F
g
5,3 20 t
s é‘ 15 }
Bg 10

0.5 t

0.0

0.0 0.2 0.4 0.6 0.8 1.0
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C 6.0 r —— WKff Adsorption

i —o—  JBiLFff Desorption

% B &/ (cm?-g)
Quantity adsorbed

0.0 0.2 0.4 0.6 0.8 1.0
FHXESI(P/P,) Relative pressure
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Fig.2 Specific surface area and pore distribution of BC (A,B) and CaBC (C,D)
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CaBC [t BC iy LL R THI A o fL 45 S il FL AL %5
SrHIBENN 3.264 5 m® - ¢! 3.665%x107 em® - g7,

MALESH R IR (FR 1) . I, CaBC R K,
FLBRSS AN -E 5, AR B RALES I i T 2

0.853 em’ » g7 SEMIFLARIE/N T 0.474 6 nm, KB L R AL T 2 B B2
&1 BC.CaBC HE@mHIREHFESH
Table 1 Surface characteristic parameters of BC and CaBC samples
PR HARHRY (m? - ¢') BALE/ (om® - g71) BALALE (em® - 67" FHALE/mm
Material Specific surface area Total pore volume Micropore volume Average pore volum
BC 4.293 8 4.789x1073 1.922x1073 5.945 0
CaBC 7.558 3 8.454x107 2.775%1073 5.470 4

2.1.3 FTIR 441 3 Bn,BC BOEIELE 3 677
em™ AL RILHIRZLAFEEE (—OH) 4k s, b
H8,2 920 em™ Fl 2 852 em™ W Wi I U] 55 i 5
C—H 43RBT )1 413 em™ 4b i W4 g 1 ]
fEHT C =05 C = C IRah51E, H Mg i
PURTBE A RE B FP A7 7E CaCO, B9 5,1 078 879
em” (14 06 55 ik R 3 ol Rk AECHE (Si—O) RS A K
CaBC FDEIEFRES BC AL, H7E 879 em™ Fl1 078
em”" b I B I 35 SR B4 5E TR Y CaCO, b
SIAT CO,> MURFIEM i . W TC J5 , CaBC Y
ﬁi%ﬂrﬂ: FE 1 672 cm™ b H BLUHT O IR Wi
B C— O R oz s slokE i P B B AT 5 TC
Iir”Fﬁ/ﬁJzE’J%? EHA G, [RE,3 677 cm'lu’ﬁx
SRR 3 ) 5 , W] TC MR i AR Rl g
A TR S TC ), ARG C—H Wik
(29202 852 em™ ) FEAPRFFAAE | R IR A 45 F9 4L
KAGRE  HAE 1015 cm™ &b H BB A4 W% A 04, i3d I
Si—O0 = C—O AL EIR R LA TR, i — 2
B TR TC X CaBC JCHLIS 43 FNES #4114\ 35 52 M)
PRI, CaBC 3 25 3o 15 A2 46 | SV RN TC 52 AR HH
LI 5 | A B £ FA SR X TC IR BRI RE

BC
g o S
g / = \1 M 1078 879
B 3677 V T 2852 \/’\/ ’\v
= 2 920 CaBC-TC
= 1413 1078 879
2o e - 1015

4000 3500 3000 2500 2000 1500 1000 500
P %/cm™ Wave number
3 BC.CaBC,.CaBC-TC #J FTIR
Fig.3 FTIR of BC,CaBC,CaBC-TC

2.1.4 XRD 4 # BC A&A3 R80T i (&
4), 1E 260 5 24.69° 31.05° 41.07° Fl1 44.8° iy iz
B ATEHE 52 B F CaCO, 9 (012) ,(104) |
(11-3) (202) 54T, 37.69° BT EHE 5 X T CaO
I (110) ST, 49.1° F1 50.2° B A7 545 S 43 5 % 1o
Ca(OH), f(018) FI(11-6) FhHT , X BLERAE AT B
55 Dampang et al ™ (Z5 R —30, ShsfER H (pdf#
70-0095) X Lt , 41 W5 7 1Y = L5 P & CaCo, |
CaO 1 Ca(OH), , #E—HIESE CaBC Hl & AL, W
B TC J& , CaBC Y45 i AT A7 65 04 5 B8 D055 . 31X

AIRERAT TC 5 Ca MEAEH e, Ca® 76 LBk
TC HEACHIEM, —Jrif, Ca™ 5 TC iR 5
Y FR I A5 AR Y U 45 B, AR AN 1
(A5 — DU P 2R 45 A 90, DT 308 o0 370 0 1 FH A A1 TR
HTC TR B 5 55— T, Ca™ W] RE 3 B8 28
Bk f G, 5 TC % AU R VE H, 34 5 W B2
B XSAHE A S 2 CaBC i I 45 M K A= R A
FI R XRD Fi S 0458 B () 98 55 .

BC

* (104) s 1646
* CaCo,
v Ca(OH),

012) (11 3)(202)(018)

(110) v (11-6) CaBC

Rt EE Intensity

CaBC-TC

A A A i . AN

pdf#70-0095
R W Y T O T P W T W T

20 25 30 35 40 45 50 55 60 65 70
20/(°)
pdf#70-0095 7 CaCO, 9 XRD bR+ -,
pdf#70-0095 is an XRD standard card for CaCOj.

E 4 BC,.CaBC,CaBC-TC J XRD 4347
Fig.4 XRD analysis of BC, CaBC, CaBC-TC
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5 @/8,BC WAL N 4.11 mg - g, EBHE RN
12.83% ; #1055 K5 B B 24 18.02 mg « ¢!, 2Bk
%4 56.33% ; CaBC W fff i35 51 25.68 mg - g7', &
FR% K 79.13% ., 5 BC ML, CaBC 114 W i} & 4 fin
T 2157 mg - g7, BERBRE T 66.3%, 8 Xf
BC .CaBC ) SEM ,BET 43#r Al A1, CaBC EA4 M
R 0 T 5 K ) BL 3 T AR O = & B FLBR A5 4
IXSCRRAE SR AL 1 T 22 (Y W B2 A, S 5R TR TC 1Y
W RRE ST, MRS, WSS R Y Ca* W RE S TC 43
T G UTE, #E— LR T TC M 2Bk,
AR CaBC 1Y W BRI i 55 T 35 2 v sl v A 9 o
MEH4EE R Be M EY k) BHESE T BC 5
S 7 TS P LT I A A7 R 5 kg 0 S 1 R o 5

*x2

+ 243 .
R(FE2),
30 p 3 9 —=— ZBrE Removalrate 7 100
= 1 90 %
B | {80 =
~ 20 4 70 =
o {60 E
o 15 150 &
g/ o
o 10 F 14 =
oY 7
130 %%
<
5T 12 =
4 10 L
0
BC LR CaBC
Oyster shell powder
W% B 77 Adsorbents

B 5 BCHWFFMK CaBC Xt TC KR HMIHIR
Fig.5 Adsorption effect of BC, oyster shell powder and
CaBC on TC

BT A Y AR R B AR TC B KRB 2

Table 2 Maximum adsorption capacity of various modified biochar adsorbent materials on TC

AR (q,)/ (mg - g7')

Maximum adsorption capacity

- Material

%% ik References

AR H 9% Poplar Biochar
FHE LY I% Rice straw biochar
YA E 252 R 75 19 2E 9 B¢ Biochar from food and

horticultural wastes

K y-Fe, 0, UKL #E 1 2 FLIK Magnetic porous car-
bon loaded with y-Fe, 05 particles

KIEFAA= W% Torch pine biochar

#i A= B6 BMiAYE Y 7% Vitamin B6 modified biochar
CaBC

4.30 [27]
11.83 [28]
15.52 [29]
25.40 [30]
29.42 [10]
76.90 [31]

25.68 AHFFE This study

2.2.2 CaBC # A ExF TC KM 6y o Rt
T it Xof 1 IR B Ak 2R 28 D F B T BT 5 A ]
FET LA (1% 5] sf 50 B0 fe AR I FRE5CR , an &l 6 i
7N, TE TC BYPIGR BT BE R 80 mg « L™ VAR
4 40 mL i}, CaBC 44 0.02~0.08 g, BlEE
el 0.02 g HEMZ 0.05 g, CaBC Xf TC ) F-1f
Wi B N 2 PR B S, FERNE A 0.05 g B,
FBRRIKF &, 87.49% , -1 1% i R 60.00
mg - g ', EEHEIN CaBC T LA AL BT £ 1) 15 1
B A5, TC 7 X 26 S0 i T2 A 90, AT i
FREERRR, BRI, Y CaBC BME M 0.06 g 3
TNZE 0.08 g i}, CaBC XF TC 1)V - AN 2 B %
A, TREJE B Tl A CaBC S 250 B2 251
Z I a4 AT TC 73FJCi 7850 o5 HE B A,
RREAR T 1A W B 1 S BR %6, 7RI 0.08 ¢
B, KRN 49.63% , V- Fff it 4 22.56 mg - g7,
FHELT 0.05 g BYBINE , ZSBRFCFEAR T 37.86% , -1
W B/ T 37.44 mg - g7t R, SEIIRZ Ak A

I R 25 R | S 2 RS 1645 0.05 g(1.25 ¢ -
L ) EH CaBC (AR & .

80 r 2 4 —— LBEFE Removalrate - oo

70 1 90 g

60 | 180 =
= 170 ¢
w50 | g
& 40 | 16 8
g 150 &
s 30 140 2

20 130 &

10 1 20 4K

0 - - - 10

0.02 0.03 0.04 0.05 0.06 0.07 0.08
CaBCH % /g Dosage of CaBC
6 A[E CaBC #IMEXT TC KR MR

Fig.6 Adsorption effect of different CaBC dosage on TC
223 Wik AY4E pH X CaBC M TC B9 % IR
W pH X5 YL bR BT S B, B R RAk
A5 BC RIMAY L ) TC BIEZS, TC J&—Fh ik
g3 HAR B WA (pKa) 43901 R 3.30.,7.68 F19.30,
b pH MA5 4k, TC FEF W AT A7 7E 4 RS BD
TC* \TC* TC*F1 TC™™, 4 TC 40 4 o 1 e
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80 mg - L™ CaBC iR 1.25 ¢ - LB Bl
pH &, CaBC X TC [ LB R a Wt &, hE 7
AP AE SRR YE & F (pH =3.0) &, ZERRAL N
44.67% ; 7F pH=9.0 B35 5 06 87.15% ; [ 7E 5k B
PEAMF (pH=10.0) T, ZBRFE TR £ 80.85%.,
CaBC M3 (pH . ) 29 6.48, > pH /T 6.48
i, CaBC M IEHLfT; X4 pH KT 6.48 B, KT
W R AT, pH X CaBC 5 TC WA EAE A W%
0, 7E pH N 3.0~6.0 I, CaBC X TC By EER%F
B, X FEE R VR R BB SE
DI Ca™ fEFWES T e 8, MRS T, TC £
ZLLIE R (TC) T AEFE, CaBC R [ o7t 1E H
fr, SR HER D T X TC B R v e R Y
H' 5 TC'3E4 CaBC HYMZRHH A, BHAT TC™ 5 CaBC
FIY N Ca™ B ] T LA A i B 78 2UFF
e, TR TC AW ., X pH K 7.0~9.0
Bf, CaBC K TH 4 T HLf7 , VR H 1Y TC 2 LA TC*
L TC ML RAFAE , B Ca™ 1E 2285 TC h B &
HEEH] . Ca™ 5 TC 431 Hp i Iy 5 3k | i 32 A i 3
FEBEHDE AR E MG, 1R T TC #£ CaBC
TR A, Ca® fE B TR, i
B LAY CaBC A TC FIES T, f2 k1 Wi B
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Fig.7 Effect of initial pH on adsorption of TC by CaBC
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Fig.9 Kinetic modeling of CaBC adsorption of different mass concentrations of TC
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Table 3 Kinetic parameters of TC adsorption by CaBC
p(TC)/(mg - Lt ) /(g . ) WE—2 5 12 Quasi-primary kinetic model HE_—Ssh 1+ Quasi-secondary kinetic model
TC mass concentration e &8 q::ﬂ/( mg- g ") K, R? q::ﬂ/( mg-g) K, R?
50 32.24 5.16 1.44x107%  0.892 28.79 0.020 0.953
60 39.78 5.70 1.44x107%  0.840 35.52 0.018 0.979
80 54.89 6.61 1.89 0.863 52.46 7.264 0.961

D qor FRIR AT R Bk K e — 8y A R R A K, i T s R SRR R OB A A DE R
’;’?Sl q;;‘l FORMEAR B 57 P 0 B

¢ denotes the experimentally measured equilibrium adsorption, K is the rate constant for the quasi-primary kinetic model, K, is the rate con-
cal
m

stant for the quasi-secondary kinetic model, R? is the correlation coefficient for the model fit, and ¢ denotes the equilibrium adsorption calculat-

ed from the model.
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Table 4 Parameters of the intraparticle diffusion model

p(TC)/(mg + L) X4 HL Membrane diffusion

WKL NP HL Intraparticle diffusion

BB Solute adsorption

TC mass concentration Ky, C, R2 Ky, C, R? Kg; Cs R?
50 1.55 2.20 0.993 1.85 -10.48 0.994 0.22 46.60 0.994
60 1.51 5.99 0.984 0.96 3.62 0.912 0.25 30.45 0.932
80 1.45 8.47 0.998 0.81 2.54 0.975 0.13 27.15 0.947

D Ko FRIEY U B HRE R, €, SN B BEAAE , K, Fm URLPY 9 T B () 3 4, €, S UKL A ™ O B i 1, K 36

TR TN B B B R R, €y SR B IR R B B R

Ky, denotes the rate constant for the membrane diffusion stage, C, is the intercept of the membrane diffusion stage, Kg, denotes the rate constant

for the intra-particle diffusion stage, C, is the intercept of the intra-particle diffusion stage, Kg; denotes the rate constant for the solute adsorption

stage, Cj is the intercept of the solute adsorption stage.
225 HEAMWAHEANHZE  Langmuir 5K
B FRAE 3 AR JE (30,40 .50 C) R R* KT
0.98(0.985.0.994 .0.993) , #1545 FAL T Freundli-
ch ZF IR 5 F2 (R 4393 0.658 ,0.655.0.729) ,
XKW CaBC Xf TC WM it #E AT A Langmuir 55
TR R 7 HFE I Y CaBC X TC 1) W B 2 B 43 1
JEWER, HLTC ¥4I B 75 CaBC Ay T (] 10, %
5), 5 Zhang et al'* #F 5% 45 R —%, 7 Langmuir

g K, §2.60~9.37 L - mg™', Freundlich #5%I
A K, 4 25.18~30.11 mg - ¢, XY iiE 1 ¥ T+ 5
SoF 0 B AR UEFE . Freundlich BB 1 258 n #R
RAESL BT T IEAG R B AR B PR, 2 n<d
IF, W B A A AR T o= 1 I R B g R i
T 3 MRET n B2 %8 3.77 .3.76 1 4.03 (%
5) IRT 1 UL AR AR L R 4

PR HREPE AN, NIRRT n R R, R

FERIH 30,4050 C IA75 2] 550 1 )2 10 BIs B
R B (g, ) 20 91 M 56.70.59.78 ,62.43 mg -

WITEAS RHREE S, W Bk R B A B SR PR AR A

A 65 - —=— 30T B 70 r —=— 30C
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0 | Pt 65
_— — 60
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1—,0 = 55 +
D 50 o
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45 S
45
40 r 40
35 B 35 [ .EI
0 5 10 15 20 25 30 0 5 10 15 20 25 30

C/(mg-L") C/(mg-L")
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Fig.10 Fittings of Langmuir and Freundlich adsorption isotherms for CaBC-adsorbed TC at different temperatures

*®5 ZEWMERSH

Table 5 Parameters of isothermal adsorption model

IS H Z Freundlich

EEE/C BHE IR Langmuir
Temperature G/ (mg = g7") K /(L-mg™") R? G/ (mg = g7") Ky/(mg -+ g™") n R?
30 56.70 2.60 0.985 25.18 25.18 3.77 0.658
40 59.78 7.56 0.994 27.07 27.08 3.76 0.655
50 62.43 9.37 0.993 30.11 30.11 4.03 0.729

D R? FRULGE FEL K, Langmuir 558 5 V#7540, Ky 9 Freundlich %5 I8 5 T2 V#0541, ¢, M ES I KW B n o4 Freundlich %
TR BT T B 2 I

R?* denotes the coefficient of determination, K| is the equilibrium constant of the Langmuir isothermal equation, Ky is the equilibrium constant of
the Freundlich isothermal equation, ¢, is the maximum theoretical adsorption capacity, n is the empirical constant in the Freundlich isothermal

adsorption model.
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