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Figure S1. Effect of the phase contact time on (a) Cd(II) and Co(Il) ions adsorption on BC-CS 1-1, (b)
Zn(II) and Pb(II) ions adsorption on BC-CS 1-1, (c) Cd(II) and Co(Il) ions adsorption on BC-CS 2-1, (d)
Zn(IT) and Pb(II) ions adsorption on BC-CS 2-1, (e) Cd(Il) and Co(Il) ions adsorption on BC-CS 4-1, (f)
Zn(Il) and Pb(II) ions adsorption on BC-CS 4-1 (pH 5, sorbent mass 0.1 g, shaking speed 180 rpm,
temperature 293 K).

(a)

70 ® Cd(I)-293 K
| ® cdm-313K
60 A Cd(I)-333K
| v co()-293 K
50 - Co(ll)-313 K
| €4 co(l)-333K §
5 a0- I
2 -
= 30- n 4« |
] < 9
20 4 .5§ 4 . v
{4 ‘2 v N v v
10
T‘" '
0 1 T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400

C.[mg/L]




(©)

] < m Zn()293 K
70 71 T ® Zn(I)-313K
] < M A Zn(I)-333K
60 - T v Pb(l1)-293 K
] < T Pb(1)-313 K
50 ¢ Y L Px#é)-scaa K
° T4 Y é I -
a 40_ T E
E  a Yi’g
o 30
G A
20-la e
a
a
10
0 T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400
C.[mg/L]
70 ™ Cd()-293K
| ® cd)-313K
60 A Cd()-333K
| ¥ co()-293 K
| Co(l)-313 K %+
50_ « Co(ll)-333K % %
© 404
B ¢ v ;
= 30- B 1 -
N < < . £
20, 446 v
= v v
0 1 T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400

C.[mg/L]



(d)

()

q.[mg/g]
H
o

70

60

q.[mg/g]

T m Zn(1)-293 K
i Il ® zn(I)-313K
T Y A Zn(I)-333K
i %% T v Pb(I1)-293 K
<
) Y L PBI-313K
1; T A <A pp(I1)-333 K
) Y A : ; ﬁ
__* Y§ §§ §
& A
v e
.
[ |
T T — T T 1 — T T T '
0 50 100 150 200 250 300 350 400
C.[mg/L]
| = cdm)-293 K
| ® cd)-313k
| A cdm)-333K
Vv Co(l)-293 K
i Co(ll)-313 K %
< Co(ll)-333 K .
_ TR
» ¢
B
_ « "4
144m i
4 . 4
{r vi‘rv . 4
1 T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400

C.[mg/L]



(f)

80
B Zn(I1)-293 K
70 - ® Zn(I)-313K
A Zn(1)-333K
60 - 1 A % < v Pb(ll)-293 K
I 1 . ;‘f Pb(ll)-313 K
50 1 i % % § <« Pb(I)-333 K
=) - hy §
5404 e
E 4 $La v @
o 304" .V
i 4 L
20
10
0- T T
0

T T T T T T T T T T T T T
50 100 150 200 250 300 350 400
C.[mg/L]

Figure S2. Effect of temperature on (a) Cd(II) and Co(Il) ions adsorption on BC-CS 1-1, (b) Zn(Il) and
Pb(II) ions adsorption on BC-CS 1-1, (c) Cd(Il) and Co(II) ions adsorption on BC-CS 2-1, (d) Zn(II) and
Pb(II) ions adsorption on BC-CS 2-1, (e) Cd(Il) and Co(II) ions adsorption on BC-CS 4-1, (f) Zn(II) and
Pb(II) ions adsorption on BC-CS 4-1 (Co 50-600 mg/L, sorbent mass 0.1 g, pH 5, shaking speed 180 rpm).

Table S1. Parameters for various adsorption kinetic models for Cu(II), Cd(Il), Zn(II) Co(II) and Pb(II)
sorption on BC-CS 2-1.

Parameters
PFO PSO IPD
t 1 t J
[mg/L]
q1 k1 R2 qz k2 h R2 ki C R2
Cu(D)

50 7.95 0.78 0.018 0.821 796 0.146 9.229 1.000 0.010 7.761 0.753

100 14.01 586 0.010 0.875 13.93 0.009 1.814 0.996 0.217 9.881 0.915

150 18.22 10.00 0.013 0930 1836 0.005 1.748 099 0339 12.029 0.719

200 2453 1340 0.011 0972 24.68 0.003 2.102 0995 0.328 18.347 0.987
Cd(m

50 8.50 3.28 0.015 0.887 853 0.021 1.541 0.999 0.101 6.674  0.684

100 1540 545 0.009 0.826 1530 0.011 2.548 0.999 0.128 12.762 0.967

150 1961 939 0.012 0973 19.76 0.006 2.147 0997 0.151 16.711 0.981

200 2556 9.69 0.011 0.865 25.49 0.006 3.581 0996 0438 17576 0.724
Zn(1ID)

50 8.59 271 0.015 0978 8.65 0.024 1.804 0.999 0.026 8.098 0.962



100 1234 591 0.010 0.955 1235 0.008 1.183 0995 0293 7.064 0.900
150 16.60 486 0.011 0913 16.57 0.007 3.167 0998 0.198 12978 0.764
200 21.36 10.70 0.018 0.839 21.52 0.006 2.622 099 0.193 17.873 0.649
Co(II)
50 556 148 0.009 0.855 553 0.045 1.371 0999 0.047 4.659 0.933
100 872 339 0.007 0959 855 0.013 0.941 0994 0.151 5724 0.963
150 1221 6.08 0.009 0.866 12.06 0.007 1.004 0988 0331 6.101 0.831
200 1326 540 0.019 0957 13.39 0.014 2.439 0999 0.033 12.653 0.763
Pb(II)
50 857 004 0016 0829 857 2583 189909 1.000 0.001 8557 0.701
100 16.64 0.10 0.028 0.673 16.65 1.231 341.215 1.000 0.001 16.641 0.960
150 2149 122 0042 0910 2151 0.142 65564 1.000 0.001 21.486 0.979
200 30.10 445 0.022 0.858 30.22 0.025 23.151 1.000 0.017 29.791 0.959

Table S2. Parameters for various adsorption kinetic models for Cu(ll), Cd(II), Zn(II) Co(Il) and Pb(II)
sorption on BC-CS 4-1.

Parameters
PFO PSO IPD
t 1 t J
Co Qexp log(ql _qt)zlogql)Tk:;; I ) kzqg ’ ; qt B kité e
[mg/L]
q1 k1 R2 q2 k2 h R2 ki C R2
Cu(II)

50 9.18 0.21 0.031 0.774 9.19 0.651 54.979 1.000 0.001 9.177  0.647
100 1690 350 0.023 0981 16.99 0.037 10.693 1.000 0.026 16.471 0.682
150 17.79 530 0.014 0876 1787 0.015 4.896 1.000 0.071 16.429 0.999
200 25,51 1345 0.023 0970 26.01 0.005 3.386 0.998 0.040 24.785 0.757
Cdn
50 11.07 432 0.016 0984 11.18 0.017 2.098 0.999 0.053 10.088 0.852
100 1889 1270 0.017 0984 1941 0.004 1.555 0997 0434 11487 0.738
150 2245 1346 0.018 0928 23.19 0.003 1.842 0993 0.070 21.100 0.961
200 26.58 1525 0.016 0966 27.09 0.002 2.729 0998 0.174 23355 0.874
Zn(1D)
50 9.18 0.21 0.031 0.774 9.19 0.651 54.979 1.000 0.026  8.098 0.962
100 18.85 335 0.011 0980 18.86 0.015 5.408 0.999 0.293 7.064 0.900
150 2325 594 0.020 0953 23.38 0.015 8.333 1.000 0.198 12978 0.764
200 26.51 9.67 0.010 0912 26.37 0.005 3.489 0996 0.193 17.873 0.649
Co(1D)
50 7.65 1.87 0.014 0.841 7.67 0.044 2.618 1.000 0.032 7.047 0991
100 1290 2.84 0.009 0970 1284 0.019 3.181 0999 0.156 10.064 0.976
150 1470 497 0.012 0961 14.76 0.012 2.637 0999 0.127 12329 0.945
200 1753 344 0.013 0.878 1754 0.004 7.263 1.000 0.051 16.559 0.988
Pb(ID)
50 8.58 0.06 0.017 0.715 8.58 2257 166.230 1.000 0.001 8.517  0.956
100 1741 0.06 0.010 0.685 1741 1.406 426.102 1.000 0.001 17.388 0.874
150 23.65 0.18 0.008 0479 23.64 0399 222724 1.000 0.004 23463 0.972
200 3223 061 0.018 0.782 3224 0220 229.119 1.000 0.004 32.152 0.982




Table S3. Adsorption isotherm parameters and correlation coefficients for the adsorption of Cu(ll),
Cd(II), Zn(1I), Co(Il) and Pb(II) on BC-CS 2-1.

Isotherm models Parameters Cu(IT) Cd(I1) Zn(IT) Co(II) Pb(II)

Langmuir qeexp 44.17 49.39 44.16 25.74 69.43

_ q.K,C. qo 46.99 71.44 47.67 27.13 70.35

=75 K, C, Ko 0.040 0.007 0.023 0.009 0.050

R? 0.984 0.976 0.976 0.961 0.949

Kr 7.44 1.72 5.86 1.87 13.29

Freundlich 1/n 0.327 0.609 0.344 0.405 0.296

q. = KFCe%‘ R2 0.971 0.973 0.918 0.951 0.928

Kr 1.425 0.086 0.646 0.143 5.498

Temkin br 353.62 167.91 329.96 490.93 301.34

- RT In(k,C.) R2 0.900 0.939 0.858 0.835 0.809

T

qm 0.0012 0.0030 0.0012 0.0007 0.0015

Dubinin- B 0.0032 0.0073 0.0036 0.0049 0.0025

Raduszkiewicz Ea 16.486 8.292 11.812 10.059 14.010
Ing. =Inq_—Be*

% qun R?2 0.953 0.974 0.887 0.939 0.899

E, = = 5

Table S4. Adsorption isotherm parameters and correlation coefficients for the adsorption of Cu(ll),
Cd(II), Zn(1I), Co(Il) and Pb(II) on BC-CS 4-1.

Isotherm models Parameters Cu(II) Cddn Zn(I1) Co(II) Pb(II)

Langmuir qeexp 43.24 47.26 46.72 41.34 58.76

_ q,K,C, qo 41.67 51.63 47.07 51.51 59.02

e 1+K,C, Ku 0.042 0.014 0.044 0.009 0.047

R? 0.968 0.968 0.972 0.905 0.969

Kr 8.97 6.88 10.37 14.81 11.57

Freundlich 1/n 0.265 0.304 0.260 0.378 0.284

q. = KFCE% R?2 0.962 0.954 0.970 0.902 0.960

kr 38.221 0.608 4.295 0.335 3.578

Temkin br 628.87 332.14 424.50 337.14 332.63

q. = I;T In(k,C.) R?2 0.740 0.854 0.904 0.761 0.909

T

qm 0.0007 0.0011 0.0010 0.0010 0.0013

Dubinin- B 0.0016 0.0033 0.0025 0.0039 0.0027

Raduszkiewicz Ea 17.774 12.263 14.271 11.259 16.612
Inq, =Inq_—Be*

% qlm R? 0.818 0.922 0.971 0.846 0.954

E, = NS




Table S5. Thermodynamic parameters for the sorption of Cu(Il), Cd(Il), Zn(II), Co(Il) and Pb(II) ions
on: BC-CS 2-1.

Ka AGe[k]/mol]
Ions Temperature [K] AHe ASe Temperature [K]
293 313 333 [kJ/mol]  [J/molK] 293 313 333
Cu(II) 0.173 0.201 0.237 6.34 7.12 -1256  -13.91 -15.13
Cdan 0.145 0.157 0.164 2.53 -7.40 -12.12 -13.16 -14.11
Zn(IT) 0.128 0.140 0.166 5.29 0.79 -11.81 -12.86 -14.15
Co(ID) 0.066 0.069 0.091 6.42 -1.02 -10.21 -11.01 -12.49
Pb(II) 0.369 0.567 0.684 12.60 34.99 -14.40  -16.50 -18.07

Table S6. Thermodynamic parameters for the sorption of Cu(Il), Cd(Il), Zn(II), Co(Il) and Pb(II) ions
on: BC-CS 4-1.

Ka AGe[k]/mol]
Ions Temperature [K] AHe ASe Temperature [K]
293 313 333 [k]J/mol]l  [J/molK] 293 313 333
Cu(II) 0.222 0.557 0.601 20.52 58.55 -13.16 -16.46 -17.71
Cddn 0.121 0.133 0.139 2.94 -7.50 -11.67  -12.73 -13.66
Zn(II) 0.180 0.227 0.337 12.57 28.39 -12.66 -14.11 -16.12
Co(ID 0.123 0.126 0.132 1.41 -12.63 -11.72 -12.59 -13.51
Pb(II) 0.233 0.246 0.254 1.74 6.15 -13.28 -14.33 -15.33
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