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Supplementary Information

Table 9: Kinetic Parameters for the Adsorption of Heavy Metals on P-CNTs

Kinetic Fe Ni Cd Pb Cu Zn Cr As
models
Pseudo-first
order
K, (/min)

-0.045 -0.041 0.042 -0.016 -0.036 -0.069 -0.056 -0.059
¢(m
9 (mg/e) 58.18 16.54 0.03 0.43 15.84 6026  71.95 24.11
R2

0.6615 0.3052 0.5630 0.1112 0.4003 0.4866 0.8366 0.326
Pseudo-
second order
K, (g/mg/min

0.0011 0.0019 0.2022 0.1177 0.0021  0.0019 0.0015  0.0040
qe (mg/g)

107.53 416.67 1493 2463 416.67 185.19 370.37 294.12
h (mg/g/min)

12.854 322.581 45.045 71.429 370.370 64.103 204.082 344.828
R2

0.9563 0.9979  0.9999 0.9999 0.9985 0.9909 0.9994  0.9999
Elovich
B (gmin/mg) 0.118 0.277 70.423 6.882  0.280 0.218  0.077 0.168
a(g min¥mg) 78327 6x10Y 3x107° 2x10Y  3x10" 2x10""  9x10"
5 0.0086
R 0322  0.0427 0.4078 0.0598 0.1045 0.8014 0.8837
Fractional
power
K; (mg/g)

62.79 392.83 1475 2885 38441 157.65 30542 264.67
v (min™)

0.0927 0.0089 0.0010 0.0060 0.0090 0.0260 0.0373  0.0210
K3v(mg/g/min

5.8208 3.4962 0.0148 0.1431 3.4597 4.0990 113922 5.5581
R2

0.2945 0.0412 0.0085 0.4074 0.0578 0.0974 0.8046  0.8849




Table 10: Kinetic Parameters for the Adsorption of Heavy Metals on PHB-CNTs

Kinetic Fe Ni Cd Pb Cu Zn Cr As
models
Pseudo-first
order
K, (/min)

-0.04 -0.05 -0.07 0.03 -0.03 -0.05 -0.06 -0.07
(m
e (mefg) 30.76 88.39 665.58 0.06 10.05 43.03 76.97 66.74
R2

0.6072 0.5673 0.5716 03138 0.2205 0.4494 09186 0.6066
Pseudo-
second order
K, (g/mg/min

0.0017 0.0009 0.1271 0.1351 0.0024 0.0012 0.0015 0.0018
q. (mg/g)

106.38 43478 14.06 24.33 416.67 161.29 357.14 294.12
h (mg/g/min)

18.832 17543 28818 80.000 416.67 31447 188.68 153.85
R

0.9774 09953 0.9999 09999 09986 09790 09996 0.9997
Elovich
B (gmin/mg) 0.20 0.11 9.74 16.78 0.3863 0.1225 0.0649 0.0733
a(gmin’/mg)  2x10"  6x10"™  2x10°°  9x10'* 6x10®  7.4x10° 2.x10°  3.1x10°
R? 0.1858 0.1520 0.3378 0.0658 0.0359 0.2195 0.8982 0.9426
Fractional
power
K3 (mg/g)

7624 37635 14481 23905 389.58 115.03 29141 234.64
v (min™) 6

0.0525 0.0227 0.0069 0.0065 0.0565 0.0451 0.0491
K3v(mg/g/mi 0.0025
n 4.0028 8.5433  0.0999 2.5323 64990 13.142 11.520

0.0598 8
R2 0.1671 0.1443 0.3359 0.0345  0.2009
0.0652 09012  0.9457




Table 11: Thermodynamic Parameters for Adsorption of Heavy Metals on P-CNTs

Temperature AG’ (kJ/mol) AS' (kJ/ mol/ K) AH’ (kJ/mol) K¢

(C)

Fe 0.2453 4813.64

30 -4887.95 0.1437

40 -4890.41 0.1527

50 -4892.86 0.1617

60 -4895.31 0.1706

70 -4897.76 0.1795

Ni 5.7832 4419.39

30 -6171.71 0.0863

40 -6229.54 0.0913

50 -6287.37 0.0962

60 -6345.20 0.1011

70 -6403.03 0.1059
Cd 18.0979 6630.08

30 -12113.8 0.0082
40 -12294.7 0.0089

50 -12475.7 0.0096

60 -12656.7 0.0103

70 -12837.7 0.0111
Pb 195.2127 63463.30

30 -122613 7.28x107%
40 -124565 1.63x107!
50 -126517 346x1072
60 -128469 7.04x107

70 -130421 1.37x102°




Table 12: Thermodynamic Parameters for Adsorption of Heavy Metals on P-CNTs

Temperature AG" (kJ/mol) AS’ (kJ/ mol/ K)  AH® (kJ/mol) K¢

0

Cu 4.6326 3897.52

30 -5301.19 0.1219

40 -5347.51 0.1281

50 -5393.84 0.1342

60 -5440.16 0.1402

70 -5486.49 0.1460

Zn 1.5356 3662.90

30 -4128.18 0.1942

40 -4143.53 0.2035

50 -4158.90 0.2125

60 -4174.25 0.2214

70 -4189.61 0.2301

Cr 40.1516 8191.37

30 -20357.3 0.0309x107
40 -20758.8 0.0343x10
50 -21160.3 0.0378x10
60 -21561.9 0.0415x107
70 -21963.4 0.0452x10
As 88.3612 14358.30

30 -41131.7 8.11x10™®
40 -42015.3 9.73x10™
50 -42898.9 1.15x107
60 -43782.6 1.36x107’
70 -44666.2 1.58x1077




Table 13: Thermodynamic Parameters for Adsorption of Heavy Metals on PHB-CNTs

Temperature AG" (kJ/mol) AS? (kJ/ mol/ K) AH' (kJ/mol) Kc

0

Fe -0.0025 4811.06

30 -4810.31 0.1482
40 -4810.28 0.1575
50 -4810.26 0.1668
60 -4810.23 0.1760
70 -4810.21 0.1851
Ni -4.3690 809.73

30 514.08 1.2264
40 557.77 1.2391
50 601.46 1.2510
60 645.15 1.2324
70 688.84 1.2732
Cd 9.8554 2403.41

30 -5389.60 0.1177
40 -5488.16 0.1214
50 -5586.71 0.1249
60 -5685.26 0.1283
70 -5783.82 0.1316
Pb 20.4740 7125.85

30 -13329.5 0.0050
40 -13534.2 0.0055
50 -13739.0 0.0060
60 -13943.7 0.0065

70 -14148.4 0.0070




Table 14: Thermodynamic Parameters for Adsorption of Heavy Metals on PHB-CNTs

Temperature AG® (kJ/mol) AS° (kJ/ mol/ K) AH® (kJ/mol) Kc

(°C)

Cu 1.0052 2406.9

30 -2711.47 0.3408
40 -2721.52 0.3514
50 -2731.57 0.3616
60 -2741.62 0.3715
70 -2751.67 0.3810
Zn 1.3278 3499.11

30 -3901.42 0.3125
40 -3914.70 0.2222
50 -3927.98 0.2316
60 -3941.25 0.2409
70 -3954.53 0.2499
Cr 10.9338 4302.91

30 -7615.83 0.0487
40 -7725.17 0.0514
50 -7834.51 0.0541
60 -7943 .85 0.0567
70 -8053.18 0.0594
As 39.9463 57473

30 -17851.0 8.37x10™
40 -18250.5 9.00x10™*
50 -18649.9 9.64x10™
60 -19049.4 10.28x10™

70 -19448.9 10.92%x107*







