



ELECTRONIC SUPPLEMENTARY INFORMATION


A systematic literature review on the effects of synthesis conditions to the physicochemical properties of activated carbons and their performance in methylene blue adsorption


K. Z. Abu Bakar1, R. R. Nasaruddin1,*, N. S. Engliman1, N. Ismail2



1Department of Biotechnology Engineering, Kuliyyah of Engineering, International Islamic University Malaysia, 53100 Jalan Gombak, Kuala Lumpur

2Faculty of Chemical & Process Engineering Technology, Universiti Malaysia Pahang, Lebuhraya Tun Razak, 26300 Gambang, Kuantan, Pahang

*Corresponding authors: riccanasaruddin@iium.edu.my (R.R. Nasaruddin)











	




2

Table S1(a): Extracted Data (Synthesis Conditions) for Coconut Shell ACs
[image: ]
Table S1(a): Extracted Data (Synthesis Conditions) for Coconut Shell ACs (cont.)
[image: ]

Table S1(b): Extracted Data (Physicochemical Properties) for Coconut Shell ACs



[image: Table

Description automatically generated]

Table S1(b): Extracted Data (Physicochemical Properties) for Coconut Shell ACs (cont.)
[image: ]

Table S1(c): Extracted Data (Adsorption Performance) for Coconut Shell ACs
[image: ]

Table S1(c): Extracted Data (Adsorption Performance) for Coconut Shell ACs (cont.)
[image: ]

Table S1(d): Extracted Data (Adsorption Conditions) for Coconut Shell ACs
[image: Table

Description automatically generated]
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Type of Carbonization Holdin Heating b Activation | Impregnation
biomass | No. Article's Title Aim of Study Temperature Time (hg) rate Activating agent Gas s temperature ratio Type
source ((9) (°C/min) ((®) (Agent:AC)
1 |Activated carbon nanofibers derived from | Preparation of carbon nanofibres (ACNF) using
coconut shell charcoal for dye removal  |electrospinning method with coconut shell 600 1 ND KOH N, 800 4 I-ACNF 60
application ! charcoal (CSC) as carb.on source and poly(vinyl
alcohol) (PVA) as a spinning polymer agent. 600 1 N/D KOH N, 800 4 ACP
Methylene blue dye as model for adsorption -
600 1 N/D KOH N, 800 4 ACNF 60
2 |Interactions of cationic and anionic dyes |5 kinds of AC (AC1, AC2, AC3, AC4, AC5)
with activated carbons & with different treatments were prepared and ACl
their characteristics were investigated.
AC2
ACI: highly-activated carbon of high purity.
AC2: highly-activated carbon of high purity. N/D N/D N/D N/D N/D N/D N/D AC3
AC3: Characterized by Silver nanoparticles into
high-quality AC.
AC4: Characterized by titanium oxide integrated AC4
into AC.
ACS5: AC having magnetic properties. ACS
3 |Decolorization of anionic and cationic Efficiency of coconut shell and bael shell AC NaCl AC (NaCl)
dyes by electro-adsorption process using |electrodes & modified form of these electrodes
activated carbon electrodes ©*] on removal of methylene blue by electro- HCL AC (HCD
adsorption process were discussed. The NaOH AC (NaOH)
adsorption of MB using AC activated using N/D N/D N/D N/D N/D N/D
phosphotic acid was included. H,80, AC (H,50,)
KOH AC (KOH)
H;PO, AC (H;PO,)
4 |Removal of Methylene blue by adsorption |AC from coconut shells underwent physical and N/D N/D ND _ N/D 700 N/A CAP
onto activated carbon from coconut shell |chemical activation was compared in terms of
C°}°l°ﬁm (Cocous Nucifera L.) ¥ their adsorption of MB N/D N/D N/D H,PO, N/D N/D N/D CAC
shel
N/D N/D N/D - N/D N/D N/D CACm
5 |Biosorption of methylene blue from Coconut-shell AC-chitosan composite was
aqueous solution by coconut (Cocos prepared and effect of parameters on the dye ) hi .
nucifera) shell-derived activated carbon- |removal was studied to find optimal conditions. ND 5 ND Cacl; ND ND ND ACxchitosanicomposite
chitosan composite Bl
6 |Mesoporous activated coconut shell- Mesoporous AC prepared using hydrochar from 200 1 10 = N, 600 N/A COSHTC
derived hydrochar prepared via coconut shell waste to study for the optimal NaOH
hydrothermal carbonization-NaOH conditions for MB adsorption. 200 1 10 N 600 1 COSHTC1
activation for methylene blue adsorption
o 200 1 10 NaOH N, 600 2 COSHTC2
200 1 10 NaOH N, 600 3 COSHTC3
7 |Optimization of process condition for the |Optimization of process variables using
preparation of amine-impregnated response surface methodology (RSM). 700 1 100 ZnCl, N, N/D 1 Non-amine-impregnated AC
activated carbon developed for CO2 Describes the optimal ACpreparation condition
capture and applied to methylene blue for maximum MB removal from textile effluent
adsorption by response surface wastewater. 700 1 100 7ZnCl, & Amine N, N/D 033 MEA-AC
methodology 1 i -
8 |Porous carbon from local coconut shell |Coconut shell char activated by steam and CO,
char by CO, and H,O activationin the at low temp with the presence of K,CO; as N/D N/D N/D K,CO;4 Steam 700 0.5 H050-T700
presence of K,CO; i catalyst. Effect of process parameters on
adsorption capability of MB was included.
N/D N/D N/D K,CO; CO, 700 0.5 C050-T700
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9 |Determination of optimum conditions for |Ac synthesized from 2 varities of coconut shells )
the production of activated carbon (Tall tree & Dwaif tree varities) and activated 575 1 N/D & N/D N/D N/D Non-impregnated AC
derived from separate varieties of coconut |with ZnCl,, H;PO,, KOH solutions were
shells 7 compared in terms of their adsorption of MB. 575 1 N/D 7nCl N/D N/D N/D AC with ZnCl
The result however is focused on tall tree variety 2 2
which shows better adsorption properties.
575 1 N/D KOH N/D N/D N/D AC with KOH
575 1 N/D H;PO, N/D N/D N/D AC with H;PO,
10 |Production of activated carbon from bio- | To produce AC from bio-waste materials using
waste materials by chemical activation chemical activation method and establish 220 ! ND H:POu N2 400 4 £8:320-60
110] : L
method optmui condition; 360 15 ND H,PO, ND 400 4 €S-360-90
400 2 N/D H;PO, N/D 400 4 CS-400-120
11 |Batch Adsorption Studies on Treatment |Study of textile effluent wastewater adsorption
: . 200 2 N/D H;PO. N/D 600 N/D GCSAC-AT30
of Textile Industry Effluent using on AC produced from bamboo and green B
Ban.lboo and Gree;i1 1]Coconut shell coconut shell thorugh chemical activation 200 5 N/D H;PO, ND 600 N/D GCSAC-AT40
Activated Carbon method.
200 2 N/D H;PO, N/D 600 N/D GCSAC-AT50
12 |Applying Activated Carbon Derived from |Develop AC-loaded silver nanoparticles (AgNPs|
Coconut Shell Loaded by Silver AC) by coating silver nanoparticles (AgNPs)
Nanoparticles to Remove Methylene Blue |onto AC and its ability to remove MB was
in Aqueous Solution ' evaluated. N/D N/D N/D AgNPs N/D N/D 2 AgNPs-AC
13 |Preparation and characterization of Study on using bio-activators (lemon juice & 400 2 N/D lemon N/D N/D N/D LACS @ C400
activated carbon from plantain peel and  |potash leached from unripe plaintain peel) as 450 2 N/D lemon N/D N/D N/D LACS @ C450
coconut shell using biological activators |activating chemicals, for environmentally 400 2 N/D extracted potash N/D N/D N/D EPACS @C400
[13] friendly AC. Adsorbate: MB 450 2 N/D extracted potash N/D N/D N/D EPACS @C450
400 2 N/D commercial potash N/D N/D N/D CPACS @C400
450 2 N/D commercial potash N/D N/D N/D CPACS @C450
14 |Methylene Blue and Brilliant Green Dyes | Analyse and optimize the removal of MB dyes
Removal from Aqueous Solution Using | from aqueous solution by adsorption on AC
Agricultural Wastes Activated Carbon [14]| prepared by chemical activation of coconut
shells. 500 1 N/D H;PO, N/D N/D N/D CSAC-CA
15 |Thermal Evaluation of Some Locally Thermal experimental characterization of AC
Sourced Activated Carbons from from coconut shell. The adsorbate used is MB ND ND ND ND ND ND ND csac@ats
Agricultural Residues [13] and the adsorption properties were evaluated. ND ND ND ND ND N/D ND CSAC @ AT40
N/D N/D N/D N/D N/D N/D N/D CSAC @ AT50
16 |Effect of Acidic and Alkaline Treatments |Investigate the potential application of coconut
to Methylene Blue Adsorption from shell AC as MB removal from aqueous solution.
Aqueous Solution by Coconut Shell
o . N/D 1 N/D H,PO, N/D 300 20 CSACHH,PO,
Activated Carbon
17 |Effects of Fe*” and Fe'" ratio Studies the performance of magentic AC N/D N/D N/D NH,OH N/D N/D N/D CAC
impregnated onto local commercial impregnated with Fe*" and Fe*™ on the removal ND N/D ND NH,0H ND ND ND MAC-1
activated carbon coconut shell powder on |of dye from a simulated wastewater. -
. - - n7 N/D N/D N/D NH,OH N/D N/D N/D MAC-2
the dye removal efficiency
N/D N/D N/D NH,OH N/D N/D N/D MAC-3
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1 -ACNF 60 N/D 1276.843 N/D 2571 0.8206 N/D N/D ND
ACP N/D 1203.613 ND 132 755 282 8831 2229 0.671 N/D N/D ND
ACNF 60 N/D 1093.845 N/D 3.287 0.8989 N/D N/D ND
2
‘ Basic - 0.062
ACl N/D 978 N/D N/D N/D N/D N/D N/D 0.0350 ND |Acidic - 0077 ND
OH-0242
Basic - 0077
AC2 N/D 1120 ND N/D ND N/D N/D N/D 0.0531 ND |Acidic - 0.080 ND
OH-0.826
Basic - 0.030
AC3 N/D 870 N/D N/D N/D N/D N/D N/D 0.0360 ND |Acidic - 0.088 ND
OH-0.724
Basic - 0045
AC4 N/D 845 N/D N/D N/D N/D N/D N/D 0.0190 ND |Acidic- 0077 ND
OH - 0.566
0
ACS N/D 9 N/D N/D N/D N/D N/D N/D 0.0320 N/D -0.040 ND
OH - 0.847
3 AC (NaCl) N/D 138 N/D N/D N/D N/D N/D N/D 0236 N/D ND
N-H
AC (HCI) N/D 208 ND N/D ND N/D N/D N/D 0278 ND c=c ND
c=c
AC (NaOH) N/D 208 N/D N/D N/D N/D N/D N/D 0294 N/D OH N/D
AC (H,S0,) N/D 363 N/D N/D N/D N/D N/D N/D 0351 N/D o ND
Coconut co
shell AC (KOH) ND 561 ND ND ND ND N/D ND 0377 ND g'gl ND
“Br
AC (H;PO,) N/D 788 N/D N/D N/D N/D N/D N/D 0562 N/D ND
4 CAP N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D ND
CAC N/D N/D ND N/D ND N/D N/D N/D N/D ND N/D ND
CACm N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D ND
5 AC-chitosan composite N/D Wo N/D N/D ND N/D N/D N/D N/D ND N/D ND
6 C-63.07
0-35.96
COSHTC 73 N/D 550 N/D 8.44 N/D N/D N/D N/D ND N/D A’;”‘ o (9’ s
Si-0
Others - 0.01
COSHTC1 N/D N/D 550 N/D 8.44 N/D N/D N/D N/D N/D N/D ND
COSHTC2 N/D N/D 550 N/D 8.44 N/D N/D N/D N/D ND N/D ND
C-84.98
OH 0-13.11
c=C Na- 134
COSHTC3 2 876.14 550 N/D 8.44 N/D N/D 286 0441 ND o A0
c=0 Si-0.14

Others - 0.12
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C-71.04

H-2.82
Non-amine-impregnated AC N/D 1076.67 N/D 0.907 4.981 18.782 75.33 19.734 0.549 0.425 N/D N-1.96
S-22.56
0-1.62
OH C-69.24
0367 c-o0 H-5.079
MEA-AC N/D 725.67 N/D 0.963 3.569 22712 72.756 17.638 0.324 C-N N-1271
N-H S-0.091
N-O 0-12.88
8 HO050-T700 N/D 630 ND N/D ND N/D N/D 1.9 0.015 0.015 N/D ND
C050-T700 N/D 975 N/D N/D N/D N/D N/D 1.6 0.401 0.401 N/D
9 Non-impregnated AC 16.7 N/D ND 5.28 S 68.4 N/D N/D N/D ND N/D N/D
AC with ZnCl, 25 N/D N/D N/D ND N/D N/D N/D N/D ND N/D N/D
AC with KOH 18.3 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D ND
C-84.69
AC with H;PO, 328 N/D N/D 72 7 57 N/D N/D N/D ND N/D 0-14.07
P-124
10 CS-320-60 56.66 N/D 580 15 3.1 N/D N/D N/D N/D N/D N/D N/D
CS-360-90 63.33 N/D 570 1.55 2.22 N/D N/D N/D N/D N/D N/D ND
CS-400-120 58.33 N/D 560 175 221 N/D N/D N/D N/D N/D N/D N/D
1 GCSAC-AT30 291.8 710 2.09 10.7 26.77 60.77 42.72 0.31 0.31 N/D C-58.74
H-2.24
N-3.07
GCSAC-AT40 N/D 291.9 711 2.10 10.8 26.78 60.78 42.73 0.31 0.31 N/D $-9.99
O (by difference) -
GCSAC-ATS0 291.10 712 211 10.9 26.79 60.79 4274 031 031 N/D 21.96
12 C-71.54
AgNPs-AC N/D 705.32 N/D N/D N/D N/D N/D N/D 0.065 0.065 N/D 0-2781
Ag-0.65
13 LACS @ C400 0.53 N/D 64.4 N/D N/D N/D N/D N/D N/D N/D N/D ND
LACS @ C450 0.43 N/D 63.04 N/D N/D N/D N/D N/D N/D N/D N/D N/D
EPACS @C400 0.57 N/D 55.8 N/D N/D N/D N/D N/D N/D N/D N/D ND
EPACS @C450 0.45 N/D 552 N/D N/D N/D N/D N/D N/D N/D N/D N/D
CPACS @C400 0.56 N/D 63.7 N/D N/D N/D N/D N/D N/D N/D N/D N/D
CPACS @C450 0.45 N/D 62.6 N/D ND N/D N/D N/D N/D ND N/D N/D
14 CSAC-CA N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
15 CSAC @ AT30 N/D N/D 0.674 14 N/D N/D N/D N/D ND N/D N/D
CSAC @ AT40 N/D N/D 0.674 N/D 14 N/D N/D N/D N/D N/D N/D N/D
CSAC @ AT50 N/D N/D 0.674 14 N/D N/D N/D N/D ND N/D N/D
16 CSAC+H;PO,4 N/D N/D ND N/D ND N/D N/D N/D N/D ND N/D N/D
17 C-94.89
CAC N/D N/D ND N/D ND N/D N/D N/D N/D ND N/D FeO-0.21
Trace - 4.9
C-42.34
MAC-1 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D FeO - 55.57
Trace - 2.09
C-9.12
MAC-2 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D FeO - 88.64
Trace - 2.24
C-1.66
MAC-3 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D FeO-97.13

Trace - 1.21





image5.png
Maximum dye removal per

Type of . dose of AC per dye , ey

bs:::::zs No. Type “f::")“v::‘:;y; el e A";’:;’:;":‘;;“"Ef)"“ e (mg/g) (';J:;'; r :i’,,f:‘;i) F-ng | L-R | F-R? Adsorbent recovery
(% Lmg" mg' h")

1 Washing by demineralized water 3 times,
then dried in oven at 60°C for 24h. By
third cycle, IACNF-60 maintained elatively

1-ACNF 60 96.00 1.60 Langmuir 1667 | 082 ND ND | 0993 | ND |constant removal at 96% while ACP cannot
be recycled.
ACP 99.00 1.52 Langmuir 188.9 1.329 N/D N/D 0.994 N/D N/D
ACNF 60 95.80 137 Langmuir 1493 | 0507 ND ND | 0989 | ND ND
2 ACl ND N/D ND 3 | ~p ND ND | ND | ND ND
AC2 NID N/D NID 3| ~p NID ND | ND | ND ND
AC3 ND ND ND 28 | ND ND ND | ND | ND ND
AC4 NID N/D NID 4 | D NID ND | ND | ND ND
ACs ND N/D ND 8 ND ND ND | ND | ND ND
B AC (NaCl) N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
AC (HC ND N/D ND ND | ND ND ND | ND | ND ND
AC (NaOH) ND ND ND ND | ND ND ND | ND | ND ND
AC (H,50,) ND N/D NID ND | ND NID ND | ND | ND ND
AC (KOH) ND N/D ND ND | ND ND ND | ND | ND ND
Coconut
shell AC (H;PO,) 99.76 5.00 Langmuir 5263 | 0442 16.59 4784 | 0999 | 0944 ND

4 cAP 99.42 2,00 Freundlich 13679 | 018 15.553 0925 | 0404 | 0992 N/D

cac 98.64 296 Freundlich 15203 | 0.123 15.478 0921 | 0533 | 0992 ND

CACm ND N/D Freundlich 15243 | 0262 15.775 0934 | 0849 | 0993 ND

s AC-chitosan composite 90.77 202 ND ND | ND ND ND | ND | ND ND
6 COSHTC 20,50 0.09 ND ND | ND NID ND | ND | ND ND
COSHTCI 66.00 0.28 ND ND | ND ND ND | ND | ND ND

COSHTC2 §7.00 0.36 ND ND | ND ND ND | ND | ND ND

COSHTC3 98.00 041 Langmuir 200.01 | 0.2036 53.049 31474 | 09689 | 08943 ND

7 Non-amine-impregnated AC N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
MEA-AC 98.77 N/D ND ND | ND ND ND | ND | ND ND





image6.png
Coconut
Shell

H050-T700 ND ND ND ND | ND ND ND | ND | ND N/D

C050-T700 ND ND ND | Nm ND ND | ND | ND N/D

o Non-impregnated AC 45.00 225 ND ND | ND ND ND | ND | ND N/D
AC with ZnCl, 94.90 475 N/D ND | ND ND ND | ND | ND N/D

AC with KOH 70.00 350 NID ND | ND NID ND | ND | ND N/D

AC with H;PO, 100.00 5.00 ND ND | ND ND ND | ND | ND N/D

10 €5-320-60 ND ND ND 195 | ND ND ND | ND | ND NID
€5-360-90 ND N/D ND 267 | ND ND ND | ND | ND ND

CS-400-120 N/D N/D N/D 241 N/D N/D N/D N/D N/D N/D

1 GCSAC-AT30 94.64 0.59 Freundlich 125 | 0027 1296 234 | 0978 | o098 N/D
GCSAC-AT40 9530 0.60 Langmuir 1L | 0026 6.54 175 | 0963 | 096 N/D
GCSAC-ATS0 9339 0.58 Freundlich 125 | 002 674 166 | 0938 | 097 N/D

12 AZNPs-AC $7.00 044 Langmuir 7129 | 0011 4424 2247 | 0895 | 0.808 ND
3 LACS @ C400 78.00 031 N wo | NG N ND | ND | ND Mo
LACS @ C450 50.00 032 ND ND | ND ND ND | ND | ND N/D

EPACS @C400 50.00 032 ND ND | ND ND ND | ND | ND N/D

EPACS @C450 §2.00 033 ND ND | ND ND ND | ND | ND N/D

CPACS @C400 $8.00 0.35 N/D ND | ND ND ND | ND | ND N/D

CPACS @C450 90.00 0.36 NID ND | ND NID ND | ND | ND N/D

4 CSAC-CA 95.00 0.10 Freundlich 0.008 | 0.0013 213 2398 | 0961 | 0.997 N/D
15 CSAC @ AT30 ND N/D Langmuir 33003 | 7.1 356 2535 1| oss3 N/D
CSAC @ AT40 ND N/D Langmuir 35211 | 5826 392 1978 | 0.9986 | 0.9869 ND

CSAC @ ATS0 ND N/D Langmuir 37313 | 5411 3672 1893 | 09997 | 0.9909 N/D

16 CEACHFD, 7118 501 W ND | ND N/D WO | W | N s
17 cac 80.00 959 ND ND | ND ND ND | ND | ND N/D
MAC-1 64.00 7.67 ND ND | ND ND ND | ND | ND N/D

MAC-2 63.00 7.55 ND ND | ND ND ND | ND | ND ND

MAC-3 57.00 6.83 N/D N/D N/D N/D N/D N/D N/D N/D
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Initial dye

Working Volume /

Initial Amount of

Dose of AC per

Type of e
biomass | No. Type pH Tigzn(t:(:;r) . Aeiu::_m:n) Temz:oecn;ture concentration Amount of Dye Dye In The Sample volume of MB Al:(::t(::f ?C
source & B (mg/L) Solution Used (mL) (mg) solution (g/L) - 2
! ACNF 60 12 6
ACP N/D 5 N/D N/D 250 5 1.25 13 6.5
ACNF 60 1.4 7
2 Acl
AC2
AC3 N/D 24 100 25 100 50 5.00 1 50
AC4
AC5
3
AC (NaCl)
AC (HCI)
AC (NaOH) 0.5(5V)
N/D N/D 25 100 200 21.53 N/D N/D
AC (H,SOy)
AC (KOH)
AC (H;PO,) 0.5 (30V)
Coconut i
shelt CaF 1
CAC 8 0.667 120 N/D 250 20 5.00 5 100
CACm 1.333
3 AC-chitosan composite 5 0.5 150 25 10 20 0.20 9 180
6
COSHTC
COSHTC1
7 24 N/D 30 100 200 20.00 1 200
COSHTC2
COSHTC3
7
Non-amine-impregnated AC N/D N/D N/D N/D N/D N/D N/D N/D
N/D
MEA-AC 1 115 35 50 100 5.00 0.01 1
8 HO050-T700 N/D N/D N/D N/D N/D N/D N/D N/D N/D
C050-T700 N/D N/D N/D N/D N/D N/D N/D N/D N/D
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Coconut
Shell

Non-impregnated AC N/D
AC with ZnCl, 526
2 N/D 29 10 50 0.50 1 50
AC with KOH 1118
AC with H;PO, 207
10 €S-320-60
€5-360-90 N/D 12 N/D RT ND 50 N/D 60 3000
€S-400-120
1 GCSAC-AT30 30
GCSAC-AT40 7 8 200 40 200 250 50.00 2 500
GCSAC-ATS0 50
12 AgNPS-AC 10 2 120 25 500 25 12.50 10 250
13 LACS @ C400
LACS @ C450
EPACS @C400
N/D 25 125 N/D 100 25 2.50 10 250
EPACS @C450
CPACS @C400
CPACS @C450
14 CSAC-CA 1 15 N/D ND 5 80 0.40 62.5 5000
15 CSAC @ AT30 30
CSAC @ AT40 N/D 25 ND 40 200 ND N/D 50 ND
CSAC @ AT50 50
16 CSAC+H;PO, ND | 5833 150 RT 100 50 5.00 100 5000
17 CAC
MAC-1
ND | 0417 100 RT 100 100 10.00 2 200
MAC-2

MAC-3
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Type of Carbonization i ivating | Activation” | Impregnation
biomass | No. Artiles Tide Aim of Study. Temperature | Yoot wiog | AL | cmperature | ratio Type
source c0) (CC/min) | * [&e) (Agent:AC)
T Peeparaion of high-performance [Moso bamboo was ied t produce actvated
105 25 0 - ND ND ND BAC2S
corbons using barmboo through onc-sep carbon using one.siep pyrolyis proces ina
) [box furmace (max temp can be uscd: 1600°C).
e Expeiment prfrmed o 3 et BAC| 105 s w0 - xo | W D Bacs
|3 difernt pyvolysis time)
105 0 0 - ND ND ND BACI0
2 [Batch Adsorption Stdics on Trcatment of 20 2 ~o | weo, | wp 0 ND BAC-AT30
Teile Industy Effluent using Barmboo and [adsorption on AC produced from barmboo and
| Green Coconut shell Activated Carbon 1 [green coconut shell thorugh chemical 200 2 RS 60 ND BAC-AT
Jactvation method.
200 2 xo | weo, | p 00 ND BAC-ATSO
3 Activated carbon from bambo (bambisa | Characterization of AC prepared from
[Vulgars) waste wsing CO, s activting. [barsboo wastes and study of adsorption of
Jagent fo adsorpton of methylene bluc and  |MB and phenol contaminants. The activation 0 | &7 . co. 00 ND coac
henol2 Jprocess uses €O, (COAC)
" [Sttical modeling of mefhlenc bl dye [Barmboo chip (BC) bomas uned 2 precusar
ssotnigh s e mesporss o i st s baboo iy
activated carbon from bamboo chip sing  |AC (BCAC) sing KOH activation 700 ' xo | ko | o ND 2 BCAC
IKOMassstd thermal activation ) [pyrolyss process.
S [The actvated carbon produced rom mayan [AC symtbesized rom mayan bamboa (o
amboo (Gigamchlo obust Kure) nd |charactrizeand sy e sdorpien ™ . w | xon | wo w0 w MBAC
its application s dye reroval Jpropertics.
Bamboo [ & [Nirogen self-doped acthated carboms [ Nirogen sclf-doped ACs ae derved from o T o B s o A P
derived from bamboa shoots as adsorbent [brmboo shoots n which their adsorplion
o methyiene blu adsorption = [propertes wereevaluaed to remove MB from | 700 [ 10| Kico, | ~p ND [ BSNCT00-1
astevater 00 | 0| Kico, | ~p ND 2 BSNCT002
00 [ 10| kico, | wp ND 4 BSNC6004
700 [ 10| Kico, | ~p ND 4 BSNC7004,
00 [ 10| Kico, | ~p ND 4 BSNC8004,
7 [imvesigation o the Preparaion and [Bamboo Hher based AC (BFAC) prepared
iorpion Pt o B Fr (b s evencied fom oy | 400 2 o | xon | N 500 4 BRAC @ATES
[ Based Activated Carbon & letrcting tchrique. It s meant o be studid
for the adsorption of MB, focusing on rating | agp 2 0 xon | ~p 500 4 BFAC @AT40
leing wastewater.
00 2 0 xon | ~p 500 4 BFAC @ATSS
¥ [Pore size dependent molecular adborpton | Micrarshically porous carbon adsorbents o 2 5 , o " o P
of cationic dye in biomass derived |drivd from bamboo by a fcle 2-step
Iierachicaly porous carbon =1 [proces: carbonization n N and thermal 0 2 5 , nir P ND Ba0s
loxidation in e
00 2 s - Air 340 ND B30





image10.png
Bamboo

00 2 s - Air 350 ND B350-5
00 2 s - Air 360 ND B360-5
00 2 s - Air 350 ND B350-1
00 2 s - Air 350 ND B350
00 2 s - Air 350 ND 83507
9 [Preparation of bamboo chars and bamboo _[Bamboo AC prepared by scam (11,0) 0 . o N — o0 prey =
Jactvated carbons o remove color and COD |activation for the spplication of olour
fromink wastewater 1 removal (MB) and COD reduction n nk 400 [ 2 - Steam 500 ND sa00
Wastewater,compared to commercial bamboo
lAc. 00 | 2 - Steam 500 ND 500
00 [ ) - Steam 00 ND s600
700 [ ) - Steam 00 ND 5100
00 [ ) - Steam 00 ND 800
T0 [Removal of Basi Dye from Aqueous _|Preapraion of AC fom Bamboo (AR
| Medium Using Activaed Carbon from | Arundinaria Alpina) sawdust to study the
[Erytbrina Brucei, Arundinaria Alpina and effctof preparation parameterson the 0 2 ~o | weo, | o ND 2 ACAA)
[Manibot Escutenta removal of MB from aqucous solution.
T [Characterzation of Ball-Viled Bamboo- _[Bamboo AC made tsing KOT and KO, o A py N -~ pms prey oar
[Bascd Activated Carbon Treated with activating agents at 2.5 and 5% conc.at high
[KMnO, and KO as Activating Agents " temperature. Study also highighisth sbilty 40 4 ~o | kon | sem 00 ND CACKOH25U
lof unmilled and ball-milled bamboo ACs to
[l AC standard parametees. 00 4 no | ko | seam s00 ND CACKOH-25:M
00 4 no | ko | seam s00 ND CACKOHS.0-U
00 4 o | ko | seam s00 ND CACKOH5.0-M
00 4 ND | KMw0, | Seam 500 ND CACKMNO, 25U
400 4 ND | K0, | seam 500 ND CACKMNO,25:M
400 4 S s00 ND CACKMNO 50U
400 4 S s00 ND CACKMNOLS0M
T2 [Activated Carbon From Bamboo (Bambuss [Bamboo AC produced trough simullancous
[ulgari) for Methylene Blu Removal:  |diect physcal-chemical ctivation for MB
Preaction To The Eavirmat ledsorion. ND N N T 00 2 1LPOYILO BAC
| Applicatons 2
T3 [Comparativestudy of low cost adsorbents [ MB removal using low-cost adsorbents
repared indigencusly o locall KBamboo AC) was imestiaid. 60 4 np | mvo, | ND ND ND BVC (HNO,)
Javailable bio-waste for the removal o
[methylene blue aye ™1 60 4 no | mpo, | ND ND ND BVC (1,20,





image11.png
Surface

i i } P o
'ltype ot Yield of | Surface area of | Bulk density | Ash content RLOTG || \KEETE fixed M?an Lore et Cratine functional Chemical
biomass | No. Type AC (%) O P (Wt%) content matter carbon Size/Pore Volume Volume . TP
source (m'/g) (kg/m) M%) | (wi%) (Wt%) | diameteter (nm) (em¥lg) (em'lg) S B
(mmol/g)
. BAC2.5 21.66 1456 ND N/D ND N/D N/D N/D 0.62 N/D ND
BACS 18.91 2001 ND N/D ND N/D N/D 0.04nm - 60nm N/D 073 ND ND
BACI0 13.8 2348 ND N/D ND N/D ND N/D 052 ND ND
T-0T 7%
2 BAC-AT30 N/D 3162 600 1.67 939 25.57 63.37 34.95 0.27 027 ND H-137
BAC-AT40 N/D 316.3 601 1.68 9.40 2558 6338 3496 027 027 N/D ':_';'(":
BAC-AT50 N/D 3164 602 1.69 9.41 25.59 63.39 34.97 0.27 027 ND O (by d“ff::e"“) -
3 C-82.13
H-1.62
0-10.19
CO,AC 216 856.78 ND 3.61 12 N/D ND 2114 045 033 N/D N 234
S-0.11
4 C-529
H-227
BCAC N/D 720.69 ND ND ND N/D N/D 732 0.368 0.186 N/D N-0.26
0-44.6 (by
difference)
5 MB-AC N/D ND ND 5.45 1.52 198 74.75 N/D N/D ND ND ND
6 C-63.87
0-28.72
BS-800 N/D 122 ND N/D ND N/D ND N/D N/D ND ND o105
N-4.64
Bamboo C-67.27
BSNC-700-1 N/D 1208.2 ND N/D ND N/D N/D 197 N/D ND N/D ?{' 2(? ;;813
N-271
C-84.12
0-12.19
BSNC-700-2 N/D 1215.1 ND N/D ND N/D ND 1.94 0.59 052 N/D o087
N -2.63
C-69.18
0-23.97
BSNC-600-4 N/D 962.8 ND ND ND N/D ND 197 048 034 ND o196
N - 4.65
C-80.37
BSNC-700-4 ND 14755 ND ND ND ND ND 197 073 0.63 ND ooy
N-2.79
C-43.43
0-54.36
BSNC-800-4 N/D 2270.9 ND N/D ND N/D N/D 219 125 094 N/D 050
N-1.06
- BFAC @AT25 N/D 1370 ND N/D ND N/D N/D 23855 0.9411 05878 N/D ND
BFAC @AT40 N/D 1370 ND ND ND ND ND 23855 0.9411 05878 ND ND
BFAC @ATS5 N/D 1370 ND ND ND N/D ND 23855 0.9411 05878 ND ND





image12.png
Bamboo

600 ND 447 W N W ND WD 29 i W WD RD
F-320-5 N/ £0 o] Wi o] N/ NI 29 068 o] W T

53403 WD 550 [ LY [ WD W 31 007 [ WO W

B350 NID 635 5] WD 5] NID WD 3 907 5] WD WD

B360-3 ND 713 W N W ND WD 3z 0.1 W ND WD

E-350-1 N/ 573 o] NI o] N/ NI 29 0.0 o] W M

53503 N 654 e N e N W 33 007 e W3 W

B3507 NID 713 5] WD 5] NID WD 31 0.08 5] WD WD

- 300 0 912 5] 2.1 5] 328 s8.1 22 0 035 WD WD
5400 7 922 ND 127 ND 218 655 21 048 034 N/D ND

8560 44 960 o] 15 o] 194 £9.1 21 046 033 N/D ND

600 45 734 ND 16.3 ND 16 677 25 045 025 N/D WD

700 4% 236 5] e 5] 153 73.1 23 .44 032 WD WD

5800 £ 1108 W 145 W 141 714 22 o6 .44 ND WD

10 AC(AA) N/D ND ND N/D ND N/D ND N/D ND ND ND ND
. CAF NI 293,06 B 573 519 022 W 24 .01 ND N/D ND
CACROFA5U NID 48757 5] 480 557 18.04 WD 536 039 5] WD WD
CACKOBL5M ND 540,36 W 423 738 2089 WD 442 023 W WD RD
CACKOILS.0-U NI 516.05 ND 452 531 21.87 N/D 438 027 ND N/D ND
CACKOHS.0M NID 554.53 S 138 5.04 15.07 T 24 .28 ND N/D N/D
CAC-KMNO,-2.5-U NID 412,67, 5] 261 466 16.88 WD 49 018 5] WD ND
CAC-KMNO,-2.5-M ND 516.52 W w55 443 1822 WD 46 023 ND N/D ND
CACKMMU-S.0-U N/D 405.84 ND 14.49 465 15.94 N/D 498 033 ND N/D ND
CAC-KMNO,-5.0-M N/D 44587 ND 8.94 3.58 15.25 W 15 082 B WD ]

12 H,PO,/H,0 BAC N/D 1354.42 ND N/D ND N/D ND N/D N/D ND N/D ND
13 BVC (HNO3) N/D N/D ND N/D ND N/D N/D N/D ND ND ND ND
BVC (H;PO,) N/ NI o] Wi o] N/ NI N/ N/D ND N/D ND





image13.png
Maximum dye removal per

l’fiﬁ:’:a‘;g No. Type h:::::::‘: ;:;e congg::r:ftil;f 1?:: :)):tact Is(::l‘xi::l:nplt\;f:del (Il;l-g/(lg“) (I‘IJ"I;'; o El;/:)m-glﬂ-lln) F-ng (fn-g/LCE) I-RE | B RZ Ar(:(s::))l;l:nt
source time (Best fit) g) y
(% Lmg" mg"'h™)
1 BAC2.5 N/D N/D Langmuir 495.05 |0.0789 161.44 4.97 N/D 0.98 0.90 N/D
BACS N/D N/D Langmuir 625 0.0418 185.08 4.99 N/D 0.95 0.72 N/D
BACI10 N/D N/D Langmuir 1666.67 | 0.0476 491.86 451 N/D 0.97 0.85 N/D
2 BAC-AT30 96.30 0.60 Langmuir 142.86 | 0.024 6.76 1.65 N/D 0.985 0.96 N/D
BAC-AT40 97.20 0.61 Langmuir 142.86 | 0.029 8.77 1.76 N/D 0.997 0.97 N/D
BAC-AT50 98.40 0.62 Langmuir 125 0.055 13.72 2.07 N/D 0.99 0.98 N/D
3 CO,AC 96.00 0.80 Freundlich 298.82 | 0.027 58.95 3.57 N/D 0.876 0.881 N/D
4 BCAC 96.70 N/D Freundlich 305.3 19 255.5 1.42 N/D 0.94 0.96 N/D
5 MB-AC 99.77 125 Langmuir 24.9425 | N/D N/D N/D N/D 0.932 | 0.8521 N/D
6 BS-800 22.60 0.38 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BSNC-700-1 58.50 0.98 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BSNC-700-2 64.00 1.07 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Bamboo
BSNC-600-4 40.50 0.68 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BSNC-700-4 81.50 1.36 N/D N/D N/D N/D N/D N/D N/D N/D N/D
BSNC-800-4 98.40 1.64 Langmuir 384.6 | 0.148 261.2 15 N/D | 0.9962 | 0.9043 N/D
7 BFAC @AT25 N/D N/D N/D 595.238 | 1.585 361.814 9.17 N/D | 0.9988 | 0.9155 N/D
BFAC @AT40 N/D N/D N/D 609.756 | 2.825 421.045 9.9 N/D | 0.9999 | 0.8879 N/D
BFAC @ATS5 N/D N/D N/D 651.695 | 4.83 449.758 9.35 N/D | 0.9961 | 0.7163 N/D
8 B-800 N/D N/D Langmuir 10 N/D N/D N/D N/D N/D N/D N/D
B-320-5 N/D N/D Langmuir 96 N/D N/D N/D N/D N/D N/D N/D
B-340-5 N/D N/D Langmuir 31 N/D N/D N/D N/D N/D N/D N/D
B-350-5 N/D N/D Langmuir 150 N/D N/D N/D N/D N/D N/D N/D





image14.png
Bamboo

B-360-5 N/D N/D Langmuir 209 N/D N/D N/D N/D N/D N/D N/D

B-350-1 N/D N/D Langmuir 27 N/D N/D N/D N/D N/D N/D N/D

B-350-3 N/D N/D Langmuir 129 N/D N/D N/D N/D N/D N/D N/D

B-350-7 N/D N/D Langmuir 189 N/D N/D N/D N/D N/D N/D N/D

o $300 85.50 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
S400 95.00 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D

S500 95.00 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D

S600 99.50 9.95 Langmuir 332.771 | 0.047 96.528 502 | N/D 0.986 0.944 N/D

$700 98.50 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D

S800 98.00 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D

10 AC(AA) 99.34 4.97 Freundlich 24925 |0.1681 2.7561 6.7561 | N/D [0.45618 | 0.85247 N/D
1 CAP N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KOH-2.5-U N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KOH-2.5-M N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KOH-5.0-U N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KOH-5.0-M N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KMNO,-2.5-U N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KMNO,-2.5-M N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KMNO,-5.0-U N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
CAC-KMNO,-5.0-M N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D

12 H,PO,/H,0 BAC 99.86 0.42 Langmuir 374755 | 0.018 43.985 3.021 | N/D 0.968 0.955 N/D
13 BVC (HNO;) 98.43 13.50 Freundlich 250.2 | 0.3388 1.421 1765 | N/D | 0.9605 | 0.9782 N/D
BVC (H;P0,) 98.24 13.10 Freundlich 24875 | 0.3224 1.278 2.006 [ N/D | 09591 | 0.9962 N/D
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Type of

Initial dye

Working Volume /

Initial Amount of

Dose of AC per

biomass | No. Type pH Tigl‘:n(tl?::lr) s[ln‘egeiitjtri;:l) Tem?)e(l:';ature concentration 1;::‘.?::];08?3? Dye In The volume of MB Am“‘s):::;:;c
source (mg/L) (mL) Sample (mg) solution (g/L)
! BAC2.5 48
BACS N/D 36 N/D 30 500 100 50 N/D N/D
BAC10 28
2 BAC-AT30 30
BAC-AT40 7 8 200 40 200.00 250 50.00 2 500
BAC-AT50 50
3 CO,AC 6.8 12 100 25 50.00 10 0.50 1 10
4 BCAC 10 0.21 100 40 100.00 100 10.00 0.1 10
5 MB-AC N/D 2 N/D N/D 100.00 25 2.50 4 100
6 BS-800
BSNC-700-1
BSNC-700-2 N/D 500.00 25.00
Bamboo 6 200 25 50 1 50
BSNC-600-4
BSNC-700-4
BSNC-800-4 7 300.00 15.00
7 BFAC @AT25 25
BFAC @AT40 N/D 24 125 40 500.00 100 50.00 1 100
BFAC @ATS55 55
8 B-800
B-320-5
B-340-5
B-350-5
N/D 12 N/D 25 N/D 10 N/D 1 10

B-360-5
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Bamboo

B-350-1

B-350-3
B-350-7
K $300 N/D N/D N/D N/D N/D N/D ND ND
5400 N/D N/D N/D N/D N/D N/D N/D ND
$500 N/D N/D N/D N/D N/D N/D ND ND
N/D
600 2 150 30 3739 20 075 05 10
700 N/D N/D N/D N/D N/D N/D ND ND
$800 N/D N/D N/D N/D N/D N/D N/D ND
10 AC(AA) 5 0833 N/D 20 5.00 25 0.13 24 60
1 AP
CAC-KOH-2.5-U
CAC-KOH-2.5-M
CAC-KOH-5.0-U
CACKKOH50-M | ND| ND N/D N/D N/D N/D N/D N/D ND
CAC-KMNO,-2.5-U
CAC-KMNO,2.5-M
CAC-KMNO,-5.0-U
CAC-KMNO,-5.0-M
12 H,PO,/H,0 BAC N/D 2 100 RT 50.00 10 050 1 10
13 BVC (HNO;) 2917
9 N/D N/D 20.00 100 2.00 025 25

BYC (HPO)
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i) A T oty Tempervre | o | ML | Acivig | actomier | s | e
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[Sngle and Binary Dye Adrorption of [Smgle & biary adsorpion of MB and MO fom aciobol
[ Methykene Bl and Methyl Orange in {agucous souton over AC. (Aol aqueous soltion:
| Alcohol Aqueous: Soluion vi Rice Husk [alcohols ae commonly used soveats n the appication
|Based Actvated Carbon: Kinetcs and | ek ofsovent dyes) 00 o5 ND | PO | ND ND s RiAC
Equiibrum Studics 1
[Nty ke blac dsorpton on magacti | Magnetcalgimat/ace husk (- ALG/RIT Biocormporic
linatiic husk bio-composite ! |beads prepared with onoteopic gelaton method & used
M et s e ND wo | wp | o | wm ND ND mALGRH
Eficient reatment of ice yproducts for [Rice hisks were pre-ireated biologically vs chemicaly o
[reparing high-performance acivated [synthesze into AC to sty the adsorption of ME. 450 1 Np | mpo, | Nm ND 3 RILAT
casbons )
50 1 Np | mpo, | N ND 3 Rl
50 1 Np | mpo, | N ND 3 Ritpe
[Uitization of i husk wases [Symihess of raphens oxide based ACs wsing ice ks
symthesisof graphene oxide-based {and compared with non-impregnaied ACs for MB 00 1 No | mro, | N 80 08 Ace
Jcarbonaccous nanocomposies 1 [adsorption.
0 1 ND | 7y N, 50 o8 ACza
ND s ND ND N 350 ND Goiace
ND s ND ND X, 350 ND GoiACzn
[Kinetic and cquiibrim sy of [Evalute perormance of H:S0; acivated e bk sh
| methylene blue adsorpion using SOy~ |(ARHA) compared to Granular Activated Carbon (GAC) w0 ors ND 150, ND ND 1 ARHA300
Rice husk Jactvated i husk ash inremoval of M from aqucos soluton.
50 0s Np | mso, | wNm ND 1 ARIASSO
ND ND ND ND ND ND aac
Eco-Friendly Porous Carbon Materals [Rice husk (RI)carbonized a2 dillrent (cmperatres
for Wastewater Treament (400 & 600) were sudied o remove organic compounds 0 2 ND - air ND ND Ritio0
and heavy metals from wastewater (Remove MB)
00 2 ND - sie ND ND Rit600
[Removalof methyln Bloe o aqueous | Acivaicd e husk biochar (ARI) was synbesized o
soltion using activated i husk sty the removaleficincy of MB from agueous media
biochar: Adsorption isotherms, kinctcs |under difernt experimental condiions. 550 2 o | mo, | wp ND ND ARHB
Jand eror snalysis
[Color Removal from Tammery [Con-costadsorbent (AC) generated Fom R 1o sy he
| Wastewater Using Activated Carbon [removal of MB colour) from tannery wastewater
e (eclous) 00 1 Np | kon | Nm 300 1 LA

| Generated from Rice Husk 7
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Rice Husk

[Optimal Removal of Methylene Blue in

[AC derived from rice husks was ivestigated for removal

| Aqueous Soluion Using Selected Rice o MB dye from aqucous solution. 3 diferent AC with 00 ' Np | oz, | D Acze
[Husk Actvad Carbon from Pore |diferent chemical activations were compared.
|Development Agent !
e 00 ' Np | mpo, | N AceA
s00 ' No | kon | D Acen
0 [Rice bk AC (RIAC) was prepared for MB dye
Jadsorption through physical acivation process invalving. Microwave
Imicrowave imdiation and CO; gasification. 350 0s ND ol co, RHACMI
T [Optimization of preparation condiions _[Response surace methodolgy was used to ety the
for ric husk bascd actvated carbons for_[optimum RHAC preparation condions using CO Microwave
the removal of methylenc b dye | gasification of RH char under microwav iadiaion for 3s0 08 NP iradiation |0 RHACMI
|maximum MB removal.
B [Rice hsk AC prepared tsing stcam asthe physical
Jactvation agent o study the effect of preparaton
| Capacity o Rice Husk Activated Carbon [parameters on the adsorption capacity of MB. " ! " NeOU | Steam RHACPA
i
T3 [Sorpton Studics of Methylene Blie [ AC synthesized from rice ks fo the removal of MB
[Using Activated Carbon Produced from | from aqueous solution using batch adsorption method. 0 o | wo | mso, | wo RHACBA
Rice Husk 1
T3 [Preparation of porous bio-char and [ AC fom rce husk char was stdied using chemical
Jactvated carbon from rice husk by [activation a high temperatur and low oxygen
iaching ash and chemical actvation 1 [cnvironment. 650 1 No | man | ND zcac
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T.ypeof Yield of | Surface area of B“l}( A Dlolsturell Moladlcl| SEixed Mean Pore Size/Pore (otaliBorcll || Micropore Surface functional Chemical
biomass | No. Type AC (%) AC( 2/) density | content |content (wt| matter | carbon e () Volume Volume ey o o)
4 5
source " | g’y | %) | %) | %) | %) (eme) | (emyg | EOP & s
! REAC 41.8 1560 M/ WD D ] ] WD 1.81 .56 Rn]
2 H
CH3
wALG/RE | WD W T N N ST} ST} WD N N =N ]
N
=5
o0
RH-AT WD 504 T 113 D /D /D ] 0128 0139 S;:S ND
[a S
=0
3 RECI ] 000 M/ 7.6 D ] ] WD DAY D261 g=§ Rn]
fanss
Cc=0
RHPe | N/D 503 ND | 215 N/D ND | ND N/D 0.153 0.083 g:g N/D
CH
4
ACP WD 345 N 774 595 6505 | 2126 3.59 0207 0109 ]
ACZn WD 594 N/D 7.74 5.95 65.05 | 21.26 3.49 0317 0.196 NID C-4255
H-601
O - 9062
COMCP | WD 361 T 7.74 595 45.05 | 2126 331 0.289 0.047 eliv] N -2.62
GOACZn | NID 732 T 774 593 5505 | 2126 317 0381 0,146 D
3 Al-0,025
Fies sk Ca- 0082
CI - None
Cr - 0.006
Fio - 0.043
K -0.923
By - 5033
Tl - .00
ARHAIO0 | WD 143 i) WD N 1] 1] WD N N 1] Mo 0006
Ne- 1362
O - 53006
Po0.028
§-2.920
Si-41.99
Fn - 00223

Ti-0.011
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Rice Husk

Al -0.026

Ca-0.075
Cl-0.051
Cr-0.010
Fe - 0.060
K-0.524
Mg - 0.097
Mn - 0.020
ARHAS550 N/D 68 N/D N/D N/D N/D N/D N/D N/D N/D N/D
Mo - 0.002
Na-0.213
0-52910
P-0.015
S-0.423
Si - 45.565
Zn-0.010
Ti - None
GAC N/D 825 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
6 C
RH400 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D Si
(0]
RH600 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D K
Ca
7 Lignin & cellulose -
3991
ARHB N/D N/D 27.32 47 N/D N/D N/D N/D N/D N/D N/D Ash -47.0
Protein - 11.29
N-1.80
8
LC-RHAC N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
9
AC-ZC 43.7 603.008 N/D 232 2.3 19.9 54.6 N/D N/D N/D N/D N/D
AC-PA 43.6 545.62 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
AC-PH 41.32 498.201 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
10
RHAC-MI N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
11
RHAC-MI 31.98 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
12
RHAC-PA 23.8 710.8 N/D N/D N/D N/D N/D N/D 0.471 N/D N/D
13
RHAC-BA N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
14
ZCAC N/D 645 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
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Maximum dye removal per

Type of ; Adsorption (1-Un)
bsi::x:is No. Type h:::;:::‘; l;’;e Nt e;l:_s;i'f nA;_):e: rp:‘inz;' time Isol(hl:;n: il;/ll)m'lc:l (];n g/‘;“) (lijrrl:g'; L I]jf/“(::;gl) F-ng | F-C,(mgL) L-R* F-R® | Adsorbent recovery
(% Lmg mg h")
1 RHAC N/D N/D Langmuir 96.8 0.025 14.47 3.11 N/D 0.960 0.84 N/D
2 | m-ALG/RH 78.00 0.65 Freundlich 344 0.00443 741 1.647 556.0593739 0.994 0.999 N/D
RH-AT N/D N/D Langmuir 220.8 4.53 118.85 4.695 18.32122257 0.999 0.811 N/D
3 RH-Cl N/D N/D Langmuir 213.7 1.56 109.65 5.051 29.09102483 0.999 0.804 N/D
RH-Pe N/D N/D Langmuir 202.4 1.65 106.66 5.814 41.448299 0.999 0.85 N/D
4 ACP N/D N/D Langmuir 635 N/D N/D N/D N/D N/D N/D N/D
ACZn N/D N/D Langmuir 504 N/D N/D N/D N/D N/D N/D N/D
GO/ACP N/D N/D Langmuir 747 N/D N/D N/D N/D N/D N/D N/D
GO/ACZn N/D N/D Langmuir 899 N/D N/D N/D N/D N/D N/D N/D
5 | ARHA300 92.50 N/D Langmuir 44.25 0.000596 7.95 0.781 N/D 0.9213 | 0.9045 N/D
ARHASS50 90.00 N/D Langmuir 32.68 0.000369 8.21 0.122 N/D 0.9841 | 0.8905 N/D
GAC 61.00 N/D Langmuir 12.22 0.001033 52 2.632 N/D 0.9983 | 0.9002 N/D
Rice husk 6 RH400 90.00 7.20 N/D 239 N/D N/D N/D N/D N/D N/D N/D
RH600 93.00 7.44 N/D 247 N/D N/D N/D N/D N/D N/D N/D
7 ARHB 80.69 0.32 Langmuir 356.99 8.8 149.89 0.316 N/D 0.9807 | 0.9574 N/D
8 | LC-RHAC 94.13 9.41 Langmuir 19.65 0.01753 799.83 3.46 N/D 0.98 0.93 N/D
9 AC-ZC 98.90 0.61 N/D N/D N/D N/D N/D N/D N/D N/D N/D
AC-PA N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
AC-PH N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
10 | RHAC-MI N/D N/D Freundlich 321.4 0.008 8.814 1.51 N/D 0.977 0.995 N/D
11| RHAC-MI 83.05 N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D
12
Recovery percentage
of AC tends to reduce
RHAC-PA N/D N/D N/D 217.86 N/D N/D N/D N/D N/D N/D with increase in
activation temperature|
or retention time.
13 | RHAC-BA 90.00 0.18 Langmuir 9.63 0.1109 0.686 1.233 N/D 0.9955 | 0.9869 N/D
14 ZCAC 99.00 9.49 Langmuir 33333 3 208.93 3.215 N/D 0.94 0.842 N/D
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T.ype of Contact JAsitation| || Temperature Initial dy.e Working Volume{ Initial Amount of Dose of AC per AmountofAC
biomass | No. Type pH T )| o) () ©C) concentration Amount of Dye Solution Dye In The volume of MB —
source P P (mg/L) Used (mL) Sample (mg) solution (g/L) 2
1 RHAC N/D 5 150 30 400 100 40 1 100
2 | m-ALGRH | 6 2 150 20 500.00 50 25 6 300
RH-AT
3 RH-C1 6.3 24 N/D 30 100.00 N/D N/D 2.45 N/D
RH-Pe
4 ACP
ACZn
7 24 N/D 25 50.00 250 12.5 0.02 5
GO/ACP
GO/ACZn
5 | ARHA300
ARHAS550 11 2 200 25 20.00 N/D N/D 1 N/D
GAC
Rice husk
6 | RH400
N/D 1 300 N/D 9.46 20 N/D 0.025 1.25
RH600
7 ARHB 8 25 150 30 100.00 10 1 10 100
8 LC-RHAC | N/D 1 N/D N/D 8.00 0.1 0.008 1 0.1
9 AC-ZC 8.69 0.859 150 25 11.63 100 1.163 19 1900
AC-PA N/D N/D N/D N/D N/D 100 100 N/D N/D
AC-PH N/D N/D N/D N/D N/D 100 100 N/D N/D
101 ruaC-MI | ND 2% 60 30 300.00 200 60 1 200
1 RHAC-MI | N/D N/D N/D N/D N/D N/D N/D N/D N/D
12 RHAC-PA | N/D N/D N/D N/D N/D N/D N/D N/D N/D
13| RHACBA | ND 1 N/D N/D 2.75 10 0.0275 50 500
14 ZCAC N/D 7 1500 N/D 32.00 100 32 0.149 14.9





