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This study investigates synthesizing porous biocarbon materials derived from wet
potato peel to remove cationic dyes from aqueous solutions. The influence of wet
carbonization process parameters (temperature, residence time) on the synthesis of
hydrochar (HC) and the effect of modification process parameters including the type
of modifying agent (potassium carbonate and ammonium chloride), mass ratio (1-3),
and modification temperature (400-800 °C) on the physicochemical properties of the
modified hydrochar (MHC) were investigated. The adsorption performance was
examined under varying conditions, including solution pH, isotherms and kinetics
adsorption, and the mechanism of methylene blue removal. Results showed that
K:CO:s significantly enhanced MHC's SBET and adsorption performance due to
surface interactions with HC. Maximum adsorption capacities of HC and MHC were
achieved as 17.6 mg-g™ and 84.5 mg-g™, respectively, under alkaline conditions (pH
>8). Adsorption data fitted well to the Langmuir isotherm and pseudo-second-order
kinetic model (R2 > 0.99), indicating chemisorption as the dominant mechanism.
Therefore, wet carbonization presents a valuable strategy for minimizing wet organic
waste and creating nano-structured carbon adsorbents for environmental
applications.

*Corresponding author: * r.khoshbouy@sut.ac.ir

—G)
This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/1735-8779
https://portal.issn.org/resource/ISSN/2383-2169

WWW.JCSL.ICIC.acC.ir s WT (w yiwd

o S
—t Rl (}“’

Journal of Color Science and Technology

6298 9 el pgle o Yol VIRV (1P V) NA /S (7t) A o www jesLicre.ac.ir
D5, o iuingls ( )* )k‘s”. 3P e ool i
’ g3 il Eg
3T (w ywid

eyl 31 o kol ylrg s Ly (ol Jobna 31 S9sils S Hige S

T ggnis Loy (ao¥ Sl3em s s

DYTYOVAAS s iy 59iio el ¢ 328 ek o oSS o goues (gt SO s (1,8 iz 5 1o 0] ool IS (ggmmitils -
DVTYOVAAS s iy G9io el ¢ a8 ek (o oSS o goues (gusoiidro 0O s (31,8 i 35 1o o lolinsl Y

°-’-5~’.. < Ao SleMb!
allis azesky

Sy 0095t il o Slald I j 505 JPrlte Sl fiiws & yiog5 nl
Ao slajialil o By (o oloo I 5l S, Sl gz o
Ao slayialil 5 (HC) ,lrg une jiw jo (Wilo ploj dod) cosbpo (gilu S as ]
slos 5 (1)) (o2 o A S ool 5 Sl Spocnsly) 55 Jolis 2ol a5
Jrgie plea i - K58 ol S 5o, OIS w0 Feem Al ) o]
9 a5l o Jalmo PH dlaz /> aiy /8 cilizo Loy/ps s defllao (MHC) olizdo/
s L gl A oo 05 5l o shilio od 550 Lol 5 oo Sz
desi 4y pxio HC L (b (slo STy oo 0 S0 il ettlio Ly/,3 )0
4oMHC 4 HC o/ cdes ol b i5Tus 054, 0 MHC 0 Sl 0g.gs 5SBET pSadi
Sl 53 40 (slp 45w dela ARO MGG 5 1V.E i 4 (PH2B) L L5 Lo
A5 U o (g9 RP0.99) g0 diipe dd  Siiow o 5 5oV pigpl i
ol Wi oo sb e (55l Sigy I Sl (pleand cd Gog IS odioo L
5 gl o3l 0 i s g (S sh o Slals pom ialS g 50 pgo

sl

*Corresponding author: * r.khoshbouy@sut.ac.ir

VEY PN il o b
VEY Y bl Rl

AARA VAR TS ENS VEPSCAN | RUISY W PR UIL WA S
YYFA-AYYA : ol Ll

YYAY-Y1£2Q 1 Sbg oSl L

DOI: 10.30509/jcst.2024.167377.1239

(gaalS’ glely
o ooVl Ui
033 s j DlagLs
S9slS S35, Bi
cabye ilei)S
BT

—G)
This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

r.v

e s e P (555 Bl 51 b et 513,
ST (ol oliws ()lse o Fgye (8 OIS 1555 50
Ol S95LS SIS, s men 0. (1) WBb o 08 g (Sivsn
3K oS o olin ;o (2 O (oxinb ol 5k s 4y 5l
g o0 Dy Bod ¥l (n S gox

gere Supiee Sl goaie oSl 3 sl o
) Sl 5 an ool (gmio laclay 5 esgicin; Sluls
Fw S, Jodseie olge .l oals &Il alRadls laase Jawgs
Sl a8 QYL Qaz cod )b L 4 oagiceny; Sluls jloasd
50 osdle LAls SO lgie da aily o wsyls e YT ST
O ) o] s an (T Jodowe 51 comw lroan YT g5lulas
035y ybye Dlald p e (1S e slge Ygoss
J—ol ilw b aild O JLss an g ilonyS walp o
Silogn)S Lalpd ol lgien |y 53leinsS slaghs, wigdh oo
e S silecn S glaanlp oS ganaib oob e b Sis
S3loonS 313 ook e adsgl slge (30 5SS iy Al e S
Sogb ) Jodod osgiien; ok Sluls oS Sis i )l
1) 050 YUy (65,51 B ymn dy ot aend (55l 5 YL
Sl S ileinsS walp ol culee 1l VL S ras
sl e lie joanlpe s an o5t osb e Sluls
&l 00 S lsael 0l 3 S (b yigyae) wsbpe (g5lun S
ooy (S 5l (8 el Jgazme o4 Il gl lge Joos
aigl el 005 ke sbpe lailony 5 Slagls onlie s
g ol F sl az 0 VA-YF- Slos odgase ;0 g o (g5len S
Sg-s oo plsl (JELbKo Y-F) |Lid Cod Sgasme s SO )0
Vgore 5-bic0 0,5 Ol 5o jgabgl e3gicemyy bl cnl o a8
gLl )l jLad b 5095 &0 4 gl jo (g3l )S b Lid
OYIF) 008 oo JuS anlid glos o ol

035k b gk o (g5l yS wwl 8 j0 S0 90 Jgazms g e
oy e crls b Sy youn (10) ol aoys FooV e o>
SySes il sl (omly @dz cld il g ens SRS (Gl
Jolse g9 9 (Glles Layl 25 .(VF) wi)ls ol aislyd 4 LS (i
Gl Jled sla i,y odee Dglad g0 oolaswl 5,90 0aiiS Jlad
(Sl leb b S s ol i & 5oL a8 el
(S5l ol sles vl QT oasaislis blse Jdo 4y oloands
Gl 00 YU o3y el corlics 5 55 3olsS Sl ole;
oo il Jelge 5loolinal b gloows s3boJled ol 3. Y)
asls bajlo iy b (Sslie sla 28Ty Jolse () 457355 0 )90
NS e Sl bl S Jsdsce slge Sliogas s

Jounss 5 Sl ) Slocile o Sun b angsy el o
Slals jlead 23lol Jlrgyuns 5 Loy i fiw 4 i lane

o3l 7ol Hlag ) 3ud Joangs ol Usdmo )l Gigails’ K5 pige B3 /(Ggmbigh Ld) 9 2V S s

doddo =)
A ke (6508 g (Sae il slaal b @ e A o) sl
03— ULP J_M:tw: ).; 03¢5 Cmnd Slwls J..Jy )....ia.\.p u.ul)sl
035 ;S 5l i i g JT o Keal slge 0oy ; sl
LgbLﬂ.a 9 uL!.)L.@ 9 CJ[—J|9A_> L: uL{bL\f ‘5:.....1) \)l}o o..\.,.bouLM.J as
Lfﬂ \)‘5& ‘al.c.) L cé}xw) Sl uSM A.ml)‘sa Le‘;‘ )‘ on,\.Mm
O oS 4z g Leal 5o aiilys oo a5 090 DUl (L s
L Sis 0095 Sy it 90 4 bodgiciuns )y (V) aubl andls
L ogloys o0 g (ame,0 Vol 2eS) o Cagh) (slyione
(V) g oo (gt ds (ao ;o Yo 5l i) YU Cugh ) (glgis
A 50 a4 u|9_>‘5A ‘) S 9 U}—!QJA o.)yw_x) U—‘ r oj)l.c
Sluls 0,5 padl 0855 s Oluls 5 gllas cogicas
6‘5...794 6‘)“) \AJ?.MJ‘SA ..\ﬁ.]}a alisee &’L..c )‘ aS c&yw) u9.|c)4
b Sleld 5l st 5l Syl il s YL b,
9 Wogeo 6)5—‘15 Sluls (g5,liS luls aile dlge 31 (slos s
a9l (Y) Wigd oo Jold |, Lo mbio 3l Jol> olals
O S g Camaz Oy Aol 40 ol Ayl 03¢5 sy Ol
Sl S s S ol g Sl RlE b e ad Sae
Sz lsie ;0 pie £9050 S ol gl (Sogll (B0 S
Qlos_?yo 6‘)—? Gﬁ;‘ibd‘ﬁ'? 9 S L;N}la ‘SLQML.:.; |).1)' e
Ol deazs b ol i g S5 51 i (F) 0l 0ai;
DS e 0091 K i3l g el gigol, dassS e zS sl
Jis 5 (s Cario awgs Tol 555, slge 51 b Ol (Sogll
ﬁ)gjsja)so_clfwyggugﬁ)_wdmjub@wui
5 05505 B yae |, 1555, olge 5l ool polie mblio nl .(B) 248 oo
Lo, Cawjlazme )0 it jsbay 1, (S5; OloS 5 5l slae Gl

- Y

= S5y am s Sl (g9l (gy5k oS 5 o9 shkie
A 4 Ceizmad g B 63555 ol >l Cis o 03 yiS
Sloyo g @l iy Sloal 6l g L;},QTSJ) Jeolse oylgicay g5l
5’9&]}" U)B l_: E_L.wc )Lo-l_u l_l ‘)_ii) u_s‘ ’35—“’(5" oolai_wl
L_SLQJGW )O sClGHlSCINBS L,’_’L».o.»_w JSA)B 9 \g| R,A& mOI g_1

1- Biomass
2- Methylene Blue (MB)
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Figure 1: Effect of a) holding time, and b) temperature of
hydrothermal carbonization on MB adsorption.
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Figure 3: Effect of mass ratio (Modifier: hydrochar) on MB
adsorption by MHC a) K,COs, and b) NH,CI.
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Figure 2: Effect of modification temperature on MB adsorption by
MHCs a) K;COs3, and b) NH,CI.
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Figure 4: FT-IR results for a) HC, and b) MHC to identify surface functional groups.
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Table 1: BET characterization for HC and MHC.
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Y:0-Y14 X (NEY) WA/ 55) 69U 9 pgle (ole &g uis



w03l Z3ol Hlag ) 3ud Jowsgs G Uk Jl iguls K5y yige B3 /(Sombigh Ld) 9 eV Sy ) pawa

coyo Jaie el p g8 leosls b gy Billay pgo ax s
Glple wo)ls Job axpo and (Seitiew Jue 4 S (el )
2 Jals MHC 5 HC (ol sholkin issls 1355, i sl
@load i (Jy wblior (o5 9 (plerd i )Bg5le 9o
Sloy dél pgs a0 an S (V) el >y LB
Jolss iz 0l 8 S s 00iUS Sgame Al o S 04 oo odalive
Jib slag e 5 3l osle o (pleend 2S15 b (pled Dd

VYY) conl L3l mhaw

100 20
HC (a

90

(e (Mg/g)
80 —&— %R 15
70
60 10
50
40 5
30
20 0

2 4 6 8 10 12

pH
100 20
MHC (b

90

. e (Mg/g)
80 —O0— %R - 30
70
60 L 20
50
40 - 10
30
20 -0

2 4 6 8 10 12

pH

MHC (b s HC (@ Lawgs MB i e 5 Jslos PH 3l 58 S8

Figure 6: Effect of solution pH on adsorption capacity of MB by a)
HC, and b) MHC.
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Table 2: Pseudo-first and -second order kinetic parameters for HC and MHC.

Qe (mg/g)
R2

Pseudo-first-order

Pseudo-second-order

MHC
2.849 21.01
0.9789 0.9853

. 0.3069 0.3301

g/g) 10.952 34.978
0.9990 0.9998
0.313 0.05

Y:0-Y\4 X (1EY) WA/ 55) 69U 9 pgle (ole &g uis

FIE



1o

70

MHC b)
65 s L 538

55 L
50 s

45

Removal percentage (%)

35 : : . .
0 5 10 15 20 25
Time (min)

3.0

® HC d)

25 ® MHC

y=0.095x+0.289
R2=0.9999

2.0
5
-~ 151
=
1.0 4 y=0.0291x+0.0176
R2=0.9998
0.5
0.0 T T T
0 5 10 15 20 25 30
t

o3l 7ol Hlag ) 3ud Joangs Gl Ukxo )l iguls S5y »igo BIa /(gouiigh L) 9 (s2eY S s

85

HC a)
80 A

75 L
70 -

65

Removal percentage (%)
ol

60

55

0 5 10 15 20 25

Time (min)

<)

y=-0.3017x+2.7512
R’=0.9934

t/at
N

y=-0.3069x+1.0471
R=0.9831

® MHC

P04z )0 4l Juw hs Jlogai (d g Jsl a0 and Jaw as o505 (€ (MHC g HC Lawgs MB i ausld o lej 136 (b (@Y JSC&
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pseudo-second-order model.
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Figure 8: Linear isotherm plots a) Langmuir, and b) Freundlich for HC and MHC.
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Figure 9: Reusability of HC and MHC in MB adsorption.
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Table 3: HC and MHC comparison with other hydrochars for dye adsorption.

Ref. Sorption capacity Pollutant Modification condition Hydrothermal Biomass source
(mg/g) process

21.8 Watermelon peel
(37) 37.5 Methylene blue . 200 °C, 2 hr Kiwi peel
32.4 Dragon fruit peel
(39) 415.8 Methylene blue KOH 2M, Pyrolyze 180 °C, 6 hr Coffea canephora*
(39) 30.7 Rhodamine B -—- 230 °C, 0.5 hr Corn stover
(40) 420.0 Malachite green FeCly, FeCls 200 °C, 6 hr Watermelon seed
(41) 86.7 Methylene blue Oxane** 0.05M 300 °C, 4hr Pine wood
This study 17.6 (HC) Methylene blue - 180 °C, 1hr Potato peel
This study 19.2 (MHC) Methylene blue NH4Cl 180 °C, 1hr Potato peel
This study 84.5 (MHC) Methylene blue K2CO3 180 °C, 1hr Potato peel

* oged L9 Al oy
** Potassium peroxymonosulfate
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