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Thermodynamic and kinetic investigation of citric acid adsorption by rice bran
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Abstract. The aim of this study was to investigate the possibility of using rice bran as a natural adsorbent for the removal
of citric acid from water and the effect of temperature, time, initial concentration of adsorbate and adsorbent
concentration on the adsorption process. Fitting experimental data was performed using several adsorption models. Also,
the thermodynamics and kinetics of adsorption have been studied. The equilibrium was reached after 60 minutes. The
results showed that removal of citric acid decreased as temperature and initial concentration of citric acid increased; in
contrast, it increased as adsorbent concentration and time increased. In addition, the optimum adsorbent weight was
obtained to be 4g. Freundlich isotherm was found to be a better fit than other isotherms. The thermodynamic study
showed that the adsorption process was exothermic and spontaneous in nature. The adsorption of citric acid on the rice
bran followed reversible second-order rate kinetics. This study showed that rice bran efficiently removed the citric acid
from aqueous solutions.
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Fig. 1. Percentage of removed citric acid vs. adsorbent weight.
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Fig. 2. Percentage of removed citric acid vs. time.


http://dx.doi.org/10.21859/acadpub.nbr.2.3.166
https://dor.isc.ac/dor/20.1001.1.24236330.1394.2.3.2.3
https://system.khu.ac.ir/nbr/article-1-2474-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.24236330.1394.2.3.2.3 ]

[ DOI: 10.21859/acadpub.nbr.2.3.166 ]

Nova Biologica Reperta 2 (3): 166-175 (2015)

VEEIAVE X 5Lt ¥ alr i) psle o (nsi slaasily

il b et oo oSG emdind Sldie ol by (el 13l S 33 & sl Ol Ol el e ol 53 tles 1y
S O Aoy ol les 3 5 Al o S Lo = ks Sl Lo oS A s FYE 5 FAY XA (YAY (glales
S e Ol sl S 5l S oS 345 e odalie @l S sboler ks s b eyl s 58

s b e o y5 b ey bl 1 a8l i doys Ol bes LIl boecl Iy ¥ IS 53 ek esls

90

;Y)w @Ja.»- uA>- J.:Li@ UZAK ol Cold> GSiJZ:mJ.:M‘

80 '\

70 1
60
50 1
40 1
30 1
20 1
10
0

(M03) Ko gen ) i

290 295 300

305 310 315 320 325
(casts) s

APFSUPSNE. TSR SRR VI PR WA T WSSTES S
Fig. 3. Percentage of removed citric acid vs. temperature.

il g Al o Oljn 5 s 0 bl okl ph0 o
e Jolse 5 S o Glesen 1o Sleses (o)
daly Cd LSL‘-’V-“ NIV PR S L;La(,.:.....:w b
e Bl 5 Dl by elisd e e Ol
2ot 5 il sdeydolia Jsbowe 53 ol
Sloden cldie cul wlp K s od oS

soor Sl e 550 SN s e SOY

A G ol 53 1S kel sl GBS e
e 5 pd p Jsaden Vg 0/VO /0 /YD o bale
o bl Kos 03p0ab L S el Sl
b oogb o odalin S Hbolen 238 S5 )y
OT Clda Ol &K twdanl adyl Chle il
elgiods chle il bl il asl el
5 b ORIl e @ Jslonn 53 3 50 055
35 e Lo g5 O3l o (g5, dlb oo sLa0IS

RCI P S PO
85
83
4
T
A
1]
= .
i 771 5
75 T T T T T
0 0.2 0.4 0.6 0.8 1 1.2

(5 02 dsa e ) 4l) e

LS bl W5l (L s 0di o ¢S il oy —F IS

.Fig. 4. Percentage of removed citric acid vs. citric acid initial concentration


http://dx.doi.org/10.21859/acadpub.nbr.2.3.166
https://dor.isc.ac/dor/20.1001.1.24236330.1394.2.3.2.3
https://system.khu.ac.ir/nbr/article-1-2474-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-24 ]

[ DOR: 20.1001.1.24236330.1394.2.3.2.3 ]

[ DOI: 10.21859/acadpub.nbr.2.3.166 ]

171/

Samadani Langeroodi et al. Thermodynamic and kinetic of rice bran

Tt o St 5 Soliyoge i ()L 5 (539,5 Sloes

_ dmKLCe
Qe=r7—"7—"<"
1+K|_Ce
C_e=&+ 1 ()
de Qe Krdm
:4.%{‘)@‘))6

Sl e Ko (mg-g_lj e SL Qe

4 gs'<l““ [EYGN] Ry IR LY ﬁj&\! st (I.mg_lj

Ce .\ oo il il ey

N Ol oS oy 5 g L)ls (g 55 5 ol 28 b
e

\ dj.k:- B 6\1& “L‘:’.Tu‘“ Cewddy .19::# LsLAJ BE] Ce S

ol 0k 031> OLES

b S e SNl sl 5 oo adile ol sla el
> ST et ) D3l (S5 e 5 (el ol
o3litd b gmi s s 5 S5 kil (ol ol el
S ab (gles 53 e 5 SaIs eSO (glases |

ol 25 A STl S B 8 5 e
S Sl gl o Qﬂ‘ﬁﬁ.}‘“‘i‘.‘y Jdw :,",3;‘)1 st::r.a
35 b il mhe 65 plie GLOKG 3 Sl Wl
S edigdode By "J:fgs‘ Sy o 5SS (650 c]a.w
o pioder dbi 0T 3 (28 8 5 Ol (55, 0 &
Sl Al 3 S s e 4 S a5 355 e ol (5 Ay
Ol 1y 5SSV oo ¥ dlaly o7 bl oo BT 4 YT &K s

T o b5 O ol pela Dl gl 5 5 5 23880 (Sl sl el ) U
Table 1. Langmuir and Freundlich isotherms constants for adsorption of citric acid by rice bran.
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Table 3. Thermodynamic parameters of citric acid adsorption by rice bran at various temperatures.
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