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Study of adsorption kinetics of some food coloring dyes using

activated carbon as an adsorbent

Kinetic studies for adsorption of a number of Food coloring dyes
by using activated carbon
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Department of Chemistry, College of Education for Pure Sciences, University of Mosul,

Mosul, Iraq

Abstract:

The research included the application of some kinetic models on the experimental results
for adsorption of some food coloring dyes on activated carbon, Such as pseudo first order model
(Lagergreen), pseudo second order model, Elovich kinetics model and intra particle diffusion
model. The food coloring dyes used in the industries food like juices, soft drinks, jams pastries
and in drugs which bear codes (E110, 122, 102, 133, 123, 124,127) . This coloring dyes
constitute a very wide sector of industries that are important to humans everywhere in the world,
and with the large number of factories producing them and the increase in their consumption, as

these coloring dyes are thrown from factories, homes, stores and juice shops, as well as, throwing
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these products when they expire in to the environment as these coloring dyes are complex
organic chemical compounds prepared and not found in nature , it is biodegradation, and

therefore the highest values of biochemical oxygen demand have been recorded in this sector.

The kinetic study is used to obtain important information to describe the adsorption
process, as well as, to help design simple and economical adsorption systems to remove those

coloring dyes as one of the pollutants to the environment .

When application the adsorption kinetic models on the experimental results , we found this
results applicable on pseudo second-order model by obtaining a good relationship for this model
through a high correlation coefficient ,as well as, the experimental adsorption capacity (de exp)(in
poise state) is close to or equal to calculated adsorption capacity (Qe car) Which calculated from
the slope of straight line from this model relationship, and obtain the value of adsorption(h) for
each dye, while found this experimental results not applicable on the pseudo-first-order model ,
because the admission requirements for application of this model not achieved .

When checking the results obtained from the application of the Elovich kinetics model ,we
noticed a great applicability of the experimental results of the adsorption process with this model
through the liner relationship resultant for this model and a high correlation coefficient, where
the values of initial rate constant of adsorption (o) for food coloring dyes is very high ,while the
values of desorption constant (B) is very low , which represents the value for the leaving of
coloring dyes molecules the surface of the activated carbon to aqueous solution , by means the
adsorption process of coloring dyes molecules on the activated carbon surface is stronger
compare with molecules returns to solution .

The intra particle diffusion model gave good information through the straight relationship
of this model, which provide us a clear picture of the forces affecting and the nature of

mechanism for adsorption process of food coloring dyes, the relationship gave straight lines with
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a high correlation coefficient with intercept (C) which represents the thickness of the outer layer
to the limit of the solution , the increase of intercept value (C) refers to the greater effect of this
layer on the adsorption process , and the effect of this layer was less for( E124) dye, while it did
not affect the adsorption of each of the (E123, 127) dyes . All this refer to that the intra particle
diffusion mechanism, it is not only mechanism influencing the adsorption process because the
straight line dose not pass through the origin point , which is assumed by this model, but has
intercept . Which indicates the presence of other effective mechanisms , that is, the adsorption
process in one of its steps is controlled by pseudo second-order forces, which has a mechanism
different from the intra particle diffusion mechanism , and even the pseudo first-order
mechanism is effective in one of its steps, because the values correlation coefficient were
obtained are high , but it is not applicable between the values of ( ge exp) and (Qe car ) for
adsorption process .
Key words: food dyes, adsorption, adsorption kinetics.
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Ol oS Y(5 abll)) (Largergen) dlalaa oy « JhicY) dilee (e dime Aaje (A zdgaill l2a
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Capats Aabeal) ells anait) G2 (glall b)) GsS OlOU Dleall adll aa € (K Gadans
O oSar Y Ladiall el cileliss e A8 Aiglll druall ciliga il oY Lleall 2@l e
Lbaall Al e ae)ll V) Aoy Jane pe dodad Al & drpall JlaY) SN g (sS0
S Golead A8 Alsydl) Jid Sl sda o) I La iy ¢ Alsbed) @l gadss Lgkae) )
G dale Bigaang ¢ lgnly (A daje dalaall O S aY) dilead diajll Gl paea e Gy
led (@il la¥) pe 385 Y ROU ddead) 4@l Guls o) s sdlde zlmiel ) deagil
Ol mhase Ao duhall ad 480l il Slisa el HUail ALK 8)5m0 (Largergen)
sie Auhll 28 skl ciliaall guealy 7z 3saill 13g) Aalall 2Dl masi (2) 5 (1) JK&Yy ¢ adadl)

.45 c°
4
: R? = 0.9807
....... $in@uungun@un.
, | TR
& 1 ¢ g oo
Y ... e g
g ' 2 S
— 41 0 10 20 s RITT 4. " 30 2 "’
S R? = 0.9641
: R?=0.9961

t min
e E124 e E123 E127 e E133

Lkl clgadl cliwal LA AN A0 zigd AB)) mag o 1 J<a&
. 45c° xe (E 124,123,127,133)

@..... R?=0.9338

0 10 e b 30 40 50 7Tt @ 70

R?=0.9962

In q.-q,

R2=0.9814 @
t min

e E110 e E122 E102
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(E 110,122,102) 485 clislall clisal LAY A1 Ayl zgall Adlal) gy @ 2JSad)
. 45¢c° s
(Choi et al., 2013),( Rodrigues & Silva, 2016): L)< ) 45,1 A 5a #3gad (Gl .2
35 e paly dalall Hlall salall Y] daw Ao zagaill a8 S5Y) dej Jare ading
Balall 1eY) lless Ly 4y clldg (g AY1 Al 2 3lall Ak e 7z dsaill 038 Cilitng ¢ 5iadl) saldl)
Aolie B 35eY) depu Jaxal saaad) Boladll o) LS . IRl duedll g5l Jsha o sl
Siadl salall (g SEVL Jolall ) ALl DA e it (558 b z3saill 13g] Taida, 3l5eY)
V) bl Sl z3gal) 138 e el (Karg ¢ Bl Balally (A51380) Akl daeall)
t/qt=(1/k2(qecal)2)+t/ Qe cal
Do
(9- mg™". min ') LN A8 A5 e deje oyl = Ky
Llaal) Al GoUsi die dplad ABDle  Jaad (1) ol dolaa (t/ Qp ) o Aslad) ABDall auy e
Akl deidll o) e Slad ¢ (R?) Blip¥) daladd Blies ad Ao Jyeanlly zisall 138 e Slal
cllee Dygunally 5f53Y) A Gobeal) dall e (38155 O g Sl assll (ga (G cal) SleY) daud
Al A5 e () SO0 A58 de pual) Zad lal (Kg) eV Ao pue Jare culh aladind ¢S
Ay daladdl P e LK)

h = k2 . (qe cal)2

Gliual (53laillg ‘;A.Ad‘ SIaY) dag ALALST) Al 4, de pud) culgh ad a3 Jgaad)
. 45¢° e dgaall Audiial cliglal)

Dyes E110 | E122 | E102 | E124 | E123 | E133 | E127
3Sal mg.L™h | 18.095 | 10.049 | 10.686 | 12.089 | 12.089 | 1.586 | 17.597
kox 10 7 | 349.5 | 39.29 |23.228 [ 16.629 | 1.200 | 45.936 | 0.984
'g/mg.min’
s o 11.126 | 7.135 | 8.078 | 9.110 | 17.210| 2.760 | 19.000
mg/g
Qe cal. 10.593 | 6.098 | 7.930 | 9.107 | 18.182| 2.714 | 19.011
mg/g
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h 39.216 | 1.460 | 1.461 | 1.379 | 0.397 | 0.338 | 0.356
mg/g.min

R? 1.0000 | 0.9885 [ 0.9991 | 0.9990 | 0.9957 | 0.9987 | 0.9575

A0 bl liaal (Kp)dela ey culs Jaee o) LhaY (3) Joaad) il 3 i) siey
t ) il S dusg paall
E110>E133>E122>E 102>E 124 >E 123 >E 127
Jle b)) Jaleay 200 4501 400 ASal dulal) ADLall Hlias dudad dBDle o Jguaadl
Alaal) ilil) e V) AS)al #isalll 138 gl Jayd giads Gl maag (4) 5 (3) JKEYs
Lgunall (e car) o go (Te exp.) Ol Al ie 55V daad dulaall l) Gollad Pla e el
s Sl ddadl Sl o) Jodl) (Sa @l ol e Sl aell aficad) Jadll adals e Uk
dy ¢« (Chinoune et al.,2016) 55eY) doleal saraall duiajl) 8538l Cpara LK Al 40l = 3gail
OB deju anas 5ri5e (598 239 52 zasalll I me I dplaall mll paiad bl e OsS
2235 ()| Jluall e Db ¢ LibeS ) AaL5d V) dlee dandag Biaall salall S5 Jie
Dla il hadiad) OelSl) mhae ) Jolaall (o Ll Golee 8 Siad) d3sld) drpall cilisia
Lall ddle dad albia 3 leiy b Glis (h) 5RO0 5059 depull 28 jela L2020 ailales
3818 gl cliaal 2l @l asp (Sag o(E133) diskl druall iy (E110) Lkl
b Y ISl dug sl
E110>E102>E122>E 124>E 123> E 127 > E 133
Lokl Aipall Ln€all daghall e adiey LK A58l 4550 #3sail (h, k) b ciglis o
(Yu & Luo , 2014) &isall el e Slb dgy das i Al aualaall daglay lganag dusg 2l
SR depe aast e Jy lee SN il oo cudall ity Al diglall dasall Jslaa Jas
Jolaall (3 43 dssle) dreal)l e Hlal Alls o Y] ddee oy o S5 Al
deyug (Zhou et al., 2017) Ll alabueg adial o)l mhase o leills ae &5)ladlly
o2 S LAAl) Ladid) (plS) Sllus N i ) Anelsall clgill Jady Lglsaag aylim)
-(h, Kz) oo JS1 dnlaall pdll e Jouasdl 8 i) Jalsall
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12
10 R? = 0.9885
8 R?=0.9991.-@
PP L
o | e e
- 61 e R.z'_:_g._g‘c_g_gy_.,“
oy et e
@il @775 ‘ ............ R
2 | g L SN SEE R =1
¢ e "
0 4
0 10 20 30 40 50 60 70

eE123 e E110 e E122 e E102

sl cligdd) clisal L8 AGE) LG pieddidell i :3J<A)
45c° xc (E110,123,122,102)

30
25 R?=0.9987.-@®
20 e
Foe |l e
=B e 2
........ R?=0.999
Y O
10 e
". ...........................
5 LT SR P T R e
@ @ @ """ wcccctt ' RZ =0.9575
0
0 10 20 30 40 50 60 70

t min
e E124 E127 e E133
Ll clsldl cliwal LM<l 40l 4Gl zisgd ABDl mag ;o 4J<E
.45c° s (E124,123,127)

(Lietal.,2013) ,(Ali et al.,2016) :zdsll LS s 7 3ga (Guadai dulys .3
o adinns (ESH JWEY) Ablee) Load) z3saill 13gl dalall dusb)ll bl e (3l
28] Ablaall die el (Kag ) dace o Sall 2 3gail

SIS
(mg/g. min) 3530 A8 dejud) Jaza = (X)
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(9/ mg) (desorption constant) ;liY1 b = ()
SSar 3 ¢ Allaall sdgd (bl Guld) po e Luleadl il 2D Lovie aen Bali) Jelaay Lk
S5 ol e (B)is (5 L (o<PB))iar sl puinall Ladl) e (e (o) o ol ADIS (30
055 zasall 13 g ¢ o) 3SR S (o) SRl Asn) desudl Jae o . % ) e
LSl Ao L@l gadsall dlales iy a1 . 5eY) Bshd 3 dejud) Bagane e Sl5eY) Llee
-(Chinoune et al., 2016)4ulaial e

. 45¢° die dugyaal) Agiial) cliglad) Clival madsl) zdsal Culgh ad miags 0 4 Jgaadl
Dyes E110 | E122 | E102 | E124 | E123 | E133 | E127

< mg.L™! [ 18.095 | 10.049 | 10.686 | 12.089 | 12.089 | 1.586 | 17.597
B g/mg | 3.589 | 1.198 | 0.760 | 0.483 | 0.358 | 1.979 | 0.250

x 2.885 | 13.191| 6.282 | 2.820 | 1.025 | 1.006 | 0.778
mg/g.min x 10

R? 0.9933 | 1.0000 | 0.9639 | 0.9903 | 0.9861 | 0.9961 | 0.9954

Ll Jaleass Blias dglad ADke culac) 3 Il dleal) 23l e o) Alslas ok o)
2350 aa Sl Llaal) mitull 385 ) il i ¢ (E133 )zl (R7=1) ) ciliag Jle
Jsaall) mitl) Jeam ) gonll dicy ¢ ADlall ot g (6) 5 (5) JIKEYs zadsll 5ne¥) AS)a

F oY) il g 505 Adle (o) 15l AN depud) Jaee al o Laadls (4
E110>E 122>E 102> E 124 >E 123 >E 133 > E 127
P il aiy lgad b Agliag () ald e S B (B) ShRY) culd al cilS (s
E110>E133>E122>E 102>E 124 >E 123 >E 127.
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Wbl b G5 G (A dalle 0S5 A1) lislel)l Glaa @l Sl o) b JSAIL uaall ey
e Alae s b alebisay Jadiall anlSl mdace (e 2503 ) cliiall aae o)) ()8 AalSig ¢l

W\ Q\_‘u'):. I
y RZ=0.9933
"""""""" @ oo @ @eeennnneesesnnanensnnees

: ’ R? =0.9639

8
S Ce

....... .......................

4 ................. . Rz_l

2

0

0 0.5 1 1.5 2 25 2 . ) y
Int

e E110 e E122 e E102

sic (E110,122,102) 4aidd) cligll claival mdgll 7igall ABl) muagy : SISl

. 45¢c°
12
R? = 0.9954
10
8 | e
@
..... -
6 R2=0.9903 o ... ® 8
+— ,... ot
o e it
4 o .o
22 0.0861m oL aseeinesesennteenns oR? =0.9961
2 U —
0
0 0.5 1 15 2 2.5 3 35 4 45
2
Int

e (124 e E123 E127 e E133

(E124,123,127,133) 4uiil clislal) cilisal gl 7 gail ABal) giaga: 6 JS&

45c°ye

Sle i e sasasall ualaall dawhy 3830 igldl Akl Aja aaa o) SAL sl (e
Sle g o Aladl) wlsall Sl JAlsl say 5eY) ddee sl Jeany 3 Jalal) deyl
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Slaleall Jala lajlis) e 5 Ml ¢ Jadsall s\l dsaleaall clgial) (3 51 5Ll salall sl
.(Khaleel et al., 2019) «( 2019 ¢ amill) AT Cluhs aa B Clalina) s2ay
t el G LN = 3sa Bk Auly L4

Jil et oifiial ASulSan o) 3 ¢ GAY) AN Filall Ak ge zisall 1 cabis
S e 53LS Ag1l) ighal) areall Ll Jslaall Zomyladl 350 o Siaal) cilis¥) ) Caliial
asii & «(Film diffusion—_ilaall SLa¥l)s et Goleal) odag Hlall Zalall 53lall a)lall el
3 slal) salall ditaca gilse ) ddeal) Sl salal mhace (e JUEYL 38N diglal) Lasaall clisya
(Yu&Luo,2014)aldll s)ldl saldll adlge Ao Lapall clli cliial Sl ladie Jeasy

g Adal seladll P (e Hl5ieY) Ldeal LI depud) 2aas g ,(Viegas et al.,2014)
Al sshaally Abicia ()5S 5l Bkl ol o I Jsbaall alall aad) e L) didee i 38
iy ginlny S3kne ORY) Bkee () . Bl Balall cilalise JA1y b hecal) EEA) L) g
La) o ey ¢ Anbal) a8 feY) Ui daule o adiad dide LSSy 8333 Cilghds
Pla i) Al o RIS pladiind o S Astlly oY) A8 Jhe dugpaall LS
Sl LEY) zisei auay AN . (Chinoune et al.,2016),(Choi et al.,2013) )5eY) dlec
o Adide ley) die el daad Akl adll s dle jlanee S Uil 4l Crag U il
el BB SLENT b Y] depad sainall sshall of .3l sus 4S50Sk

DA e el LilSae aaa lfigall (e 230 z3sall 128 Gaaiiy ((Zhou et al.,2017)
Geju Joe e pgall dalall o giecall B0 SLEY) dlee 05S Lodieg ¢ eV dege Jins
:AEY) Aalaall (gl (Kgiffusion)ded lus (Kay Bixie f5aY)

(Omorogie et al.,2014),(Singh et al.,2012)

SO () die e daw = Qpr ol A
(o aanls (MG, g7, mMin 1) iacall &8l L) ey Jaee ( Kaifusion) = Kair,
2 gt e 3Dl i) Baall (e
Jiass (MY/9) e¥) ddee e ayili (s3a Alad) Jolaall 3gaad dualall dakal) clow = C

. ekl
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(Gt ) ad On Anlall Al an) icg Al rwiill Hdall ae i S5 dalee o) 3 (a3l =
SR Al 8 AN a3a 85 JaaY) AL e Losies Tt Lt o o (£72) 8 e
O Ll L haey) Al 8 aasgll Sigall & 09y Jadall BBl LAY 235 aa (815
b e ) agag ) deal) Ay e Y bl B sy (e ddle Jpemnll 2 63 asficaal) Taal)
Aoy Jama o) (e @l Mg 3hnaY) dnlee o 5355 (9)a) LSS 9y (o Ja 12 auiie
eV Aglee o) A5l Bsladll 3 S JEN) e Caling A5 sekasll & S Jlsy)
sda Cliis lyiel LilSee (& dssll S5l cad Jeall BB L) dilee o)) e Lo G
.(Singh et al.,2012),(Ali et al.,2016) 435kl izl

xie A paal) A cliplall Cilisal adall B JLEEY) £ igal culsh ad g 1 5 Jstal)

45c°

Dyes E110 | E122 | E102 | E124 | E123 | E133 E127
S0 mg.L™' | 18.095 | 10.049 | 10.686 | 12.089 | 12.089 | 1.586 17.597

Kqifr. 0.180 | 0.429 | 0.995 | 1.191 | 1.638 | 0.378 1.519
mg/g.min

C 9.684 | 3.267 | 1.842 | 1.498 | -1.771|0.3019 -1.646

mg/g

R? 0.9950 | 1.0000 | 0.9825 [ 0.9577 | 0.9936 | 1.000 0.9855

P ey Sl zagalll 1o Gubi e lgle Jpanll & Al (5) Jeaall 4 ol juds
by e Y (RY) Jle blo)l daleass aaly aifiess ad 3sms Je (172) 5 (at) o Luladl 2830
Sl zasaill 1l Glaudss maag (8) 5 (7) JK&Vy ¢ Laall o S) daits (C )adaay JaY)
Cliall ol lijal el &EA) L) dlee o) soles gl ) Llag DA oe Sl
Sz ¢ lgle Aiaga) samgll AU o Cuad Tl snlSH cilabss Jaly I A8030) d3sal
ety lafiee Uad et o Gadadll 280D ¥ OlieY) depud saandll seladll caad Lgdl e
ey o S5 9] ClSiliey (o @lia ¢ i ¢ Dia digle (C) | dadi g (16$ Sy JeaY!
NS Aalilly LA V) A zisa A lgle Jgemnd) &5 Al &) e maly 18y Sl5eY)
D) Ay s ang oIS (Li et al.,2013) @luV) ae colalin) ol (3605 cxaboll 7 dsals
AV Al pall 48 Dbl Sliseall (Kaifusion)  (siancall &818)
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E123>E127>E 124 >E 102>E 122 >E 133 >E 110.

12 R? = 0.995

.......... Q@ @@
., l R?=0.9825

G

e[110 eE122 E102

A cliglal) il el ABA) JLEEY) £ igall ABA gyt TJSAN
45¢° s (E110,122,102)

12
R? =0.9936
S .
R2 = 0.9855
8 .-". '_.'
R2=0.9577
. o .
- 3 :
o 6
o PY
4 ' |
é o |
2 .'. ------------------------------ RZ | 1
6 ......... . ..............
’.
0
0 1 2 3 4 5 ; 7 8 9
t1/2

e E124 e E123 E127 e E133

A3 cliglal) clisal Jadal) ABA) LY £ igall d8al) piags 8
.45¢° xie (E124,133,123,127)
3 dadall odgd HS) LB ) i (C) Jsbaall agaad dus il daudal) clecd ddlal) dadl) o
Jily duhal) a8 2603 cligld) Gliaa g e HSY) 8 (E110) daaal (C) ahaiall dad il
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o ol ola G Gpeasi) skl CGlial) Ly i W) ¢ (E133) skl aall cul Ao
Cad L) ¢ OfaY) akail a8 5pS duaal Ll Jeaall BB L) Dle o) e ai)ll
NeSiilSiag 1Y) de yuad Baasal) sausgll sglasll
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