[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

£ olad o) € ala o) od ol o le 4y 503

YVAY Ol )
T s (590 2 o Gy b () (A gal )l adélia B Cida

o g R casle 2l (il &l ¢ga 5 Kl laaa (L 5
i o9 R ¢ yediadlud a) g eSS sl ¢lilan g

23Sy

Gida sl ulie 5 auds ol O gieds i Gasae ) ol Sl (s oS ol ) ) Caa
able Qila e Jobd calida Jalse i )y 5 ) ol 4 oadi oa gl il ) el (T gansl 4S aylelia g
4S aly (L L tle )1 il sl (o (slaa i ol (sl (5 s ) dae g e 5 Led coiplioda Al
S Lo s il ead s Gl 381 o Led (RIS 5 o3 il Al calale (RS sl (il 38
line o sladae Sl g s (550 o dmlilae i da (B0 K () 2 e Jala Jla el
W i s L Al 53 15 (6 g il ) 5a80Y 5 (Rlig b b sladae Ll () 48 ol 02 ol
Dhaie 8k %90 Glisakal 2gan 5 (a3 An 0 A (o) 4S 2iad e LS (s kel (sla oy 2183 e L
RN P VAR E VAR TS e S PN PYE S SR ER P ERLEN

-

4dadla

s 8 (sl adyl dse b Pl Jsane Olsiean I slaad 505805 5 alia S8 0

el gilia b dpalelie )8 [Y] ([ V] 21, ol aime Cany ) il Jo B8 Glacsindly 5 la )l o SI)sa
O asd Jse b ol L) il 0 S o5 R gume (p siodls ey S 38 dn e Jasa O 434S 2l
sdla baac a5 (yinad 2 pdioe Sy H5u) 5 An ) se 2l (Sl (A5 50 Gl 3 5 <l HCOOH
OO Asbiga hglie b I s Sicin 5 ol b dds a4 8 K 0 13 R
023 51485 83le ) sicds ) Sl Cmia 53035500l VYY gl o s 5 FF/Y gmol o Sl sa
Stmagy 5 alud 5l end i o Jl ale (555 O Sl solae QUL 2 e sl ala (slhe 3 JLSL T
Ll Sl ) 513 b ) s 8 gla (o) S Taia VL s ) (633 M sa 500 S (5 S gla Cile
S G Gp D) G WG e 3 malelia i 3 s pa ealiiul sale gl Sl ol B slaadina
il el g alud Cwiia 5o jal jlate 4y Griaad oS 5 ol 0 68 e 4dlial g ja (5138 4 DU galla
Gy ol (Kan i by (el Sy gam 30 5 (band (B3 5 Sy O Sl L e b oy el 25

Agdion ot o8 (i) gm 5 Sl jat Cin e O LA Gl (rinad 39 adia 3 (el lacuul dlayl

T O o eadans Cda oadans Qs o 3l oI laa) s alS Loy
AF/A/N T iy AY/T/TY

nsamadani@yahoo.com J siun oy 58"


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

Sl 03 S aSlet 8 ppm 1 S dama (sl ga 3 dnlelie i LA Slae laie 1 jal (55l 5122 ol

Aoy Cely o asme 50 pglae (R I Ll apde qda on 5 ead oSl slie (lulay dulel b
DR 4S8 e i ABEL T il s (555 Gile )l gk g Glauulua Jie e 3e Ul se
L] 28 S 5 S lacul 5 (5 Glies oyl el dulelia B i jae 53 e (Y sk (i R
odi LAl (oandig sl Lalat lailA IS 5 e (o GLUS 5 dpslelie B 50K 5 e alie
il dile Al Glagis Ol Sice 1) dmlele B Gl SCE] a5 g lepor 5 il
Jals oadan (da (B L dmtie 5o Wagisy ol [0] ¢[F] 28 silulas wlegile z) yatiul 5 3 ylailin)
10U b oan Lagae 4S 2 oand 35 303 e a3l 5 (5308 Coemay 5 Jlsda dal e
5 & sbanl olugalld xgla ol aayn sy ol ) Sz a8l 80 4y a5V il
S osb ) 6 S a5 slaa e Whs) e bdsdlie 50 oadan s (5 40 dnlelie 8 (a seadey
¢ 58 anile AR o) ge D) eadan il Gl U 0 G S e Juad 50 3 e pand bl i o adans s
R (S JAS sl )y Lasiee edin) |y ) cila S (Jlad 0 S sl o)
- o oaldiusl L (g Jlupalld 5 dalSa ji pulad T slaas (g jlulan )2 &l 3l (inar 5 6 3l slaaws)
euaa lagi sy ) b Galise (slaoai VT b o))y 5 Calide gliia GRS an gL [A] ([V] ([7]
25 s g ila Y gana Jabd oanda e 3 S saldiu) Lascal ¥l Cada g antial (5) o)) 5 2l S
Guada 53 3l cp) 1) 250 Sluads (1)) lacila () sieds O s 1) UskS lacullad ) Juals
3o b L 1 gl O sioe cminpd 3000 Sl (oS G510 5 i 4y 5 e il gt
o) glad s as laciala O Sa U V] 0] ] 2 DS s bl Gl 8 5 s Sladled
113 g s A (G Y g g ol g3 (g ol 4 8 ) g O (55 530 sl 2
3 3 ge %7+ Jald i (s 2 sSoe Jald 15 S )5 %A Ll AS Gl o A (Sld) du g
O s g o0l ) alaa ) alide (sla IS )0 AL 2L ) 2l g ledy 5 Sl i 0 A1 8 )3 3 s
Loh 5 o8l Gl auile (S 55 3l 5 s oW slaayl h 5 duals 3 83l Ol sieas ¢
Gt Gl 4l oS 5 oanh s () gieds sdliiul (51 anlia (sl R a4y 8 adas slasl&sla
Sl 4 o3l O Gl sl e pd il ) @l () s g Gasie 2508 (a0 el s
Lo o 4t S IS4y da ol 5 0 i 5 ol sl sigal 4r (s () n (ABGRLT lagis
Ol 48 Gl oad saly st Laginleyl Shlee Jagl pd o g5 ol )3 ead 4 S jli ) (el 4 4a s
G5 Gy Gl G Sl Led 5 Lo gl ol Al calalle (el ey edls Addg) laie Jald ol s

il 5 (any 3 odal Caedy i Ly 58N 5 il g 8 slaa i 5l Gl el

Yvy.


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

W gy 9 e

Ailedd sl A @J)A Syl ) u»..gbn)i O el saldin 2l ge Aad

e g lwsalal
ey g e ) a 0¥ lae Jail ) shate ol (5l 25 aladl Qs (6 luealal Al s a3 ) 8
PH Gxmy B a8 Cilia 5 slid 5l cpaia 5l Gy 5 2 03 Jpd (oandaline () jpal shie il b el S
I8 Sy 3 5 end SER ) b o ety O slaa bl 3 Y agm 4 il ) slae
-+ /8 mm sl b < )3 (ASTM alailivd slaclll) sad (saima 30 LA L 5 oad Glaad o 5y 23

Gy sl )l
Jals 5 ead gy ((2d Al o 8 /0.7 58 53 Qlla O s) @ila ) a8 Y/0 dusls (i, o
Ll 5l 8vem’ 2l i aulSae b Y ga +/)-0/F Cilide slacille b ad slae G 28 43355 ol
Yoo b i g b el S lacifa ulaline ¢ an b Jslae 28 4585 o)l g0 @il s
la Jolaa caiyl 8 ) Gany dalal 4n ) G 2 a0 ) aa el JlucSo ladd sal 4ad 2 4S 488y 0
Goslae 3 D¥se /) NaOH L O 525 (s s Bla ) Jslae 53 39 g0 il Sae 8 e 5 02
/0 ) @ila s alea ) Gl )l 0 i 0 g Jalse Calife laile ) 0 2d Gl il J8 (o yaa
a5 iy yuas o) Kbl Aa 50 00 Bl S il da 0 VY i ol ) Jame sled Jl Ly 50 K7
Olinalal mehans 5 (531 31 A 53 s (1l il 5 2k 1SSl Jlen lagile ) Aed 2 a0 23 Ol de 0

ol sk Anlaas 9440

Gy g gl
5@ a8 o) gl 5 Led eaisdcia Al Glle Qdlajlake Gl ) G shaiedy Qs il b

2l oy adayl ol ulal n da Cadpla 0 ) ge pa 3 28 Ll (s slaa i 5 slacull (s
Qe=(Co-Ce)xVIW ")

Jslae 3 3l adgl ille Cp ((MQ.gT) «¥a 05 3als )My sdipdicda e Qg ¢()) 4dady o
QIY] < (@) @a 055 W 5 (V) dslae aaa VoM. Jslae 3 apald Jala il G, (mg.I™)

e 2l Cada 2 3 =) 4+ x (Co-Cy/Cy) (M)

Sl t gl g Jsaae pa il culale Cp (V) a0

Yy


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

il e S5 o)
T A5 ) el Sge 8 s da ) cla a8 +/0-F Caline sl () 0 eala (B85350
Cada da e late (Gl 80 L e gdie saaline Y JSE a aSolia ol sadi sala li Y JSE 2
Al g 4sily (58 Cda dee (sl 008 sobiid dans cdla e il 38 U il o i 43 il 30
L 5o saaliie Cada duayd (p yigia b a8 Y/0 L aS oy IS 51 adby e il 381 ) CGada s

el oaile s Ly 85 Cada a3 coila icia (il 58

90
4 80 -
~70 |
760 -
750 |
40
30 |
20 1
10 -

0 . . . .

0 30 60 90 120 150

(A 2 ) il 558
Gl 50 e 3 Saaldlia B dida 2 3 dade ) (S
(+/0-7g :@ila Jaka (Y40 K :lad ¢+ /) M 1odigd @la Al g) clile)

Al IS B ey

e 8 & ol ) als je Gal cda Ol e s el Soa jh i glacibale S () slateds
03 8 e o2l ASlia Cand o oala (LA Y JSE 50 O i ol 028 (o 30 sl S B JY ga o /N -0 /F
o2 piada Calale (il 50 L ) 48l EalS Jlae ) o Cida dea )y ded (S b A5 bl il 58 L
dalay il o Ly i sl adalal o plicds 2L ) palie b Qs mhans (550 Jlad (ds Gl Jslaa 2
l RS s Jslae 51 dnaloSaa 8 cada aap Jlad (slagiSe Cal Sl 53y dans 4y (oas i (AL
S e
Lad i) (om0

Y/ Oy daa 0 aalSaa b Y ge /) Jslaa o) ol K iiluda 0 YY_0 0 led daly ja da aby)
a0 Lad Gl 381 L ol JSS 3 aSlia ul oadi saly LIS VUSRS Ho sl ah alail ol yy (g gans eﬁ
O84S pdn N5 O i in e Lad (B3 35 ol 4Bl 1S Jslae ) dsalcSa s il

Alead dlag) s mhas 5o 5k s slad S sa

Yvy


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

0 | | | |
0 0.1 0.2 03 04 05
(5 2 2 8 ) gl it
s gy Al o) IS oy dalelia 8 ke Ma ja dada Y JSE
(Y/8 g :ila ke (Y40 K sladco /Y oo /F M zodigdiuda A3l g) culale)

10 . . .
290 300 310 320 330

(OnsiS 4 j2) Laa

Lad Qa3 dilitlin B Cida da p3 dada, YJSE
(/0 g :oila e (YA WYY K slad ¢ /) M rodigd quda 43 ) culile)

ke A oy
D3 @ G p R /0 Cslan 50 ailSia b ¥ se o) Jolaa ) dama (sles ) da i
Gla) Gl A L Gualagy S5 5 aSglia ual s oala LIS PSS 0 il ah ) g alide gl
G0 Gl 5 Jslae ) 7z o0a ) G CEN Cua i sdisdicaia slad S 5o (s e b Jslae Gl
Gl ) Qs e e dlyce Ul 8 Jslae ) S Cada dia o ol L adls i) 58 il mhas
GOl 35a s s jleas b 5 il b Slel 5o il salal o 3 g5 4 Ja g e 48 030 35 L a0 8
a3 edisdicada G S se b (2 Jlad S 0l g ladl s la ) Uil 81 L Ll sl s Jlad
Jolas 4 2l b el S0 Lo a1 G s a8 Gl | (oS a8 Jslae 1 dauloSaa i i

MIA‘SA&LJUJ‘AMJ\A:\A&‘&:\A‘)BMJ&MJJ}DJPJ


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5

s 59y o By b Al sladdsal 31l e )8 Cads

50

100

150

Ola) Gy aadelia B Cida a3 dada FUSE
(Y’/ég;gl\l@jﬁnd“\é Ko /A M :aﬁﬁg&%@\g\éﬂé)

200

(283 Sl

G o 95 (g

502 S8 s A @l )0l i Glaluns alsh ) age dalse ) (a3 sl

SO bl et () age Glale Ol siedn o) gan gl D AS e S | Qila 5 e plicda G Jladil

O sin i G 50 dnalelia B Ol gy () 2 sbiea 4B R s )3 O Goeae 03 S Al 5 3l

D383y 5 Ghlaig s sladae ) saldind b (3ad o) ) deala et gl 2 S ealiiud ilite sladae )

A )

2359 Jaa

) ) le  Jalad Qs (gl 00l 02y jlSds ) 5 80Y alilaa
Ce/Qe=Ce/qm*+1/(KLXQp)

™

o) s &Y a5 (mg™) @i qupa K 5 (ML) @3 aar Sk Q () adl ) L3

sl 53 Co un 2 Col Qe it pmsy ) 5 2013 (i (558 5 ol byl 4y (Sl s i el

ol s e gl Y Jgan C_:Lu J.::JGA Coadd Jana

Jo At e A e Co pu il g ke sLa g sl Al L LY Jeas

Z

Clalaig 298y U9 At pa A St
TK [ Kemgg' [nmgl” | R™ [Aq®) | K,Img' | Qmmgg’ | R™ | Agq (%) Ky, min”
Yaa/10 /A Y/oF | /83A | Y/Y | ofeeaf) Y¥/0) 33 | A/A VLR
YYY¥



https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

i g 8 Jaa
1380 s o) ada ) T 5 da il 4S ol LS a5 58
log Qe=log Kr+1/n (log Ce) ()

0 alee sy In K lase 3l g 5 /N qud b canl ) s In Cp s 1IN Qe amy L) 1l
Jsa R el a0 sl Y san ) gl atiia aalaig B e yig ) glaclin 5 Ky (58 adadl )

A e L Jae 53 8 3 ) e K Lead anilas Sdias cu i)

(Sl ga i clallaa
A1 sle s Cueal Cda dbl B Clagi 50 4S Gl (6500 Jlme da (Sadiage i Jalge Gl
asl 5 ) oaliad Ly Gl ol 31 (5358 a5 (s Tl s o U <l st e Soalin ga i Jal e

V] 2l Gy (7) 5(9)

.n[qijzg_ﬂ (®)
Ce) R RT
AG” =AH" —Tas” (%)
Ce

sl o2 0a )l ¥ Jsan 50 il e Casdy AST 5 AH T i deala o fase (m pe 5 cud

~

*
L 4
5 4 /

3 y =5033.7x - 11.004
R? =0.8914

In(ge/Ce)
(o))

O T T T T
0.003 0.0031 0.0032 0.0033 0.0034 0.0035

uT
Sl ga i W il 009 iy ) LT e Qeel Gl il ale 0 IS
(F/0 g rpila Jlaha (YAAFYY K tlad oo /) M zoi p&gia 4 g culild)
25 S 90t S b ida Saalliaga i sl el LY Jgaa

AG?®, kJ/mol
AS®, kJ/mol.K? AH®, kJ/mol Yao/10 ARAVAL ARAVAL ARAVAL
YT KIWINS V¥/AS Y/ee VVJAY T

(Pt g o 2

Yvyo


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

Al Gy Jalad 4 gle) e i s ) walcSae B J¥ e +/) Jslae i el
Gy Jg A e 4pd (Sitis Gdabe (pl ) @3 e jus Cul AS dian e LS B Gl s0d () g
V8] v
In(ge —at)=Inde —kit ™)
el Glea Kyl (min") Ol aaly 5l Jg) G e 4pd da Cae o i Ky (V) dalae o

,m\cmcq)}ﬂdﬁ;)qdj\mdm\ | EEENY |n(qe_qt) Gl

) Civa i
R 5 Y Sl (San (e 4 pat el il (g5 1) Aabeal laal B ) (imly ) Ca gl
sate Aulia (5 .8 8 Cjgea IS ey 0 Wil Aes il iaa ) (lisekl ) slaiey uals
O ool b a3 T 5 025 dslae il (gl e ladl L AQ s (o sladae (35 () e

sl 02l dvlaa A.L;.]\J o

Z{(Qt,exp —Qt,cal)

\
Qt,exp} A
Aq(%):\..x ( )
n-—\

Qt,exp 5 Qtcal (/\) &4\) 0 Cald sl 43\)\ \ dJJ; 9 o sl R LSLQ(:‘)SJ‘)..]\ LS\‘)" u] _).\J\AA a<

ad gtle ST 2aain 5 mggT s ABELT 5 008 dsulae 008 Cida dnadilia B e i iy

oS

ol YY/00p cdama (sled 3 Jslaa ) dlelia i Cada dia 3 aay 1SLe 4S 280 0 Gl gl 2

i Gl deals (o a3 (slasaly Cia 55 () (llaig 8 (ads Jae 4S 2800 LB ) Jpan i Y
OSnn sd Gl Gl MS e el (Bl | (a3 b (N5 o il (e (e U o) il
Y dsa 50 AHOGER e 23 Qi mha 555 s acule o Kaab w5 dila 48
G52 GA5A 43 255 AG® (81 n oddl oty el 5l | Jle 8 (sl 8 ol a1 84S aaa e i
b Cia amlh ) 48 Mae QLI AS® sl el s (e e aSe il ) aul
) 438l GRS cadai o i Qs (55 Sl S

O AS dplai aa b Slaia gl oy 9 ) el dsulae RY jualie ) Jgan )3 ead 43 ) il (Guba Y
agis) od dulaa Jlme Gilail Giinad 5 RY Cul i 4 dasi b Cuud gl Cinaa saiaspLEs
A 0 A (51 30 A4S Cand Ol 828 3L gl a8 e i (AR e ) i L )y Gl oy yigs (il
Adaal gd o) /¥ £ /080 Qs g and g gl e gd da Hlaia ¢ 9490 ekl 3 gan g gal )l

Yye


https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

S b 5 010 o s )3 isa il Ol sieds g s s (Baiad Gl ) deala gl Gl -F

[3XY

N

Rdion Ggunne ol Jolae ) analelie b Cada
@L’u
S. Kulprathipanja, "Separation of citric acid from fermentation broth", European patent EP;
324210B1 (1989).
S. Kulprathipanja, A. Oroskar, J. Preignitz, "Separation of citric acid from fermentation broth
with a weakly basic anionic resin absorbent™, US patent, 4851573 (1989).
H. C. Brown, E. A. Braude, F. C. Nachod, "Determination of organic structures by physical

methods", Academic Press, New York (1995).

. P. J. Mcateer, R. W. Cox, C. J. Geankoplis, "Extraction of mixed solutes: |. Separation of

formic and hydrochloric acids. Il. Separation of acetic and sulfuric acids", AIChE Journal., 7
(1961) 456-462.

S. Selin, S. B. Sahika, B. Mehmet, |. Ismail, "Investigation of Formic Acid Separation from
Agueous Solution by Reactive Extraction: Effects of Extractant and Diluent", J. Chem. Eng.
Data., 55 (2010) 1519-1522.

X. Cao, H. Yun, Y. Koo, "Recovery of lactic acid by anion exchange resin Amberlite IRA-
400Biochem", Eng. J., 11 (2002) 189-196.

G. Ya. Popova, T. V. Andrushkevich, Yu. Chesalov, E. S. Stoyanov, "In situ FTIR study of
the adsorption of formaldehyde, formic acid, and methyl formaiate at the surface of TiO,

(anatase)", Kinet. Catal., 41(2000) 885-891.

. Zh. Shaodong, Q. Chao, Ch. Xinzh, "Comparative Theoretical study of adsorption and

Dehydrogenation of formic acid, hydrazine and isopropanol on Pd (1 1 1)", Surf. Catal. Lett.,
141 (2011) 726-734.
A. Demirbas, "Adsorption of lead and cadmium ions in aqueous solutions into modified

lignin from alkali glycerol delignication™, J. Hazard, Mater, 109 (2004) 221-226.

10. Y. S. Ho, C. T. Huang, H. W. Huang, "Equlibrium sorption isotherm for metal ions on tree

fern. Proc"”, Biochem, 37 (2002) 1421-1430.

11. T. Mathialagon, T. Viraraghavan, "Adsorption of cadmium from aqueous solutions by

perlite", J. Hazard, Mater, B94 (2002) 247-291.
YYvV


http://pubs.acs.org/action/doSearch?action=search&author=S%CC%A7ahin%2C+Selin&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Bayazit%2C+S%CC%A7ahika+Sena&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Bilgin%2C+Mehmet&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=I%CC%87nci%2C+I%CC%87smail&qsSearchArea=author
https://system.khu.ac.ir/jsci/article-1-2097-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-23 ]

a5 Al Jlaaa £ 5 Brosme ) nes )b le (L gal Hl ) e B ids

12. P. Brown, I. A. Jefcoat, "Evaluation of the adsorptive capacity of peanut hull pellets for
heavy metals in solution”, Advances Environ. Res., 4 (2000) 19-25.

13. A. Tor, C. Yunus, "Removal of Congo red from agqueous solution by adsorption onto acid
activated red mud", J. Hazard, Mater, 138 (2006) 409-415.

14. B. K. Nandi, A. Goswami, M. K. Purkait, "Adsorption characteristics of brilliant green dye
on kaolin", J. Hazard, Mater, 161 (2009) 387.

15. M. Dogan, M. Alkan, A. Turkyilmaz, Y. Ozdemir, "Kinetics and mechanism of removal of

methylene blue by adsorption onto perlite', J. Hazard, Mater, B109 (2004) 141.

YYA


https://system.khu.ac.ir/jsci/article-1-2097-fa.html
http://www.tcpdf.org

