atlh ;
L2
Journal of Farayandno — Vol. 17 — No. 77 (2022): 5-23 Bk B b=

Research Article

Fabrication of dolomite adsorbent processed with chitosan and
graphene oxide for methylene blue removal from water

Amir Hossein Tajic ', Mohsen Maleki ', Abolfazl Ghashghaei ', Maryam Ahmadzadeh Tofighy **

'Bachelor’s student, Gas, Petroleum and Chemical Engineering, Iran University of Science and Technology,
Tehran, Iran

2Assistant Professor, Gas, Petroleum and Chemical Engineering, Iran University of Science and Technology,
Tehran, Iran

Received: 18 Jan 2022 Accepted: 5 Apr 2022

Abstract

In this study, a new composite adsorbent based on dolomite mineral, coated with chitosan and
graphene oxide was fabricated and used for removal of methylene blue (MB) from water. The effects
of time, initial MB concentration, pH and temperature on the adsorption capacity of the fabricated
composite adsorbent in the removal of MB as a cationic dye were investigated. The obtained results
were analyzed by Freundlich and Langmuir isotherm models as well as pseudo first and second order
kinetic models. The results of adsorption experiments showed that the fabricated composite adsorbent
for removing MB follows the Langmuir adsorption isotherm model and the pseudo second order
kinetic model. According to the Langmuir isotherm, the maximum monolayer adsorption capacity of
MB on the surface of the composite adsorbent is equal to 3.746 mg/g. This adsorbent has a higher
adsorption capacity at high temperatures and alkaline pHs.

Keyword: Adsorption; Dolomite; Water treatment, Methylene Blue, Chitosan, Graphene oxide.

* ahmadzadehtofighi@iust.ac.ir

Please Cite Thise Article Using:

Tajic, A.H., Maleki, M., Ghashghaei, A., Ahmadzadeh Tofighy, M., “Fabrication of dolomite adsorbent
processed with chitosan and graphene oxide for methylene blue removal from water”, Journal of
Farayandno — Vol. 17 — No. 77, pp. 5-23, In Persian, (2022).



O
LY

s9biiods as LS 31,5 9 (ylwgins’ b oui (5591 8 (Snglgd bl cslu
ol 5l ek O B>

" bl 00ljoes] o o d e id Ladllgl d PR PROUWE S Kol govy
Ol ol ! Caro g ple olBails/ cowds cwaige 00SiSls ( pwlils S alaie (ggmiils’
Oyt lpl Caro g ple olSiils [ conds cwiige 0aSiiils ¢ L oliwl”

VRN by VE- /) IYA el o

TN 4
Sl sind 5 50,5 JUd (ialoys Ul (b5l G 5 05 4l Sueglys (ame S il gy cnl 5o
QLT 815 5 lugS Jelowe dawgas ouls ddS Cowglgn ol aodS ol § Sl a0 A+ sleo jo ¢ jlade
5158 S5y) 5b Gl Bi 50 waz L3l S plgieds 5 o (5518 (S jerelS DAl cale jslated,
Bl s oad il Lil> Gaz cud b e Lo 9 PH o5, adgl cdale (oley b 28,5 1,8 oalisil 5,90
ad (Seitpw glodoe Grizmen § 55eSY 5 @iy lop gl aliwsar sdelcussn @l Wb gy p K,
Pl ol i (s iz slaghilel I ol @l 85 18 sy s Jelo 3550 90 5 sl 4y
@97 P9 A e dnd (Seiiew Jo g 2905 0 p gl ok Gl Gl S, Bd> ln (ReelS
2r sl 3l e sl Glite Y ST i )b S Tas 29SS o gl elul oS oo S
ol s YL wiz b b LI sle pH 5 YU slalos 1o wodls cpl el s 4 4,5 5 0,5 oo YIVES L

Wl

* ahmadzadehtofighi@iust.ac.ir

o ay ol
UB‘Jf 9 uL..:}....».S Lg W) 6)3])5 ‘51..?09.]3& ué[} Q}l..un “p s‘s.ll.\ﬁ}; ob‘j..)..o.}‘ e s@L{LMS “p s‘siJLo ‘C‘ ss.i.;}b

(\f’ \)Le‘.g) H-YY LR Yy OJLQ..:J sp..@..\.fl.b JL.: ‘9.3..&.1.9.])5 4.3.)...‘;;.3 s";‘a—‘ )‘ 5.14 u.l.»..\..o RS )9.5.1.404.{ ..XJL.».S‘



Sl yaans el % VVo)Lo.&/\f'\)Le‘g/y..\.l.J)éc\i)..ﬁ

doddo —

A g St 5 (D (Faie gl Wiy el (Sloi) 35250 0 Sli sl Sl pate S S| O
3529 el 00,5 dgazme ez il 0 1) Sb Ol 4w yiws (ol molin 00 S o Sogll aoeis )0 5 Corax
lr oz nagd ool ) g laig S « JT olge oS (6518 layg o) glgil aloz il (555UsS slroasyY]
oeed 5 LS 5 Sllgs sl asl « Sludl asel> sl Lsas oYl 598 o wguine yludl  Sodl
diucs 55k 3l qulis 5o je ol 5 (el T (el gz (55 bom (SLOUEN 9,003l kit pas oansansST

DVl el plosl o 50 565665 g3lulas slaanTi 6,085,504 b laolay

VF Loy o taio slajls @3 cur S alle sy ol caiins Ol saiiSoagll alie o e 51 0SS,
Calge 0gd ooy (S, Clay S0 4y (o> ol 5l oo, VO U Ve aS Cwl 0ulls 00 (pedS (5 (ygude
Ly ol @Bl s o jlge (5 50 5 00l (puiid XA 5 Sy S bon 90 o oS, L wjl i
Sy bl ol aia g oleosd SoluST Sal38l cans OO 10 oS5 jga> ogdleds amd oo il38l (Ll 5o
LSS, Fhe Bim Caload cely ghlso man plp )0 Cwslie 5 hnd g 432 wile lelse 05l oo a3
Ivaryl sa JIEST O3 RRCIVON N I PP E S N RCONPI PR [PV E S 1 g U B

Jols ploord slaghy) wsdse plnil (Siglom 5 plooed (i3 IS (he) v 4 () sboolay aaas
g olisl 5 (rhaw iz (ugSan joml (gl s Jald (So 58 Slahe, 5edg 2SIl g (ygelin sl (ogamlannST]
(23 gm arial ool lBoanslE g a9 Lo 51 5l oolisial b (5l9m o0 5 (55l dvias Julds (Sojglgm slosd,
s () ol abal 05 slals) 5l rhe ©dz  plid el il plierd i abas
Cdz anl8 o el o6 gk Cungazme Sl Folw 9 Vb SIS o @ (o Qi w18 (il
Sgey g5 Bl (ol S anl bl pls 4 Q3 vy LB S ppo 0aigd Liz sz il
P Wgh oo (SdRpred (gliord (e ©iz 5 (b (e Dax dles 90 4 D3l 5 enigd Cdx
oxisd iz 5 il sl sse e (olyyily logyed S 0 g el pdgeanS  anl S (Sond (b
&o 3l mhan (59, hadd oigd QA2 g 990 ool el (lrerd (1STy (S8 (rbaw D32 )0 098 o olxl
Sdz g5 ol el odigh Qe osle 9 LI plierd WYLy Jed Jolo plierd (o D s b oo
el 55 6l el ) 3le g5 Dl ¢ xbans iz an] b 40 el pdylinS L2l el
5 2l Gleean ¥l Gis gl clio L3 S5 Glgieas | ol 5l eslaal (Sl Jlab 057 Jedscie jlows Lzl
Ol addgs YL sboasse St 4 aswgi Jlo )0 lo S jo Jld ()5 Sl eslatul (o pll S oo o218 Gl
) Oetizms 5l (6 ks ax g5 Jaxe sl 5 51 VL Gl cud )b b waz lacdly anwg g el o ollas
Divaal cules S cd> 595 4

Pedise S8 Guey iy Vet BV e Bas o bl Ll a8 Cul (g (Gome ST SY Coeglsd
e meeelS ielae Olo)S IS5 @ oF alerd U085 99500 Sl @ ailyS GG 23z Cumgly
Jslonels T 5 Croglgd aubls olons b (sloggB «oms « 05y i ey o Al go araglys ol CaMg(CO3):
Suoglgd (S slwo )5 n et Sl gdin Jo o5 e g (e Sopa IS aal Joloe o Ladd g ol

FARAYANDNO v




Szl G el @ﬁ@ VY o et NF Yl fgian b oy i

o oolawl O 5l Gy G (gl Canglgo 3l Sldos IS STy 015 1,8 oolatul 0,90 55 Wl ylgieds

Cod b Wilgs oo ameliondS aiile o551 ,8 (sla i, 5l oolawl [V-] 0 sanlice wsye A 5l iy oIS

lgo By20 ;0 wgmads a0 Av e Qe dga> sloo jo Canglgd 20 Ol > aes s8] Coeglgs i
J YL SO VUL 1 EPPUUE L SVOW. 1 EPPUU SCH IE IR P U S OV REWERRCOVOSN PR SROY. SN R NS P B
Sgdcr ol U35 (malidl co Canglgs JLSLo 5 0,5 aunS 1o 35 zg,5 0eb o oS (p)S duSTgo
dw 51 g solaiul las o 30,8 S5, Bas (gl oads andS Casglgo e Slidew [5G o LyAx Y.yl
0,8 S5y Bi> (6l cmwbie GOl (] Blie iy ddlie g Yl LSl s d S Cooglgs aS ol
Conglys Lawgs 955 508 5 S Sy olw S, Ol s Slaiss I8 K o VA el plas
o5l Lo, Lix sl S8 BB s ool aldS Cowglgs oo ylis Jols mls ol ploxl sods als
a0 FOe-V oo e oagamme jo cilie slales ;o Comgdgs (Ko Slidss 5 S e LYV] sl (soed
Cunglyd 0%y pdaw olo lis Jols> amls .8 )3 1,8 colatul 8,90 S5y QI laicay 5 ol aids of 5 ol
el cdl ol ply 0 e 4 b Canggo b anglin jo ol 5 il a0 Qe sleo jo ouls alllS
Gl (26,0 K, B> gl s Camglgo b annlin (o ool aildS Cooglgo i o8 )b sl lis ol
IVAD ool aisly 2ol331 soby olsme 4

12 Jlnels 5552 5 ol a5 b g 5Ty S, s il (s 3,8 5 slondle Sl S5
Jodo s oole ol 058 oo ddg anS g 008 i b ulS geadliinl (59 Goyb jl eole opl el O
il o5 )3l o Sy pudal calizee (6lad )5 51 awg alo )0 (509 Ao BT 9 Ol CeB  Slgl 8
D3l cale ;o sl yarly S pliey wilgie 955 Jle o GlshE el 5 JenSTg 00 le slaog S
SR eolitul 50 (5; Slay glgil andal sl 6550 joboar Wi oo luginS 355 )18 eolaal 590 (S j5elS
Ivaxyl s,.5

e 9 YU wled mdaw b e (ol slrog,S) oxhaw Jlad sloylSe b ©d> cud,b JJo 4 slgesils
3> 0lgegil et 3l s o lid 0em I, (gl Ll SO Ay Hal howd sl ool Jewily wSl
d o Lyo-ve] 3,5 0,Lil cwabline ©ly365L 5 (6318 wST 2l 3430 LS 4815 ¢ 0,5 slaalglail a les o
wd)5 )18 el Az g5 390 Jlews 984 parie (plo> b 3l (05 oslegil Ko plgea wluST 31S
A5 O8LF ad (5555 Y LSl b )5 slegsl Sl (glad s O ygea (lgiee 1) wuluST 315 Sl

A FARAYANDNO




Sl yaans el % VVo)Lo.&/\f'\)Le‘g/y..\.l.J)éc\i)..ﬁ

(§ngd JliSle 4 ol oo WLuST 31 oles o et 3 IYE] sl oot 195 o yg ol sload § o g
Cople JJs @l ogdle 0,5 o)Ll g YU jlns (Sl 5 (pliond (S Conglie ol s oled
o 3 oS 9962 5 S 52, (sloog S aile ()5S (g5l Slele slaog 5 51 (230 LT 31,5 consgo]
5 IYV] 5,5 15 ooliiul 50 bodls il o Wlgi e oole ol os5LsS ol sloog,S Loy bl
Slsa oo b (85 S w2 bl 1o spemST (lale (sloag, S (52515 JiIo 4y aglaT 3T (81 b aylis
O SzgS s sl g Cango o] Canb il 18,95 1 ssllae (5,55l Cns ) 5l pizes sole (pl oI5 )
iz Al 5] ey Ly el 4l Sgaome (xiodand § (aio (elide o |y O3l (as (glao )5 LS
ol pigze 5SS ST 5 alaS] G315 a5 JalS Bl ol 43 syluST G35 sl iy Juls 4y ol
P el o) Saly cpl 5l (S ey o0 S A (55,0 5 p3Y St (nl o sl 2le) Sl il gl

LAV el uluST 81,8 5l soliial b 0590l

EY g]bwﬁoé; Juye (sl Jolw (bl e Caeglgs ame Soiw ol o cpol> gy (o
ol Hekaieds WluST 31,8 5 lugnS Jolomo alwgds ool dicndS Canglgn ol adS ax 0 40+ gles o

330 o1 5l (G985 S5)) gh plie Bdo o waa Ll G lgiedr 5 ad (65908 W (S jeels L3>
Bis 4o oad asle slaodls Lis cud b e s o pH 5, adgl cdale by 50 .cd 5 1,3 oolitu
e (St Sl Jae rizen 5 nseSY g mdaiyd glap gl dlsgay sdeliussa @ls Wb )y n K,
285 8 owan 9 JeoS 090 090 5 Jol 4 e

g, g 0lge =¥

ooliwl 0,90 Slgo —V-Y

Aol pogle g adglS S8 4 @5 )0 By g 58 Siw e 3l Giaghy (nl 5o eolitul 3550 Zueglgs S
L] o sl codlS Sleowd gnlancasST (g, o idah cnl o oolitul 890 LS (31,5 .0l ags
UK SV RN ANRIC PR TN ICORS RS WK JCom IRV IS PR/ INRWIIUIR SURV SN, o /3 WE SRRUNC AV
Caoggd S g lweslel —Y-Y

Ve e b SU lag snalussdy Cunglys jog b hosd Cunglys jog 41 Coglsd S (slaasls Il
s yhaio Ol alisgty 453010 Sde 4y )b 52 5 )L Jol> Cueglyn 0l byt (9,50 V e+ ol L )
ax ;0 10 lod ;o ygl 40 Wiged o D5 Bi> Coaglgs LSle 10 3590 pdo Pl Sore laSes b o
Dy Sl e 4 b ol S cell Y Cos 4 o 5 ole

Cr0gl9d ¢y gamoliunds’ —Y'-Y

STy B ol (oas &ylp> ol S (ile azy0 e B9 28,5 18 0005 (19,8 b3 Al e 5l ol Cueglge 050

£35S TVIA 4y 0,58 3l (293 Camglss (139 ilior Sy Sumglys SR 5 (ogae gl ;o azgi BB (33l

FARAYANDNO q




Szl G el @ﬁ@ VY o et NF Yl fgian b oy i

JHEG g pgase mhaw (li8l g Caeglgs LSl 5l S aiST6s 5 79,5 5l S 055 pRelS (pl &S a,
LEF fr] el o

2CaMg(CO3)2 — CaCO;+ CaO + 2MgO + 3CO»
Cooglgd by p (0 jgmels QO colu -F-Y
ST G5 0,5 1) 3 g e D1 53 ol Sl | o 22y ) Joloma il e )+ Iz
Qo0 N s s 0258 Ty 4iB0 VO Goe dr sl Sl Jolore (49,0 S0ty Ssgol ;T olKtws alisga
590 b el VY S 4y ol bglses 5 ol adlol a1 (31,5 5wl Sl Jolomo 4 (loginS oy 51 (S35
55 00 gl Coagls 5 18 s 358 o S gt b 5,8 15 blite (em (53, 2 T
Sae @ aore sled j0 9wl las Jelowe I Caegled IS i 9 0l jgabge Celw )V o 4 Jols Jelxe
Oyl el ) Gae g ol 5 6l 4z 50 A0 loo 40 00l oolel 0 jeelS L3l ol e ol Sis 5, SO
S plol sl b ol 20
9 S9N GoSwg Sae bty (50lS Coeglyd 5 aelS Cueglys sl Cuglys Aiged 4w LSy
(o lgd Sodiged phaw p ds> g0 Jule (sldog,S ol oL ) (FESEM, Tescan A VEGA) (jlos oS
S8 w0 9 axdllas 5,90 (FTIR, IR-solution 8400S Shimadzu) ;3 )90l 45,68 Joud riwwcid lawg
s @85 5 b T Laagi aglys (slodisms Sl B Sils 5 Sl p iy s 235
Al (6 S e;ll BET, BELSORPmini II equipmen)

o 0ds b golol -0-Y

D3l 51 5 1D s i ol el (8 gl 5 i 45 e O 5 5l (ke 5, 51 5 S ke
LS 855 2 el T e L Jolono 5 a5 4ol (55, csloJyle 4 iz 9 20j900lS” sy
5 p90 el gl y Slilom 9 4B V0 ,o Jgl el G 0 i3S )18 laowe sles o aiBs 90 Vor 90
Al bl (6 S digad ] o 8 pae 4 Sl ookl b celis s 2 o

b ool 2 S e Ve Clle g quow Vot e 4 plaglre bl (Jslons PH 3l (o) 1 jolateny
85T 69 2 (Yge o)) Seys lSanul 5 masas 9nS g 000 (55, slaJolowe 5l oolitul b Lo Jolows pH (s
S 69y p e Lo j3 9 08 03933l baJslore 51 S 5o 4y Q3L )5 MDD A VY 53 5V
b bl (g S aiged Cel V5l gy 5 28,5 118 adi8s 5 j0 Vo0 o0 L

5 F0 YO slales jo pid pp,S Lo Ve cdale o gb lie Jolomo i sloiolesl dos 130 o) p jolatods
9..\..13ooLoTl;:,,J).3ra)fbglﬁ.o Ve cdale g g Vo0 po 4 ol el lal ol ploil o 5 cle ax 0 £0
b b Joloee o Lespd 5l ams .ol ools 1,8 ol 5 il as )0 #0 4 FO YO slales b ljze slacygl J5lo
A plsl 6 S diges (el 1) Gloy CidS g Bl 0,8 a8lol 5l o o 48,5 Al diged oyl

ye g #EO zae ok ;o (UV Metertech: SP800T) jiegidg Sl olSiws 1 ookl b dadiges oy flite clale
W Lgﬂfo)’b.jl

Ve FARAYANDNO




Sl yaans el m VVo)Lo.&/\f'\)Le‘g/y..\.l.J)éc\i)..ﬁ

e 5ol —#-¥

LP055] 28,5 1,38 oslinal )90 G3la (b i 15, (o) slateds 29SS 5 @i slap 3ol
prisnl b JSs ool oolitul LB wins o &) (K0t zshaus ;0 &5 iz laanTd (sl @ai b o g5l
il ) Oygods gl

logq. = logKr + %logCe V)
9 (p5 » S ) (ol Cix bl e (B p,S () edigd Gl Jolws cdale Cp calaly (pl jo a5
el ged s 3 dolee Culgi 0 gKp

b 58 S o dalxe |) oigd Dl slasge dliws D3l mhaw 4Y SO dgy 25eSY g5
il 25 S y908 29eSY 055!

R ™)

de AmaxKL dmax

05 ) Y 5 i b B 1o Q) 5 ) iyt i Joles Sl € sl 0 oS
Dgdge Byl p) D)ypod p5eSSY e Senl (Jobs sl

T 1+KLCo ™)
Ry >1 51 el iy pySichon Vo) adgl clale 5 VL Co g a5y aolae oli K alasl, ol o 45

M s oo -V-Y

(% i 9 bt Sl xlaw Giz el (usd Sl pod A e 5 ol A e 4l (Setw slaoe

Lf0] 8,5 1,3 oolizul 5,90

v @iz o8l cu S Qs Qe alal) (nl o aS Sl 5 O jgod ol 4 e 4l (Seitw Joe (o S5

Jol 4o 4l (Seitw Joo (ol 03> o s Sl K g cnl Qi Slagle; jo iz cud)l g ol

3] Cewdds |, Ki g m polie (ylgs oo t e 5 10g (eqr) ooy b LEY]
Kyt (f)

2/303

e @iz Cod b cu S Ay e alal) l o aF Cesl ) Do pgs A pe ald (Seiliw oo (oS IS

t 1 t )

= + —
9 Kxqh  qm

R,

log(qe — q¢) = logqm —

FARAYANDNO A




Szl G el @ﬁ@ VY o et NF Yl fgian b oy i

Coy g bl -Y

39l DO g bl b5, )-Y
10 pll 3 al> e a0 FTIR 5JUT e3> JLsle 0 09240 Jale slaog 5 obs,l jglaieds

H(adgl Camglgd) Jgl al> o @
Cd> 3g oo 0adline 45 (5 ab Lo .l oaud ooy Hlas (@) UK o adgl Canglgs (sdiged | ol b
Conglgd crndo lddiges (gaan ;0 aS AVY 1/em zgo soc ;0 (648 Led a9 YFVY 1/em g0 oue jo 9yl
Ol |y 05 Y0+ g VT T/em slagzge sae ;0 Cawglss ;500 Ol 5 .l Slo,S 09,5 45 bgyjo 948 0 003
At Slal g 09,5 4y bogy e a5 Ailosls

HadlS Cooglgd) pgo al>yo o

Ssbiled (canl oo ools Las (=) UK )0 085 10 (20 Oyl 5l s Camglsd sdiged 5l ol b
Sleog,S pgara Cuoglgs dole slrog S colod ol 5 il ax 0 Qe e sloo Lo )sS )0 09 o0 onnlie aS
20 cod lid Fee e BFe Tom zge vae ol guied ;08 Q> e Jol> cads g aid) 0 sl oly )57 Lele
Lol 485 O g0 0974 Canglgd amwlinldS MTJS aS Qo o LS a9 (pl

Mgl (81,5 9 lwginS U (539158 51 (g Cernglso) pguw alo o @
o o3ls (lis (z-1) JSb o Jol> FTIR b cylaST (81,5 5 (luogieS b Cunglys (9,5 CajaeelS 51 oy
aiged FTIR (ol couls aiendS Conglgs aiged FTIR (oo b avglie 10 098 o cdolive a5 (5 9blen .ol
Slrog,S slodign a4 baye YPO- l/om zge das 0 Cio cwl i Sy oo gol> £059melS
shole 09,5 51 (C=0) Wiy 4y bogy o VF+ o 1/em zgo ae )0 (688 i .l (NH3) ol 4 (OH) oS5 00
09,5 C-O Wgw 4 bgyo AD- T/em g Ve 0+ B Ve e T/em oogasme ;o s Lwd Ol Cowl oS )5
o] lole sloes, 5 Aloargts gty Clys a5 on LS lole sloes T ool py i Lise,S Lole
255 )18 colanul 0,90 ol pliie wiile SailS G, LA lgieds wilgs o g sl 0als o Jale
azyd Ve gled 5o (285 )18 T3l 5 omebliie iem b ad bsle anTb (b lusiS 5 wlasT (31,5
Sl 00 03ls (Las JLail ol (oS ¥ IS8 50 a5 0 oo )l 8 0 gy ;0080 b Saeglgs lan 2 05 Sl
lfal

'Y FARAYANDNO




Szl G ol @ﬁ/ﬂ@ VY o,les NNl fgianT b a i

Dolomite Stage 1 —
T Dolomite Stage 2
1 (<&l _ Dolomite Fta;u:s;
= J/-" 1 H
%T |
(<)
1(z)
' 3500 2000 2500 2000 1750 1500 1250 1000 750 500
cm-1
9 ObwaiS b (559753 51 (i Cenglgd () cimmnlS Canoglyd (©) candgl Cunoglyd yog (AN FTIR cigls - S
W lusT o8l 5

[Pa] wulusT (81,5 g ylwgns Jlasl-Y S

g (0,5 sl az 0 Qe glos jo 20 Ol lam) aldS Cowgles cadsl Cuwglss diges aw FESEM ) olias
SiSle o g, Sl 20 Ol 5l s 098 e camline (oY) USUS jo aS (g,eblen sl aisl ol
oanlive (0 9 z-V) S ;0 a5 (5 5blen .l Cooglgn Jodsw iol38l eaims lis a5 el ouls sl Ccaglge

Sl 0 olo L)L“‘J (Q—\H) Ji..: 3o w.ls 41.»...)34.’ aS QSM)LSA odalive

FARAYANDNO Al




VY o lad NFo) e fgan b pis

28.8kV XE.BBK 3.88um

o0 (5391 8 (3940l Cernglgd (8 9 &) 9 Al ¢~..w|5-‘9° (9) gl Coroglgd (AN FESEM jglai —Y JSCi
(lizee (o3LedS )3 99 L) Wl (81,5 5 (yluwges' U
2 BLST R3S 5 HloginS L oads (5518 Cuneglys g atendS Covaglgd sl Coaglgs dige 4w BET 5JUl b
Ol w0y e gl Cuaglys b analie )0 55l o0 cnalin a5 (g 5blen el ouls Wl Y 5o
Lol a8l G384z BB Olie 4 (SueeelS Cueglyd 9 aindS Coeglgs Dlya> (S Sk 5 (JSSS)
ludgy Sl dy wilgh o caipnlS Coraglys &y S (550l Cenaglyd i B (5 Kile 5 Oy e lalS
A8l ol g 5l ase Jldl g luST 315 g (luginS lawg aendS Coeglys mhaw (00

3950l Crnglgd g diomnlS Cooglgd Al Cornglgd diged dw BET 3JUT i -) Jgu

R S yi g o9 gebams Ladiges
&) (cm¥/g) (m?/g)
5T oA %) adsl Coaglgs
VWY o8 \Y/AY aedS” Cioglge
VAYYF R, VY5O 2 900l5 Ceoglgo

Ve FARAYANDNO




@ﬁﬁ@ VY o,less INEo Y oo [giaT b ay s

ot

qe (mg/g)

FARAYANDNO

R iepels il 8 Shos (b5, -T-Y
398 oo 0dalive a5 (5 ebylon ol oa ools Las B USE Jo o0 emelS 3l ds cad b eles ooy b
e Sy caledys g andl rals badslre jo sl e clale (b i wn TS el 5 oy <3Sy
B U5 1o sl Wil Jobs ambaws i cud il Jsle adsl cdale 13l el oo, Jolss ool
Folss i b b e o ss adgl Cale ial38l b sed e comlive a5 (g eblen ol o a3l yLis
299790 Jub slaple K5y @iz 99,55 n (Bl (B s 4 Wl e aldl cpl oS el assly ]38l
0900 & ) S9i 4 pmagy o0, Cale a8l L izes a8l YL glackile o (c05selS D3l e
LE0] ol azily 2l Jolsd i udylo o)lme amei,s 5 ol o ial3dl s seeels il Jslsens Ly

——1lppm ——3ppm —W—5ppm —&—7 ppm —e—10 ppm —e— 20 ppm

3.5

[®E]

(=]
(8]

=]

=

(=]
(¥ ]

o

t {min)

alito GBS 55 1 jemelS L3l sl i iz byl eled oyloy il -F S

i3
L

(S5}

[ =]
L

(=]

[
L

[
Ln [

[

Co( ppm)
S i9lS GOl Jol b i Cad il Joloe adgl cdale 13T -0 JSB

Yo



Szl G el @ﬁﬁ@ VY o et NF Yl fgian b oy i

85 (5y5bolen a3 e HLaS 1) Conglsd Al p (SujeslS ile (e O3 cudib  pH S # S
I by JeslS S5, S lgreas shaolite iz b )b Jolome (ol LS gPH il 31 L 05 o cmlive
O B GOl AR Oypets (ReelS D3 sl Qi el il 03,5 o Bl (S jenelS
955 iu b e 5l b LSt G815 5 plugiS Ll )0 0ezge JenS 92,5 9 JonS g 000 Slole (slaog 5
2] 45 el NHp el Lsle (glaog 5 sllo ologinS JsSge sl )b 51 sl e b b shioylie 5,
355 idu b asdls slwl cel 5 0gd oo o NH3" e a0 HY 28 5 L sol lame jo Lole (sloog S
S NH3" (5 05800 5l Lamms 5 05 (ool Gal33l Jolos PH az o (al s 055 0 sbslie S,
(Joloeo (0l (Ll g PH (Aal31 L ameit ;o 10 105 (00 )90 e (il iz g ol feS 4nblo 5 095 0 o
S5y o H slags sl o pH o (3, 51 aub co (tal38l (o 55slS O3l b ol it Qo b )b
I (lyee 9 9S o0 oSy e b (590l OOl s 99290 Jled Sl i sl shilie SeSlS

Lo oo Gl shpliie i Glis PH (ol b azmiiys iy oo 2015 sl oolio

L

Jd
Ln

q
L

e
L

(=]

wd

S
L
[=3]

ri
;

o
(V=)

10 11 12
pH
(P 32 o5 sno Vo 1 Jgdome Cdall) s jomels Ol (b i Cadybs o pH 3T -8 S
L ogd o0 canlice a5 (g, 9blen a0 o lis |y 05emelS Ll xdaw Qi cld b Lo ),_,b v s
o g Aol g a8l ymalS Jelore s jeSung ded ol L1y el a8l ioli8l Ods cud b s ol
JenS 9,008 Gl Jale (sloog 5) D3> b lalSo b (1S o0 9 03l S ja> a0 9955 (61 o i 394
YL les o pizmen ols g 9, Sles SV Glos o QA A g wbiee (Il (enSTe,S g
.[m‘av]%si Cawd w1y L3l Jled slo e b Jolas (gl B35 (65,0 aisles co (6 s ol e slo JsSU 50

A FARAYANDNO




Sl yaans el % VVo)Lo.&/\f'\)Le‘g/y..\.;J)éc\.ljﬁ

[=E]
(¥ =]

LiJ
o

q
L
(M)

i

(K]
[25]

TIC)
(5 3 oS o Vo plome CALE) (i ool il (b i oy oo T -V Y8

R PR W o A Jiw d.’LE.c so..\.cTC,w:-)c\.g G’Z.E.w ud.‘> dLﬁoé‘é U,uLw‘ » C.J».\JJB 9 )Js.o.isy GLQ‘b).sﬁ).s‘ )‘.)5.4).3
ool 2 09800 osalin &S (g sbilen aas oo (LA ) g g 2seSSY lap ol layll ¥ Joux
J"L"" B .d)‘d umUa.A ‘5>9><L> u.?;la..: u;.)..> Lgl.mob l.: )454&45! [9)43).;‘ 5OJ.AT Cowd 4 (Rz) M w‘).«a
5 2 eSS YIVEZ L ply (o0l Q3 a2 ol Gliite 40Y S5 i Sudybs 2STas 25050Y 5930
Jladie gdaid o gl (wlal p sl wgllae (5000l D3l a6l lite (o i I3, oy sl
2 aseeels oile i b ke _oxda iz amo e Gl 45 el 55 (Y/339) sda] e 4 (KF)
w23 e L5 45 (VYVD) sl ol s 4 Sy 5| 5,50 1 e b,k 51 el oglla dnlllas 0,90 Lal
LovOF] )l 05500l Cungles wdl maw i 4y g3l Jales gblite

525 @l Cunglys 5 el Coaglss Aigad 50 s gl e (b i Slagiales] i alie jlasea,
Sl x> g oy gl (V) Jgao elel 2 4z STl G5 S5, SO plgreas ob plite K55 Qi o
IYA vl el

FARAYANDNO AN




Szl G el ﬁﬁ@ VY o et NF Yl fgian b oy i

0.8
. ()
0 .
NG
W = TEED nNaA%E
y = 0.2669x + 0.0436
o R#=0.19952
=0
=03
na
01 - e%
[N
n b
0 0.5 1 15 2 25 3
Ce
no
oo Ll
L
.
—_— L
=(0.4395x + 0.4771
R*= 0.8409 . .
e . 0
—-15 2 15 . 1 05 0 0|5
09
- 0.2
NG
L
no

og(Ce)

TN (@) 9 290V (W) slap gl Hloged A JSi

RS Sl (695 gliirliio L Gl B yd g 2 geY Sbap gl byl )b - Jgu

R2 n KF R2 RL KL qmax

+IAY Y/IYVO Y/444 <[40 ofe A IZARR YIVEs

LoV 00] ol oais plosl sleord & jpoh 5500l C3l> a1 ob lite iz a5 el

YA FARAYANDNO




Sl yaans el VVo)Lo.&/\f'\)Le‘g/y..\.l.J)éc\.lfﬁ

30 60 o0 120 150 180 21

()

¥
L]

=1
= ]
-

=3
Ln

=
L=} '.I_
L *
(=3 - Sy
-E_\I: .
= = 102 n oo
y=-0.0125x -0_2881 L
5 -
Te R*= 09286 o i
.
L
7 C, .
-2
3
Timin)
—
200
» {*—'}
150 -
P - +
v =0.9452x + 9997
Rz= 01998 .
= lnn &7
L=} "
= 100 .
g r

=]

0 120 150 180 210

L

t (min)

() 52 055 (oo 8 1 ghomo Cile) pgd 4 o () 9 Jgl 4 po (AN) i (St oo 10903 -1 S

X395 Gl (595 sliirue Ci (Gl ((Saiamw G Juo byl )by Y Jgu
£30 A po (Sl Joo Jol 45 0 (S Jow

..l~'

G e S
-/29A o+ AA V/-§e JAYA JeYA .jayy N

R? K, q, R? K, q,

(S 25 Ad - F
RLST 215 5 OlogtS b oad (a0 Al «Cangled SIS 4l p o (SLjemelS @3l So (Ao cnl 5
adgl cdale 5B .C8 S I8 ) y9e O 5l sk plite Sl S, Bds 0 L3l cnl o Shee g as asla
@ S oy p oh Ol (Ge K5y Bl 0 (el D3 D bl i e g PH WS

FARAYANDNO R




Szl G el @ﬁ@ VY o et NF Yl fgian b oy i

390 p90 3 Jol 4o ad (e sladae Guizen g pgeSSY g mdaid slap gl Abiwga sdsliwsa
iy Bho (sl FemelS il ol i (xba G Glagiale)] I Jol> bl 88 8 ) g oo
ool S ee LS pgd A el (Seiew Joe iie g 29eSY Gl e sl el Gl SeslS
£ 2 eSS YIVEF L ply (fu5e0els Q3 o o sy Gliie a0 SO iz o8 )b 2STas 0 9055Y 5930
ol Jeols @l (Gore sl G5 51V Qi o b b waz slacdlr anwg poil 4 azgi b ol e

Olgeds (5550 Hobar Wlgh co i uyiws ;o g Cadil)) (Gane S Sy plgisds Congls s oo LA o
LQ;MLL‘B g.Q.MSé‘); d..u..” Q).Af)\)s ool 0)9.0 uLwJ 9 u] M@ LSLQQ)J)LY LSJLMM.’ )d u.u..?t.o.b 9 u_is) k_)QL>

ssbaiedy 55U (gloag) 4 Caagled (659158 ey (6 ey iz Consl p3Y craglyd 00 1S (sloo )5
358 plowl ] i byl gl

&lo-Y

[1] D. Lan, H. Zhu, J. Zhang, S. Li, Q. Chen, C. Wang, T. Wu, M. Xu, "Adsorptive removal of
organic dyes via porous materials for wastewater treatment in recent decades: A review on
species, mechanisms and perspectives", Chemosphere, 293. 133464, 2022

[2] R. Al-Tohamy, S.S. Alj, F. Li, K.M. Okasha, Y.A.G. Mahmoud, T. Elsamahy, H. Jiao, Y.
Fu, J. Sun, "A critical review on the treatment of dye-containing wastewater: Ecotoxicological
and health concerns of textile dyes and possible remediation approaches for environmental
safety", Ecotoxicology and Environmental Safety, 231. 113160, 2022

[3] F. Behdarvand, E. Valamohammadi, M.A. Tofighy, T. Mohammadi, "Polyvinyl
alcohol/polyethersulfone thin-film nanocomposite membranes with carbon nanomaterials
incorporated in substrate for water treatment", Journal of Environmental Chemical
Engineering, 9. 104650, 2021

[4] E. Abdollahi, A. Heidari, T. Mohammadi, A.A. Asadi, M.A. Tofighy, "Application of Mg-
Al LDH nanoparticles to enhance flux, hydrophilicity and antifouling properties of PVDF
ultrafiltration membrane: Experimental and modeling studies", Separation and Purification
Technology, 257. 117931, 2021

[5] M.A. Tofighy, T. Mohammadi, "Functional charcoal based nanomaterial with excellent
colloidal property for fabrication of polyethersulfone ultrafiltration membrane with improved
flux and fouling resistance", Materials Chemistry and Physics, 285. 126167, 2022

[6] . Tavakol, S. Hadadpour, Z. Shabani, M.A. Tofighy, T. Mohammadi, S. Sahebi, "Synthesis
of novel thin film composite (TFC) forward osmosis (FO) membranes incorporated with
carboxylated carbon nanofibers (CNFs)", Journal of Environmental Chemical Engineering, 8.
104614, 2020

[7] F. Mashkoor, A. Nasar, "Magsorbents: Potential candidates in wastewater treatment
technology — A review on the removal of methylene blue dye", Journal of Magnetism and
Magnetic Materials, 500. 166408, 2020

[8] M.T. Yagub, T.K. Sen, S. Afroze, H.M. Ang, "Dye and its removal from aqueous solution
by adsorption: a review", Advances in colloid and interface science, 209. pp. 172-184, 2014
[9] M.F. Chowdhury, S. Khandaker, F. Sarker, A. Islam, M.T. Rahman, M.R. Awual, "Current
treatment technologies and mechanisms for removal of indigo carmine dyes from wastewater:
A review", Journal of Molecular Liquids, 318. 114061, 2020

[10] Y. Zhou, J. Lu, Y. Zhou, Y. Liu, "Recent advances for dyes removal using novel
adsorbents: a review", Environmental pollution, 252. pp. 352-365, 2019

Y. FARAYANDNO




Sl yaans el m VVo)Lo.&/\f'\)Le‘g/y..\.l.J)éc\i)..ﬁ

[11] K.B. Tan, M. Vakili, B.A. Horri, P.E. Poh, A.Z. Abdullah, B. Salamatinia, "Adsorption of
dyes by nanomaterials: recent developments and adsorption mechanisms", Separation and
Purification Technology, 150. pp. 229-242, 2015

[12] S. Tahazadeh, T. Mohammadi, M.A. Tofighy, S. Khanlari, H. Karimi, H.B.M. Emrooz,
"Development of cellulose acetate/metal-organic framework derived porous carbon adsorptive
membrane for dye removal applications", Journal of Membrane Science, 638. 119692, 2021
[13] C.X.-H. Su, L.W. Low, T.T. Teng, Y.S. Wong, "Combination and hybridisation of
treatments in dye wastewater treatment: A review", Journal of Environmental Chemical
Engineering, 4. pp. 3618-3631, 2016

[14] T.A. Nguyen, R.-S. Juang, "Treatment of waters and wastewaters containing sulfur dyes:
A review", Chemical Engineering Journal, 219. pp. 109-117, 2013

[15] Z. Liu, T.A. Khan, M. A. Islam, U. Tabrez, "A review on the treatment of dyes in printing
and dyeing wastewater by plant biomass carbon", Bioresource Technology, 354. 127168, 2022
[16] M. Ahmadzadeh Tofighy, T. Mohammadi, "Methylene blue adsorption onto granular
activated carbon prepared from Harmal seeds residue", Desalination and Water Treatment, 52.
pp. 2643-2653, 2014

[17] H. Zhang, W. Liu, C. Han, D. Wei, "Intensify dodecylamine adsorption on magnesite and
dolomite surfaces by monohydric alcohols", Applied Surface Science, 444. pp. 729-738, 2018
[18] M. Mohammadi, A. Ghaemi, M. Torab-Mostaedi, M. Asadollahzadeh, A. Hemmati,
"Adsorption of cadmium (II) and nickel (II) on dolomite powder", Desalination and Water
Treatment, 53. pp. 149-157, 2015

[19] M.A.M. Salleh, D.K. Mahmoud, W.A.W.A. Karim, A. Idris, "Cationic and anionic dye
adsorption by agricultural solid wastes: a comprehensive review", Desalination, 280. pp. 1-13,
2011

[20] A. Takhtkouseh, "Removal of lead from aqueous solutions by dolomit wastes", in, M. Sc.
Thesis, Dept. of Civil Eng., Isfahan University of Tech., Isfahan. In ..., 2008.

[21] J. Warren, "Dolomite: occurrence, evolution and economically important associations",
Earth-Science Reviews, 52. pp. 1-81, 2000

[22] A.B. Albadarin, C. Mangwandi, H. Ala’a, G.M. Walker, S.J. Allen, M.N. Ahmad, "Kinetic
and thermodynamics of chromium ions adsorption onto low-cost dolomite adsorbent",
Chemical engineering journal, 179. pp. 193-202, 2012

[23] E. Pehlivan, A.M. Ozkan, S. Ding, S. Parlayici, "Adsorption of Cu2+ and Pb2+ ion on
dolomite powder", Journal of Hazardous Materials, 167. pp. 1044-1049, 2009

[24] C. Mangwandi, A.B. Albadarin, Y. Glocheux, G.M. Walker, "Removal of ortho-phosphate
from aqueous solution by adsorption onto dolomite", Journal of Environmental Chemical
Engineering, 2. pp. 1123-1130, 2014

[25] A. Ghaemi, M. Torab-Mostaedi, M. Ghannadi-Maragheh, "Characterizations of strontium
(IT) and barium (II) adsorption from aqueous solutions using dolomite powder", Journal of
hazardous materials, 190. pp. 916-921, 2011

[26] G. Walker, L. Hansen, J.-A. Hanna, S. Allen, "Kinetics of a reactive dye adsorption onto
dolomitic sorbents", Water Research, 37. pp. 2081-2089, 2003

[27] S. Ziane, F. Bessaha, K. Marouf-Khelifa, A. Khelifa, "Single and binary adsorption of
reactive black 5 and Congo red on modified dolomite: Performance and mechanism", Journal
of Molecular Liquids, 249. pp. 1245-1253, 2018

[28] F. Boucif, K. Marouf-Khelifa, I. Batonneau-Gener, J. Schott, A. Khelifa, "Preparation,
characterisation of thermally treated Algerian dolomite powders and application to azo-dye
adsorption", Powder Technology, 201. pp. 277-282, 2010

FARAYANDNO Y




Szl G el Egﬁihj VY o et NF Yl fgian b oy i

[29] A.C. Sadiq, A. Olasupo, W.S.W. Ngah, N.Y. Rahim, F.B.M. Suah, "A decade development
in the application of chitosan-based materials for dye adsorption: A short review", International
Journal of Biological Macromolecules, 191. pp. 1151-1163, 2021

[30] T. Saeed, A. Naecem, .U. Din, M. Farooq, I. W. Khan, M. Hamayun, T. Malik, "Synthesis
of chitosan composite of metal-organic framework for the adsorption of dyes; kinetic and
thermodynamic approach", Journal of Hazardous Materials, 427. 127902, 2022

[31] X. Zhao, X. Wang, T. Lou, "Simultaneous adsorption for cationic and anionic dyes using
chitosan/electrospun sodium alginate nanofiber composite sponges", Carbohydrate Polymers,
276. 118728, 2022

[32] M.T. Alsamman, J. Sanchez, "Recent advances on hydrogels based on chitosan and
alginate for the adsorption of dyes and metal ions from water", Arabian Journal of Chemistry,
14. 103455, 2021

[33] S. Zarghami, M.A. Tofighy, T. Mohammadi, "Adsorption of zinc and lead ions from
aqueous solutions using chitosan/polyvinyl alcohol membrane incorporated via acid-
functionalized carbon nanotubes", Journal of Dispersion Science and Technology, 36. pp. 1793-
1798, 2015

[34] C. Osagie, A. Othmani, S. Ghosh, A. Malloum, Z.K. Esfahani, S. Ahmadi, "Dyes
adsorption from aqueous media through the nanotechnology: A review", Journal of Materials
Research and Technology, 14. pp. 2195-2218, 2021

[35] T. Mohammadi, M.A. Tofighy, A. Pak, "Synthesis of carbon nanotubes on macroporous
kaolin substrate via a new simple CVD method", International Journal of Chemical Reactor
Engineering, 7. 2009.

[36] D.R. Dreyer, S. Park, C.W. Bielawski, R.S. Ruoff, "The chemistry of graphene oxide",
Chemical society reviews, 39. pp. 228-240, 2010

[37] W. Yu, L. Sisi, Y. Haiyan, L. Jie, "Progress in the functional modification of
graphene/graphene oxide: A review", RSC advances, 10. pp.15328-15345, 2020

[38] G.Z. Kyzas, E.A. Deliyanni, K.A. Matis, "Graphene oxide and its application as an
adsorbent for wastewater treatment:, Journal of Chemical Technology & Biotechnology, 89. pp.
196-205, 2014

[39] H. Yan, H. Yang, A. Li, R. Cheng, "pH-tunable surface charge of chitosan/graphene oxide
composite adsorbent for efficient removal of multiple pollutants from water", Chemical
Engineering Journal, 284. pp. 1397-1405, 2016

[40] J.H. Chen, H.T. Xing, H.X. Guo, W. Weng, S.R. Hu, S.X. Li, Y.H. Huang, X. Sun, Z.B.
Su, "Investigation on the adsorption properties of Cr (VI) ions on a novel graphene oxide (GO)
based composite adsorbent", Journal of Materials Chemistry A, 2. pp. 12561-12570, 2014
[41] W. Peng, H. L1, Y. Liu, S. Song, "A review on heavy metal ions adsorption from water by
graphene oxide and its composites", Journal of Molecular Liquids, 230. p. 496-504, 2017

[42] Y. Zhu, S. Murali, W. Cai, X. Li, J.W. Suk, J.R. Potts, R.S. Ruoff, "Graphene and graphene
oxide: synthesis, properties, and applications", Advanced materials, 22. pp. 3906-3924, 2010
[43] K. Sasaki, X. Qiu, Y. Hosomomi, S. Moriyama, T. Hirajima, "Effect of natural dolomite
calcination temperature on sorption of borate onto calcined products", Microporous and
Mesoporous Materials, 171.pp. 1-8, 2013

[44] H. Britton, S. Gregg, G. Winsor, "The calcination of dolomite. Part .—The kinetics of the
thermal decomposition of calcite and of magnesite", Transactions of the Faraday Society, 48.
63-69, 1952

[45] M.A. Tofighy, T. Mohammadi, "Adsorption of divalent heavy metal ions from water using
carbon nanotube sheets", Journal of hazardous materials, 185. pp. 140-147, 2011

[46] A. Stafiej, K. Pyrzynska, "Adsorption of heavy metal ions with carbon nanotubes",
Separation and purification technology, 58. pp. 49-52, 2007

vy FARAYANDNO




Sl yaans el m VVo)Lo.&/\f'\)Le‘g/y..\.l.J)éc\i)..ﬁ

[47] S. Lagergren, "Zur theorie der sogenannten adsorption geloster stoffe, Kungliga svenska
vetenskapsakademiens". Handlingar, 24. pp. 1-39, 1898

[48] Y.-S. Ho, G. McKay, "Pseudo-second order model for sorption processes", Process
biochemistry, 34. pp. 451-465, 1999

[49] K. Zhang, R. Hu, G. Fan, G. Li, "Graphene oxide/chitosan nanocomposite coated quartz
crystal microbalance sensor for detection of amine vapors", Sensors and Actuators B: Chemical,
243. pp. 721-730, 2017

[50] Y. Zhao, G. Tian, X. Duan, X. Liang, J. Meng, J. Liang, "Environmental applications of
diatomite minerals in removing heavy metals from water", Industrial & Engineering Chemistry
Research, 58. pp. 11638-11652, 2019

[51] L. Tan, A. Ahmad, B. Hameed, "Adsorption of basic dye on high-surface-area activated
carbon prepared from coconut husk: Equilibrium, kinetic and thermodynamic studies", Journal
of hazardous materials, 154. pp. 337-346, 2008

[52]S. Figaro, J. Avril, F. Brouers, A. Ouensanga, S. Gaspard, "Adsorption studies of molasse's
wastewaters on activated carbon: Modelling with a new fractal kinetic equation and evaluation
of kinetic models", Journal of hazardous materials, 161. pp. 649-656, 2009

[53] Z.-C. Di, J. Ding, X.-J. Peng, Y.-H. Li, Z.-K. Luan, J. Liang, "Chromium adsorption by
aligned carbon nanotubes supported ceria nanoparticles", Chemosphere, 62. pp. 861-865, 2006
[54] S. Yang, J. Li, D. Shao, J. Hu, X. Wang, "Adsorption of Ni (II) on oxidized multi-walled
carbon nanotubes: effect of contact time, pH, foreign ions and PAA", Journal of hazardous
materials, 166. pp. 109-116, 2009

[55] M.H. Karaoglu, M. Dogan, M. Alkan, "Kinetic analysis of reactive blue 221 adsorption on
kaolinite", Desalination, 256. pp. 154-165, 2010

FARAYANDNO

Yy



