Molliys guilyiis gsoisie

WOL (idge )1 S)glia anngi

8th International Conference on
Technology Development in Chemical Engineering

"B (roldgy Bi> gl p o slos g Jeilio 50 jiiw 2 yb I ZIF-67 Gis o Slec g 5, L5 Le (plss Sy’

iy JU b PSS 1 B ole (g0g0mm0 wao L Fard )l (Goen a5 ke 158
Ol oyl c ool 33T olEND (3] i g Alg ¢ comis (oo SUSi1S (A
Olnl ol g (K 59US 9 pale oipgy (&

Ol eyl e oDl 15T olEiils (i g polke woly ¢ Bl (oo 0uSils (g
Jsju.u.a ol g
(m_arjmand@azad.ac.ir : Jues!) wiws | (gogeo 50

RN

Slod 38 3t gy o oy 31l lsisar Jyitie 3l sslii b (ZIF-67) LS s s Jis3hs gl sy ool 53
a5 0,8 il ol w598 (2315580 5 b o3lail (53558550 J 7S y0 S (i Dl lsieas Jgilie Sl ol ags baa
sl S5y b oyl SaiSTy g 9 lyd ojlal zals 4 e da gl o) g oljaiws sloan T8 ogge b piw ol b o il
(FTIR) 5o8 550l 4,58 o el « (XRD) (ol 55 il 5 oolisil o 5 ZIF-67 (o503 50 5 o5 o
o3l 1alS 2 oz 55 B il Jsilie 51 oalital oS s is gl 285 8 (gus) 2 2550 (SEM) (pins (539 50l pgSins Seoe
5 rpSske 1131 Gl byl 5 285 18 b0 0,50 B slag; i jo ZIF-BT 115000 o8 23158, (2al380 5
B coslog, adgl cdale 0,5 0.02 Gl 590 7 ol PH o b ialejl ol o] ooy aige Lyl 15 cos 290,56 B as o
Bl e b oo Ll Lo ial381 b ols las Gas a8 cwy ool alonil aiBs 180 oled by g 5l 5 a5 e 5 Joleo
I, od ol des il a5 ams co lis el cpl bl oo o anl B S5 cuale Silo a5 il oo Gl o ol

3,18 55 dasre 5l (65,50 a4 SIS jebas a8 g ety Sguge

25 )S anls  Biylsy, i dame sles 3 3w (Jyilie < (MOFS) JI-313 lacsz o ZIF-67 1 guds wlols .



-

AN N NN NN NNY

Molliys guilyiis gsoisie

WOLD J1idg j1 S)glia avmgi

8th International Conference on
Technology Development in Chemical Engineering

x

:doddio .1

2 lod S Gla )55 sl a5 el 00 oo Qe sileme Sl (et 3 S & 0l (ol 3l slaans 4o
Ol & s 55 2BCa3game b Gl Canex 5l oo Lo, 2030 Jlo b a8 ams oo oylis bo im0l (Mol s
wdas jgbay .l ool Suo3 ol e a4 Slax Ol ple 4 (S g o slaodlols gl adss ah welys axlge el
03 S siato slooai VT plyisas (Sl ilue D 5 4 Mt Sleogas Lo & oS Sl 5 (p5iae S S,
JB oz gdo b (olas mlio [11ulos S slul (cagas cutilige 5 Sy Lamms ainn) 53 dhvas (sla 155 45 Wigh oo a5lis
3l Jalds 4 o slaptunnsST (55, 52 atrme Sl 5 DT o (S8,05 3585 el 4 (K (g3l gom Slocly 5l 2y
2 e Sl wizen oV (pl 12, 1]l oai jois cand O Jo (bl @bl 5 o (GlopiummsST (6 yiimgigh SLSbigzd
ooliisl el T sloosi¥T g (oK Sl3ls larys b baye iyl loys glacsloms 5 720 sgam cils bl odhos (o9,
7l oSy it o5 gl esran GlaSi; wws oo &y 5le 50,5 S i b gl oy | Yyane s s, Sl oLl
S gl b 4 gole i g o 58 1 g 5 T s s Gl o o in oo LS5 Ty o
b axl jo )l ailie b ps aax 51 Sludl Glas Lo 51 (B 590 4 ccalizs Lyl i lml L LS55 51 (S5 a5 000 oo
S L3S e ogie ssle o loms 5l B sap @ e S, Uame 53 58,5 8 el e Sllgr o 5
ST el sl ool o oM o3 sladlo ;5 00,5 (o 500 S5 T sl iaSTy b g el et Sl 5 S0 alls
o Elgil 0519 4 5 LML jo cabazslis ooV gl oS, [Blewl onss aloul S las slge adgi g oolaiwl (00 s
glo bug Jlo o ol cnl 5l 5 105 a5 g5k a4 wjls s52g lez ;0 35, g9 5o o 5l ity alge e ) L]
@ ealdgy (S, Wl il gisls Caols by, sl g sl Sleonds SO, SO B plos .[3—1]&543@ adgi >l
G595 30 B alogy 5 05 s 51,8 eoliinl 050 cwlidiaisly 5 el gigld oS Se Jud 5l (55505 sloo )5 50 ads
Fd 00 350> (paze 000 30) Sl ausl Jolomo 10 B (ralsgy oMo w05 o0 ooliinl 55 il y5isld (S5 (oS (lgie
5 ol b [8lagh (e slast Bg)ls jo nl 5 WS (o iz 055 4 1) Sedly B loy; Jslome el 5
3011 Jeloee G5l Jgome yobo do a8 ol 50,3 B 0,5 S5, o B alogy il oo sols i 1o )les Jgo yo o] laseiv

2




AN N NN NN NNY

Molliys guilyiis gsoisie

WOL 1idg )1 S)glia avmgi
8th International Conference on
Technology Development in Chemical Engineering

Fas 50,8 ;4 6.8 51 YL sl PH ;0 55,5 K5, 45.2 51 5oul sl PH 0 K ol s o angs Sliwl JsT b Jgbl

[7-5] el ol Zilo a> 45 225-223 sq0> o] b sbeo

W CI-

HaC N 0 ®NvCH3
(L

COOH

H;C CHj3

s o189, 1555, (Jedgo jlSlu 1 Sl

Sosineg ) b le ol iy 5l JT Gl 5 53l sl 5 lags o bl 5 sl slocsz s
T ozl o5 058 00 Ll (Shg ol e Jihend (caiVlgsS ladisy 4 Cond a5 S o ooliinl Sgpaliys 58
Sl 1 b s 4L 5550 455l (5205 (5l o b0l b ol asibe s gmse e Slpn s o
ooz )by ailes 5l 955 4y (g e 4298 T b cenlite pands g ot BB (gl yi oIl (Sl w08 4y paein Jly S
gl CewsSy sl b Sielng 5l 45 aiis (MOF) J1-(638 slogz stz 5l as S (ZIFS) (ol 55 ¥ 3l
g oen] lodign; g 4S( ZN (CU O « Feunle ) wlond LS5 4oy ol b alanly 318 slapsgs 5l gz e ol
Shyls LZIF cousl aslins Si-0-Si ax 0 VFO sy b lacadgsy 4o 3 Jgslonasl 56 augl; aSiul 4 am g5 b [8]uslonss Jate oo 4
Kloads jiw Coddge LZIF [Lslo V0« 5l ias (555 i oo las 1) Jlws S L3l G 5 ot aile o gi; slasider s
czlz g5 S a5 ZIF-67 .9, 10]wls VL J5dss 5 oleerd 55ll 5 )l Dl pli 50 polie lag] 5l ()l o5
o Thg Jdo 4 oole ol 0gd oo S5 CILS (5318 slaggn 5 00 Frde (LY glagjlane! 5l ezl (MOF) (J1-5 518
s 67, ZIF-ceal 5,5 555 0 1y 6 s 45 g sl 5 VU U s s Jidiian o 5L il flecr

3




Molliyy guilhais ot

WOLD J1idg j1 S)glia avmgi

8th International Conference on
Technology Development in Chemical Engineering

Gilolz a8 Cd Jols o )5l 05 co oolatwl alre sloo )5 1o 00 ,5uS jebas e il 5 ol Ll
s s ZIF-67 a5 bul 5 [12 11] cosl 0sgll slalasms 3 T slooais¥T wiz aizas 5 5615 o candis S o JsSga
odle S o o Sl 5 T 51 o308 5 T clron¥T i glaansT3 1o jige ool Ky 4y |y 1 (Sng ol ecnsl Vb Jab
oot Sl 15Ty (sl 450 5l o o0l 0 58sg S olidio ;0 1, o J5SU50 5 ayn Jols Sl o0le ol Jodlsin l3Ls ol 2
Omizmen g sllS slajl5 jLacsl zalS (Ol ahar slaos] 3 s ;0 ZIF-67 5l soliiwl .ol 0l )5 s G slaosl, g
Sliss diwly opl 50 113 ,12] sas o las 1) oYU Jowily o655 5 olionds Caio 45 (6,956 sloan] b (ojluding
drwgs Cyizmed g cilitee ae bl 0 o] Sl g Sl lub ioliEl aes 51 ZIF-67 Sliogas ey ¢lp 6 ke
5 e anllas ol 50 113 ,12] il plnil s o O aias § )8 s5lwo o3 daca b gl slaais) ;o waz slas 1S
s XRD SEM (cla S5 3l oalitad U 1, oo 55m wiln g,linl 5 o Sojed lascio ZIF-67 &lydg b 5
el 5l Ga cd )5 15 ) 8,90 Slas g Ol 5l o omelog, S5, B> cgs ZIF-67 sl 0,346 o .0t w0, oFTIR
) 350 (xlaw (5505850 5 lasein ran LIF-67 (glo 0,356 w3l 10,8 aod 05 0l 50 (i g0 |y B (0]
2 dsle PH ol e oS5, Jsloms adsl cldale wiile apms sl iy (oo o5 o3ug oo VT Bl j0 Qdlz 5 Slas

(SRS, sl
L gy g Slge-Y
@L».o.».w é‘,.o—\—"

(Ci16HasN(CH:)3Br) aws  pgasigal Juio 555 Juw «CaHBN2) Js5loissl -2 LCO(NOs)2 .6 H20 416 LS ol s

0o gyl S, e eSS, s 5l (CH3OH) Jgibeg 997 oy 15 & O,y Wloa b a i LS o8

oolaiwl 0,90 LSS ) Wlasino -1 Jgu

Molecular Molecular Molecular Weight
Name Amax
Structure Formula (g/mol)
Rhodamine B Azo class C28H31CiN203 479.02 556-557

4




Molliys guilyiis gsoisie

WOLD J1idg j1 S)glia avmgi

8th International Conference on
Technology Development in Chemical Engineering

553-554

ettt sloolSins 5 AT @ljngeni -2-2

clale 6, 805lal gl 00,3 oolaiul §auiy yile 5 el 5 e Jols a&islej] Wl 5l ZIF-67 20,350y cqs
soliiwl samie VLI PerkinElmer cs s coln Lambda 25 Joo UVIVIS g5 5 g0 (comiwcils 51 o (pmslog, sla Joloxe
Spectrum One Ko g (FT-IR) a,58 Lo b 50,8 oy90le il ool b &34l v 0 99250 (slaog,Sas
Sl anl 3y ol8s 5l dasdle Il )S LSl ) sl et olulids doasce <L) PerkinElmer cs s csLs

9,5 solial (Ll PANalytical «s s oJg X pert Pro MPD Ja. (XRD)
ZIF-67 jiws-3-2

1855 15 e 4 5 o0l Jlisil i U515 4 Jyitie o) 1o 20 5 16 LS ol S o5 0.35 e ZIF-67 i g
o100 b J51s a1y wes e pseisel Jite 553 Jis 255 0.02 ooy Jgslacosl o205 1.2 s 055 (o0 095 ot
i o olye SalS 5 asls 15 il g9, 5 5 00,5 48l Sl U5 olgn a0 |, i Jgilie oo 20 e 5 ool JUisil (s 2]
L glos jo celw2d Sow 4y 500,85 aBlal JL 310 dlge as |y el Jgilie § LS Ol s Sos g9l aS 1 (6 i olge (s
Sligesy ol slos 28 5l s 9 008 043 zadg @ Jb B S5 iy gy Oloy SIS L Nigd (g 00ls 5 il (65 2
slos 55 gl g oud ools g Joilio b )L 3 0ad (55l oz Sligw) 5 03,5 iz 5l(ak3s 20 5 ,554000) 558 il alwssy

114]5q o Sis ol Ll a0 60
u-\a Olallae —4-2
s S 55000 5 (HCH) Lade (500,15 sl o el ol STl 5 385 paboned LS 5 51 oolictl b ol 0,8

8357 6 S5) o ol 5l calizre slacdale Lo yiiw ZIF-67 &l 39l coda o Slhae b, sl dini pll (NAOH)

S5 3) Jslowo PH Jolis calises sla el )y 5 L 0is 518 Galisee alKiglej] Ll i cou ol slaglone j0(id [ o5 o




L o DR NNALR N N, \ N
; o ool gy guilais groisia
p &

WOL (1idg )2 S)glia aowmgi
8th International Conference on
Technology Development in Chemical Engineering

I ul).)}»l; u..\} u.d).b » LQO..\...&YT clale u‘j.duﬁ 9 (b‘; LSA—’LAAJ a>,0 45 9 35 ¢25) Lo c(d.a..é.) 180) u.ul.m UL") ‘(9 9 7
i C;L:a)...al)l; u‘).....u).»“u....m ...\io)f‘_g)ﬁfo)‘\xldlx}u‘_gb&u)‘)o i O‘).ueu‘).....u “L‘“)*"’u")"“""'ér’u*“""tS‘)" W)

116 15135 )13 R D50 2dx Cudyl g as s

Il St s prgnl ioebed gy PH IS, clale ZIF-67 6,3 gl e 48,5 5 anlllas 5,50 sloyially
005 0 yie gl o Jsb & Lo 51 oolizid b o> 5.5 o3l sl (CE-CIT CE 2021 si s oS5 UV g 25
1555, ools el o5 4 C 5 Co aS 558 o iy, 1 alobes olosl 1 o 51 ol lsins (REMOVAl 90) (6,55, o)l5ee -

[17] el t=t 4 1=0 s

(Co—0) )

Removal% = x 100

0

17T acsls 5 SYolre 3l oolitwl b g5 5 a8 s (Qe)s Joles 50 5 (01) cmne oyloy 2 50 i cud )b

q =(Co—Ce)XV @)
€ m
_ (Co—C) XV 3)
q: —m

M o (G 0,5 deo) o Oomeldg, Jobs 5 ain lo) (o adsl slacdale samsylis s 5 & Ce 5Ct Co xul 40

3l Gdishe) (o Geeldgy slome oo Vg (2,5 Shoo) ool 5 )50 3Lz o2

oy g i -3

ZIF-67 &1yl slo Shg owyp-3-1

ssalie SEM jislas ;5 ol sy SEM) Ling) S5 ySUl Gy Son a4 ZIF-67 21,350 659958 ,50 Sloogas

i ] LmQT Sl jo G316y 5 oo i nlid ol aS a0 LaS sl slls ZIF-67 )3 aS 0ed oo




EANN\N\ NN\
oLl (1idg )2 S)glia aewgi
8th International Conference on

Technology Development in Chemical Engineering

il odst (6 ymeS FauiSTy b 3 0510l a5 Line ol s el cosbin § S 15iSs lis a5 s oo L5 &5 5 3 o5ll aye3

[18,16]1Q2 Jsz) el ZIF-67 &l,35b o lisbo (s,lasly 5 YU oS saumslis ba Sig o)

SEM HV: 15.0 kV WD: 14.36 mm VEGA3 TESCAN SEM HV: 15.0 kV ‘ WD: 14.23 mm

View field: 8.40 um ‘ Det: SE

View field: 6.16 pm Det: SE
SEM MAG: 22.6 kx |Date(m/dly): 01/05/25

SEM MAG: 30.8 kx |Date(m/dly): 01/05/25

ZIF-67 00y 4iges SEM 5 9lai ~2 S

001 Slxio 4 by e Gilp sloald cads pl bl p ol 00 ools ylis 3 s ,0 ZIF-67 ooty 3w aiges XRD s
s Hlis laals 1l oS o WSaie |, ZIF-67 sl 235 5 044 (134 224 233 (114 222 013 022 112 002
3,90 dges 4S5 QS o ol XRD ol ol (Ko Oile oyl Jlgten (b Glisss b g cul ZIF-67 alls 5 odgs

120 ,19]595 s 0sls casseis o] 18 (6,58 51 g g canl oads JSas ZIF-67 Jlslo 5l Lalls jsbas canlllae



Molliys guilyiis gsoisie

WOL (1idg j3 S)glia aewmgi

8th International Conference on
Technology Development in Chemical Engineering

l@\\\\\\\\\\\

Intensity (a.u.)

0 10 20 30 40 50 60
20 (Degree)

o i ZIF-67 aigei XRD ylog0i -3 JSuis

03g35e ;3 .l 00 00ld ylis ZIF-B7 ooty 3 diges 59, p FTIR oriwcads olfiws 3l ool covss gloci 4 S 4o
ZIF-67 &l,356 5o 1y Jgslowes! gladl> iwd 5 oiiS slacdl plate Lol slalg cape o le 1500-600 ol
SHlTH-C (225 s N-C (oS a1 gl sy Olgiee ol 2921 5 1581 1o il azgi b s o i3
sl i ZIF-B7 Jislu 1o 5 wlond Juate 15050 4 a Jgjlamer] 45 ains o b b lgi eyl . ool Comas s3hmasl 09,5 5

8



Molliys guilyiis gsoisie

WOL (1idg )2 S)glia aowmgi
8th International Conference on
Technology Development in Chemical Engineering

Sl 4 55 4 cwl (H-C) oS- 59 0un ot Sloles )l sases olis yie sle 3200-2900 o5L o odo lg pizon
s B sb 4 Sl3sl USE 5 o3l a5 ans e oLt ZIF-67 slaals plos oo cunle ool bas o ZIF-67 IS
o3l g tisle sl Sy lawgs ZIF-67 oS 5 olbend sl Fhg a8 Las pl 4 0,135 oS )...a‘lS S 5 elend Conxsg

[21 ,16] sl o (3L sl limed § 095 oo cpunni

— 11 m
N -
s & |
o
% I b
o -—
[ = L g
£ 5 Y
£ 2, B
2 - g
E -
-
=I
S
4000 3000 2000 1000

Wavenumber(cm-1)
ZIF-67 ouis yivuw 43905 FTIR xiwwiinb -4 i
Ghr wiylyd w4

oolawl L» u_)d.> LSLQW.L“)T g_,.e)f )‘)3 ‘_,,AL»))‘ 3,90 Jyt.c jreew ZIF'67 LELQAJ}N .la.w93 « wloj) Lg‘)fa) ud.> ‘M U"‘ 5

ZIF- 67 Laugs o owolos, i ansTd 0 oloxil 0,555 0,5 0.02 5 ) a8 Lo S Cale b oy oyels, Jsbe y2d oo 50 5]




AN N NN NN NNY

WOL (1idg )2 S)glia aowmgi
8th International Conference on

TechnologyDevelopmentin Chemical Engineering

3 e omelosy lois Jatl 0,18 e O3 lidglh Gl sloo i S @ 1555, (gl JsSge Soii g oelans 5Labss 3,k |
)La_‘>Lm 9 x_i_’>95 o)Lb‘ J..J.) a i ..\49.4‘4‘50 J..a.o.a ZIF'67 C_la.m L ‘sbL.M ‘_gl.bu\aj—«-’ l-' (uﬂ-“j)ou‘a) é.u)..j g_;..\} LﬁAJ‘b
S i o)l a5 ol i i)l s sk o el LT 4 g 08,5 39 lnojim 5o 4y laygy « ZIF-B7 aSty Jielseis

10

100
10 ZIF-67 20
8
§60
5 6 T
£ 2 40
. E
4 & 2IF-67
20
2 (A) (B)
0 0
0005 001 0015 002 0025 003 0035 004 0.045 0005 0.01 0015 002 0025 003 0035 004 0045
Adsorbent dosage (g) Adsorbent dosage (g)
100 100
90 u 80
g 80 = § 60
r— ©
S | :
£ » ZIF-67 E a0
70 | 7]
2 -5
60 ©) 20 267 [ ()
50 0
a 5 6 . s 9 2 4 6 8 10
C (mg/l) pH




Molliys guilyiis gsoisie

WOLD J1idg j1 S)glia avmgi
8th International Conference on
Technology Development in Chemical Engineering

100 100
80 o5
= IS
§ 60 ‘ﬁ'
g 3 9%
E 2IF-67 E ZIF-67
40 o«
85
20 (E) (F)
0 80
0 20 a0 60 30 100 120 140 160 180 20 25 30 35 40 a5 50
t(min) T(uq

(E) cpHD) (adyl clale (CB) «odl> 390 (B \A) ZIF-67kwg o cmoldgy 0> p Fldos byl )b )..Si.’ S s
5 S o aids 180 wles oloj e g 5 5 pS e B adgl clale jo o maldg, Bl wils alisue slajes Lt
RS C).a ‘g_AQL‘> )99 u.ul)sl la “_,u,\.’>- MT)S 4.;.‘5‘ J}‘).a ° S ol QT )‘ ‘;L’> C.’Lu el 00l oalo ul.u.u C}.asd.v B(A&B)
sl Slol Cdx glacolu b palp 5 OO mhaw (B8 dsar Gl Gl b oo Gl 65Ktz b (o Omalds,
‘39"*’g5°" sualive < u"""‘bﬁj -RCS Qo0 40 (A JJB u.w‘)B‘ suél.‘> )SYL LEL‘bjﬁ‘b BN ‘JL'> U"‘ Lt ] < u.a.c‘ég) LSL‘bdﬁg‘l}‘
Sliee 0,5 0.03 45,0.02 51 S3l> 590 2al38l o e sl Jolomo 51 ZIF-67 &l 355k bawgs wda 0l eSS oainsylis a5
by alS b i IS 5 il ol b el b el il il ZIF-67  794.07 & 790.56 51 o cywlo, i
5 Slogen «l)d geas a4 YL slajes jo wd cud b ralS .cul ooy ol e 0,5 5 p,5 Lo 7.84 4 11.31 51 (Qe) wi
00)5] w.tbbs l.a u\bl} 390 u,...’l)sl ‘)-i.'.‘) S )‘ 05*.:‘50 owwu»—uéb Y Py uublf g0 PLE -ba—')-o 6)Lu4.>915
w.‘b‘)ﬁ ‘) d...lsl )J&Lo.a O S (2 ‘JM‘QB) )‘ (8 o )J\)LO.A u» Ol&o‘ 9 ol Sgafe ‘) ud.’> ‘5\‘)15 ¢ s JL-ﬁ LSLQ“"‘L"‘"
RPWRY S5l o g o0l Casods 0,5 0.02 L3l 590 40 o cpelog, B S las 4 sas e L (A&B) 55 0,90 o0

[22, 23]05s o5 osalie g B

adgl cdale ol b oS sims o olis s aiS o pgai 4 |y ZIF-67 i a1 5 o mslog, adgl slaclale (C) 5 s
o Gl ZIF-67baugs 05 5 05 Lo 1217 4 1131 5l s s i bbb 2 p S oo 6 405 51 o ool

Db oo LzolS ZIF-67 g1y 0o ,0 8117 @ 00,0 90.55 51 g il Lzals adgl clale iol33l L ZIF-67 Ba> 003 ¢ Jlis ,o
11




Molliys guilyiis gsoisie

WOL (idge )1 S)glia anngi

8th International Conference on
Technology Development in Chemical Engineering

hlS Jials cely ass jo aS ols cond O35k mhaw 5 99250 Jlad slacolu glidl 4 ol oo 1) Cdo 003l jo rals oyl
J.a‘_g,s &A—’L&-MJ‘BJASJ‘ U)Lala.s bl.?u‘ L ).’>L..a ZIF'G? u‘)byl.v ‘57114..4 )lJ U’“"‘)ﬁ‘ ‘L)"‘ » osyc .)3...0‘59 = um‘.)j) g_S..\D- )J ubl}
,24]&.&&‘5@ u...mlf ‘) g_9..\> oé)'la' wl.éf )\) 9 oo; AS-QS u..\.‘> (_gl.mwl.m );(’:s).w (C-L..m‘ L 45 00;6‘9 = u""““)j) ‘SLDJjg.I}A lJ

[25

e 3 s slo S5 2l 0l e S 5 s 5 PH il o i BB sty ol o i o
iz o,Slae ZIF-67 &l ydgil il on ool olis (D) 5 USh 15 a5 jsbplad iS e cpmess |, il Lsle sloog,S 4
Ol ydd ol ol 00 &S T B0 o PH e0game ;0 i LIS 0 3L g ilosls oylis PH 00,08 o5L 5 jo |, 495 LB
‘dMl .]a_s‘)...u L .)5....4‘5;! .ba.v).c ‘_g‘z_’a.u: ‘SI.ALC LSLQOB; MO} )...a.:.'; Lv J..&..u.l 9 ‘._;.)L‘> ‘fLE‘d )L’ L g_;b.u_u L éla) JLo.._?"d.v

[27 26]cal o cmslos, B> sl ZIF-67 &l 36l wids o5 5 PH as g5 LB 5T sasmoylas gl

EMalas 45 yol ol 45 amo o (L |y (latmga dalidl Wiy, wled ploy Liul3dl o crslog, B> yliwe « (E)S S b ollas
Y S S Jleasl a8 aips oo a3l S5 eSS g Blo sla corie by jloges o)ls o,lil Gil> mhaw 5 SloS 5wl leo (593
03 del, I8 St a5 5l L sl B as el ol S mls pl S o Cusdi ) QI mhaw o eelog; 5l JegeSS

F)5 Jss a5 jsbplon 8,5 13 b3yl 3,90 o5 il 42,545 535 25 (slales 15 (o maloy, i wul b 5 Loy 3l
oxghodar slaJsge Sodi & 5 gt 4 oy (nl b oo (RPN 6 pKedar jobas Les (Rl L iz o8 b el oad ool lis
Lale slogygliwgn )3 Jolore 4 jsfany G2alS 51 (20 a5 358 o0 00l Comd Q3> (JSIs Sljas g (2 ) (550 Y G50
o eldgy Bim 58 ZIF-67 s3jl Lisl3dl ol piio Los i b (ol slaJsSse sl wdle ol cod,ls ool s osdle .cun

[30 29 ,16]uib o 15k 5 g9 5l iz oz as el ol ko YL slabes ,o

12




WOLD 1ide j1 S)glia anvngi

8th International Conference on
Technology Development in Chemical Engineering

S5 4 -5

5 Sy dauzme 53 (] (grord Cools 5 ke DIl G0s (s SIS rimacis s ladised I o ueldgy B anli
w57l dhewstr gl Jslowe 5 (o Guoldgy i (g2 18t (nl 5l Ban 0l (Slofg Sl oy Slogzse oy 99)5 (izes
ags oo slod 4o jiw g, S Gk 5l g P leeas Jgibie 5l eoliiwl b ZIF-67 caddllas oyl yo 040 ZIF-67 éTx;}lé
33 Jgiltie jgam 0,5 Wl lag] w3155 5 1S olail (539058590 S 50 6550 G5 (P plgreds Joilie bl .ays 5
Cog Loyl S Sy daue 9 SIS ojll als ol ams a5 o )5 el o) g sl sboanl)d sggs cel i anl)
c (XRD) oSyl 55y Lily alaz 5 ikt gla pg, 51 eolizul b ont 2 ZIF-67 _Syjelshyse o o tile slo S
o b)) cnl @l 285 )15 byl 0550 (SEM) (s, S0 o5Sns S 5 (FTIR) 50,8 (g0le 458 Lo omtuwinlo
Ll 5 o cymelogy i 50 ZIF-67 LIS, o9 Loyl i lgiSs ial33l g ol o3l Lials 3 Jgiie azgs 5 il snias i
5 5 2 e Sk 5 o eelog; sl clale 0,5 0.02 L3lr 590 Tl (PH aig Lyl s 285 )15 b1 050 gy
Sl olad ode T B o) p el Cewsds £90.56 Bi> aoys 50,5 5 p S e 1131 Gl cud b Jaids 180 Lules oo
oanlie ool ol b 5518 39 5L S ol ) Sl ] 5 i on IS o oy, B e s il o5
53,0 5l e 5l 65,1 i 4 SIS jsbay Lds ol g Sgicr wdz oLl da coge Lo il a5 col T Sl
el ! ‘531 Sllaow 5l o uslog, Ba> gl i QI S e ZIF-67 i Sl oamalis Guion cpl gl (g0

S oo oSt ) Gy danmme 5l cblas g Ol ahai sl IS ;0 ZIF-67 5l soliul oYL Jwsly puimen aslllas

&> -6

Akter, T., et al., The impact of textile dyes on the environment, in Nanohybrid Materials for 1
A431-401, Springer. p. 2023Treatment of Textiles Dyes.

Saini, R. and K. Choudhary, Toxic potential of azo dyes: A broader understanding, in Hazardous 2
A481-469, Elsevier. p. 2025Chemicals.

Panhwar, A., et al., Water resources contamination and health hazards by textile industry effluent 3

163-158): p. 4(1. 2024and glance at treatment techniques: A review. Waste Management Bulletin,

13




AN NN NN\

Hlollgas guilyais roisvan

WOL (idge )1 S)glia anngi

8th International Conference on
Technology Development in Chemical Engineering

: 8@ zif-403al., Efficient adsorption of Rhodamine B using a composite of Fe Al-Hazmi, G.H., et

Synthesis, characterization, modeling analysis, statistical physics and mechanism of interaction.
229-211): p. 1(37. 2023Bulletin of the Chemical Society of Ethiopia,

+3Golshan, M., et al., Rhodamine B-Modified Nanocrystalline Cellulose as Fluorescent Sensor for Fe
2400285: p. 2024/on Detection. Macromolecular Materials and Engineering,

Bucevicius, J., et al., A general highly efficient synthesis of biocompatible rhodamine dyes and probes
1306): p. 1(14. 2023for live-cell multicolor nanoscopy. Nature Communications,

Lesniewicz, A. and A. Lewandowska-Andralojc, Probing mechanism of Rhodamine B decolorization

under homogeneous conditions via pH-controlled photocatalysis with anionic porphyrin. Scientific
22600): p. 1(14. 2024Reports,

@ 2@ SiO8Abdi, J., et al., Synthesis of magnetic metal-organic framework nanocomposite (ZIF-

) as a novel adsorbent for selective dye removal from multicomponent systems. 402MnFe
188-177: p. 273. 2019Microporous and Mesoporous Materials,

Shah, S.S.A., et al., Recent trends in wastewater treatment by using metal-organic frameworks
140729: p. 349. 2024(MOFs) and their composites: a critical view-point. Chemosphere,
7Al-Nowaiser, W.K., S.A. Onaizi, and M.S. Vohra, Synthesis and application of novel GO@ ZIF-

): p. 3(7. 2024nanocomposite for the removal of lead from aqueous solutions. Emergent Materials,
.1055-1043

+. Frontiers in 2for rapid adsorption of Cu 67Lei, Y., et al., Synthesis of strong magnetic response ZIF-
1135193: p. 11. 2023Chemistry,

: 67Ethiraj, J., S. Palla, and H. Reinsch, Insights into high pressure gas adsorption properties of ZIF-
.109867: p. 294. 2020Experimental and theoretical studies. microporous and mesoporous materials,
): synthesis and application for 67& ZIF- 8Nazir, M.A., et al., Zeolitic imidazolate frameworks (ZIF-
129828: p. 2024wastewater treatment. Separation and Purification Technology,

accelerates infected diabetic chronic wound 67framework- Chen, J., et al., Zeolitic imidazolate
133091: p. 430. 2022healing. Chemical Engineering Journal,

Mokhtari-Shourijeh, Z., et al., Synthesis of porous aminated PAN/PVDF composite nanofibers by

removal. Journal of Environmental Chemical 23Direct Red electrospinning: Characterization and
.103876): p. 4(8. 2020Engineering,

growth on CS/PVA nanofibers for high- 67Mokhtari-Shourijeh, Z., et al., Seed-assisted two-step ZIF-

: p. 1321. 2025Molecular Structure, efficiency cadmium and tetracycline adsorption. Journal of
139835

Su, H., et al, Fabrication of physically multi-crosslinked sodium alginate/carboxylated-

chitosan/montmorillonite-base aerogel modified by polyethyleneimine for the efficient adsorption of
125321: p. 330. 2024(1l) contaminants. Separation and Purification Technology, organic dye and Cu

14

10

11

12

13

14

15

16

17



AN NN NN\

Hlollgas guilyais roisvan

WOL (idge )1 S)glia anngi

8th International Conference on
Technology Development in Chemical Engineering

and its derivatives: adsorption, separation, 67Zhong, G., D. Liu, and J. Zhang, The application of ZIF-
.1899-1887p. :(5)6 2018 .electrochemistry and catalysts. Journal of Materials Chemistry A
/chitosan beads with high surface area and 67Hammi, N., et al., Hierarchically porous ZIF-

storage. Materials Today Sustainability, 2strengthened mechanical properties: Application to CO
100394: p. 22. 2023

@ MWNTs composite adsorbents for 67and ZIF- 67et al., High-performance novel ZIF- ,Abbas, M.Q

efficient removal of pharmaceutical contaminant from water: Exceptional capacity and excellent
.129645: p. 355. 2025reusability. Separation and Purification Technology,

Wang, T., et al., Fabrication of a ZIF-on-lamella-zeolite architecture as a highly efficient catalyst for
5221-5212): p. 11(53. 2024aldol condensation. Dalton Transactions,

Mahmoodi, N.M., et al., Silica aerogel/polyacrylonitrile/polyvinylidene fluoride nanofiber and its
129418: p. 1227. 2021ability for treatment of colored wastewater. Journal of Molecular Structure,
composite fiber membranes and adsorption 8Li, Y., et al., Morphology control of polylactic acid/ZIF-
1634-1621): p. 4(59. 2024performances for dye and antibiotic. Journal of Materials Science,
Mahmoodi, N.M. and Z. Mokhtari-Shourijeh, Modified poly (vinyl alcohol)-triethylenetetramine

nanofiber by glutaraldehyde: preparation and dye removal ability from wastewater. Desalination and
.20083-20076): p. 42(57. 2016Water Treatment,

Mazarji, M., et al., Synthesis, characterization, and enhanced photocatalytic dye degradation:

Optimizing graphene-based ZnO-CdSe nanocomposites via response surface methodology. Journal of
177999: p. 1010. 2025and Compounds, Alloys

Rabeie, B., et al., Magnetic COF/MOF hybrid: An efficient Z-scheme photocatalyst for the visible light-

: p.421. 2025assisted degradation of tetracycline and malachite green. Journal of Molecular Liquids,
126869

-Derived N-Doped 67Zhang, L., et al., Molecularly Imprinted Electrochemical Sensor Based on Zif-

Carbon Composite Interconnected by Mwecnts for Rhb Detection. Zuju and Li, Zhongbo, Molecularly
Doped Carbon Composite --Derived N67Imprinted Electrochemical Sensor Based on Zif-

Interconnected by Mwecnts for Rhb Detection
Nguyen, T.H.A., et al., Plasmonic Ag-AgCl nanostructures decorated polyvinyl alcohol-boehmite@ ZIF-

granules with enhanced photocatalytic activities toward textile dye and Cr (VI). Colloids and 67
136296: p. 2025Surfaces A: Physicochemical and Engineering Aspects,

composite embedded with magnetic nanoparticles and 67Shahzaib, A., et al., Green synthesis of ZIF-

ZnO decoration for efficient catalytic reduction of rhodamine B and methylene blue. Chemistry of
.100037: p. 2. 2024Inorganic Materials,

composite non-homogeneous catalysts with 403derived Co 67Tong, L., et al., Preparation of ZIF-

cerium oxide for the efficient degradation of Rhodamine B. Inorganic Chemistry Communications,
113132: p. 170. 2024

15

18

19

20

21

22

23

24

25

26

27

28

29

30



SN NNNN{ AN AN

Molliyy guilhais ot

WOLD J1idg j1 S)glia avmgi

8th International Conference on
Technology Development in Chemical Engineering

""Enhancement of Structural Properties and Adsorption Performance of ZIF-67 via

Synthesis in Methanol at Ambient Temperature for Rhodamine B Removal™

Zahra Mokhtari-Shourijeh 2 Mehdi Ardjmand 2, Niyaz Mohammad Mahmoodi ®,
Adeleh Gholipour-Kanani ¢, Ferial Nosratinia
& Department of Chemical Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran
® Department of Environmental Research, Institute for Color Science and Technology, Tehran, Iran.
¢ Department of Textile Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
* Corresponding Author,

E-mail: m_arjmand@azad.ac.ir (Prof. Dr. M. Arjmand)

Abstract

In this study, a cobalt-based metal-organic framework (ZIF-67) was synthesized using methanol as a solvent through an
ambient temperature synthesis method. The choice of methanol as the solvent played a crucial role in controlling the
morphology, particle size, and uniformity of their distribution. The presence of methanol in the synthesis process enhanced
nucleation and crystal growth, resulting in a reduction in particle size and improved dispersion. The structural and
morphological characteristics of the synthesized ZIF-67 were investigated using X-ray diffraction (XRD), Fourier-
transform infrared (FTIR) spectroscopy, and scanning electron microscopy (SEM). The results showed that the use of
methanol significantly affected the reduction in particle size and the improvement of particle uniformity. The adsorption
performance of ZIF-67 was evaluated for the removal of rhodamine B, achieving an adsorption capacity of 11.31 mg/g
and a removal efficiency of 90.56% under optimal conditions. These experiments were conducted at a pH of 7, with an
adsorbent dose of 0.02 g, an initial rhodamine B concentration of 5 mg/L, and a contact time of 180 minutes. The
adsorption process analysis showed that increasing temperature led to an increase in the removal efficiency of rhodamine
B, indicating the endothermic nature of the adsorption process. This suggests that higher temperatures improve

adsorption efficiency, and the process inherently requires the absorption of energy from the environment.

Keywords: ZIF-67, Metal-Organic Frameworks (MOFs), Methanol, Ambient Temperature Synthesis, Rhodamine B

Adsorption, Endothermic Process
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