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Influence of Nanotoxicity on Human Health and Environment

Author: Somayeh Alijani’

Abstract: Nanotechnology continues to offer new materials and applications that will benefit
society. But, recently the stunning developments in nanotechnology have been with issues
regarding to their potential effect on human health and the environment. There are no particular
regulations on nanoparticles apart from existing regulations covering the similar material in bulk
form. To maturely develop nanotechnology, we must review, through appropriate metrics, new
nanomaterials and nano-manufacturing processes and employ these findings to guide this
promising industry. The use of nanomaterials to achieve the goals of green chemistry will provide
new opportunity to build up superior products and processes with reduced impact on the
environment and human health. The combination of these two emerging fields provides even
superior opportunities for reducing the impact of new technologies on the environment and

society.

! Energy and Environment Research Center, Niroo Research Institute. Salijani@nri.ac.ir

YA



G jhames 2B g5 09 8 pamass slaslsy
\Yayv al.oJ:S Al o)l.«...':'» ‘CJLG-?’. Jl

International
Journal of
Environmental

Science and
lechnology CMMJ“)_IQ_:N szjj}.g] 9 vjl; &L‘J\uﬁ 4;“‘).&; Lg Lﬁ-u‘

International Journal of Environmental Science and Technology

Lzl S e amwade olal O ST ol Kisls Sl este A=l DEST Aadlops o 0
PSRN ERNGIV Ry - JUVSGIOWER S I r)l.o ahy 3 e ol i 50 SS« Springer iy
ool 4 S 135558 sl s, 53 (Impact Factor) f;L, oela bld 4 el dl VY cus (4l ls

Speed Usage Impact
. -
m 75 o orsaye trom susmssen 4 158,625 o 1.915 2.158
of Bhe mEnusCript to frat gecision — 2017 L=  no. of downloass — 2017 IF 2018 EYRIFI018
.;@ (- J T —— O 120 0 0.95 swe -z
Putisher to publishec crine - 2097 Usage Faclor 201812017 = Source Normalzed Impact per Faper

!] 0.575 sun_2os
SCimago Journa! Rank

O
h& index - 2018

Journal Metsics

Ol s 1l 4 &5 » okasoLi(ISI) Thomson Reuters 58 0 Lol 51 a0 o pl ode )

3 g e Ol pl 530S ale analr (1 S bl 1 ezl Sl elike 3 485
Ao i Ve 0T Cass glaesled 53 45 555 0 Sl aellad & gon Yoo ¥ Jlu 5l HEST o,
e a5 B33l oo 51 OB Ny 5 Lol W5 w0 05STen 5 V7 Y O a5 Al e Ol oyl
s s ede Sledbl oL ST 53 6)led it SLaSH Ole3 51 485 ol el 03 WL Wllie Y
35ms S50 5 ag s opled cpase 3 el slas bl Cole Gl ol Y5 1 S oS el
Ciad g &y p ot S Sl 5o alome opl s glacd s 5o s asns ) eaasie o g
S e &8 Y0 sldad 4 a0 pla o Cia slael Ll Olge Gler a5 01l 5 Ol 5l
5 ks sl a5 a5 Kleddeds S 5 Medlom paasiie Ol Sl LaOT Loy Av 1 i

s by ALl el 55 5 Ole CLel&iils eleczn slasl op Satua 5 Ol

b anzl e s Colecs 4 Ol ol b ke pl3T Gl

https://www.springer.com/environment/journal/13762

Y4



ot yhams 55 01 5 9,18 5 JI- 38 slag o> ,l> 4L

&:«-w-lj-h.?u BL C}T bﬁ)\S K ‘)T—}U 6\#&?}%)‘% jJU

\ - . e .
r.)\.u))_; d‘yq.ﬁ: .e.\.m.:y

adlas 3 T e Sled w las S 51 (glos 28 Cab b s gskd S S5 glac ol te S

GLaa S 5 ol old plnil 3lpe nl e glatss 5 S5 Glac sl vt s o
head 53 Klg e 5ol cpl el 0dd s 3lse opl 50 5 B (3 s lame b Las
G JBS 58 5 iUl a5 dpn auoas (WaolS 5 10 5553 353 slaoti VT e T (slaety VT
Shes e W5 daasol Jaseecan s laodoVT la, V0T 5 e Slalis cotle (o jlames lizuss
s didls sl S sk 5 ok 5 Ha (g3lue o3 5 dr iy 55 Sl eslinad b T 51 H2 A 5 «CO2

sy a5 S 4 (830 63l sty Slags b s aslizal 5 w5 olS 5 3

o8 55«83 iz 3z (MOF s =55 slac sl 2ol 9SS
FPRVP)

sl 5o o ep Jline GG sl gl et Sl S SRk sbo sl
G o 038 lad Sse Sl Ko g5k Sl sls slse b ol 4 S5 Oliios 4 53 50
[0J s smsan oliad Sl G s 5 o3 s SuSS & JT sl S Lol Joase

w5 Oledor (b Sl g Gidiee ax gy Jibie sl plecd b s el
G S glaans 53 oS exs plle Jlais s ge (ol s GBual Gl 55 5 Siaodes sladisy
ol e |y OIS ¢M,ﬂ G 53 b giad 3l s OV game Sl 5 eddantls O
L s eS| b Sl b slpe b 4 e 350 S5 03 3m 0 ($lacus sdoms [)] o

Fdsd Wl e b Slalr ) s opl sl (glad ol el ol gladle 5s g s

ppourmoghaddam@nri.ac.iv oy SN Gy g oKt gy oGy jlanes 05,5 iagi ol )5
2 Polarity

e



Sy danes PRI ejjf‘raaaﬁé".;b:u}jﬁ

\Yayv el.aﬁ}' Al o)Lo.i'- ‘fjtﬁ Jl

- N2

Jyone Sk paie Il Gl 5 4 ol slie DLlS (6 udy (ST 5 5 Shas ( liad Cund s
slaslsle ool ss bl ' 5l Glosmler s 2 @3l Lol [Y]asl azils
DIl 5l 5 0 gl sty o VA8 s Ll 5o o piasy ol e Jonlns
C Ol g el LUK Ol 5 desa el slac sl Sl b Oletils
ot VS Sladign ) Lasltle pl s gas KL Ak 1 ehs olad b ol
3,5 o UK 58 S e sl 5 S S il by oS JsSTe ol T s dliisae gl
5 B 5B Jaals, 5 oy Sl e pmoler anl i xS aCd bl sl DN o5 0 U
S slaasld gt ol ol oslinal S3aden sy ey g etias Slad S aladi s
b slaolstle (55t sba Lo sler ol ol 4z BB 2y ool 4 ealosey asly
bl 3 iy opl Sl T e s 4 SuSs a4 sl Jlasl 51 aS aiS e slowl | guile oS0
ST a3 Sl sd et b bty TaIIAlol 5 Ll s 031 STl S5 o i
ST Ces & ek 5 alaeSis (Gramlidse Hsbar 5 edd Olanl Rl (g s 5 LSl
S ok b s Jols Padpr S ash il e 3l oShaS S 5 e el s s
Glaaiy by Mol on o xSl b ooler bl 53 lajanls Jle gl 3l g5

[V ]Xlazes ol 51 Znd0 oS 5 S

! Metal Organic Framework, MOF
2 Multidendate Chelate

3 Donor & Acceptor

7 Nodes & Spacer

3 Cluster

S Paddle Wheel

Y



C;.w-l).k.;:’u BE &i :1.3)\53&;‘1—}\5 &5““‘.’.9?,)"., _93\.'»

v

o1 S e 3 S5 S ol Sl (St S5 0T s oS ape sl 0 slag 2 (V) IS
[Vl 55 (68013 cand e LS s oMb 5 sl (slad 5 O3S

D Olgie |y diles S Oy (il dl b gy coslin glay S |, WMOF lidos s &5 LYs
Vs o e 23305
(v vm?/gr 50> ) YL e
LMOF i S Conpls Y
w23 ) LMOF (ol b OlSGl oS cile s slahsy 5 JI Ll 5l ams o 208 Y
O3 Sl 5ls 50 Dliasiie 05 5w gl OSG1 55 S dal
Hy ol b3S = 53 WMOF SaiS oSl G ) -
Sl Aol b feged 53 WMOF oy 5 Clor Sz slay 5516 VL il -0
LMOF i s i)
Ay oLl gladgle 5o Lo,k (Al isyls 5L ol Ll s (s 0l 0 B i B,
g pall Sud s e (b s il e Lk 5 Al SRl 6 i DRl Les 158 L (sl
wlins b SLUES Jols Jslos 5 3l slos @3l dolome e el (LD 358 2y,

25 Slapp o Sl S Sl S e S s Sen 2 a3l L Ly sy S

Yy



Cmq'j.h.g’u d‘:“bjﬁ AJ;MGL&:USJJ.:

- N2

Gl clie S5 sla, 5SS ols S5 Jgloes 53 areal 3585 b 5 pd e oslinal 358 55, 5l Ll

\Yayv el.ox; Al o)\.«..':'» ‘le'é"e' Jl

g Gl g slatad gl Jod 5l o ge bles ] e s 4 eSOl anl 318 Sy S LT
WY oy aneal 356 gyl 0S5 Seee IV IbAS el e S8 sl Y ¢5 s H
el S glae Jaes 93 Jlas!

oduns |5 sl ge (ol Jhos 1 Y guamms OAS mexr iy ool el il (Jgm) sika )
Fow Sl Ol 15 0T Ll 55 o oslinad aed i3 5 sl ool 53 o) (pl el s
Gl (oLed S IS 31 0555 515 Sl am 3 Ar=YF0 5L 50 (Slos o3 3does 515 3udad 50 WMOF
oer adlge GESTy LBl 3OS 3w e B Gl 3 Al S a ot sbe S
W5 5 dpme Sltle 5 oS00 (K3 35 U8 0 Ol5 e by ol bl Sl el odd Olgis
W pde 5 5 sl SVsb Ol 4 015 e OF culae 15 3500 o5l8 S 5 bl gl 5 shSS
[¥12 0 ol 1) o slas )8 ¢l Kb o) 50 2l SLLMOF

MOF (sla,sh g sl 03 S jsbay 0sSU Loty cpl i Ssml A labs, 5 s0s Sl 2815
0l se rman L) sl a4 Ve s b s ool sl o sla s Ll il ok eslind
oo Olsear sasSle SRl [F It ol O3 olg ISE 5 o3Il J 28 sl Bsb b, 55 S
ol bl ol 055 g 528 L e SLS 5 Jbe S asdes lasie sl i 031> &)l
&S ol Ol S5 Ps8se JuS gdome L3 o3l &5 crs oskd ol sl Llosle g,
Al e bl Sie bl 5 56

e gl ol a5 LB LY o Ly I Oy o b (SO bYlsl 5y, 0 S B g,

das Sl 3 kel gs e i 5 S slasltla (6,8 1SS 5o D slad 5S50 28 3550 53 iy Ll g5 o0




g;...;}-h:’u‘ BL) C}T )ﬁ)‘S K] éi—# ‘5‘.3\:)_9?)‘9" JSU

G 9 S e el ) Gl LSSl Son lde 3 g glaanl B4 e s OGS
Doz 033k 4 0155 o (oa) ol blze 5108 oo OLul 15 aislesT elide 55 Slodie gla s,
s dyams A5 gl (BBl 0ol Sl = b s D a5 pde s gl el S Oles iy
0155w 55 ol S eslizal b bl oo U 1y (6550 3 oy o 5 bin &5l 550 Sl eslial s 5
I¥T5 80 s 0 1 Slstle s S caelin (sla ) 4SS

WMOF a3 st plonsl Sl iy

ot 3 4 SIS e el o bl LMOF iy (903 Sligiows w208 ans Jler b o
LMOF ol s ois g 3 o Dy oty dlie Yeren 51ty SCOPUS ol s el ploxl]
s wpaiys dlie VeVAY ol ibay alie sl ol Sl Ll S5 sy s by,
s slaws o 5 4 Llaslians 5 WMOF Lol 55 a5 g5k slaasls ol o3 5 WMOF Slidss
CIXYIR) oy 5 S ((XVA) agd pwdige ((1F5) slpe (VWi S 51 IAVY) o Juls
(LYY N glaxs, s IRV SNIEIIESNCYV RTST INVAYAD RN SIN VA VAP SR>
(D)Ko iles g (Y9 pske b 5 (V) Sy

Sdls 6350 55 SCOPUS colu 5JUT b o jlama b bad o LMOF es plol it aiy
5 ol 0kd ize WMOF ane i b b e aacons s lin VYTA g gamays YOIA Olie B )AAY
YOV Jle s e oS Gl Sa ol o3 YA B Yo) s gladle sssdome s dllie &5 Ay o 2o
el 0l W) gy Jame Cilitie glaasli 53 WMOF anw s avejs dlis Y80 51

LSLALSJJL‘Q =L .,\.J‘ebj.) PEAA w‘ Q\ILE» 43‘)‘)) d)\)ﬂ@w\ﬁ)‘)m\ c&y OJS cl.iijﬂi

! Multidisciplinary

Y



C.',-w._».)'.k.;m ;;‘:”hj}i eJ;M‘SL&:‘J}_’ﬁ

\Yayv ol.a}; Al °JL°'“:" ngLq.? Jl

L] ‘/
3/:’314’}:;

Llasls duw “:‘“"“:’.)‘b':"" ‘_;La\ L L: 450.3}.3 JSJ" VUM}:} ngf\) qu':“;’ ‘6“'3":’ L;W.W

() s

Other (2.3%) 10791 document results  daterange: 1978 ~| © (2018 =

Medicine (1.1%) ————— - matal AND ceganic. AND Trassewor

Multidisciplina... (1.2%)
Environmental S... (3.6%) 7 ’
Energy (8.6%) B
Biochemistry, G... (9.2%) Chemistry (80.7%
Engineering (10.7%)

Physics and Ast... (22.4%)

Chemical Engine... (29.9%)

' Materials Scien... (46.0%)
[¥] Llaslarw 5 LMOF Lol 55 oS g5k il glaastls —(Y) I

Other (6.3%) ) 1228 document resulls. dsie raege 1o anaize: 1564+ ta 7018 =

Medicine (5.0%) —————— __

TITLE-ABS-KE'Y | matal AND cepamic AND Tramework |
AND { LIMIT-TO SUBIARES | “ERVE 1]

Earth and Plane... (5.0%)
Agricultural an... (6.5%) /___./--'/"..
Materials Scien... (10.1%) ~

Biochemistry, G... (13.1%) - Environmental 5...

100.0%;
Energy (18.2%) { )

Engineering (1 8.4%)

Chemistry (34.0%)

* Chemical Engine... (39.6%)

[¥] G 3o 4L 53 MOF Sliiows 51 SCOPUS oyl 1JUT s —(F) ST

Yo



C;....l).k.;:’u BE &i >ﬁ,KJJi—}U ‘51.&;.)‘9:;)% JJU

Documents by year 1228 scmen resurs oo sm mges e 1508 <] = s ~

TITLE-ABS-KEY [ metal AND organic AND framework | AND (| LIMIT-TO ( SUBJAREA , “ENVI™ })

E 150

10H
1984 8 ] 1993 1996 1999 2 2 2008 2011 14 201 202
south korea [N 1228 document results Choose date range 1o analyze: 1984 = to (2018 =
et S T/TLE-ABS-KEY (metal AND organic AND framework ) AND (LIMIT-TO ( SUBJAREA . "ENVI®)

spain
ttaly [

wetherdands [

(M J&: aalsl

3 SCOPUS wule 5UT G icmidams 53 5551 o35 b s o WMOF ssiplonil Sl 4ty

6355 S50 055 b ot e ali 5 s e YYF slaed LMOF anwsi b das o a3 allia ) YYA
Jlo 55 g5 &5 Gl sS s ol 635 YOIA B VVY ladla essdme 3 allie €l Ay o s 5 ol
ol &1)) o 3hame 5 (65,50 0557 Cilitee laasli 53 IMOF anes 55 ave s llis OA 51 s YoV
Ales gy 4l cpl SVUe &l 3 Jil 28 a2y s oS 5 LS B IS el (e Lo
Sl 53 (550 055 b aS oo g 5 p atldan o cand 5 0l (and wdige Slags,sld L

() J&: (Llazals Lo s

Yr



%}Mﬁjke;ﬁwﬁdhﬂxjﬁ
\Yayv ol.aﬁ.? Al °JL°':' «(:JL@{ Jl

Soclal Sciences... (1.3%) — — | UAREN . T 1) AN LI | SUBINRER . TENER ||
Business, Manag... (1.8%)
Medicine (3.1%) Energy (100.0%)
Biochemistry, G... (3.6%) ~
Engineering (8.0%)
Chemistry (24.1%)

Materials Scien... (34_4%) -

Chemical Engine... (60.7%)

" Environmental S...
(100.0%)

Documents by year

70

224 document results  Choose date range to analyze: 1992 v w© (2018 -

TITLE-ABS-KEY { metal AND organic AND framework ) AND ( LIMIT-TO { SUBJAREA, "ENVI™ }) AND ( LIMIT-TO { SUBJAREA , "ENER" ) )

Documents

]

=]

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Documents by country/territory

Compare the document counts for up to 15 countriesfterrtories

China

United States

France
— 224 document results Choose date range to analyze: 1992 ~ 1o (2018 v
South Korea
Spain

United Kingdom
Germany
Netherlands
Belgium

Japan

ltaly

Saudi Arabia

Austraha

iran TITLE-ABS-KEY ( metal AND organic AND framework ) AND ( LIMIT-TO | SUBJAREA , "ENVI™ ) ) AND ( LIMIT-TO ( SUBJAREA | "ENER" ) )

OII

10 20 o 40 50 60 70 80 90 10

Documents

[¥] G daee 53 (6550 055> 45 MOF &liiss 51 SCOPUS cylu 3 JUT s —(f) Jss

v



C;....l).k::’u BE &i ;,Dlsjsﬂ—)b’ 6“‘.’.9’.,')"., JJU

\YYA 51 SCOPUS <yl 53UT 3l ol€s 5 5 3 055m b had o LMOF ssiplonil Sliios iy
oS58 5 S oip> L oo asli 5 55 lis 10 s MOF x5 b a5 o Jaeon 5 4Jlis
Wl ol ol 030 YWV B YN Y gladle o3 gdoms 3 dlis Syl iy op miey 5 Gl 0l iz
oo 3 oligs (85 Glassld ala Kles g 4 la ) Vs Sl s sl 5538 Slex Ss5 s e
() S wilazils SLi sran G slames 5 o8 5,0 5 B S nim o) L aS o5 g 5y atlian 3

P A o —
Earth and Plane... (6.7%) 15 documont resulls Choose date range to snahyze (2002~ to 2017 =

Business, Manag... (6.7%) ————— { TITLE-ABS-KEY { metal AND ceganic AND hamework | AN
TITLE-ABSKEY ( power AND plant | )
AND (LIWIT-TO | SUBJAREA . "ENVT ))

Agricultural an... (6.7%)

Chemical Engine... (13.3%)

Chemistry (26.7%)
Environmental S...
(100.0%)

Engineering (33.3%)

Energy (53.3%)

Documents by year

15 document results Choose date range to analyze: [2002 v] to 2017 -J

( TITLE-ABS-KEY ( metal AND organic AND framework ) AND TITLE-ABS-KEY ( power AND plant)) AND (LIMIT-TO ( SUBJAREA, "ENVI" ))

Documents

2005

0 documents in Scopus

Click point to view document list
/

L]
2002 2003 2004 2005 2006 2007 2008 2009 2010 20m 2012 2003 2014 2015 2016 2007

[¥] G daee 53 (655l 655> 55 MOF &liiss 51 SCOPUS cylu 3 JUT = -0) JSa

YA



Sy danes PRI eJ;M‘Su:‘ﬁjﬁ

\Yayv ol.a}; Al oJLo.i'- ‘fJLG'? Jl

- N2

Documents by country/territory
Compare the document counts for up to 15 countriesiterritories

15 document results Choose date range to analyze [2002 | to [2017 v]

Czech Republic _ ( TITLE-ABS-KEY ( metal AND organic AND framework ) AND TITLE-ABS-KEY ( power AND plant))

Germany

Hungary
wais -

0 1 1 2 2 3 3 4 4 5 5 6 6 7

0) S aals)

S o 5 (655 (sl slagg st s LMOF wibane 5 Slidss glawes; -
53 Lacilr ol Colls LMOF Wi slas oS 51 S ols b s CH 5 €O (3luli 5 s
o el 8 Sl s s i 55 M5 mbe 5l s 2 sl SICHS 5 COn (gslalar
G gl DYIAT AT VMO T o Oy S5 5 A 55 sobin 51 Ol (3l 5 2l
oS o3 0 Sl olsls wipaucw\ P PP RS L A WA B COUNPRA |
3L 3lass Ol 5l 1, CHa 5 CO2 o Olss oy i MOF-117" d3 153 50 6lyls sWMOF
Jeds 5 5l e slie 51 36 el ol aSOVROY T /) ol antls ot s glails
03,5 4l CHa sl 32 1) (Vo ol Ol O3l cpliom il sds wils OF YL

Sl S 035 3,55 e WMOF ¢ 55 ol 5l eslitl ol oniin 51 S0 (220 9 /gy

! ZnaOs cluster and 1,3,5-benzenetribenzoate (BTB) ligands

Y4



Q;...;)'.h::’u BL) C}T )ﬁ)‘S 9 éi—# ‘5‘.&\:)_9?)‘?" _93U

Wu [ Kos i 3 [0]cl ol Olgie ol 2o )3 HLas ol Gual S5 sladils W g gl of
53,5 sy CHs 5CO2 a8 Ll 55 PSA) sl 3 55 |, MOF 508b 5l eslizal |2, Ses
Cvl_u L5 505 4uslis carbon molecular sieve 3K 5 zeolite 13X, L Il lacdl- L, C’L“’
O3l 53 40 G mi o Ol 500 B) MOF 508b  2eS (g5 5l O pems 51 Sl sdalasay
Al b s 1 Lacsla 5l s g1l oIS HLKen 5 Sl Sos Gaiod 53 [V 0 Joasd 035 5l
A3 S g 5 5 il Sl S Sl b 8 Sadle i e s 5l 00 S
el DYl 635 CCs 4l 5 55 ME-MOF-74 s 5 Shas 5| Sl 3 feiime ol ool il
VIOV TNV ID ATDATD IO OT DV D] Sl ol 30158 s lagios 55 30 elie
Lid Gl L 0Ll Gaios 53 SEMSen 5 L8] b 5 sllis bu s COL jlalix 5 ol
5wl 6FDA-DAM (¢ ok s ile 4 5 MOF-ZIF-94 1S, b "(MMMs) b glss oy ke
2 L ol VU S ol ) (Sbe el s 4y el diles S oy 2 N2 51 CO2 (3Ll
DVIcad o 55158 MOF-ZIF-94 5 iU &S ol 635 CO, / Np(= 22)
53 L LaMOF LS 0l ol G s [Hes 5 Sl 1CO. Bl 51 i @il 5 ool
s w38 5 IGCC Lo slaasl b 51 CO2 (goluldr 5 Gl ol 5l i (olulds 5 Ol
iy Comed LAMOF 39Uy 18 sdins 0L G (el 5 sl el [Y ] 58 ooy Al b
035 COH2 SV 6 ndy bl 5 VL Sl b b s o pastay o35 anllles 50 sladlr le

IY e ]!

! pressure swing adsorption
2 mixed matrix membranes




Cmq'j.h.g’u d‘:“bjﬁ OJ;M‘SLG.)‘JS}J.}

- N2

Sl 0l L2z YOIV 3 QT@wsdgMﬁ SRS 5 sk 1 mles s sascils b £ L5L

\Yayv el.ox} Al o)w ‘fJLé'?:' Jl

LI5S s mlo s dsicdls sl 8 5 sl ol 53 1) MOF (glacsslr Sl eslinal ook
035 Al cpl s ediacdls ool > S 70 =Fr bl Kk kel W s a1y KOs sdelosa =
17 ]l

sl Giben 5 55 w5 48 () ool 5o 1 CHu s He (58 glacs g (g5l 53 5 ol
Wby s Sesby gladul b bav i odid 5 CHa 5 Ho (658 glacs g (55lue 53 0l
Sl 655 Gois .l 0dd sy LaMOF 5l eslial U Lag s 3 ealiad gl G5 s s
DNV JSleds (g3lmasr LSS CSP sla o b, Ly aS 635 CHa 5 Ha Olejoa (5 Sty slaalSol
ol ol ST Ol (g5lwo w3 53 LMOF 5l eslizal glads; 53 5 golie Slidss

d S 5 MOF oS 5 5l eslinad L 0ls ) i s [5Lea 5 5oL 1COL 51 ek s ad g

S Lles gad Byl 1 Lo JUIS 51 s> e S polyoxometallates ko) Jlad S5l = 5 05 S

s e s [V s Lls a5 65 00 5 eslial L1y oo g 0 CO2 5 ST L Sl
St 58 e slas glaad J5b oy o MOF-ZIF-8 JL Y L allsos 5 5w 508
sl gles 3 dske 5 5Bl OF Las 5 COn 31 VL Codr oSt 503 511 1 e JBIS 5553
TIAF] ol ot plowil a3l 53 55 oglion Sl [TVl ails Aoy 556 5 i )
ZNO (s3laaas 5,5 » BMOF L &Y 5l eslinal b OLs ol G 5o 5w 5 55 H2 Wy
STy [YVIs 503 8 Ha a5 5 OF beartip i1 538 O prmslnST 6 1y T 53 51 (gt 558

%ngTﬂ}\ddﬁsdvbdﬁ Llos gad &SI Ho a5 9 O semldenSt 55 YL 1S sddasla

! Concentrated Solar Power steam reforming

\A!



g;...;}-h:’u‘ BL) C}T )ﬁ)‘S K] éi—# ‘5‘.3\:)_9?)‘9" JSU

S el s ol daboes 31 ols3 0554 4 el LMOF oslinal L 25110 5 SOl el oo
tlood Slailr 5l S Sisal Oy 2l Jskes ilos gad 035048 W55 5 555 6 L (NH:BH)
Lladsl a5 ol Bldjlan GG G ot o fo Golias 53 a5 000 0550008 (Gl 503
[VOTe IPYILTYT ¥+ Tl ol plonil aia cpl U3 35 sgeline Dl [YOIolyls (53bae 503 Ol5s
T4+ 1 AT [Va T [VAT

= LAMOF 1 wlesls plnil 1 iSan 5 Sy 4 i 3 128w sl 53 BMOF 5 aslicu
e S e 55 OS] bl (2S5 6l 2B D3 56 &y smas oS PICO b SUT
SoSls 5o VL LS o s cpl s eddant b CelJBKS L0 5 0 g 00 e 03liul S5 5 Jols
DIl 63ls 0L 15 (5 5V jae Jsb a5 anils L]

el JHLLSn Sl aS idos j3t Iga 5 Bl 5 Jeol sla38 5 o VT i 5 (g5lultr
5353 333 ol s Oyl Wlazdl 5 MOF (S50 whd 5 ppelS 56 (gla a5 aslizal L dilesls
o=l 03 sl Sl [PV Tl bl oS 2Ol Ol e L ol Olgea 5 @slalas 1 lelSs ,0
TAVT ATl 005 ool e 3

L 0l st G s LS 5 S5t s pm 5 1 51 a)ls slse ¢ et ¥T gillir 5 Cdor
&slwld= 5 ol MOF-MIL-53(Fe) 5 '(MWOCNT) (glazuatis oS J 450 <o suelS o3l
SYsb L 5 el ol sdome eslinal 5 L5k il s sl ey b TSl 5 S g ST
=l SLad p s 5 TCS Gl 5 s smelS S 5l 3208 650l Julge 51 LT sladoss 55 S

Q_ﬂ o VT Gl O] S Sl Gl glaaas 53 5 (6,505 Slidss [YY el ol Ol e

! multi-walled carbon nanotube (MWCNT)
2 tetracycline

\Al



Cmq'j.h.g’u d‘:“bjﬁ OJ;M‘SLG.)‘JS}J.}

- N2

STl mals slse Bl 5 (gsluldr [FVILacsb 51 S, laeao¥T Gl [¥9] 5 SO

\Yayv el.ox} Al o)w ‘fJLé'?:' Jl

Gl [0 ] 5w Sl S48 SLS 5 Gl OF e 4w 5l Sl 03,20 OLS 5 Gd (P41 V]
Lleds sl [0 ] O 5l Soleg,l ol 5

oslizal b Ols ool G 53 [Bes 5 Kot keI (6805wl 5 plels ;5 WMOF i esticl
Slind g 50 5 ead = 1ol di olaedoVT (o o3l 5 oluls 3 Las 25, WMOF
—odo VT gla, VLT b s LAMOF 51 eslinal gl S5 5 6,503 Olidss [YA]Lleds szl
LAY T AT [V TLOY IO Jaslods a8l Jamaos 5 (sla

3 55 (ml 25u) 1 am) B Glags 258 lls slaeadlS 38 5 caddblS el ;5 LMOF i olica!

o Sl gl (gl s e JBS  MOF-ZIF-8 5l eslinal b 0l oot Gims s 51, e
SV kB Sl Goid ) s s gad Sl Aty 5 58 5l ealizal b 1 Cr(V) olas O 3 Jshons
3 [V ] Lls s slaee (5Ll Gl ol lace UK 8 cles 5o MOF (gl 55018 530
sl sl 1 Y oL Ag/AgCI@MIL-53-Fe o JUlS 5 51 oslinad b gl i 53 50
~ B8 5l eslinel U pgls slpe i gladin 53 5 goline Slid>s [TV [Wles S 55058 Cr(VI)
LE T T IT oot VT asias 48] VW] LIY] AT S5 slac ol 5l sddasle sla
IV TLYOTOT SIA Jgd un Ba JAA] LAF] JAAT LEOTLFY TN 1opSims ol 515 ol [#V] ([ ¥V]
LS 5 Gd AFILOA] O 51wl sls Gds OV] OV I 51 (g slaoas VT Gd ([AV] ([VF]
el ol S AT g 31 alss s e [A0] [AD] [F5] K,

Jots 4 Gise AWZIF-8-TIO2 Bl 5l aslined L il e 5 KI5 (e i)

I B SRR -Pros W P RO | Lt RPL SR WA R FC R TR W W PV RSN SRS 60 JICPWW K Wity

¥



ot yhams 55 01 5 9,18 5 JI- 38 slag o> ,l> 4L

VTl Dls 55555 55580 51 r s 7 GlaslS wias 5 PEM o5 g gl fy dlgn aas 55 VL
5 DI DT Il o Kes 3 slasti VT Gl 5 8 salenS] a5 oprlin i
oid €51 00 ] NOX God Ladul 5 SCR (sl 58T, L slacadblS W5 [¥4] CO2 w500
s

5 s 5 Laol eslinal LMOF (slas )8 51 St b 5 (6551 (5kwo 3 53 WMOF 51 oslicul
Cu0.39Zn0.14C02.4704- ;508 5l esleul Ly (LSe35 50 .l (65,1 (g 3lme b3
WS U350 ) st a5 6l |y bt 5T MOF- RGO Sl o3lizul 5 ZnO/RGO/Cu
s Dl [Pl 65508 S0 5Las 5 558 4 o 00 Sl ey 1) 2V g pdiciS o b
JAA] IVET V] VYT 08 TLO0TIEA] Lacs 5L sakT sl 53 WMOF 5l eslizal  sladiun 55 5
Lo 41|

S S 4o =N

a4 el plnil S5l slac iz ler an s a3 gadae Sl el aad 53
b oadlis ) 55 oo 035 G S 5 5580 e iamen U Lo e slaaia) 5o WO Sl g 55 LB
(g 3lams Glagg3l5 b Jas e 0dd plonil Slidos WOT e Gla by, 5 3lse nl w2
JSo 55 5 pasie g pl 3 edd plil Dlidod Cilisee ladine) 5 v O p s 5 (S5

ol o5l ()

3



C«mgj.h.;u gl&jﬁ o;ﬁwﬁﬁduﬂ.ﬁjﬁ

\Yayv ALOJ:S Al o)l.a...':'» ‘CJLC-?’. dLﬂ

bass b bulye slosyy)5

&1 i § s}l iy emE Rl

| + |

[ T e ssis ] [ s opa3 § aalo3
LT (i ol slo oy P .
lgo slo asis) | gnals i § Crbow

é . N ( s Gy ) s)wlss g oda ys oslaTw) 4 N | N
siwsagois | L | siwiaa g o3s sgs « ol el sl i i Cadgw sylg3
S ol ——
CH44CO02 Lisg Yung3CO2 ~ = H2 salg3
) \_ ) (YR WATHIN loo3is)) (sp5 €02
- VAN J
(Ls')h»he 9919\ (. . _\ e ~N | o ~
RN ) Cdgw sg3 . . MOF jl aslaiw)
@h3sl il gy 0 S)P! s)lw opds
L co2 ) L 02 ) 0 GG Sdln it T e sbdup b
(o Cuny)GL5¢38 \_ ) \_ AT )
(" stors it ) | osi wss )
posd dll o il Juls sleil5)
LYSUAR TSRV

\ &bo ) leegghisl )

CH4 g H2 (sl

> oslanw)
0)ladlg g2 lw Gy

osilT sp3

éfW)é}f‘cWJk?uéud)jbbh}'fa.,\alrbu‘&w—(fqt}g.&

il g gmeo O Olpew oslial Ll ool las o8 & 55 s MOF ) eslana
)‘J.;M‘)Ab]&)bdw C g J\.:S_): ﬁk;ubf)lSﬂJii) u}fjbjwl.g.&}mfbgjdlﬁa@'\”

Al s g S O s 05 S (Gl p) il slaais U ol (‘)NLSJLU' sla 2506 s ls

[1] Rosseinsky, M. J. "Recent developments in metal-organic framework chemistry: design,
discovery, permanent porosity and flexibility." Microporous and Mesoporous
Materials 73.1-2 (2004): 15-30.

" (Metal Organic Frameworks) i~ slac y =" (65w cyuims o i S o [Y]
http://edu.nano.ir/paper/118 N\YAY , 43U ¢, 5Ls uf"jj"’T @Lz (s

o233k Jle 56 sbis M5l 5 s oJ gl SOMOFS) JI- 35 sl sl s s o o, ailn 14 [Y]
S 5 oo ((1TAY)

Yo



g;.wi}-h::u ° C)—l Jﬁ)‘.s K] JT—}U ‘su?f)‘?’ JJU

[4] SCOPUS, 2018, https://www.scopus.com/

[5]Alonso, Amanda, et al. "Critical review of existing nanomaterial adsorbents to capture
carbon dioxide and methane." Science of the Total Environment 595 (2017): 51-62.

[6] Bellocchi, Sara, et al. "Adsorbent materials for low-grade waste heat recovery:
Application to industrial pasta drying processes." Energy 140 (2017): 729-745.

[7] Belmabkhout, Youssef, Vincent Guillerm, and Mohamed Eddaoudi. "Low
concentration CO2 capture using physical adsorbents: Are metal-organic frameworks
becoming the new benchmark materials?" Chemical Engineering Journal 296 (2016):
386-397.

[8] Shi, Yao, Qing Liu, and Yi He. "CO2 Capture Using Solid Sorbents." Handbook of
Climate Change Mitigation and Adaptation. Springer International Publishing, 2017.
2349-2404.

[9] Sreenivasulu, Bolisetty, et al. "Development trends in porous adsorbents for carbon
capture." Environmental science & technology 49.21 (2015): 12641-12661.

[10] Wu, Bin, et al. "Assessment of the energy consumption of the biogas upgrading
process with pressure swing adsorption using novel adsorbents." Journal of Cleaner
Production 101 (2015): 251-261.

[11] Caputo, Giampaolo, Domenico Mazzei, and Mauro Francesco Sgroi.
"Methane/Hydrogen Mixtures from Concentrated Solar Energy: The METISOL
Project." Enriched Methane. Springer, Cham, 2016. 37-51.

[12] Huck, Johanna M., et al. "Evaluating different classes of porous materials for carbon
capture." Energy & Environmental Science 7.12 (2014): 4132-4146.

[13] Wilmer, Christopher E., et al. "Structure—property relationships of porous materials
for carbon dioxide separation and capture." Energy & Environmental Science 5.12
(2012): 9849-9856.

[14] Liu, Yangyang, Zhiyong U. Wang, and Hong-Cai Zhou. "Recent advances in carbon
dioxide capture with metal-organic frameworks." Greenhouse Gases: Science and
Technology 2.4 (2012): 239-259.

[15] Fout, T.E., Feeley III, T.., Pennline, H.W., Plasynski, S.I., Jones, A.P.
Carbon capture for coal-fired power plants: DOE/NETL's RD and D activities
(2008) Air and Waste Management Association - 7th Power Plant Air Pollutant
Control 'Mega' Symposium 2008, 1, pp. 27-38. Cited 1 time.

[16] Figueroa, José D., et al. "Advances in CO2 capture technology—the US Department
of Energy's Carbon Sequestration Program." International journal of greenhouse gas
control 2.1 (2008): 9-20.

[17] Etxeberria-Benavides, Miren, et al. "High performance mixed matrix membranes
(MMMSs) composed of ZIF-94 filler and 6FDA-DAM polymer." Journal of Membrane
Science 550 (2018): 198-207.

12



G sl i g5 09 8 paass glasldg

\Yayv al.eJ.:S Al UL«.& ‘CJLG": JLA

. A
}/ja&}:;

[18] Liang, Linfeng, et al. "Carbon dioxide capture and conversion by an acid-base
resistant metal-organic framework." Nature communications 8.1 (2017): 1233.

[19] Milner, Phillip J., et al. "A Diaminopropane-Appended Metal-Organic Framework
Enabling Efficient CO2 Capture from Coal Flue Gas via a Mixed Adsorption
Mechanism." Journal of the American Chemical Society 139.38 (2017): 13541-13553.

[20] Barber, James. "Bioenergetics, Water Splitting and Artificial Photosynthesis."

[21] Martinez, Fernando, et al. "Amino-impregnated MOF materials for CO2 capture at
post-combustion conditions." Chemical Engineering Science 142 (2016): 55-61.

[22] Deria, Pravas, et al. "A MOF platform for incorporation of complementary organic
motifs for CO 2 binding." Chemical Communications 51.62 (2015): 12478-12481.

[23] Peng, L., et al. "Kinetic assessment of simultaneous removal of arsenite, chlorate and
nitrate under autotrophic and mixotrophic conditions." The Science of the total
environment 628 (2018): 85-93.

[24] Xiong, Weiping, et al. "Adsorption of tetracycline antibiotics from aqueous solutions
on nanocomposite multi-walled carbon nanotube functionalized MIL-53 (Fe) as new
adsorbent." Science of the Total Environment 627 (2018): 235-244.

[26] Ying, Jie, et al. "Metal-organic frameworks derived platinum-cobalt bimetallic
nanoparticles in nitrogen-doped hollow porous carbon capsules as a highly active and
durable catalyst for oxygen reduction reaction." Applied Catalysis B: Environmental
225 (2018): 496-503.

[27] Cardoso, J. C., et al. "MOFs based on ZIF-8 deposited on TiO2 nanotubes increase
the surface adsorption of CO2 and its photoelectrocatalytic reduction to alcohols in
aqueous media." Applied Catalysis B: Environmental 225 (2018): 563-573.

[28] Pang, Long, et al. "Application of Fe 3 O 4@ MIL-100 (Fe) core-shell magnetic
microspheres for evaluating the sorption of organophosphate esters to dissolved
organic matter (DOM)." Science of the Total Environment 626 (2018): 42-47.

[29] Qiu, Jianhao, et al. "Constructing Cd 0.5 Zn 0.5 S@ ZIF-8 nanocomposites through
self-assembly strategy to enhance Cr (VI) photocatalytic reduction." Journal of
hazardous materials (2018).

[30] Li, He, et al. "Charge-regulated sequential adsorption of anionic catalysts and
cationic photosensitizers into metal-organic frameworks enhances photocatalytic
proton reduction." Applied Catalysis B: Environmental 224 (2018): 46-52.

[31] Liu, Qiuxia, et al. "Boosting visible light photoreactivity of photoactive metal-
organic framework: Designed plasmonic Z-scheme Ag/AgCl@ MIL-53-Fe." Applied
Catalysis B: Environmental 224 (2018): 38-45.

[32] Kumar, D. Praveen, et al. "Noble metal-free metal-organic framework-derived
onion slice-type hollow cobalt sulfide nanostructures: Enhanced activity of CdS for

Yv



g;.wi}-h::u ° C)—l Jﬁ)‘.s K] JT—}U ‘su?f)‘?’ JJU

improving photocatalytic hydrogen production." Applied Catalysis B: Environmental
224 (2018): 230-238.

[33] Zhang, Yujuan, et al. "The promoted effect of a metal-organic frameworks (ZIF-8)
on Au/Ti02 for CO oxidation at room temperature both in dark and under visible light
irradiation." Applied Catalysis B: Environmental 224 (2018): 283-294.

[34] Shi, Li, et al. "Implantation of Iron (III) in porphyrinic metal organic frameworks
for highly improved photocatalytic performance." Applied Catalysis B: Environmental
224 (2018): 60-68.

[35] Huang, Lijin, et al. "Magnetic Zr-MOFs nanocomposites for rapid removal of heavy
metal ions and dyes from water." Chemosphere (2018).

[36] Li, Xiang, et al. "Novel approach for removing brominated flame retardant from
aquatic environments using Cu/Fe-based metal-organic frameworks: A case of
hexabromocyclododecane (HBCD)." Science of the Total Environment (2017).

[37] Oveisi, Mina, Mokhtar Alina Asli, and Niyaz Mohammad Mahmoodi. "MIL-Ti
metal-organic frameworks (MOFs) nanomaterials as superior adsorbents: Synthesis
and ultrasound-aided dye adsorption from multicomponent wastewater systems."
Journal of hazardous materials (2017).

[38] Azhar, Muhammad Rizwan, et al. "Submicron sized water-stable metal organic
framework (bio-MOF-11) for catalytic degradation of pharmaceuticals and personal
care products." Chemosphere (2017).

[39] Li, Chen-Xuan, et al. "Metal organic framework-derived CoMn204 catalyst for
heterogeneous activation of peroxymonosulfate and sulfanilamide degradation."
Chemical Engineering Journal 337 (2018): 101-109.

[40] Pi, Yunhong, et al. "Adsorptive and photocatalytic removal of Persistent Organic
Pollutants (POPs) in water by metal-organic frameworks (MOFs)." Chemical
Engineering Journal (2017).

[41] Li, Xing, et al. "Porous Fe 2 O 3 microcubes derived from metal organic frameworks
for efficient elimination of organic pollutants and heavy metal ions." Chemical
Engineering Journal 336 (2018): 241-252.

[42] Yin, Na, Ke Wang, and Zongqun Li. "Novel melamine modified metal-organic
frameworks for remarkably high removal of heavy metal Pb (II)." Desalination 430
(2018): 120-127.

[43] Niu, Hongyun, et al. "Continuous generation of hydroxyl radicals for highly efficient
elimination of chlorophenols and phenols catalyzed by heterogeneous Fenton-like
catalysts yolk/shell Pd@ Fe304(@ metal organic frameworks." Journal of hazardous
materials 346 (2018): 174-183.

[44] Niu, Ji-Liang, et al. "An efficient multidoped Cu0. 39Zn0. 14Co2. 4704-ZnO
electrode attached on reduced graphene oxide and copper foam as superior lithium-ion
battery anodes." Chemical Engineering Journal 336 (2018): 510-517.

A



g Mjk‘;udﬁajjia;;ﬁaﬁu"dual.ujﬁ
. A \Yayv al.eJ.:S A °JL°'":;"J"€'?.' Ju
}/:a#i; i

[45] Ma, Wenjie, et al. "Non-radical-dominated catalytic degradation of bisphenol A by
ZIF-67 derived nitrogen-doped carbon nanotubes frameworks in the presence of
peroxymonosulfate." Chemical Engineering Journal 336 (2018): 721-731.

[46] Kim, Seo-Yul, et al. "Creation of mesoporous defects in a microporous metal-organic
framework by an acetic acid-fragmented linker co-assembly and its remarkable effects
on methane uptake." Chemical Engineering Journal 335 (2018): 94-100.

[47] Sarker, Mithun, Ji Yoon Song, and Sung Hwa Jhung. "Adsorptive removal of anti-
inflammatory drugs from water using graphene oxide/metal-organic framework
composites." Chemical Engineering Journal 335 (2018): 74-81.

[48] Li, Jiabao, et al. "Metal-organic frameworks derived yolk-shell ZnO/NiO
microspheres as high-performance anode materials for lithium-ion batteries." Chemical
Engineering Journal 335 (2018): 579-589.

[49] Huang, Z., Dong, P., Zhang, Y., Nie, X., Wang, X., Zhang, X. A ZIF-8 decorated
Ti0O2grid-like film with high CO2adsorption for CO2photoreduction (2018) Journal of
CO2 Utilization, 24, pp. 369-375.

[50] Xue, Yijun, et al. "Sparsely loaded Pt/MIL-96 (Al) MOFs catalyst with enhanced
activity for H2-SCR in a gas diffusion reactor under 80° C." Chemical Engineering
Journal 335 (2018): 612-620.

[51] Amann, A., et al. "Environmental impacts of phosphorus recovery from municipal
wastewater." Resources, Conservation and Recycling 130 (2018): 127-139.

[52] Du, Yaran, et al. "Design of a calix [4] arene-functionalized metal-organic
framework probe for highly sensitive and selective monitor of hippuric acid for
indexing toluene exposure." Analytica chimica acta (2017).

[53] Wang, Xu-Sheng, et al. "Fast, highly selective and sensitive anionic metal-organic
framework with nitrogen-rich sites fluorescent chemosensor for nitro explosives
detection." Journal of hazardous materials 344 (2018): 283-290.

[54] Sarker, Mithun, et al. "Adsorptive removal of indole and quinoline from model fuel
using adenine-grafted metal-organic frameworks." Journal of hazardous materials 344
(2018): 593-601.

[55] Park, Seung-Keun, Jin Koo Kim, and Yun Chan Kang. "Electrochemical properties
of uniquely structured Fe 2 O 3 and FeSe 2/graphitic-carbon microrods synthesized by
applying a metal-organic framework." Chemical Engineering Journal 334 (2018):
2440-2449.

[56] Wang, Jianing, et al. "Metal-organic-framework-derived NC-Co film as a shuttle-
suppressing interlayer for lithium sulfur battery." Chemical Engineering Journal 334
(2018): 2356-2362.

[57] Kayal, Sibnath, and Anutosh Chakraborty. "Activated carbon (type Maxsorb-III) and
MIL-101 (Cr) metal organic framework based composite adsorbent for higher CH4
storage and CO2 capture." Chemical Engineering Journal 334 (2018): 780-788.

g



g;.wi}-h::u ° C)—l Jﬁ)‘.s K] JT—}U ‘su?f)‘?’ JJU

[58] Karmakar, Sankha, Saikat Bhattacharjee, and Sirshendu De. "Aluminium fumarate
metal organic framework incorporated polyacrylonitrile hollow fiber membranes:
Spinning, characterization and application in fluoride removal from groundwater."
Chemical Engineering Journal 334 (2018): 41-53.

[59] Khan, Nazmul Abedin, Biswa Nath Bhadra, and Sung Hwa Jhung. "Heteropoly acid-
loaded ionic liquid@ metal-organic frameworks: Effective and reusable adsorbents for
the desulfurization of a liquid model fuel." Chemical Engineering Journal 334 (2018):
2215-2221.

[60] Bhadra, Biswa Nath, et al. "Adsorptive removal of aromatic hydrocarbons from
water over metal azolate framework-6-derived carbons." Journal of Hazardous
Materials 344 (2018): 1069-1077.

[61] Mohamedali, Mohanned, Hussameldin Ibrahim, and Amr Henni. "Incorporation of
acetate-based ionic liquids into a zeolitic imidazolate framework (ZIF-8) as efficient
sorbents for carbon dioxide capture." Chemical Engineering Journal 334 (2018): 817-
828.

[62] Ingole, Pravin G., et al. "Water vapor separation from flue gas using MOF
incorporated thin film nanocomposite hollow fiber membranes." Chemical Engineering
Journal 334 (2018): 2450-2458.

[63] Ingole, Pravin G., et al. "Water vapor separation from flue gas using MOF
incorporated thin film nanocomposite hollow fiber membranes." Chemical Engineering
Journal 334 (2018): 2450-2458.

[64] Fu, Junwei, et al. "Hollow CoSx polyhedrons act as high-efficiency cocatalyst for
enhancing the photocatalytic hydrogen generation of g-C3N4." ACS Sustainable
Chemistry & Engineering.

[65] Yuan, Guoyuan, et al. "A novel ion-imprinted polymer induced by the glycylglycine
modified metal-organic framework for the selective removal of Co (II) from aqueous
solutions." Chemical Engineering Journal 333 (2018): 280-288.

[66] Lin, Kun-Yi Andrew, Hongta Yang, and Fu-Kong Hsu. "Zr-Metal Organic
Framework and Derivatives for Adsorptive and Photocatalytic Removal of Acid Dyes."
Water Environment Research 90.2 (2018): 144-154.

[67]Yang, Qingxiang, et al. "Selective separation of methyl orange from water using
magnetic ZIF-67 composites." Chemical Engineering Journal 333 (2018): 49-57.

[68]Al-Janabi, Nadeen, et al. "Cyclic adsorption of water vapour on CuBTC MOF:
Sustaining the hydrothermal stability under non-equilibrium conditions." Chemical
Engineering Journal 333 (2018): 594-602.

[69]Peng, Yaguang, et al. "Flexibility induced high-performance MOF-based adsorbent
for nitroimidazole antibiotics capture." Chemical Engineering Journal 333 (2018): 678-
685.




g %jk;udﬁajjg:a;;wﬁﬁdu;l.ﬁjﬁ
. A \Yayv al.eJ:S A °JL°":"J"€'?.' Ju
:/:a?:f; s

[70]Hai, Xiao-man, et al. "A fluorescence aptasensor based on two-dimensional sheet
metal-organic frameworks for monitoring adenosine triphosphate." Analytica chimica
acta 998 (2018): 60-66.

[71]Sinha, Ankita, et al. "Advances in sensing and biosensing of bisphenols: A review."
Analytica chimica acta (2017).

[72]Xiong, Peixun, Xinxin Zhao, and Yunhua Xu. "Nitrogen-Doped Carbon Nanotubes
Derived from Metal-Organic Frameworks for Potassium-lon Battery Anodes."
ChemSusChem 11.1 (2018): 202-208.

[73]Ren, Jin-Tao, et al. "Rationally Designed Co304-C Nanowire Arrays on Ni Foam
Derived From Metal Organic Framework as Reversible Oxygen Evolution Electrodes
with Enhanced Performance for Zn-Air Batteries." ACS Sustainable Chemistry &
Engineering (2017).

[74]Li, Jingsha, et al. "Cu—MOF-Derived Cu/Cu20 Nanoparticles and CuN x C y Species
to Boost Oxygen Reduction Activity of Ketjenblack Carbon in Al-Air Battery." ACS
Sustainable Chemistry & Engineering 6.1 (2017): 413-421.

[75]Shen, Rongchen, et al. "Enhanced Solar Fuel H2 Generation over g-C3N4 Nanosheet
Photocatalysts by the Synergetic Effect of Noble Metal-Free Co2P Cocatalyst and the

Environmental Phosphorylation Strategy." ACS Sustainable Chemistry & Engineering
6.1 (2017): 816-826.

[76]Li, Xiaona, et al. "Effective adsorption of sulfamethoxazole, bisphenol A and methyl
orange on nanoporous carbon derived from metal-organic frameworks." Journal of
Environmental Sciences (2017).

[77]Jiang, Wei, et al. "Phenol degradation catalyzed by a peroxidase mimic constructed
through the grafting of heme onto metal-organic frameworks." Bioresource technology
247 (2018): 1246-1248.

[78]Zhou, Gang, et al. "Synthesis and characterizations of metal-free
Semiconductor/MOFs with good stability and high photocatalytic activity for H2
evolution: A novel Z-Scheme heterostructured photocatalyst formed by covalent
bonds." Applied Catalysis B: Environmental 220 (2018): 607-614.

[79]Liu, Hong, Jiang Zhang, and Dan Ao. "Construction of heterostructured ZnIn2S4@
NH2-MIL-125 (Ti) nanocomposites for visible-light-driven H2 production." Applied
Catalysis B: Environmental 221 (2018): 433-442.

[80]Li, Si-Wen, et al. "Direct synthesis of mesoporous SRL-POM@ MOF-199@ MCM-
41 and its highly catalytic performance for the oxidesulfurization of DBT." Applied
Catalysis B: Environmental 221 (2018): 574-583.

[81]Zhu, Lingxiang, Mark T. Swihart, and Haiqing Lin. "Unprecedented size-sieving
ability in polybenzimidazole doped with polyprotic acids for membrane H 2/CO 2
separation." Energy & Environmental Science (2018).

o)



g;.wi}-h::u ° C)—l Jﬁ)‘.s K] JT—}U ‘su?f)‘?’ JJU

[82]Shahat, Ahmed, et al. "Novel nano-conjugate materials for effective arsenic (V) and
phosphate capturing in aqueous media." Chemical Engineering Journal 331 (2018): 54-
63.

[83]Wu, J. X., and B. Yan. "A Europium ion post-functionalized indium metal-organic
framework hybrid system for fluorescence detection of aromatics." Analyst 142.24
(2017): 4633-4637.

[84]Wei, Na, et al. "Pentanuclear Yb (III) cluster-based metal-organic frameworks as
heterogeneous catalysts for CO2 conversion." Applied Catalysis B: Environmental 219
(2017): 603-610.

[85]Luo, Shuai, and Jianlong Wang. "MOF/graphene oxide composite as an efficient
adsorbent for the removal of organic dyes from aqueous solution." Environmental
Science and Pollution Research (2017): 1-8.

[86]Karmakar, Sankha, Saikat Bhattacharjee, and Sirshendu De. "Experimental and
modeling of fluoride removal using aluminum fumarate (AlFu) metal organic
framework incorporated cellulose acetate phthalate mixed matrix membrane." Journal
of Environmental Chemical Engineering 5.6 (2017): 6087-6097.

[87]Mohideen, M. Infas H., et al. "A Fine-Tuned MOF for Gas and Vapor Separation: A
Multipurpose Adsorbent for Acid Gas Removal, Dehydration, and BTX Sieving."
Chem 3.5 (2017): 822-833.

[88]Bai, Xue, et al. "Rational Design of Sandwiched Ni—Co Layered Double Hydroxides
Hollow Nanocages/Graphene Derived from Metal-Organic Framework for Sustainable
Energy Storage." ACS Sustainable Chemistry & Engineering 5.11 (2017): 9923-9934.

[89]Wang, Nan, et al. "Fabrication of a magnetic cellulose nanocrystal/metal-organic
framework composite for removal of Pb (II) from water." ACS Sustainable Chemistry
& Engineering 5.11 (2017): 10447-10458.

[90]Tong, Jinhui, et al. "MoS2 Thin Sheet Growing on Nitrogen Self-Doped Mesoporous
Graphic Carbon Derived from ZIF-8 with Highly Electrocatalytic Performance on
Hydrogen Evolution Reaction." ACS Sustainable Chemistry & Engineering 5.11
(2017): 10240-10247.

[91]Bayazit, Sahika Sena, et al. "Preparation of magnetic MIL-101 (Cr) for efficient
removal of ciprofloxacin." Environmental Science and Pollution Research 24.32
(2017): 25452-25461.

[92]Weng, Han, and Bing Yan. "A Eu (III) doped metal-organic framework conjugated
with fluorescein-labeled single-stranded DNA for detection of Cu (II) and sulfide."
Analytica chimica acta 988 (2017): 89-95.

[93]Qiu, Hui, et al. "Highly selective capture of phosphate ions from water by a water
stable metal-organic framework modified with polyethyleneimine." Environmental
Science and Pollution Research 24.30 (2017): 23694-23703.

oY



Cmq'j.h.g’u d‘:“bjﬁ OJ;M‘SLG.)‘JS}J.}

\Yayv el.ox} Al o)w ‘fJLé'?:' Jl

- N2

[94]Rahimi, Esmaeil, and Neda Mohaghegh. "New hybrid nanocomposite of copper
terephthalate MOF-graphene oxide: synthesis, characterization and application as
adsorbents for toxic metal ion removal from Sungun acid mine drainage."
Environmental Science and Pollution Research 24.28 (2017): 22353-22360.

[95]Mohammadi, A. A., et al. "Metal-organic framework Uio-66 for adsorption of
methylene blue dye from aqueous solutions." International Journal of Environmental
Science and Technology 14.9 (2017): 1959-1968.

[96]Li, Xianghui, et al. "Phosphotungstic acid encapsulated in MIL-53 (Fe) as efficient
visible-light photocatalyst for rhodamine B degradation." Environmental Progress &
Sustainable Energy 36.5 (2017): 1342-1350.

[97]Yang, Qingxiang, et al. "Assembly of Zr-MOF crystals onto magnetic beads as a
highly adsorbent for recycling nitrophenol." Chemical Engineering Journal 323 (2017):
74-83.

[98]Wu, Shibiao, et al. "Adsorption of Cr (VI) on nano Uio-66-NH2 MOFs in water."
Environmental technology (2017): 1-12.

oY



ot yhams 55 01 5 9,18 5 JI- 38 slag o> ,l> 4L

Nano-metal-organic frameworks and its application in energy and
environment

Author(s): Peiman Pourmoghaddam

Abstract: Metal-organic frameworks are a modern technology with a wide range of

applications .History of metal-organic frameworks and methods for synthesizing these
materials has been reviewed in this study. This technology can be applied In purification of
water pollutants, Cleanup of flue gas emissions which emitted from power plants, Air
Purifying, Production of catalysts And environmentally friendly photocatalysts, applied in
environmental pollutants and emissions analyzer’s, Fuel production from CO,, Hz production
from water by using sunlight, Adsorption and storage of H> and methane and recovery of
waste heat in power plants and industries and use in energy storage batteries.
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Installated of First 10 Kw Tracker in Al-Khafji ~ “

Al-Khafji Solar Desalination Plant

Building a desalination plant with a capacity of
30,000m3/day to meet the needs of one hundred
thousand dweller of Al-Khafji City (Arabian Gulf)
and construction of a solar energy station with a
capacity of 10 Megawatts.

10 Megawatt Solar Farm 1000 trackers
81 Modules per tracker 130 watts each module

https.://www.aparat.com/V/gpzTD soiy = (550 L Olem oS cp s ol op 58550

http://www.agu.edu.bh/pdf/sixthzayedseminar/First%20Day/2/Hussam.pdf
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