pulbaogil

POPTITHIREERE W W.nanomeghyas.ir

)9.;0# 3 CI‘203 C-")SQ-"B w
2L0sS up5% g tangi JoSlS ol by

90 L | (13 (il s | © S sesme oy

Oyl el e onylgs ol ¢ ot 008l

Cr,0, Lusblizogyd ] (el Lugils ublise cluogas
B] cool 488 LB oy 3yg0 @ilyd o3l05l 51 b lgia
wliol olyin Cr0, slaylislogils SolSe wluogas (5
Sl o Sy Gl car oloss & (ol saS
it lugil cogdle & [V] Casl 45,8 L5 03litul 3,00
JsSo il 1Sl 518 cgs pmmslio (clalapsSCr 0,
51Cr0, (elalisluglh as Juo ran 4 -[A] dizad
db 539 e gy gage g cunl)loygdpn old coonl
aslis Cr,0, dps slp (oo laanlyd el cu,
55 (2B s wlogyS (63 GlaSy il sus
&9 Oy bwgi (2Ll 58 wleg)S 2al8CrO; (ole)S
P55 oS 35 525 9 CHOOH (oS capy55 ol JLso
053 53 Jol s 95 .[\Y -] (Cr(OH), .xH,0) 3puSsyde
s jgin Lol .05l 4x8 S 1,5 o0litu] 3yge duuST pgyS  taio
sl - ol ouis o logTl U Jares Cang gl (S0
o3lizal 390 Lo 5 3,15 ohan 4 (5yza8 (oo o pgu
Jgpame 5 casl (Ghued dld 55 31 0550 [WYW]
oS casl (gl a5 ites (g ol gy - sl O of (o>
65 aalS Jolis 9 008 0 y1y8 o0litwl 3yge o 515,18 lansgs
posisel b s sz (oS S8 g (Ll wlilé clog)s
g 0 0003 (V) STy yo Jlio laras a8 VY] cunl wy)lS

Na,Cr,0, +S— Cr,0, +Na,SO, 0O

lanhd cpl ccwl cwoBulyl g ools by ol Wiz

e o Culyd Al b ol a3 olS e game A 4 e
@l as cax Glwe Sy s )0 (primen
13)S o5lil 3 3)lge 4 g o &S cunl ol yiyliS Cr,0,
ohels DVF] Hegse (Sl e sl dl I solinl

2SS

- e

buwgs (€r0,) st pg)S @S 6l (gl ol 5
wbgiwl Jawl) Cr(acac), oolo i L;;lo)f CuySS i)
5o Cr(acac), lawl deo)f o533l i - Ab 4 (acac=
IS s 5 bogles (PEG) JsSal- bl L b Jgibl Sl
odel Cuwd 4 dels bglste . ais pu5us oo 33,5 £S5 bawgs
G cels ¥ ot 4 ¥0°C lod jo oleyS oy Sl o
sl SSS lawgs Juols Jpazo i s Cr,0, wlydesls
29y S9SN @SwgSee «(XRD) yd50 Sl g3 (B2
25 st e 5 (TEM) (506 (39758 oSy S «(SEM)
uesls XRD (8l ai  lulis (FT-IR) dyyed Jodus 30,8
h Jhaegmesy gysk 518 L Cr0; wldgl oIb (Sl
P9Sw9)See 9 (i) (S9rSI ©oSuwg S pglas oS Al
Dl plas ly Ye-venm o310l glls @ldgil (gygue  SguSl
S)ly Ba UV-Vis s suw cib slagpS ojlus]
oized 1 ylis Cr,0, whdel gy ly F/o0eV L ply
C 0013 dlgaing a5 (Jaud 1wy pansilSe

cslo)S B « JgSalS oyl o 2 slS ()51
)lgs SIS (1) 29,5(95 6 ] St o3
IRVJp N LOPRWA TP YT

dodio )
alyie 0Ly slooylS cle 4 (Cr,0,) ST (1) pgyS
slofeg 4255 3y50 [F] Sl ol o caoglio s [Y] (le) slo
el ol a3l oo plis a3le lyie YU LioluS]

W/Y/Y- bl al |

[ww.SID.id

* 5L Jgims Juosl: mohammadikish@khu.ac.ir /Y Sl )b

2y



http://www.sid.ir

o sl SO e 4y STy bolses 09y o i JolS
plo> ;5 STy bglss 3,8 oy b e85 )18 gyl byt
Jol> syl JSs Jgame K5y Sy slaysls g

A S e glod jd Jebl b g 51y

Cr,0, @340 dugs

b s Cr(acac), balsee loyS uysei L Cr,0, «il)dgls
5o nsl egs STy 6l )3 . b dg (PEG) JgSalS L
o -8 o Jesbl Sy dae ¥+ o Cr(acac), oolo i
o Jols Jolowo 000,848l PEG 5 4 Jglxe oyl
A 0015 Lo)S ddBy ¥ e 4 ot b b liie ()0500
335 ol (51 5 o bglen 5 358 33 Syl ol b
L b s i8S F0C glod 45 sl ¥ ko 45 ol bogliiea
W9 Jols Cr,0, @ldgsl JTelaSys plad oyid gus

cou gl ¥

Sl anl (Bl (595U o2

sk 3l s sl s S i ol S
4 Cr,0, Jyaze XRD (ss801N (JS5 .05 030 )15 Jyae
sl amd o i |y Cr(acac), (10,5 S 51 ool Canwd
g2 -850 42U, Cr0; (y5k 9 palls Jgazes 3529 XRD
o9y 395 g0d 00 gl dlge LSy b LAIBL I o
321y Jyaze (Vb (Sopsh 599 558 Gl o S 0929
osaanns & XRD (65810 o omline il (sla S 0S| o
wged Gallae 5 15yl (3l R30 (olad 058 b Jhumses,
Dl (65038 ol JCPDS card No. 38-1479) x>0

=

-
=

012

Intensity
2z

=0
I 1 I

T e e e e et ety
Two Theta (Degree)

8348l o 2 Cr,0, 395k WSl 55,0 ilyo @SN T4 s
S ;3PEG iliSs)gu ygia> ,5Cr(@cac), (o5 s ;)
ceeloY e 4 Yo-°C

pulbaogil

(L LYy B L] 99 (0 L—pi | feg—t Jla

DV] Jglome Blynl (slie 2 slazines (D17 0] Jloyigyase
SIS ©guy DAl (2loS cliles 5 jhaee bawgs (il
D] olowd e (slaanlyd ([Ye V] oy5) SaS @ K>
Y] (limstige sl STy (Y] 550 1Y) Jleyigl
qval sylw—oSls laanhd ([VF] ey (slawdh
ol 8150 [YVI38 08155 [V 5] (61380 gusy— s S5 28T
alox 5IAL asa 5 2l 03b e e @y o3l s e,
s Lol 5 o0l gy S allie ool 13 sl 2o oslra
Uhgy o) - Canl 48,8 15 ozl 3y90 Cr,0, wlyd b drgs
&S el (PEG) J9§\:.l§ ol (b g Cr(acac), 5l oolawl Jolss
gy 2 )0 odisligy Jole g 0ole i lgie 4 sy
sl el g 0 S (IID) pg,S” STy 51Cr(acac), oolo i
sl bl ulids 5y co3lsl o9 0 45 ol S )0

5 s ) eeilSle g

S g ¥

Ol g dlgo

9 0l a3 Acros ¢Sy 3l 5L 9ys0  Sliewds dlge (sdan
plod rizrad - ol xS )18 oolitsl y90 (g3l (RIS 19y
sl 0dd (gyluys Merck eS8 31 solatwl 3y50 (sl
5 Rigaku D-max C III 6Bsusd alowgs X dnidl (ol (6551
Cuwd 4y 4ol «/VOF z oo Job L Cuka ol 51 eolaswl b
KYKY -EM3200 oltws lawgs SEM juglas . cowl ouel
o <ob PhilipsCM30 o8tws lwgs TEM yusbas
Perkin Elmer ol8ud (saliwy 4 (Sxinw (539 405535 - Canl
sl b .l 48,8 &9 Diamond Thermogravimeter
5 Perkin-Elmer lambda 25 oo lawgs UV-Vis  ods
Perkin-Elmer guw ciub stwd lawgs 30,8 105 sla ol
el )3 04 828y dige5 o8 3l oolaxwl L Spectrum RXIT

. G| b..\.wCL«.uJM).s

SAelojl G,
() @4,5 5L ginwl astans! (pont 5 0300 (hans dupS
Cr(acac),

o V50l (b S D) ps)S ) SV/Y 51 sl 4y
28l 0yl 9,50 5 cysiasl Jutasl yid LLio ¥ ¢ latio LT 2
Cuonw &y Sy b w00y )8 0 gl ]  SLol lado

™

[ww.SID.id



http://www.sid.ir

!
pulbaogil

SR

\

180 Hlluas | F,J.sb;l_..:l‘ (e9st Jlaw

a1 Cr,0, D\, 3GUTEM (0) s SEM (@) g (4 ¥ J
J3PEG iliSs) gm0 s 90 ,3Cr(@CACY, 5,5 AinlS 5\ 534
REI W CIR VIR VS T OF- P

Transmittance

16
3423 1577 1522 1362

62 362

4000 3600 3200 ZR00 2400 2000 1800 1600 1400 1200 1000 300 600 400
1

Wavenumber /em”

Cr(@acac), o3l GuuFT-R @) b [4Y o
,3Cr@cac), 55 AlS 3\ saal e 1,Cr0, )\, 356 (0)
coelnY S3e 4 F0:°C gles ;3 PEG iliSs gum jgin>

Sl B (g5l dmwlono g (o2 b
4d PEG jga> 55 aSCr,0; cuSy (i b ¥ S0
sy BE e 4 cul odd 03,08 YV.-YA. cm™
Cr,0; Jgpaae (E)) ()5 59 Bl 098 0 0315 s Cr'™
JS8 50 o8 Wl o sty 5598 (53] Jolho p3 (€YY s b
155 dolxe 51 03l U g S (g5,3] - canl olita 15 ¥

LY 0,8 dslore sl Bgymo Sols dlolre 4 a5

(ehv)"=B(hv-E) (Y
ol dde SO B ugigh (gGpIhu (Jse i oo e
h e dye &S cusl (330 m 5 (558 )l53 B (GBI B

Slyon =V s jle slo s (sly) WS 0 (asuin
S(Cwln = VY e pf il ola g

boed cgysh lyd omyiis o3lasl 0)li8 o 53l jolys bglas
130,80 cyuand ypis Ao lne 31 o0 lazunl

d=k./p cos 8 (¥

nm, Cu) zgo Jobo A «(+/2) coli y5:S Bk calolae oyl 4o oS

a9l50 s FWHM) ¢lisy| das 0 S sbig B < (+/V0¥VAka,

VY nm @l o3l 1 S5kee ¢y dlolas s dn g3 b .l iy
428 s

P95 98w 9,500 gl (w2
bhug Cr,0, Jease wld olul ¢  wlascsy,
robas b wyp TEM 5 SEM (S9pSl gSung)Sie
Cr,0; @hdgl 0) yge 5 @) vy F95SV sfug)See
Cublo (S9ySUl @gSugSan glat -39 o0 000 ¥ JSi 5
T2y & Cr0; 5o 595 gl (slize g poie pt
A8 b lize @l 6l SEM pgas 4 drgi b ams o0 oLt
TEM pgald cpisten dgd oo 0000 YAIM 3945 ;0 &5k
a2 o plisly Ye-Yenm dgas 0 (6,8 LCr,0, wld &b
2wgySue wlialie 1 odel cands @lyd o3lusl (1 Sbie
cCanl 95 (3819550 ol Cawd 4y dllae 3l axuT b gyl

7085 S b gy
s 9Cr(acac), ool Lo FT-IR sbe cab ¥ IS )0
o o800 Cr(acac), 0, diwdS 31 Jols Cr,0; l)dgl
oy Bee=Veoom™ 4l )0 oud sdalive (sla ¢l L ogi
o S 1318 slasy) slayles & Cr,0, «lydosb FT-IR
Al j0 09390 g 9 AFY em™ i)l Hle Loed 0 00l
9 W o olis Iy Cr-0 adl yioxoly (sl £YY em™
syl [YA] ol Cr,0, jldle b ST pg)S° dasuine
csiinS ol b Cusyy 41FYIem T g YEYYem™ 0 395 g0
pUS L Aillud b}&o 45\:.5’:)) d9>g0 uT L§LQ(‘9SJ9‘° D g
B ow LS sd A YA—Yeoiom™ Al o S jaas

s


http://www.sid.ir

i e Cr0; whidel JSas 5 wiS e wiy S0 4

Qg PEG jzt ey
N $E50Cm | Tveg
Cr(acac)s ‘:“,o

Cr20; nuclei
with PEG as surfactant

Cr,0, )55k s puuaslo Jislods )b (40 S

(SpSaoms §
b9y bawgi Cr0; ST (455 pg,S ©l)3 b caodls jshay
oS 338 el) 08 s (le)S copsedlu g g
oy 03liiwl PEG ¢oliS8ygus ygias ,3 Cr(acac), odle i
nm odgd5xe 5o 3 e3lasl hyls sud JuSis wlydgils . el
@lyd o3laly awlids couy ouid dps @ l)dgils . diiwr V- Y-
USSelS ol L 1088 1) il 3oy 253 5155,
Uilidly l)deb ez 31 Cr,0; wlydeil pdaw 4y Jlasll
Wdlee bl s ¥/0€V gy Bt . 058" oo (g uSol> lasT o3u]
&l oSl sdel sty UV -Vis cabs 51 soliwl b Syl

10 (gl odgs cuSy 31 YL

pulbaogil

180 HULwsS | 1a $0)Loedi | ma—ss JLuw

pfitee b (ol 090 1 et Sl g3 B (G5
5l bl Cunds (Gl ppme e 4 i (3508
e 3l i &S canl /0 €V codis (6805105l gy IS
Sy slg Bl ool (2alil ey ol ol (sl o095 S
D5 03505 T ol (510395 S5 b s 00D 45
a3 o i 1, Cr0, Jsamo agilsS iyl a

0g

07 1

Absorplion

04 4

03

20 x50 300 350 400 450 500 50 L]
w“ﬂen,gth {nen)

14

12 1

10 4

(bl

2 25 3 15 4 /5 5 55 6
hae (V)

S5 o 1ol ©0) W Vs (i b @) [4F U
ysa> ,3Cr(@cac), H55 auwwdS 5l saal cus 1,Cr,0, ) 340
coeloY e 4 F0-°C s ;3 PEG wilss jgu

KW P Uwe] (V3
0d5lgy Jole yoan ;o Cr(acac), oole i .23 o i |y

055 ¥0-Cglod j0 &S uad o JuSis (gl 0y bglswe PEG
Cr,0, ©hdeb g oad 4350 o] ;0 3390 JI Sy alS
oSS Aol gy b e 2Ty adsl nlpe 50 .00)8 o JuSiits
aaldl b g oo dsjds ool 0 09390 I LSy ¢ o)
Gy 3l g 0ud LS5 w1 pgyS sla dtuan oloS wllos
w53 p3,S slosss LPEG 1o i (slos S 2uS wiy

o3> S ly e - Ssd e da JSS Gl

"

[ww.SID.id



http://www.sid.ir

!
pulbaogil

80 SULwslS | 190 60y Loed | ma—ss Jla

S =

[1] T. Brock, M. Groteklaes, and P. Mischke, Euro-
pean Coating Handbook. VincentzVerla, Hano-
ver, Germany, 2000, p. 133.

[2] B.M. Abu-Zied, “Structural and catalytic stud-
ies of silver/chromia catalysts” Appl. Catal. A:
Gen., vol. 198, pp. 139-153, 2000.

[3] P. Berdhal, “Electron Spin Resonance Study
of Cr,0, and Cr,0,.nH,0 Quasi-Spherical Na-
noparticles” Trans. Am. Soc. Mech. Eng., vol.
117, pp. 355-358, 1995.

[4] N. Malatji, A.P.l. Popoola, 0.S.I. Fayomi, C.A.
Loto, “Multifaceted incorporation of Zn-AI203/
Crzoa/SiO2 nanocomposite coatings: anti-cor-
rosion, tribological, and thermal stability” Vol.
82, PP. 1335-1341, 2016.

[5] D. Tobia, E. Winkler, R.D. Zysler, M. Grana-
da and H.E. Troiani, “Size dependence of the
magnetic properties of antiferromagnetic nan-
oparticles”, Phys. Rev. B: Condens. Matter, vol.
78, pp.104412-104414, 2008.

[6] D. Tobia, E. De Biasi, M. Granada, H.E. Troiani,
G. Zampieri,E. Winkler and R.D. Zysler, “Evolu-
tion of the magnetic anisotropy with particle
size in antiferromagnetic Cr,0, nanoparticles”,
J. Appl. Phys. vol. 108, pp. 104303-104308,
2010.

[7] A. Nazari and S. Riahi, “Optimization mechan-
ical properties of Cr,0, nanoparticle binary
blended cementitious composite”, J. Compos.
Mater. pp. 943-948, 2010.

[8] K. Maeda, K. Teramura, D. Lu, N. Saito, Y. In-
oue and K. Domen, “Noble metal/ Cr,O, core/
shell nanoparticles as a cocatalyst for pho-
tocatalytic overall water splitting”, Angew.
Chem. Int. Edit. vol. 118, pp. 7970-7973, 2006.

[9] G. Buxbaum and G. Pfaff, Industrial inorganic
pigments. 3rd ed. Weinheim: WileyVch; 2005.

[10] J.L. Zhu and S.N.Wu, Pigment technology.
2nd ed. Beijing: Chemical Industry Press; 2002.

[11] S.T. Liang, H.L. Zhang, M.T. Luo, K.J. Luo, P. Li,
H.B. Xu and Y. Zhang, “Colour performance in-

&l

vestigation of a Cr,0, green pigment prepared
via the thermal decomposition of CrOOH”,
Ceram. Int. vol. 40, pp. 4367-4373, 2014.

[12] P.Li, H.B. Xu, Y. Zhang, Z.H. Li, S.L. Zheng and
Y.L. Bai, “The effects of Al and Ba on the col-
our performance of chromic oxide green pig-
ment”, Dyes Pigm. vol. 80, pp. 287-91, 2009.

[13] T. Tsuzuki, and P.G. McCormick, “Synthesis
of Cr,0, nanoparticles by mechanochemical
processing”, Acta Mater., vol. 48, pp. 2795—
2801, 2000.

[14] Y. Wang, X. Yuan, X. Liu, J. Ren, W. Tong, Y.
Wang, and G. Lu, “Mesoporous single crystal
Cr,0,: synthesis, characterizations, and its ac-
tivity in toluene removal”, Solid State Sci., vol.
10, pp. 1117-1123, 2008.

[15] Z. Pei, H. Xu, and Y. Chang, “Preparation of
Cr,0, nanoparticles via C,H,OH hydrothermal
reduction”, J. Alloys Compd., vol. 468, pp. L5—
L8, 2009.

[16] Z. Pei, and Y. Zhang, “A novel method to pre-
pare Cr,0, nanoparticles”, Mater. Lett., vol. 62,
pp. 504-506, 2008.

[17] M.D. Lima, R. Bonadimann, M.J. Andrade,
J.C. Toniolo, and C.P. Bergmann, “Nanocrystal-
line Cr,0, and amorphous Cr,0, produced by
solution combustion synthesis”, J. Eur. Ceram.
Soc., vol. 26(7), pp. 1213-1220, 2006.

[18] Z. Gui, R. Fan, W. Mo, X. Chen, L. Yang, and
U. Hu, “ Synthesis and characterizations of re-
duced transition metal oxide and nanophase
metals with hydrazine in aqueous solution”,
Mater. Res. Bull., vol. 38, pp. 169-176, 2003.

[19] M.A. Wolfowich, H. Rotter, M.V. Landau,
E. Korin, A.l. Erenburg, D. Mogilyansky, and
D.E. Gartstein, “Texture and nanostructure of
chromium aerogels prepared by urea-assisted
homogeneous precipitation and low tempera-
ture supercritical drying”, J. Non-Cryst. Solids,
vol. 318, pp. 95-111, 2003.

[20] M. Ocana, “Nanosized Cr,0_ hydrates spher-
ical particles prepared by the urea method”, J.

)


http://www.sid.ir

Archive of /'SID

pulbaogil

180 HULwsS | 1a $0)Loedi | ma—sss JLuw

Eur. Ceram. Soc., vol. 21, pp. 931-939, 2001.

[21] K. Anandan, V. Rajendran, Studies on struc-
tural, morphological, magnetic and optical
properties of chromium sesquioxide (Cr,0,)
nanoparticles: Synthesized via facile solvo-
thermal process by different solvents, Materi-
als Science in Semiconductor Processing, Vol.
19, PP. 136-144, (2014).

[22] CY. Cui, C.D. Xia, X.G. Cui, J.Z. Zhou, X.D.
Ren, Y.M. Wang, Novel morphologies and
growth mechanism of Cr,0, oxide formed on
stainless steel surface via Nd: YAG pulsed laser
oxidation, J. Alloys Comp., Vol. 635, PP. 101-
106, 2015.

[23] C. Borgohain, K.K. Senapati, D. Mishra, K.C.
Sarma, P. Phukan, A new CoFe,O,-Cr,0,-SiO,
fluorescent magnetic nanocomposite, Vol. 2,
PP. 2250-2256, 2010.

[24] D. Vollath, D.V. Szabo, and J.0. Willis, “Mag-
netic properties of nanocrystalline Cr,O, syn-
thesized in a microwave plasma”, Mater. Lett.,
vol. 29(4-6), pp. 271-279, 1996.

[25] A. Kawabata, M. Yoshinaka, K. Hirota, and O.
Yamaguchi, “Hot isostatic pressing and char-
acterizations of the sol-gel derived chromi-
um (Ill) oxide”, J. Am. Ceram. Soc., vol. 78, pp.
2271-2273, 1995.

[26] D.W. Kim, S.I. Shin, J.D. Lee, and S.G. Oh,
“Preparation of chromia nanoparticles by pre-
cipitation—gelation reaction”, Mater. Lett., vol.
58, pp. 1894-1898, 2004.

[27] U. Balachandran, R.W. Siegel, Y.X. Liao, and
T.R. Askew, “Synthesis, sintering and magnetic
properties of nanophase Cr,0.”, Nanostruct.
Mater., vol. 5, pp. 505-512, 1995.

[28] Y. Murakami, A. Sawata, and Y. Tsuru, “Crys-
tallization behavior of amorphous solid solu-
tion and phase separation in the Cr,0,—Fe,O,
system”, J. Mater. Sci., vol. 34, pp. 951-955,
1999.

[29] J. Tauc, “Optical properties and electron-
ic structure of amorphous Ge and Si”, Mater.
Res. Bull. vol. 3, pp. 37-46, 1968.

v


http://www.sid.ir

Nanoscale

| Vol 3| No.2 | Summer2016 |

www.nanomeghyas.ir

Synthesis of Cr,0, Nanoparticles in the
Presence of Polyethyleneglycol by
Thermal Decomposition Method
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Abstract

Keywords

Chromium oxide (Cr,0,) nanoparticles was prepared by thermal

decomposition of Cr(acac),. Prior to decomposition, Cr(acac),
precursor first mixed with polyethylene glycol in ethanol solvent and
then the solvent was evaporated by mild heating. Finally, the produced
solid mixture was converted to Cr,0, nanoparticles with thermal
decomposition at 450°C for 2h. The final product was characterized by
powder X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and Fourier transform infrared
spectroscopy (FT-IR). XRD pattern confirms high purity and crystallinity
of Cr,0, compound with rhombohedral crystalline phase. Scanning
electron microscopy (SEM) and transmission electron microscopy (TEM)
showed nanoparticles with diameters of 20-30 nm. UV—Vis absorption
measurements indicated that the band gap of the Cr,0, nanoparticle
is 4.5 eV. The possible growth mechanism has also been proposed.

Polyethylene glycol, Thermal decomposition, Tris(acetylactonato)

chromium (lll), Band gap, Chromium oxide, Growth mechanism.
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