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Evaluation of the Mechanical and Anticorrosion Properties of PU-SIiC
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In this research the effect of silicon carbide nanoparticles and surface pretreatment on the mechanical properties and corrosion
protection properties of the polyurethane coatings (40 pm in thickness) were studied on a low carbon steel substrate. The substrates were
prepared by polishing and sand blasting methods. Dispersion of the nanoparticles in the polyurethane coating was studied by field
emission scanning electron microscope (FE-SEM) image and X-ray diffraction (XRD) analysis. The physical and mechanical properties
of the coatings were evaluated by pull-off adhesion, Tubular impact and pencil hardness tester. The Electrochemical Impedance
Spectroscopy (EIS) and polarization tests were employed in order to investigate the corrosion resistance behavior of the coatings. The
effect of nanoparticles on the chemical bonding of polyurethane were investigated using Fourier Transform Infrared Spectrometry (FT-
IR) Analysis. The results of the physical and mechanical study showed that the existence of 2 wt% of nanoparticles, leads to the increase
of the adhesion strength up to 50%, hardness of coating increased from 3H to 5H and impact resistance were increased about 34 %. In
addition, the results of electrochemical test showed that the existence of 2 wt% of nanoparticles in polyurethane did not significantly
change the corrosion resistance behavior of the polyurethane. The results of field emission scanning electron microscope (FE-SEM)
image and X-ray diffraction (XRD) analysis showed that nanoparticles up to 2 wt% were well dispersed in polyurethane. Sand blasting of
the specimens prior to coating increased adhesion strength up to 35%, but decreased the impact resistance in compare with polishing.J.
Color Sci. Tech. 9(2015), 239-2500©. Institute for Color Science and Technology.

Keywords: Nanocomposites, Polyurethane, Silicon carbide, Adhesive strength, Corrosion.
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2- Zhai

3- 3-amino propyl trimethoxy silane
4- Guo

5- Surface-initiated polymerization
6- Ji

7- Chisholm
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3- Zview

4- Field emission scanning electron microscopy
5- Gold field

6- Philips

(WWAE) 55, 59U 9 pgle A9 33 — pole & s



O 9 sy S99l

4 YAR-em™ 5 YAYF )0 ol ol (sloald .ol oo Si—C oiiS
Ao VPAD CmM™ g VYYY o e olowl als gC—H et olals )|
00 ool gleald oz ae ab ooly Cas C=0 piiS wlilss )|
S Slsla 4 s 5 4 VEFe emT 5 1AYY A VYEAYE. o
a5 g aia 5 o0l & s C—H 3CO—NH L—O0—C C—O
L O—H —asS ol 4 oas ol VYA cm™? jo a5 ang
b i3l 4 b e bacal ol .coslonds o3ls ons N—H
slacib 535 oo ali>do a5 joblan o [TV YF] conl )90 b
) oalls s ch 4 bgyye sloald los oo axsle ol il
s=a> L g osg (U5 ok 993 anly JlSlw ey aes e LiS
U G PNV P N N U TP OO JPUUNOL WU VOR QI IR
s O3 b Sl )0 ysd 4y bgyyo Giuligy (oles 50y

1al

D= 750 nm

P-13 pum

en.kv X380.0K =
D39 1 Gl e (cag) (59 (2959 S0 g 1Y S
ey 50 (SasSyy 5l 3 (Gados )0 eolainl 950 pudis 08

VEF

Obogsls e 50 ©lydgil (ST y (o) p -Y-F
Sl JeS gy (95 (295 mgSan pgal ¥ SO
30 SoSTy sl 8 caing ol jo eolaiwl 050 I )3g5L
oo SuilSe LS 3 g cpal o o Lt |y 5 s
odnline a5 jgbjlas s o plis |y (ads YV e 4) P> o
oy 50 (oSl 5l e asily aeas )35 ojlail gl oo
rabad 5 (@ g AN T USS ol ools LS yieg e SG 390
590 9l gl 5l (Sl JenS (as; S9SN (g95g S
cilizee gla oledS )5 b il 005 5l Gi5 0o )0 ¥ (591>
3l 5 lad g e dlimdlo 45 55 blen s o i |
seboled croren b ools lid segilb VY. 5l seS cadonsST,
o3lasl eols lad s abaly g D35l 5 WSSl 65 ol (5551 &S
iline (1 JS5) agls 0F 830> sl 0,15 sl oy
ol ol e85 Ao s o 0t S8 e s S
Sty S peds w51 Sl g 5o oad oaiSTyy ol 340
(Y JSi) oy 5o abonsSTy 5l 8 lydgil b Cd 5 WSlonls
crmslin (ST 0aim0)lis godge (ol 45 Al S SZS L

Dacvol col ans) ,o @ly39b

ool BN (owyp =YY
2 Dl oy ez 4598 S G i (mieiib (565l ]
oo 3l D139 (09581 L 0B b aleeed Slaisn
Ao )5 ly3gls sl g3l (nl Jols s § USs .au0 )5 solaiul
Sy 5 sl 5l (s ey Vsl 5 (A (U s kel
o bspe slocasl 54 5 boles was oo (LA ) prcdens
Slials )l ay bg e AFF cm? Sgax ald (35,5 oo onnlin b g

Journal of Color Science and Technology(2015)

D=72 nm

D=97.4 nm

D=81.2 nm

(\WAE) 55 629U 9 ol (a9 3y — ol Ay puins



VED

PU- SiC (53 )920l5'93L (gl yiuds

93 5 998346 9 SSWle olgd (LI

0z
0.4
033
0.1
3
SiC nanoparticle
0.5 o
5000 4000 3000 2000

Absorbarce(a.u.)

S

PU-2Wt%e SiC

C=C

C=0 C—H

Si—C

=
-

0
N—H

=3
m

3500 3200 2900 2600
wavenumber (cm=')

o )5 5 (559 9o )0 ¥ (gl g Al B e sy i 98

3500

Sgd ¥ 5 5, » 0ol Jlesl slailisy (St plSoctal 7 Jgux
cilize slo by, 4 0o (g lwoslel

2300

PU3S
PU2S
PU1S
PUS
PU3P
PU2P
PULP
PUP
903 A5

o 9 < > . o .
L - = S < < =< =<
- a3 3= o b= - o
+ + + + + + +H

a a a . - < .

— po. po= — — — . —

+Y/
(MPa) 5 sz a8l

Olidl asiles o Lo il (Saimns plSocinl ol58l Lo
Sialdl Eel 4 alil @3S jeam 5 serly o5,e YLl
9 Sz JI0 0 R Gl w4 b 0gdiee iy el
ldgl YL mhw ploe 59« ol Slvo iy 03,9505
ao o ¥ gsl gy o WAl coal aily a8l iigy el
Yool a5 il 2als o alloiul pdew a5 56
oealS ceely aS il aie) jo Oldel pess Jdo 4y WlgS oo
u**—“}' o ua_a.t .)l_‘:u| e g )_9.3.1,:—0).5 u*’-';w-“)—' c'am
IAc¥s] o9 e

Yy pdaw g 3lwoolel p3G _Y_F_Y
a 4—’\/;{) CJa_w (_g)’LwooLnT | R NS 4 Ji...; 4o aS )9‘|¢QL°-°°

G 4 S (8t Sy Sl el B,

2000 1700 1400 1100 800 500

S35l 508 55 4,98 hod (il F JSo

iy (5w Lol Y

W »\AQ)U Q‘)S,}U ‘5339 M}é )-Asb A A

Oy (Fatz ool plasl L Y 5l Jol> nSle £ Jgo
O o g3l Obhnh et dhite ghaw & S5 5 oS
SYgd Y 5 (S9) 2 e 2,8
olai 1y cobawle 5 (gie0lams sla g, b oo mhaw (o5lwosle]
Y ol asgad il ot in O JSCi 0 a5 jabyles ans oo
Voo sgas g3l bl 5l e ok 9S50 (39 oy
BN as 63)9_4 BN «Cl oA_:Lo‘S‘Bl_: 4._>\jJJ) Sy 2 uw}: o )0
Qo 50 Y 9 \ 69[? 9 ua.]l? UL))}J‘_;L L) ol ools uw.»y LgL&bA.a}o.:
ol oo oz Y 5 e SIS il comndis 30,596
Oll8l g o onal i £ Jguo 0 4SS 5 bles yies
S Sz a8l az g5 LB g el Gig oy VU @l )3gt
Canloads QYQS cla.u aQ UU)%(.A) u‘“"“’?"

Olydgl 5l Gi9 deyo ¥ g ¥

PUP

PU3P

D8 (S a3l pll 5l Gy Lo iy elaie a1 S50
NS

Journal of Color Science and Technology(2015)

(1Y) S5) 59Ud 9 pole (2933 — (ol a3 it



O 9 sy S99l

b by 4130 41 Ceoglio (o y2 —B-Y

P Legiin @s; » @l 4o ool plail LYl Lol (Sl
oad ools HLas Y Sl o Lo il cpl CanSll o 9 Y Jgo
b ol 30 )5 Ol 3510 jpa 09l oo 0dalive aS el jlos anl
@po plp 5o Cuglie Gl del (B b (g 50 (Fig o3 ¥
St s Ggal )0 09,5 oo o iisy (ol (a5 4 lis )
O)ly oty 4 SLSL (Cuy jla,2) (225 5 (o) 5l 400) s Led
GRS S T pieligy 5D s AT 58 3525 Djgo 40 45 9 o0
G o )FS d e S g g 0o E) S5 Al 9 Sl
lo sl sl o 00iSTy yosly )0 ss 4 45 1,36l 09 o
55 el wlgi o 9 93l 55 5l Sl o 5l 5SS
o Gl 8 L (b o V] Wit 55 s sl 5
2 5 Jgoe pllminl (21,3510 ja o by (Ul 2als)
=39 220 ¥ ol (iudy 50 b oo Sgee 4108 4 Cunglie aly
a4y Suo3 sleejlail b 5108 aSad g Ol )3 aezs o 4y 0,346
4 Sl 5 0mb lais 5o Abg CuSL oS 5 il Sl
oy IV Al cilosls &, 0,86l 000 Y 5 ) (g9l by
s Lo Saely 5 Joxdss jod Jdo a4 mhaws (g3luoslel
s jo (35S0 5t oLl L g 4 5 o (55, b Sid )58
il e a5 s 35S (Pl 3 G 55 05 sll 5 iy
S ard) 228 Gla il o (pgad 4 (AT S e Suz alaplSe
3 b S Soled y0 9 S (Siallsr el g aiS ol (St
et ol o Saglio talS [YA] 23,5 Sl laiss i
Ol ¥ a0 45 (alanle (bg) 4 oad (gilwoskal (sladises
b oo syl bYs aes a4y Wlg co 3 00l ols

VES

Ol Jds oS el oo, S sl a5 5 (idisy G o Sedkns
Al ) a5 aBl S - gy (eled e (381 Wl e E509e
¥ n) 9 ok o @t 9 (oS Jols slacaadse ol (]
5 gmame 5L pocly il 8l sl iz 5 b on al3
g JSs 0 I¥A] sgi o Y 55 o slodsdss s (il & JSis)
Aol o Ol 36l oo e g e (gilwoslel fliie 36 (o)
oI L aS Syso (nl 4 closalie LB o idg (Saieer
A ZECOUWEPN L LW BSR4 PP SRR WIS g SRV RN WP

Caloads ion w0l ool digel dy Caonnd 0dds odbawls digal

o

)

wn

.

349 2015
399 =011 S ?

=
&
=
(-1
=
™ 35272015
53
@ 2380 010 290 £0.10
S R
7 2 (D]
3
=
E]

1 —+—Sand Blasting

=8-polishing
0
0 1 2 3

Nanoparticle Content (Wt.%)

[¥A] s Sl igl3il b St ialdl g5k (15 S8
2239l (is weys g 4 5 s gilweslel g, blite 13U (o
La iy (i plSomil

5 500l g (53lwoslel (slo st 3 mrmaliw 9)lS $iU Cilitee 39 slase s ol Uymh St 4o pln 5o Cuglie ¥ Jgus

oy 3l 953l 4
(em) cu y5 gl (em) sy g sy (em) 55 gl ) (em) sy gl 4 et
(o5 kS Y 439) (05 gk S 459) (055 ¥ 4i59) (05 b Sy 439)
- foty - Yot PUP
- A EY 0-%f pglie PU1P
foxy polie polie polie PU2P
O-£¥ - q.x¢ PU3P
- Yoxy - SOt PUS
- oOEY - q.x5 PU1S
YOEY pglie sOF polie PU2S
- Yoxy - N PU3S

Journal of Color Science and Technology(2015)

(WWAE) I5) 6 9US 9 pgle iadg 3y —pole &3 it



PU-SIC 5291015 93L (sl yinibgy 5 3095 396 9 SSailSo olgd b))l

Jolae yolic aas o ylis 1 ETS (903l 5l odwel cows 4y blss
C/_Ajl&.c Rcoat ‘J5_l?u A.A_ABLO.A Rs )‘ M)L..c )IA_A L)"‘ B 0
28 ,b Cooat ((asilEgs auY) el Db Csglie RO ¢ iiigy
55 4 by s slafogai (@) A US55 il (slo Jog05
J._.\a);) Y 9 \ 65L> 9 udJL> ul—’)ﬂ‘&ji’ l.) odls ool u«....:y 0‘)!55
30 (Lad 1 0539 (S5

Lb)‘é}o.; ] ua.?Lm.A CA_“,.;,S;“b )|¢9_.o..3 3o as )#QL@
G090 j9mme 4 S5y Sloj ol a5 wiil o Sloy <ol Y lylo
Aol o alEgo Y @ bgs e (6,50 5 (YU duliy) iudgy 4 bgsyo
Ol A Jgaz 50 Guilassl sl loges U351 51 Jols b L€+ ]
(Mbs" u9"°)i )b Y ﬁl.‘zv‘ )| J..ol:- U&LA C"L”') Cwlodds sols
Cnglin ralS cely Ol )39l jeam 598 g0 cdalin a5 ol len
Oiigy il cd b o8l g Ceaglie ialS sl sl g
o 515 4 oy 5501 8538 5 gy 055 tal 33 o & Ygans
so—am L aS ol Jdo ay Lol )0 gadge ol s le-] bl e
ygma> bl S ousmo il wedl ials o alfae aY o3
S0y Dy Azl )0 5 Jidigym 58 Syiie fad o Cods Sl
s3> b5l gl a ooy mSUN 35k il oo (S35 wnl
Jga S8 gl oo doml )0 Cewlaidly, malS (ibg jo Dl,36L
Dby Jodss ralS caels Gidier 50 pmadiw a5 &l 340
u‘j_iu’.n ‘) W}i U)l’ &.A.»j)b u,...sbﬁ‘ 9 wal.a.n uﬂ.bls Cwlodds
Q)5 o9 Bl yaes Judo 4y (idgy S aSdl culan iolidl o
Diogy 3l He,=SIl sis]) e Gel aS ol s pundis
LA RT3 YV

‘_;q)&.” &.MjLM ooy QAM 1 Js» B as )Blaul-o.‘b
OBss Gloca saliel b oo ools jiudgy diges alSgs 4Y
O s Lo oas 00ls yidiey digad 4y S pommdis S50
Y o) oo idig j0 S (5yeb a4l 00,5 oy uliél alls
9 Ohdgy nglie 99 Egorme rmliw 0)5 0,350 (S35 o)
Ao, BV G WAV (s i 4 alls e b a4 s ailSgo 4y
Gomo,n YO als el ol 3l jgas o5 Jl> o cdly jualS
GalS Cute 36 S Bl e (Sile 4 035 (o0 by Saeglie
oo i Sl bl Gicdigy [0 ((S0,-id Gialidl) s
03— u_ojl.u 99 Egoo ).ol.a w»lf u.cl.a 9 OMG...} é),&”

Journal of Color Science and Technology(2015)

PU3P PU2P PUIP PUP

Yécem, ) kg Yocem, Ykg Sécem, V kg Yoem, ke

ey Sl g3l 5l e lagid gl 1Y S

gy (o —F-Y
lie Cgzr @ g 03l (hg) So (s0le (R B )
oolsly (B Olie gy (hy) (ol 5o Bl oo Loy (S5
Solae gy g b bolae o8 > 51 50 il 3 ooyl pac b g olx!
Ol 9 08 e plosl gy rlas 59, p cdl S 5 903 b s
Ol 2 aa¥ ) s (silaeslel g )35l 39 o ye Simgh,
Ll L Y5l Jol (Sl (285 S8 sy 0 090 iy (Ses

ools (lis A Jgaz ;o o iudisy (595 3 (g0l (i 5w (y30))
ey VL Oldgl (9938 058 oo oanlive a5 jabojlen .ol oo
3H 5l g (5 Olies al8l el By b e 4 (S5s
o el 4 0,396 J3g oo ¥ 0938l g 08,5 0 BH 4
LS 0,355 (Gig w00 ¥ g ) (g5l CojgalSl 4 o | ]
45 a8k b sk aree; b Dl3gl (698 (1S eap Wlgi o0 035l
e sals Y] calonss g plovial 5 Jooe Sl el
“s0 55 e 3059 (S 0oy T (55l CujenslS ol b
29 e b olad jo e alS (ol )36ih moz Jdo 4y wilgs
5ios ol 5o [YAD assl a0 36 S eay ualS ases
Loty cnl (e 2 686 &Y 0 o (s3luoslol i ot

RYIRY

oiligol (ygmo3l o gy (5595 Jlid) (ouo )y V=Y

s Lol g U
ety (So,55 L8, ol pess JoJo 538 ) p o
gl jobiie 40008 ooliinl glariy xSl udlagal (505
Jome Jobee (S iSIl jlas Jawgs doly uwly (slo,loges cledlbsl
' il ez ool 850 oSSl Jolas e (G A JSS 0

1- Fitting

(\Y4¢E) S5, s o9ld o Pole b9 — (sole Ay s



O 9 sy S99l FEA

Vsb ¥ 05 655 2 peekew 25 U Glisre S35 slaneo s 3l g A Qinh slacias (G Dgesl 5l Jeole @l A Jgu
sibanle 5 00l sla g, 4 eaisgjlusolel

PU3S PU2S PU1S PUS PU3P PU2P PUL1P PUP Aigod S
HY Ho H¥ HY HY Ho H¥ HY (S
()
O— uncoated steel 002
— = PUP g
i PULP Zam
5 e PU2P 2
=-1 N
5 001 002 003 o0p4 005 ()
= 7' (Mohm cm?)
= - a
N
- .
o n
y e Wy Rs Ccoat
- L] . L] >
Ulif_T] ! Rcoat Cdl
0 1 2 3
Z' (Mohm cm?) Ret
]07§ -100 6] J\
L B—0—0=—0—n_nm_ o | —F uncoated steel
loﬁg lo; F b_ 45 ‘O‘ i a5l . P1I|:P|c e
10°C PUIP
EO0—DO-—p - | e PL2P
N 10'E e 250 - 0
1wk T Tor D
E D‘"’-EI-,,,_D_% 25 -
5 F {1 ==
100 B - Q o MR
10t F TN T S O N I Y11 I I W 7Y N S A W17 M O WA 111 B B W AT 0 _|(~|fi:'r't'fTQ’:=f'|!'ﬁ|M L1 fH\-ﬂ_jmun\ Lol il o
102 107 10° 10! 10° 10° 10t 10° 107 107 10° 10! 10° 10° 10* 10°
Frequency (Hz) Frequency (Hz)

9 5 Al 56,9 b 0Vg8 @ bogs e b g5 (7 9 CanaSgSl o503 (0 e milaal g0l (slmools 5l ool eoliiwl Joleo jloe (! :A S

b 0 )l8 6L S39 ao,0 ¥ g ) (gsl> g Lalls Ue b sleidss (55, p el O9o5 sesls Lo 5l ol Cows 4 = Jous

PU2P PU1P PUP pass

- YR -YP8 - YOF MF) T (idg o)l cud b

£,30) CATF CAYY P iy oj cud b
CAYFE D CAYFE. ) RALET (Mohm) g, Caeslie

Y- Yv. £y M) T alEgs 4 o3l cud b

SRR < 2f. 241 P alEge a¥ o5l bl
VYAt S APYE. LY < YAAE- D (Mohm) w890 4Y Cuwglie

Journal of Color Science and Technology(2015) (WWAE) I5) 6 9US 9 pgle iadg 3y —pole &3 it



P9

PU- SiC (5429205 936 (5o yimdgs (5393 306 9 SSwilke olgd (3b))l

Ol aidiey (Sl (ol slagom)  mls (bHnh Sl
Glo e 10 prmediw 0 Sl Si9 do )0 ¥ g ) jsas wls
OV g YA e an |, Lo i dg (Soi s plSoul 6,4 L
J=B jlase a1y o ity 4,0 4y Cuaglin § (5w WSgugn do )0
292 1o Ol 525 (oloordig SN (o 2 a2 o0 SIS (g
SLo i i 10 pamdow a5 36505 5l o559 9o yo )
|) U] ;J)P a4 M_AELQ.A “}y?s K9y » 03 JLA.C‘ w)wlsyl)
w23 o sualS alls U e b b oad oole idgy o¥gd 4 Cons
3 Sz i bide 0 Sldel Sl Sig weyo T 9> Iy
Lagyge)l gl )0 (rizeen 1S ood sl b iy (59,55 )13,
4 S (—ibawle i) 4 gl (g3lwoolel a5 0 eols Lis
Lagids Oloe (6 5tim sloms (S plloctul Gjosbins (Bs)

20,8 oo iig

1. M. Barikani, Polyurethane chemistry, property, application
and ageing, IPPI, Tehran. 2004.

2. M. Rashvand, Z. Ranjbar, Effect of nano-ZnO particles on
the corrosion resistance of polyurethane-based waterborne
coatings immersed in sodium chloride solution via EIS
technique. Prog. Org. Coat. 76(2013), 1413-1417.

3. A. Forsgren, corrosion control through organic coating,
Taylor & Francis Group, United Kingdom, 2006.

4, C. |. Elsner, E. Cavalcanti, O. Ferraz, A. R. D. Sarli,
Evaluation of the surface treatment effect on the
anticorrosive performance of paint systems on steel. Prog.
Org. Coat. 48(2003), 50-62.

5. R. W. Revie, H. H. Uhlig, Corrosion and corrosion Control,
4™ Edition, Wiley & Sons, New Jersey, 2007.

6. J. Njuguna, K. Pielichowski, Recent developments in
polyurethane-based conducting composites. J. Mater. Sci.
39(2004), 4081-4094.

7. P. M. Ajayan, L. S. Schadler, P. V. Braun, Nanocomposite
Science and Technology, Wiley-VCH, Weinheim, 2003.

8. I. V. Khudyakov, R. D. Zopf, N. J. Turro, Polyurethane
Nanocomposites. Des. Monomers Polym. 12(2009), 279—
290.

9. F. Liu, L. Yang, E. Han, Effect of particle sizes and pigment
volume concentrations on the barrier properties of
polyurethane coatings. J. Coat. Technol. Res. 7(2010), 301-
313.

10. S. A. Sajjadi, M. H. Avazkonandeh-Gharavol, S. M.
Zebarjad, M. Mohammadtaheri, M. Abbasi, K. Mossaddegh,
A comparative study on the effect of type of reinforcement
on the scratch behavior of a polyacrylic-based
nanocomposite coating. J. Coat. Technol. Res. 10(2013),
255-261.

11. L. Sung, J. Comer, A. M. Forster, H. Hu, B. Floryancic, L.
Brickweg, R. H. Fernando, Scratch behavior of nano-

Journal of Color Science and Technology(2015)

S5 azxs ¥

ol Cojeelisil g LAl B b laide (e cnl )
Syl 036 5l (s ey Vg V) boad sl U b
Loy 4 00 (5ilwoslel Y58 aY 105 (55, 2 5 Ad5 oralins
5 S 2lyS s 0t Jlosl (tbaile 5 (Seslim
dlio S0So L g (o 0yllinl slogtg, b bl (50595
b Jol sy (B bl g ws S
95w Sen prgbal 5 S35l WSl gy Sl (il
Sy Vls Glas laidg maw jl Glawe Jeu (siag) (9 S]]
g oadosiSTy (e ok ane) )3 (297 4 i 0 S5 S5
ol ol Lagidy 5lansd o 58 ) (riwcib 5
aigS 9 3,00 (U mh el tSle 6,80 Ol 39L s pax
03y S gy 0 JiSLo slml Lo @ b by (olgs )3 pis
30 e Jdo a5 g 00l Sl Ol )38l jgam (o aS Conl el

&=y =0
alumina/polyurethane coatings. J. Coat. Technol. Res.
5(2008), 419-430.

12. Z. Ranjbara, S. Rastegar, Evaluation of mar/scratch
resistance of a two component automotive clear coat via
nano-indenter. Prog. Org. Coat. 64(2009), 387-391.

13. M. Taheran, A. H. Navarchian, R. ShojaRazavi,
Optimization of wear resistance of PU/TIO, coatings on
aluminum surfaces. Prog. Org. Coat. 72(2011), 486-491.

14.C. Sow, B. Riedl, P. Blanchet, UV-waterborne
polyurethane-acrylate nanocomposite coatings containing
alumina and silica nanoparticles for wood: mechanical,
optical, and thermal properties assessment. J. Coat. Technol.
Res. 8(2011), 211-221.

15. A. Darvish, R. Naderi, M. M. Attar, The impact of pigment
volume concentration on the protective performance of
polyurethane coating with second generation of phosphate
based anticorrosion pigment. Prog. Org. Coat. 77(2014),
1768-1773.

16. L. Zhai, G. Ling, J. Li, Y. Wang, The effect of nanoparticles
on the adhesion of epoxy adhesive. Mater. Letters.
60(2006), 3031-3033.

17. P. A. Sgrensen, S. Kiil, K. Dam-Johansen, C. E. Weinell,
Anticorrosive coatings: A review. J. Coat. Technol. Res.
6(2009), 135-176.

18. Y. Gonzalez-Garcia, S. Gonzalez, R. M. Souto,
Electrochemical and structural properties of a polyurethane
coating on steel substrates for corrosion protection. Corros.
Sci. 49(2007), 3514-3526.

19. M. J. Palimi, M. Rostami, M. Mahdavian, B.
Ramezanzadeh, Application of EIS and salt spray tests for
investigation of the anticorrosion properties of polyurethane-
based nanocomposites containing Cr,Oz; nanoparticles
modified with 3-amino propyl trimethoxy silane. Prog. Org.
Coat. 77(2014), 1935-1945.

(WWAE) 55, 59U 9 pgle A9 33 — pole & s



O 9 sy S99l

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Z. Guo, K. Shin, A. B. Karki, D. P. Young, R. B. Kaner, H.
T. Hahn, Fabrication and characterization of iron oxide
nanoparticles filled polypyrrole nanocomposites. J.
Nanopart. Res. 11(2009), 1441-1452.

N. Kiomarsipour, R. ShojaRazavi, Preparation and
evaluation of black silicate thermal control coating for using
on satellite surface. J. Color Sci. Tech. 8(2015), 283-293.

Z. Guo, T. Y. Kim, K. Lei, T. Pereira, J. G. Sugar, H. T.
Hahn, Strengthening and thermal stabilization of
polyurethane  nanocomposites  with  silicon  carbide
nanoparticles by a  surface-initiated-polymerization
approach. Compos. Sci. Technol. 68(2008), 164-170.

Q. L. Ji, M. Q. Zhang, M. Z. Rong, B. Wetzel, K. Friedrich,
Friction and wear of epoxy composites containing surface
modified SiC nanoparticles. Tribol. Lett. 20(2005), 115-123.
N. Chisholm, H. Mahfuz, V. K. Rangari, A. Ashfag, S.
Jeelani, Fabrication and mechanical characterization of
carbon/SiC-epoxy Nanocomposites. Composite Structures.
67(2005), 115-124.

Marrion, Chemistry and physics of coatings, 3 Edition,
RS.C. London, 2004.

P. Mavinakuli, S. Wei, Q. Wang, A.B. Karki, S. Dhage, Z.
Wang, D. P. Young, Z. Guo, Polypyrrole/Silicon Carbide
Nanocomposites with Tunable Electrical Conductivity. J.
Phys. Chem. 114(2010), 3874-3882.

W. Zhenyu, L. Fuchun, H. Enhou, K. Wei, L. Suzhen, Effect
of ZnO nanoparticles on anti-aging properties of
polyurethane coating. Chinese Sci Bull. 54(2009), 3464-
3472.

F. Alhosseini, M. Moniei, Evaluated the effect of the surface
roughness on corrosion resistance of stainless steel 316 low-
carbon in simulation sea water, 15th Iranian national
seminar on surface engineering, Materials and Energy
Research Center, Karaj, Iran, (2014), 9-17.

Standard preparation of steel substrates before application of
paint and related products, 1SO-Standard, Part 1, 8501-1,
1994.

Standard Test Methods for Nondestructive Measurement of
Dry Film Thickness of Nonmagnetic Coatings Applied to a

Journal of Color Science and Technology(2015)

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ferrous Base, Annual Book of ASTM Standard, ASTM
Standard, 06.01, D1186-01, 2006.

Standard Test Method for Pull-Off Strength of Coatings
Using Portable Adhesion Testers, Annual Book of ASTM
Standard, ASTM Standard, 06.02, D4541-02, 2006.
Standard Test Method for Resistance of Organic Coatings to
the Effects of Rapid Deformation (Impact), Annual Book of
ASTM Standard, ASTM Standard, 06.01, D2794-04, 2005.
Standard Test Method for Film Hardness by Pencil Test,
Annual Book of ASTM Standard, ASTM Standard, 06.01,
D3363-02, 2011.

C. S. Barrett, T. B. Massalski, Structure of Metals, 3rd
Edition, McCraw-Hill, New York, 1966.

M. Barikani, M. R. Kalaee, S. Mazinani, M.H. Barikani,
Synthesis, Characterization and Thermal Properties of
Polyurethane-Urea Nanocomposite with Nanodiamond. J.
Color Sci. Tech. 9(2015), 65-73.

F. Caruso, Nanoengineering of particle surfaces. Adv. Mater.
13(2001), 11-22.

M. Taheran, Synthesis and characterization of thermal
control coatings using polyurethane and nano additives for
aluminum surfaces, M.Sc. thesis, University of Isfahan, Iran,
2011.

T. A. Vilgis, G. Heinrich, M. Kluppel, Reinforcement of
Polymer nano-composites, Cambridge, New York, 2009.

M. H. Avazkonandeh-Gharavol, S. A. Sajjadi, S. M.
Zebarjad, M. Mohammadtaheri, M. Abbasi, K. Mossaddegh,
Effect of heat treatment of nanodiamonds on the scratch
behavior of polyacrylic/nanodiamond nanocomposite clear
coats. Prog. Org. Coat. 76(2013), 1258-1264.

M. Hosseini, |. Ahadzadeh, Electrochemical Impedance
Spectroscopy fundamentals and applications, Iranian
Association of corrosion, Tehran, 2009.

T. Tanaka, Y. Matsuo, K. Uchida, Partial Discharge
endurance of epoxy-SiC nanocomposite, Annual Report
Conference on Electrical Insulation Dielectric Phenomena,
Hotel Delta Quebec, Quebec City, Canada, (2008), 13-16.

(WWAE) I5) 6 9US 9 pgle iadg 3y —pole &3 it

ro.



