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Investigating the Influence of Li,Cos0,¢ as Mill Addition on Adherence of
Enamels for Steel A283 (C) used in Oil Pipes and Containers

M. Nourouzpour', S. Baghshahi*?, M. Tamizifar’, A. Dowlati*
! School of Materials, Islamic Azad University, Science and Research Branch, P.O.Box: 14515/775, Tehran, Iran.
% Materials Dept., Faculty of Engineering, Imam Khomeini International University, P.0.Box, 288, Qazvin, Iran.
3 School of Materials and Metallurgy, Iran University of Science and Technology, P.O.Box: 16846/13114, Tehran, Iran.
* School of Materials Science and Engineering, P.O. Box:11365/8639, Tehran, Iran.

In this paper, Li;Cos0;, was synthesized by a solid reaction and controlling nucleation and crystal growth time. The enamels
adherence greatly increased by adding this powder as mill addition. The influence of this additive was studied by
investigating chemical composition and microstructure of enamel-steel interface by using scanning electron microscopic
(SEM). The distribution of Co, Fe and Si was also studied by point and line scan analysis. The results revealed that the
superfine powder can change the composition and microstructure of the interface and promote the adherence of enamel to
steel. Adherence of samples was examined by standard test method ASTM B916 and the optimum amount of the additive was
observed to be 1.8 %wt. J. Color Sci. Tech. 2(2008), 151-158.© Institute for Colorants, Paint and Coatings.

Key words: Li,Cos0,y, Mill addition, Enamel adherence, Microstructure, Steel A283 (C).

*Corresponding author: baghshahi@ikiu.ac.ir



Ol 9 9935993 Lo

By o2 a5 S 5 SIS agi YU gla STy el

Jad 0 US55 LS (658 slasga, JSis 5 ol sk Lo
Sl dlsd nlpln 0,5 o D50 mle —alr 5l o WS i
rolie l &5 (Shge )0 Loy, oo iy Sy 4 g VL ST
25 g A BB sla STy i, 5 4 ol Sog38l e o

CoO (solid) + Glass (melting) + Fe (solid) — N
®
Co+ Fé* —Glass (melting)
NiO (solid) + Glass (melting) + Fe (solid) — .
*)

Ni+ Fé* - Glass (melting)

&) el 58 50 al b S 5 LS G 1Sy > (ol o
Obe) (99 oL5sS dn dzgi b oS lanl o5 (iiSTy e s g G030
JLd ol 0T G ot 9ennST g8 oo oS b 25Ty ooy
Bl e ( JSE L LS s STL S 5 D50 y0 4
ol ol g aes ali 8l oobj (e 1) 398 sla STy (lu e
D sgt Sorz spp o sk

So el p3¥ 09l Jlael 4Y S Ojg0 4 Lo a5 (S50 )0
WLsl USG5 plas” Glgie bl oYgd 55luoslel Uolye 4 al> e
S (oo Sl 9Ygh mhaw (5318 S5 Y S (ASTy Bk o5 09
{y-f]

NiSO, + Fe — FeSO, + Ni ™)

9 Use O Wigm S9ete o 8359 gelas 50 99290 S5 gy
Ot odhe S8 oo @ e e 31 1y 31 9,5 5 00,5 o0 510
A s Gy 4 S by Y S jpas cde 4 al Sy
s sl oams las Lsly pl o oads plodil lo gy s
v plasl s a4y 0¥9d 10 59,000 315 Dloul colild a5 ol
LB YYOC 51 YL sles j0 0S8 oo yuss YFe — aFe bl
b 0 gy el ol co i sl les ol 5 0 g ]
J ISV A =ADC s oher S gloo a8, YL
Cu B o Gl malS cde 4y oYed ol 8w > g D4 oo
JS as cwl oo ools plas Ko Bl 5lauS o ot 5 ol
5 ol Al osh JLBle 5o (59,00 6 IS5 o 1, oY cod b
Sl S 1y S i s Jad Caw as 0Yg 8 5l 5 00 3485 Cae
.MQGA

Journal of Color Science and Technology(2008)

Adoddio =)
Sleogas nyege 5 (S (alee) 51 9, slacld (Saier
6ol wladss cowl Lo i ml old CutnS 0aisS (oS
o=l plxil (S S9 Slaghs; 5 bl (o) 2 die 5o
QST 5 CLS ae ST aile glo 093381 130 Ll cpl 5o !
oud ailil Co )8 oS 5 B i slaaST laie 4 SO
8 5 Lige (o baly (JLEST a0Y SO ol 35k ) (Soir

sladelos 5 (5958 oSy Sn Lagi ot plodl sl o)
LXCoUNE S Lng..\.:...S‘ (S99) Sy Ls‘lc as wisls QLM.; L&S""’LJ‘) LS’)‘)’
sl STy (b g o0 v 4|y ool 5,6l li3lu CoO 4 NiO sisle
5 ol G a8 S JESl Y aisd oo 0Ye8 mhaw ,0 e 4Y
Jole Lo STy cpl 31 o (blate 3985 51 Jol> 40Y lea L) Lo
Dyl e 58 5 e Sain Lol

Al S5 Sy bt (Sowgm sl b JEsl 4y ol
a5 ol g 05 co denST S e Juad j0 diny ol sy (b o
053 o 1y o 5 oS o dlem (0T 5l 4 05d o g Al
5 S om0 3l Sk 31 Sy 5 wboe il Sl
FFr 09z 208 o S et Jlail g 0580 JSa5 5k
5 STy g aisS oo pol,d gl 4 1 FeO gl oY 5uS]
VEDS Liwgs ooal cawddy S 5l oolitl b atled o g s |,
(Fe;Si04) <Ll ons JSis S8 e 58 a5 o5 wa olg5 o0
Iv-0] wib oo o¥sd @ lis Jlasl Lol ol g ol

Fesieery + NiO (CO)Grassy = FeOGlass) + Ni (Co) M

2Fe0 + Si0y — FeySiO, )

oy Ll Sl o a8l b oy 4 Ypans 0T 5 0l
Ogamslomg Jo—o,8 au |, Lag] Glyion 45 Canl o ool g2l 50
2,5 odnline | paliee guli 5 9505 adlsl
Sy b lne Co b oS 5 0SS g SIS anST jl> 0
12750 Dyge 5 oSy
Co** —Glass (melting) + Fe (solid) —>

- ) D)
Co+ Fe™™ — Glass (melting)

Ni** = Glass (melting) + Fe (solid) —

9]
Ni+ Fé" - Glass (melting)

1- Energy dispersive spectroscopy

(WAY)S5) 529U 9 pole (a9 s — yole &3 puins

1oV



w A283 (C) 3¥53 (59, sWdlize 5 s 3 bl (5339331 lgic 43 LiCos04 »3l (w) 22

55730 3 i NasCO5 sl 730 CaF, _psls /AA/Y
‘L)’“_i"‘ x| wl)_a aLsm.ay LS’B)’“S'” ug&uj)i..n L;Lmel.i.wo
..\M_‘))f )‘)_9 oolauw! 390 (GuRS u.:‘ S 0)95 9 d‘o)‘}mb uL.M.\"

OB hg,y =YY
oaid Sliu,S 9 (CoNO;.6H,0) ol LS ol s aJgl olg o
I8 e clles cod 5 byl F 4388 55 S b (LICO5)
U Leo G s 00l )13V e+ °C o el V e 4y ol cd 5
5 ad (6l Lod ol jo cel ¥ a4y g 0al 00, YL YAA °C
Loo ol 50 5 el ¥ a4y g a8, YL 0F« °C b Los culys jo
3y Jauzme (Glod B g o 00,91 cyg w0555 5l aasls jo 0l (5,10
olow! Ypm asls o3lasl L LizCosOqg 55k 09 cud i ol 40 0l

ST AgSmn gl 3eiind ] 4o sa assls coy
0 (33 200 e 1 ol S 5 g 058 055 S 5 0 (Gleai
el ooy &1Y Jgux

A A slaied glace B cle wl) sk bl 2
L g Jsoo oolol 5 pols slaanST oasS cpuals adsl olge la!
Sl 310 50 G 5 0l g3 V) o+ °C o g 0l bl S0
A b e 8 ol (S il Co 8 g ol A 05
sy L lolgale ol o celiw ¥,0 o 4 0ol o
s Voo Gie 5l eoel Cawd 4 ails ojlusl b o Slew! YO rpm
a5 Jae ¥ Jyar b legs s S i p S Sl o 5
Ogamslomgon g 0b BLSI (5 jladie dw ;0 00l axlo (o933l
g obwl Veerpm Ce ps L adBo VY Soe 4 il leSs cqe

Al oold jee Yoo o lo.\m

Siledled g5l a1y pleSlsy cue (2alS opl udie (S

o U (65,01 A5 oS sl 5 wleols Loy, IS5 ooluards
oo 4 48l 3o (S5 50 (159,000 305 co s S5 olends
TRV IS TSRVE PR AL IR Py PLISR NES IS I IS U

20,5
Fe+H20—>FeO+H20 (0]
H,>H+H Q)

o2l Oy oS s Jad o S 5 Gidgy jeh> 5o
2 ool s IS sga sl S5 Gy, 5l )l sladiges 5l i
S8 St oaima s oJSd iy sl (slaaiges S e Jund
518 ol as aiels L laiss [PV] cusl FeNi 5l o o5l
slos o3 0 &dly ;o . CwI NiFe;04 Jipwl oass JSis (5518
21y Jhacel x5 slarLSe NI sy sles ialpsl cpu OF-°C
5 03,5 JUil Fes04 (wgSae Jiorwl g Fer05 Jloay !
S M S92 5 S 5B (nl oeb o0 JSa5 NiFe, 04
IVAlass o Sas 308w i

Ceaglie (59, 5 LiC0s010 53U adpo elgl sl 3eizs cnl )0
635 sLaols bvg a5 55 Ol lawgs soVgs slaalg) (55,95
anazrg Lo oS oo S8 (o) 0)90 Wi o0 00ly il 518
Ol Cenl (53,55 5 (U slaan o g Lo j5iS (og S
bl ol Wlgy so Bubod

7 e =Y
Jlwg 9 (o beouwds Slgo )Y

3 Ghm esls 5l Batos Cpl yo colaiwl 5,90 adel Slge (3 oo
S Sl S osls Lol ngs I8 ,95 5 (S e bowee)+ 744

1] Getod 0 oolaiwl 8550 o ¥ oleend oS S N e

F, CaO Na,O K,O B,0; Al,O4 Si0, solaiw! \>)9.0 4..3’9' UL&S}J
£.7v .7V VO,A4 N \§ 7,0 TAY? %Wt

Olalad (gg) posd Jloel lie (gmmibimgar oS 5 Y Jguz

< Li;CosO1 o2 gyt oy Pl Vg %Wt
F0-00 g Ay -.f 4 Voo Voo leus
fo-00 VY Ay A Y 4 Voo Y o leds
Fo-00 A Ay ¥ 4 Voo Y oo les

Dyoa-al ael cas 4 1Y gem™ Clégs JE> ololy oo adlal T 385 lyee

Journal of Color Science and Technology(2008)

(WAY)SS) 69U 9 pole (g 53— (pole &3 s



Ol 9 9935993 Lo

P o (St o 0sail Gl bl 09800 (o) 05
GAYL O NS 09 oo s (B S U+ (WMS) it 09 S
Sbws Slabhw o b TA Gl G @)l ) (S
o Lo L5 5 ol (St 250 Dl o IS 5 wilaioo
Do Hhled Sals’ Oty g as, LS JelS b

Ox 0 xdmm ol ay sy ol jo oad aSle ladises
59 5 03w SiC ool el5 lavgs oY8 alado prlaws g 0l 00y
Sl 95 ol lanl y (lipe (s b 0 sy Cals
el g $9ySI sy Son bawgs 518 —lie S it fab
el g 0l (o) (2S5 Sl SN SST  (l Jeol S0
el Cewds GEDS lawg ui i 4 ol a5 slahis g paie

o g i =Y

o aislw (550l )09 3819890 9 cuS F —-Y
4S 0 gwyp (XRD) S0l anil 31y Jawgs oo il cuS 5
A oS 5 ol 6 eseS sl sl oal @l S8 s ol gl
6ol gy Jladseng, o] syl Ll g LigsCo0y ool Cewss
e 4 gl (i o5 05 e saalie U1 )0 5SS Sy
i 03,55 STy adgl olys as by e Yo Lol 95 puna
56 O S35 58asg Koo a9 it i 5 SIS sloageS]
3 39 ol A5 Sed e odlive el o0l ools las ¥ USE o

el s LS5 S See dlal 45 _lbo yeslS]

ol a5 0g A283 (C) pol> b jo ool 0,50 4l oYed
Slyls oo oay i (s0Ysd sladiges .l (0,5 Sig doys ¢, VY
e Ol Jolore (o lamylas aiogy Yoo X Voo X F mm olal
Sl 30 s 9 21050z 48B3 Ve oe 4 4+°C 0 7.0 NaySiO,
Y o dn Joere Ol 5o Colys )0 5 4B O Bae 4 £:°C o 5
bvg ogdoed NN oo 4 4o Lol aiads gicacs aids
Ol 0 gicind g aido Ve Sae a4 Ve °C L0 Y S jsigm sl
A plol 48 ds Ve Do 4 Jgens

AL Jodoo ol (IS plom 0 IS5 by Jlos] (s
ol o giiud gaado Ve Saw 4 Ve °C Lo NiSO, S olddgus
Oigy S e @y al> ol ol sl 430 ¥ o 4y (Jgee
Vg3 50 35250 25 e Sde el Jloel g (092
ad> 5o ol plasl L g wb oo l3 (aleSgy e ¢ Copnili
592 3 9 09sen Yo (BleSly s pln 50 Line ahaie mhaw Cunglie
ilise Jos & 65 5lr o

s SLoySV Y gL sl 5l (Joloe o (g5l a5 Slilee
3 o o pldil Az Bo & Cos s Y. °C jo (WSTye ¢ F g/l
kS e 59 00 and Gamiliwge Y s ol S
;Ao ¥ G dn Ladsges g od Jlasl 0Yg 8 lakad g9,
A+ °C o Ladiged Culys jo .adab oolo J13 VY- °C o (S S
IR WFLE T RV

50 0 plsl ASTM BI16 o lailwl Lolul y  Soioz (y305]
T ol (slao (55,0l b Y58 i Sl (slalslS” (slaiss e ol
s o 5 455 g 8355 7 g s 43 550 ) L) 5 4,0 Y

100
(101) LizCo5O10%
(003) *

75 *
2z
&
g 30 (110)
k= (104) 107 4

* *
25

0
10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90

20

.LizCOsO[o 6)914 )05; LY ‘]99.:}4 XRD ‘_g}i” !‘ JS.&

Journal of Color Science and Technology(2008)

(WAY)S5) 529U 9 pole (a9 s — yole &3 puins

1 0¥



100 . A283 (C) 3Y93 59, Slaline 5T Sz s luwT (5339331 Ylgic a3 LiyCosOyg sl 519 9

- Lo (S (g 2 VY
Ol I L a5 28,5 amel plgs o ¥ g ¥ slaJSt 4 4z g5 b
ol gl ol 4l ilidl 38 @ L  Sasews LinCosOyg
39 1P sols (Gl ¥ JS5) ) o,lers digas 45 aimd oo
Le 70+ Ly 092 )0 )3 ) (Saias (oS 40 LixCos04g
(=Y J8) ¥ oojlods digos ;o el 0aile 8L ayy0 5l mhaus (o
e o L 78+ JI0+ 3g0> LinCos01g 559 7)Y (sl
I oes (Sdtaz (T OIS 0 a5 Clonile Bl 40
39 VA ol (@ = ) Vojlad agal 10 9 0,5 (e
aS cewloile 8L a0 Sl mhaw ;o Lo A« 310, LiCosOyg

S8 oo yl8 Jle (S G 0 (Saies (N oAz o

‘u}u.._uL.....:}.u a oo asls! Li2C050]() eSS )J\)L—Q.A 65[> alisee 6[.274454;4 4.0)«4 f‘ @a.-n )J}aé-’ ¥ JS.w

(2938 (£33 TV (@) «$39 1NV (@) «(jg 1o o7 (A

Journal of Color Science and Technology(2008) (WAV)SS) 69Ud 9 pole (g 5y — (Sole &3 pias



Ol 9 9935993 Lo

o 00 oSS Jlasl bla a S cul g ysloly as o3V

ol L il g it s o JLB sl o¥s 8 L Jaall juSe
S| jga > 10 s ST ] aS el ol oSt LSis ol
Sl Lo lo ) e Jbls LSy g sl jo S gl ool
g aales iy oad LSi CLS st Gliee 5 CLS Gl

all

Enamel

iy
=
< siKa
2
=
w1
=]
L
2
=
bNiKi
2.00 l,l](l' a 6.00 . 8.00 10.00 12.00 14.00 16.00
Energy (keV)
FyKn
d e ——
= ps—
L LR
el 0% A.08
? 0. .09
E s AF 3N
o L m
R T
— e 8234 WL
= o 147 L
ot RE T4 WL
-ﬂ‘- Tatal BOC.Su dad. 0D
-
o
@A
5
=
=

Energy (keV)
Fad JLlon, () ojled diged L -l S e Jad o JSS
Joow (@) @) ddhie sraie Jolw (@) B lee S e
() ailaie 5 pais

Journal of Color Science and Technology(2008)

Jad polie @ig 9 Grate Jelod g ,li3lug; (o) p Y-
56— e o5 200
g a ol (el Sace (a5 S0 e 4 o 4 oLl 56
S i Jad S 5o [0-2] 5o 4l oVsh b alie Lol uSe
Vojlod e jo oud lulids gblie (s paie Julow 5 316 -Lie
b s Syite Juab ;0 oud plonl (g pate SIUT (pusy b Sl 050000
3B i ilie uiime gl b dglis 55 5 polis Cond 4z
SeeST g Sl 5l (gL a5 ouls foSas Ll aY 5 el
el aseion JalS el 0]

b pyam AI-F S8 50b ga bl g pate Jlod asllhas b
o=l aazg bz g o -F USKS) 098 o0 aub NI Si g Fe Lolic
Sl oS BB Lol 53 o5 o 5 50l Lasly oS 5 s oS
5 opl olie Canss 38,5 L o U [o-2] sl e el
ab it 3l 4y o Ul L8 Sy Jlais! gl
S8 ) S 352 eaws plis 1 S5 g w09l oo
£ S pliz oLzl i joa dilate jlcul S - 0pal
oot STy o95 by Ll 5 olm) .canl o0 oLy Fe-S )
aS Sl st se ol (nl G Az g L0 yS e B 50
JRPCRCHN PRV T SN IRV 1 BRYCON NER I L S E AN ESN
L07-a1 5500 515 ) Lo Sz S0 2l &l

5 ] STl 5 Sl by e b ailats
e an s ennd JSis wpas 5B el (NiFey04) Joooe!
Ot B Se g 0 e slml S i Jad p0 a5 pleend (Swgm
S Rl 55 ezl (B 0 5 el oty B SG al 318
A5 (5,50 ot Sl BB aSS el oals (6,l3%0 Fe-Ni 5l 2
aS cewl Sis Jad o oSy cus jga> pis o)l 342
S L5l S ples” al e jo JSS itgy Jles! Az
oo b lea¥ed (ol il diSS puod Bados ol 5L @SS 5l
395= 0)lged 3odod pl 0 colaiul 5,90 0Yed aiile YU o S
g S e o

5 o0 ol jolie ZBIE ol g e 0go anlllas
Sl Coo el oo a1 0 S j0 a5 S e Juad po LS
Sl 38 L (Sasz 5 <Ll 51 Jsis 5 LS e
Camw 4oy &L &yl ool a8l sl cimmie (wlal 1 055 oo
Og—e sla Sy (b cdLS slags @dls jo w)ls 95y Vs
S a5 855 o Jitl 1y o (ool slaSe iy e 35,5
35 909, (b S (G s jui R (Slays DS o Sgi5 Y gd
Sl g wnS 18 W (SUGhew S LB wad oo S piine Juad
S 4y 2] D2l g OVh o & SILS 2l 09d S5
oo &l,| sla STy plowl pre 395 o oomlive & JSE 40 45 Live
L] el osins Jlaml 4y JSiis

(WAY)SS) 69U 9 pole (Andg 3y — (pole &3 i

105



10V

e A283 (C) 3953 (59, SLdlino o5 Sdamu »3 b (5339331 Ylgic &3 LiyCos04g 3l () 22

100

=

=

o

2

2

wa

5

e

=

. =

= e

: l 3
100

o

5

(=3

= 3

w1

A &

(=9

5 ]

~ Steel 8]

—(si)

(Fe)

—(Co)

20 40

60
Poiut Number

sum o

b gy 4 5 i S Jab o SILS 5 ool qerenlin (HBIE ok 5 olie g o) B JSCD
bl o Jlagei () polic e loges ()

3 S e e 3 55 S5 iy el L
oasl Jas dn (559l VS Lie pin ;0 (2leSUg o0uay

a2 p5Y 4l 0] wlgo liil eats St Ll 51 nl il
2 Ol Pl 3 5 ol ST oy cae s STaS ol 500k
ool @Bly 5o [A] s o (S (palS s 55 sl ases
0 5 Sl ilin S5 4 o 009381 (e (St (305l @l

el 2500 SlS 515 Lo S e Juab 50 i (S
S e Jab ys ool 555k isle LinCosOnp (9,5 555k o
S8 Sz o (2] 35h 5 SY5E Caons @y SIS 395 L5 05 08 ],
¥ 5 0d plosl pal aesST g bl 1 JSas la STy o
L a5 ol o oboml sl 58 -bie (S Jole 5™ il
Sot Lo (S Ogomliwgns 4 00l 4B le oS 5 (5998

dly

Journal of Color Science and Technology(2008)

S ST 0 g5 g s a5 0410 0929 Jloiz! ol ig 5504381 &0
Hlisebsl gl Lol sl yion i 56 50 o)1 PDosl e s 51 yal
255 )8 i 0y50 P lads o Wb i

S S s =F
63y Lie 595y Sl (S09381 Glaie 4 LixCosO0g o33! ;—«-’U
..\_.a)b \,A UQB)J‘ 4SS o ool 9 ._As)f )|)5 I S)90 9\195

(WAV)SS) 69Ud 9 pole (g 5y — (Sole &3 pias



Ol 9 9935993 Lo

1. J. Weuzhog, W. Ying, D. Qi, Influence of the superfine
crystal of Li,NigO;yp as mill addition on enamel
adherence. Mater. Lett. 58(2004), 1611-1615.

2. R. A. Eppler, D. R. Eppler, Glazes and enamels,
Commercial glasses, Ch. 6. American Ceramic Society.
(1986), 223-225.

3. Porcelain Enamel Institute, Porcelain Enameling. ASM
handbook, ASM Internatinal Handbook Committee,
10™ Edition, 5(1994), 102-105.

4. R. A. Epller, Glazes and enamels. Engineering
materials handbook. ASM International Handbook
Committee, 10™ Edition, 4(1994), 56-58.

5. L. Samiee, H. Sarpoolaky, A. Mirhabibi,
Microstructure and adherence of cobalt containing and

cobalt free enamels to low carbon steel. Mater. Sci.
Eng. A. (2007), 88-95.

Journal of Color Science and Technology(2008)

&1 yo =0

6. K. Barcova, M. Mashlan, R. Zbroil, J. Filip, K.

Podjuklova, K. Hrabovska, P. Schaaf, Phase
composition of steel-enamel interface: Effects of pre-
treatment. Surf. Coat. Technol. 201(2006), 1836-1844.

. X. Yang, A. Jha, R. Brydson, R. C. Cohrance, The

effect of a nickel precoat on the gas bubble structures
and fish-scaling resistance in vitreous enamels. Mater.
Sci. Eng. A. 366(2006), 254-261.

. X. Yang, A. Jha, R. Brydson, R. C. Cochrance, An

analysis of the microstructure of steel- enamel
interface. Thin Solid Films. 443(2003), 33-45.

. S. Fuh - Shang, L. Kuen - Chang, W. Jen-Chyang,

Microstructure of porcelain enamel to low carbon steel.
Ceram. Int. 25(1999), 27-34.

(YAY)S5) 529U 9 pole (a9 s — yole &3 puins

10A



