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The Effect of Potassium Oxalate and Nickel Oxide as Additives on The Structure,
Corrosion Resistance and Abrasion Properties of Manganese Phosphate Coating

E. Abedini*, Sh. Baniasad
Faculty of Applied Chemistry, Malek Ashtar University of Technology, P.O. Box 15875-1774, Isfahan, Iran
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During this research, the formulation of manganese phosphate bath was designed to create layers on the surface of low carbon steel
alloys (St 37) to enhance corrosion, abrasion and friction resistance. At the first ,a basic solution of the manganese phosphate bath was
prepared by optimizing the concentration of each components of the bath. Then, the effects of potassium oxalate and nickel oxide
additives on coating properties such as thickness, unit weight of surface ) With optimal value of 1+ 0.1 gr/l nickel oxide, the weight of the
coating 39.8 + 0.2 gr/m was obtained and optimal value of 0.5+0.1 gr/l potassium oxalate, the weight of the coating 48.99+0.3 gr/m? was
obtained), morphology ,corrosion and abrasion resistance were investigated and finally, the best coating determined.The results of
various experiments showed that the major phase of manganese phosphate coating is Hureaulite, which is in the form of cubic crystals in
the basic solution that does not contain any additives ,of course, with the addition of additives, the shape of the crystals is changed and
the particle size becomes smaller and denser. The highest corrosion resistance obtained during the salt spray test (98 hours) and
electrochemical impedance spectroscopy (EIS) (with Polarization 77983+253 (s related to phosphate coating containing nickel oxide.
According to the results of the Pin on disk test the specimens which were phosphated and soaped reduced the coefficient of surface
friction from about 0.6 (for uncoated steel) to about 0.15 ,and this indicated the anti-abrasion and friction properties of these coatings. J.
Color Sci. Tech. 13(2020), 305-315®@. Institute for Color Science and Technology.

Keywords: Manganese phosphate, Additives, potassium oxalate, nickel oxide, Hureaulite, Corrosion and abrasion resistance.
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3- Manganese phosphate hydroxide hydrate
4- Manganese hydrogen phosphate hydrate
5- Hureaulite
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1- Manganese iron hydrogen phosphate hydrate
2- Iron hureaulite
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1- Electrochemical Impedance Spectroscopy

b 5l ooliiwl b (53,95 L8, (o) y VY=Y
(E19) | o laoanivg yiSII il
2 9iedjad (gl lamsdn pliendy pSI uilogel (il
Sl GBS (nl 0 0Bloe by (plierdy 2SS 3, (o)
o 5l orlrong S puiloal (il Ggajl ol
parstate 2263 EG & model Joo oliwlglgll5/oliwlgandily
4 G Ve MV Jloel sl asals b oyge;l ol s soliu!
Voo ol 5 mien Vo S S egaime 3 s o ey
ples! .07 NaCl Jsloo ,o power souit |l3sls 5 Jawss 55,24l
) g edlogel slmosls Lo (gl s ZVieW Jl5ala 5 51 s
s oolital colie Joles e

09 (S137) il (50,55 )L, ol ighy IS 5o
a5 005 oy p EIS by SaS @ ailand by sl 5 by
i Jolas (S35 50 n (rriman 5 abgryo CanigSals slacicls
lrosls pioan .l sadosls HLis A g YV o S o cus
el o 0051 ¥ Jouzr 50 (Sig i8Il e (g3lodrds 4 by o
<ol 5B aie CPEout < Jaloxe Cnglin Jolas Rs Joles slajloe jo
CPEi « iy caaslin Rout cly 508 i gy o yita b o
L JobasRin 5 (S0 S0 el g0 sy b 53 Sl 36 i
ol (S S gailE s saY o b Jlasl ceglie

¥ Usis slaosls 3V USLS EIS slacib ,5 a5 sbolos
(Ro(Rout+Rin)) ¢ga—al i My Ly )l JLESH Caoglite el (asuins

60000
- stecl 6000
== Phosphate without Additive
50000 phosphate +K2C204 o
—&— phosphate + N £
2
40000 A " am .
2’:: [ f“’;‘-‘ e
§ 30000 - 0 200 2m
E Z(ohm.cm*2)
A
N
20000 +
10000
0 - T T T T T
0 10000 20000 30000 40000 50000 60000
Z'(ohm.cm"2)

NACl o s .0 Jsloms yo ailind gy g5l 5 sy Oy Lol Slakad EIS 5051 a4y bgy o slacinls ¥ S50

Y-0-Y10 (\WAA) Y /S5, 509U 9 pole (sole &g puins



Sl (2 0 papld 9 (S dale padl

Rs

4

oo aland Jwl () 5 Gides ey Juiol (@) a5 gy o Joleo (Sdg mSUI o :A S0

[

Rs CPE
ave >>
Rp

&l

ool ailand Lol g idig ey Jeiw! Joles (g iSUN Jlae 4y bgy e slaosls F Jgusr

CPEin CPEout Rp (Rout+Rin)

Rin Rout

" (10%) (10°) (Q.cm?) (Q.cm?) (Q.cm?) R, gl
AN - INEAE Y0q,f YV - VOR,f VY Yo AV Y el
AR NEL aEe0 BOTAEVY- FREIYY  ASFAEIYY VALY Y gl sl g
BRSO § RE-N A== VEV00 0T VYoo oY Y\OOED- YVNY £V KoCO4 o5l i,
CAYE Y EXEL0 YEed VYAATEYAY  VEYIARY..  \Vsodo- VY Y Ni sl Lidigs
cod aSh il oo B mh o S sl oy alS & o5 dmis _F

S i ol el s s 55 a3l goga b 1, SSlau
Cla i s Hlsieds bl 51 a5 oud el ol ol oolands s
wrbe alausd cloa i e 09l soliu] SElasl 5 jiule 0s
5 s wipsl e ol s |y ladad SIShal gy o
ol VL 0, e 8 ) =Y Jpd BB codgama ,
5 (Celw AN) (S de (g0)] Com ool wsdan (59,55
LU JLisl Coglio L) (EIS) (mloandsy Sl uiligel sominscigls
aenST gl lind idisy 4 bogspe (VYAAY EYAY Q.om? (Rp)

Bl e JSG5

1. D. B. Freeman, Phosphating & metal pretreatment, a guid to
modern process & practice, industrial press inc. New York,
1986.

2. M. A. Streicher, Corrosion protection by phosphatization — A
Review. Corros. 4(1946), 219-227.

3. D. Weng, P. Jokiel, A. Uebleis, H. Bochni, Corrosion and
protection characteristics of zinc and manganese phosphate
coating. Surf. Coat. Technol. 88(1997), 147-156.

4. J. E. Gray, B. Luan, J., Protective coatings on magnesium and
its alloys. a critical review. Alloys Compd. 18 (2002), 88-113.

5. L. Kouisni, M. Azzi, M. Zertoubi, F.Dalard, S. Maximovitch,
Phosphate coatings on magnesium alloy AM60 part 1: study of

oI s o USS ale ple Sl Jol> S lind by
5 S e s slaysk w59, p IS8 weeST pliaen
e Dlid dged g (99938 WS Aiged 4y Cunnd S8 (Sjgm
e bl e 5,55 Ceaglia oV sl KaC2O4 sql>
5 72 sl SLle s KaCaOu (G593l (551> plo 5l Jol>
LS g Cwld 5 09 Gl slp (o9l cnl )l plaial
st ol )y ged oolitsl s e 3 031l
sk pleitl hlo lagidigy a5 ams oo lis b gy 55k
Ol Gl 53] @l eizpan w0088 5 CS 1S
PB,B 8, b B omle (e iland laiby o5 was o

&)y =0
the formation and the growth of zinc phosphate film. Surf. Coat.
Technol. 185(2004), 58-67

6. K. Woods, S.Spring, Zinc Phosphating. Met. Finish. 77(1979),

56-60.

7. P. Hivart, B. Hauw, J.P. Bricout, J. Oudin, Seizure behavior of

manganese phosphate coating according to the process
conditions. Tribol. Int. 30(1997), 561-570.

8. A. Talaat El-Mallah, M. Hassib Abbas, Trends in phosphating

of metals Part Il — Iron and manganese phosphating, bath
control and testing of the coatings. Finish. 11(1987), 22-27.

9. L. Fanga, L. Xiea, JHua, Y. Lia, W. Zhang, Study on the

growth and corrosion resistance of manganese phosphate

Y-0-Y10 (\WAA) Y /S5, 509U 9 pole (sole &g puins



w9 5393 roglite HUBLW 3 JSu5 SunsT 9 YT aunliy (5339381 il

coatings on 30CrMnMoTi alloy steel. Physics Procedia.
18(2011) 227-233.

10.S. Shanmugam, K. Ravichandran, T. S. N. Sankara Narayanan,
Min Ho Lee, A facile electrochemical approach for the
deposition of iron-manganese phosphate composite coatings on
aluminium. RSC Adv. 8(2015) 988-1008.

11.W. J. Gilbert, R. J. Chironna, Metals Handbook, Corrosion of
emission-control equipment. Corrosion, United States. 1987,
1367-1370

12.K.Woods and S.Spring, Selection of a paint peretreament
system. Metal Finish. 76(1978), 17-22.

13.R. D. E. L. Bridger, Progress in zinc phosphating. Finish. Ind.
10(1980), 24-28.

14. Wittke W. J., Phosphate coating, metal finishing, 1980.

15.L. Y. Niu, Z. H. Jiang, G. Y. Li, C. D. Gu, J. S. Lian, A study
and application of zinc phosphate coating on AZ91D
magnesium alloy. Surf. Coat. Technol. 200(2006), 3021-3026.

as ol aslllac SIS ool las, .o yllac ooljaeste .o i saete (yuio SV
Sl bame slos ailind (fdyy (Soinz 5 (WlidES) (50,05
FYVYYA A OYAY) .S, g y3lis 5 msle ale 4y IS 33
o (SilSe (55l o alizee sla s, b cslil oo uigy i )NV
Sy (S CoiS g (59 ailand (Lbg Ll p (oS ool oY

MYV A (VYAY) .S, (op9lid 5 psle ale 4y i

18.H. Zhang, G. Yao, Sh. Wang, A chrome-free conversion
coating for magnesium-lithium alloy by a phosphate-
permanganate solution. Surf. Coat. Technol. 202(2008),1825-
1830.

19.D. Susac, X. Sun, R.Y. Li, Microstructural effects on the
initiation of zinc phosphate coatings on 2024-T3 aluminum
alloy. Appl. Surf. Sci. 239(2004), 45-59.

20.Z. Shenglin, Study on phosphating treatment of aluminum,
alloy role of yttrium oxide. J. rare earths. 27(2009), 469- 480.

21.M. Sheng, Ch. Wanga, Q. Zhong, Ultrasonic irradiation and its
application for improving the corrosion resistance of phosphate
coatings on aluminum alloys. Ultrason.Sonochem. 17(2010),
21-25.

22.G.Y. Li, J. S. Lian, LY. Niu, Growth of zinc phosphate
coatings on AZ91D magnesium alloy. Surf. Coat
Technol.201(2006), 1814-1820.

23.W. Rausch, The phosphating of metals, Finishing publications
Ltd, England, 1990.

24.S. Shanmugam, K. Ravichandran, T. S. N. Sankara Narayanan

and M. Marappan, Development of permanganate assisted
manganese phosphate coating on mild steel. Corros. Eng. Sci.
Technol. 10(2014), 719-726.

25.R. Thomas, M. J. Umapathy, Nano silicon dioxide accelerated
zinc phosphate conversion coating on mild steel using
decyltriethylammonium bromide as an additive. Silicon.
7(2015), 371-381.

26.F. El-Taib Heakal, N. S. Tantawy, O. S. Shehata, Impact of
chloride and fluoride additions on surface reactivity and
passivity of AM60 magnesium alloy in buffer solution. Corros.
Sci. 64(2012), 153-163.

27.X. Cui, Ch. Liu, R.Yang, Q. Fu, X.Lin, M. Gong, Duplex-
layered manganese phosphate conversion coating onAZ31 Mg
alloy and its initial formation mechanism. Corros. Sci.
76(2013), 474-485.

28.S. llaiyavel, A. Venkatesan, Experimental investigation of wear
characteristics on manganese phosphate coated AISI D2 steel,
Int. J. Precis. Eng. Manufacturing. 13(2012), 581-586.

4 AZ3L 5o Sl (59) o ailinnd (fsy (S35 0l s>

NAY-VA L (OYAQ) . K) (g)9lid g pgle oke

30.S. Azhaarudeen, A. A. M. Faruck, A. Nevosad, Tribological
behavior and wear mechanisms of manganese phosphate
coatings under dry reciprocating sliding contact conditions.
Tribol. Int. 122(2018), 189-199.

31.Machu, Die-phosphatierung, Verlag Chemie, 1950.

32.Standard Test Method for Wear Testing with a Pin- on -Disk
Apparatus, ASTM Standard, G99-17, 2017.

33.M.C.M. Farias, C.A.L. Santos, Z. Panossian, A. Sinatora,

Friction behavior of lubricated zinc phosphate coatings. Wear.
266(2009), 873-877.
ol ozl s 6 Sl g (6 LS wlind glas st woslizds & YF
OYAY) oLl o (5T
35.Standard Practice for Operating Salt Spray (Fog) Apparatus,
ASTM Standard, B117-11, 2011.

36.F. Pastorek, K. Borko, S. Fintova, D. Kajanek, B. Hadzima,
Effect of surface pretreatment on quality and electrochemical
corrosion properties of manganese phosphate on S355J2 HSLA
Steel. Coat. 6(2016),46-55.

37.M. D. Carattino, Effects of long-term exposure to Cu?* and Cd?*

on the pentose phosphate. Ecotoxicol. Environ. Saf. 57(2004),
311-318.

Y-0-Y10 (\WAA) Y /S5, 509U 9 pole (sole &g puins



