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Ultrasound Phosphating of Steel Surface at Room Temperature
HU Xiu-ying, HU Gui-fang, SONG Wan-jie, LI Ming-hong

(School of Chemical and Environmental Engineering, Jiangsu University of Technology, Changzhou 213001, China)

ABSTRACT: The work aims to improve the appearance and corrosion resistance of phosphating film by introducing ultrasound
into the phosphating treatment of iron and steel parts. Firstly, the optimum formula of phosphating solution was determined by
orthogonal experiment. Secondly, the effects of phosphating pH, phosphating temperature, phosphating time and ultrasonic
power on the properties of phosphating film were investigated by single factor experiment. Finally, the morphology and phase
composition of phosphating films prepared by ultrasonic phosphating and conventional phosphating were analyzed by scanning
electron microscopy and X-ray diffraction. The optimum formula of phosphating solution obtained by orthogonal experiment
included zinc oxide of 15 g/L, phosphoric acid of 90 g/L, hydroxylamine sulfate (HAS) of 10 g/L and manganese nitrate of 4
g/L. The order of influence of each factor on phosphating was phosphoric acid>manganese nitrate>zinc oxide>HAS. The

optimum phosphating conditions were: pH value of phosphating solution of 2.3~2.6, phosphating temperature of 30 C,
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phosphating time of 45 min and phosphating ultrasonic power of 210 W. Under the optimum formulation and process

conditions, the phosphating film had uniform and compact structure, and the dropping time of copper sulfate was 320 s.

Compared with ordinary phosphating film, ultrasound phosphating film had a particle-to-particle ratio close to 1, while the

ordinary phosphating film had a particle-to-particle ratio close to 4. The former had uniform and compact particle distribution,

while the latter had uneven particle distribution on the surface of the film layer, with more pores among the particles. Phase

composition of the former is mainly Zn3(PO,4),-4H,0 and MnHPO,-3H,0. For the latter, the component Zn,Fe(PO,),-4H,O was

added to the phase composition. Ultrasound phosphating film has better appearance and corrosion resistance than the ordinary

phosphating film.

KEY WORDS: iron and steel; phosphating; ultrasound; normal temperature; corrosion resistance

B IR ) Iz AR R R S T f
REAE AR A2 KA SRR B I e, 368 6 XA BRb R R4 7
FIAL I, 1T B RE TR 58 AN 5 32K R A
ot A B M 2 2l P T 400 ) 9 2k % T o e
AR, 48 m BRI i PR RE , JE A A7, JfRE!
FR B SRZNE G N, ERRRHCR R,
TR P Y 7 463 R R T A A 3 v A 8
P I T A A BRIE , DA T2 e A AR 4 751 )
2R O 7/R 02 2 L L N5 e e e =
e, HBETIHAEZ , Wi A B w2, BETY
URgiR, MOTREBEE T A HAT, TR R
B IR B S O DE R HGE R T, BRSNS
RYGE o NI TR AN AT FT 80 Bk A A Tl A = R
AEERETE L

7R SCR T IE 32 52 56 %) i i WAL IE 07 AT T R 48
WEIE, R TR T 238 (el pH (6. #f
WRE | WAL E] | WAL A A4 ) X WA B ok 1
A, JFR IR T AR X S AT SO0
R P B A R 25 3 e T R ) Bl OUL TS B 0 0 A 4L i
Frxf o

1 525§

1.1 KR

i FH Q235A BN Ay S A1 RE 3 A B A 6 emx
2 cmx0.2 emo SCHAF O FEHERR . AALEE . AYBRE |
BRIRFRHE | FrEEiR (B0 R 85% ), ¥ hiral.
1.2 FLHMNFIRIER

R AR A # KQ-300DB, E LI 8 A A 2 A R
INHEEFS ) TR AL204, MR- 2408 (
) ABRAF A ARTHESE S-3400N, H AR H LA
FA S X BT STY D/max 2500 PC, HAKHIZ/N
ﬁjﬁzﬁio
1.3 SNERBH LR

R el i B AT, eIl L8 7oKk,
RIGTRUERR S, ML /KL, HITH LR,

BEALIS . 28 FoKkvE, BT,

WA IE T h 280 - AR . BEIR . AR
B BRRRFEEMG . FTERTR . RTIANHEEER | IAHAREL |
WAL FA R, AR IR R 1

AL R BE ) 7 3k 10 A SR AR A BEAR oA
JIrits S 1/3 BZRIRK, HUBBEHE BODIR o 1) L3 By
IV h o MR I A BT T A BERR . Hm i
P, AL TSV R o 1) BT BV PRI A
PREUF IR IR NG HIRER . AR, A BiRE,
FRAWHE 2], AR E A

1.4 BELRE S LR i 4 1k RE 46 iU

BEALREAMUL: B R K SR SR 6, B b % 22

oA, RmEE, REIRN.

BEAL IS 1 - SR T CuSO, SR S2 5, H4F i i
BRI A5 (2 CuS0,4-5H,0 41 g/L. NaCl 35 g/L .
0.1 mol/L fY£RM2 13 mL/L ) i —IHAEm bl b,
P R 0 728 O = 21 € 14 0 BRI SRy A RS TS ok sf [

2 ZRSWS

21 EXLIEMABALERT

FRAE WAk FE A e O B TS 06, % B0 A2 M A 1) 2
rEEARMRE (A). BifR (B). BifREM (C).
%G (D), BAH RS = NMREKFE, #1710
M =K, HEAFFERE 1. EHIERR
Lo(3*) e e HeSz i, LU Ab R it ek ik 1] by SE B0 FE B
TERRALIREE N 30 C . BEALATEA 45 min, BEfk pH
HHR 2.6, BELHESIIRA 210 W T, #HATBELE )T
AL IEAS S, SEm g R L& 2,

z1 BERKER

Tab.1 Factors and levels of orthogonal experiment

g/L
Levels ZnO(A) H;PO4B) HAS(C) Mn(NO;),(D)
1 12 70 10 2
2 15 80 12 4
3 18 90 14 6




- 236 * wm #H R

2020 4 3 H

®2 EXRBEER

Tab.2 Results of orthogonal experiment

Test Content/(g'L™") Corrosion
number A B C D resistance time/s

1 12 70 10 2 154

2 12 80 12 4 169.3

3 12 90 14 6 203

4 15 70 12 6 151.3

5 15 80 14 2 167.7

6 15 90 10 4 320

7 18 70 14 4 184

8 18 80 10 6 156.3

9 18 90 12 2 205.7
K, 175 163 211 176
K, 214 164 175 225
K; 182 244 185 170

R 38 80 35 55
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Fig.1 Effect of pH value of phosphating solution on
corrosion resistance of phosphating film
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Fig.2 Effect of phosphating temperature on corrosion
resistance of phosphating film
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Fig.4 Effect of phosphating ultrasonic power on
corrosion resistance of phosphating film
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Fig.5 Surface morphology of phosphating film: a) ultrasonic
phosphating film; b) ordinary phosphating film
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