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Effect of Ultrasonic Vibration on Surface Morphology and Cor-
rosion Resistance of 65 Steel Electrolytic Phosphating Film

YAO Zhishen', NIU Zongwei'", LIU Bin’, WANG Xu', TIAN Peipei'
(1. College of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China;
2. Shandong Hengfu Smart Home Co., Ltd, Zibo 255300, China)

Abstract: In order to reduce the harmful agent in the zinc-system electrolytic phosphate solution and im-
prove mechanical properties and chemical properties of the phosphating film, electrolytic phosphating
treatment of 65 steel was carried out with the aid of ultrasound. Phosphating film was prepared on the sur-
face of 65 steel by different phosphating methods and the morphology, structure, composition and corro-
sion resistance were studied by scanning electron microscope (SEM) , energy dispersive spectroscopy
(EDS) , electrochemical workstation, film thickness measuring instrument, etc. The results show that
the main component of the phosphating film formed by ultrasonic assisted electrolytic phosphating is zinc
phosphate deposits. The phosphating film is uniform, compact and the surface roughness is low. Its crys-

tals grow in a cluster-like manner and distributed in a granular shape with a size of about 1 wm, and the
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crystals are arranged tightly. When the phosphating time is 120 s, the film thickness can reach 20 pm.

The corrosion potential increased from -0.91 V to -0.75 V and the self-corrosion current density is re-

duced to one-half of the electrolytic phosphating film and one-third of the substrate. Ultrasound-assisted

electrolytic phosphating treatment can increase the bonding strength between the phosphating film and

the matrix, shorten the phosphating time and improve the corrosion resistance of the substrate.

Keywords: phosphating; ultrasonic field; electrolytic phosphating; surface morphology; corrosion re-

sistance

A e B Tl A 5 v A5 3 32 T B9 4
JE AT AL BE T2 3 2 A <5 R T AL Ak BRI
R SR TR JZ , T LAAR G A 405 < T 0 T T el P
TS R P R B PR R 1 AR ST Al SR H
F L T2 % T EAMERE I (A, BEAE &
Ty 7 A R Tl P R i S A SR T ol S AR
Z7& 5 100 EL s R Bl 2 S BOR EY R A, T E S
PERBEIFfa T TR . P, AL GE g it
I T AW 5832 2] 18O 2 /9 58T . B il BLAY
R AL T OB TR, 2 0 2D, AT REFRMR
s BUARER A7 i, (EUE R f 0 A JIEAN 8 0 50, T o
VRS, 5 ARG 5 5m BEAR, T8 I 45 T 220
Ao M BBTE . A T BN
UUE AR R BEAL R ST 408 T0T5 G (H IR B HE

PR B R A JE L T o B TR, A R AR, T T
REVR B RERIAE 7

DRI, 47 s P B e A 0 oL i 8 L A AR 45
A, AR e 0 2= A RO A T i) 9 s
FEAE ™ ke 7 1 ri A 8 A 52 N2 AT LK — 35 B I 4
Siafe—R. ERIRAIE T I R 5 B i i
TT AT I, AT OS2, AL (a1 46, 5
A B 2355 0 2 3 1, T Py Wl A1 JE S 4 ) A 3
TR P P B

1 KEFHE
1.1 e E+H

SCEG M REE 65 A9 HZH BB 4 gk 1 R, ik
FER ST B 40 mmx30 mmX2 mmo.

&1 6SIWHITERAM

TLRAMN C Mn Ni Si P S Cr Cu Fe
HE/% 0.64 0.71 0.3 0.25 0.035 0.035 0.25 0.25 Sy
1.2 iREiEE
A S5 R FH— 40 22 4 i i) I TH
LR AL B AN BT 1 7 o 2R R WT-2.5 kW g ||
TR 7 i R AR A R R PR O 28+0.5 kHz, T % B | !
1 0~2000 W 5 2R FH 14 BL I HL U5 2 ] I AR s s
B RKS3030D, i A HLIE 49 220 V., i i HLJE H 0~30 %%“-E#E#E#EJ P P
VB R 0~30 AL e | Lo o
AR

1.3 BHLKEST
U O A BRI BC T, R BRI PR AR A
HWTCER R M T A& R 2,
14 BURESE
WA A P T2 A < LA T Ak B — F e i —
T 7K PE— B D' — T 7K Pk — R JH — B 7 il B
ff 12 I B b — I8 K e — B P AL B HOK V-t
TR JZ A A B () H 4 AP 4R 2604 , 400#,

Bl BEHEESEIREER

6004, 800# , 1500# 3% Z4 IF 5 [ 25 Ak )2 , R F L
I8 R R L R T O 1) T 9 ok 2 T R T 1 O R 5
TR, AR PR, B T R AR A B AR , B TE] 3 R 2
min, 3 F 2 8 Tk Pk 2 2 TR TR 5 (2) % Tl ik
) TAFIR A 3 o/ L B IARERER 75 W h 647 30 s 1Y 2R 1HI
A R (SRR R 38 Ll AR R 40 B B AR 7 Y TZD-



+ 26+ Sept.2019

Plating and Finishing

Vol. 41 No. 9 Serial No. 318

R2 BMUUREARIZEN

il B T 25640 IS 2
c(WEMR(85%6))/(mL-L ") 80
c(EmR(65%))/(gL.™") 40

- cCEfbER) /(gL 46
cCREMREL) /(gL ™) 6
cOFPEIR) /(g ) 4
cOBAm)/(gl™") 0.75
A 7] /min 1~2

T2 EE/C 20~40
TR/ W 120

1019) 5 (3)44 2V J5 1 T4 B 44 A 75 Al B ol fi
WAL 2 B s Ak 30~120 s, Z S B T4, 55
FoKwp 2 T AR 3R 1A 5% BA 0945 5 (4) 8 T 8%
A 70~80 °C 25 o/L M ARFR AN 18 o/LHEFR BN IIR &
VW P AT B AR B 2 min, SR B 70~80 °C
POKIEFT Pk, LT

1.5 K FRAE

K H quanta250 37 & 55 PR 345% 49 4 L S AR
(SEM ) Xif 3t 2 T 5 A B 0 i R T SR A TR, 491
R 10.0 kV, IF45 G BEIEAL (EDS) 43 Hr i Ak )2
B ICEE o M & B, % S [ BrukerAXS 23 5] A2 1%
) D8 ADVANCE £ iy X- 5 Ze 7 SO i Ak v J2 i
TP AR L B o0 BT, A3 SR FH G 2 2.2 kW B % X6
RN Cu L, 4 A Bl 15°~55°,

K b i = 42 CHI-660E %Y At Ak 2% T4 i I it
TR AR A il £, A 3R R — AR R R F AR I
WA 3.5% (T 7080 NaCLE W, DA 65 4N R AR
N TAERH (EFE X 10 mmx10 mm) , Z LA K
TR H R HL M (SCE ) , 1224 Sk il Bl v AR LA R ST
10 mmx10 mm) , 3l LA 455 3 84 10 mV/s, 38 i
T 5 R L A EL T T S, X AL 2 R TR <

Kb st B AN A B A BRA R A B B AR
TT260 1 20 A, 76 iR 2 i Rl AL I — R 51 1
S, FEAR R R 1 5 i 0 o 1 SRR R A
st ] s X6 17 (it 22 /D o 5 YR 41

2 SLWERKSH

2.1 BHMEERIR IR
FR IR AL | eB SR R Ak AR S e B el e Ak X
A5 B B R SR DR S AN K 2 o o NI AT

PAFE 1, SR FH v e Ak Jr A5 380 A ot A 18 3R 1T N 3
5] MBS Z AL, RS IR Z BLE AR R, BRI
W CAnE 2(a) L (b) IR ), 302 RO 7E s fb i A2 o
Z RS T80, B iR e AR B 1 B L
R RS AR — IR 2 5 B s, SRR GE G oREEAL,
BRSO 2% 0 SR FH R il (b 5 AR B Bl AR, A
RIS WA 2, iR S SR PR A, iRz
] 11 i A3 A, 5 5% (gl 2(e) L (d) fifR ) L {3
LR, F B AE 10 wm A2 47 o TR 5l
B VE RN (i, BRI R 1T 25 77 A 2 AT PR A
P TE G B B, R et AR (T 2 Ce)
(DFR), BRIR GG, R 5 iR Z )4 s
TE 10000X [ FBCRATEL T WLEE , AT LA £ 68 7 il By
FL AR B A it B RO R FE 1 um 2247, S AR T
HL AR AR, foRr R R — A it 2, B2 5
¥isiansk .

(e) A PO AR BAAL
1000 10000

2 AEBE X TBIRR 3R E

2.2 BHLBERYE R 5> BT 5
7 7 T I8 L A e S ) R T A5 R A 1 3
(a) FIE 3 FT7 , 75 il 1 FL el A 2 140 O R 2 B



2019 4F9 H

BESHIR

55418 55 9 WICEAR 318 ) <27 -

PR R HEXT L An e 3(b) s, AR 3 (a) FlIR 3 45
Al AR R E 5 Zn 0 PEETCEAH . it
%] 1 S. Jegannathan %5 [ SCHK A& 3 (b) o 89 4 40 43
B2 5 n] it S A A B A Ak 2= A B FE R T
M RAR EZ RN (1) ~(3) R,

2H +2e — H, T (1)
Zn(H,PO,), <> ZnHPO, + H,PO, (2)
3ZnHPO, + 4H,0 <> Zn,(PO,),-4H,0 | + H,PO,
(3)

T L A0 L A FEL RIER P A B 4 1 FH T LA il
AR 1Y He A0 R SRR BT Y DT R IR b R
AR ) LS 5 KA, Zn® PO VR FE TR
1) 75 3 BB At 2 A FE AR R 1T A AR Zn, (PO,) ,+4H,0
DURUZ 7S (3RS VR F S s i g A8 15
JINTC T, 388 3 v5 A0 A Al 4 2 (A5 Zn™ AT PO, 5T 1Y

TH4Ui /cps

13 26 3.9 5.2

E / keV
(a) EDS

DURESER B3R T, 75 AR IR 3 1 b 2 felf BE AR )
AT PR PR AR ORI, PR SR A R . B Y
7S A 2 fol R AR ¥ i A TR RE T o A s 7 380
T2 TN TR A it A Y S A 3 5 D L B ot £ 14
K, DTk S 240 Ak kL B £ > T AR 7S Al B
G N o W | BN T A B il
20k R, ol B S A 35 S BUR

R3 BERWHBRBEBLETESE

TLR L, Bt b/ % JEFH Iy Y

O 39.49 64.41
Zn 36.74 14.66
P 14.01 11.80
Si 0.62 0.58
Na 9.14 8.55

400

zn,(PO,),4H,0
300+
200+

Ciilis

Wbt

JCPDS#70-0900

-100 \HH Lt u” L IR | I
15 20 25 30 35 40 45 50

26/ (°)
(b) XRD

E 3 #B74HBh B AE LR EDS #1 XRD

2.3 THEMES T

TEFAL S T ARl rp il A T 2R Rl AL
fip W T AR P R A T8 2 S B A I X 7 ) 3 T
IR UNTEL 4 7, B3 AR IR Sk A il 4 i A
XA S BT AT B AN 3R 4 PR 45250, X L2
R Pl B A F A 0 A R P Sl et L O
5 L RS P FRL A T DA Y R A B T ol R AR 1 I
FELASE 1) I 1) PP S8 Al G e b 3 PR D/ o T o e
37 S I B4 SRR AR ) JE ok AT 1), R L 7 5 5 o
A NIE T o 38 5 o3 B 1 2 Kl mT L ] R A
oy KA 7 AR i . B R B AR
fitp B T et Pl 7 TE RS R et e A R L DR/, 15 P

eI Rl B AT LA L el A R T ol

0
1
2
< 3
5
< 4
3
L . i
6 VLo B
. - - - R
—— LRI
8

: -16 -14 -12 -10 -08 -06 -04 -0.2 0.0
o(vs.SCE)/ V

B4 AREBEAN THIEIER i E



.28 - Sept.2019

Plating and Finishing

Vol. 41 No. 9 Serial No. 318

x4 MUBHEITER

[ e E../V Joon/ (107 7+ Aecm ?)
Helk —0.91 7.59
SN —0.96 7.76
F, fi —0.81 2.51

R L —0.75 1.70

24 BHLETEXTERER R

MBS BT AR HY R P i By F i 0l T R P i
A2 8 P Wt b T 8 357 B T ) 7 B I 3 K, bR
I S5 i 2R R ARE 30T LU H 87 4 Bl e e b
I JEE B K B 2R S T M S AR E AR
TREEWEE G R TR A HL S
X T WARAY J3T 1) 25 A0 AR s it 1 AE F T LU &
SIHTH  DATTTAR 2E HR AR s I () 33E A T

—— L

00 R

40|
30}

20+

s

10+

0 50 100 150 200 250 300
s

Bl 5 FEiEEL 58 i B AR L B S S R iE
B3

3 &g

(1) 75 %l B FiL e A 110 Ak B 2l i A i AL
JEE o RUSE H 10 pum B/ B 1 wm, A M 2 AR A
Ko, AR 22 18] B HES B T 5%, b S i 241 50 44
RS B AR

(2) )\ EDS BE1% F11 XRD [& H A] LLA3#7 4
ity Bl P O BB 1) AL S W AL Zin, (PO,) -
4H,0,

(3) 7 4l B el g A 170 Ak By =X RE A 04 v
65 AT Pk . R FHIE JE R AN TR S 4k
AT AR 8 75 i B e A 8 Ak 1 300 A B A B T o

21 TE [0 RS 317, J6 ol v 7 % 32 0/ 81 W ft R ) —
e b Pk e 2B

(4 ) 6 7P 7 Bl L S Tl 1 I 5 it [ % A
S, HLEE A A A R R R R P

&%

[1] Arthanareeswari M, Sankara Narayanan T S N, Kamaraj
P, et al. Polarization and impedance studies on zinc
phosphate coating developed using galvanic coupling
[J] . Journal of Coatings Technology and Research,
2012, 9(1): 39-46.

(2] MRS GOREN SOt i BRI IR AT 52 [0 . M
R, 2014, 34(6): 25-27.

(3] ARZE—, RAR%, B, %5 B fh T2 0B R
P JEE i ok 1 5 ) ) AF S L0 ). HL B SRS A, 2017
(3): 33-36.

(4] FFH, =ik, WWER, & RNA BB LT ZHR
[J]. &R IREMEL, 2015(3) : 35-40.

(5] Z=Wmi, 2=, WiwiR. BEiund i) 5 A 4
BRI ]. R, 2016, 45(07): 150-155.

[6] FNEF, XIIE, KA . o A8 75 B 1L S AE AT
POE RO TR TR R PERE L) ] B Rk SRR
2016, 28(05) : 435-442.

(7] BRLrer, BRighs, REUT, 45 8 35T B AL R
Ni \Ti A 4 2% 1 WAL TR 30 S PR Re v 2 ma [ ). 3R 4
A, 2017, 46(1): 23-28.

[8] “Rorff, EFJH, E/4E . WS WM T IRSHLT
ZBIIELT ] A 4, 2007 1) : 168-173.

(9] #IEHT . RIEAEHH AR THIM]. Ab5t: A2 Tolk iR
#t, 2003.

[10] ARAEU, SBEL, 55 . WERMH IRBEACR T L [T ], )& ph
5B, 2006, 27(1): 35-37.

[11] Jegannathan S, Narayanan T S N S, Ravichandran K, et
al. Performance of zinc phosphate coating obtained by ca-
thodic electrochemical treatment in accelerated corrosion
tests[J |. Electrochimica Acta, 2005, 51: 247-256.

[12] Yang ] K, Kim J G, Chun J S. A study of the effect of ul-
trasonics on manganese phosphating of steel [J]. Thin
Solid Films, 1983, 101(3): 193-200.

[13] Hyde M E, Compton R G. How ultrasound influences the
electro-deposition of metals|J]. Journal of Electroanalyti-

cal Chemistry, 2002, 531 (1): 19-24.





