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Effects of Surface Oxides on the Phosphatability of the High Strength Cold Rolled Steels

Masahiro NOMURA, Tkuro HASHIMOTO, Shinji KozuMa, Manabu KAMURA and Yoshinobu OMIYA

Synopsis : It is well known that Si and Mn, the basic alloying elements for steel materials, are susceptible to oxidation and form oxides on the steel sur-
face easily, which has a great influence upon the surface performance of steel sheets such as phosphatability. In recent years, on the other
hand, the cold rolled steel sheets for automobiles are required to have increasingly higher strength in order to combine improved crashworthi-

ness and weight saving of automobiles. To increase the strength of steel sheets, the addition of these alloying elements is very effective. In
this work, the kinds and the state of distribution of oxides formed on the surface of steel sheets alloyed with Si and Mn were analyzed to in-
vestigate the effects of Si and Mn upon phosphatability from the standpoint of surface oxides. It was found that phosphatability is deteriorat-
ed by the addition of Si because Si oxide films are formed on the surface of steel sheets and serve as the barriers against the reactions in
phosphating treatment. It was also found that the formation of oxides is also affected by the concentration of Mn except Si and that the steel
sheets excellent in phosphatability can be produced by controlling the concentration of Mn even when the concentration of Si is comparative-

ly high.

Key words: phosphatability; high strength; steel sheet; surface analysis; Si; Mn.

1. &S

WS, ABEOBRELH 2 W IdEERER R OB A
25, HEHEAMERROSEELSEA TS, BHRE
LIZi3kk 4 5 FEh S 5 55, DP (dual phase)#iiR, TRIP
(transformation induced plasticity) $ifl AR & \» - 7= ¥ fH A 4k 5
R DIZEB TSI, MnF ORI 5 A SR IIBERTRX
T, HROIBHBEEDECHRE LREEINEDEE
B3 k-oTn3, ~ATIhsDAETRIIGHRME
Thd-HHRER TRILMABEL RT3, FiCS
AU BB A RITT Z EBRS TS, K
HCIL S, Mn TRINIFICREICER E W S BICIE L £ D0
BURBBIZOW T L - REMET oL L 810, BRILY
DIRKE & AL DBARIZ DWW TR L 228 RIZDONT
WBRB, X500, LESAEENE A XEET S BRI DIREE & K
SOBR» S, NSO SIEESRAFT TR LT E
MR 2 T B HIRDOAEERR T >72DT, 20O
BRIZOVTEHIbETHRET 5.

2. BRFE

2.1 SROREIF
Si, MniREE DR L 5 MIEHN & @AWz, ZOH

T, FEMIC SRR T O BT & 4T - 72308 & Table 11289,
SRR ISR T 2 ILAMIIIERICTHENZ LATREN:
72910 F 9 RKME 5 ICH R % AES (Auger electron spec-
troscopy) & FHWTIER~Y vy ¥V 7 %fT -7z, 72, TEM
(transmission electron spectroscopy) = & 1) AL O W
BmRe, ZEBEHOME L 7)) AR OBRET - 72,
BRI h - RERICHIOWERED 72812 TEM IZ 3 fH X
T\ 5 EDX (energy dispersive X-ray spectroscopy)iZ & %
TCR i R diffraction pattern DT & 1T > 72,

T 51T, Si, MniRE & k& < 21k & 1 72308 Tl
M D EFAH & XPS (X-ray photoelectron spectroscopy) (= & % %%
AN AT, Si, Mn iR & LRI M3 K OREER{LY
DORARE KRR L 72, &k, (LRSQERME ISR
% i L 72 308D & 1 % SEM (scanning electron microscopy)
B, GEEECHBERTIHEL 7,
2.2 SAROFRECFEOFE

REANOKRE D, ACBIR M & R 4 i g
BBAT2ODOHIMRA, BAGRIEL 72, Table 212 Z DL
GERNT, ki, AIZIZERE S 980MPatk & & % &5 Mo

Table 1. Chemical composition of analyzed steels.
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Table 2. Chemical composition of trial steels.

Steel C Si Mn P S M o
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Fig. 1. Distribution of elements on the steel surface before
phosphate coating.
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Fig. 2. Relationship between uncoated region and Si distribution (No. 1). Uncoated region accorded with Si detected region.
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Fig. 3. Cross-sectional TEM image.
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Fig. 4. TEM observation of extraction replica from the surface of No. 1 specimen. Two kinds of regions, (without/with particles)
were observed. Without-particle-region (point E) consisted of Si and O.
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Fig. 5. Analysis of the particles.
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Fig. 6. Schematic structure of steel surface with high Si content. Si,O, film served as the barrier to prevent phosphate from form-

ing.
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Fig. 7. Relationship between phosphatability and chemical
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condition of Si,O, film forming.
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son the kind of oxide change by Si—-Mn contents.

¥ Si, MnOEE{LH & Uik, LRI MnSiO,DIETE
BRHIGNTVBEY, L Laho5HEOKALDEERTIZS

EMnDBEABRIH & L TIE MnSio, 3B & h 3,
Mn,SiO,D A MK T hi, 2D, B E T
MnSiO* ZBRH L THT » 720 Y8, X8EIZZ h Zhid BT
Si, MnDIEEN L5 FeDEB #5128 DTH Y, Mo _kic
TIZESIERE (RE) 2EL, G EEMnEE
(RE) »EL 5 RERTH S, KPIZRL LA
TN SN OERIRREIZ L - B ADOR S KE L
Lamtas 5,

Fig. 8DIL#HR T ¥ ¥ v LIRIZ B W T, Si0, DEEER
HIEE LA D OO L& 2 57z, Fig. 7T, Silg{tH
HROBREFEE LN D OFHRE U TEETE -2, Z
id, Si, MnBEAELL 2 & & | BUIFIC Sl L2
REMK ENB5MHE, MniREREL B512O0h TSik
BEE k2 UERHE»0LELbN5S, ¥, Fig 8
DEFRD FTHNZIZ Mn,SIO, ML E TV B4, Fig. 743K
52D XPS T, Fig. 7DFEME T DL BRI (B
N2HEB 2 5l M Sio, BB Ehi, ZOZEr D,
Fig. 8 DESIFMNIRD 7 ALZER T v ¥ v LRI BRI
IFEERIICKD 2Fig 72 KB L T 5L E16h3,

772U, KB AT 572 No. 1, 20{LERAP DT,
SIRILMAEROERBEE % Fig. 16Kk B2 LBL7
Si: 0.9%, Mn: 2.0%FEE &40, ZORFERI¥EY 7 b

26

Thermo-Calc D SSOL 7 — A X — A A HWTIERBE L
Fig. SIZFCF & xBIOM@E A -2, yIDEDS —THEIZE S,
& o T, Fig. TOEEM RS 51X Fig. 8 Tx,y)=(-2,-7)D
WA % SHBILERDBERBNEL RETHEH, #H
FRETHE,Is NI LD IKSIERM (FH) 12h-T
BOEEMICIIER LI REMEITAKL 5V, Fig 8DLE
BT VY v LR SIOBRIEHE LTSio, (¥ 7h) O
HETF -2 WA ERICBERIN-DRIESB L E 2
bN % SiILMI TS 7. BHFHBETHWSIO, (¥
V) DA, SRR TRE S h2IESEO Silg by
KD LENFMICRET, EEESIBIEMELRTED
NENSITER TS SI0, (VYU H) BREIZHFEL D 572
B, BIIFEE TRD 22 silg b o 5 R 3K siflic
BoltifmEEns,

7z, FHEEAL DOEER TR X 1k h > 72 MnSio; 13 £
FEERNZIZAER L 5 2LAMTH 5, SRIZhIRiiEh
B oD, RISHEERMICHREmICERTE A2 -

EDEHRELTHEH, I LTI SH% & 5 ITKE
THEMNERD B,

3.6 MERIBMICEN-MIREOSE

FREDRRE B LI, (LM A HE S 5 Silg by
DR AT 2728, SIBIZIGCTMn 2@ ERML 72
Table 2 12789 BT DMK & EAFEL 720 Ai30.7%, BiE 1.0%
DSiEEFELTEDOTHhE WERNBOSIRETH S Z
EXbrd, ZOLI ESIREIZE T LY %
WECR§ 2 728, Fig. 7 CSiB b A& L V3280 F |
DEHEBDES, MniBE4E A BZhZh24,3.0% % T
miz, Bk, AlZiZ02% Mo Z2IRMIL TW3 4y, Zhidk
ARIEMOME L LU T980MPa#H 72720 ThH 5, DA,
B fEM DL th OB E SIS RO B RIZZhTh
23gm?, 2.1gm?> T, F234 b (PP+H)YH) 0 TTh
093 Td -7z, {LEILEEH O SR ETE D SHER % Fig. 91278
TH, Th&D A BOThE{LRAEMEIIRIFTH B2
EWbhr B, ARAEM OB LI FT O SRR T 4 AES 7 v
BV 7 U7 % Fig 1018 §48, Zh & 0 akfE L 78k
BHEBRESI TH 5128 BH 6T, Fig. IONo. 1TRLA
&) EESIMEERE O SiBILHO R EHEUZ K B SiD
BRIZEAER NS, LEQEMEL B % Fig. 10D
No. 2 L IZIEEIS DRI M THBZ & hbrbd, E51C
TEMIZ & 32 KEER ORI L 7 7 DT %47 - 7248,
W HOGREM & SR E w2 ER O SiBLmIZEED 5 h
T, Si-MnfHABRILYO ABRIRIZAEL T 5B T &2
mENT, THICBREEWEIZOWTEIMiE B 5> 72,
HBD =DM e »HeCFHli % 5 2 % > 72, Figllll®
AVEHD 4 (& T THIRE U 72 BB FUBENE & B R EE % O sk
KENMEERT A, Zhk R EMIREL ZETRSOR
HhBEEENEETHI E8br b, Zhid, EHEEE(L
7 HE LT LR ER M S B A RUT TR O Sifk L



Fig. 9. Surface SEM micrographs of trial steels A, B after
phosphate coating.
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Fig. 10. Surface distribution of elements on the trial steels
A, B before phosphate coating.
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Table 3. Mechanical properties of trial steels estimated
using JIS No. 5 specimen (transverse direction).

Steel S TS EL R

(MPa) (MPa) (%) (%)

A 701 1003 15 70
B 720 1027 16 70
No.1 632 1036 16 61
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