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The Influence of Composition on Surface Reactivity of Cold Rolled Steel Sheet
Shoji SHIMADA, Shigeyoshi MAEDA, and Takatoshi Ecawa

Synopsis:

The effects of elements as Mn, S, and O in steel sheets on rusting tendency and the properties of the
phosphate coatings formed thereon have been studied by .using pure iron and low carbon rimmed steel
sheets to which controlled amounts of these elements had been added.

The rate of rusing of base sheets is determined by the “pack rust test’”” and the humidity cabinet test, and
the resistance to blistering of the laquered phosphated sheets is examined by the salt spray test.

The chemical reactivity of the steel surface is affected considerably by the presence of these elements;
the rate of rusting increases substantially with increases of precipitated MnS and MnO, and the ability to
form protective phosphate films increases with increase of total Mn content.

The above results can be ascribed to the property of MnS to accelerate iron dissolution anodically in
both rusting and phosphating. While manganese in solid solution serves as a cathodic dipolarizer in
phosphating. Manganese oxide has an effect since its precipitation during hot rolling changes the equilib-
rium of Mn and S in austenite and therefore favours precipitation of fine MnS during subsequent annealing.
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SHXUO) EERRs (Al Si) ZITEED LT
»FPx LA b (Ni,Cr,Cu X fth) 25FLTW5A.
INOHDEZEOTLENTORMBIGHIC EOREZE T
5L 00EBEDLIEOTWEY. AR INALOTE
DA, & LT Mn, S 5IVODEEIZ OV TRITE
727,

2. R B /&

WS (BEsti) 2 1E% Li-.
FIZSPARR—3E (1 250°C 30 minffsE, - HiREE 910
°C, #E 2.3 mm)—>E%k (5% 85°C $585r 30seciT
TD->BE(T 74 MEE, #&E 0.80 mm) >FEAFIE G
—Est (HNX 4" 2, DP< —20°C, 700°C X 2hr)
2:1.2 Mn-S8-0O x5 =¥t
211 oM OBEREZHEIZLT, Mn, S XU O

HOBRXRHHB 2 STERBIC L v 12EETHR L

2-1 FHEOER BLETERIE 2.1 1 KRLTHS. RSO BEKIEE
211 BREABORLLMHETAR ST SP F [ e “
e Mn: 3k# 0.09 0.20 0.30%
EWREKEEME LTHREARORLD 80E, b S+ 27k#e 0.007 0.034 3x2x2=12
QARG S P REEAL TS 8MEDG 16 PEY O: 27 0.006 0.035
10 kg NRIFZEBEFFZRVCER L. WTFhoRS C:@EE <0.01% -
FTHEOMTIECiz X BALR, & ORITIXBRILE 2 gk 128B@ DR 5T HER % Table 2 iR T
RIFINT BHHEERD. RSO R % Table | 2:1.3  SHFHMORY 2 HE -
WARY. ZhHofE»S, DERTRTIRICLOT, S OIS RME R SHEC RIETREZ R T 540
Table . Chemical composition of samples {wt%).
~m§?38515~q C Si Mn P s so. N | sol. N | Cu P s
Pl 0.004 { 0.0012 | 0.01 0.004 | 0.006; 0.0025} 0.0015| 0.006 | 0.009 (o
P2 0.003 0.0012 0.01 0.004 0.006 | 0.0028 | 0.0014 | 0.004 0.010
P3 0.003 | 0.0012 | 0.01 0.004 | 0.007 | 0.0027 | 0.0008 | 0.004 | 0.021
Pure iron base P4 0.003 | 0.0013 | 0.01 0.005 | 0.007 | 0.0031 0.0012 { 0.006 | 0.046
P5 0.003 | 0.0012 | 0.01 0.005 | 0.007 ( 0.0030 | 0.0010| 0.004 | 0.048
Pb6 0.003 | 0.0013 | 0.01 0.003 | 0.007 [ 0.0030 | 0.0010 | ©0.005| 0.063
P7 0.004 | 0.0013 | 0.01 0.003 | 0.006 (| 0.0030 | 0.0011 | 0.005| 0.068
R 1 0.005{ 0.015 0.30 0.006 | 0.028 | 0.0026 Tr. 0.050 | 0.010
R 2 0.006 | 0.015 0.31 0.004 | 0.025| 0.0026 Tr. 0.050 | 0.010 4
Low carbon R 3 0.004 | 0.015 0.31 0.004 | 0.026 | 0.0028 | 0.0014 | 0.047 | 0.016
rimmed steel R 4 0.006 | 0.015 0.31 0.004 | 0.026 | 0.0032 Tr. 0.047 | 0.017 >
base R 5 0.006 | 0.010 0.29 0.004 | 0.026 | 0.0033 | 0.0006 | 0.045| 0.030 "
R 6 0.005 | 0.017 0.30 0.004 | 0.026 | 0.0031 0.0006 { 0.050| 0.033 \
R7 0.008 | 0.010 0.28 0.005] 0.029 | 0.0030| 0.0010| 0.040| 0.041 |
RS 0.007 | 0.012 0.29 0.005 0.029 ! 0.0030 | 0.0011 0.040 ] 0.045
Table 2. Chemical composition of steels with balanced amounts of Mn, S and O (wt%). )
_— C Mn Si P S O sol. N insol, N [Mn]* Mn precip.** -
M 1 0.010 | 0.09 0.025| 0.002 | 0.007 | 0.006 | 0.0028 0.0004 0.057 0.047
M 2 0.008 | 0.09 0.020 | 0.002 | 0.034| 0.006 | 0.0029 0.0002 0.011 0.079:
M 3 0.010 } 0.09 0.025 | 0.002| 0.008 | 0.034 | 0.0050 0.0002 | *—0.027 0.090
M 4 0.006 | 0.09 0.022| 0.002| 0.033| 0.04l 0.0038 0.0002 —0.108 0.090
M5 . 0008 0.21 0.022 1 0.002| 0.0087 0.016 | 0.0024 0.0004 0.141 0.059 3
M 6 0.004 0.20 0.022} 0.002| 0.036: 0.014{ 0.0030 0.0006 0.090 | 0.110 .
M7 0.008 | 0.20 0.021 y 0.002} 0.007; 0.034; 0.0030 0.0010 0.071 0.129 5
M 8 0.006 | 0.20 0.022{ 0.002| 0.036, 0.031 | 0.0028 0.0010 0.031 0.196
M 9 0.009: 0.32 0.010 | 0.001 0.006 | 0.013 | 0.0020 0.0004 0.265 0.055
MI0 0.007 - 0.33 0.008 ; 0.001 0.031 0.015 | 0.0020 0.0004 0.226 0.104
M1l 0.006 : 0.29 0.002 © 0.001 0.008 ; 0.035 | 0.0021 0.0006 0.156 0.134
M12 0.007 . 0.28 0.002 ! 0.001 0.033 ; 0.033 | 0.0020 0.0006 0.110 0.170 -
i b s ¢

* Mn in solution=total Mnes—(’;—Zx S+ ?2
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Table 3. Chemical composition of SP steels

(Wt%) -
C | Si |Mn| P S | Cu| O

SP-A | 0.04] 0.005| 0.29| 0.014{ 0.026 0.045; 0.058
SP-B | 0.04| 0.007[ 0.29] 0.014| 0.016 0.047| 0.031

Table 3 1RT 2 B BIEHR () & FER) ZEK
L, DUTFRRT S CEER BUERan R X O
IR IR RER L.
FOBHER 5 B
BUE R — NNEASAEE*— B P~ ik (0-8 mm) —
ERE >R

o GE- R
<HNXﬁz

DP < —20°C
700°C x 2hr

* B S

[ 200°C x 2hr
BOOOCXC’)OW“ A : 1200°C & bf:ffg@izk?»f‘i

B : 1200°C X b 800°C % T#¥s
L, 23 TKE

@ -

A

Tibhh, ABRAES, BREREICHYTS.

2-1-4 SEIUCHRLLNE

SKIUCDRLS 4 DS T {EE Table 41
R
2.2 ZERBEOFME

R CHEORFHlE & UTHRO RS & ) BIEREE
RS AR D BT .

2-2.1 REFEABR

RiFEE LoD DB T &7 D 2 O EER
2 L DA

(1) s

49°C+ 1°C, >98% R.H. m{E {81858 ( JAN-H-792)
TR (10x10em?) ZHNOTFRIC2 D T, &
PR EEAAMIC RS AR REIEEHETH
5. ZOPEIPEVEVIKIE (=30p) OfFFE LIk
REDFEHHD CREEENARBEIC X SRHFEAERTE
L7

(2) 9735 R MR
40°C, 90% R.H. o8R8 @4 5 (10 X 10 cm?)
ERHA~FIORER T LIV RERESDHETD
5. KEOEIREFTRBICL 0D THEL, Fiy
DFEHIE 0.001 2 DITFTHBHY.

2:2:2 ) AR R IR AR UG

WHITEE, U oRBREME L%, BRLULTERSh
5h%, BEHROMEMIITHO Y U EIREEFEIC X DTX
ELEASIN, bERERLZEZKT SO IHEMED
v LEBEECS0ESIIERERLDSEEY &S
PIZEDTHEEND Z LZRMTHR LAY, ATEWTY
CEBEEBEERRSY, Y BRSO LT X
(D% /L) TEHE L7ohs, ARERTE ) CEIEERE
SERIBBCILITHREL, TomaEE LT
fti L7z, Tibb, MEEOXWLOEFE Y EEERIE
EREIEH AT (ZROWHEELEL, bELKE
PR T D) EVOIFEEERRE LTS, Y EBIRER
B 5O BREGFEE LTICRT.

Y URRIRAVER : K F T4 b BI00(AA/S—H T A D
VAR, Y CESHISASR) 60°C, 2min X L — 4R
L.

W : 7T/ 70F sy FHREBER 200 2L —, 160
°C, 20 min RfTARfTle>7.

it f I B PR D KR H B FE R 2 S L. 3
fdot, HAKEERER 10 BEORED .S SO
HoReEfMcd 2852 TRRLEL.

3. R BB R

3.1 SHPHEREREBMY

B REORML DB (B R 50N S P Ak
53R) DEESEIRIC OV T OFEHERERFE R E Fig. 1, 2
KR L. BEEFREOEHIMBRSFE S PRSHR
CTELVCAHBERLTVWS. SPROFTIREERSE
BITITTHA L TREFESHEA LTV 55, HgRKS R
TREHBERE FEC 3 LAL BBBRTH 52 28
5. AT OBERII LA YIEEBAEH (MO, FeO) &
LTCHELTWS ELLNREAL, ST InLDEED

Table 4. Chemical composition of low C and ultra low C steels (wt%) .

C Si Mn P S Cu MnS*
Low C nor. Mn S-1 0.04 0.01 0.33 0.012 0.013 0.02 0.0223
Low C low Mn S-2 0.04 — 0.10 0.005 0.005 — 0.0086
Ultra low G nor. Mn | S-3 0.005 0.02 0.40 0.012 0.012 0.03 0.0210
Ultra low C nor. Mn | S-4 0.005 — 0.10 0.008 0.007 — 0.0120

* QCalculated from S contents.
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Fig. 1. Effect of O content on rusting.
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4 20 days
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Fig. 2. Effect of O content on rusting.
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Fig. 3. Relation between O content and
cleanliness.
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BEFKRKE). MRS FTD, BEELL ditiE
i (BFEFR) BIEBALTWSREZE05LT, NMEWOE

BIVOEXRTIIAL, TOHE (Fm& 2FHKEd 5 I3
ERB) BEEBLTVWEIDLELLIhS. = o CH—
FEOMETR L S PR LORBEHROERIC OV,
&R~ ORER bR DTS Cu §r SP R
EHERRE TR DT VW AHDIT B e E v
LAMBDOTEBR2LUTTR— Cu BE0osEcisiLi.
Photo. 1, 2B EXHOBFHAMEBTE (V7Y b,
X3 000) /x5 UM EPMA SRR LADDTS
%. Photo. | CHIgFEESIIR(a, b)IATEBAEmET
L, O BCXBZRIBPDORK VA, SP R
(¢, d)DREITIIREMATLARD Sh, »oF O
HRBIORIZ L DTRL D, OBMRLI VR CITE
FIT B E RIT W25, OBMRZ VR CIXFHK
BN P TFE T B 2 L o8bh 5. X 5iz Photo. 2
WWX5E, SP RTIEEK Mn 0ifEHEDLND
5, ZORBRORICI>TRALY (OBBSEVLD
Tﬁ@—m,Oiﬁ%w%mvm%%mmﬁﬁbrmé
LEDBbirs. THODOMME K Mn ORIk
SATOWIERRMIC 134 < RO W Eh b, B
SUARTHH L7cd DT, »> Mn OFES5T 57
(MnO, MnS) ¢#EFESIh%. ZhbOWEMOEER
BBIE, MSRLSPRLIOXUDDEWEHELT
WhHEXSiBbh%.

32 Mn, S, O OS5 R EEHRGM

3-1 OEREEHEC LTH ALK Mn, SKX(RO 2%
EEZEA 12 @ (CuBERIC) OBt ER L,
RN GHEE T~

3-2-1 Mn, S HX0r O 5 &5t

Fig. 4 BERHOMREEZEEDTHRLEDDT, &
N LRI TRIC Mn, S X000 22 FhEM
WML THRBEETIHIT LA TEE L v, 2K
Tdbhb MnxS, MnxO OBEEHRINC X DTHEDT
BHEBPEREbN, 3KSThbb MaxSxO # R R
MLBELCSCORERRDIRE. COFERNMLE
F FeO HBUWIE FeS 17 < L b BMTIEL AL
REAEICEE LEWAS, MnS F/ik MnO 11 X003
{FBzEaibn%. Fig. 5, Fig. 611, 43X Mn,
SKITCOZREI LT, W MnE (=55/160 +55/
328) BXUEEMnE (=&MnE—HH MnE) %
SEIZXDRD, thrhoEL 2L o bL
72 DTHB. Fig. 5 LRERIIFH Mns (MnS,
MnO) i X DTHED X LEHIh, FHoHH Mn 28
0.1% IRt 5 & ZLAEVB R BB L8 br
5. —F4 Fig. 6 REABMnECHLTREELZ SOy
FLADDOT, MEMCII—ZHRERITER L, £ Mn
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(Mn :0.01%
S 0.006~0.007%)
TETTT

O
0.010%

(6]
0.0469%

Mn :0.29~0.309%
: 0.0 )

c)

Photo. 1. Negative replica of surfaces of steels containing various MnS and O

(annealed at 700°C for 2hrs).
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a, b Mn=0.0103%
¢, d Mn=0.29~0.30%
a, ¢ 0O=0.0109%,

b,

X 260

=.0.006~0.007¢
:0.020~0.0299%
d O=0.045%

Photo. 2. Scanning images of characteristic X-ray from manganese.

Table 5. Concentration of S in solid solution and precipitate (%).

Rapid cooling: quenched from 1 200°C

Slow cooling: quenched from 800 °C

solid solution

S, precipitate solid solution E S, precipitate

0.020

SPA (high S)
0.007

SPA (low S)

|

|

0.006 0 0.026
0.008 0 0.015

~iz. ThboRE

WENES BE HIT 572, Fe-Mn-S Rt %13 5 Bro-
WN DF— 2% L. Thp Skidi{E% Table
S5ITFT.

COSFRENLHHSERLT

WIEMR DS E LT S L oBfk% Fig. 9 i,
SRR I DV Chk Fig. 10 /R L7=. Fig. 9, 10 T3,
Fig. SOBa L By, REFBENESBorTc—5m
CHRELT, WEKEOZENEDLNS. ¥ Fig. 9

— 120 —



e

BIEGPROETRICHEELRETHRA> O E 2645

10| 10+ 10F
- ] S =0.007% Mn=0.10% Mn=0.10%
k> = 0=0010% 0 =0010% S =0007%
% C 2
5% 5 g 5 5
SE=y
> t
s 2
1 | Il
0.l 0.2 0.3 0.007 0.034 o010 0.035
Mn content (%) S content (%) O content (%)
_|oL $=0034% . 1ol Mn=030% . loL Mn=030%
® > 0=0.035% 0 =0035% S =0.034%
= o
b @
i B S
x O
o = E 51 s5L oo 5+ e
o 7]
“— € 3 ®
o= x )
&
g% - ;
t | | !
0.1 0.2 0.3 0.007 0.034 0.010 0.035
Mn content (%) S content (%) O content (%)
Fig. 4. Relation between Mn, S, O content and rusting.
40 + o
Total Mn
1O a 0.1% & Q o o
— o 0.2% ) L
3\2 a 03% 8‘\’, 30 - = o,
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g 5 | _2:’, i jsin)
& D 10} oTotal Mn=0.20%
o [o]
e 5 Total Mn=0.30% 8 o
005 0.10 015 0.20 & o 3
Concentration of precipitated Mn {MnS+MnO) (%) 0.05 010 0.5

Fig. 5. Effect of prcipitated Mn on rusting.

10 F A

9

8 @

o

hel

% S5r o

3 \

@ a A

o\ Total Mn 4 o

Total Mn=0.10% 'y a__ 4
g ! L R T

~0.10 -005 0 005 0J0 0I5 020 025
Calcutated concentration of Mn in solid solution (%)

Fig. 6. Relation between Mn in solid solution
and rusting.

Concentration of precipitated Mn (MnS+ MnO) (%)

Fig. 7. Relation between precipitated Mn and
corrosion resistance of phosphated sheets.
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Fig. 8 Relation beweetn Mn in solid solution aud
corrosion resistance of phosphated sheets.
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o
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Concentration of precipitated sulfide of cold rolled
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Fig. 9. Relation between precipitated sulfide and
rusting on cold rolled sheets.
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0007 %

e
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fe) 1 1] i
0.010 0015 0020 0.025
Total S (%)

Fig. 10. Effect of sulfide precipitated during
annealing on rusting.
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Photo. 3. Negative replica of surfaces of SPCC
annealed at the laboratory.

Rusted area (%)

Packed rust test
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Fig. 11. Effect of MnS and C on rusting.
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X\ 3 FeS j3/h& v, Lich2Tx DMK ((Mn, Fe) S
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Fig. 12. Evan’s polarization diagram, showing the effect of components on rusting and

phosphate reaction.
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