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Carbon Contaminants on the Surface of Cold Rolled Steel Sheet
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Fig. 1. Effect of surface carbon on salt spray

performance, with carbon analysis panels pre-
pared by vapor degreasing and spray alkaline
cleaning?$).
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Fig. 2. Auger electron spectroscopic carbon ana-
lysis of spray-alkaline-cleaned bare steel samples.
Solid triangle--one panel, failed in 48h; solid cir-
cle—four panels, failed 96h (avg.); open circle--
three panels, failed 312h (avg.); open triangle—
one panel, passed 480h. (Ford Motor Co.)1®

Table 1. Apparent porosity of phosphate coating
for various ranges of steel surface carbon and co-
rresponding salt spray performancel®.

Steel surface Salt spray Calculated
carbon foilure time apparent porosity
(mg/f12) (h) %)

>0.8 <120 >2
0.3~0.8 300~120 0.5~2
> 300 <0.5

0~0.3
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Oxygen reduction current, pAjcm?
30

Bare steel

Time to failure, 10°h
Fig. 3. Oxygen reduction current measured for
phosphated steels at—0.55V in air-saturated Na-
OH, pH 12 as related to salt spray failure time
for scribed and painted panels. (Ford Motor Co.)1
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Fig. 4. Oxygen reduction current measured for
various phosphated steels—0.55V in air-saturated
NaOH, pH 12 as related to steel surface carbon
level. (Ford Motor Co.)™
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Table 2. Spearman’s rank correlation coeflicients between auger electron spectroscopy and
electron spectroscopy for chemical analysis and other phosphate parameters!®,

Parameters

Element analysis method

Correlation coefflcient

Carbon vs. oxygen

Carbon vs. oxygen

Iron vs. oxygen

Iron vs. oxygen

Iron vs. carbon

Iron vs. carbon

Salt spray creepback vs. carbon
Salt spray creepback vs. carbon
Salt spray creepback vs. oxygen
Salt spray creepback vs. oxygen
Salt spray creepback vs. iron
Salt spray creepback vs. iron
Sputter depth of oxygen vs. oxygen

Sputter depth of carbon vs. carbon
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OBTAIN gm m?
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A\
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Fig. 5. Distribution of panels which passed and
failed 240 hour salt spray test4D.
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Cathodic reduction
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Fe — Fe-* 4+ 2e-

Fig. 6. Cathodic delamination of paint4.
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Hours to salt spray failure (h)

1] 20 40 60 80 100 120 140

Thickness of carbonaceous film (.5.)

All time dip (A, thickness of paint film : 20¢m)

Half spray and half dip (X, thickness of paint film ; 20pm)

All time spray (O, thickness of paint film : 20pm)

All time dip (A, thickness of paint film : 10um)
Fig. 7. Relation between the salt spray failure
time for the painted steel sheets and thickness
of carbonaceous film on cold rolled steel sheets.
(paint A)43)
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Table 3. Effect of storage conditions of oiled sheet

on degreasing properties using various anti-corrosion
0ils8),

Storage Degreasing time required after storage
Protective temperature time of the oiled sheet
oil for oijled sheet 1 day 1 week 3weeks 7 weeks
o s
1 20 15 20 20 20
60 20 30 20 15
2 20 20 20 15 15
60 20 60 75 60
3 20 25 40 45 45
- 60 25 300 60 60
4 20 15 25 15 20
60 25 25 25 25
5 20 5 5 5 5
60 5 10 10 10
6 20 20 25 45 75
60 25 120 60 60
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Conversion coat =Zinc phosphate
Paint =Black alkyd primer

Fig. 8. Effect of surface carbon on salt spray
corrosion performances®.
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Fig. 10. Relation between the total thickness of
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of carbonaceous film on cold rolled steel sheets#3).
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Fig. 11. ISS HE (2500eV) scans of a typical
alkaline cleaned cold rolled steel surfacetV.
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Fig. 12. AES sputter profile of low surface
carbon. 0.0053 gm/m? (0.05 mg/ft?), alkaline
cleaned cold rolled steel4D),
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Fig. 13. AES sputter profile of high surface

carbon. 0.012 gm/m2(1.15 mg/ft?), alkaline
cleaned cold rolled steel4D.
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Fig. 15. Transformation of carbon auger peak
from hydrocarbon to carbide structured.
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SAITO™ 17 5 L v : kFE=1:1, 10 Torr, 600°C =
BB REFHEE L Fe Rk~ T, EEM NidHD
XEEETHROTRECT EHRLI.

TRAPNELL™ I 6 FED H 2D 21 o4 RB~DOBERE
* 6 B &R L.

3.3 MhEPOREEERETEHBHL

vk X 51z BLICKWEDE!®29 [3Ee8iC X > CH#ME
e Mn, CHAEHEL, Cik7 = 74 2@ o CERERI
LT D EHR L. BHETS 1969 3K, BREH &
BECKRRAESFEL, BHFTMBSE™D ™ HEHE
ni-. BRSSO SMELORIICRIGL T,

T3 5™ 2 EREAIR & 650~700°C THBFRIMET 5 &
EEICEELED BU By i+ 5. coBH g C=
0.0439 Si,Mn, P, Ni, Cr, Cu, Al 0 &3t82% 0.413%
D8R TH, C=0.003%, LiE&BAMAE 0.0015
9% LT oiigkoBas L RgELBES 2R L, Bl 1t
LBES AT ERPELY L CH, ¥ 10-*mmHg
BEOEZEMIC Lo T HAECRD b, HEkOK
oy, FEERS, RITECIoTEELXT LN, RER
STHOEANREER EE X .

Fa L™t 0.04%C OEMERE X OKKESRE
600~750°C - HZ2BEsl L C BT L7z, Bho HrHix
630°C LA FCitiz & A FED LR IDAY, 650°C L BT
LD, ERCEMTLEMHEL, T oRELT
BT 7 L HTHI L 7\, EABERE TIRERAEIBR A B
CHBBERMA L. X0 oEHITHIMEmOMSE
AR E L KFEL {110}, ZfitF 2 15° RO
Fifkr FICBERCHTH L, {001}, 205 {111}, wZE S
EHMHTH LIE V. ZoBERO {002} EagksE
BEEEARE TS 2 L2 DI, Flogk~ Uy
72X B ko BERMRIL {002} /{001},, <100)g/
A1, LHEL, ZONOWEDOEBIAESRILL 10
9% =, Hgke FeO o BAEBAMR, {001} peo/ {001} ,,
{100)5e0//{110, D 2 RITGHIREEEGRE 119 LB L
TWw5b.

OLNEYSL™ I BRIEFM B T A —2AFF A bD
(111} FEEBHRSAER LTV ER T 5.

BHHELWT, KL ISREMSEBZC I OTR
FoOFHE I CITMRECESD D, FTHE LTV
~Gix 700°C, 10min PIATHBT 5. A, FREATW
L 650°C CTHEEENREKTHD, WOLAFHLAE
Band, A, FrEAL ECcEBETHATS. chikr M
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TOCOEBRIABCO THRRNVEZ 57D THS.
HasrHiRE Lo R OS BT L 5 DT, KR
BRI A RE A OERR(E D ORI & & % 505,
650°C L) L cixkiN &R R BT L, Z2Ecii# L <
Wz EERBE L. BEDIIEZEREEM cRmCER
T U8 (C =0.042) Olirp R & © 60~7027%
iR L, $leF R E R o fEic v 0.012~0.0159%; &
oot ZHERLE LD 5% T Tho%. Net
H, FHESGHE T Ny » AR OS5 BAIE L T
BHEN L, REORE~DOILESY XERE L W LD
REDEEARICL DD TR, TORBNE7 =7
A b=ty 7 AFRCRIEHOBAK XL OTETIIEN
R, 72914 RO RERI L E EHERLC.

SRRy DB OVTHRNS.

EEL® I vx A VREFELT Mn DiE
ESofEfEH L, C/12/(Mn/55—-S/32) 2R
BELHBE ALY, ZoEIKREL 0D EBRTEAS
Q. FA S E Mn(Mn=0.08) iz S DB
Hrar PR IE A R A 7R, F-BMEESESITRVEE LD
BIRE B L, BEESRIICI ST 2 va 1 bikHl
FIELTHEFEEAHE LIS L, F@EESWMIEEDY
BGRREFHESSE L AOHEBECH S Z xR,
D AEEMIC iR U e Fe-Mn-C R, Fe-Mn-S R}
5, A va A brAD Mn Sl EOBRYHGHR
ELTERTRETHSS.

HEL®™ iy Cr % 0.03% BERINT IR
ZPRHIETE 2 & L 7-. Mn-(55/16-0455/32-S) +6Cr
NS EHRAREE IWHELR DS L5 5.

FHIE, FE -1 S, P o RKERT & OBRICOWT
WL, BFEEME, AES EEoMcLoT, KE
PEE L CEmMSRITT A RER S S 0 RT3 5 REH
BOEEL, WTRAFREBECEL TN THs %
R~ LT

7oV F v NEREREREE O BIANTIHEE S ) A FEjIC
HARTAKENS®,

METrHEogERnS I o\ TH o bk 0.042,C,0.20
%Mn I Tl oeE Yy 0.01~0.2% HINEH L T,
F LR, V,Cr, Zr, Nb, Mo, Ta, Ag, B, N,
S, As, Se, Sb, Te, Pb, Bi 13 Bn#rHHFHIEE %, Co,
Ni, Cu, Zn, Al, Si, P, Ge (1 B#HTH & 2o
50, EEo\WEHERE L. Ti, V, Cr, Zr, Nb, Mo,
Ta iR RICHAERTHE T, REOIE AT 2705 T
»b, Te, As, Sn, Pb, Bi 28 ~DBEMELIE L, B
PURFRTHCIBME L CAEME LB A ET 5. T
FoOMHSRCREEFEE B D LM U BEH,
RBEIF — AT F 1 RIS KT H2BRER S FZICH
Btz PySn, Sb wroTiflshs o xR Lic.

vUavELNELT LI F L PEICHENTE T
V. SMITHEZ 10T —log @, =1.60-0.113(%Si) +

log Ki/%C(1000°C, K,:2H,+Cg=CH,) oFHE
vz HhTw5. BIHEHB®I Si-Mn /il &8 H5H
By AFBBEMEECOWTHFEL, #ECEEI N
Si-Mn $R0 b ABEHEAEM: 13 FEHTHREBEECKET
%. REOEEFEEIT Si K XoTHEZIh, Mn &

IOoTHIEXh 5. ERRERIMF CEHBCERMR
T, Si EECESRCEAL, Mn Bz oRERET
en. Si OfEHIR RILYD HREBHTTHZET
H5HEHRLTI.

RFEO KRS @ BAE LT Mn, Si o EEBMHEL
GMLERINLENZTHSH. Mn oW THEEF LY
WREAR L CEIFHOBBEELRA, BHLYIE
ERHT Mn 2 HBETHRMLZERTS 2 L2R L.

YH 5%, /N L3 Si, AL Mn o XRHIRMERE &
FRIOTES, BRBELOBREEEL TV,

3.4 MPBROREMFAREERTHAREICHETS
HR

$rh o RN CH, & 725 T o AT B BED LA 4
ik N7z, AECL CO H# AL DWCHEHRTS.

FEEEL TP EFE CO » AR THKET
REHFFTHLT VS EWVEEZIL, WL 20 Omilss
BD. Thbb, +—7F vaAf LVERMEEDA S - &
2R @) fe B IR R o I D R TFERAE L S
L, R LR B E BRrHLY L, K
Bz, Beglidhie CO » A DFENTD LR BN = L,
CO # 2k RIGLTHER L& BEE Lo RFE X THE
BRI D S LI ETHS.

HRkE ST R kRS R B AR b b, BN
FHEZIC CO yA&mmMTEBRrilTs &%
W, WHEE LOREEER, ML bt S hicik
FIMPRFEOR T Lo THER LT CO » A& & TH
WEEC B/ ITHT S & L.

B ERER =2 v ¥— % kD3 L, Fe;C+H,O0
=CO+H,+ 3Fe, C g+ H,O=CO+H, o 650°C »
log K, ixxh#h 1.05, 0.72 r31E Zh, BIIFH
12 FesC 3EZET 2R D RO A T ¢ had o RS
MLTHEITLY 5.

CO r&RBERE L ORI 317 5 THE&BHNNEKE
Ve, RGHEHE, AERUREOWE In ST E L DR
KR B 5.

KeHRER, LEIDHEISER®® |} Fe, Co, Cu, Ni, Ag, Cr, Mo
DL F, 550 ~ 250°C ¢ CO @RI T KL
7-. Fe F550°C ¢, (321), (432) »EFEEL,
Syt (211), (311 (411, oFr (211), (231),
(441), (210), (310) (410) o4& EA, (111), (110)
HIEL, (100) HixmbESAEB L. FULRK, (321)
WEciTte 2 v a4 ERED, (100) ETidter v
£+ DOBIEFE L. 550°C, 20h okFENEI LT
= ORI L fohy ot Horer®iZ X % & 390°C ¢
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% 70 4 (1984) #1le

Fe FreAR L 7-RF i3 002 xv V& Xz 100, 110 .3
YYERETE7 454V EREBHT, =7/ % &M, 7
=N VERFL T H—-31 FHB WL Fe 218
SAPTHIRE & 722> T\ 7. WALKER 5993 Fe | 400~700
°C ekt s COH, BEKKEORIGH TN, Bk
{ERIAKKRREOFEYST, Hy 2% 20% T KAkT
Btz

Henrv®913 CO p 2z k%5 Fe EoBMTHEREIZ
RNELECLOREMCIHLTHRD Felg X o>T4AL
SHUNEREROBEICKTFT S L U7z, TAvLor!®
{3 Fe, Fe-percarbide, ' x v 1}, Fe-wxvag
FRERENRZRESEBE TH D, 51 FeyO-Fe
A U CGREMEBRREZHBRL, chigBLTa
& va A v EERTEERLTCVS.

4. FROMUEBIVBRREOLE

41 BRMEBIUORBINHRISCEIT 20, Bidg

EZROEBE I AT O T B /EE OB
VP EPD IR TS, S 1ZoT MouTaup!®d) y ¢°
y FISEHRALTINET S & S 120 L BLE 7 n A
Vv r —URPRLTYZ 57 >4 vMuwfETS 2 &,
RIERIC KipLing 139, GILLOTI3) |37 = — 7 o B4 bl
EFRAYHL I L.

KLEMANTASKI |3 S, P %3 & A £ 4A L\~ Cum-
berland ~<=% 1 +} ko CO #=ic BRFENHBOA
Mg LT (ON),, NH; o%h® % 75 L, NH; i3 Fe-
C-N EBEEOREMEMC LB LB L.

S,ﬂ:ﬁ.%lol)lﬂz)’ (CN>103)~105)’ NH3102)~104) @{é)j%bi
LB T e, Berry!3 S, (NH,),SO, o #
FRBEERICDWT, Stz s v a1+ RREL R, 600
C U EThba@athEL, $ic COS nFAMA B~
7z.

GLAUDEY® ItV =FlbFrvSy, P77 o=
—NAFAY T VI EDER I AR TH B LWL,
MouTaup!® i3 Be, Zn M€, F o B EEF - B %)
THHELTWAS.

ZARROCZYMSKIM? B3~ Dk RiF AR E L T
RELT, AR V-A, W OxE, HehrsEo Pt
B¥, S,8b,8e, Te (LA ERET T3, FOb®0
BELREER LTS S BRI .

1969 £ PENWALT?) X b ¥ D S LA MBEAF 2 H
FEZh, KBEHD S, As, Pb, Sb, Bi, Se, Te {b44y,
BHG o Zn {bE&HE V, I BoEHoEEE
B2, S‘kAEoMBEDESELRET L
LT BETRMEEHY, i SI{La&¥% EiEmdc
B3 507, BLBHIRIEA B35 S{bAtk FEIE
HCEET 5H5E"? oK oRFFAHBEIhTh 5.
42 MHEXEAPEORERZE

FLLTH ABRBABEUEZD D SR DO HENRE

Th, FOWONET TCRER IR TWS. o bl
DEDLSIHEFIN LS.

(1) MEW GEIBRLGIMAREGDLET) EAO
BOSHEgg )

(2) EEWMAEROHEY, S XA Ih 5 hE
@ﬁd}ﬁ&ll3)~lls)lw). %%?ﬁi@%%&la)m)lﬂ)lw)_

(3) b ABEELOER YR T 2HEL MKE
AR X 5 ke,

(4) BELIEDE IV A o gh 1.

( 5 ) ﬁm*ﬁ%ﬁ%@%lzﬂ’ BT‘%'J*;‘ZD jj-?‘%su)lzs)lzs)lal) .

(6) (IH)~(3)nHEABbE

(2) DFEIIBRD X 5 CH;E . (3) ORSEB D
ABBIERE S OMEEHE T ShichBAR$10E, o
REMR A REIRTWS. Ti 2 e 1 F120 Ni 4
F120129) Hifiiir F b COEHYR S AL. () HET
3 dpy ORI A 1968 FIZERKE I h, TOREAKR D
BEEC X OTHEIESME, BRAE & B BEHINT
Wh. V= F-BBANC X DBLEGCEE rHG h
TWwb. (3) OFETHEHRIh S DX 3-Dimentional
abrasion P:S0128) CA 5. BRI X O CERT A BILE
HBEOMBIHE G TW5. B Y ABRENERSY
KR ET 5.

5. & B3

RETFHPMRONE, FREEE, » ABBEAEME LD
BAtRE R ~N7e. b AMRIBAEEO KX RERTH 5B
frum2e, - SRR TREE O R O £ E, BIT
Sb, Bi, B yRingf 7z LiC oW TIL R .

REGNOWROEFNRAERE L E 2, SBROME
YR EDVHOMRRBEEL >EDO L S IEBLE L.

(1) b ABREMBEM N B2 RS Loy, S
EL&EOHE.

(2) v ABERAZREOBANENTREBE - oK
Fl, gk O EIREBOWEE.

(3) BEROHE, »ABERKHORHES, X

ORAF D (e AR D BESE.
(4)  FL\VBE T i o BT,
x L7
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