1582 % L M

% 72 4 (1986) #10%

RURIBRENHTBHTTARTN Y

X

WIKRFBHER D 0 A BIENTEER LUK DH &

© 1986 ISIJ

i JERIC R ETHT P OB

HE WBHE™ - ZH

VANV > S

WHE R - AL R

Effect of Phosphorus on Phosphatability and Perforation
Corrosion Resistance of Ultra-low Carbon Steel Sheet

Kenji TakAO, Akira YASUDA, Shigeru KoBAvAsH],

Toshio IcHIDA and Toshio IRIE

Synopsis :

The influence of phosphorus on both the phosphatability and perforation corrosion resistance of ultra
low—carbon Al-killed steel sheets were investigated. Results are summarized as follows;
(1) Phosphorus in ultra low—carbon steel sheets was beneficial in refining the grain and increasing the

coverage arca of a phosphate layer on the steel surface.

has excellent phosphatability.

(2) Phosphorus in steel accelerated the pickling rate of the steel in acid solutions.

The steel sheet containing 0.07 wt%, phosphorus

The rest potential

of P—containing steels in a zinc phosphating bath moved to noble direction more rapidly than the steels

without phosphorus.
layer than that of the latter.

This fact means that the former shows the higher formation rate of the phosphate
The effect is possibly caused by the depolarization due to phosphorus in steel.

(3) The increase in the phosphorus content of steel reduced the weight loss of both bare cold-rolled

steel sheets and phosphated ones in cyclic corrosion tests.

perforation corrosion resistance.

The addition of phosphorus to steel improved

This effect was more pronounced in phosphated steel sheets.

(4) Phosphorus in steel also improved perforation corrosion resistance after painting.
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BoORE IFIZh A EAERIh T v B ET,

Karcor B P OB X b h AMIEREOHE
RIMETTHEMEL TS, LaLkdb, Thbix
WL CEAL 0.01 wt%~0.05 wt%y FREED(ER
FEE-T s Lo ThHhoT, W C Bas 0.002wti~
0.003 wt% T, #IERB~ O RHlilpTHRO KRR E
D AT\ MBE R R MG SESE A I s\ TERFR P23 h AR
HAE MR X O AT S 2 5 B O\W TOHEFIL
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2. 2 B A &

2-1 HteH

D AFRYEALTE M > BB A LB RRIL RS %,
Table 1 1R U7, BT P 44 5% 0.01, 0.04,
0.07 wt% & 3 k#EZ L X427, C:0.002wt%, Nb:

B 60 44 AXSHEARLSKTRE BM 60 £ 10 5 21 AZ A (Received Oct. 21, 1985)
* )18 Bgk (k) 48T %277 (Iron & Steel Research Laboratories, Kawasaki Steel Corp., 1

Kawasaki-cho Chiba 260)

k2 )| BUgk (BR) & MBF e Efe (Iron & Steel Research Laboratories, Kawasaki Steel Corp.)
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Table 1. Chemical compositions of samples

(wWt%) 1.

C Si Mn P Al Nb N

0. 0046
0. 0038
0. 0039

0.002 | 0.028 | 0.14 | 0.013 | 0.008 | 0.010

B 0.002 | 0.023 | 0.14 | 0.039 | 0.017 | 0.009

0.002 | 0.029 | 0.14 | 0.074 | 0.010 | 0.010

830°Cx40sec

Fig. 1. Annealing condition.

Table 2. Chemical compositions of samples

(wt%) 1.

C Si Mn P Al Nb N

Extralow C 0.003 | 0.010 | 0.21 | 0.011 | 0.065 | 0.017 | 0. 0014

Extralow C-P| 0.003 | 0.017 | 0.19 | 0.067 | 0.075 | 0.027 ] 0. 0029

0.0l wt%, ORBRERET7TLVIFAL VR THY, £E
B KZEERE - 2WHEE (RE 30 mm) - {4 RFEIE
(R EE 1250°C, BGE(E BREE 880°C, 3 <2, f{f
EHRE 3.5mm) - FHEEEEEYE - A HIELE (H/E 0.7 mm) .
BERBEL Ik, Fig. 1 R U cHikpestz A8
TE LB A 7 VTR T, REBCE L.

Fi, MADZERMARM L LT3, Table 2 /R
L7chsr o HRIE 0.8 mm o Fi 4 HESRMR B A Wt bt %
PSR e Lic.

2:2 hARBRNE

D ABIEABEIRTHER O ClO; RABKE (HAXA v b
(B #8175 » »+ SD2000N-1) » i\, BEECX
DfTof. AIAME L LT, BifE (Vv FY v 200To, 53
°C, 2min A7 L —)—>KPE (20°C, 30s 27/ v —)>FE
A% (20°C, 20s 27" v —) %7\, b ABEARES
LT, 1) uBRFOHRMSRE 2) REFRE
3) MEEMAYELIRET, »ABRELEERD Y ABRE
PRS2 SR EEERERE LY, D ARRIEALER 10 ml
% 0.1N NaOH CHE Lich, FKEETETS
B (co) Thh, BWhoHEHD ) ABEEXRTETH
b. REBICE T, BHhOEERE © F%ki: NaOH
BREHRMTHZ LR LTI, ARRTHER LK

W TORMERBEX, PH L —FBOCHIEL, KAD X
5 IeBAERASER b 3T 0T
pH=2.93—-0.491 nFA
FA : IR E (co)

¥, (RERIE NaNO, ¢ThH by, h ABEAEK 70ml
Y, e t—x —hCiiial, ALT I VERE 3g
Mz T, BELKE N #2E (c0) HREFNRE (o)
&Lt
2:3 D AREIE R RS ST 4

D ABBEAERO ) AR B IHE, 1) X8
EI$FC X % P it (Phosphophyllite ¢ (100) 1H & Ho-
peite o (020) EOXHE ©— 7HEH) OREY, 2)
EHEMETEMEE SEM) X 24 RBZER JOW
HESREORE, 3) BRELEREEC X 2 HERD
WED & X v 172k, BEETEREEREL, KX
BB, pH 12 o NaOH XKE®® & S\ T, Re%
BEEMID 480s/V oxEHEEET, »V—FoBEY
fFus, —600mV (vs. S. C. E) OB CEHED » AER
EREEHER» DN 2 EMEEXWE TS Z LI X
DfTote. i, h ABBAEBRS (EEERE 1.0) ©
{RHEX] NaNO, oFmE 2 b 3w TH ARBIELE*1T
DfckED, MREMO AREBEMOBRELLREL
7.
2:4 MBEORBAANSRORBTBERE

BEMBOMINERB ORI H RO TLRSME L O RHHA
BROMBKRB~ORETHE %, ARL HE2KA
*VEBOERE IMMA) 2 HWCHRIE L .

¥, B CoOR oY Y FHET 5 fodie, 60
°C 1N HCl % 10 min $@iE % B8 L - B OB
BWEXIEL .
2-5 WADHEERMETME

BIEGRI S X OV ) ABMEAEMIK O/ D X B & M
13, Fig. 2 WRLIz% 1 2 VEARRE (CCTL) 30 +
A7 VED BAREREC LY B L. ik, DA
BRIE ARSI D —3i1, HE O » F4 vEEHFER (2v
—1+ o7 U380 Zu A : HEASA VY FBEE) kb

CCT| Cycle:
SST (50°C ) —»Dry(70°C) —e Dip (50°C. 5%NaCl) -»Dry (20°C)
17hr 3nr 2nhr anr
CCTH Cycle :

Dip (50°C,5%NaCt) —= Dry (70°C) —=Dry(20°C) —= HT
2hr 2hr 2nr a2hr

Fig. 2. The schematic diagram of cyclic
corrosion tests.
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Fig. 3. Effect of phosphorus in steels on phos-
phatability for zinc phosphate solutions with dif-
ferent free-acid values.

20 pm DEHEBFE XML, 180°C T 20 min B 1T 7
#, Wy E—F A7 TAZS5 5 % Ah, Fig. 2 &R
Uiy 7 VERRR (CCT2) wfit L 7z. CCT2 90
FAINERDA T 5 o FEOBRIRERAEXREL,
BHEBROMIN D X A& P L 1.

3. R B K B

3-1 »ARIENIEY

Fig. 3 1z, b ABREAERS O REFBELY —TC
U, GERRELEXICRD, »ABELE 120s Hofk
- P H - FTHIRE RS & O BRETEREEL R
Uic. WEERREE2S 0.7 3 X0 1.0 OB, WFhoiik
EHPHBIVCHWERIRF Th 5. HHEMES 1.2
LB en L, 0.0l wty PYRISAOBIER, PO
THEIVBEELEREEDOE LV AR AL, ¥
72, WTEROSIRKIEOWT S, EHRENEL bRt
OTH BRI L, » ARG KT 5

HMAHB. DX, hAMEREEEI, »ABRE
IMEBVR O EHEAR T X DR MELYZIT 5.

LisLieni b, P4 0.04wty U EEE T5
SN, WEEEEERESS 1.2 o3 TAE L Ch, P ol
TREEBROBATA SR, ¥z, HHERED,
SR PEBEEOHIMCH NS S, Tibh, PEHM
iz, BiFleh ABRERIEDE S bR &ML
v,

Photo. 1 i, b AFRIEAE 10s £, HHID AR
$Egho SEM BEE%7R L1z, 0.01 wt% P ¥imsm - 0.07
wt% P ERhngl & b, EREAEE 0.8 - (REFIRE 1.5
DEMETCAB L= ik, BEERE 1.0 - (EEFIRE
1.0 o & L B LTI GRED %\ Thebb, )
AR 31 B SO N L, AEIE O
BEYEL, REFIBEXES TAHZ LR IVEESL
5. i, WP PEOEVICY DD ABREAER YRS
L, MBPEDEHHDODOHIHTHEES B2 L . §F
w, WHEEEREE 1.0 - (RAEFIEE 1.0 0T, PRRCX
BENAEZL. & O FEHETFT, 0.01wty P yRimgis
0.3 x 104/mm? & H7 HifE B BIRIC IR § 5 D H L,
0.07 wt% P ¥ingliz 4.7x104/mmz L 0.01 wt% P
TRONER % WERERR TS 0.8 - fRAERIIRE 1.5 THOE L ohy
(5.7x104/mm?) & RSO MBI DTS, Tigb

b, P PHREETAIER LD, b ABREAETH
R DEEOMHEAMEE IR T3S,
1 1 1 1 1
41 @® 0.01%P -
O 0.07%P
T 3t -
.
g s
H »
2 7 _
g d
s | /f
/
1~d/ =
/
L | ] | |
0 10 30 60 90 120

phosphating time (sec)

FA 1.0 AC1.0
Fig. 4. Changes in coating weight with
phosphating time.
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Solution
a:FA1.0 A4 1.0
b :F40.8 A4c 1.5
c:F41.0 Ac 1.0
d:FA0.8 4 1.5

Photo. 1.
for 10s in zinc phosphate solutions.

Fig. 4w, #@mE 1.0 - REFIRE 1.0 o0=G
T\, AEBMEE X RO ABEREOERE
RS b AR L. 0.01 wty P ¥RingRo R IEEE M8
B FTIe, 90s BELTCWADORFL, 0.07wty P
winglix 60s o CrEfL, b AREAEVC )
5 RIS E. SEM BZc X 5 L, WIS
¥oys 0.07wty P gz, SEEEDHEL, 4
B 120s e\ vTdh, 0.01 wty P RSB &
LT, bBECHEALERI B TCn%. DFEDh, b
ABEBABOIIC ST % 0 ABEAROFH e X o
T, 120s D h AMEBEREOHENRE X h T\ 5.
3.2 DARBENEDOBABEEUREEL

b ABREAEE T COMKER B AREBRBEN ORERE
fbo—fe LT, REFIERMOBHTCOEMELDH
EkERY, Fig. 5 WRLi:. BEE®EY b HEFE
THeoh, BREBEMITIE LS. T0%, v—7
Pz, BAELEVEELHA~ERTS. LT,
BAUORBIBEHAANOBIHRI Dk, BAMOERR
NERLRhD. AUBIR~ORE» D, BAIEFRANLE
FENEBT A -7 FTCRBELULRRE (©— 2733

Specimen
0.01%P-steel
0.01%P-steel
0.07% P-steel
0.07%P-steel

Scanning electron micrographs of zinc phosphate on steel after dipping

Number of crystals
0.3X104/mm?
5.7x104/mm?
4.7x104/mm?
7.2X104/mm?
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Fig. 5. Change in potential at steel with

phosphating time.
BRRS) A HET B L, 0.07wty P Wins@i: 60s &,
0.0l wt% P ¥smm#o 90s & H-~XTH\. Fig. 6 i,
AFHEFOREFBELE XL RO, ©— 7 B ZERHRY
R LUTc. RAEFIGIMEZMT DT, ©— 2 FE
BERIAE L 7o B, 4o, 0.01wty P Fimg@e 0.07 wt
% P WD € — 7 FEEHEOZZ, (REFREHIVE
WHEIRTHEETH Y, REFARMEL T 52T
xS,
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t
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Time
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o
1

o] 0.5 1.0 1.8

Accelerant p.t (cc)
T.P: Transfer point on potential
Fig. 6. Relationship between time to

T.P and accelerant p.t.

0.01%P 0.07%P
X Fe
o Mn
2 o P
[~]
G A
B8
<
A si
4
B 1 1 1
20 30

(o] 10 20 300 10
Sputtering time (min)

Fig. 7. Depth profiles of the secondary ion
intensity on the steel surface after annealing.

3-3 MIRF|ESFM

Fig. 71, IMMA & X 5 #80BHOMERED Fe,
C, Mn, Si 5XOPOEIFH O HAikRLIE. WT
NOM DL, MPILREOKEBILBIIED ThI . %
7o, $rR PRI X 5 EMBIREOZIIZED b,
Fig. 8 &, Bilfg - K¥E#E, LHEABRKCRE S hiz
SEBO IMMA X2z Ti, Na 5 L0 POEXS
FD Nk Lic. 0.0l wt% P ¥ - 0.07 wtgy P
wingh e b, MRERBC Ti, Na 5 L O'PoELENE
£L, FHABLBL IV ZhLOTLENRE L T
5. Ft, PHMEO#RVICYS Ti, Nak LOPoR
HIREBIC T A DR,

Fig. 9 1, IN HCI 60°C dnz 10 min @8 L 70
D, WROBEREDMERLRL R L. PO PER
BSINT 5o TC, BEREIHEAT 5. Tkb

Intensity

Sputtering time (min)
Fig. 8. Depth profiles of the secondary ion
intensity on the steel surface after dipping in
the solution for chemical activation.

IIN Il-lC!.l 6?’0 I10min
T

.TE‘ — -
-
3 301 -~
2
E - _
=
(]
=
20— -
J& | 1 | ! 1 ) 1
0 002 0.04 006
P (wt %)
60°C X 10min

Fig. 9. Effect of phosphorus in steel on pickling
weight loss in 1IN HCI solution.

H, MR PSS FAET D 21X, MIROBYE RN A
B 5 R b 0.
34 MADHEXWAMCRIITEFPOEE
Fig. 10 &, HEMK: XU 0 A BRENEERIE ©
CCTI1 30 +1 2 v o BREBEE%, Photo. 2 1=
CCT RS L eSO BEER/R L. DIERIE -
D ABREMIBEN & e, 0.07 wty P IR0 &R
BiEXA7<, Wb PHRIMC X AR D X BREHES
RBGB BRIz Fie, WEMEKRK S v ARG % H
B33 L, b ABEBMESEROGTH, WMdEERER
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I J CCTh 90 n=4

- :
- § sof- ! § -
< ry 5 iOuntreated s | _
> i & | Mox
-~ 1@ phosphated A ﬁ\
i £
H ~ 0.4— -~
(] .
8 ' g \
: i \\\ ; 5| |Aw __
' : L] — —
v -§' : 3 e / \
g B 1),
[ 2]
v : H g 0.2 / -
8 20f- ! ; _ : 22 ;f
T i | L L5 \
0 0.10 — / % -
P (Wi%) 3 7 ;ﬁ
°
CCT! 30 cycles = % é
Fig. 10. Effect of phosphorus in steel on weight o % 4
loss in both bare cold-rolled steel sheets and 0.01%P| 0.07%P

phosphated ones through cyclic corrosion tests. CCT2 90 eyeles

Fig. 11. Effect of phosphorus in steel on thickness
reduction of painted steel sheets in cyclic corrosion

tests.
&
‘ Bhs. fic, 0.07wig P EEMEE, b ARG
! DD ERRKUFELFE CTH Y, WHPHEINC IS

D AR ERESR L, KMo X HAEEK
ZHEY, HEHCHER TV,

Fig. 11 &, 54 vBEHEEKRD CCT2 90 1 7
AEDA TS5y FIBORERIEL R L7z, 0.07wti
P ISR ML AMER, 0.01 wty P Fingl L » 4
7, BEBOMPEITOWTHMF PHRINC X S5
EBARMIED RS L LRI

4. & =

WD » AFREAEM T, #MiEBORBCH BE
HFTLHENAbLR TGS, B, PEm#icoLT
2, BEAOFEST ML OREM AT L, Wik
ERBC PARCHOT L, » ABBENERD AR
WORBREELHETS LHEIh WY, E7, @
WFEEDO Mn BR{Liit v ABENEN » KELY, 7
57 54 PO THELET S Cikh ABEAEMEY S
¥BHEVbh5®. Fig. 5 T n, d#ghEsio X 5 7ok
gt S h BB R FH D P, C 3 X0° Mn OKH
BACRBIED TN, #irhPRICX S ) AREAHEY

DEDOFREIZE 2L .
a, b : Cold rolled steel sheet Fi, b A@ﬁﬁﬂ%@%ﬁ%gﬁﬁé%@ﬁﬁﬁ%
¢, d :Phosphated steel sheet .
a, ¢ :0.01% P steel ~D Ti OWEFIREEZ X 2T, #ifD b ABEIE R M
b, d:0.07% P steel . . _
COT1 30 cycles KEEHEINDC LHBRE SR T 59, Fig 6 R
Photo. 2. Results of cyclic corrosion tests. L-X 5, 0.01wt% P wingie 0.07wty P ghn
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W& oz, Ti, Na 5L 0P ORERECEIZL LR
T, Wh PoBEC X B ) ABBAEMEEDRE, &
HRBETR IR ERFEOEEC IO TE L L DT
72 <, D AR 31 5 IR O Rt D i
BRTS EHRIND.

h ABREAIER G, pH 3.0 B0 h ABENEYS
W TOROEMIG(3), (4)&, Thietks R
o pH ERE Fe2r oiinic & % b ABREESITFHE
Ja(3), (6)XvEbiro.

H,PO,~H* 4+ H,PO,-

¥R 2H* +2-—>H, 1

Fe—>Fe?t 42~ (77— F)
- 2Zn2+ 4 Fe?+ +2H,PO,- +4H,0O
—Zn,Fe (PO,) 5+ 4H,O +4H* e ovvvvvvine (5)
Phosphophyllite
3Zn2+ + 2H,PO,~ 4-4H,O
—Zny(PO,) ,-4H,0+ 4H +
Hopeite

h ABBERIER R ZE %, Fig. 5 KRl 1 HRER
BAORENEITE 2 THhB. WMy b ARRENER
NRELLCEENDS, SoBRMIG(3), (4)& 0 AR
EREBITHEIG(5), (6)p8 X 5. LiaLidib, b
ABBEAMETIHC 5\ i, KIB(3), (4) 23 RE(5),
(6) % EEZ e, HABBEMIE L K 5. + 0
%, v ABRERRITEENEL Y, @RLED D ARE
BEOHBRN ERT 57001, BAUL LEWVK B
EBMTE. oFh, BEILEMIED LEA~LT
5ETO Y — 7 BEBRL, »ABELBIHCKET S
MO BRI KT A 5RO LT 2 &R3. #Bd
DR NaNO, Rk DFIETKREA A v 2 HEL,
DML RET HEBIFAELRTE VbR,

INO,- +4H* + Fe—»>2NO + 2H,0+ Fez+ -.-(7)

NO,- +8H* +3Fe—>NH,* + 2H,0+ 3Fez+ .. (8)

2NO,- +8H* + 3Fe—N,+4H,0+ 3Fez+ -..(9)
Fig. 7 X b, WhOREFII N T 22T, ©—
7 FIZERENIEL o b, BPRORERIT Y ABER D
BEEEED LGRS B Eavbrns. Fiz, 0.01
wt% P ysingi & 0.07 wt?% P yinglo v — 7 FEREH
DEXEETS L, 0.07wty P iEmilo HSnfEl, P
FIMC X h BECEENEE S, 20X, EREFEE
BCHEETHY, PHRMEIREFIBEOCHELYZTC
v SR P, b ABREALERIA O R AER & RIEOK
A BILTWEEELLRS.

b P oA, B CoOMOKFRBEE X KT
LBERBDHZEPHBRTHBEY. DFDh, b ARRE

EHERL, AR

|
2
= ExtralowC-P
I
‘} Extra
lowC 2
o
2t A t
Deposition % ]
pH 3
»
LowFA — -
o
B
-
° ° 4 o °,, © S
2
- ° ° o ©f |%e0° 4
o HighFA Phosphate nuclei

Fig. 12. Schematic diagram for explaining the
phosphatability difference between extra-low C
steel with P and that of without P.

B, G307 7 — FRIGERE T 5. = D &
B, MOBREEEIMEE IS,

Fig. 12 w, b AFBEALIRIE th oD W EEER I D ISR X
OSlsR PER BN X 5 b ABRYE TR Mo ) ke
h ABREEEIIIC K1 5
- A E O pH BlexE2 5L, WbPaAH
BO%H WIS L, RETOKEASF v O
oL\, pH EREIKEL, LTOFKE, AR
BRERDERBEBCILB.

Fi, D ABERW AR RT BB ) ABREN
BRIGCRETEEYE2 D &, HHRBEOR\ B
BRAIEL, L2 o, @R-BRAmEEcss
%5 pH EROIEIZAZ V. LHLikdb, b ABRERS
AT pH £ T pH OENAKE IO, » ABE
HaoWHB» i, —F, BEBEIME I F T
X, SBMEMEAME o b7 pH ERIE L /NI,
i pH £ <o pH oENDARWVIEDI, b ABRERS
BOERBBER TS,

D ABRIERE S, RIREEORHE AT v~ v LD
WAL HT T 5. RELETH ABRERSIER LT
WIS, R Lo Tt RTF v e A F vy TOESR
BAEBAE L UTHESCEI e, BT &S &
BlichEEZLBLRA.

R P 3s X U0 b ABRSEALER YA b D B EERR EE AR © b
ABEMBERCRIE TR, ok 5T, P
WOINERIL DS % EEHER R - (RIREFIRE D B
RICB VT, S ESOBBRIENE DR, ) A
R S R BN B LR IR S,

T, S PRBRELKIGHEEC e hHEIET
CRTHMOREBRCK L THFHRREL b OTLHEE L
THBLRTWBY., AFBRICK\TH, PEHMAo CCT
BOBAEBERID L, BERZMIDCH VT PEHM
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X ARSI RIED B,

5. #&

TR R FMIR D b ABREAIEM: 3 X O /D X EEN
CRIETHF P OBEB OWTKRE L, UToMmEREE
7z

i

(1) v ABENEE PO BRI s X OE EFIRE
B0 ABEABRRISC R E EERYRIEL, B0
BENEL, REFBEMES LB LR IVFTHDA
B SEBA L, AEED ) AR KR, S
T5. BhOBHRELERL, REFBEY EF5Z
LRI HEINS.

(2) BERBSMTCPEZEBEMTHIERLID, DA
BRI AIB IO b ABER SR HENL, At
D ABEMESORFTEENEE Y, b ABEAEEIE
ENBENB.

(3) WERZMICESEMMI, P PEFRECX
LIMPTEORBERIL,A Do\, F, » ARELE
B i X h % KRB E O MR RE R E TR
ENZ LR b ABBEAEKEOET, b ABREL
BRI A RIGHEOECERT S LR INS.
(4) @ PoOFER, BPCRT SMOMEHLEY

mHH. i, hARBAEGCRER S LTHRMES
h % NaNO, & FgEDEBERERT. BIERRMKO
b PEMINC X % b ABEAEMBES R, ZoR
BHRCIZIDEEZ LIRS,

(5) @WPPHRINCLY, WA ZEEEIBZESL
5. BT, ZOHRIY ARBABROMTCHEE TH
. Eilo, 54 vEEREROBRCKTH, M+
PARIMC I 5RAROMBENRALNRS.
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