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Effect of P Addition on the Corrosion
Resistance of Steels Before and After Rust
Formation
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Abstract: This paper presents the effect of P addition on the corrosion resistance of steels before and after rust
formation. Electrochemical measurements and surface analysis of P-containing steels (Fe-0.5 mass%
P, Fe-1.0 mass% P, and Fe-1.5 mass% P) were conducted to analyze the contribution of P to their initial
corrosion resistance before rust formation. The results showed that the initial corrosion resistance of the
steel was worse with higher P content. According to the surface analysis conducted by SEM/EDS, more
P-segregations at grain boundaries existed
with higher P content. Based on the results
of polarization measurements, it was con-
sidered that these P-segregation became the
initiation sites of localized corrosion, result-
ing in the decrease in the initial corrosion

F

resistance.

Substrate Rust Resin

Although the initial corrosion resistance was
worse with higher P content, the long-term
corrosion resistance was better with higher
P content. According to the results of atmo-
spheric exposure tests at Miyakojima and the
surface analysis of rust layers, P was incor-
porated into the rust layer, and it promoted
the protective ability against corrosion.

Keywords: P-containing steel; segregation; rust; local-
ized corrosion; polarization; surface analy-
sis; atmospheric exposure test; near-neutral
environment.
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Effect of P Addition on the Corrosion Resistance of Steels Before and After Rust Formation

Chihiro Havyama, Mariko K Apowak1, Yoshiharu MURASE, Hideki KATAYAMA,
Toru HARA, Yuka Hara, Hikari WATANABE, Isao SHITANDA and Masayuki ITAGAKI

1. #E

P (U Y) SN A Eh ARENEAETLEDOO &
DTH B POFAEIZ LD, BEHHFRE O Bk 0 H5 1V A3 4
k322 L RBIAMENTHD, BISKA ISR 2 &,
BEEEPE DI T > REHBEO B 252 RZ$Z &%
ERRE IR TS,

RE OB AR PRI A T, PIZEHADR OIS @
WEARIETLEEZONTWS, PAAETIREN L
AR E Uit 23 20 & B it P & 13 Cu,
Cr, PEEADREHATIIRAEEMTH D, KU RERE
heER I EMNART I E THISN TS, Okada
57 R Misawa 5 * 13, BHIAXKREGE S MMM X
VChEOkEAFAEL, CCREPOP, Cr, BLXUOCuDOESR
HARNT 21FE O EE L L EtEsm ka2 8%
WELTWS, L2L, ZThSDOWZRIEPISIA TCuXCr
LEETAMMAERNRLE L DTHD, HRIZPOAIC
HHLUT, SURORE - ffEtE & POFIEL % ikia L 72
Wz fibh Tk,

72, M OO &S & X VRBOFK L Tk
WIRKE (M) 12k TR, PIX T OB EZEE 2 A
B AAEEMEDS B B0, FEHNEHS k> Tven, PIX
SRR D SR AR 35 ) THRESRZ A SR L 90 e
FTH B, MRHNAEICRED I IR Ok &
BORTWIERMONTED, ZhE T2 LEMTT
DIFEHIEEDOREZFIHZONTE L ORI EE X h T
% 72" Manning 513 "M 2 7 ¥ L 2 PO BELEE T D
M £ 2 A A U, SRS A A % JC R AT 235 88
JEROEMEE 552 L EWELTWS ", Kipper 513P %
0.003-2.5 wt.% & 9 5 Fe-P &R O &1 % &l o1l
KA CHE L, RAOPRTORNNC & & 2Ot

MBETT2ZLaMELTHE"Y, LarL, 26 DA
FITBMBR COBAEIIEH LZEDTH D, Skt
BAIAS HH S 2 RAEBEREREISEWCl 2 &5H T 5%
PERHED pHEREGIZBI L TiE, PEIZ LY & L=2AETCHRD
TRAT AN PRI RIE I 5 BHT B & 2 ke e 5 Ty,
Fkos@En, PR ROREN EZAEITCETH 51
&b 6T, RO & RIRGEBEIZ2 T
KE BB COMEYEIC KT P ORE A QR T
L 72892 filid 7, 2 2 TAZE T, 20 &5 &Y
Wl b RIFGHBZIZ» T TOBEEEHICKITTPOME
EREANCHS T3 Z A HE L, ZROPTHRII
TSRO OB R 2 L & B 5 720, FHE TP
DM IZMCIEEE (0.1 mass% Al) I F - T b 419,
—J7, AWM KIESTPOEEE & IR
T 728, A TP % ZREIZIRNIL 72 Fe-0.5 mass% P, Fe-1.0
mass% P, ¥ & U Fe-1.5 mass% P D —FHEHO A A S,
ZOBEFHEFTRL 72, 9, SCEOFKL T
S A4 6 FH R D it e VE 12 B E§ P DB & A& 5 729,
TIF P 15 00§l 36 3 2 177 12 D W\ TE KL R MIE & 2 1f 047 &
1o7z0 2O, FICEIBME O PR O A B L 550
BOREZEH & OBEMEICEH LTI &1 - 720 72,
CVREOEKAE L S5 H &5 aREMHFOKE 2T %
NI % 728, EE RIS TlRRRO =FEEO R O BHAX
TR G 1T > 720 KABEBIZ KDL 72 & ORg i o
SEM/EPMA 7l & Ehid 5 Z & T, EUDFRIZKIETP
DYBEERL 72,

2. RBRHE

2.1 =H#
ABHZIE, PA0.5, 1.0, 1.5 mass% & 30 Fe-P LR & 4
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7z, SR O L 2B/ A Table 112739, aFHE 1200C
T1REMIOR RS U 22212925 £25°C & CTEUBEAE % 171, 28
w L 7o B $5 & OV T A A I i O Rl Rk 1T 1 SiC
RIS #1200 FT) BLUFA Y EY FR—2 M (1
pum % ) &7 CHmIH: B 72, SEdikEisis L0
ERER AT NI DWW T, LA A Y EY FR—2
MBS, A4 A Y I ) VT EREIEL 72, KA RIS
i, 150 mm X 50 mm X 6 mm OFARIZHIT L 72508 2 F v
720
2-2 #AHOLEHEEHZE

RO & RGBSR B X O RO 5D 720, SEM/
EDSHIE %17 - 72 STAEMI OB AT, SRR DOPD I &
Ot OB, 6 KO BEE - RIERBR % OE B D
SEM/EDS HllIFEIZ1E H 3.2 A T 27 SU5000 %5 & UF Octane Elite
AL, NEBEIZ15.0kV & L7z, SEEDOPO~ 7 0
T SEM/EDS JIFEIZ1E H — LY 7 4 A AurigaLaser % f#
FH L, SEMBISDIEEITIES5 kv, EDS HlE DO NLEE T
150kV & L 7=,
2-3 EMR

LR K ONREGEABRIZ13 10 mM NaCl & 7k &
- ok o BRYE AR (pH 8.0) & Wz, Ry iE- K v RIE
PR IE, 10 mM NaCl % &8 3 5 0.35 M D H;BO, iAE &
10 mM NaCl % &A% 0.075 M D Na,B,0, A A 1RAT 5
ZETIERL 7=,
2-4 BEMT/-KIMBAE

REOIE R % AT 5 720, BEA T 7 — F okl
A FNE L 72, BRI 1.5 cm UG E L, iici3E4s,
SR 13 Ag/AgCI MR (3.33M KC1) % v 72 (BUFAGH
X OB MEE TERIR) . IEIEIZIZ 10 mM NaCl &
H R - R REAREE (pH 8.0) & V72, MIZEISIZE
SALFHEIE > 2 7 24 (HZ-7000, AEFFBT) AFH L, HIE
AN BRREEM OME (104) #f7-72, 2L T, AR
LR ARET S22 AHE LTH Y — FAEE (—1.0
V, 1043) Zir- 728127 7 — FHENCEM Z3R51 L C#)
B ITAR & WE U 7z, AL OFRS 11320 mV min !
L L7z, RO X 25C & U, JEBS CHlE 21T 5 72,
2.5 TEEMHMEAE

Fe-1.5 mass% P A& O BFEBIEEOBELNEFTET 572
8, 0.2 VT80 R HE BAL 5 b & F it L 721412, SEM/EDS
TR ZBIG U =, BaaaR, i, SHEM, I K OER
75 & Do EAE et U 728 7 7 — F il & 6] —
e L7,

Table 1. Chemical compositions of the specimens (mass%).

Specimen C Si Mn P S Cu Ni
Fe-0.5 mass% P <0.01 <0.01 0.0 0.50 <0.01 <0.01 <0.01
Fe-1.0 mass% P <0.01 <0.01 0.03 099 <0.01 0.02 <0.01
Fe-1.5mass% P <0.01 <0.01 0.05 148 <0.01 0.02 <0.01
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2-6 RARAR

Fe-0.5 mass% P, Fe-1.0 mass% P, ¥ & UFFe-1.5 mass% P
TOREBIEEDRAEFBOEN % AT 5 720, RIERR
HAT 5 770 VETRIZIZ2 10 mM NaCl & 7R 7 8 - 7k w7 BRIGE
% (pH 8.0) % FHW 72, 200 pm X 300 pm O FHIK % Bl 5
& U, WIS 3R MIRIE 9 5 i % O G A BHIM SN S: 2 MR
T35 L TRSIEROREREFHIIL 72,
2:7 ARREHR

TR % B HAGE F £ O it Pk 12 B PRI 0D #5288 4 i
$ % 72 8%, Fe-0.5 mass% P, Fe-1.0 mass% P, ¥ & U'Fe-1.5
mass% P& 5 R BHZ L, BERELZ LKL 2, HEX
YWY YT Ay g —Eh R (JbE24°
44, HHE125° 19) I2B W\, FHIA X 45 OEHI1C Tl
BTSN TRE AT 572" B O K% 13150 mm X
50 mm X 6 mm & L 7z,
2-8 IUVEWEDSEMEBELELV EPMA SR

KRB OGR &2 U L, Wi 2 R A % & 5 1CHf
fig & P TR U, SEM/EPMA Il % 17 - 72, BUERATIZIE
PR 2 A 2555 U 72, SEM/EMPA Il 12 13 H AE 7
JXA-8500F Z il L, N#HEFIZ15.0 kv, 70— 78I
100 nA & L 7=,

3. ERERBLVZEE

3-1 HEOLEHEEEHE

SEMGRP OP O EMET 5720, 41+ ¥ 3
V) VBB OFREIZ DWW T SEM #i%% 45 L UVEDS 70T & 17 >
72 Fig.1 12 Fe-0.5 mass% P, Fe-1.0 mass% P, ¥ & FFe-1.5
mass% P @ SEMEZAER 2R3, X TOREHI DOV T,
FE AR I3 HY 100 pm T & - 72, Fig2 (3 Fig.1 & [A] U fHIK
12DV, EDSHIHTIC & 0 P DRI 73 Al & fieht L 72 A5 T
® 5. Fig.2 (a) 12789 Fe-0.5 mass% P T, PO IR 754
B E i 57z, —H, Fig2 (b) & (c) 1Z/RF Fe-1.0
mass% P & Fe-1.5 mass% P CTiX, REITaRT &1, Ko
AEHFIZS Y FIROPDEIRETR (72 affmhr) B#Eg
ENsz, ZO KD A~ o ufmbirid, SbFo RIS
B VIR OEATEMICIRLT A2 TR LZEE LS
nz',

RO~ 7 v @A, PIidEkEAE o SR RIS
BT LTV ERHENTNE ", 20D & &K A
MO MEEHERT 5729, Figl&D & X 5 IC@fsRal
¥ T8 SEMEI%E I KU EDS i & FE i L 72, Z DR %
Fig.31Z/8h§. Fig.3 (a), (c), (e) 1Z/n43@ D, Hf&ok 7 %
BRIk & AT O R & L 72, Fig3 (b) BX U () 1287
& 912, Fe-0.5 mass% P & Fe-1.0 mass% P Tl P Ok 5wt
S WAk » 572, —H, Fig3 () ORITRT LI,
L PEERDL Fe-1.5mass% P TOA, KFIZH-7-P
MBS hiz, Lz > T, $tbhop & ER



ZWNEE, PORRmAT WA 2L E L6015, Sk
FOPEAREROBEMIZIEY, PORAmMAT AR Z 52 &%
Suto and Takezawa'® R Abe 6 P12k > TEHME I TS
ZEn6, ZOMBIERYTHEIEZEZOND, &b, T
TR IEFig2 (b) B KV () Tv o7 uRfHikicALn7:
N FRROPRHTA [~ 2 afffr], Fig3 () THRSNK
FIZ > 7zPlai & [ 2 7 afmtr ] &WEFRd %, Lido~
s afmtiRe 3 7 afmAric iz <, Pkt ez piba
ML TH LT AR EEL 65, LaL, Kif
TR TIE, 2D &5 P LA I EIg &
N>z,

32 NEHOERD R

ABHZ & 15 A D 53 # & SEM/EDS % T3 i
L7z, $XRTORBHIBNT, KE X220 564 pmiEED
ML D AL DAFAE D TERR & 7z, Figd 7 5 Fig612 %
M % #1Fe-0.5 mass% P, Fe-1.0 mass% P, Fe-1.5 mass% P IZ
EGEND A D5 AERZ R LTy %, EDS Al R &
D, WTFhOREHZB W T, TEWA 5130, Mn, SiA
Bt &z, 2OZ Eh b, MEDIEMnE K USiO#EE
B ThdLEZELOND, ZTORBHIDOWT, T
DREX, {, BLOBRICKERENIR WAL
720 72, EDSHMAERN S S i & 512, TEWIZP
EEhTnkhr o7,

C)

Fig. 1. SEM images of (a) Fe-0.5 mass% P, (b) Fe-1.0 mass% P,
and (c) Fe-1.5 mass% P.
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BRI DS U RBTR ORI K (TS PiRmngE

Yo @EiliEs s L O EMBERER» &, A%
IZHEF L 72P 230520 5 1.5 mass% & £ 1L A (KA HI21T,
Pid~v 2 ufmtits KU 7 uftie L THFELES &0
Zehbhrol, v 7 ufEfiiEPEAEED LD Z 1 Fe-1.0
mass% P & Fe-1.5 mass% P CTOAEIZEE &, I 7 afgirix
PEAREDK S L\ Fe-1.5 mass% P TO AR S iz, &
TOMRBHZ BT PLAI O HZHERE & Ny, Tl
Mn¥ KU SiOEAEILMTH DA Z & DENI L H >
2o L7235 T, ZhBiRoE A2 % Hilk§ 5 Z & T,
PO~ 7 afftii KO3 7 affii A& T s
I cEBLELLNS,

3.3 BEMT/—NIEEEORENR

3D DEID NaCl % & T ik pH BREE T O it & 1 & Mok
5720, BiENT J — F oMl & lE Uz, Fig 71
HEAERE R T, 2 TORHI W T, bHEE %S
Y — FERPFHIX N, ZOH%K—0.6526—05VIZH
CHEMARC X ST ) — FERO LARA LN, 2D
BRI—04 VA5 —025 VIZH T T—BRIZH Y — FER
MRl E 7223, —025 VO B BRI T 2 — F
EROADGHIE NIz, —025 V5005 VIZHTT, 7
J — FEROKELE LSRR AN &5, ZOHEN
W2 W GRRRNIEA@HEIL L T3 E2 615, 4
REAGEA 5 0.05 VE TOBEMBEIZE T, &2TORHZD

Fig. 2. EDS maps of P on (a) Fe-0.5 mass% P, (b) Fe-1.0
mass% P, and (c) Fe-1.5 mass% P. The same areas were
observed as Fig. 1. (Online version in color).
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Fig. 3. (a, ¢, ¢) SEM images and (b, d, f) EDS maps of P at higher magnification on (a, b) Fe-0.5 mass% P, (c,d) Fe-1.0 mass% P, and (e,f)
Fe-1.5 mass% P.

2 um 2 um 2 um

ow on o
Fig. 4. SEM image and EDS maps of the inclusion on Fe-0.5 Fig. 5. SEM image and EDS maps of the inclusion on Fe-1.0
mass% P. mass% P.
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foﬁa‘ﬁ}%@b SREBENZALNIE N 572,005 VED
F e BAETIE, RO KL ERsERllE i, 2o
ﬁmL@ﬁL% 13, SRR T O R ERIE B O 78 A IR
5LEAZOND, PEHELIKE Z\ Fe-1.5 mass% P T,
ZOMOFR L IR L Tk D BN CEMMED LA
AHN7z, L72A 5T, Fe-1.5 mass% P i3 Fe-1.0 mass% P X°
Fe-0.5 mass% P & iR U Tt EMESMKWEF L 5N 5,
77, Fe-0.5 mass% P & Fe-1.0 mass% P Tl a0 & & D F4E
BALIZIZ L A BB D 5 72,
34 FEMMBICIIEHERDEERRDAE
Fig. 702 T & if & V2K A 5 72 Fe-1.5 mass% P I

DN

Llow N ow N

Fig. 6. SEM image and EDS maps of the inclusion on Fe-1.5
mass% P. (Online version in color.)

108
| === : Anodic current

o === Cathodic current
S} N Fe-1.5% P -
_é"- N Fe-1.0% P
c 107 ¢ Fe-0.5% P
3
<
o
5 103 ¢
O

109! —= . . - bt L

-1.2 -0.7 -0.2 0.3 0.8

Potential, E/ V vs. SSE

Fig. 7. Potentiodynamic anodic polarization curves in 10 mM
NaCl-containing boric-borate buffer solution at pHS.0.
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RIS U RBTR DI RIEICK(FT PIRINDFE

T, REEORER S % PFET 2 720 @B ElE %
Fhi L7z, 2 DOBED S RERIZ, Fig.7 (B 67 75 fRihHe)
TRIBEEDRENA L NER (0.05V) KD EX, 02

VIZEE LU 72, Fig 8 3B BN MIEED 7/ — FETBDRKE
BT H 5, FIERIE 58 10 k%, IEEREICK
37 /= FBROBRLANDR N, 7/ — FEHRO LA
BALE 2 & 7280%%, i A& e 2 121k U CRUB o & i
SEM #i%2 - EDS Ziffi & FEhE L 7=,

Fig.9 ¥ & UN1013, Fig.8 O & & i 43 # ll 72 % D sl &
ISR L T EREHIZONT, SEM#ﬁ,,\hJ:U‘EDS

IR EAT 5 T2 FER T h 5. BB % OB & I
& 100
IS
&
>
2
@
©
5
‘g 10 ¢
o @ g i i
0 20 40 60 80 100
Time, t/' s

Fig. 8. Change in the anodic current density with time during
the potentiostatic polarization at 0.2 V of Fe-1.5 mass%
P in 10 mM NaCl-containing boric-borate buffer solution
at pHS.0.

— 2 um

-2 um
low

— 2 Um

low

high high
Fig. 9. SEM image and EDS maps of the localized corrosion
area with inclusions on Fe-1.5 mass% P after the
measurement shown in Fig. 8. (Online version in color.)
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Fig9l1Z/n§ & 9 K& & 5 um FEIE O R0 & 28 & B
XN, EDS T OKER, Z DGR, 5 13 EM & D &
EDSik L UMn 3 X7z, Z 2T, Figd» 5 Fig6 I
T KT L 228k 12 i3 Mn B K OSSi DA
AR AEMIAAFAE L T2 Z & 6, Fig9 DRSS &
BZDOED BN EREE LTELZEDEEZ LR
% o FRAAPR IR T E D S B ORMAIZZ D RT
WZEMRALHSN TS 2, Figo DHHRAHIZT S
& Mn & SiOEABRIRDONIEN TH, NaCl & &k
pHER R TIIEEOREIZZ DR T VWEE L5 h 5,
RSO R D IREIES BN A T, @A D
Fe-1.5 mass% P it Hi T3 Fig. 1012789 & 5 il BV E
RO A L BRI N2, Fig IR a0 &
EHEED, BRI O NIEMIZHRT 2 ARG (Mnk &
USi) x> ns6, ZOMEBEWEBIRORE
WIEEE, THEPEEDBEETIIEVWEE L b5, Fig3
T Fe-1.5 mass% P D& @A 1X P DR AmAT A EI% X h
22805, ZOREPIEEIZP ORI FRAT AN & LA
CDTidhEnwWwhrtELONS,
3-5 PRELNABRREDEROEN

RO EL D, PEAED LV CE AN A
T, KAROPRIEIBEREOEEE A0 TE WL
ANz, PIAT A S B ORIT & & 2 RN 2 & 0 P
12789 728, Fe-0.5 mass% P, Fe-1.0 mass% P, ¥ & UFFe-
1.5 mass% PRI OIREIRER 217 - 7z, Z DRI, sk m
@200 pm X 300 um DFEEE & BIGF R & L, sk % 10 mM
NaCl & & 7 - ok & BRIEAEEE (pH 8.0) 12 3 KERIIRIE S

50 ym
high'| low high
Fig. 10. SEM image and EDS maps of the localized corrosion

area without inclusions on Fe-1.5 mass% P after the
measurement shown in Fig. 8. (Online version in color.)

% it O PSS & i35 Z & T, RIS RA

L2 o & sl L 72,

RN BMEE RIS L 2 85 R & Fig 111718 7,
Fig.11 (a) & (b) IZ7R 9 Fe-0.5 mass% P & Fe-1.0 mass% P C
X, RRICIH - 2R RO RBE IBS S h s > 7z, —
757, Fig.11 (c) 12789 Fe-1.5 mass% P Cid, MR EL T
WA ERT D3RR & M7z, FRICTR S TR L T2 R & X
WCAEIT/RLTED, 20X BRICEMR L TR %
SEM THIE L 7245 R % Fig.11 (d) 128 T, SRR ICTE 238
TUBEESIBR L COW AT OB T 5,

Fig. 11 OBEHRERICE D %, BN L TH 5200 um X
300 um OFFADO LKA D 5 B, KA ENFAE L 22RRD
HEEZBH L72EZ A, Fe-0.5 mass% P & Fe-1.0 mass% P C
BRREENRRENE» 5727280 0% & %D, Fe-1.5 mass%
PTIX9.5% Lk 57z, ZDMREH 5, Fe-1.5 mass% P 13 %
DO E g U TR R DI B PEAMEN Z &2 5 T
b5,

Fig3 D & I@MAB SR T, PEAREDR S £ Fe-1.5
mass% P TOAP DR PR (I 27 affmbt) 254 50, Fig.8
72 5 11 DB FlE &R ERER T3, Fe-1.5 mass% P
TOARRIEEDOREN RSNz, DL EOREREIIZT 2
&, Fe-1.5 mass% P CTI3R D P 25T & & D Fig.10 %
Fig.11 (c) D &5 BRABENREL 22O TlE BV »r e
HEhbd, ZO&S BPRITERORNAEESNETRL TV
Z &M, Fig.7 DEFEN 23 H1Z T Fe-1.5 mass% P Ot &k 43
OB L VRSB Ao FHRTH B EELEND, &
¥, Fig. 10D Fe-1.5 mass% P CORRIEREEZ 5N 5
i Ti&, EDS AT OSSR P O BRI BR I hnr - 7z
ZEND, @i L T PIREEPICE Lz D E 2
55, HPERHE O pH IR T PN RS2 & D
) Vg4 XY (HPOS  £7713P0,)7) L LTI LEEE
2oz, ZORIGIZ&DH AR L CEEO R
A LI 54 5 2 &2, PIRITAHE COREIE &R %

(a) = (b)

Fig. 11. (a-c) Optical microscope images of (a) Fe-0.5 mass%
P, (b) Fe-1.0 mass% P, (c) Fe-1.5 mass% P after the
immersion tests in 10 mM NaCl-containing boric-
borate buffer solution at pH8.0. (d) is SEM image of
intergranular corrosion on Fe-1.5 mass% P.



g ZTHHD—D>Tid et PHEhS,
3:-6 WHMEMEPRELOBRM

Y FEDOFEE KD, Fe-1.5 mass% P TIEP DR AT (2
27 afi#r) DI EOEE E 55 Z & MiEMEORNERK T
HBHELEREIN, —T, I amHHICA T, Fig2lom
T LI, RUFZISHH L 728808 D 5 % Fe-1.0 mass% P &
Fe-1.5 mass% P21, /N FIRDPDO~ 7 afmfr & gt &
Nz, SRR O~ 2 afft & BRIEERE TR RS &
DEMELRDRTVWIEAMER TS, LA L, Fig?
O B E R AR T, ~ 7 DT A AL L T 72 Fe-1.0
mass% P & THE L T8 A 5 72 Fe-0.5 mass% P DIt &M
IFEAEFENRAREN L5722 85, RITEDMNTE&
PFTIZP O~ 7 afEiridM B OmEMEICIZE A LS5 LT
WasWeEZ N5, v ufEire I 7 afmbr (R wT)
TZDES ICREEERAEDTGIZE,NH S BHO—D L
LT, RADORENER P HEE KITL T2 RS S
AHNb, Wang 5 DOFZEIZ K % &, EIEOKE SR A RHED
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Fig. 13. SEM image and EPMA maps of the cross-sections of (a-d) Fe-0.5 mass% P, (e-h) Fe-1.5 mass% P after the atmospheric

exposure test at Miyakojima for 5 years.
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