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Effect of Phosphorus in Iron on Formation of Intermediate Phase at Fe/Zn Interface
Yoshitaka Avpacui and Masahivo Arai

Synopsis : The aim of this study is to clarify the effect of P on the microstructure of Al-free galvanized coatings. Fe-0.093wt%P
binary alloy was galvanized using zinc bath without Al It was found that P homogenizes the microstructure of
galvanized coatings. Over a large part of the stereographic triangle extending from the (111) @ corner, where react
diffusion is suppressed compared with that on other Fe planes, the intermetallic layer formed on Fe-P substrates is
thicker than that on Fe substrates. On the Fe planes occupying the remainder of the triangle, the intermetallic layer
on Fe-P is thinner than that on Fe. On Fe P, FeZn,4 (&) crystals randomly orient even on the Fe planes near (111)
« where & crystals are formed heteroepitaxially with respect to underlying Fe substrates. The reason for that the
intermetallic layer on Fe-P planes near (111) « is thicker than that on Fe planes near (111) @ may, therefore, lie in the
grain boundary structure in ¢ crystals. High angle boundaries in € crystals on Fe-P may allow high diffusivity of Zn
toward substrates with eventual formation of thicker intermetallic, whereas low angle & boundaries on Fe planes near
(111) @ suppress the Zn diffusivity, which consequently retards the growth of the intermetallic layer.
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Table 1. Chemical composition of substrates (wt.%).

C Si Mn P S Sol. Al Ti
Pure iron| 0.002 <0.001 0.002 | <0.001 0.001 | <0.001 ] <0.001
Fe-0.09P | 0.001 <0.001 | <0.001 | 0.093 <0.001 | <0.001 | <0.001
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Fig. 1. Galvanizing process.
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Fig. 2. Ellingham diagram showing the comparison between given condition in this study and equilibrium

dissociation pressure of P,Os.




iz 31 5 P,0 O REM #Fig. 2 0= ) U aX 2R
TRRET 3 &, H,/H,0p % & 21/1LUFTP,0:4HI3&TC
SHNBZ LY, REEICS Y A H,/H,OMW  104/1%%
B 5L, TEERCAR L IP,OMIE TR TR T
ANAZLPHEEINS, fEo T, AMETIREMD - 3
BRI ISR ER PO EE L kv 2 L2 ilbit s,
HE, R L IcFe-PAEDEBHK % Auger &0t
DL O IE LIcH, P,OAHZIL U w7y 5 PEE{LH (Fe-
PEAtI# 50 DFE LR bk 512, LD - T,
AP ETHRH T APREERETCHEL T A LIRS,

» o 3 13HEZnis % G T - 12, '
2-3 EERBOTESE

Fe/ZnR1 oW L 12 @b A O MR £ BT E T
SR 45 (SEM) % iV TEE L, KIEOWR BT S 5
5O B R BIEEE e L, PSR IR 2 Ao T8
FAREE A E P BREE L 2o = v F 2 27 HEIX0.05v0l. %6
A Z— RGO, $ 12, KED O EREILEY 2 BET
Bz, REDZNE» HEMTHEM LI, £ DR, Fed
R P HIIT 2720004 v e v X — EHALFRTION) 25
L7z 3 vol. %YaEsER 2 Al 7o KIEh OFe & BRI, K
% 4 > b & — (i) 2700 L7210vol %38 RE A ik T i if
L, Z20EGRPICPETRIE LR 12, —H OO i 2
R L 1e A OMIZEDS (E BEISK VI L Y 74T L
720

3. KBRER

3.1 BEEZKICRIZTIPORE
3+1-1 Fe/Zndhlkiz 31 5 Fekiy &R R KD El &
Fekti BT T 52 P2 Fe/ZnOCi R B SR L ¥ B L
COHRE (LUTFEE L, RRBAPHE LIFS) PRI TY
50, I OB RENTPHL, Fe-Zn& BB LAY DMERR
Lo AFehi ETOARBEOEAI NS I LEHITRE
LTwv3, —J, Fehi i35 5 Fe-ZnEEME{LEHD
HERBEDFekiN L i L TE LD oBa, 128 AR
CPHMRAT L T T b, Fe-Zn&BMALAMOMERE K&
ETERRN LIZPORBEII/NI I LR, L2 T,
2 OHA, Fe-ZnEBEILAO R EF I POREVHO
W BB L T APOMFERBRFeRACEGFEL TV5PD
BUCIRERER CRTT 2Pl Lok 5o, ABIFRICE
CTRPOEBRTEED GV T Eilkd, £
2T, Febi E LRI 3 5 Fe-Zn&@EALAOERK
BOE|A PR LIz Fig. 3 AR OLHOLE # L 124iFe
T O RBEMERT D 5 8B 4 (- R %—>TRT BBk
{bAH (AMC) 340 & Zn () F1) THER & T W % 27, 3 —F
THRTAHGERCELTE Y, 21 FA XV TEIFEEDS
Nzt bFeZn,MHEEL LN EHT S E, K
R/ FEMURTE & CPAT H AN AR AR L Tw 2 2 Ly

39

Fe/ZnfSHECERN - RiZ T Fef OPDYE

coating

substrate

Fig. 3. Heterogeneous formation of intermetallics
in galvannealed coating. (pure iron/450°C X
205%.
Bo AGEREIAK LICAIZFei R E (T T ERTRTEAD) (2
bAER LTV 555, KEIERMNIZAERL Tw5 I LDy
b5, ZDERIIFe-Zn BB L MO ERE I LY 5 Fe
KR ETOERBOEIAYV KON T BIRERT (K
B ELERELTC3 30 EFH 2 6N, Link Meshii?®
L FE LT3, LT, EHROKRCHTT 5
P»Fe/ZnE O RGHEECEEI R S LB P RIET I LEL
LD LTI N A, 361, EREKRTHENILZL I LG,
VAR - S EATORENERE PRI ERL TN L
DRER S NI, AFFR TSR & T 5 PIRBINCEEL T
CARLDTHB LHEmIND,
3-1-2  $ZnBifk & Fe- PO KIGHHECES)

SR D - 5 L 72#liFe F O KA (Fig. 4 (a)) &, 4L
Lo TARE—THE I EWrh b, OEFEFRED (©
3, HEROFSDRBENCEmM L TU 3L E 5 X AL
L TeAEsds I LtERLTHY, KERKOBE
TR 6 1172 4RO A —PE RS fh O BLrafE & BIR T
52 LERFE®LTY S, 7, Fe-PA& b (d) Tl EBEAHRE
BB—ThHrI Lo s, 2OEERE (L, 2HEIZD
72 THERARD R /G L TAER L T3 2 L &Z7RL
Txy, EEROBETH LML L TBREsR L
RS L T 5, HotRES SIS, XEREIPFZ & b FeZn,, (E)4H
Thasr I tEMERELI

#iFe(Fig. 5 (a)) 3 & UFe-P&4% (Fig. 5 (b)) (31 5 K
FEOWHOMBEO iR & b, #iFeT X ERE LAY DIEE
B3, AR/ BB BRI AT e G, B B ERATH 5 DI
wtL T, Fe-PAETRER-ZIOTEBEIRULETHE I LW
b 5, Fig. 5 (2) OFEM(RTART) TIAHSRAS dh 2 BLAIEC
H LT3 ERAS SO R’ 5 kiem L Tv 3)
DL, L) Tiiemt SRS o 0T, 2
HMOEAL L R L T, &BRHILEMOMEEYF -, —7,
Fe-PA4 LTI EIBRAL A, BB/ FEMCRE & FAT Jim
2, AR L Ty 3 (Fig.5 (D) 2 EVREBTH B, %
DFe-PA&E Fiog— AR L2 EL AL, MiFett D
MDA (Fig. 5 (a)L) Ll T 2 L, <, #Fetf DA
HOIWAL(R) LIk T 2 L, HoZ Edtbh b,

261 .




N 282 &5 & $BVol. 84(1998)No. 4

Fig. 4. Microstructures of intermetallics formed in Al-free galvanized coatings (zinc bath ; Al-free)
(a)-(c)pure iron (d) (e) Fe-0.093P alloy,

(b) (¢c) and (e) are close-up views of {(a) and (d), respectively.
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Fig. 5. Cross sectional SEM micrographs showing intermetallic phases formed in Al-free galvanized coatings.
Substrate ; (a)pure iron (b)Fe-0.093P alloy.
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Fig. 6. Schematic representation showing the effect of phosphorous in substrates on coating microstructures.
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Fig. 7. Schematic illustration showing the effects of grain boundary structures in ¢ phase as well as phosphorous

in substrates on diffusivity of zinc.
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