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Extraction and Determination of Fe-M (M=Ti, Nb, or Mo)
Phosphides in Steel
Yoshiko FUNAHASHI,
Sen—ichi HARIMAYA and Akira YASUDA
Synopsis:

Electrolysis method for extracting phosphides in Fe-P-M (M: Ti, Nb, or Mo) ternary alloys has been
investigated. ‘The experimental results obtained were as follows;
(1) Solute P in steel is anodically oxidized by electrolysis, and reacts with ferrous ion and ion of alloying

element to form Fe-P-M-O type compound insoluble in non-aquous electrolyte.

This compound is pro—

duced in large quantities in 109, acetylacetone-1%, tetramethylammoniumchloride-methanol, 49, meth-
ylsalicylate—0.5%, salicylic acid-19, tetramethylammoniumchloride-methanol and 59 HCIl-methanol,
and gives positive error to the analytical results of P as phosphide.

(2) By use of 209 calciumsalicylate-0.59%, salicylic acid-19%, LiCl-methanol solution (termed 20%
CaSA electrolyte), developed in this study, formation of Fe-P-M—O type compound can advantageously be

prevented.

(3) FeMoP, FeNbP and FeTiP are found in Fe-Mo-P, Fe-Nb-P and Fe-Ti-P ternary alloys, respec—
tively. These phosphides are found to be chemically stable in 209 CaSA electrolyte and to be quanti-

tatively extracted, by controlled—current electrolysis.

(4) Tt is proved that cold-work embrittlement in extra—low carbon titanium-added steel can be im-
proved by decreasing the amount of solute P in the steel.
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REMRC L 5 BEADO fcE2xBb. Lo,
Rz Rt 5 PoFEREC OWTIE, WE R ES

il

%<, Mo EEYE F LEEROHRR, ToefTh
TV ORERTH .

ABE TR, @R PORBHVSTEE LTEREYH
BT o At o BEER T 5 kR RA LI
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AR & WE3E)

(2) 10% 717wt v-1% FrF 2507 v
T=varwsfF-2%2,—1 (LF, 10%AA RAE
FRWE L BEED)

(3) 4% V=R xF1-1% VU FAFE-1% F
FFAFANT VEZGATIRTA -4 &)= (LIF,
4%MS REMI L EED)

(4) 5% vV =x,)—nT73iv-1% TS50
TveE=vAZRIAN-2%,—1 (UTF, 5%TEA
F BRI &R

(5) 0.5N Hfp-»2% /-1

(6) Na,0,-LiBO, R ARIFID ; Na,O, (2 1 7 #15)
& LiBO,(Fu)lE bt ®l) »EREE 1: 1 TRALL
H D

(7) Cu; v7 x5y, 788,
& —300 mesh.

(8) Hsn; AARBIApEHE, HREER, KE —60
~ -+ 200 mesh.

THBRED YL, FUFABALYY AL — K&
%, FOMORFITTNCEMREFER L.

2-2 RREERUHREAE

(1) EEM - ERWEMEE ; VIS (E 7T, VE-8
pivl

(2)

(3)

MIEE 99.99%, K

MERF; A+ 55—, ME-30 %I
FPGes LT, 4335 R

(4) YEREET; BEREIER, UV-150 &

(5) BAERFEREET S ARSI HINER : B
EELER, 1ICPS-100V,

(6) gHIBILE ; BAL K, 10mmé KT 20 mmé
(7) hEs:; BHPES, P18 &, &K 20t
2-3 REEH

B B e A RIE TS U 7 10 kg $RBR & HEH i —
&L, FOEO PRFHZEIBRL %, BEEELT
I8mm [Eov— b AA—%fER L. ZOY— =X
H 18mmx18mmx50mm oOFEXTHHL, “h%
B L C 16 mme x 50 mm AR R A FEB L 7.
Tabl 1 il bR AR L. Fh, kT

Table 1. Chemical composition

fd 1200°C, 24 hjn#eam OBREILALE % 1 L, 700
°C~1100°C p&REE 100h LT, » ASEir
HXegrhobas L.

2-4 SMHTIRAE

h AALB Do) R R S DAL T K IC OV T,
B AL E AT TR EREIT O OPTHEIEL RO X
Swpdie.

(1) BB HE ; WAL EZFTED BRI X>T
EBMERIIIERBREMEL, Pl LD
BAREHEBILEL, FA<vT 4 & — (47 mmg, L,
87 0.2pm) ¥HAWTI LA THETS.

(2) BMERIBOPOTEER;2.4(1)THEL LB
EE7 4 —EHICAES DT AR, 700°0CC1h
BRI T B, BH%, Na0,-LiBO, BARF 2 g T
mEGERRT 5. @Az, H,SO,(1+49)50ml T #h H
L, 100ml px273522BLAR, KTERET
o5, COoRBBK LY —EEXITL, BEORKOR
BEY 175N CHlfiLi-0b, fite Y52 vET-%
Y 7T VEREKREEC I OTC PR ERTS.

¥, BIdc Cu 2EFET BT, Bige VoY
VBIT-E) 7T VEBREEERC L S P ERY IiE
TH5DT, Fi, FA—RAMNBKLY Nb ¥ ERTIHE
wit, Nb Dpnksi@abh i, BREORBY X H
BB (20%) 15ml } HCI(1+1)25ml CHEML, K%
Mz CIEM 100ml r Licob, SRABEFESET S
A= R HOWEBEZRACTPEER L (W
178.29 nm).

3. REBERRMUER

3.1 BRICBITZIERP O%E

BFEMEE TR, Fe <tV 7 AROEBKRSL,
<Yy 2 ADRBICHE, BREKPBRL, BRE
THVHMEO RN, FEMERILLTHEIhD LY
FHEEILTWS. &T752 12, BRECIOTHEHFDIA
e o rhiB RS, EERRERE TR T
% & HIgECER Lic P A% “FePOy @ X 5 I /Nty
B 2L, ZhHPBIPCEALTY ALY ERHE

of steel samples. (% in steel)

Sample C Si Mn P S Sol. Al N (o] Mo Nb Ti
PB 0.021 0,22 0.035 1.7 < 0,001 0.015 0. 0022 0. 0039 — —_ —
PM 0.013 0. 036 0.003 0. 46 < 0.001 0.023 0. 0009 0, 0040 1.94 — —
PN 0. 008 0.038 0.11 0.15 < 0.001 0.007 0,0011 0. 0076 — 0.21 -
PT 0. 005 0,015 0.097 0.15 < 0.001 0.010 0.0014 0. 0057 — — 0.12
PS 0.17 0.18 0.18 0.025 0. 006 0.001 0,0019 0.018 — — —_
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Total P (%)

Heat treatment of smaple : 1 200°C X 24h, WQ
Smaple dissolved : 0.5 g
Electrolysis : const. curr. (40mA/cm?2)

Fig. 1. Analytical results of P(Mo) in the elec-
trolytic residues obtained by various electrolytes.

WIEHEEZE LT EHREL TV 5.

WE, NMEmRES OB BRI, JEREERER
%OD AEBAIH, BEOIVHEBERESBLORTVS
75, b Ao s\, EE P2AREAR TS
B+ 5 ENBHTHY, EREOBECE LD, EE
CRITAEEPOBEICOVWTHAE LA

2k PM, PT RO PSS 3h & IR L ALEE U 72 30%h
W R EEBR D CHBBEMRL, BOohAREERIHD
PEREX B U7 ERFERY Fig. 1 wird2, 10
%AA F%, 4%MS %K 0.5NHClI REMKC L 5E
B ITIITNTPHREERTW5. & i), 0.5NH
Cl ZR VO 4%4MS REME Il PERENEL, PAAH
ROBWREHIZ Y, BXTOPERL O TW5. —
i, Fe-P RRER® KUV Fe-M-P R4E5 0 PEFEY
X 0¥ L, ZhBRARFO PITCEBIREC
Ho, DAALIFELTVbDEEZDRS.

B PHEE IO, BROE BB PAK
LT PRREE LB amER L, Chik
XRTRALELD EHETE, BEPILIEABRERE
RIETH, &T5H? OXKBRERLAROEFH T &
DiiomDte.

ZOREESEL, ETOXRREEL, XEEHnc X
HEEHE CTH o7z, EPMA THHFLICHKE, Fe-P
KRBT, Fe,P,O S L L, Fe-M-P %
BEEH T, Fe,P,O oft, MEEHETH Z LbibonD
fo.

Fig. 1 2%, 36 PM(Fe-Mo-P %) X oL o
BXo Mo yFifEbBtsE Lic. 10%AA R, 4%MS &
Kot 0.5N HCl REMKFC L BRI, WThdb%
BEo Mo BELTED, PEEROBRECIL, 7
ShoL&BILER L EELRT S LB L.

Table 2. Effect of electrolyte on the produced
amount of Fe-P-M-O type compound.

Electrolyte

Fe-P-M-O Garlic
Composition pH product odor
20%CaSA-1%LiC1-MeOH 7 not produced no smell
20% TEA-1%TMAC-MeOH 9 small quantity smell
5% TEA-1% TMAC-MeOH 9 small quantity smell
90% A A-1% TMAC-MeOH 6 medium quantity smell
10% AA-1%TMAC-MeOH 6 medium gquantity smell
4%MS-1%SA-1%TMAC- .
MeOH 5 large quantity smell
4%SA-2%LiC1-MeOH 2 large quantity smell
0.5N HC1-MeOH <1 large quantity smell

Sample PB (1200Cx24h, WQ)
Etching: 50 coulomb/cm?

ZOREEHE T, EEP IR I OTBRREE
ZFCPHEVERETCY, TDOPFF VEEN Fe 14 v
ROSRAA VERGUTHER LAY EHEETES
(LVF, 2 O RGNS E Y Fe-P-M-O R{L&% L #EaD) -

FOMBECHERET, BRI LOCREREHT X
DT T B DT, HBECTA2CREEL DT
3.2 Fe-P-M-O R{t&#MEERLXOBRRBEDEHRE

3.1 DEBEEE X T, Fe-P-M-O R0 ER
B, BRBOMRC IoTRS. & ofm %L B
R T 510, UTFOERYTO.

okt PBEMHLALE) oRFEHF 20 pm FEHF =
vy F VL, BEEWCAER TS Fe-P-M-O RLEHo
ARELEE L. ER% Table 2 iRt Fe-P-
M-O Zfba¥otair, HC REMECTRLE L,
KT SA B, MS F®, AA FZRO TEA RoNECH
BUTERD, FOHR R ERIEOSEEA OBEICK
H#T 5. oYy Fe A4 v & OEHBEED HHKT
5L, Fe LEMRHF L OREEERD HERI/NS 72
D, Fe-P-M-O R{LEHOEREN S\ EHESh
A.
#z, Fe 44 v E@HEAILDOEENNPOAF
VEE X EENTFCERTE, o Fe-P-M-O %
L& ERYMETcE s L#HRLY, BARHOFE R
209 Ca-SA REME AR L 2.

T DB R TR BAE LI R, Fe-P-M-
ORL &I L £ X hich iz (Fig. 1 R Table
2 2R).

Photo. 1 iz, B~ , F vV /I HBOKABOEEET
FEMEEERHIRT 5. 20%Ca-SA REMRKC X255
£, e oFRELNEYSHARCBZ SIheh, 107
Tt KT OIS0 B RERERIE, BIRTINE 2 A L]

B INTNZNDT, KEEBTOEBRRIGIC b &0 THR
L.
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a) 10%AA electrolyte
Photo. 1.

Heat treatment of sample :
Etching * lpm
AA REBWC X 512, &M Fe-P-M-O Rt
B h T 5.

X iz, Table 2107’4 X 5 20%Ca-SA REMW
CIHBRIELTHHH, LOMOIFKEE AT R
CEZBEITCARSEEXRL, BMELTHARE KL
.

Zhii, Fe-P-M-O R{EWEFBT 5 EBRLED
Pox+ vEED, BRCHRTHBNCERLETRIEY
o l, PHy #RAEToHDHEEZ RS
3-3 WREMEE Fe-P-M-O R{LEWDERMEE

FEERC L, 20%Ca-SA REFEXYHAVTL
Fe-P-M-O RbLEHBERT B EBHY, FOHK
EREMBEREECEMKOIBEECKETS. =0
ERE T ENEE & BEROMEE DA LL. o
DHE, WMAROBRIIE—LBREECTIT 01 EE
L<, Fig. 2 @ORIEMBEBLHFER LL. Co%B1I,
ARt o i ER R A BT o o &, BREEH L e
ROPRCHIGEER S Z L BHME L Tw5. 0%
BExAWDZ L I oTREEWRO B R, &
RHANE SR 0 B E & & — i HIfH T X e

B OKEEHEL, =51 v 7Y 2 —AR2EMLT
WAL, EBFER%Y Fig. 3 i, CoON» L,
X5, BRBENIGLLDIRE, Tf, =51 v/
Vo2 — LRIMENS ST E, Fe-P-M-O R{t&#Ho4:
BEREL 5.

20%Ca-SA REMEOBE, ABOEMEIILAR
it h TV bS. Fig. 3 i, ZoEBRCH

T2 ROE S GRIE (—F) BRI EDEEALLNS.
OH OH H 1

4H-}’T—OH — 3HO-P-HO + H-P-H
1
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b) 209%CaSA electrolyte
Surface of sample PB etched by potentiostatic electrolysis
by use of 109,AA electrolyte and 209,CaSA electrolyte.

1 200°C x 24h, WQ—700°C x 100h, WQ

(+) (=)
'% Ty / reT T
(': ? "—B (
Y N —_—
_ IA/ - . D
—C_| %/ —

N

C : Cu net (cathode)
D : Electrolytic cell

A : Sample (anode)
B : Shielding tube

Fig. 2. Apparatus for controlled-current
electrolysis.

Sample : PM (1200°C x 24 h,WQ)

P in residue
»
@Surmm state of steel

sample

Eg. (Ethylene glycol) , Viy *s
El 3 g —1%,LiCl- % % EQ. -
» :Surace state ectrolyte s 20% CaSA-1%LiCL- x % Eg.-MeOH

O-HO—O—0O—O-»E—0

ArEr o Ann AL e | —

g
vougrj stripe Sm smooth
,p‘l’\h.d'/ RN RSN . s .
Qlen /885 13953 1/ fhpassive region

3. Effect of electrolytic conditions on the

surface state of steel sample after electrolysis and

on t

he produced amount of Fe-P-M-O compound.
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2 I B ORK O REREO B2 KR L s,
zF vV Y 2 -k TEMRT S L, 10mA/cm?
UToBREE CILRHAS 2 Z bR, 20mA/cm? Ll
TS L, EROKD O EREBRNETT 5.
=5 vy 7Y 2 - AT HRNT 5 L ALERBIIE SR
2, BREBEIIVNIVGERSGCAERELT SO T, £
BT hy o,

=F LV Y 2 - VERNOBA, BREE 60mA/
cm? | E¢ Fe-P-M-O R{ba&#Hi £, Shb 0T,
TEfFL 0mA/em? TCfro5 o L& L.

ok, REGEROE VAR T, Fe-P-M-O Rft
P TERTWEER DO, THILEEOETICH
W, BREAROEBC A V&AL b X OTREMEE XA
WHEL, ToHRBCEBE LT, B L Fe o
I v ERIGT AEUBFIIARRT L0 Bbh s, B
TROSGCEAR T, BRBEREEYEDICERETLZ
EDEMETH Y, BREFNCAE LR XL, AR
THZENEE L.
3-4 SRV ALEHREHROBUKEN
Ty B Y VG CHE ST 25848, BB
ET Ao E AR L &L, Lr b AEEOEM
BT—EDOMHERLY R TEREHEYEE L T hidb
e £ 2T, b Ao EMKEEEYRE L.
20%Ca-SA REMEX HV, ¥ PM, PN g
PT($h# 700°C, B4 & L) »BEEss —100

0.2 Sample PM 106 —

P (3 )% in steel)

[ e o e —— e ¢
006

0.04F Sample PN
0.02f

P (* in steel)

0.08f
0.06f
0.04F SamplePT
0.02f

[ 0O O 0

P (%% in steel)

Loz -o1 o o1 02
Y vs. SCE
O, @ :20%Ca-SA electrolyte
A, A :4%MS electrolyte
Fig. 4. Effect of anode potential on the extraction
amount of phosphides.

Heat treatment of sample : 1 200°C x24h, WQ
—700°C x 100h, WQ

~+200mV (vs. SCE LT & RLU) CERMEMRL,
FHBHBXOPYER L. £0# B % Fig. 4 /R
T. Bxdho PERER, WThoRe s dmHEMC
mbhbT B TH5.

wuk+ 52, ¥ PM, PN RO PT i, £hZh
FeMoP, FeNbP % ¢ FeTiP »iHiLTkb, Zhbd
DALY, COBMRTHEEISHECES0EE
2 bhD. blekil, AERKC Y 5EREREEL,
BEEEA. +200mV o k¥ 40mA/cm? ffTH D7
fe3s, B PM ©onTik, 4%MS REMRC L5
FER L IR Lent, o OEMBRE LU, BIF0 PR
U Mo Zr#iEii, 20%Ca-SA R LAELYEL, »
SEBMATERL-BERE, BEBBLRATVS.
ZoEEL, Fe-P-M-O R{LEWHH1AER LD TH
h, BEMATE, BREENSESDERENHL
b btELLRS.
3-5 R0 ALYDOBIILENREM

My Ao BRILEN e R ER Y HET S 70D,
209 Ca-SA REMBE X ACTHE Lc—REBRIY
LIMENEROCHLI LT REAYT, BERE
R & b AL OEINREZ TN, ERICHW ISR
EBIL, BEREL Cu BR-BEHHRESHORE
thrEBRMBRC L, BN THIO Co 2BEMLE
L ricknBonsa, BHMABCALIRCKS
1, BRERHAS DRET S Z E7el, BERIGYRE S
TREIXL I EMNARTHS. ok, BRETS
D AL O FREML, KRBT X 55 RBERER X
nHETE%. Fig. 5 KERERTH, A¥ PM I
LU0 AfeHi 700 mV ¥ ¢, 3k PN FRov PT
X oLy A 900 mV ¥ TERETH DK, &
D AL O S REBLT, BEOEME 1 (—100
~+200mV) XbhEL, EHEMEBE TSP DOENM
BpHOTh, hACHOMBRCTEIREE X

Recovery of phosphides ()

05 07 09 1
V vs. SCE

Fig. 5. Effect of anode potential on the recovery
of phosphides by the secondary electrolysis.

electrolysis : 20% Ca-SA soln.
by use of porous graphite electrode.
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EBRSMAHOE LB, EEMETT S Ol
BThHsH. Lirl, EBMBETIE, KRB ek
DOTEREIEFH LT, PEAROSVRAECIL,
Fe-P-M-O RIbEHO4RI FEINS. Bkl X
512, Fe-P-M-O Rft&#potps M2z, &
B A 1T 5 BB Y, Lk, b AltBhosibicizE
BREREFHRATH L E L1

7%, 20%Ca-SA REMHKIL, b AL 351t
FMEMEEALHEL, BERCIZBERIIEL koot

4. @D ALHORRE

Ak PM, PN RO PT dcir i Lic b ALt % 58
BEFHEBE CBEL, =31 ¥ —-5BRLWT CER
SR EIT Ok, ChoRABCHHLEY At o Bk
i1, R OBMBEREC IOTRELD, WTFhoORE
% 1000°C <%, 4R (8§ 0.02~0.1 pm, £ X 0.2~
1.5 pm) 5345 <, 900°C Cidfatk, M4k (B 4% 0.15~
0.5 pmg), 700°C <ixAR, BROML IVWEE &
(RIRAY 0.05 pme). F 70, MIRIT L AR OB L
<, 3¥t PM iz Fe-Mo-P, ¥ PN ¢i2 Fe-Nb-
P, & PT ¢k Fe-Ti-P =%/ ThH ot

WZ, Zhbbh Aokl bfkss BB 579, 8
LA kE 20%Ca-SA REME X AVTEML, Boh
7R ST X BEHTHEE R TV, BT L fSR2Y
Fig. 6 w/RL7z. &F 521, Fe-M-P Z&4 (M;
Ti, Nb, Mo) L+ Fe-M-P % Aft#pii,
Fe,P AWM THD EREL TS, T, BRELY
W, BUER Ti mingRdie TieP@IHE) #BHL,

Sample PN

ol M.JIIL A

CoNbP
(ASTM 32-305) J II l
by | .

30 20 50 50 70

Sample PM

O

CoMoP
(ASTM 32-300) ]

o A L . N
30 40 50 60 70
20

|

Sample PT ~TiN

. b1
VNiSi
(ASTM 15-451) “ l
1 " l 2 L1
50 50 70
20

30 20

Fig. 6. X-ray diffraction results of the residues
extracted from steels.

at %%

. 012
= 0.10
0.08
0.06
0.04
0.02

W Tias TiS,TiN
B: Tias TiC
B: Ti as FeTiP

)

4

L L L L T O s

AN R N RN R NN

P(O), Fe(®), Ti(

e O O L T L LT

T
O
ASNNANY

800 1000 100 1200

Ann. temp. {°C )

Fig. 7. Analytical results of P, Ti, and Fe in the
residues extracted from steel (sample PT).

KB L EFDOHEAY TiFeo P LERLI. LB,
#AE PM ROY PN 2 B L Afb8oEdF-< 2 —
vk, ThZh CoMoP' (R1754h) EI KoY CoNbP12
(BIAR) BekbEL, RiEOH Akt Colk Fe
EH L 7c FeMoP B, ¥k~ Tix FeNbP # T,
WTFhb R EREELBNRS. R PT L omH Lo
AL, VNIS® (R4 v Edfi 2 — vk
3.V, NLSio g, Zhih Ti, Fe, P opfFE T
THY, BEFIErapllcunws s a2 EBEETLE, o
TR bR T Ak FeTiP(RIAH) Bl - #E
TE%. Ik, WThoE#f- 2 — v BABREK X
BE X e DT

we, REPTwoWT, BEMERED P, Ti &
O Fe xEEL, BUBRE L » ALHOMBELLY R
L. OoWEREY Fig. 7 wrt. A PT i, 8
FRONRO S 123X T Ti LEEREBCHY, 2tk
O Hiftn LT Ti & (=B ABEo LR
Ti BXEE) 11, BABERECILT-ELELLA
5. Eio, CIREFEIMEIH 1000°C L ETrlEg
LT 523, 800°C Tixd~T TiC L{EETE, h
bamoytiEsd Ti ERBMBE L VW HIELTERLE.
Fig. 7 ofiRr LhE, WThoRLHESD P,
Ti, Fe D bZEH/LT, 3 1:1:1 Lich, S
B L2 HBREE, ZFEAEKIAD. B, DA
e, R PM ROY PN o i3
R FEERE bR, Fe: P M ofbEHHIT, B
KXt 1:1:1 ot d Rt BRI,

5. WER TiRINMICET 3 POEFHERRE
ETRMIRMEICDONT

Ti Z ¥R L7 BERBRMCE ML TR L LT P %
EEIRDL LRI, TR EOEN I EE IS IER
WHBLETX 50, RINTHREE O & 2 T RIEW
»0, TiHmMELHT P 0BV THRE L
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Table 3. Chemical composition of extra-low carbon titanium-added cold rolled steels.

(% in steel)

Sample C Si Mn P S Ti N Al Ti eff*
A 0. 003 0,002 0.07 0, 009 0, 009 0.025 0. 0039 0,010 -0.014
B 0.004 — 0,07 0. 008 0. 001 0. 043 0. 0042 0, 009 0,011
C 0. 006 0. 002 0.07 0. 008 0. 009 0. 094 0, 0039 0,016 0.043
* Ti eff. =Total Ti-Tias TiN, TiS, TiC )
7.
BB o (Lo Table 3 wid. 25 70 %3 o00s
BRFE 1200°C CTHJE L, BB A {Thic\ ¥ &, 700 gzmem%ggp ’-Ax%ggp
°C-5h OFMBMNE XL 7-b L OBIER XTI E h & 0004 ol
0.8mm ARMEEL 7. KICK 41T 750°C K & 0002 e .
0' 800°C ¢ 5 hEEifE, 20°C/h -CiEl L LB it Aaoo:i- "_\
L e % 000 AN
Th bk e 202Ca-SA LEMR T CERMEM L g;mmL ‘\
(BMEE 25mA/cm?), REHEIOPEZSHLIE. & 3 0002
Ft, TOEEBHOPELIIELSE, FEEPELXR 0
Hic. b, Mk G N KOS n+~T Ti L#ES ~ e i
RIBCH B LHEELT, <o Ti Baffto Ti Brb 2
Buresiko Ti g GUF, Tieff. rigie) xEHIL e o ‘
fo. X OfsR% Fig. 8 iR P ,
C R g, Tieff. 22 0.011% L FoOsEC é
(X, D AAEHORTHIR RS, Ti eff. 53 0.043% DRt g -sq A

Bk b AdbpotriZs b, Fogix 750°C o
BESIFIZ 2 <, 700°C CHMEKTH Z L X bh, 50 ppm
D PR & oot Fio, 800°C DEERKH TIZ P D
BBEENKRE L0575, hA{HoFHizsL AL
Tt

Fig. 8 i, Th bl tiBucti Lo E D
PrEo L. BetaBus, #iix S0mmg ¥ Bk &,
20.6mmg DHEVFTa=HhiLh, 7ITHHL, 4.8kg
BOEV X 2moOFEInbEFL, ShREREOFELYH
~, EHNFEEORREBEY RN THEOIEE L L.
Fo&ER, Tieff. 0.043% oFcid, 750°C -CEESE
TSR REBRREE L —30°CECETFL, T4k
kM THREESAE SR TS, ZORBEXYEEPE X
hERTLH L, Tieff. B2 WERRL, H5VILER
Bedl L -3k Tix, 70~90ppm o PaiERIRAEE LT
AT BH, Mok TEEOBER AR T, 1AL
BT Lo dE R P EAY 50 ppm PUF LB 13 LA

13 SRINTHEHERERCOFEERE DT IGITE 5. BAEPEY—E
OBE, BERCHEET2HRE (Ti ef.=—0.014%) Tit, HWHRiC
BIELTZ C 3 P ORHAZAHL, RINTEIERZENNEI LS
(Transition temp.=0°C), C2813 & A L Carbide &7z-27234%l Ti
eff.=0.011%) TR, WMACEBILTIEECHZL 231D, RMAK
PLSEILL ToRINTAEERZHN K& {25 EX 5D (Tran-
sition temp.:==30°C),

-002 0 007 004 0 00z 004
Total Ti ~Tias TiC, TiN, TiS (=Tieff. ), (%)

O : As hot rolled @ : Reheated (at 700°C)
Fig. 8. Effects of annealing temperature and Ti
contents on the amount of P in solution and on
coldwork embrittlement.

FoEBEREN L, Tieff. B4 FEHREEY HI# L THE
KRPEAER T, “ERNTHEEEZHFCELHEN
B B & feotc.

6. ¥ <& ®

Fe-M-P (M ; Ti, Nb, Mo) =LREH+F 0 » A
b B X b s BT 5 HEC DWW TRE %17
Wy, DT THEREC.

(1) s cREEREBCH % P13, BRI XIO>THE
BitaxZi}, Fe-P-M-O Ro#RMALEY & 1K T
5. ohul, 104AA R RO 4%MS RERKRCE L
TEHBECAERL, »AHERECIEREL LT,

(2) AR BNT, #Hiftcic 20%Ca-SA ZEBRFE
ERR L. COBEME AV, BREE 25~40mA/
cm? CEBMBEMY T2 Y, Fe-M-P-O REIDER
RHIE T, #h ) AL ERBE L HHTE 5.
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(3) Fe-Mo-P %, Fe-Nb-P %R0 Fe-Ti-P %
ABEM Y v, i Fh FeMoP, FeNbP ¥ -8 FeTiP
R L7c. XEREITHE RS S FeMoP (3 CoMoP (#}
F k) 1o, FeNbP 1 CoNbP (Rl w—3K L.
FeTiP iz VNiSi (Rifh) EPALcEdT- 5 — vl
Boh, WTFhoh ALWIRI M EHETE .

(4) peptiRE, TiHmED RicnBEKEME 57
B, EEPEOERBILI X 08k o ~kin LML
FEIhDHZERBELMC L.
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