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State Analysis of M,C in Cr-Mo Steel by Controlled-potential Secondary
Electrolysis Method by use of Porous-graphite Electrode

Yoshiko FUNAHASHI, Yoshikazu KAMINO and Sen-ich HARIMAYA

Synopsis :

Based on the studies of electrochemical stability of Mo carbides, a new method for state analysis of M,C
in Cr-Mo steel was established. By use of this method, the precipitation behavior of carbides during creep
rupture test was examined.

Results obtained are as follows :

1) M,C in Cr-Mo steel was electrochemically less stable than carbides of M;C, M,C; and M,,C,, but
almost as stable as MgC. The electrochemical stability of carbides in Cr—Mo steel is in the following order
M,C=M,;C<M;C< M,Cy=~M,,C,.

2)  M,C can be selectively decomposed by the secondary electrolysis of primary electrolytic residues,
prepared in the porous-graphite electrode, at the anode potential of+0.65 V vs. SCE in 49, methyl
salicylate-19%, salicylic acid—2%, LiCl-methanol. M,C is also decomposed at the same condition.

3)  The amount of M,C can be determined by the dissolved amount of Mo after the secondary electrolysis.
When M,C is present in primary electrolytic residues, the amount of M,C is calculated by subtracting the
amount of Mo as M;C, amount of which is calculated from the dissolved amount of Fe (Fe as M,C) after
the secondary electrolysis, from the dissolved amount of Mo by the same treatment.

4) The amount of M,C precipitated during the creep rupture test is found to roughly correspond to the
change in the master rupture strength of the specimens. The creep rupture strength is increased with in-
creasing the precipitation amount of M,C in these specimens,
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Table 1. Chemical composition of steel samples.

(% in steel)

Sample C Si Mn P S Al N [e) Metal
SS ﬁHb) 0. 069 0.005 0. 005 0.004 0.005 0. 009 0. 0023 0. 0008 Cr/8.24
B Mo/1. 36

USS M21) 0. 090 0. 005 0.005 0. 004 0. 005 0.019 0. 0015 0. 0007 Tookor
c 0.10 0.021 0. 004 0.001 0.001 0.018 0. 0064 0. 0058 Mo/2. 48

D 0.20 0.20 0.84 0.012 0. 002 0 0.0119 T
B . . . 8 . . 040 011 0.0018 Mo/0. 04’

(JSS 221-1b) Ni/0. 007
Cr/2. 36

E 0.13 0.26 0. 49 0. 005 0. 006 0.014 0. 0073 - Mo/ 1.0

Table 2. Heat treatment and identified carbides.

Samplé Heat treatment )’ Precipitates (Identified by X-ray diffraction)
A 1 050°C x2h, WQ—750°C x2h, WQ i . on o
B 1 050°C x2h, WQ—700°C x20h, WQ ‘ Moy G :
o I 200°Cx5h, WQo700°C X100k, WQ | MorC. o
D 1 100°C x2h, WQ—700°C x2h, WQ ﬁsc S ___MgC
930°C x1h, WQ—625°Cx 14h, WQ ;ZKC’ :223(36

E - —E70°Cxt5h, WQ Mo:C, MiCs,  MusCs  (MsGP)
” —720°Cx 14h, WQ My Cs,  MeC
” La%PCx 10k, WQ | MysCs,  MiC
x: M=Fe, Cr *k: M=Fe, Cr, Mo #kx : M=Fe, Mo

75pm PFodon 30% LT
2.2 "ﬁﬁ o 338
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Bk XO'Di, BANKMHSMP RS HEE &
BEFRBTHS. RABCI2, SRABEZRERY, ARE
11, EFEEMM T D, Table 21 h FhoORE DB
WG E, Bl LRI O XBEFTHELRT. &
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Table 3. Carbides in Cr-Mo steel.

Zg;%?dgi Constituent elements* Metal composition**
M;C (Fe, Cr,Mo) 3C Cr: ~18%
M,C Mo, C —
M, C, (Cr,Fe,Mo) ; C3 Cr: ~35%
M;,Cs (Cr, Fe, Mo) »3Cs Cr: ~30—50%
Mg C (Fe, Mo, Cr) §C—Fe3Mo3C Mo: ~50—60%

*: by M. TANINO et al.’¥>, by J. PILLING et al. !®
** by K. Kuo®
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2-4 R

(1) E#EIFD Cr, Fe, Mn OFEE : BFED
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AT B, 2T, Cr-Mo #iifhd MC, M,Cy R0t
M,,Cs iz Cr #EBETHC LItk b BRIFNCR
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Potential, V vs. SCE
*: M=Mo, **: M=Fe, Cr, Mo, **: M=Cr, Fe
Fig. 1. Potential-current curves; 49%MS-19,SA-
29, LiCl-MeOH.

N /&3 ned 1A 22 - $7 4
0 T

A : Cu shot
B : Cu powder
C: Pt net
D : Sample—graphite mixture
E : Sample—graphite—Cu powder
mixture
Cu: GC=9:1)

Fig. 2. Porous-graphite electrode (Sectional

view).
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1-3), —REMC X DHMEB) L 0 HEE L.
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51 MC 38 X b D EEBAIE 0, =ity
T& leoie.
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i) EREWE, BEAOMILEE TRET S o,
BRAMCEDA TR EEN, BRERK L ET
5T ENTE, FECEMRIND.

i) BMARRNE, BERAHFCAE IR D, BSE
RCORE L BRRICEEEIRDENTES.

EEROEML, Fig. 2 (a) T BBRR & R E
%% (Fig. 3) op OB E, REMGOHICE®Y —
FixR-ORE, SREBLZAEIRT, Ny FAXRE
RAHBIDPHEETS.

Ik, HIMEREBOMBE, A4 v L -1k, —
PER LRV Zhik, BERMEATH 2B L RERR
EDBMARYBT 5D THD. ZOBEDOEMI,

NR2-150S8

1) BRBLRTANC L, ERRCBELTLE
BLicwdbo

i) BSaRF LN FOHECHEE LAY, TR
EROTELNL D
ERA LT T 5. Photo. 1 R4 EHD 5
B, BIER 50~400 pm >k H k244 (CB-150, NR2-1508)
MEDEGERERTEL. OB, BTIAMEHAE
CEACESIT 50T, BECI S Eh-gFe, [
BRICE AT L, R0 7o W fF e B A 1 B bh 5.

—wr—— Controlled
potentiat
electrolyser

A: Sample { anode )

B: Sample hoider
(13mmg )

C: Glass plate
(70mmp )

: P{ plate { cathode )

: Pt wire

ﬂm;’

: Reterence electrode
G: Electrolytic cell

Fig. 3. Apparatus for controlled-potential
secondary electrolysis.

P#2

Photo, 1. Scanning electron micrographs of various kinds of graphites.
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Recovery of carbides

06 10 12

04 06
Anode potential, V vs. SCE

*: M=Mo, **: M=Fe,Cr, Mo, &% : M=Cr,Fe, ¥f: M=Fe, Mo
Fig. 4. Effect of anode potential on the recovery
of carbides by the secondary electrolysis.
(Electrolyte: 49,MS-19,SA-29,LiCl1-MeOH)

3-1-3 ZREMOBMEL L IRILY D4 REE)

TRERIEEOEIE I EREM L RET D120, ROE
Bafrote. @ DBHEME LRt E = o — 27 ) R
77 4%~ (JLEE 0.2 pm, 25 mmg) TABBEL,
H, 75 X~ERIKMIEESDT7 4 L2 —% KL, BX
312 WGBTS, ChuBE L, 4%MS-
2% LiCl REMEH T 0.4~1.1V OBMECKRE
BRI, BIREMN & RO TREME S L L CoEIR
RPN, ZToHREY Fig. 4 wFid. coM»rbb
B LS, BALYDOSREEL, BA-BREE o
EREE (Fig. 1) LIHIGELTW3. Thbb MC
X 0.5V TIRIERECSBL T B, MC i3 0.7V
FC, MGy BI O MG 12 1.1V FCcRETHS.
MC e o Tig, MoC HEFEDF FHEER L7, 0.5V

THEMLUIEE, TNEFERIFC Fe 5100 Mo i1/

<, MC LR ABL TS, Ml EoRESY Be1
&, BBREMEY 0.5~0.7V TR L CERT R,

MC D H % BRI 5T, HET Mo Ry &
SBlTEBEELBRD. L, MC 2i3tfET2 8
X MC RIS 5120, FIEERIEST 2 o &mn
HETHS.

B U7chy, MeC iz (Fe, Mo)C L KiRT% 2. %
o, F O/, FC4M02C’\’F63M03C“) Thb &L
IhTCwBb. J. PiLLine!'? 53, EPMA % fuwC 21/,
Cr-1Mo $RicHith Lz MeC %4471, Fe: Mo o
FEFH, BRLE LD 11 @5 LNTuna.

.-
°8
fuline}
2a
-
O
o g
u

~10 oga : primary electrolysis)
~T ~015 vs SCE
hD L 08 om A : secondary electrolysis
g < +0.65 vs SCE
E;*\‘,O.S
2o S : Mo as MjC
S 04 7 SRR W
- AR ".‘,: :Mo as MgC
°¢ 02 > ]
T V"1 Mo as M3C
w y Mo C3

c i 1 1 3 M23C6
19 20 21 22 X0

TRP=T(20+logt)

Fig. 5. X-ray diffraction analysis and chemical
analysis of electrolytic residues extracted from 214
Cr-1 Mo Steel.
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BE (K), t: b & UM (h)] & oBIfR% R Lz,
B, —REMERIOXFIEHFER LB L.

ZZT, ZREMER IO Mo i3, MC, M;C; I8
MG XL DT D 2 4 7 THY, kBRI
LOWMUI Mo i3 MyC BlL#Ex bhs., T.P.=19
x10% X O° T.P.=20x10® D20k Cit, BXdFo Fe
BIO Cr ofSfEE, —REME KREBETIIER
7ewny, Mo O HEIL, TREMC LD KL €k
D, {LEHHE Mo o 5 50% 11 MC TH 5 = kb
7%, T.P.=21x10® X% T.P.=22x103 oREC
X, ZREMBIC LY Fe L&k LU Mo (L&4ni%
LT 5. XEEFC LIE WIFhostEHe & MC
BRELTEDY, 5BLEEWE, MC kX0 M,C
FRRLDThhEExbhb. 2T, “KE®
WXOHEM LI Fe v MC (FeMo,G) & LT
Mo B%k®, HHIRLAi. WTFhoxREE D, {6
AHE Mo Dy 509 13, M,C, M,Cy s X8 M,,C,
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Wighotehy, ThRHTH Lic MC 2385 THMi<H
DickbsELbRS.
33 muLlAsE

AEDEBRERIC IS E, HSL L HEOBMERXDLT
R

(1) MeC nEFELRVEE

M,C % Mo : (—)kEMIEED Mo B) — (ZkEM
2 & D Mo §)

(2) MC »:fET58E

M,C # Mo+M,C # Mo : (—)kBEBMIEID Mo

B) — (CREMIZEREZD Mo B) o (a)
MC % Fe: (—REMIBRED Fe i) — (CKE
TR XD Fe B) ooveervrerrnimeiinnennnn, e (b)
MC FI Mo : (b) X 1.72 +eeeervinnneininiinnneen, (¢)

M,C % Mo : (a) — (c)
3.4 21/,Cr-IMo SED & Y — FHEEE L M,C O
IHEHCDONWT

Cr-Mo o> 7 ) — 7% 8) & AT RIE Y O REL
BIZ 2T, %< DHREVYOD & L > CIREFICH
Noh Tk, MC X 08 b EE B E Y %
RicTLE8bhTw5. L, T3 RILGOREE
NEH IS, EBRICEN SRl %+ 2T,
ZDEETIX, Mo {b&MEHEEIMCHITL, MC ¥
HWEL 7Y — FHE L O L A~ .

3.4-1 fE3tp
BESROLEMK A Table 4 k3. 930°Cx1h,
ZBE DBET S LT8R o\T, 680°Cx1h, 2=
% GEE T2) BB\ ix, 760°Cx1h, Z24 (R T
DFED ELAMBEIEL, 7)) — FREBcg L.

7Y — SRR, FTHER 6 mmg, G. L. 30
mm OREH A AV, voi-Fkw TSR LD
7ot REMEEL, 450~650°C & U 7-. F OB
s HE3RBAA % LARSON-MILLER %25 2 — & —{§1®

Table 4. Chemical compositions of steel.

(% in steel)
C Si Mn P S Cr Mo Ni Cu

0.10 | 0.26 | 0.46 0.010 0.011 | 2.23 | 0.99 [0.05 |0.05

T SRR %2 496MS-2%LiCl REME 2 AL TEEBNMEM (—0.15V)
5.

2 @O~ REBRES 2V 7 4 v 2 — (F % 0.2¢m,25mm
) TAHBHBELT, BEIDIRANS. KEIKGE (H, 5
& 5m ! /min, EZEE 5 torr, HJ7 15Wx3h, iz 30WX2h)
UTT 4 Vs —2IRIELIZE, DO 5 38k % A T ikR- B0k
Bay @eEE #H:28H=9:1)600mg tL{BAL, D>
5 180 mg 2 AWMU TMERET 5 (Fig. 2 (2)). Ch2EEeE L
T 4%MS-2%LiCl REMRE 2 v, TERAEICE b ~REM (+
0.65V) %2175.

8 -

60: ]
£l 1
g | ;
w 20F '.
(1] L J
9_: J
510
° 4
L' A 4
2 8 4o ]
36 A©
© | ae 600 v

4k A - 650 .

18 18 20 2 250
P =T (20+logt) '{'}:

o

Fig. 6. Plots of rupture stress vs. LARSON-MILLER
parameter, Py ., for the specimens tempered
under different T.P. conditions.

(PLm.=T (20+logt,), T: 7Y —7REEE (K),
ty s BEWTRER] ()1 HEHE L, Table 5 R 7.

3:4-2 PALHOPTHRAEE 7V — TIREES)

Table 5 RT 7 ) — 7 SREER TGS P, ET
#P L, Fig. 6 5T

Fig. 6 oft®c i, 3k T4 (T.P.=20.7x 103)
OB T2 (T. P.=19.1x10%) ok v €
Pov. fICEETAC TR TS, Py, =20.7 x 103))
b, WHOMBIERDY, BEEBREZEIFSE L.

oy - TR OSWERY Fig. 7 R,

RALB DR, W ThoRk e & Pov. flTW,
M,C t Cr #EE LR M,C, M;C; kXt
M,sCs T2 2 DWTH)TH Y, & Prov.fll (Prom.
=19.0x10® DL k) © MeC oiiiiniiBobhsn. 279
—7EWFD MC O HER, BLELEMFI VR
e, BED L LIEEOEVFR T2 Tk, HTHERED
TEHWERIB LR T 5.

COFERFIETI Py, BB ENGEERS L, MC D
FHERS L 7 ) — THREREL b (BE PLu.
). trioRiE - &L & U 558 Pun. filT
i, RBREIO 7 ) — THRE B IIEE L.

WARCHMC L. MyC 2, PrLm. [EAHETIZD
n, RECEERKLETS LHEETE, B Puu filc
7 ) = THRENMRACTRO2TW 5D, MC 23K
fbLiztcdbEE 2 bhs (Fig. 6 £1).

. ¥ & 0B

Cr-Mo gl 415 Mo (L&D ESILFEN S IR
EBEERAL, CoBRICd LOF% MC OREBHSHT
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Table 5. Heat treatments and creep rupture test condition of specimens.

Creep rupture test condition

Specimen Heat treatment
Temp. (°C) Stress (kgf/mm?) Time to rupture (h) Rou=Tx (20+log t)*
450 45 3358 17.01x 108
500 30 3792 18.23x 103
930°C x1 h,AC
T-2 —680°C x1 h,AC 550 20 3338 19. 36 x 10%
(T. P.=19.1x103)
600 12 1738 20.29x 103
650 8 314 20. 76 x 103
450 45 2379 16.90x10*
930°C x1 h,AC 550 15 1 066 18.95x 103
T-4 —760°C x1 h,AC
(T. P.=20.7x10%) 550 10 17 492 19. 95 x 103
600 6.5 5106 20. 70 X 103
*T: K, tr: h
1.0
T-2
0.8} -

(% in steel)
o o
f o3 [+2]

Mo

o

)
’

~
oMo s MC o MG o Co

17 18 19 20 2 17 18 19 20
P =T(20+ logtr), (T:K, tr:h)

FERBAR L. KEXHAWC2 Y — g o F R
OFL, RICHOWHBEEL 7 ) — TEE & DX N
RN BORICHERE, UTOER) THD.

(1) Cr-Mo §ipRIEM D BESILHER D BN (4%
MS-2%LiCl REMU) 13, ThZThRich, BALOMEL
Fhs B MG MC<MC< M;Cy=M,Cg DI 755 .

(2) BRIV ERRS IOCEBHKREIESL T
FEREL, ZhaBie LT, 4%MS-2%LiCl REMHF
Wrh CREBMEM (+0.65V) FhuE, MC 2ERATC
WL, FoMmoREHENHTES. o RERCT
F\ T MC(=FeMosC) & RIRFICIERT % 4% MC 0
BIRE, TRBIRCKT S Fe lfRENORD LS.

(3) ZIMBHEBORBCHEHACE 2RI, K
£ 50~400 pm DEER RO B DA L.

(4) 7V —7BHMEEBL, AECX )L Mo
(LEHOHTRERE XSG T 5. F—ER, F—#k
DREMTIE, MC FTHE S DIRE, 7V -7
M %

x [y
1) FEkk, mEMZ: & &8, 59 (1973), p. 113

2)
3)
4)
5)
6)

7)
8)

9)

A : Residue after the primary electrolysis.
A : Residue after the secondary electrolysis.
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