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Table 7. Chemrcal compositions of each pos1t1on
1niheats (%)
ch. | o .. |
No. 'Posmons C Sl ’v Mn P S
Top - 0°55°| 0°45 | 0°55 | 0°012 0°016

No. 2| Middle | 0°53 | 0*41 | 0°51 | 0°011| 0*014
© .| Bottom " | 0°55| 0744 { 0°46 | 0°011] 0°013
] Top  |o0-73 | 0%t | 072 0010 0-061
No. 4| Middle | 072 [0:62 | 0°74| 0*011] 0°064
Bottom .. | 0°71 | 0°68.| 072 | 0:011] 0066
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New Secondary Phase in the v Type Fe Co Cr Ni Base
Heat Res1st1ng Alloy ...

(Stud1es on tempering process of the 7 type. heat-resmtmg alloys——VI)

Synopsrs

Tsuyoshi MASUMOTO

- An unknown phase, whrch “had been, detected in the aged LCN- 155 type alloys and tem-
porarily designated as ““ X *’, Was exammed and discussions were made on the cor- relatron with
the addrtlonal elements such as C, N, Mo, W. and Cb, the precipitate reaction in alloy during
aging, the X- -ray diffraction pattern, the lattice parameter the specific grav1ty, and the

chemical composrtron,

As the results, it was concluded that an unknown phase in the LCN 155 type alloys should
be the new secondary phase unlike the well-known phases such as MssCs, M,C: and 7' phase.

Further, a model of crystal structure was presented for the new phase.

It was presumed

that this phase, which was newly named as “r >’, might be the carbo- n1tr1de cornp’ound having

the following ‘crystal | structure
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Space BIOUP v e vermnrmensensesresrat ittt e
. Unit cell dlmensmn
“Number of atoms per unit cell ---eeceeeemrvemmenne

Chemical formula--

Cubic
Fd3c
a9=10°70—10°75 A
104 .
. . cee-Mp1 (C, N)3
: (Cr, Co, N1, Fe)s(Mo, W)g (C N)2 in the LCN-155 type alloy.
- BT XD “X7 HMOLZER Uiz, COBEY
bLITLT, LOXREYHER Malls XURTFREEZ

I #%
EFLTTIC 5 |ITH2 DT A~AFF 4 hf Fe-
Co-Cr-Ni Hfif#i &4 OB RIBIRIC I B HIE O R %
HWE L7, ZORIRET, FREEOHREBRHICE
b BHTHMEZHRT L TWwBIERE, M » 20
—ICRNS T L e LDV B L B LV —D D L
WHIZ R L. EEEC OMERRONTHEE VS
BIRT—IS “X” LRFELCTERD, ZOMIAEETF
OEEBEZF > TV 5 BERITHMTH 2. £z
THREE T, ZOMBSEETMORTWALEAME

i

R LUVIETHDH L LEEREL, SOICHEATE .

DI, SR S 2 LB L
I SR EORBE

R L 7ERE LON-155 0A4mRkS® 5 b Co,Cr,

Ni % 20% F XU Fe Oy 35% ZEERG L TE

F—2F7F4 Nz C, N, Mo, W BIG Cb D
WINEOR A& ZZE 27 16 F(C I XUN ={90~0"2%,
Mo+W=§y 0~10%, Cb=§j 0~1'5%) T, % Dft
MR % Table 1 (R |

AIFETIXET “X” ML AERS & OBEEEZ AN

) Cb(C,N), ::Xn,

A TEEMOL AT & BRT L, 35 CREHRB-
R & TR E OBES X ORI L R iEREs S X7
MOE&hTOREBEEE L. L IOMOER X

CMEERE KD, SHEH M A —2AVTEELR

EIHTHBREE> & £ O RS 2 bifEE Lic.
B AR O B ARSIl Lz hEEDD LFEERT,
10% EE/KYATRHP T 10~20mA/cm? DBHREET

ERL, +ORIGBECE DI BRL- 22X
ElI#f1Z Cua X Cr target i\ 7z Debye-

Scherrer LT -7z

- IIL. % B & 8 |

S 3 TS L X 51 LON-155 44 (No.
8 RA4E) HEIRR L O OB E S X OEE
BIIIER ICEMET, WHMIEEZE L T MG, MC,
: Laves M HO ST, FHic kv
800°C LI F D) MasCo—“X"—>MeC+ Laves & &
BT 5. Jhbb LCN-155 £4&icBbh s “X” 18
VX Mzsce CH|ERWTERERE LTHHET 25, &

D “X” EEFHATS LIt D& LCN-155 &4&H 0

T, ZOMOBBHTHE5EE2EEL, o442 R & A7 BEERI D B>, Fi L DD HAIHT T
Table 1. Chemical composition

Nun%ber Elements (Weight %)
o .

alloys C N ~ Cr Co Ni Mo w Cb Fe
1 0°11 .0°011 19+87 19+75 20°10 — — —_ “bal
2 013 0°012 20°71 19464 20°01 —_ — 0°92 %
3 0°15 0°085 19+76 20°26 20°00 — — —_— -
4 0°17 0°080 19475 19°90 20°11 — — 1°10 .
5-A 0°15 0°015 19+23 20°24 20°52 3°83 2°56 — ”
5-B 0°24 0°014 19468 21°32 19°00 2498 2°90 — 7
6-A 015 0°008 19°21 20°37 19°79 325 2°90- 0°76 2
6-B 0°20 0°018 1980 20°63 1784 334 2°39 1+38 y
7-A 017 0°019 20% 20% 20% 1+32 1°66 — %
7-B 0°095 0°018 19°99 19°92 19466 3441 253 — ”
7-C 0°14 0°068 20°09 19+92 1974 3°79 254 — '//
7-D 0°15 | .0°13 20% 20% 20% 4488 4°55 —_ 4
8-A 0°08 0°163 22°28 2080 21°24. 3°46 2440 1°12 %
8-B 0°15 0°06 1963 19°92 20°24 322 2°52 0°90 %
9 0°01* O°15% 20% 20% 20% 3+5% 2°5% — 4
10 0°013 0°091 20°12 20°01 19+80 3°05 . 2°55 102 7

* Additions.
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7 1 Fe-Co-Cr-Ni HWBASICHEDN 3 H = RAIC 1T 961

Table 2.

% MuCo OHTHENE Mo, W 24 30nigs
A, BT 10064~1067A TRE—EOBERRLT
VBB, —F “X” Mk 10°70~10'82 A BEOHEHD

Correlation between the secondary phases and ‘the additional elements in alloys
. . Lattice
Number Weight . 9, Atomic 2, ; Ma]or phases 1dent1ﬁed
uof —MoTW M0+W - by X-ray analyses . paxfamet?f)((f&),
alloys : - A 750°C X.1 T M
oy C N Mo+W | C/N [M¥ N ((750°C X1000k) -~ | MyuCs phase
1 o°11 | o011 | — 10°0 — — M23Ce(a) o 10°54 |  —
. . . . _ _ |MgzCe(m),CbC(a), Laves e
2 0°13 0 0142 10°8 ‘ phase( r) . 10 ‘58 —
3 0°15 0085 —_— 1°76 — — Mzacs(a) C L ) 1055 —_
. . _ . _ M Ce(m),. CbC(a-), Laves .

4 0°17 0°080 212 |- phase( r) 10°57 —
5-A 015 0°015 6°39 10°*0 4246 426 M3z3Cs(a), Laves phase(r)| 10°65 —
5-B 0°24 0°014 | 5°88 17*1 24°5- | 420 |MgCg(a); Leves phase(: r; ‘10°64 f—

" . . . . . M2:Cs(a), Laves phase(r .

6-A ‘ 0°15 0°008 | 6°15 188 410 769 CbhC(v.r) 1066 —_—
6B 020 | 0°018 | 5°73 | 111 | 28 | 318 1(\3/[;253(6‘5?)), Laves phase(r)| 5.0 _
7-A .0*17. 019 2498 089 | 17°5 16, |[MggCe(a), X phase(’) 10°62 —
7-B 0°095 0°18 594 0°*53 62°5 33 :|X phase(a) o _— - 10°75
7-C 0°14 0°068 6°33 2°06 45°2 93 MsCe(m), X phase(m) 10°67 10°78
7-D 0°15 0°13 943 1°15 | 62°8 73 Mzacllls(a), X phase(r) c 1067 | 10°82
_ o . . . . ' X phase(a),CbC(r),MssCs . .
8-A 0°08 0°163 586 0°49 73°2 36 (r),Laves phase(r) 1065 10°82
, : X phase(a),CbC(r), McC
8-B 0°15 0°06 574 2°50 382 96 Er) MggCe(r),Laves phase| 10°64 10°78
) , :
9 0°01 0°15 6°00 0°07 600 40 Laves phase ? — —
10 0°013 | 0°091 560 014 430 62 Laves phase ? — —

- Remarks: a-.--abundant, m---medium, r -

10.76,

Specimen : No. 7-8 | ’
1300°Cx30mn~ Hater guenching

s
3
\

-

S

N
e,

Lattice parameter (A
S
3

10725 ‘ i -
Aging time at 750°C B
~ Lattice parameter of ‘“X’’ phase in
No. 7-B alloy aged at 750°C

Fig. 1.

5L OBHMBRDEEDR D B ERTTHULERD 5. -

(1) XMEAEFSE OBk ,
Table 2 1% 1300°C T 30mn FHAMARILIAER L 7244750

°C T 1000h REIL7cA&H O HEOEEE C, N,
Mo, W, Cb DfL

7H X0 No. 8 OAETIE “X” MbHHT 5. &<
T No.7-B O&4&TRTRTORShEE-RICH L
T X MOBBRRBLHETS. & 441 d bbh
#910°57

fEZRL, Cb ZATBER 2 & < 7 SN 5 5.

LB LOEERTS. No.1~No.6
T DEETIEEE LT MsCe ﬁft%ﬁ%ﬁﬁﬁ'%ﬁi, No.

-rare, V---Very

Fig. 1% No.7-B on&4% 750°C THEEIL 720
“XVHOBFHBETL TS, CORKESE “X”
VAT 60h X DATH LIA®, MxCe 2RFICEEN
BT 52 0¥ 5 MEORT R0 10072A BET
BHEBEDOBEENE &1 10°75A EClMT 5. z o
TR X M0 MuCo ERBRICEEME L THET
BT LERL, “X” MHEMIAL 5 2EE RO
7z : .
(2) “X” HEoEHE

TR ~7z & 51T LCN-155 ERA4 ClisiE oran
FHT 50T OXBEFRGIIIERCEETH B, £ <
I X FROMFECEITIE O B © Rk
M2sCs % MeC LIFHICHLIL TV B720ic “X” 48
D HOENHEE S HN T 5 2 LEETHS. Ll
ER T &I No.7-B &4 “X” O LZBZHHT 5
TERBMUEL. $nEAESE No.s-A O&4ICE
BRICBMERZ TS5 2 LItk b “X” B—adgko a4
235 C LT ER. Finb b 3 MOMHIT AR
B¥B X5, CbC i 850°C DI T3, ¢
UAEE—W.ChC b4 MY 5L, &EILAmD
Laves #gix 750°C DIFCIIMTHH LE#EVZ & 055, 1300
°C T 30mn RIVAMK(LAELL 724, 750°C T 1000h By
Zhi, &5 CHBHRAEE (1250°C X1h) 27> T
750°C ¢ 500h BHEEENTH LT L DE— “X” 4f
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962 IR e RSP T R "('19’625) BW8E

"ﬁ:ol():bré] REE A D MeC OXAEEFTGR 2 7T ) t
7"&}0 (d) 1 ‘No.7-C AﬁfPFO Bz MzaCe &

_ L XY OB & lﬁl?)ﬂ%ﬂ%% E3 “Table 3 vx

No.5-B - «x JEop Cu %X Cr target I« X 5 EifR
@%E@%%ﬁ%ﬁ@ﬁ%ﬁki BB 2 T
CoO M E s BYD XS X7 RO ME B

C MaCo XD BTL S MsC Uz IEAL 7= [EHT
WOBAELTUS. Lol MC RILIH

LD (400), (331) DMEE A LR BRENO

g /078 iz, BT (600) @%§ﬁ>9§<f,;o“cv\%>7;c&®iﬁéf . ,

 REERHBIEINTES.
(3 “x iHOJ%aa?ﬂk;:U?F%%%i&

X IR 10°70~10° 75 A %;F@i%%%i&

“(a).

@ o &A

@

 MsC sl ppoWUSTEHEOLAITHED T ORT "
L WS HETE b%hfvé%ﬁﬁb¢ﬁ%%
A L mBoAnOR oS M2306 & 7" (MizC e
'() : PR )) @rﬂ:%@%‘%%éﬁm , BEFASOD
MpsCo't Mo, 7-C
*nmue" S ¢ﬁ®ﬁ1%6‘~ﬁh%Cmm%kﬁO%Au

e T e Giaciion st Mupy T EPAEES. — 1 I ERRE S L
' ' MgC ‘and “X” phase \ ’ % Co-W-C -;ﬁéé_ﬁlﬂk MC () & E%ﬁ@%;

. o o L FBITE DB FEHRDONL LB L <D

@Xﬁ@[‘*ﬁ@%%ﬁ ?5 LR T E72. Photo.I'iZ< LT é\/\(1Q°84"1’10,°90A)ﬂ3/‘5%¢ L'T.E‘h‘flg?h?};’% @TC\\&)'

87 No.7-B 5 X0 No.8-A £4H0 “X " HOXH 5770 “X” AT X QEHTRORIIP 5% 2EMsC

- £y L G755 ) F 3 17 - A T i i
E*ﬁ{%a %-I«UL‘[Z?&X@?‘L‘bk No.5 B &4 DM Coe ¥ s OWEMED Table 2 'ZZS,WS\ 4)
‘Table 3. X-ray data of “X’’ phase .. .. .. ,
— ~ ] CuKg ~ Cr Ka = CuKe! .| CrikKa
(hkl) I d A I dA (hkl) 5 770 TqA Lo T aA
111 S B 662 C SRS w 17231
200 ‘ , 840 S
Y e B AR Lo 753, 911 - SRSRRRI L RN )
311 ‘ R VW . 3232 842 VW 10172 | VW 10172 ’
222 | S 1. VW  3*088 931 , ‘
400 VVW 2°689 | VVW 2682 844
"331 VW 2°456 VW 20458 o Bed R
C4200 0 VW 24386 VW:- 2385 771, 755 W 1°079
, 422 M 2°195 MS .. 2°195 10-00, 860 R
- 511, 333 VS v 2068 | S 20063 | 10-20, 862 ¢ { VVW 1°054 I
440 1w 10899 | M 1895 773, 951 VVW 1037 | . .
531 ' 10-22, - 666 N §
442, 600 - | W 10793 | M 1785 10-42 - -
620 . 577, 11,11
" 533 ’ GO T | 880
622 - | VVW 1°615 | VVW 1613 § , v , ‘
co 444 ' ' 11-31, 971 ~ | VVW- 0939
851, .7t1 - |~ VW - 1505 | W - 1°502 10-44, 882 W 0933
o640° o o , 668, 10-60 | VVW 0°921
RIS YT SR AT SR VVW 1433 © 973, 11-33 ]
553, 731 . |- VW . 1°400 W 1°400 10-62 :
800 SR ’ EE 12-00;" 884 W 0°895"
C il T733 VVW 1°312 VW - 1307 777, 11-51 | W~ . 0886 |+ -~
644, 802 VVW 1°295 | VVW 1°293 12-02 N _ -
660, 822 | WM . 17266 S 14265 S oo S ﬂ‘
751, 555 .| VW . 1°241- .| VW  1°240
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Table: 4.-- Results of chemlcal analyses N

) ‘Chemical compos1t10ns of res1dues extracted electroly'ucally

Elements (%)

1: Total [M]/

~ Number of alloys — S L Ao re, NT
S . S 1 C \N \ Cr ‘ N l( Mo W l Fe \ Cbh | . /‘,"S‘,;rat;'o
1:?(3%070 Eobéh——)W Q ’Wt%A ‘3*1"_’4?7,' ";2-'-62; 3185 13-77> 17+77] 22+50] 547 6rea | == 10201 495
750°C X 1000k - at% 6165 {10°16 | 33726 12°69] .16 44_12\,74 1061 | 6046 [ | 10Q7 | e
~No. 8B . [ E Tt . SN LR T R N g
wit% 1'82 224 1 19551 9°77° 70831 20*57] 4°90"| 505 | 24°57[7796%3 [ L 5e
1300°C X0° 5h—>W Q. 7l ger . . . . . ey | 10 D408
72000 % 10000 at% | 9757 |10°11 | 23°76[10°48 | &7 43 | 13755| 1768 | 5771 | 1671] 100 |-
- B) Atomic percent composxtlon of elements in extracted r631dues
Number | “Atomic ratio * Atomic ratio of metal atoms
Cof - | ‘ . R
alloys ¢ |~ | o | & Ni | Mo | W. | Fe (Cb
No-7=B-|" 3ov6" |~ 60va - | 3909 ~—15°3 1948 1523 | 19 7°8 | —
NO‘ 8— ‘486 | - 5l*4 i »29‘;6' . lS‘lv 10°5 ‘ 16°9. L. 2°0 SVAR S 22028

*%Mb%a%x%%é#,%%%ﬁaﬁﬁfmﬁbé
MzaCe :M:O ' AEL, MC &0:3;7:%%;7%%: 8@6*2
(4) X7 ﬁE@ktﬁkiU{b%ffE& o
750°C “ClOOOhH#ijLt No.7-B %Q:“O\ No. 8-B

Wﬁaﬂi@%m%@tbﬁ%{ﬁuﬁLMﬁ, F OS2
ntwt XAEARHTRS ST No. 7-B i UX 7D %
No&Bm“X”m%EWtL,%®m¢$® CMC
N), - MyCe #8, Laves HZE & AT . ‘Table 4 1%
Hi o OBEEDEEAHTE 5 JORTR TR L 72
(A), :kxoc };NOD%%tt&/ﬁEmﬁFEi@ﬁ%kt(B)
%bewa No%B«%%ﬁ%@% H#NT“X”
07B®Aﬁﬁ%u“x”m®m%
R N FhbbeBRFE C+N E%&@Hﬂi
#4795 1T, Cr N Ok 4: 61%6 CER
é%%%@ﬁ&m Cr 40, mm15'wz COm N1
20 j”oJ:O\ Fe 8 @ilJA’C&)ZD*" 3 —‘73 No 8- B “Cbi
“X”ﬁuﬂl;¢®%E%AU®T“X”M®#®m
”‘)ﬁﬁ%Té&vw,; [M]/[C N1 y349 4708 T, C
ENEQHW 121 THD: itéﬁﬁ%@ﬁ&ﬁcx
30, Mo 17, W 2, Cb 21, Co 13, Ni 10, Fe 70)%]
£CH B T OFEO(LEMFIA lﬁ'—’?ﬁ%’l‘ﬁ% x 02@#
I EOBERE AT DESPCANL TV B,

PAEDER> D “XWWiC@mVN%WéEA
@%%@,itéﬁﬁ?&LTCr%EW&?é Cr+

MGC @Faa%m@'ﬁif@@%*&?ﬁﬁifﬁ
, j@u%@w%ﬁf@a
B "w-g“n%ﬁ%ﬂs%f‘ﬁz‘%@/j\g WEEPSBRETN
S TW B, Xﬁ@ﬁ@#%f%#mhmﬁﬂw
S %ﬂfm>07’ ,

Fe+Co+N1 72%’] 80%, 1\/0+W %l"J 20% /-5«7%, 4>
Eﬁ%kﬁlm%%k@ﬁﬁﬁSQMA%fééa%K
shs. o IMI/IC, N1 O3 MssCo LT MsC
OEADIR 3965 B EUTE0 ThER D RED

REOETHB. s Nois“B R BERTHC
Cbx 219 LETHS THARESC CbLETR
Iﬁ%sﬁﬁ%lbfbétbf%é?# F 724X 48

ﬁ:m%kﬁég@ Ch- 7s>zﬁm7_wm\z> L %%xan&

Bid L L ZIK/*/ﬁ@ “X $E®l“§?—%§5(i)>iébnbfv
HDEZ @t&f&é?

“ g% No.7-B XUt No.s-B- 0EEDHLELIE
U755, A1y 6:98, &L 7746 Tho7e T
DfEiE 7' OfE ((Fe,W)2:C=15'4) X VX3
<, F:L % CruCe DI (6°91) k. 4 “X7 2

M%% F7-1% MeC OSSR HFD, T OHEITHR

L300 No.7-B 2> BEALFEMEE» KA E L TX
@&E%ﬁﬁbt % O%ER Fmim B OGSO
Amtt@i 7+75, —J Fdam BIOBFEIT 7°96. THD
Fe. ZOfEE “X7 FAOEBIE X D AHHR S
fML@ﬁ LR X O EORENOE LD & XV
FEVE Mo = W DX > EBEFEOKEVTROEED
7ty Cr D carbonitride THsH LV X 5.

(4) <X FEORE R
AiTXﬁ@ﬁ%,%%%ﬁ,M%&%,kﬁwﬁb
SEERIEOE D LT X" MREBELTE
Jeps, PEANFALITIRT R TORTIEOTL & 2 Kt
B 5 o LA A drode. Lo L XREHRERORT,
TR AR LR, FHDER (MsCo>X—

' M&Q) 2 ¥ DED B X MO MBS MaC s(Fm
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DFTREME D & B £4E R E R BV RE L 72

— I X AREIHTHR OB R T Lorentz H+E,
%Lﬁ%,@@%Wﬁ@ﬁm&wféh%,mﬁkib
CEHETBRIERTES. ‘

I (hkl)~1+cos220/ sin% X cosf

X P (hkl) x| F 2(hkl)

0 Ty SREA

P (hkl): T (hkD) OFEER

F (hkl): TE (hkl) OFEER T
EBEERTFIEIRR» SRKD BN 5.

A (hRD) =%’ fa cos 2z (hxn+kyn+lzn)

B (k=23 f ysin 2z (han-+kyn-+Lan)
n
IR (kD] =1/ ATRED) + BE(RED)
i) Fm3m A%7-03 Fd3m BoOBEE
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THRFHOERESC, TOEDBFETOLEC I OTH
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c (8J5F), h(8FET) OARE, %7 Fdsm MWTid
CdU6ET), e (2RF), h(USRT) O&KEC, Fe,
Co, Ni, Cr @ X5 EFHEETFO/NSVARBEDORTF
& W, Mo, Cb 0 X 5 IKEFHIETOAZ W B B

OEFHRED S SMADEEEL, ZOEREOHRE
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BALBBC LRFL TS,
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‘Table6..: Crystal structure presumed 1o-be’a new: secondary phase
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On Erosmn of Steel Plates in a Molten Z1nc Bath

Synopsiss:

Toshzmz YAMANE

The erosion of mild steel has been studied by E J Damels in detall but it was, not under- )
.. .standable what composition steel should be used. There is an opinion that one should use a
deoxidized and high-tensile strength steel plates such as boiler plates for zinc d1pp1at1ng

- Kkettles.
such kinds of steel plates.

However, concerning. the erosion by molten zinc bath,
It happens sometimes that a good erosion resistance to molten

it is not always good to use

-zinc bath is proved when an old steel plate is used which- has been made by.an inexperienced::

steelmakmg technique. These "are

1nﬂuenced by many factors.

In this experiment, the

» author investigated the influences of carbon, manganese silicon contents in steel plates, the
deoxidation of steel, the - ‘molten zinc ‘bath temperature and - effects of aluminum addition

in the zinc bath.

Exper1menta1 results show that a low carbon steel plate shows a good erosion resxstance

) "shoWs good eroswn re31stance to molten zxnc bath On the contrary, a h1gh s1l1con or a h1gh-
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