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Effect of Mo, W, 'V and Nb on the Properties of 38% Ni
Heat-Resisting Alloy.

Sadao Koshiba and Tsuneo Kunou

Synopsis: :

The Ni-Cr-Co-Mo heat resisting alloy Wthh contains Ti and Al except for Mo, W, V and
Nb shows superior heat-resistance due to precipitation of both intermetallic compounds of Ni
and Ti, Al and carbides of Cr and Mo.

This report concerned the effect of Mo, W, V and Nb on the various properties of this
alloy, and contained the experimental results on hardness as solution-treated and as aged,
mechanical properties at room and high temperature, rupture strength, oxidation resistance
and resultant microstructures.

The results obtaind were as follows:

(1) As the added element was increased, hardness after solution-treatment, as-aged hard-
ness, tensile strength at room and high temperature, and then. rupture strength was incre-
ased. : : : :

(2) Elongation, reduction of area, Charpy impact value and oxidation' resistance were °
gradually decreased in parallel with the increase of added elements.

(3) Among the added elements, Nb was the most effective and Mo was the next, but the
effect of W and V was hardly observed.
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Table 1. Chemical composition of specimens.
" : f ] 4 ﬂ -
C S Man P | s Ni {Cr Mo | W ! v |colnw | a1l T
‘ ‘ ———— —
M3 0703103 1°23 0°014. 0039 37° 76 | 17- 86 3706 $21°38 1020 | 2°36
M 5 003 ' 0*93 099 0°015 0°+015 37771 | 17+98 5°16 ! {2175 -1 0°19 § 2°39
M7 .003 102 1*12 0-010 0°013 | 37°86 | 17°95 6'75 | 2200, J 0-20 ! 2-28
MI10 004 ‘§A1‘21 “1+19 0°009 0°020 : 37°90 18'00;‘ 9°50 121-13 | 0721 E 2*41
- - 7
W2 10'04 1°24 | 125 - 0°011 i 0*0l16 37°27 | 18710 316 | 1°54 21°38 0221 2+35
W4 0703 ;100! 1°16 0°011 | 0°0ll | 37°27 | 18°21] 2°96 | 4-16 20" 88| 1 0°20 | 236
W7 10704092 1°23  0°C08 | 07018 3779 | 18"11 306 | 6'35 2175 [ 021 | 238
| . i !
4 i : i |
Vi * C*03 | 1°08 | 119 ‘ C*009 0°*0lé6 ; 37°47 17’811 3°06 0+87 | 2113 C*23 | 2+*28
V2 0*05 1 0°98 | 1*14 ;| 0°0lt 0024 37°47 | 1796! 3°06 1*53 | 2175 020 | 2*38
V3 (0061021123 0-011 0016 37+47 17'99i 2°96 2°39 | 20°88 0+22 | 245
Nb 1 : 0°04 | 1"10 | 105 0*010 0°013 3804 | 17°82 292 20°00] 104 | 0°22 | 2+40
Nb 2 E 004 { 1"10{ 108 0°*009 0°013 3764 | 17° 51’ 296 20°50] 2*26 | 0*21 2°41
Nb 3 ' 005 { 100 | 1*08 0°*009 0008 { 37-44 17'93;’ 291 20°50; 3*34 | 0*22 | 2°39
OB EEINETFAIEL 2. 77 F » —RERIERNR & F B (LR m L 7.
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Table 2. Rupture times of specimens
(730°C, 35°7kg / mm?)

M7

M3 | M5 MIO | W2 Wa |W7
840" [50°20'/75°12'] 107°16' | 30°10" 49°41" |60°33"
Vi|Vz|vs |Nbt | Nbz | Nb3
© 40°05 50047'§7o°4o'§ '72029'}! 100°36' | 121°14' )

Table 2 iz4& 5> 732°C, 35*7kg/mm? OEHiT
BT OWHERZTRL 2. ELKEL DX OBEENTS
LW 7 F » —Bp iRk 3 5.

(7) ELHR

#ARFE DHEBRBED L RIC L7250, Byt ey
KIDD, BILERLLXOREZETIC L ABVWE LIS
AT D, B VOBEZ OEAHVHUS L.

(8) DAL

£33kt % 1150°C X1 hk¥, 750°C x20h gL T
WSS S 2 P/, Photo. 1 iz M3, MIO, V 3,
Nb3 xR+, M3 FhoRich < gash
5<, HhA b O SEHT A EED B,
MS X M3 Li3iSBROMBEERYT. M7 i M3 &
A 0EES LY. MIO KITEBO 20E KAH
MABERD bivd., W2 hddstd i BO a0

— 37 —



490

Photo. 1.

BAFHAERD HNB M, W7 040 T i RS
5. V3 iAot il 5t T eEX
B HEHOEREL TWHOREDLNS. VIRBITV
2RVIEFTWHLD LWERSED LY. Nbl
3 X Nb2 oMaREHZ T & B BT s & i
oD, Nb3THHRLEMEE»ELLNS.

(9) HBHRHOERFHED R

Table 3 T &R O IR, HIREHEENE, 77«
—3EE, B E R TR L. TablellLbind TELKE
(BREEITIE Nb B ZhRIITOVWT Mo BEMTH
5. Wk XUV ORICIIAENSED LRV DS, Vs
LFEOTNS. _

=

IV. & =
Ni EHEE&E—iRc &BRNLEH oW T X b %

X 420(1/2)

V3
Microstructure of M3, M 10, V3 and Nb3.
(1150°CX1h W. C., 750°Cx20h A. C.)

OTHBSREDE R ETT 2T 55, Ni FIR{LHOE
BEMNNS VW Izd, RICIERTTE %% 2T R

CIHEEAEE O AR 4R T 5 X TERW. —F Co

WD ORILMEEIBR TS LB TE, & Ni %
&4 Ni 0—8% Co TEMRL T, &EMbLED
B ICRILDHZE OB AR X VEEOMAKEEHH
MeH5. '
Iz v /- Ni-Cr-Co-Mo (38-18-20-3) fi#EL&
£ NiEL, Nio—#% Co WTEMmLAFS
LY EOMEEESTHS. ZOEEXHETHIETE
Y7 Ni @ Nimonic, Inconel RHEE4EIZICIT 5
HGEEEDLIDURCEFL, T RICMERTECD
Mo, W,V 3 XU Nb EMRFMMOFE T >\ TERY
Tis 2.

ERREESR X D Mo Zifhnd Xt U@E@Eﬁﬁ

Table 3. Comparison of the characteristic properties at high temperature.
Mechanical properties at high temperature* Rapture | 1pcrease
; - ‘ time h of wt. after
Room temperature** ‘ 750°C ok 800°C *** 732“’C ‘;j‘f@%‘;;’é‘mz
: P35t7 800°C X 50h
ot ! e ’ R ‘ I | o & R ‘ I ot ‘ e R 1 §kg/mm2 heat.
. : ‘ v
M 3 ,97~3! 46:0 | 540 | 260 1 65°3 1 10°0 | 1541 | 18°0 | 48°0 | 86 | 14°0 | 1872 8040 27°2
M5 |100°8 | 44°2 | 52°5 | 241 | 74*6 | 7°8 11070 | 15°1 | 58°0 | 6°3 | 11*8 | 13°6 50°20" 31°0
M7 |115°0 ; 43°5 | 50°8 | 20°2 | 75°7 | 6°1| 82 12'8 632 531 7°2;11°2 75°12! 369
MIO |119°8 © 3170 | 34"1 | 54 183°0 4°9 | 69! 6'4 661, 51| 5°41 51| 107°1¢' 42°1
W2 |101°8 416 | 487 | 200 | 66°5 . 92| 9-0 ' 13-9 | 588 i 9:01 95161 | 30°10' | 3270
W4 1103°9 | 35°5 | 40°3 | 128 70°0 | 6°3 | 6°2 11°7 | 61°5 | 7°8 i 7'5 | 14°8 49°41! 341
W7 1105°8 ; 31*7 | 38*8 | 112 73°8 | 5°0| 6°3 | 10°8 | 63°0 | 5°9 | 54 14°0  60°33' 394
V1 |102°0  39°0 | 49°1 i 16°0 | 70°0  11°2 ¢ 12°0 | 11°0 ‘ 55°3 137 12°5 . 13*1 40°05' | 453
V2 {103:7 1 36°2 | 43°5 | 115 77°5 ' 9°3 ' 8'5 98 (57°1 . 11°5 75 1271 50°47' 1387
V3 j111°3 | 34°2 | 39°0° 92 80°1 ! 80, 6'9 87,6 60°5. 80 56 10°8 70°40' ' 1573
Nb 1 103°9 . 30°5 | 338 | 11°7 | 726 . 81 { 14°5 | 97 | 58'6 5°2 152 ' 10°8 = 70°20' | 285
Nb2:122°0 ; 26*9 | 30°2 | 62 :78'8 68| 6°4| 6°5.68°1 ' 4°1! 9:8°' 88! 100936’ | 53+4
rib:3131°o§}19-8 261} 2°5 965 56| 2°91 3'7 77°0: 3°9.' 5°7 ! 3°9  121°14' | 84+7

* g4 Tensile strength kg/mm?2, &: Elongation %, R: Reduction of area %,

I: Charpy impact value kgm/cm?

** Heat treatment before testing: M mark si)ecimen 1150°Cx th W-C-750°Cx1h A-C-,
W,V & Nb mark specimens 1150°CxXth W-C-—800°Cx 1h A-C-

ook y

1150°CX th W-C-—»750°Cx20h A-C-

=y



38% Ni IHEAGEDEHE T XI1¥T Mo, W,V X8 Nb o : 491

WEMNLUDH LMK, BETIRELSEETS.
INEFEXLT Mo ORINC XL W4EFS MC il
WMOERKTHERTEDDEBbNS. MeC 1z M252(C
0+1, Nis4, Cr20, Col10, Mo 10, Ti2's, Al0-75),
Inco 700 (C0*1, Cri5 Co29, Mo3, Tiz*s, Al
30, Fe4°0, NiBal.), Waspaloy (C0-05, Ni58,
Cris, Co14, Mo3, Ti2'5, Al1'2) OHMOEMR
BEEX DHALPIEXINTVBD.
CERD HLNDHERAH W MeC 725 R1L & HEE S
ns.

D& Fig. | ORI CHEE(LAINEE D - Ric
LRt R ERIREE 2 545, AUEE R LA
REDEFCL 2BV RIEDE YOS BRLS o EE

BEERL, CRLONHICHIEZET 520 %20

_6- it our 350

NTIIM 5 B € aweinne|
i [ N — k“t
THEELLINE & M\%
L 150°C i
E# 1100,1150 3 o
°C%;§1mo§_ 750°C Aging L.
Le] E -

0 N 0 30 40 50 60 W & -

> o S
% 750°C T Aging times (h)

80 * R '
E#Fﬂﬁif?#% Fig. 7. Relation between aging
L T2 times and temperature.

L 753, Fig.7 (M5 sample) )
RS T &< 60 RRRELA_E DB Ah Tl LA BEE D
LR LB WBERE AT 5. REhiRE 850°C
BLETRBBE 20T % 0 £BR L&Y (Ni,,
(Ti, A)) BZOEEMETEHCEIET DD E b
5D,

Mo DIEINZ X VBBERBE B XS 75 » — e HE
RTIZDEIFHRD MeC Db &F 2 Hivnas, M252

OB HET H5 & TiC & MyC THOEEL

VTR 80:50% THmD MsC 2BfEET S0, Mio 2
BHZIZ M252 LEERR D SED MC 2HETS L
DEBbLNS. A

Fig. 5 OB PEME S @ v CEIEEITIE Mo &1 &
DWHUDLVWERNPRDOLNGS, EIRIZLBITL 7
BT DERFLTE. Thid M25212 3B % Mo
B L bR B Y. '

RR{LIEEIZ DV T — g Mo VIfHEs it i ER %
B IIET LV ER, 900°C ORERIEEIC 35\ TIHRE
I VO Tk & K3Ena0m Skl . Chidm(se s
FEL T30, Mo OELIHE—IRERED U 7m0
LEPNS.

EEESR o Photo. 2

W i3 Mo & RikERE LB Z RICL, 28R
BT LHEELEDHITETHHH, LBORKIV-DIE
LB SEORMILDI. .
W DM U 72D WA LALIE B, Rl B2, W8
BImSRME, 77 F v —MEREKTS. ZhiZWo
RILMOERCERTH5I0EELONG. LD E
T HERERAPTH D2, BHSHLAE W7 HBoE
PRI 4°4% O W PR ENDHZ LT X WilET
5. . "

Viz—figxicC, NEBEILELTEILETH D LR
W, VOREIEmcHALT 5 2 &80 niFgE
ﬁbfwé-V%%M?hﬁ%%mﬂﬁﬁﬁfﬁﬁﬁﬁ
ERART B, TIIEVORILIBERS D D L

|

CZ2bhG. REERBPTHEHS V2 sBOEMS R

BHIC V0'6% BRI ENEE LIt X D HETE S, B
B bR EREBEEE S XU T 77 5 —RENRV O
IMC L 7chn KR35 ORENR D V B b o4 B 25 H
TH5LOEFEZLNS. VOMANC L e W ik & s

W HUBLLERT 201, Mt TsLEbhs

V205 XU MoO; MBEELZ{RET S 72 D & b,
&< V05 T2 DBV H LU B L.

Nb @ik, Ebleiad LElb+5 2 L X vt
HBELVHLLSHLLHETS. Nb o Xk 0Bk
LA, WRShRREE, Bifl, MBS RS B XI5 &+
» —PREREAT 55, i Nb @ carbo-nitrided> .
WHick > & T A5 KkE\w. Nb @ carbo-nitride, Nb
(C,N) 1¥ LCN-155 D HiFE X W TR S T 55,
EWp O Nb 1 BB MR X 0 Nb 4-65%,
N 0°2289 %L Tk 0 Nb(C,N) OFEIIIEE L
Zxzbhb.

V. ¥

DEOEREREZENTE EDEDT L T 5.

(1) Ni-Cr-Co-Mo (38-18-20-3) fitZha 4 DB
{LALERER S, WEEHIEEE, WIR7R O N BRI BAIEE,
5 FF » —5RE, Wik btk X OHEMERBI S IET
Mo, W, V 35 X 0% Nb BBMiRmMOEEIC >WTER %
13727, :

(2) Mo, W, V XU Nb x bAEHROHARS
THWIN DX DORZHERT HIT L Ich W EVAERIFE,
BEELUCIEBIEME B IS FF » —JaEL2EA
T5. —FHY, Y, v v —E%{s X OEL
B 55,

(3) FTTED D L TIRHEGAE T Nb AR H31E

il

— 30 —




492 &% & #

= 46 4

g 45

BT, OWT Mo BEENTHS. W XUV oR
WO AEAIED HNRWEE V BRI TWE.
52D ITARER :‘v%lfz"’?fi izt E NI AEUIZTE S
§$,m&&&ﬁ EeRT. (FBf 3¢ 4128755
K 13
1) R. F. Wilde, N. J. Grant: Journal of Me-

tals 9 (1957) 865

2) A. Taylor and R. W. Floyed: Journal of
the Institute of Metals 53 (1952) 8l

3) EAJ D kL& 44 (1958-3) 447

4) FENl, BEE: ke 4l 39 (1953-3) 184

5) 43, A& g &8 44 (1958-3) 452

AWM ER DY s a nBLINF D > LDER

(EEMHEOILEFITEOHFE—

Iv)

5 m o® g

Determination of P, Cr and V in Basic Slag.

(Study on chemical analysis of basic slag—IV)

Synopsis:

Shigeo Wakamatsu

This investigation was undertaken to a find a rapid and accurate chemical method for the

analysis of basic slag.

In the report (N), a simple spectrophotometric methods was des-

cribed for determination of the Py0O;, Cr:0O3 and V which were contained in basic slag.
Determination of P:0;: Dissolve the sample (0°5g.) with HCl and HCIO,, and evaporate to

fume.

Add vanadate and molybdate.
absorbance at 430my against the water.

Determination of Crq0;:
extracted with water.

at 380my against the water.

Determination of V: pipet an aliquot 10ml! of solution from among
Neutralize any excess base with HCIO,.
Ajust to pH 30 to 3*5 with HCIO, or ammonium acetate.

the sample described above.
and acetone.

Dilute, and transfer the solution to a 250m! volumetric flask, filtering off any residue.
Dilute to the mark. Pipet an aliquot 25 to 50ml of solution into a
Dilute to the mark and mix well.

100ml volumetric flask.
After 5 mn., measure the

2g. of sample mixed with 20g. of Na,0; is fused the product is
Make up to 100ml! with water.
into a 100ml! volumetric flask. Dilute to the mark and mix well.

Pipet an aliquot 5to IOml of solution
Measure the absorbance

100m! of solution of
Add (NH,):S:0s, PAN,
Transfer the solu-

tion to a 50m! volumetric flask and dilute to the mark. After 5mn, measure the absorbance

at 560m g against the blank.
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