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Systematic Study on the Mo-V Low Alloy Heat-Resisting Steel.

Kiyoji Deguchz', and Haruo Nakajima

Synopsis: ‘ ‘

The effects of adding Cr, Ni, Mo, V, Si and Mn on the low-alloy heat-resisting Mo-V
steel of the base component 0715% C, 0°8% Mo and 0°3% V were systematically studied.

The results obtained are as follows.

(1) S-curve is affected by Mo more remarkably than by V. When Mo and V are added
together, then the noses of A; and A, transformatxon curves appear at about 770 and 700°C
respectively and the bainite transformation at below about 575°C. By increasing Si, Cr and
Mn, the beginning of A; transformation is retarded down to below about 700°C, and also that
of bainite transformation down to below about 500°C, according to the decrease of temperature.

(2) By the X-ray analysis of the precipitated carbides extracted electrolytically from
the isothermal transformed steels, My Cy, Fe3C and VC are found in Mo-V steel, but only
Fe3C is found in plain Mo or V steel. No differences are found in the kinds of carb1des off
Mo-V steel even by changing Cr, Si, Mn etc.

(3) By adding Mo and V together, the hardness as quenched is far higher than by
adding them independently of each other, and the hardness increases further by adding Cr,
Mn, Si etc. respectively. These results are well understood according . to the effects of the:
added elements on S-curves. The maximum Charpy impact value is obtained by tempermg
at temperatures between 730~750°C after quenching from 970°C.

(4) The tensile strengths of the Mo-V steels at room temperature are far hi'ghef than
those of plain Mo or V steel and the ratios of the vield points to the tensile strengths are
also high. As far as the variations of Cf, Si‘ Mn and Ni of the Mo-V steel are less than
those described above, the required mechanical properties are obtainable by tempering at
the adequate temperatures between 730~-750°C.

(5) By the results of creep-rupture tests of Mo-V steels at 500°C, the followings are con-

. firmed; the effect of Si between 0°08~0°42% is not distinct; by adding Cr up to about 0°93%,
the strengths are apt to decrease after long time; by those containing about 0°459,Cr, the
strengths are higher when Mn is lower; by those containing Cr and Ni up to the upper
limit of specification the strengths are higher than those containing no Cr and no Ni.
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EEEMPHEHINALTWER, FOERESIX C
0°15, Mo 0°8, V 0°3% TdH 3. T/ bLEiE creep
rupture SHEI Z 3712 Mo % 0°8%, F-#HiHW
ELTHEDRELBZL LA —ITHHL LichHo
T creep LB THEVDNRSE V & 0°3% &
MMENTHWBIT\E L. TIDHEIR creep-rupture
B S IR L TIRAMEICH R ED~OIN T B, LT 5
PAMMEZ F1ET 584 C, Mo, V 13D L30T
HOTH, TORMENPLR VDB BEHSORECH
7o D CRED» DE &K & 21E Si, Mn, Cr Ni 44
®OZALIT X B RS OB b E e gt T 5 L
BBHHOTY, S, BALREEIC XHHE, HE
ERXUSERMS U OCRERT FF v -k XiE
TN DEIIMICE DR H 2 REEHNTIIZE L.

II. !

BEEAM DI S 5 X O ZERES % Table 1 TR
No.1~4 iz g, RS g & $ 1T§94°C/mn)
HEBROCHHIC Mo 076 XU V 0°30% K35
ZEREDTHSAD, Mo, V REREIMTHIES iz
B BERAT S 5. , )

No.5 BX U6 i Iiid Mo-V gz Cr % 0°54 k-
XN 0°93% AT A LI X 0, HnEhZiie st 10
FIOC 20°C HL 72523, WHERACIIENRD LR
me. ' - S
No.7~9 X Cr &) 0°45%, Ni ¥ 0°25% =hnL 7=
Mo-V $Hiz2& Si 20°08~0"42% i ZL L 7% DT,
HNEAZERE ST Si DIEINT X > TRo0wE < 7 HIEMIC S

Table 1. Chemical éompositipns and transformation points of test-samples.

No., C | si Mn P s Cr Ni Mo V | cu "|Ac,°C| Ar,°C
C Steel a
1 0*16 0°32 0°31 0022 0022 004 0°05 Tl.‘ 0°08 0-17 729~872;672~821
Mo Steel »
2 016 0*29 0°31 0-022 0°030 004 006 076 , 008 017 734~888§679~837
V Steel
3 016 0°30 031 0:021 0+031 004 006 Tr 0°30 0°17 |739~893/685~840
Mo-V Steel
4 019 0°*33 0+57 0'019 0°011 0°14 008 0-84 0-29 021 . [744~883[673~811
Effect of Cr
4 0*19 0°33 0-57 0*019 0*011 014 O'O8 0-84 0+29 0;21 744~8831673~811
5 017 036 -0*61 0-019 0*014 054 0+05 086 030 021 [754~888!683~811
6 017 0429 0-53 0°020 0°014 093 0°08 0°88 0°30 _ 0*21 [764~903673~811
Effect of Si - - ’
7 017 0-08 0-28- f 0-018 0°030 0-45 030 0°79 0°33 0°*15 |744~-888/693~816
8 0°18 . 027 0°36 0°018 0016 0°48 024 081 0°31 0*15 [744~883[683~812
"9 0°18 042 041 0018 0015 0-48 024 0+81 033 0°15 |749~891{673~816
Effect of Mn
51 0717 | 036 | 0el 0°019 | 0°014| 054 | 005 | 0°86 | 0-30 | 0°21 [754~888/683~811
10 j' 017 | 0-28, 031 0019 0014 0°-54 007 0-86 0-30 020 |[756~888|718~836
N } A
Effect of Ni
7 017 008 0°28 0018 0°030 0°45 0°30 079 0°33 0*15 744~888693~816
i1 019 018 0°32 0°01¢% 0-0l6 0°46 009 0-81 0-31 014 |744~-888674~811
Effect of 'ij—Ni
7 T 0-17 i 0°08 0-28 0°018 0*030 04 0°30. 079 0°33 | 0°15 |744~888i693~816
12 017 0°17 035 0014 0+018 009 013 072 025 0*15 [739~888i677~827
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555, BHIZERECHARBRR TIRES KL 5.

No.5 & 10 ¥ Mn %4 0°6 & 0°3% LT Mn
Ffz No.7 iTi3 0°3% O Ni (FREHEDOH
#% FIR) Z2ipnL, No.il iTiiFic Ni 2/l iw
= Ni 0% %, No.7& 12 & Cr, Ni 20 LR
wlkdhok, FEZEmLisndoT, Ni & Cr ©
WEER L L.

Mo-V D S MRICHEXET
BERMITEOEER

FFEERS D Mo, V 0&Li 5% Si, Cr, Mn
7o & ASACEIRE ORI I s T ET B e AN K
F 57T Table 1 IRTEHEBHTOWT, SHifE%
sk . . :

SRERFEEVE, § 10mm (C §E, ¥ 700°C {i¥y, Smm
I U 7otk &, 950°C 1T 10mn {REAA — A F
F 4 M, 500~800°C Rl DFEIRE O hITEEA

Bz
2o
Dzt &,

II1.

A Austenite  C: Carbic?

n, ZORE—ENERLEAEENGY L. Eil
LB G OB oMK S OHIE R4 Jo o B
—~ZBEXHAL, RO EEOPE ST RRE
DX BT LD, '

L No.1~4 o Shgs Fig. 1 12, Mo-V #T
313 % Cr, Si, Mn 3 X Cr & Ni OFHOLE%
Fig. 2 2, %7z, {SiE4ERE0IRE o REAIBIIREMR
% Photo. 1 ~2IT7%7-

1) Fig. 1 lzxhiE, C#l (No.1) ZVE 0°3% i

5 (No.3) LT3 SHhsixiz& A X¥Z{LL w5, Mo

49 0°8% M (No.2) 5%, ZIEDERIEN,
FRZ b 700°C 124 Lh LU E{H LT
¥, A ERET 700°C BT REAEL D EERL,
#9 550~500°C iz 10s BAEfRFFLIZL DTN~ A4
h L R o

Mo & V ZERICIRNL7 Mo-V 4 (No.4) TIE
Mo 4o S HiEcE L, (1) T As ZREDARIMRIER
ke HTEEL LY, ¥ 770°CHTE (39 20

. F: Ferrite B Bainite s) idid bbby, (i) A, ZEE, ¥
[ c o w o v AL (i steel] gy s iy dos i ot | Gsive
" Csteel | op 05 004 005 T 009 950 1.2 s 700°C TRV T Mo fioxh &I & A
Ac, L . . -
mg_i____»ir_:__-,/ po | — Y5 B, 600°C IT3s\ChE 8 h Rk
suof— A A\t ST s o coBmiErs bbF, GiD
Y A+F*C » - o
S s |{ i f 7B 500°C ITH1F 5 X —F 4 FEEOHIGRIZD
}3400 : P s THILELINTWS. .
S T 2 T _ T C Cr Ni M V AT e it e e 1
S ol Lo di iy s % o Se| |0V artlg 04 dth g3h 0 | e | #RRIERZ AR o Wi, C @K
Swof= AN f—— | Mo &MY LML, VORMMLE
N~ > +F+ . )
goiar A | L oBIhEDbRREN, Mo EVE
500 » e f B R L 72 Mo-V T vwbLl %L
400 ; 1 < THEE R HAT.
/ W0 35175 5 0 12358 9 35 /™ 5 00 Jh2358 L33 ¥ .
7 70 107 707 10° 7 7 707 ki 0% 105 DLEo&ER X » BT, Mo-V g0 Mo

Time (83

Fig. 1. S curve of C, V, Mo and Mo-V steel.

13 S BB 3 B LMD IR R B S D
LrbioN— S A NERRERTEE 2L

(Photo. 1), RERFIZHEEY*>ED, THILE

L V& 03% BEMALE7=274 b

DO IHEVTEI, BERVWBLBLLLEL R
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(a) Eyfect of Cr © fljtt;.‘[ of Mni
e - £
L Sy A+F A f~ A+F
o4 (Cr 01 ~. o — ]
0 s crasay R R iy Ho.5 o 081 7 oo ArFC
oA oS 1Cr 32 _;;:\ No.10 (Mn (131)
S 500 e sl M i e
& BT L Y
400 i

LT bbb,

2) Mo-V ficx¥+5 Cr oFEHEC>

() Effect of Si (d) Efsect o Cr, Wi |
” (oLt

Ad oo
ek 4/l

Temperature
g

3 !
- SO C 043, W7A30)
/I(C‘ri[Z 9, #i413)

W (No.4~6) 17X Fig.2(a) IR+ &

<, Cr % 0°54 L XT0°93% ML T

% A TRERIT L A EZELRF, 500°C i

KB N—F 4 +EREOBIEI 0 1R

[ py T N ey S T o ; R Gl
S00M40.95442) b 3 == %
5 ] 2| A48 Ry A+8
7 71 -
0 v . )
i 030 5 P 1h2358 7 ]0[775 5020 152358
/ 7 107 103 M 705 1 70 07 707 707 5
Timz2 (5 .
Fig. 2. Effect of Cr,Si,Mn and Cr-Ni on S

curve of Mo-V steel.
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Mo-V (K& S B4l O Rt 1 B 5 : 4 s

3

Py

RSN . :
No. 1 (C Steel)” No. 2 (Mo Steel) No. 3 (V Steel) No. 4 (Mo-V SteeD

B B d DIT DOV TR, [F U RMESAL 72
4, Si DERICIRYS No.7 1Zighic bt LR
AUEV. ‘ .
4) Mn OFEE Fig. 2(c) R+ <,
Mn QRS ODFHD As ZERER L UV — F 4

108 108 10'S s NEREDRIR R < 520 AL ZREIRIZ LAY
, 5 | A
X500 (2/5) TR, , _

Photo. | Microstructures. of isothermally treated

samples -at 500°C.

%

No. 4 (Cr 0.14) No. 5 (Cr 0.54) No. 6 (Cr 0.93)
1h ‘ .. 8h 8h -
. : x500 (2/5)
Photo. 2., Microstructures of isothermally
treated samples at 600°C . -

Cr OFERH LIS, Tibb Cr BHTicoiT
As ZERSVIBHL (Photo. 2) 600°C 12 3315 % ZE BERTAAM:
iz Table 2 DB CThHS. \

Table 2. Beginning time of A; transformation

" at 600°C. ‘ f
Sample| Cr%, - Time
No. 4 0°14 . About 40mn
No. 5 0°53 About 5h S
No. 6 0°93 Not begin even at 8h

BRI ORI, 600°C LA L0 B Tk
Cr DFAIR D D LIRS, 500°C TIEIRMME L
FoR—F 4 MR Cr 2B Lok > THERE

3) Si OFE X Fig.2(b) WFR3T 7&K, Si 0°08~
042% FREDIEICIDTR, A LREl X8 Az ZofE
DEVIRVZELIND, S OFICRYV No.7 (0°08%)
TYE 600~650°C 12 K1) 5 Az ZRED RIS R < # 2mn
PURICE T 5 C EVENSD Si DEDDEEED & -

BHTH D, 500°C TIEIRZERBMEL TX—F 4+l

5) Mo-V #ilic Cr & Ni % #i50 FIEE
E‘%K'}Jniv‘:%@ (No.7) r4FRlichnz/s v o (No.
12) XEIETHE, Ay TREL N—F 4 N2 PRI

VEBE VLSV, Cr 2 Ni 4% No.12 o

As ZREBIIAIIIET TR <, 550°C BA BRI T
10s BIRICHEE 5. LasL No. 12 & No. 4 % g+
BEWELBIC Cr, Ni #45F740 5 DTH B2, No.
12 ©FH Si, Mn PMEWLISMTHEHT Mo A% 0°12%!i3
EEMLTEDTVBDT, Ay ZEREOBIEA IR I 5 < 75
DTVBAEDET, Mo b ZOBREDEILL>T A,
KREDOBHEZ B 3% 2 b5, Cr & Ni %
EERVDDOREAL S DILEL, WFholEnzte
WA TR D e G & T A E L.

(6) EIRARBAEIC X B 4T H AL O 1

700°C "CHEIRZARAMER L CIRALI DD Bhui=Bihc
DF, D EOHKMTEM L CRILDRIEL, ThoX

MRTITEATIE D TRALM OB R thae L. REmatic
- DEZLOFERA Table 3 Wi o ‘

AR 2 0" 2NIREE +5% & < LB
I : 10mA/cm?

\FAZRSE : #950h L
THIC g, CHllds X OV RO T R L 901E - FesC

C DHRTHDHH, Mo §iTiiMaCs 35 X 8 Mo.C, Mo-V.

$TIE MaCs & MeC DIEMIT VC 23800 b, =
O VEC R VHIZIIRD DN h2kDT, Mo & V.
RIRFEANS 5 &, d7oh> b KIEHIC 351 % common ion
DREDTEEITEDT, £KT2b0EE2 LS.
Mo-V §iic Cr % 0°93% hnz<Th, %7 Si, Mn 7
LR RARREZ L L C b PR L OB ZE BT,

Table 3. Carbides of isothermal transformed samples at 700°C x 5h.-

Sample No. Carbide
1 C Steel Fe;C (Rhombic)
2 Mo Steel M3Cs (Cubic),  Mo.C (Hexagonal)
3 V Steel Fe;C (Rhombic) ] :
4 Mo-V Steel (Cro0-14) Fe;C (Rhombic), MyCe (Cubic), VC (Cubic)
5 4 (Cr 0-54) Fe;C (Rhombic), M:3Cs (Cubic), VC (Cubic)
6 v (Cr0-93) Fe;C (Rhombic), M»3Cs (Cubic), VC (Cubic)
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5 Z
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Fig. 6. Relation between test-samples and
mechanical properties by heat treatments.

test-sample

DVEEIEE TR DR E ORISR E L, BEEES
BB LA 2T ZOESII LA VWITETL, /Mt

BVl R TR OBRIRE O%A T b itk

i X2 TIFIEHHT L CEILL T 5.
HEHICRB L, No.2 XU 3D Mo XXV 4

JECH IV OTPTECEBETH LM, ThbuFERFIT

WINL7: Mo~V TIRVWHLU S LBXHMAML, BE
REEDIRNIGEITE T OMINEERXE V. Mo-VifoD
Cr, Si, Mn, Ni 7% E DG ZEENDFTECRE OANZ
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Yield point Tensile strength Elongation Reduction of ‘a’.rea | ‘Charpy impact value Brinell
kg / mm? kg /mm? %, % - kg-m/cm? hardness
>60 70~90 >14 >40 >8 215~280
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Determination of Fluorine in Basic Slag.

(Sfudy on the chemical analysis of basic slag—V)

-

' Shigeo Wakamatsu

Synopsis:

This mvestlgatlon was undertaken to find - -rapid and accurate chémical methods for the
analysis ‘of ‘basic slag. In the report (V), a simple combustlon procedure and an indirect
volumetric method were described for the determination of fluorine in basic slag

Combustion procedure: :

" 0*05.to 0°2g of sample mixed with O Sg of Si0; - and O 5g of V05 is burned at 1300 to 1400°C
with moist oxygen in a combustion tube. (Silver gauze rolls are placed at the exit of th1s
tube). The moist oxygen flow rate is adjusted to approximately 200ml per mmute

After about 60mn., the contents of the absorbers (filled with water) are transferred to a
500m! Erlenmeyer flask, and titrated 1mmed1ately to a phenolphthalem end-point” with 0+01

_ N NaOH. Approximately 0°5g of mannitol is added and the titration is again carried out to

(&

the same end point.

In direct volumetric method:

Sample of 0°*3g are Welghed in a beaker.
1~2mn at about 350°C (CaO is decomposed).

The solution is filtered, and washed with hot water.
Dilute to 150ml/ with water.

hot 1 to 1 HCL
solution of ammonium oxalate.
volumetric KMnO; methods.

Boil
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Add 30ml of 1 to 3 acetic acid, and heat it for
H -

The residue is dissolved in 10ml of

_Hea-t to boiling and add 30ml of saturated
for 3mn. and then determin Ca by conventional
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