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ON CARBIDES IN W-Cr-V HOT-WORK DIE STEELS

(Study on Carbides in Commercial Special Steels
by Electrolytic Isolation—VI)

Tomo-o Sato, Dr. Eng., Taiji Nishizawa and Kousuke Murai

Synopsis:

In the present study, the carbides isolated electrolytically from two kinds of W-Cr-V hot-work
die steels were examined by X-ray and chemical analyses, and by electron-microscopic

observations.

The carbides in the annealed steels are MgC+M;3Cs (+MC), and by austenitizing treatment,
M:23Cs, the so-called heat-treatable carbide, preferentially dissolves into the matrix, leaving a

part of MgC (+MC) as undissoloved carbides.

In. tempering of these steels, a transitional

carbideW,C appears, as reported by K. Kuo (J.I.S.I. vol. 174, 1953, p. 223), and the carbide
phas_e changes in the 4th stage of tempering are as follows;

0 —> WL (+MC) —> MeC (+MC) —>» MgC+MpCq (+MC)
W concentration in the precipitated carbides increases with the rise of tempering temperature,
but V and Cr concentrations in the carbides take the maximum values in the course of tempe-

ring.

This fact is considered to be due to the increase of the amount of W-rich carbide

MeC, resulting in the dilution of V-rich carbide MC and Cr-rich carbide M.;Cs.
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Table 1. Chemical composition of specimens.

Steel . C | Si | Mn P s | ¢ | w | v
! A i |

SKD4 0°36 | 016 | 0-23 -015 -016 I 2:15 413 . 0-68

SKDSs ; 0-29 k 0-25 i 0°31 023 026 2459 9+42 0°34
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Table 2. Metallographic analysis of carbides and ferrite in annealed specimens.

Steel Wt of X-ray anglysis Composition of carbides (%) Composition of ferrite (%)
carbides of carbide <C> | <W> | <Cr>| <v> [C] (W1 [Crl i (V]
SKD 4 7°9  |Mp3Ce+MsC+MC | 46 | 401 10°7 7°6 — 1-1 1°4 0°1
SKD 5 12+5 MgC+M3Csq 2*3 61°8 44 18 — 20 2°3 !F 01
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Table 3. Metallographic analysis of carbides and matrix in hardened specimens.
(Quench. temp. 1050°C)
Steel Wto% of X—-iay analysis | Composition of carbides (%) \ Composition of matrix (%)
carbides| of carbides A I ) { -
| <C>| <W> | <or>| <v>| tc1 | w1 | e | v
SKD 4 | 19 MC+MC 3'5 1 55°7 ! 34 i 45 { 0-3 31 2°1 06
SKD 5 | 66 M;C 1'8 | 652 | 25 | 16 | 02 55 1 25 03
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Table 4.

X-ray analysis of carbides isolated from tempered hot-work die steel (SKD4),

compared with the results by K. Kuo

Temper “Carbides isolated from SKD 4 Carbides isolated from 0°339,C-8°75%,W-
tergp : - b 2°959,Cr-0°16%V steel, tempered for 1h

_ * | Tempered for 1h |Tempered for 100h (by K. KuQ) -

400 FesC FeC .

500 FesC 3k Fe;;C

550 %k W.,C+MC

600 Bk | W.C+MC+MC W,C. (625°C)

650 W-C+MC : \/IGC—L\/IC—FM%CS W

700 W.C+MCH+MeC. ¢ M3C+M2305+MC MgC+W-C

750 MeC+MC+ Mo3Cq | MgCH Ma3Ce+MC MgC

800 MeC+Mo3Cq+ MC | Mg3Ce+MeCH+ MC MsC + M23Cs

%k No reflection lines were detected
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Photo. 2. Electron- mxcrograph of car-
bides, isolated from hot-work die
steel (SKD4), tempered at 700°C
for 100h.
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STUDY ON FRACTIONAL VACUUM FUSION METHOD FOR
DETERMINATION OF THE CONSTITUENT OXIDE IN STEEL

Synopsis

Shizuya Maekawa, Yoshitaka Nakagawa and Minoru Shudo

The authors studied on the applicability of factional vacuum fusion for determination

of the constituent oxides in steel.

The experiments were carried out on steels which had

contained only two oxides for instance férrous oxide and alumina, ferrous oxide and silica,
manganous oxide and alumina, and manganous oxide and silica respectively and which had
been analysed iorine method for ferrous and manganous oxides and modified Dickenson’s.

method for silica and alumina.

A series of steels was made from an electrolytic-iron base deoxidised in different ways, with
the object of producing constituent oxides of a specific type in each steel.

The results obtained were as forrows;

i) The direct total oxygen determinations by the vacuum fusion method agrees closely with
the sum of the oxygen fractions by the residue methods, but does not agree with the sum of

oxygen fractions by the fractional method.

ii) FEach oxides content obtained by fractional wvacuum fusion does not agree with that
obtained by residue method, and fractional vacuum fusion method does not given a sharp

separation between two oxides.

iii) It is necessary for determination of the constituent oxides in steel

that the analysis

take up with two or more kind of residue methods which were suitable for each oxide

respectively.
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