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Precipitation hardening in the Fe-W, Fe-Nb, and Fe-Ta System Alloys

Muneyoshi TAKEYAMA, Masayoshi HASEGAWA,

Masafumi OKAMOTO, and Kazunori TOKORO

Synopsis:

Fe,W, Fe;Nb and Fe;Ta Laves phases (MgZn, type C 14) were found in iron alloys containing 6-95
wt% W, 0-35~2-50 wt % Nb and 0'86~2'40 wt 9% Ta. The activation energy for the formation of
this phase was estimated at about 51°0kcal/ mol in the Fe-W, 61°5~64"3 kcal/ mol in the Fe-Nb and
60°0~60°4 kcal/ mol in the Fe-Ta binary alloy by hardness measurements. An addition of niobium or
tantalum to pure iron was effective for solution and precipitation hardening, and both elements showed
the similar effects as solute at once. In the ternary alloys containing nickel, manganese, cobalt, silicon
and chromium, the precipitation process of Laves phase was similar to that in the binary alloy, on
the other hand, in the Fe-W-Mn ternary alloy containing 5°6 wt 9, manganese the reversed austenite
precipitated in Widmanstitten wise in the ferritic matrix at aging temperature 650~850°C, and this
austenite transformed to martensite by water-quenching from aging temperature.
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1. 4

BEMRBERFE2EL 7 = 74 FRESL O Bt
& LT, Be, Ti, P, Al, Cu, Mo, W, Nb 7% X
ETFEZ S RITIRIML 72RO HIicB T 5 %I
HoRNBOGENDIZ X D THEHNTHE SN TWw5h. Lol
INLEIEITEDS B Mo, W, Nb, Ta 2&¥e4 250
FEEOHAMKEBRICI VT, #1000°CLIToatd
OEBRAVERX B S TR LT, S&0B{LT
F2STPRAEON HELITBE T SHEFIIE Fe-Mo
FEED IRV TIHIZ & A FHRE STV IRV OREIR
ThHD.

F TERMFE T E L LTCAHED W,Nb %43
2 TCRERE GO LA 2 85T L, Fe-W RE&4IC
DNWTIET = T 4 bR BT B H LT REME & 4k
T5L&BERLEW LBES T THETL, Fe-NbRE&4IZ
2V TiX Nb ORIEEZELSE, a, 7, 6 HOLRE
Wb L, TORORINC X 25 LRI v
TEFo. ERFEEC W B IO Nb & re#maii L 7=
WEZ52 Mo X0 Ta 2L 7= Fe-Mo, Fe-Ta
FESTOWTHITHBE RS 2T L, Thihitg
L CE~7c, Fe-Mo 5284720 3@k o 2 k™6 %
v,

XL HEA LD Fe-W, Fe-Nb #5 L of Fe-Ta 2 51

il

FEEERLT, Rk EEEMILEmETRLICL
Vv Ni, Mn, Co, Si, Cr % XOE 3 TERZTML, 2
TREE ORI T 2 EELHN, b 3Tk
EE&EOTBELRR 2 AR T 5 & BRIL&OiT LS
EEE-S THRE L7z '

2. HEAMBRURRAE

FERCH U 7ol L& Rk 2 Table 1 IZRL 7.

AV Th KRR TMNREREYLYE (w7207
W) REER) X oTH 1'0kg ZERLI. TE
A Ty Pix$<T1100°C T 2hr HEfE 8~12 mm
AR LM & Ui, /iRl I E ARk 2 B
AL, nmtELLTIE W X NbZRBREVTFNRD.
HigEE iz

SR EHILALEE, FEETRIL, ThEeE S,
Je#f, EPMA 70 Ui X o CRENBE Z#S, o R
SEIX 10% KBr KEWKICCEMAHEL, M Sh/cikE
#F 4790 b A —42—~T Fe 242 —%AL7 Co

*  EEfn424 1078, 43#£108, 4443 B, 1084545
HASWWTREE
FEFN454 3 A28 #44
¥ BIREAKEEI¥IRK¥ER
ok BINAARZWTEYE T
X BERAKFHIER

— 173 —



1748 % r

% 56 £ (1970) 135

Table 1. Chemical composition of samples (wt %) .

Alloy system w Nb Ta Others
Fe-W ' 659
Fe-W-Ni 1 6-95 4-33 Ni
Fe-W-Mn 8-90 563 Mn
Fe-W-Co 562 4:30 Co

0-35
Fe-Nb 0-95

2-50

. 2-61 0:42) ...
Fe-Nb-Ni 2-57 3_12}1\71
2-42 0-37
Fe-Nb-Mn 5a 0. 28}Mn
2-48 0-29
Fe-Nb-Co 2 418}00
Fe-Nb-Si 2:52 0-47 Si
Fe-Nb-Cr 2-45 1-:02 Cr
0-86

Fe-Ta 2-40
Fe-Ta-Ni 2:46 | 4-89 Ni
Fe-Ta-Mn 2:52 {319 Mn
Fe-Ta-Co 2:30 [ 4-96 Co

Other impurities C~0°005% N<0°019%
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Fig. 1. A plot of the positions and relative in-
tensities of the diffraction patterns with
the published data on Fe.W.

SO XS WESIKIE TR & T 1 v T
1300°C T 1hr ({5 EKSICI2THELTT MY v 2
AHIZ@EBEL, WiRT Fe-W 255%RIX7 =5 4 b, Fe-
W-Ni I3 massive 775 % A4 b, Fe-W-Co %I
7 =5 4 b OFESRI RS AL L o pSR s T
MM X o ClEgES . £/ Fe-W-Mn %
W7 =74 MewF o34 FoIFHE» A GicH
1380°C 7 HDKRGICEDTHELN 7 =5 4 MR E 7«
2.

—%, 7254 F%® Fe-Mo 2 tH4&4ix 10 at%
Libo Mo MBiEMEN5 L il (1200°C k) 75
DHREFIT IO TIMUEEIEL, 7 =754 bPICERHERK
TLHEPIPH DM, Fe-W 25xFBIT Fe-W-
Mn RIZEWTRID XS MBS SNT, FHfk
DAL L7 = 54 MBI TH o

%7z Ni,Mo,Co I XD — A5+ 4 MEF@ER DS
WHITTRIBEADTIIC L DT r-Fe A iK1 5{H
[MRHBDDT, Fe-W 250540 a i CTHAET HMLAZE
RE4H D Ni,Mn, Co AN X 2L & RZE B HTIRIE 2
X oCTHRG.

BlsE Bk & U CE4E 2°C O FBMEIC X o Tt
KIEED LA 4% 00°CHHEE THZERL, hiddizil Ni
(99°5 wt %) % /-

DER 2 0% 5 XU Ni, Co JFinFTiz 760°C
ETHAEREREXRE SN TS, ZoBEMETL a

— 174 —

#



Fe-W, Fe-Nb 35 X f Fe-Ta R4 40 B 1749

Fe-W-Mn
6 /
Q
F =4
k3 'M
<
e
‘g Fe-w-Co
>

1 i 1 1 1

450 550 650 750 850 950
Heating temperature (°C)

Fig. 2. Differential thermal analysis curves of
several alloys (0°5°C/ min).
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Fig. 5. Isothemal aging curves in the Fe-W-Mn
alloy at several temperatures.
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Fig. 6. Isothermal aging curves in the Fe-Nb and
Fe-Ta binary alloys.
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