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Thermodynamics Calculation of the Reaction Phases
in Adhesion Interface at the Cutting
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Synopsis

In this study, that was investigated the elements diffusion influence the generation of reaction phases
in the adhesion interface of tool material to work material. For the reason mentioned earlier, the cutting test,
diffusion bonding test and thermodynamics calculation by Thermo-Calc were carried out to examine the reaction
phases in the interface of tool material to work material. The titanium alloys such as commercially pure
titanium, Ti-6Al-4V alloy and Ti-3Al-8V-6Cr-4Mo-4Zr alloy (BC Ti) were used as work materials, and the
cemented carbide (K10) was used as tool material. From the results of cutting test and diffusion bonding test,
a possibility of being decomposed WC into Tungsten and Carbon and being diffused in titanium alloys was
shown, and a-titanium phase, B-titanium phase, TiC and n phase were generated in the interface of titanium
alloys to cemented carbide. Moreover, it was confirmed that all phases were generated by calculated equilibrium
phase diagram of Ti-W-Co-C system using the thermodynamics. In taking account of reaction of Titanium,
Tungsten, Cobalt and Carbon elements, since calculated Gibbs free energy was always a value of negative by
more than 300 K, TiC was generated. The results of calculation using the thermodynamics are consistent
with both cutting test and diffusion bonding test.

Key words: titanium alloys, cemented carbide, reaction phase, thermodynamics calculation

1. #% SHLENS, YHIOEERRICB T 2 MR

YIHIR 2 834 3G & TR L DR SIE, TE VETHHEEZONDG, BELIX, ThETICTIES
e EZ 5 L CEBNYMETSHS. L LY, 1 FBELECYHIT 254, F0OEEBSRICFSHETE
R/ NMERIC B TIEA OB RIERHCEET S /- BLEBIIZLTWAZERRIELADD, TidS LB
B, FOFHMEREFAD R INTVLEELTLLER S AEOMEYRATUSHICE L IZTTEEICowTitvE
WIRIRICH B, FHLIhERoTWERP o7,

—F, TEOMEHNITE R LARD & 1A EHmAHE T, RFETE, TIAELBEAS L OHENE
FoTWAY, KHE, N6 DHEHILIFIIMTOS05, 12X BB OENA, BERBORICHAERICED LS
X Y EHIELSBVHEITHY, FO—DELTFI VA LEBERBIIZTIERANLD, 3, EROYHIB
£ (UTTiEE) »dHb. Tia& I TEIRI s X OB EEE A R AR T A FUSHICOWTHREL
WBIUY Y FEIVNE WD, MITBENE 2B A 7otk BHEIC X BABNFNBRFEIToA. Tt kD,
b s, TRUANZ, BRERHIMEB L UL UIHIER IR & 2 B BB OBHAD - o, #HIE L T
EEERD, BEEREILLTVWANKEZBETH BRI BT 5 TTELED, KISHOERZEECB XITT
5. BBIIOVWTHLMIITAEZ L xRAL.

INBLOZ ERL, TIAEII2WT, TAEEFER ‘

il

o EHRET IR TSR Department of Mechanical Engineering, School of
Engineering, Kinki University
o RBRERFERTENER Graduate School of Engineering, Hiroshima University

51



52 LK T MRS HE  No38

Table 1 Chemical compositions of titanium alloys. (mass%)

Al v Cr Mo Zr

Fe o Cc H N Ti

Ti - -
Ti-6Al-4V 6.2 418 - - -
CTi 3.57 7.74 6.05 3.99 4.04

0.005 | 0.011 - 0.001 -
0.213 | 0.156 | 0.005 | 0.0048 | 0.0045 Bal.
0.09 0.01 0.008 | 0.001 0.009 Bal.

Table 2 Chemical compositions of cemented carbide tool, K10. (mass%)

WC | TiC+TaC | Co

K10 | 92

2 6
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Fig. 2 Microstructures at the bonded interface of ti-
tanium alloys / K10 tool.
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Fig. 3 Results of area analysis of Ti, W, C and Co
using EPMA at the bonded interface of BC Ti
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Fig. 4 X-ray diffraction patterns near the bonded in-
terface of Ti/ K10 joint(Temperature: 1473K,
Bonding time: 1500s, Pressure: 10MPa).
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Fig. 5 Isothermal section of calculated equilibrium
phase diagrams of Ti-W-Co-C system at 1073K
using Thermo-Calc.
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Fig. 8 Isothermal section of calculated equilibrium
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Tabel 3 Gibbs free energy as a function of tempera-
ture at each reaction.

Reaction Free energy (J/mol)
W+C=WC G=-33178 - 13.7T + 1.9TInT
2Co+4W + C=Co,W,C | G=-27554-29.48T
Ti+C=TiC G=-182000 + 43.84T - 5.06TInT
=300 peepemep—y——pep—y————p—r—r—
2C0 + 4WC + 3Ti = Co,W,C + 3TiC
:-400 - -
[<]
E
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Fig. 10 Gibbs free energy — temperature diagram of
the reaction between Ti, Co and WC.
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