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Surface Hardening Treatment for Titanium and Titanium Alloys in Use of CO, Gas

Y.-Z. KM, Ryoji SAHARA, Takayuki NARUSHIMA, Yasutaka 1GucHI and Chiaki OucHI

Synopsis : Surface hardening treatment of C.P. titanium, o+ 8 type Ti-4.5%A1-3%V-2%Mo-2%Fe (SP-700 alloy) and S type Ti-15%V-3%Al-3%Cr-
3%Sn alloy in use of Ar-20%CO, gas was studied at temperatures between 973 to 1123K in comparison of Ar-20%0, gas. Weight gain of

the specimen during heating was measured by an electric balance, and surface oxide layer thickness was also measured. Surface hardening

was evaluated by measurement of micro-hardness distribution profile in the surface layer. Surface hardening due to Ar—20%0, gas yielded

the larger maximum surface hardness value and thicker hardening layer thickness in all three titanium materials compared with Ar-20%0,

gas. The largest surface hardness value was obtained in C.P. titanium, and 8 type titanium alloy resulted in the most thick hardening layer

thickness although the surface hardness value was the smallest among three titanium materials. The maximum surface hardness and harden-

ing layer thickness obtained in use of Ar-20%0, gas was larger than these of Ar-20%0, gas in C.P. titanium, nevertheless the former gas

yielded higher oxidation rate over the latter gas. The oxidation rate was the smallest in SP-700 alloy among three titanium materials in both

gases. Surface hardening due to Ar-20%0, gas in C.P. titanium was brought about by solid solution hardening due to oxygen and carbon.

Key words: surface hardening; CO, gas; O, gas; oxidation; C.P. titanium; SP-700 alloy; 3 type titanium alloy.
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Table 1. Chemical compositions of C.P. titanium and titanium alloys used in this study (mass%).

Types Alloys Ti H o] N C Fe Sn Al \Y Cr Mo
e CPTi Bal. 02 oot | — o | — | —= | =] =1 —
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B T"'f;;_f;i’;gf;; SAI | Bal. | 00088 | 011 | 00085 | 00099 | 0203 | 318 | 323 | 1557 | a0s | —
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Fig. 1. Variations of oxide layer thickness of three titanium

materials with heating temperature in Ar-20%0,
and Ar-20%0, gases.
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Fig. 2. Temperature dependence of mass gain and oxide

thickness of C.P. titanium in heating time of 21.6 ks
in (a) Ar—20%0, and (b) Ar-20%0, gas.
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Fig. 3. Temperature dependence of mass gain and oxide
thickness of SP-700 alloy in heating time of 21.6 ks
in (a) Ar-20%0, and (b) Ar-20%0, gas.
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Fig. 4. Temperature dependence of mass gain and oxide
thickness of Ti—15-333 alloy in heating time of
21.6ks in (a) Ar-20%0, and (b) Ar—20%0, gas.
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Fig. 5. Variations of surface hardness distribution profiles
of C.P. titanium with heating temperature in (a)
Ar-20%0, gas, and (b) Ar-20%0, gas.
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Fig. 10. Optical micrograph of the surface layer in
Ti-15-333 alloy after surface hardening in
Ar-20%0, gas at 1123K for 21.6ks.
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heated at 1073K for 21.6 ks in Ar-20%0, gas.

COHRAERMMU7=F 2 v BXOF ¥ HE0 Khifdi{b s

FRAL IR D B K1 THHE 0 Al & OD BV iR X 7=,
ZDIZENS, Fig 9IZ/R LA SOERBHEIZ VLT
QRMDOBACIZIRNBER S Nz, ZORERBIEIEA ALO,
EEAOND., Thbb, KASTORLEEDERT,
Bt BEIROD R R 12 A U 72 Z D0 ALO, FR IR 2 A4
3LEAOGNS, £/, BILEBE MO RE L L VZFD
FEMHNZIZV & Fe DIRFEAY . X 512 Mo AR IE &
BCHEIZ ML T B e MRS h 7,

-5, Ti-15-333 5&D Ar-CO, 1 Z FF R TOmALIE
JEIE, SP-700 8 &k D AR KRES CPF & VIZHBILT
INEWVA Fig LU L 2B IR X AR TR S Tidon
FIO(TIOYLAIHZ V,O D TR S h 7=, & 7=
SEM-EDX @M CI3ASILETH S Al, Cr, SnkEiILT
B & BRAL B RO RUAE B ISR S M T 2 D S h
7zo ABEIE, Ar-0, /1 ZFH K TIIM e TR & OER{L M
Ka/mL7zn, ThidVEARRRBOLARLETIE VORI
WIFFWIEE I B> eFELZ LD, AREES L,
AEEDRLAMERETORALEI 2 HEL , LR 58
LR IR & BEfF & O RIS TIN M ASIEHS 2o B TR - 1
THIE, FAIAMNRMAEICRET 5 SnllkERT %
ZEEREL72AT, KR TD Ar-CO, & %13 Ar-0,
HAFHAT TIELREYS ZOMHOERIZBRX Wi
otz, HEBGIE, CO,H AFHEAIZHB T 5 Ti-15-333 44
O EIREICTERT 2EEEEIEEE LT, 570 (IE
4 & TiO,) . # & TiOo,, TiICH 5 4D, flliZ a-AlLO,,
VO, 8 fifE 35 Z L A LT a2 ZHUZ A%
IZHHR U CIMARER I P 2 & 0 SR T, 2 DR & &
D RIFETORICEHOFESR TH 5. K% TO CO,
A ZDBAEDXRDIZE S V,0,DE— 21, O, Ik
UCTIERIZIKS , 2OZEDM#H 2 TORILEED A X &
MLEIZBRL ThWa L Bbh b,

4.2 BEFICMETORABLICRITLERMGESR
BopE

Fig. 5/ 5 Fig. 7128 L 2R A # A2 & 5 Kiifd (L 2L
TRONDEF 2V MBOKBEH X 3Hh 5, KBRS
TORMEEEE S EELBE X %KD, Zh o ONMEGEE
KAF M Fig 12128 F, CPF 4 VY Tid, Ar-CO, % 2D Jj
PAr-0, 7 ZIZHER LT, B E 22 & 0D @ K i ffl &
EXDBEOELEABON TS, 7, WFXVAET
d, M2 TEREIZ & o TRIER %A Ar-CO, # 2 D F7 A
PREVRIE S L LOFEOBLBEIAHOh TS,
7, EMREE G, CPF 2V TREEL, K0T
SP-700 44, Ti-15-333AZEDIEIIK FLTW3, —F,
WELREIE X 1%, FReSfl & L3 2 <D, Ti-15-333A & T
RYIES, CPF &Y THREEN, CO,H 2k 5 Emikg
LB, £9F 2 VMR OBLEE L Tco,# 2r0&
CIZHEEL . Tho2RRIUKIRABL CF 2 v Mo £k

CHRGRET B L B X oD, BRROBILKIEH ORI,

7 .



$ & $A  Tetsu-to-Hagané Vol. 92 (2006) No. 1

oI OIE L D & KR 7201, B{LEESREE
kR EhdEELILNBEY, afiTOOECDRK
BRI, & 4 13.5mass% & 0.4 mass%, % 7= BHTIE
%4 3mass% & 02mass% TH 5 ', RABTHEDOORC
i, FRIC o CHHE L EVAREL2E LS 2 ARG N T
B0, ThoTTEDOBMEREH» S NEIZIE D > TORE
BB C CRBOWE R HNELTHEEELLNS,
FBRIZ Ar—CO, H 2 FEB K F 12 %54 T 1073K T 21.6 ks MI#L
RERORHHLAELEL 7-CPF 4 v ZBOEPMAIZ K
3O DBRE S OREMBIXIZITHE S MISHIEL T3
ZEAMERENS, £, FigBIZEFRCAEME XU
Ar-0, H# ZFHS I BT, 6 UMEG A TR L 726t
BRIz OWT, BALEIE 2 IERR 5 L 2 R DR KB, 5

900 T T
(a) Maximum surface

I~ hardness

700 [
500 [

00 © 1

350 f f t
(b) Hardening layer thickness
 Solid : Ar-20%CO2
Open : Ar-20%0:
250 @ O CPTi
- <O SP700

- A A Ti-15-333

150 -

50

Hardening layer thickness, d/ g4 m Maximum surface hardness, Hv

950 1000 1050 1100 1150

Temperature, 7/ K
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Fig. 13. SIMS profiles of oxygen and carbon in subsurface area of C.P. titanium heated at 1073K for 21.6ks in Ar-20%0, or

Ar-20%0, gas.



Table 2. Calculated diffusion distance values of O and C
in o and f phases heated at 1073K for 21.6ks.

@ Phase B Phase
1073K, 21.6ks o (&) [e] C
D (m2/s) 1.1x10714 6.9x 10713 2.6x10712 42x10™M
(2D)72 (um) 21.80 172.7 335.1 1347
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