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A Study on Improvement of Oxidation Resistance of Ti alloys by a CVD Method

J. 8. Kim, K. S. Chae, J. M. Yoon

Department of Metallurgical Engineering, Chonbuk National University, 560-756, Chonju

The purpose of .this study is the improvement of high temperature(above 973K)
oxidation resistance in Ti alloys and establishment of Al-pack cementation by a

CVD method.

The results of low pack cementation under the condition of 1323K, Ar 1 ¢/

min., are as follows:

1) The weight and thickness of Al-diffusion coating layers increased as the con-

centration of activators increased.

2) In case of the same amount of activators, the weight and thickness of Al-dif-
fusion coating increased as Al content increased.
3) The best coating layers on Ti and Ti alloys were obtained under the condi-

tion of 1323K, activator 1wt.% and Swt.%.

4) The effect of NH,Cl on the coating thickness was greater than that of NaCl.
5) For the substrates of Ti and Ti-6Al-4V, the coating thickness to time de-

pended upon Fick’s law(X? o Dt),
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2.1.2 Ti-6Al-4V

Ti-6A1-4V 3¢ Fig. 18] B transus(995C)
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Table 1. Chemical composition of Ti alloys.(wt.%)

Floment Ti Al V Fe 0 N H Si

T 996 - - — - - - -
Ti-6A1-4V 89.57 6.01 4.01 0.14 0.20 0.07 0.0010.004
Ti-38Al 61693831 — - — — — -
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B Transus

T.T

Temperature

R.T

A amount of & stable elements (%)

*T.T; Transformation Temperature
S.T; Solution treatment

R.T;Room temperature

A.T; Aging treatment

Fig. 1. Schematic phase diagram of a+ 8 titanium
alloys.®
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2.4 Al-pack cementation condition
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Rt AlET 1~10wt.%, #AAI= NH,CI
€ 0.5~5wt.%, 2Z¥AAA ALOE EF &

- Ti
Sampling |---1- Ti-6Al-4V
- Ti-38Al

- Homogeneous
Pretreatment of ' &

Diff. Coating matrix |~ Heat-treatment
iff. ix | .
I g ~ Buffer Polishing

| | |

Activator
L Effect of Al Effect of
2)F . . .
31 concentration Diff. Time
4) Br
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Fig. 2. Schematic diagram of experimental proce-
dure.
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Fig. 3. Schematic diagram of apparatus on the
pack cementation retort.
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2.5 Al-pack cementation mechanism

Alo]l mAd & IAWIIFRAE G 3
& Ao gE F At Y OR®L 7
dA FAHe} wgd DAEAN A Fmii

F8¢ A2 FAL=HT, 4 @O TAAHM
adoezel Z& 9 4 e oz vapore

P &7t T AAEAM FLE.



92 354 82 A

A26@ A2z:A 1997. 5

Table 2. Al-pack cementation condition

Coating Temp. Pack cementation

(Coating atmosphere) composition(wt.%)

1323K Al powder NH,Cl  Al,0,
(Ar 1 ¢ /min) 1~10 0.5~5  bal

*Holding Time:0~5 hr.
* Activator :NH,Cl, NaCl, NaBr, Nal.

AIX ~er] N

Al
AlX, AlX, \
DEPENDS
AbXs  oNX
HX
X

N

Complete Model NH, X Activated Packs

@ NH,Cl—NH,;+HCl

@ 6HCl(vapor) + 2Al—2AICl;+3H,

@ AlCl;+2A1—3AIC

@ 4AICI(vapor) +5Ti(substrate)—4TiAl(alloy) + TiCl (vapor)
® 3TiCl,(vapor) +7Al(pack )—-3TiAl(alloy) + 4AICly(vapor)

Fig. 4. Schematic diagram of Al pack cementation
mechanism.
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Fig. 5. Relation of weight gain and Al-packed ac-
cording to the activator (NH,Cl) after 1 hr holding
(1323K).
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Fig. 6. Relation of thickness and Al-packed ac-
cording to the activator (NH,Cl} after 1 hr holding
(1323K). a) Ti matrix b) Ti-BAI-4V matrix.

50
| O NaCl
® NH CI
40
I A NaBr
30k O Nal

Coating thickness (zm)

0 1 1 1
Ti TiBA4V Ti38Al

Fig. 7. Relation of thickness and Ti alloys accord-
ing to the activator species(1wt.%) in bwt.% Al
For 1hr holding( 1323K).
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ing to the Al-packed density after 1 hr holding
(1323K). a) Ti matrix b) Ti-6Al-4V matrix.
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. Composition (at%)

Point T Al
@ 25.96 74.04
@ 77.48 22.52
©) 92.39 7.61
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Photo. 1. Ti matrix NH,Cl 1wt.%, Al 5wt.%, 1 hr
holding. a) Line analysis b} Al X-ray image c¢) Ti
(b) X-ray image d} Point analysis.
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(b)

(c)

(d)

Photo. 2. Ti-BAl-4V matrix NH,Cl 1wt.%, Al 5wt.%, 1 hr holding. a) Line analysis b) Al X-ray image ¢) Ti

X-ray image d) V X-ray image.
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Photo 1& 1323K 3 A NH/CI(1wt.%), Al
(5wt.%) 2 1 hr §x) ADF, Ti 249 A&

line analysis, X-ray image ¥ point analysis®]
#F ApFelth. Photo a)vy RAFEHIAME Al
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Point Ti Al v
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Photo. 3. Ti-8Al-4V matrix NH,Cl 1 wt.%, Al 5
wt.%, 1 hr holding(1323K). a) Cross sectional mi-
crograph b) Point analysis.
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3.6.3 Ti-38Al

Photo 4+ 1323K 3ldlA NH,Cl(1wt.%), Al
(5wt.%) 2 1lhr ## Al F, Ti-38A1 29
] 3 line analysis, X-ray image % point anal-
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(a)

(c)

e Age & 4 Uk Fig. d)& Photo a)e
Point analysis3 Z#z4A A EAdE Tig
Alo] 1:39] 8] &=2A TiAl;3ole A3=HAA=
2ol PAHYDL, ZAWFE EAZFS
Al 3528 HA ZAasAH

4. & 2

1323K, Ar 1¢/min ZA3A Ale] F& 1
~10wt.%, 8449 %& 05~5wt.% & AH&3
o] Al pack cementation ¥ A3 & Aeld B9,

1) Algaage AHe FFo det Allwt%
~3wt.%A N E BAAY F=7t FAESS R
Ao} ZHFA Basd, Al bwt.%~10wt.%

(b)

. Composition (at%)

Point T Al
@ 26.80 73.20
@ 39.38 60.62
©) 47.57 52.43

(d)

Photo. 4. Ti-38Al matrix NH,Cl 1wt%, Al bwt%, 1
hr holding. a) Line analysis b) Al X-ray image ¢) Ti
X-ray image d) Point analysis.

dHE B4Ae 27t FHEFE FAS =
BEA7 F7rA

2) Ze %o NHCHAM Als=rt #7189
uet BAL =28 FA7 FHEAoh

3) Tie} Ti alloyolA Al pack cementation
Z7AL 1323KdlA NHCI% 1wt.% 9 Al 5wt
%ol A 71F AT FEFo] FAHAT.

4) A FF7d e ZLFA= TigA
= NH,I1>NaCl, Ti-6Al-4Vej & NaCl>NH,
Cl, Ti-38Alel 4+ NaCl>NH,C

5) Ti, Ti-6Al-4Ve AZte] wet 29 FA=
a5z 3 XDt 8.
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