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High Temperature Oxidation of Chromized Ta Sheets

Keizo NisHIiDA and Mitsuo HACHINOHE
(Received September 20, 1975)

Abstract

In order to improve the anti-oxidation property of Ta metal, metal sheets were chromized
at 1000°C up to 144 hr with a pure chromium vapor technique and then the treated metal
sheets were examined by oxidizing in air at 1000°C for 15min. By a comparison between
the results of chromizing and siliconizing it was clarified that chromizing of Ta sheets was
slower than the latter but even the thin chromized layer improved its oxidation resistance to
a greater extent than the thick siliconized layer.
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Table 1 Test piece and chromizing condition

Time(hours)
1000kl 4 9 25 43 100 144
Quartz
Electric furnace { ampoule
Chromium Tantalum
99.2'5/: Cr 99.9°% Ta
S3e, <0.03%Fe
©o o © o oo ti ® o o o<o o 0,0 O o o 0.03% N <0.03% C
Sample Test piece \
hol der Iron capsule Vapor pressure at 1000C
Pure Cr powder (chromized) .y 21
(~200 mesh) 2x10%mmHg | 107 mmHg
Fig. 1 Schematic presentation of chromizing : .
. Melting point
ampoule and its furnace "
1850°C | 2996°C

EEMBSIER AT oo Tok2E 2 Tl Ta, Cr OHifEH L 0E4EO 1000°C 1= i) 57
SKEXCREER L, D7 <42y s LBy X bIciiic i 2B 2 VT, E
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PLTW5b, ZOWHEo EPMA ofEE% Fig. 4 w57, WERK Lhud TaCr, —HO AR,
OHZT, KRt a(96.1wt. % ... Ta,Cr #H24), b (94.6 wt. % ... Ta;Cr $H24), c (93.3 wt. % ...
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DY~ ho ElBARMCHD LOOHEMBRED 2FCHST 5 —-7 (CHOE~7) 23
EAEAC S &0 2FOHMEBORMIAYE 2 BLERD S, (o), (d) XEE&BFONE
T (o) BWEAC I - TEATHETHD () ik © L EDREVWET, b Cr-Ta D1k
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Phot Sectional vi f i
Fig. b Cliomizing of Ta sheet st oto 1 Sectional views of chromized Ta sheets at

1000°C ; upper part: plated Ni, lower part:

°C
1000 Ta, intermediate alloy layer: Ta-Cr alloy
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k3 ' h ] I A
144 hr L = H ! ' i
s A W » ] p T 1
' / |
20 30 40 50 60 70 80 90 100 10 120 10 |' ] H L
26(deg) with Cr Kd i e Rt -L—--—--*—- PSSR S W R, N W SO I
Fig. 3 X-ray diffraction ptterns from the Distance ()
surface of chromized Ta sheets Fig. 4 EPMA patterns from chromized Ta sheet
with various times at 1000°C
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( outer) MA IS —
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(colored etching part) / A ! st A—4-B —T CT— D —-}‘—-I E o =
W il Tt = ‘ o
(d) Innermost layer AAAAL A =
. 8
(e) Substrate near t ' '@700
alloy layer J g d
— |
5 gt =1 5600
(f) Ta surface g g' E 4 z °
before chromizing = " JLL =
7 | .| Lo ) St T
20 30 40 50 6 70 80 90 100 llo 120 130 o
T
2 © (deg.) with Cr Ke 400—
0 1 2 3 4 5
o—TaCrz «—Ta Distance from the center of test piece(mm)

Fig. 5 X-ray diffraction patterns from the chromized Fig. 6 Change in hardness in various depths of
Ta sheet in the various depths as well as pure chromized Ta sheet
Ta sheet
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(a) With alumina markers (b) Without markers

Photo 2 Markers experiment on chromizing of
Ta sheet
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L CABERFICEHY LY, TOWEAYIE LEREERLICLDTHD, KICFET X
51 A MK Cr-Ta AEBET~A 27 vy b — AREE 436, E 13454BOFKE CHE 820, 7t
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49 br 2 | m heae
100 h
rM»AA \M/\ML A A
b .
vl Ll bdg L L L] .
20 30 4 50 6 70 8 90 100 1m0 120 130  (d)49hr (e)100hr (f)144hr
20(deg) with Cr Ka 100 4
——

0-TaGr, X-TaPs e-Ci0s
Fig. 7 X-ray diffraction patterns from the oxidized
Ta for 15 min at 1000°C which was chromi-
zed with various times

Photo. 3 Sectional views of oxidized Ta sheets after
chromizing with various times ;
upper part : plated Ni, lower part: Ta, inter-
mediate black part: oxide, intermediate
white layer: Ta-Cr alloy
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Fig. 8 EPMA patterns from oxidized Ta sheets which Fig. 9 Details of alloy layers containing
were chromized oxide scale

b, FRUBEFRIAEVCEREIASECERELD S, b BWIEHO EPMA OfER T
Fig. 8 CRT X3 CAEBL L VL Cr-Ta 44BN LBEHTHHEENL LR D,
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MBS R 2 EREWINE Fig. 10 wiRT X 51 9hr MLETIRY Y a+ A v r0fihE
LSBT Ao ERRLTWAY, Zhie A e fnsritibi Fig. 1l o X 5w
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X /X7 Ch
1 X romizing
//’ //x/
-~
P Lz | ]
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Fig. 10 Comparison of chromizing Fig. 11 Comparison of chromizing with

with siliconizing siliconizing



154 PEHE= - AFKE 6

VIOBED Si ekl 100hr DoV ﬁ‘

DEFED Cr DEAREZE LI MBI PV 0 [\

T B DI B Z ENBE B TH B, 0 \\\?\Ah

FIGRNF L v, 7R wA v S OBETILET Y 20 = Oxidation’
FERMTRT © & A TEARL O TTERIIBOE 10l o

E TR Lo Fig. 12 IE#EER & 1000°C, 15 min, ;—%@

1l[min ORIV ER LIBHMEYEORERX & © 3, \\ \z}%h

BGER L LOTH D, i Ta HoMmHE o E s & | Y |~
BOu B Y avrg v roNBEER oMM B 7w % %1 ﬁ% "
REALAE O 2 5 2SI ) LB 9hr DIECix S %ffﬂmm;n e
EHROCRD T 5, 9hr LIETlE TaSi, DHKTH % o \x_\m-rx o

25 9hr DIF T TaSis D TH - TG < ) 25h 'f»mh_
2 ERT 5% ZhE LTz r<A oy /0 A&QW&%E%_“
FIESIR O X 5170 B SR ALER 2 AT e 5 DART OB oot Lo L
DEX 0354 #3273 & 9hr Bl EClEBMCIRS T Penetration of metal{mgfcm?)
Ho THDXIWLEZDELEHDMLETIL, ¥V ar A Fig. 12 Comparison of oxidation of
RXF Ta ROMIEEFELDOBEHLFR LTS & itherdor::rilzeed Ta with silicon-

Bo ¥k Ahr DL OXRLYESRABEHR AL T
FOHAHICIE Ta BHICELTWA 2 En b OEB Wb DEELbRD, f->T 9hr
DIE LA Ta FHOBED 804 DL ZEESH T 4hr DELE,

TR TR EE, vy aF A v rOEAED A9hr b s e <A DV rDBED Shr
EDOEINREERUTHEL I Enb, £448Bdo Cr © Ta EHA~OBEHH St © Ta R0
BB IDVEBOEELORD, ¥ TaCr, AL0MVRE CIREROMBLSS TaO;, 2 ThH
BT END, AEBD Cr AHFEBHTAZ L0 L TR ETT L0 EEL B D, 1T
> T2, PV IDHCEERETH > THMBIUENRIFTH D EHEL DR D,

5 % & b %)

Ta OWBLEDH X B E LTz e~<A PV 7 0BT olce FORKRBEEIET D LW
DX OSTENIND,

1) swe<A42v 2% Cr 2 Ta ~—FET 52 L0k »CiTichh Ta OERMCEEE
DRI B, 54t TaCr, Ofilic, FOPIHIK 91.3~96.1 wt% Ta D Cr-Ta (L&D
FEREZ bR D,

2) 7e<A XF Ta @OBILCR, AREFO Cr BPHN—FIERT S & &1 & - TH
B TayO; &3 528, TaCr, BRETE—FO Cr 3BT TaO; LI ERHEE
[ z-R N

) VYV aFA P VIOBACHKLT, se~<g v IrOBAER—e  HOIRKEER RS
AIIEMEEST S, LiL, §4@Eho Cr © Ta ~OBEN X DBV TaCr, #EEIX
fob 2 W LML RIFCH 5,
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