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PREUMRUW RESULTS OF A STUDY OF 

12 OXIDATION-RESIST~T COATINGS FOR 

Cb-lOTi-5Zr C O L U 4 E n  SNEET 
c t  

IN!I!RODUCTION 

In conjunction with development of concepts for thermal protection 

sy;tms of structures for aerospace vehicles, the Langley Research Center 

of t ke  National Aeronautics and S-pace Administration has conducted research 

on che 3:rotective qualities of oxidazion resistant coatings for refractory 

mtzLs. 

on zke xechw-ical properties of tie metals and the phenomena involved in 

This research on coatings also included the effects of the coatings 

oxida-Lion potection and diffhsion between coating and substrate. Preliminary 

r e su l t s  of tliese studies on molybdenurrralloy sheet were presented at the Sixth 

and Seventh Meetings of the Refractozy Can2osites Working Group and more 

c o q l e t e  results are presented in references 1 and 2. 

The c k t a  presented here a r e  che preliminary results of an investigation 

02 12 oxi6ation resistant coatings on Cb-lOTi-5Zr columbiuwalloy sheet. 

m  his s t ~ 2 y  consists of screening tes ts  which include continuous and cyclic 

cidZ.i;im tests at atmospheric pressure in slowly flowing air at 2000%, 

=iL;;S'F, cr i i  270OoF and tensile stress-strain tests at room temperature, 2000% 

2nd 2bSoi'. Other tests planned are continuous and cyclic oxidation tests 

c-2 i-c&dcea pressures and cyclic oxidation tests at various mass flows in a 

2.i z1iee;airat-L arc jet facility. 
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I n  rddi'iion t o  the resu l t s  of %he ~rcliminary screening tests, this 

i-enort will indicate some d i f f i s i t Y i I  e f fec ts  f o r  several  of the coatings. 

I.Io:ce corqlete tens i le  data f o r  tm-peratures from room temperature to 

j - 0'''O" 1, zre  >resented f o r  sheet coated widih one of the 'coatings.. 

SPECD*lZi?S, E~UIPXEXC AND PROCE3NRES 

A l l  specimens u t i l i zed  i n  this study were fabricated from annealed 

coiiufbiun al loy sheet with a nominal thickness of 0.020 inch. 

coxpcsition of the sheet w a s  LO Perc'ent t i t a n i u m ,  5 percent zirconium and 

The nominal 

t h e  remainder columbium, by weigh%. The specimens were small oxidation 

CGU>OllS 3/4 inch by 1-1/2 inch and tensile strips b1/8 inch by 5/8 inch 

w i t k  a &inch reduced sect ion 0.375 inch vide. The specimens were machined 

-Lo size, tumbled i n  dry s i l icon  carbide powder u n t i l  the edges were rounded 

' io 8 sr.oo;h radius, washed i n  acetone and shipped to the  coating vendors. 

J- i s -x l  cf 12 coatings were received from 9 vendors. 

e c  l i s t e d  i n  tab le  I. 

Coating ident i f icat ions 

Oxidation t e s t s  were conducted i n  2 inch diameter ve r t i ca l  tube flumaces 

i n  eir flo:?ing a t  1.5 cubic f e e t  per hour. 

min ta ined  below 0%. 

plet imm wires. 

s y z x n  described i n  reference 1. 

were inserted in to  the furnace and approximately 95 percent of the  t e s t  

t e q e r a t u r e  was achieved within 30 seconds. U t e r  one hour at tenqerature, 

the soecimens were removed, weighed and visual ly  inspected before the  cycle 

- Y . - ~  '? c rcpeetcd. 

The dewpoint of the air was 

Specimens were supported i n  zircon boats suspended with 

Continuous oxidation t e s t s  were performed using the weighing 

I n  the cyclic oxidation tests the specimens 
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Room temperature tensile tests were made in a hydraulic testing 

machine at nominal strain rates of 0.005 per minute to yie ld  and 0.050 

per ninute f=om yield to failuye. Strains were measured using optical 

s t r a i n  gages which were read while the  strain rate was maintained. 

Elevated tem2erature tensile t e s t s  were performed in a screw type 

ziachine at the same strain rates ?revi.ously noted. 

tias measured by monitoring head motion, which was calibrated before each 

High temperature strain 

test t o  give a direct indication of specimen strain. 

by resistance heating. 

at 2 wave length of 0.65 microns. All temperatures reported for the tensile 

tests have been corrected for an assmed coating emittance of 0.8. 

Specimens were heated 

Temperatures were measured using an optical pyrometer 

P'nnse identifications of t>e exterior surfaces of the coated specimens 

were aade by X-rEy diffraction ;m:;'nods. 

2~ ~ a o s e  reported in reference 2. 'l"nf: etchant utilized in this investigation 

co i i s l s ted  of 10 parts ni"iric acid, iC ?arts hydrofluoric acid and 30 parts 

l a m i c  acid. 

Metallurgical procedures were similar 

RESULTS A?iD DISC'USSION 

Screening tests: 

oxidation t e s t s  indicated that significant coating deterioration due to 

&,,O - i'omztion was associated with a weight gain of approximately 5 percent 

in t he  coupons. 

A study of the treignt changes occuring during the continuous 

L 5  
The times required to obtain 5 percent weight gain at 2000%, 

1 
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%b90°1", and 2700% axe shown i n  figure 1 f o r  the coatings investigated. 

Tests were terminated i f  5 percent wefght gain was not a t ta ined i n  220 

ho-ns .  The var ia t ion i n  l i fe  a m i g  tke  coatings studied is  substantial. 

Figurft 1 also  indicates t ha t  mgst o:C the coatings t h a t  had long l i ves  a t  
9 .  

t'ne lover t e s t  temperature retained re la t ive ly  long l i ves  a t  the higher 

t e s t  tmyeratures.  

Formation of Cb 0 at fa i led  regions caused the coating t o  s p a l l  off  

This was the mechanism of f a i lu re  f o r  a l l  
2 5  

the  specimens along the edges. 

specimens i n  the cyclic oxidation tes t s .  These edge f a i lu re s  were eas i ly  

dctactable by visual  inspection. 1 '  

/ .  Tines  t o  v isca l  coating f a i lu re  a t  20i>O%, 2400% and 270OoF are. shown i n  

figure 2. 

occurred. 

Again, t e s t s  were terminated a f t e r  220 hours if  f a i lu re  had not 

The reduction i n  l i f e  obtained i n  the cyclic t e s t s  was considerably 

ieas than tha t  obtained f o r  mol@o;enun a l loy with a silicide-base coating, 

rLotcd i n  reference 1. As noted herein for  the continuous t e s t s ,  the coatings 

tha t  showed longest l i ves  at  2000% i n  the cyclic t e s t s  a l so  performed similarily 

in the 24OOoF cyclic t e s t s .  

3ecer;illy snort  f o r  a l l  the coati1:gs investigated. 

Lifetimes i n  the  cyclic tests a t  2700% were 

2oom tengerature tens i le  p r q e r t i c s  a re  shown i n  f igure 3 f o r  the 

specinens i n  the as-coated condition anci a f t e r  1 and 8 hour exposures i n  air  

a t  2UOo3'. 

izc?icated by zero t ens i l e  strength i n  i'i,nure 3. 

provided re la t ive ly  long l ives  for  the columbium alloy specimens (figures 1 

CDatings which f a i l e d  by oxidation during the exposures are 

Several coatings which 
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:x L,: coi~:~oi;c;? alloy ili ch i s  cLu& i s  i n  agi-eement with low values 

- .  0 : 2 s 2 - x ~  yubiished date " o r  coluzbium alloys i n  the 1200 F t o  

c 



.':a c:ra::;;_!:etion of tile f sc tors  t;'nich contribute t o  the  b r i t t l eness  of 

.~.. . ..  . .- Lc-. : 1' ;?tci:?ed, sectioned snecinens . I n  addition, prel ininapj  micro- 

, ..<.?. -.-_..- .,,.,, 
. ...- .,- d.7, L, ocs d id  z o t  revezl ckf'iriitive inforrxition. For these r e a m s ,  
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precipitates in the structure is not an automatic indication that the 

skx-lure has been severely embrittled. 

precipitates appears to be of significance but has not been determined 

to date. 

and vacuum hsion analysis are in progress at the Langley Research Center. 

The magnitude of substrate thickness loss by diffusion as measured by 

o-otical techniques on sectioned, etched specimens is indicated in figure 9 

TOT several of the coatings investigated at 2400% and in figure 10 for 

coating 12 at 240OoF, 25OO0F, and 2700%. 

The composition of the 

8 .  

Studies of these preqipitates by electron probe microanalysis 

These data are of general interest. 

However, as was noted in the preccedins section, the loss of substrate in 

the coated columbium-alloy sheet is one of several effects that apparently 

idhence the ductility of the col.wnbim-alloy sheet. 

CONCLUDLYG REE.IAIIKs 

The following conclusions axe made on the basis of the preliminary data 

presented here for coated CblOTi-5Zr c o l u m b i W o y  sheet with respect to 

its possible usef'ulness in aerospzxe vchicles : 

(1) Useful oxidation lifetkiea a.id tensile properties can be retained 

by costed columbium a l l o y  sheet f o r  applications in thermal protection systems 

ul, to 2500%. 

( 2 )  Satisfactory mechanical properties were obtained for coated 

columbium alloy sheet after high temperature exposure in air for moderate 

times. For examsle, tensile strength of 82 ksi with 3 percent elongation 

was found a t  room temperature after 20 hours exposure at 2500%. However, 

a2tcr 80 hours exposure at 2500%, the coated columbium alloy had zero 

elonzation . 
1 
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(3)  Ordinary metallographic examination does not reveal the extent 

af the embri ttlement encountered d u r i n g  the coating process or subsequent, 

elevated tenFerature exposures. Mechanical t e s t s  appear necessary to 

zne.zsure the  extent of the  embrit3lement. 
* .  
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TABLE I - IDEIIPTDIWIONS OF 
C W I N G S  I.€WSTIGATED FOR A 

COLUMBIUM ALLOY SHEET (a) 

. 
2 cycle pack 
cementation 

o-~o.i"5--- t- - .~- I___.-  
Aroerican I4achine and 

Surface ( 6 )  - --- .__ -..- 

a B2 
." __ __ 

2 3 cycle pack 
cementation 

2 cycle pack 
cementation; 
first cycle si l icon; 
second cycle chramiura- 
b o r e  

1 cycle f luidized 
bed 

1 cycle fluidized 
Sic  overlay on 1 side 

F i r s t  cycle vapor 
deposited 
tit anium-chr d u m ;  
second cycle f luidized 
bed modified s i l i c i d e  

F i r s t  cycle vapor 
deposited 
ti tanium-chromium; 
second cycle fluidized 
bed modified s i l i c i d e  

..-_ 

- - 

3 

B2 

I_---- 

Cb Si2 

Cb Si2 

a Si2, Sic  ( c )  

Cb Si2 

-- 

-- ..- --- --- 

C r  Si2 ( d )  

I_--. 

Cb Sii 

4 

- - -._--. - 
0 e 0020 

--I-. -- ..._-.. " .......-- 

0 e 0015 

1 -. 

Chance Vought Corp. 

- -  

3oeing Co., 

. .- 

5 

C-mcral Telephone and 
Electronics Co., 

Sylcor 

6 

0.0034 

-.- . . . 

7 

2 cycle pack cement+ 
tion; first cycle 
titanium; second 
cycle s i l i con  

American Machine and 
Foundry co., AME 

~~ 

Cb Si2 

Boeing Co., 
D i s i l  2 

I 0.0015 

-- .I - .1.. .._-- 
0.0016 

--- --- 
Dupont Co., 

1 

~ -I . -.-- -.- - I 
0.0008 

- -  I 

Composition 
of Coating 

7 



s 0.0024 

.- ., . .  . 
ll 

3 cycle pack cementation; 
first cycle chromi- 
t i tanium; second and t i i d  
cycles s i l icon,  cubon, 
cazbon, tantalum 

General Technologies 
Corp . 

0 0013 

I...._ I* ...._ .". ..? .--... 
0.0031, 

c r - -- ".....I 
0 0 0020 

..*^ -_ .-- -,---.I""..---- 

North American Aviation, 
Inc . 

~ ~- 

1 cycle a1umini.de 

1 cycle pack 
cementation; 
alloyed s i l i c i d e  

2 cycle pack 
cementation; 
first cycle 
prealloyed 
chrcanium-titanium; 

-- 

A l C b  3 

Cb Si2 

... -., 

(a) All coatings were applied on 0.020 i n c k t h i c k  11-36 . 
colmbiuxxUoy sheet (Cb -1OTi-5b) 

Ident i f ied  by &ray dif'f'raction procedures (b) 

( c )  Thin layer of S I C  

( d )  S o l i d  s o l u t i o n  of the compounds 

over CbSi 
2 
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Numbers adjacent to 
bars r e f e r  to coating 
designations 
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-9 ‘ 

- -_ 

-3 - 
5 

4 6  
-4  - 
- 11 - 10 - 

. -  

12 - 

/, 
/ 5  
-’ 9 

- 1,2,10 _ .  

- , -  J~-, I. - ?~LE to 5 percent wrr.S-2h-t gitin in continuous oxidation tests as u 

6 Lhiction of taqleratirre for I2 oxidation resistant coatings on 
cokxbiw.  alloy s’rlcct: 
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Numbers adjacent to bars 
refer to coating 
designations 

_. __ _ _ _ ~  

. .  

- -. 3 - p* : ,c2  L - . . ~  to visual faf ~ L Z C  L11 cycl ic  oxidation t e s t s  as a function of 
x! t:>eilaziue for 12 cyLda:,ion resistant coatings on columbium al loy 
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-- 7 Numbers adjacent to bars 
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