~

N e b g by i b L 1

[ N

C3-3- =

GIllin 1D

GENERAL DYNAMICS | CONVAIR

Report No. 8926 -145

Material -~ Finishes and Coatings - Oxidation
Resistant for Molybdenum

Literature Survey

D. 8. Pratt, E. Shoffrer, E. E. Keller

25 June 1959

303 “ E j

Published and Distributed
under

Contract AF33(657)-8926

Post Office Box 19850, San Dlego 12, California 2968-6811

Material Post Office Box 2071 273-8000 | Accounting Post Office Box 8510

-
L BB G T e, VR < #




GlillD

GENERAL DYNAMICS | CONVAIR
MODEL PASE

F‘;— ALPORT WO

Report No. 8926-145

Material - Finishes and Coatings - Oxidation
Resistant for Molybdenum

Literature Survey

Abstract:

Some of the advantagec and disadvantages of chromium-base, molybdenum
disiljicide, nickel-alloy, precious metals and ceramic oxidation re-
sistant coatings for molybdenum are discussed along with methods used
for their application. The restriction of the use of the coatings
discussed to applications involving only simple shapes is pointed out.

Reference: Pratt, D. S., Shoffner, E., Keller, E. E.,
"Literature Survey of Coetings That Will
Prevent Molybdenum From (Oxidizing At Elevated
Temperatures,” General Dynamics/Convair
Report MP 58-237, San Diego, California,
25 June 1959. (Reference attached).

e
PORM 19120 (REV.12/61)




— o - e

ONVAIR

DIVISION OF GENERAL DYNAMICS CORPORATION

SAN DIEGO

SIH AWV . - b 1N

REPORT_MP-58=387
DATE___25 Juns 1959

MODEL _R.E.A. 7038
Test Nes. MP-53-475
MP-53-3£

MODEL: R.E.A. 7038

TITLE

REPORT NC. MP-58-387

LITERATURE SURVEY CF COATINGS
TFAT WILL PREVENT
MOLYBDENUM FRCM OXIDIZING
AT ELEVATED TEMPZRATURES

PREPARED BYM

D. s.

CHECKED BYs:
E. Shoffn

CHECKEDBY o o A Lec
E. E. Keller

®

(;pr'xaterials & Processes Lab,.

REFERENCE Report MP-58-U4T5

APPROVED BY

0f Structures & Materia].l Lnb..

NO. OF PAGES 14
NO. OF DIAGRAMS .
A~ AV AR
U. H. &lthorlnnd, Grp. Engr. REVISIONS
o, DATE Y CHANGE PAGES AFPECTED

st/ce

FORM 161244

SOOI s te+E L APSER S

-



ACCFSS WO.

Title: MATERIAL - FINISHES AND COATINGS - OXTDATION RESISTANT FOR MOLYBDENUM,
LITERATURE SURVEY.

Authors:  Pratt, D. S., Shoffner, E., Keller, E. E.

Report No.: 8926-145 Date: 25 June 19590

Contract: R.E.A. 7038

Contractor: General Dynamics/Convair

ABSTRACT: Some of the advantages and disadvantages of ciaromium-btase, molybdenum
disilicide, nickel-alloy, precious metals and ceramic oxidation resistant coat-
ings for molybdenum are discussed along with methods used fcr theilr application.
The restriction of the use nf the coatings discussed to applications involving
only simple shapes is pointed out.

19 pages, 1 tatle, 2 figures, 37 references.

4 . . o et e e
I3 ™ R T A



CO_.”NVAI R race 4

1 ‘“ALY"' LI RN BTEY NCRS. PrMAMES LONIONS. I ‘ ) ‘
PREPARED By D.S. Pratt SAN 01GO REPORT NOMP=56=387
cHEcKED 8Y W,M. Sutherland mooelREA 7038 ¢

. REVISED BY DATE 25 June 1959 °

FOREWORD
This report was written to sunmarise literature en
osatings which prevent the oxidation of molybdenun !
at elevated temperatures.
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SUMMARY

Many types of high temperature protective coatings for molybdemm are available.
The specific ecating used will depend on the type and duration of protectien
desired er needed.

Chremium based coatings have a mederate resistance to oxidation, a thermal ex-
pansion facter similar to molybdenum, but tend to be brittle. Melybdenum
disilieide has a good thermal cosfficient of expansion mateh with molybdenum,

and has excellent exidation resistance. Fowever, molybdenuam disilicide is
extremsly brittle., Alloys with a nickel base do not fit as well with the thermal
expansion of molybdenum, but do offer good bond strengths and medium oxidation
resistance up to 2000°F, Pretestive coatings made from precious metals offer
goed oxidation resistance, a ductile bond, and thermal expansion fit., However,
their costs are extremely high. Ceramic or glass type coatings can be custom
designed for definite operating temperatures up to 2500°F, These ecatings and
refractery oxide coatings can be designed to give a good thermal expansion mateh.
Hardness, brittleness or inherent high porosity are the shief drawbacks ef

thess coatings,

The methods used to apply the coatings include electrodeposition, flame spray-
ing, vapor deposition, cladding, enameling, and 1iquid phase diffusion. A duplex
layer of nickel over shromium tends to overcome the porous nature of electro-
depesited coatings. This coating is still weak in thermal eycling. Flame sprayed
coatings are difficult to apply to hidden areas. Systems of Ni-Cr-B, Ni-Si-B,
Al-Cr-3i and Me-Si are quite successful when applied by flamespraying. Vaper
depositien of silisconised and ehromised coatings have shown good eoverage and
uniformity ef thickness. Claddings are only applicable to simple shapes, but

on thess, cled coatings offer good protection up to the temperature limit of

the cladding. Sprayed enamel, or refractory oxide coatings produce dense coatings,
but ones that are brittle and diffieult to keep uniform on the edges and corners.
The production of a protestive coating in a liquid phase has not been as practical
as ether methods,

FORN 1018~y
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Molybdenum 1s one of the few metals having a very high melting point, its wmelting
point being 4750°F., It has good strength properties at temperatures over 1600°F

~ a8 shown in Pigure 1. Fowever, these values sre only obtained under conditions that
prohibit the formation of molybdenum trioxide, Molybdenum rapidly converts to the
dioxide and triexide form when heated. The oxide coating inorcese follows a para-
bolis curve and gives some self protection below 932°F, Above 932°F, the trioxide
begins to volatilise. At 1415°F, the volatilisation equals the rate cf formatiom
of the trioxide. Therefore, except for short periods of exposure, molylLdenum is
valueless in an oxidising atmosphere over 932°F. When molybdenum is to be used
over 932°F, and in an oxidising atmosphere, protection must be applied to obtain
the full capability of the material.

OBJECT;

This investigation was made with the p(:rpoao of gathering information on methods
of protecting molybdenun from high temperature oxidation and to suggest possible
courses of future action. ) o
Ul FCR_FROTE CCATINGS:
Any coating considered should fall within the following general requirementss
1. Be without pinholes or porosity. '

2, Have an cperating life of at least 500 hours and preferably 1000 hours
at 180C°F to 2000°F,

3. Be thermal shock resistant
4. Have an impact resistance against small particles.

5. Be erosion resistant against combustion gases, sands, metals and products
of combustion.

6. FHave 18 - 2%, ductility at 1870°F,
7. Must have fatigue strength.

8. Applicable at temperatures below the recrystallization temperature of
molybdenum. '

9. Not interact with molybdenum in such a way as to impart brittleness.
10. Be easy tc apply and handle before tonding to base metal,

11, Frovide an acceptable finished surface.

r00m 1018 -p
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ESQUIKIMENS POR PROTECTIVE COATINGS:  (Cont'd)

The various laboratories working on this proutlem have developed methods of m
for eash of these requirements. (5)

1is high encugh for most spplications. The thermal expansion fit is fair. Thermal
cycling resistance is only fair because the chrome becomes embrittled during high:
ture service. (10) This can lead to serious mechanical defects in the

‘molybdemm. (8) (30)

Unalloyed nickel has good resistance to MoO, vapors, and forms s molybdate vhich.
1s stable wp to the eutectic of the moly! nickel system, 200°F, This -

. coating has poor thermal shock resistance. (26) Nickel~-chrome alloys have better -
oxidation resistance than unalloyed nickel. Nickel coatings have been improved by -
being coated vith aluximm. (9) Nickel and its alloys are ductile and stand \p

- well to ballistic impact. The compound formed at the nickel-molybdemamn interface
is trittle and seall smounts of nickel tend to embrittle the molybdemum iteelf.

(n) (a)

The elements,silicon, boron, beryllium and alumimum, forw stable, oxidation resistent]
18) The greatest protection comes from MoSip which 1s
W to 3100-3300°7. An impervious layer of Si0, forms on the surface to
the oxygen. This Mo 8i layer diffuses o Mo3812 and then to Moy3i
ch 1s not oxidation resistant. m-umuiont:uomthemoeﬁnor
the coated part. There 1s a good thermal expansion match between the MoBSio end
this contritutes to good thermal shock resistance. Below i ;
the costiang is brittle, But at 2700°F, is fairly ductile end will exhiddit some self
healing as the molten silice tridges defects. (8)

Little time has been spent on the development of protective coatings fyom preeious
metals. Iridium, rhodium end platimm have a coefficient of expansion that is
very favorable. They are extremely oxidation resistant and are ductile. The
meager work with these coatings seems to indicate that a service life of seversl
thousend hours at 2200°F might be possitle. (29) (37)

OPm ‘918 -p
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QHARACTERISTICS: OF COATING SYSTEMS: (Continued)
- Glass Coatingss

Coatings of glass are oxidation resistant and are self healing at high temperature.
However, brittleness and poor thermal srock resistance are major drawbacks to

glass contings. This type of coating can be made to have a close match in thermal
expansion. Attention must be paid to the melting temperature of the glass or
difficulty will be encountered. Too low a melting temperature will cause the glass
to flow away leaving bare molbydenum while tco high a melting temperature will
prevent the glass from self healing small defscts. (27) (28)

Refractory Oxidess

Two najor advantages are present when refractory oxides are considered. They
oxhibit good resistance to erosion or abrasion, and have insulation properties
greater than metels. In thin layers, coatings of ZrO, BeO, and A2 :‘3 have good
thermal shock adherence but in thick layers are subjest to spalling poor
adherence., Like glass coatings they are brittle and have poor thermal shock
resistance. Their inherent porosity is sometimes controlled by the additiom of
a glasay phase. This of course Las an adverse effect upon some of the other
properties,

H OF G PROTECTIVE COATINGS aND THEIR CHARACTERJSTICS:

There are many methods of applying these protective coatings to the molybdenum
and each has its own advantages and disadvantages. Some of the coating materials
have been applied by several methods. The method used depends on the degree of
protection needed, shape of the part, and service l1ife expected. The adherenoce,
uniforaity and econtinuity are somewhat dependent upon the skill used in applying
the chosen metrod. The methods most commonly used are electro-deposition, flame
spraying or metallising, vapor and/or pack deposition, senameling, eladding (roll
or pressure bonding), and liquid phase deposition,

Elsctrodeposited Coatings:

Coatings applied by electro-plating have advantages and disadvantages that are
shown by the following listing, (18)

. ‘
1. Low application temperatire 1. Complex procedures
;. ggntronod thickness 2, [Forcus coatings

. at complex parts 3. Difficult to coat electrical contact
4e Buvild up of multi-layer coats areas

5. Prodrces smooth finish

00N 1918w

VER e e S o L 4 A SN M AR AN Sy T O AN 1



' FREPARSD 8V Pratt $AN 01600 REPORT NO. MP 58.387
’ m.' Mmfm’.l.r/alth.rl‘nd MODEL R.S.A. 70” .
_REVISED BY DATE 25 June 1959

(ceni'd) N

Aluminus over a chromium-nickel coating will redvce the rate of oxidation. Fowever,
due to difficulties in applying a satisfactory base coat of nickel this work is

linited, ‘(9)

Chromius has been widely investigated as an slectroplated coating, The adherence
of this coating has been good but oxidation resistance has not been reliabdle
from laborstory to laboratory, This coating has bsen used as an undercoating for

nickel coatings. (15) (10) (31) (12)

Niokel is difficult to elect:oplate in a non-porous, adherent coating. Its
oxidation resistance is not ac good as chromium. The best vse of nickel seems

to be when used over chromium, (25)

The area most widely investigated in electroplated costings has bsen a duolayer
system of chromium and nickel. The first coat is chromium, the second nickel.
Chromium fits fairly well to both the molybdenum and the nickel, while the

nickel protects and seals the chromium, This combination of coatings has good
ahderence, dvotility, impact and erosion resistance. A week point of the combination
is the poor thermal stock resistance. This type of service resvlts in failure

at the nickel - chromium interface. (11) (32).

Flanesoray Coating:

Coatins of molybdenum by this process has been investigated by a number of 1ab-
oratories. Materialgused in powder,rod, or wire form, have bzen Ni - Cr - B,
M -S1-B, Al -Cr - 81, £&1 - 34, A1203, and Mo 81,. Applied in this manner
the coatings are porous and rough, but homogenous. A proper diffusion treatment
and finigh grinding will produce a pore free, well bonded coating. Limitations
on this method are the inability to coat small interiors, narrow openings, and rcvonﬁ
recesses. (4)

Nickel-chrome~boron, and nickelesilicon-boron are useful up to about 2000°F,
The initial impact resistance, at high tempe-atures, is good. The thermal skock
reaistance is fair as is the erosion reststance. (4, (23 :

In the absence of mechanioal shook and erosicn a flanesprayed coating of Al-CreS8i
offers protestion up te 2000°F, The adherence is g0ood and the coating exhibits
& tendency to be self heating, (11) .

Nasmespray applied refradtory oxides, while being hard and oxidation resistant, are
generally porous and have poor adherence. (11) '

Molybdenum disilicide when properly applied by flame spray offers a pood ooa‘t;l. .

‘:':: oxidn’;to:i{uistanco is good. The Tinde (IM5) coatingmosul to have ovorooun‘
poor ductility problems for it withstands straining up to the break of the

solybdenus at 1800°F, ne up ' tne
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Coatings of chromium and silicon cam be deposited on molybdenua from gaseous
compounds. One method is to decompose a prepared vapor in a hot chember in
which an active atmosphere flows freely, Another system is to pack the part
in a powdar and at an elevated temperature, pass through a suitable gas. (21)
Contings from either system have good adherence, are uniform in thickness and
will reach areas that are difficult to coat by any other means.

Molybdenum disilicide coatings are generally 1 to 3 mils thick, The coating has
excellent oxidation resistance. The major drawbsck to MoSi; is the extreme brittle-
ness of the coating. Any deformation of the molybdenum will fracture the ooating.‘

(3) ()

The pack deposition method 1s used for chromium coating. Initial work in this
system showed the coating to be limited to 1500°F, but the latest develepments
have increased the temperature range., The Ghromalloy Corporation has developed a
i compound called W-2 which, when applied by the packing system, gives satisfactory
r service at 2000°P, The W-2 coating is hard and brittls, but will witkstand some

I room tempsrature deformation, and a great deal at 2000°F. : '

i Glad Continess

A coating with good finish, and duotility can be obtained by oladding molybdemum

with an oxidation resistant material, such as, platinum or nickel based alloys,
! The molybdenum is enclosed in the cladding material and then squessed at 2000°7
i,  under sufficient pressure to bond the two systems togsther. The principal limitatiom
to this type of protective coating is that it is limited to simple shapes and can
not be out or sheared without exposing unprotested molybdenum. Other limitetions
are imposed by minimum melting temperatures, bond strengths and the britifsmess
of the interfacial diffusion layers. (7)

Platimm offers a good thersal expansion match to molybdenum, has ductility and is
oxidetion resistant. TLittle is Jmown about the diffusion layer wvhich wuld be ep=
akiished between the molybdermm and platimm. Also the rate ef diffusion of
OXygen through the platinum may cause interboundary oxidation of the solybdenva,
The expense factor has been a major hold up to extensive laboratory investigatien
of platinum as a protective coating for molybdemum, (29)

Nickel and nickel based alloys do not match molybdenum in thermal expansion. The
interfacial bond produced by cladding offers fair thermal shook resistanee before
failure occurs., The service 1ife of a well applied clad part is pretty well
determined by the thickness of the cladding., gho interpositioning of a diffesiea
layer retards the growth of interfaciel molybdemum - nickel compounds and further
extends the life of the part. (26)

By undercutting the edge of molybdenum then filling with an oxidation resistant
u;ld :tori(.;;., protection 1s provided to clad molybdenum that has been gut o
sheared, '

Koo
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METHODS OF APPLYING PROTECTIVE COATINGS AND THEIR CHARACUENISTICS: (Cont'd)

Enamel Coatings:

Enamel coatings are sprayed on and then fired at an elevated texmperature to provide

- a homogenous, pore free, glassy type of cover to the molyudenum. 3eing glass means
they have the limitations of glass - no ductility at low temperatures, but they
are oxidation and erosion resistant. The coatings are thicker than most other
types and are limited to shapes with moderate changes in contour.

The addition of a refractory oxide improves the service life of a glass coating.

A tri-layer system of glass, a refractory containing glass, and glass has given

3/4 hour-service at 3450°F. (27)(28) The proper formulation of glass will pro-

vide the viscosity that will ve self healing and erosion resistant at the tempera-
~ tures being used.

A two layer System of enamel over chromium is also serviceahle under certain condi-
tions. A layer of glass diffused over a glass free layer of chromium gives a
coating superior to either coating alone. (28)

Liquid Phase Diffused Coating: .

By immersing the molybdenum part in a molten bath of the coating material, a pro-
tective coat with good bonding is obtained. The coating thickness is generally
dependent on the time of immersion. Among the problems of this method are the
limits set by the contour of the part and the skill required to odtain a uniform
coating. It does offer a good method to coat interiors and concealed arees.

Aluminum-silicon alloys have been applied to mwolybdenum by dipping. The protection
obtained has been unreliable, and is thought to be due to dross inclusions. (13)(5)

Chromium coatings have been applied by a modification of the Pack Coating system.
The part is packed in chromium powder and heated to about 3100°F. A liquid chrome-
molybdenum phase envelopes the part in a tightly adhering, uniform coating. This
coating is dense and rich in chromium. It is subject to the same drawbacks as °
other chromium coatings, fair oxidation resistance, but with oxide spalling in
thermal cycling and embrittlement after a period of service. (21) (34) (8)

CONCLUSIONS

A number of coatings for the prevention of the oxidation of molybdenum at elevated
temperature are now available. These coatings can be applied in a mumber of
different ways. Table 1 from the report by Bartlett, Ogden, and Jaffee (2) has
listed the coatings, methods of application, and possible service life. Each of
the available coatings has a drawback of some type. The type of coating and method
of application selected will be determined by the service life required and the
part design. Table 1 will serve as an aid in making a selection, but the service
life listed must ve viewed with caution. lNot enough testing has been done under
stendard controlled conditions to firmly estavlish the service life of each coating.

rORN 10184
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1,

2,

QONCLUSIONS;  (Cont'd)

Before using any ccating it should be tested under simulated service conditions in
order to establish the service 1ife and to evaluate the method of application
selected.

ARCOOENDATIONS ;

- There are two aress in vhich further work can be considered.

Ald to Industry:

The WADC Materials Laboratory has established a committee to study all

phases of the conditions important to the service of protected solybdenum

at elevated temperatures. The conditi:~s of possible service of nose cones,
leading edges, radomes, exhaust nozzles, and so on, will be studied. The
committee is to establish standards for all areas that will affect the service
life of coated parts. Having standards for testing will greatly aid industry
in selecting coatings for various types of service. (2)

Convair has the typs of high temperaturs testing devices, i.e., plasaa jet
and rocket motors, which will be used by this WADC committee in their
evaluation program, If the WADC Materials Laboratory is granting

contracts for a standardisation study on protective coatings for molybdenum,
it would seem to be to Convair's best interest to try to become a part of
the program., Being part of the propram would keep Convair abreast with the
latest "state of the art", and provide an excellent training for personnel
before entering into any private investigation of protective coatings.

Development of Coatings:

Coatings from the precious metals is an area lsast investigated. The cost
aight be considered hig~ at first glance, ut when compared to the strength
and weight savings that can be obtained from the use of molybdenum, the
cost becomes a smaller factor. The future development of nose cones, high
speed leading edges, ramjet motors, deflectors, domes, etc., will require
materials that will have strength at elevated temperatures., Molybdenum
has the preatest potential of known materials for structural application
on basis of mechanical and physical properties, in the temperature range
from 1800°F to about 2500°F,

The development of modifications in the chrome frit coatings is a possibility
that should be investigated. The addition of refractory materials would give
longer 1ife at 1800°F and higher temperztures. This coating could be combined
with other systems as a second coat. A metalised coating with lower
continuous oxidation 1ife could be helped by the chrome frit covering. The -
ut:}iud coating in turn would improve the hot ductility of the chrome frit
coating,
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Fig. 1 Strem Rupturc strength of molybdenum and three
molybdenun-base alloys as compared to the 13 super-strength
alloys included in ASTM Special Technical Publication No,
160 "Molybdenum and molybdenum-base alloys produced by arc-
casting process and tested after mechanical working and
stress relieving.” (16)

13 selected
superstrength

0.45% T4

0.2,%CH

TESTING TEVMPERATURE , *F
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Fig, 2
OXIDATION RATE ON UNPROTECTED
MOLYBDENUM SHEET IN STILL AIR
O f (0.5) AT 1300°F and 1500°F (19)

Note: Figures in ( ) indicate
% of total oxide which
remained on surface
after oxidation,
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PREPARED BY Pratt SAN 01600 rREPORT NO. MP 58-387
CHECKED By  Shoffner/Keller/Sutherland moozL. R.E.A. 708
REVISED BY - paTE 25 June 1959

Table 1

CO-PARISON OF COATINGS ON MOLYBDENUM

, Continuous Oxidation Life(a), hours
Coating 1600°F 1800°F 2000°F 2200°F 2400°F 2600°F 2800°F 3000°F
Electroplated 1000 350 100 21
Cr-Ni (lmil
Cr,7 mil Ni)

Metalised »500 3500 ~200 350 4  4(b)  4(b)
Al-Cr-Si
(5=10 mils)

Metallised ’500  )500 <25 (1
NiCr-B
(5-10 mils)

Metallised >500 1000 10 <1
Ni-Si-B
(5-10 mils)

Metallized 500
I¥-5 (5mils)

Vapor deposited 6500 3700 2000 100
MoSiz
(1-3"mils)

Vapor deposited 7200 500 b -
Chromalloy We2
(1-3 mils)

0lad Ni base 72000 250
(3 mils)

Zr0, frit 70 b 3 X > )t
(1C mils)

Cr frit R0 _~4000 ~5 -5 ~5 ~1
(10 mils)

(a) May include occasional cycling for exsmination
(b) After extensive prediffusion
o+~ Approximate time

Nete: Oxidetion life is considered terminated when molydbemum trioxide
funes are svolved, '

rORM 1918 -4
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ANALY“ S v 'BN B SESIBAL PRNVILY CORPRBATIUN
PREPARED BY  Pratt SN DIt00 REPORT NO. ;0‘52'%;(38
- CHECKED BY Shoffner/Keller/Sutherland MODEL TeB.A.
REVISED BY / / ; ~ baTe 25 June 1959
- Table 1 oont'd
COMPARISON OF COATINGS ON MOLYBDENUM ‘
. Hot Ductility, or :
Thermal Shock, = . Resistanoce to i
Resistance - Failure During i
Probable 4 et
Relinbilit, ‘ Probable. Balistic Stress Induced
Coating Rating (d)  Cycles (¢) Rating  Impact(g) Deformation (g)
Electroplated Fair U0 - Fair Good " Falr
Cr-Ni (1 mil . —
Cr,7mdl Ni)
Metallised Good ~500 Good " Poor Fair
Al-Cr-81 St
(5-10 mils) ‘
Hetallized Good © 200 Fair . Good Excellent
Ni-Cr-B ' Co
i {5-10mils)
. cetallized Good ~100 * Fair Good Excellent
Ni-Si=B
(5=10 mils)
“evallized Good(?) Several(f) Fair(?) - Excellent
LM=5
(5 mils)
Vapor deposited Excellent 2100 ' Good . - . " Fair
MoSi, : ‘
(1-3 mils)
Vapor deposited Good >3 Good - . - Good
Chromalloy We2 . , :
(1-3 mils .
Clad Ni-base Good 100 . Pair Good Good
(3 mils) '
Zr0, frit Fair )10 :Good - -
(13 mils) ' -
. Cr frit Fair >60 Good - Pair
(20 mile) - ‘
(d) wWithin part design limitations for process
(o) From 80°F to 400°F and 1600°F to 3000°F ranges, ulu.lly less tham 1 ninute
for heating or cocoling
€) After diffusion treatment
(g) At ambient temperaturs

rOPm 198 A
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REVISED BY DATE 25 June 1959
Table 1 cont'd
COMPARISON OF COATINGS ON MOLYBDENUM
_ Facility of
Temperature Hot Erosion Adequately Retention of
for Resistanoe Protecting Strength of
Self Corners, Mo alloys
Healing Minutes Recesses, During
oF- in A1,0; Probable Ete, Application
Blas Rating :
Electroplated - 95 Good Fair Good
Cr-N{ (1 mil
Cr, 7 mils Ni)
Metallized 2600 25 Fair Poor Good
Al-Cr-S1
(5-10 mils)
Metallized - 60 Fair Poor Good
Ni-Cr-B
(5-10 mils)
Metallized - 50 Fair Poor Good
Ni-Si.B _
(5-10 mils)
Metallized 2000 - Good(?) Poow Good
1M=5
(5 mils)
Vapor deposited >2800 - Good Good Poor
MoSi,
(1-3°mi1s)
Vapor deposited (some) - Good Good Fair
Chromalloy W=2
(1-3 mils
Clad Ni base - 70 Falr Poor Good
(3 mils)
2r0 frit 1800(?) - Good(?) Fair Fair
(10 mils) _
Cr frit 1800 - Good(?) Fair Poor
(10 mils)
Source: Bartlet, E. S., Ogden, H.R,, Jaffee, R.I., Defense Metals Information
Genter feport o, 109, Har é, 59, DMIC, Battelle Mem. Inst., Colusbus,
’ Oe ,
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