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FOREWGRD

This report summarizes the work conducted by Value
Engineering Company during the period 13 March 1964 to 12
June 1964.

This program i1s sponsored by the Navy Departmert,
Bureau of Naval Weapons, and 1s under the technical super-

visaicn of Mr. S. J. Matesky, Code RMMP-23,
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ABSTRACT

Attempts were made to increase the ceramic content of the

e o it

electradeposited chromium-base cermet coating which had been
developed previously. Many plating variables, such as current
danmaty, solution temperaturl. piating solution compesition
and flashing time and current density., were invescivated. The
use of a Sisprrsir, agent &nd the effect of Gifferent coen~
centrations of ceramic in the plating solution on the &scunt
of ceramic occluded in the coating were studied. Jt was found
that increasir: the ceramic concentration to 0.133 ml pe =)

of plating solution resulted in a co&ting containing 5% cerawmic.
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INTRODUCT 108

The primary objective of the resedrch conducted on this
contract is to modify and optimize an electrodeposited metal-
ceramic coating to protect rocket components in high temperature
envircnments. As 2 result of work performed under Contract
No. Now 61-0670-c (Final Susmary Report dated 12 March 1962)
and Contract No. N600(19)58317 (Final Summary Report dated
15 March 1963), a process was developed to deposit chromium-
base cermet coatings on graphite substrates. This process
utilizes conventional electroplating solutions with ceramic
powders suspended in the sclution. These ceramic particles
are deposited along with chromium metal to form a cermet coating.

There were two major areas of investigation conteaspleted
for this program. One invclved the study cf conversion re-
actions for the coating surface. One such conversion Ceﬂtinq
1s & contrclled preoxidation.

Previous studiez “ave shown that a controlled oxidation
of the cermet coating resulted in the formation of a thin
chromium oxide film on the surface of the coating. This filme
resulted 1n increased pertormance which can be attributed to
the protective nature of the cxide film as wull as to the high
melting point cf approximstely 4150°F of Cr303 as compered to

3400°F for chromium. A number of procedures would have to be




investigated which would result in an adhsrent bond between the
oxide layer and the chromium cermet. The optimum oxide layer
thickness must also be determined. Ae part of this program,
the benefit of forming other ccapounds such as carbides or
nitrides o *he murface of the cermet codating would be studied.
A very promising cevelopment is that of forming spirels.
Spinels formed with Zro2 or Mgo are especially promising.
Chromium with 5% MgO has been shown to enhance the oxidation
resistance or chromium.

The second major approach for improving the cermet coating
is that of employing a controlled diffusion. The “as deposited”
coating adheres to the graphite : ubstrate by a mechanical
bond ar.? by keying of the coating in the pores of the jrephite.
This »ond {s qu.te strong, but in order tc increase the thermal
shot regastince properties of the coating, it is felt that it

vould be neceasary to subject the system to a controlled

diffusion. This then consti‘*utes the second major eftort, namely,

the formetion of & gradusl carbon-chromium diffusion sone.
Another approach o increasing the thermal shock resistance
of thg coating has bde=~ an attempt to locate & grade of graphite
- winich h;s a coefficient Of thermal expansion similar to that of
slectrodeposited chruajum,
Th§ thermal expansion of the ATJ graphite used as & sub-

strate in the coating studies 1s considerably lower than that of
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the cermet coating. This means that as the system is cooled,
the coating is placed in tension and develops & tersile crack
pattern.

Samples of two grades of graphite having a coefficient of
thermal expansion close to that of chromium have been received
fror. Speer Carbon Cospany. The characteristics of these

grades are shown below.

cTE x 107°
Grade Apperent Densi‘y ‘C (100 -~ 600°C)
_ (gm/cc) With Grein Agajnst Grain
A-175-¢ 1.6° 5.7 6.1
E-43 1.68 6.0 6.0

The sxpansion coeffaicient of chromium ig ©.2 X 1076¢c.

The deneity o ATJ graphite which 1s being used in this program
1e 1.73 am,'c¢. ATJ graphite has a coefficient of thermal ex-
pansion of 2.19 X 107°/°C wit® the grair and 3,42 x 10~% ¢
ageinst the grain.

Before cnhirkzng on these two studies, it was considered
important that every effort be made L0 increase the smount of
ceramic in tra2 coating and use this as & tasis for the cor -
version and diffusior coatings. Conseguentiy, the firet gquarter
of this program has Leen directed toward a study of verigus
plating ‘rariables in order to determire their eifect orn cost ng
performance ard on the amocunt of ceram:ic prosantrxé the coating.

Many plating variarles were studied and 1t was possible to 1in-
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crease the ceramic content of tre coating from less than .}
to © o,

There are many variables ard combinatiors ot iariables
which could possibly affect the performance and ceramic ¢or-
tent of the coatina. Neither time nor furds allowed a stady
of all these variables. Only trose which were ~2neidered
significant in their ef{fect on coatiny performarve were ir-
vestigated.

Many texts, reports and references were consulted to
assist in outlining the work ir this program. A liter-ture
search was performec covering the following subjects.

a. Chromium (properties., compounds, reactions,
deposition)

b. Cermets (formation, composition, properties)

c. Diffusion (mechanicm, cond;;xons)

d. Graphite (properties. reactions)

e. Dispersants (operation, types)

The majority of the information obtained will be useful

in planning the diffusion and conversi:on studies. As these

studies are corducted, the knowledge obtained from the litera-

ture review will be included 1~ tre reports describina thr-se
studies. Se.sral aspects of aqueous eclectrodepositior of
chromium we ¢ ravealed which affected some of the plating

variable studies.



¢ lectrodeposited crrom..r from corventional platic o sl o

ras a fine network of i1sclated micro-cracke daspersed oo

.

its th_ckness. Tre Cracks in tfe depogit are soppoced oo
caused by tre large amcunt of stress develcped (fir, o oLt LA
depositicr.. The crack:n: .s tre re: .lt of a decreasse . 00

interrnal tress with periodic ercliziar of jas @ ot les acoon -

panyins this r~hange. Wwhrer "‘e :r.ti1al ztress 1¢ small  tow o

[

neo Cracks occur. These crack-free weporits can o ol *aivedd

I L
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using righ plating solurion temperarures. ri1:h cnromic aci
concer.irations and rigr Cr0, t H287,4 ratios Altrou:r trere
are fewer cracks formed 4t tte ':iter solut.on terperatiras

tre averaj;2 deptt of cracks in t-e crromium deposit increasecd

Wit lncreasing temperature. At a temperaturs of 100 b tre

GRS

average crack depth i1s akout 3 m:icrecns (0G.00012") ard at
130°F the average crack dept! :s albcut 14 microns Several

grap'.te samples were coated fr-m plat.ng scluticns revirng a

righk chromic acid concentrat.or -3 cz-/1al” and Yt tempera- ;
ture (185°F).
The remairider of t'e coat.n: s't.dies w2re perfoired
using a " low concentrate” rat* W' .ct tas a nominal chromic
acid concentration of 33 <z/agal and 0.33 oz aal sulfuric acid,
Tris bath 1s used for obta.ni:nq a relatively »1uk Mardness

deposit. lrigh depositich eff.c.ercy ard a rapid rate of metal

Best Available Copy



daposition. As & result, this type of bath is sujtable for
producing heavy deposits. The “high concentrate” bath, having

& nominal chromic acid concentration of 53 ox/gal and a sulfuric
acid conecentratior of 0.53 cg/gal, is uzed where higher con-
ductivity pids hettsr COVEring POwer on more compleXx parts 1%
required, In addrtion, this bath is more tolerant to beth
iopurities and “hangos in solution composition,

The presence of chlorides in the plating solution at
concectrations as low as (.007 o2z/g9al iz harmful. Chlorides
rexilt in loss of efficiency and reduction of covering power.
Distilled wreter was used to prepare all of the plating solutiong
gsad 1n “tis projram so that no contaminants such as chlorides

Gy 170N ware pcesant.




WORK FERFORMELD

During the init:al prasze, certsin plating variables were in-
vestigated as 2 preliminary requirement to optimiging plating
procedures and craracterizing & reproducible coeting. The purpose
of this i1nvestigaticon wig to produce a coating with the grestest
quantity of ceramic particles ir the chromium matrix. To this
end tte following variables were :investigsied:

A Method of Agitation

W

Type of Ceram:ic

1

Particle Concentration {in plating sclution)

D. Diapergant Concentration

E General Plating Varisbles

. Current Dens.ity

2. Bat* Temperature

3. Flas':ng Time and Current Density

4. C(Crrom:t Ac:d and Sulfuric Acid
Concentration,

Subsgtrate Sampies

Soli.d AT graphite cylinders 1 .nchk 1n diameter and 6 inches
long were used in all the coating studies. The cylindrical shape
assured a coat.ng of uniform trickness without any buildup at
rorners. This shepe 12 slec beneficial in that no failures will

cccur at cnrnersy or adges during testing. The § 1nch ssmple was

O7~




éivided into three sections. X-Ray fluoerescence snalysis wos
conducted on _ne section to determine the cerasmic content of
the coating, one section was used for onyacetylens torch
evalustion and the third will be used for furnace oxidatien
tests. By using the same sasple, it is more feasible to meke

2 direct comparison of ceramic content and coating performsnce.

To increase the ceramic - metal ratio, three methods of
agitat.ion were investigated:

A, Slow agitetion

B. Vigorous agitation

C. Periodic egitation

Thres graphite cylindecs were costed utilizing each of
thace ¢rpes of agitation. The ceramic used in this study wes
tantalum carbide having a particle size less than 2 microns.
A section of each sampla was submitted for aralysis by x-ray
fluorescence to determine the quantity of ceramic in the

coating. The results of this analysis are tabulated below.




Agitation Samplae #latiry BRath Yt % Tac

Bathod Ko, No.
8 low i A 017
% B . 004
9 C .010
Vigorous pi B .010
© C +Ok7
10 A . 080
Alternate 3 C .010
4 A . 009
8 B .01%

Analysis of variance of these X-ray data irdicated that
thers were no vignificant differenceas amony agitation methcds
or platirg baths. One explanation for this is that the ceramic
pérticies used had a particle gize less than 2 microng as com-
pared to less than 44 microns usad in previours studies.
Because of this smelil particle gzize, any of the agitation methods
were &ble to kesp the particles uniformly suspended in the
piating solution,

Type of Ceramic

Tests were conducted to determine the relationship between
the type of ceramic vsed i1n the plating soiution and the
quantity of ceramic partirles occluded in the coating. Zirconium
oxide and tantealum carbide were selected for thirz mtudy.
Graphite cviinders were coated from solutions containing €00 ml

of each of these ceramics.




X-Ray fluorescence arelycis on both type of samples in-
dicated that Lhsre were no &ppreciable difference in the per-
centage of cersaic in the coetinge, both containing less than
0.1%.

Particle Concentrstio
Samples were coated in plating solutione containing the

followira concentrations of Zr0,:

A, 250 ml
B. 6&0C al
C. 10600 ml

These samples were analysed by x~ray fluorescerce and scveral
were analysed by emission spectrography. Tha results indicated
thar all of the costings contained less then ©.1X 2rC, with the
exception of the three samples coated in the sclution containing
1000 ml. of 2r03. Thegze coatings Lad » ceramic content of 1.5%,
2.25% and 5%.

Since the plating solution containing 1000 m! of ZrOy pro-
duted a coating containing suct 8 significantly greater amount
of ceramic 1n the coating, it was decided to determine the
reproducibility of these coatings. A new plating solution con-
taining 1000 ml ZrO, was prepared and two samples plated from
it Coatings from this =econd sclution contained less than 0.1%
Zrﬂz; Further work wiil tave to be performed to obtain a re-

producikle coating.
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Dispersant Conceptration

Initial work suggested that the use of dispersants in the
plating solution caused an increase in the amount of ceramic
occluded in the chromium matrix. The dispsrsint increfses the
vigcosity of the solution, tlhus allowing th~ ceramic marticles
to remain in suspersion for & longer period of time. Another
advantage of disperssnts is that it imparts a chege to the
ceramic which results in a uniform suspensiorn of particles in
the plating snlution.

Graphite cylinders were coated from golutions containing
100, 140, and 180 crams of dispersi.g agent to determine the
exterit to which the ceramic contant and the performance of the
rermet coacina could he mproved. Aill of thess solutisrsz con-
tained 250 m]l of rirconium oxide. A section of sach of thesze
cylinders wasg submitted for x-ray fluorestence analysis to
seteimine the concentration of 3:02 in the coating. The re-~
r2ining portion cf esch of tha cylindars was avalusted by the
oxyacntylene toich test.

There have heen a number of problems arsoc:ated with the
use of "igh cuncentrations of dispersant in the platino solutions,
Ti.a addition of the diarcz:#nt caused frothing and bubliinc of

the bath,

elle~




Another problem associated wich high concentrations of
dispersant was that very large quantities of particles were
kept suspended in the plating solution. Conseguently, when
a sanple was introduced into the seoluticn, it wes immedietely
covered with ceramic particles. which rendered the surface non-
conductive. As & result, there was & very low deposition of
chromium.

A nusber of approsches were investigated to solve this
problem. One method was to coat the sasple for 5 - 10 minutes
before agitating the bath. This eallows a very thin film of
chromium to be deposited on the sasple before tha particles
become suspended in the plating solution. In sddition, an
anti-foaming agent was orderad to prevent frothing of rolutions
containing the dispersant.

X~-Ray fluorescence data showed that the ceramic content of
the codting was less than 0.1%, thus indicetiny that the dis-

' persant did not increase the amount of ceramic in thas coating.

In order to obtain an sdherent coating on the surface of
the graphite substreate, a 'igh current density is used when the

sample is first introduced into the piating solution. Thie is




referred to as flasting. After a spocified time, the current
is lowered for t'e duration of t*e plating cycle. A nusber
of combinations of bat! tesperature, flasring time, flashing
current density and plating current density were investigated
tc determine if they affect tre amount of ceramic in the
coating or the cobting performance. Thime graphite samples

vere plated under each of the following conditions:

Bat! Tomperature Flashing Flasring Plating
Current Time Current
Dengity Density

I {ewpe/1n?) min. {empasind)

A. 132 8 10 2.5

B. 132 8 10 8

C. 185 8 10 5.2

D. 13* 8 60 2.5

E. 132 16 1 2.5

F. 132 16 60 2.5

Tre ceramic content cof all of the ccatings produced by tlrese
corditions was less than 0.]x.
Bat- Composition

in addition tc tlte normal plating sclution of 313 os/gsl
CrC, and 0.3) os/3al azso‘ whic* was used i1n all of the studies,
& 53 ow/gal CrG; and 0.53 cz/gal stc‘ solution was prepared.
Samples wrc cocated from t>is solution and analysed by xe-ray
flucrescence. T ere was nc ev.dence of incressed ceramic corntent

from thais solution.




The coatings from this solution. as from the normal

aozuticu. contained less than 0.1% ceramic.

An ouy;cotylcnt torch test facility was constructed to
sffectively evaluate the cuatings studied in this program.
Rotameters Qn:o incorporated into the facility to closely
control the !lou.knte; of the oxyéon and acetylene in order
to obtain c'zuprodnciﬁle evaluati.n test.

it wvas d.ciétd to conduct Lhe torch test by keeping the
oxidiser to fuel rmiio constant 3ndbthcrcby tubject *the samples
to a constant heat flux ra&ther than testing at a particular
specizen temperaturc. Using a éon;t:ht_h-at flux is mor2
representative of what actually accuit ir % swrvice environment
and this method does not deperd On specimen emitta:ce.

The flow rate of oxygen uased was 27 scfh and the flow
rate of acatylene was 10.8 scfh. A terch tip-to-speciaen
distance of 15/18 inches weas used. This distance was chosen
s0 that the coetings would not faii i1n too short a time, 1in
which case it would be difficult to differentiate amung the
coatings. Cn the other hand the distance was cloee snough to
sake the test relatively severe.

The time to failure was taken as the first appesrsnce ot




4 Lole 11 tre ccatargy. T'ie cculd ke detected by viewing
tneoutth 4 dark jlass and rotir: the appearance of any intense
ot spot in the coatinj. An optical pyrometer was uzged to

measure specimen surface temperatures.

uxyacety le..e Torch Test Results

In many cages there was a Jreat scatter of oxyacetylene
torch data andicating tre need for obtaining a more re-
producible coating. However. several conclusions can be drawn
from these data. The oxyacetylene test data are shown in Table 1.

Lispersant Concentration - Samples coated from plating solutions

containing the dispersing agent did not show any improvement

in performance. In most cases. in fact, the time to failure

of thesc samrles was less than for sar-ples coated from solutions
not having the dispersant.

Ceramic Concentration - Samples cnated from solutions containing
r.igh percentages of ceramic particles failed in less time than
samples coated from scolutions containing fever particloa;
sarplers 26. 29 and 30 contained 5, 2 25 and 1.5 per cent 2rOz,
respectively, as determined by x-ray fluorniéincc. The poor
performance of these samples can be attributed to two factors.
These samples were sectioned rmcunted and polished mctaliographtcally
te study the structure of the cross section. Unlike the other

samples which have a uniform coating thickness alang their length,
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Clesne e O Lalingr wer®e afredslar an thaacknegs . Some arcas
e couating were less than U.> miles while other areas were
A A D VA B ¥ Apps}entxy the relatively high ceramic con-
tent !t the coating causes thickness irregularities. whern a
curamic particle 1s firet occluded by the chromium matrix durinag
tre plating operation 1t protrudes beyond the orijinal coating
rtackness. Consequently trere 1s a greater coating buyld
Jp in the area of the ceramic particle which is caused Ly the
conTentration cf current f.cw to the relatively sharp point of
tre ceramic particle. the decrease in distance from the anode
and the decrease in pclarization brought about by the induced
stirraing of the electrolyte arcund the particle.

Another possibtle cause for the pocr performance of these
relatively high concentration ceramic cermets 1s the poor
adresicn between the chromium and ceramic. This suageste the
need for some post coating heat treating operation tc increase
the bond between the met~! and ceramic phases
Bath Temperature and Current Density - Torch test data indicate
trat samples coated at 132 F are superior tb samples coated a

sclution temperature of 185°F

Flashing Time and Current Density - A flashang time ¢¢ 10 minutes

at - current density of 8 ampt/xnz resulc<d in a better coating



oo tmoge oltasned using o oaonger flashiing time ol
r raahier current density 116 arps/xnzi

fath CoOmposi1tlon - NO LACTeage 1n C€oatinyg performance was i -

tained by using the "high concentrate” plating soluation {23 vz ial

;ru3 1.%3 vz/gal 52504).

Type of Ceraric - The ccating containing the TaC was in no

way superxox‘to coatings containing 2r0p. In view of the low
cost ot 2r02 ag compared to TaC zirconium oxxdé will be used
in all fature coating studies

AE a result of the xX-ray fluorescence aralysis and
¢xyacetylene tes® the following coating paraméter valuee can
te considered optimum and will be used as a basis for further
deve lopment work.
Type of Ceramic - 2r03
Ceram'c Concentration - 1000 ml per 9 liters of solution
Solution Concentration - 33 >z/9al Cr03.‘0.;34az/9a1 32504
Flashing Time and Current lensity - 10 q£nuéqg, a.aﬁpa/inz
Fath Temperature and Current Density - 132°F, 2.5 aﬁpi/inz

Dispersant - None
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TABLE 1. SUMMARY OF OXYACETYLENE TORCH DATA

irple variakble Variaktle Value Sample Time To
Studied Temperature Failure
(°F) (min:sec)
15 Dispersant 160 gm daispersant 2730 15:20 NF
16 Concentration 2%00 2:35
17 2820 29:20
19 140 gm daspersant 29090 4:18
24 2730 40:43
27 2710 3:30
31 180 gm dispersant 2780 30:00
33 2860 9:00
35 2700 13:00
20 Ceramic 250 ml Zro, 2740 36:18
21 Concentration 2750 27:47
28 600 ml Zr0, 2775 9:02
32 2740 60:00 NF
34 2700 2:50
26 1000 m1 Zro, 2760 4:00
29 2730 8:00
30 2780 4:40
39 Bath 185 'F 5.2 ampesin? 2730 43:95
41 Temperature 2840 13:05
43 and Current 2650 5228
45 Density 2760 22:55
37 132 F. 2.5 amps/in? 2780 21100
38 2800 34:30
) 2
40 132°'F, 8.5 amps/in 2840 62:00
42 2780 3:10
44 2720 37:27
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5} Tiwe and
Current

5y Oensity

L
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53 Bath

5 Compos:tion

50 Type of
Ceramic

€9 Cera: '«

70 Corncentration

72

71 Temperature

73 ang current
Sengity

i digpersant

G Concentration

5

NF - Mo Failure

60 min, 8 ampajxnz

10 min, 16 amps/in*

5% oz/gal Cr0y,
0.53 oz/gal H,50,

TaC

1000 i 270,

i85 F, 5.2 ampsfinz
(usirg 1000 mi Zr0j3)

i00 gm dispersant
{using 1000 ml ZrC;)

-

277%
2730

2750
2730
2760

2760
2760

2780

2800
2750
2870

2770
2800

2740
286C
2800

X6:01
12:44

15:30
2780

2:46
4:13
&: 38




FUTURE WORK

Investigatiors performed during the firgt threoe manthe hhye
E shown that the ceramic content of the cermet coating could re
increased fyom less thar 0.1, to the 1.5 to 5 per cent range.
The reproducibility of the coating, however, ig poeor. wne of
the tasks during the second guarter, therefore, 1s to briefly
i study the conditionz which will result 1n coatings have a
conergtantly high ceramic content.

f The majer effort during the second guarter will ve 3 sgtudy

of conversion reactions and d:ffusion operations necessary to

ARG e B o

amprove the werformance of the coating. The first conversion
} react:on o be srudied wil® be a controlled oxidation. A pre-
! oxidized coating has been shown to De superlor to the “"as
deposited” coating. The optinum temperature and tive to jive
an adherent and canse oxide laver will be deterrined. The

| T temperature. time and fyrnace atrosphere to produce the

optimur araghite-cermet ditfusaiorn zong wili alse be determined.

2
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