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SULKARY

Nolybdonws, due to ibs high temperature properties, and potentisl supply,
is boscming & very laportant structural meterlel, particnlerly in the fisld
of eloctronice; however, 1t is not noew Iin this part of Industry., As tompera=
tures go hirher and higher in warious fiolds, the neced for satisfactory mate
erials becomes of pearemcunt imporitence.

One of thy ways in which to overcoms the disadwntepes of poor surlace
ghability, btrazliag di0{iculbties, snd surface resisbtance tavhigh froquency cone
dueticn, is U cleshroplating. Unbil recently thero has been no satislectory
method for obtaining adherent deposita. The purpose of this report hos been
to investicobe theso vsoent processes and devise o mebthod by which the average
plating insballation mey obtain adherent olectropleted deposits on molybdonums

Tho felloving method, dovised by tho author, was fouvad to givo sabtisfoctery
adherenve of nickel on floxible sheot molybdenum: Afber degreasing, the pard
48 etched ancdically in 957 sulfuric meid for one minute st § volbe end then
ringed in celd running wator. I% iz then rinsed in en smmonivm hydroxide 80w
lution, followad by ceold ruaning wabter. The molybdenum is then treated ca-
thodieally for ono minube ab 9 to 10 volbte in 957 sulfuric ecid. Afver this,
1% ie riased ia cold water and nickel plated In m low ph Wett's bath.

The following method, slso devised by the auvthor, was found to be satislacloe
ry  [or nickel plubing ricid plecos of melybdenum for braging purposes. After
. Gogreasing, the part is obtshed in o solubion of three parts water, two parts
sulfuric acid, and one part nitric acid., It is then rinsed end dipped ia hot
hydreochloric acide The part is riased egain and plaved with nickel in e low

ph VWattis bathe

ol



(22)

The following method devised by A. Korbelak of Westinghouse Corpe
oroticn is satisfactory Tor obtaining adherent nickel plating on flexible shest
molybdenum. After deproasing, the part ie ebohed encdically in 60% sulluric
acid for 30 gesonds at 10 volts. After rinsing and dipping ingoeaustic bath
{onustio sodn, commercial cleaner or equivalent), the part is neutralized in
a 5-10% sulfuric eoid dilp. After rinsing, the part is ohromium pleted for
20=-60 secondg at 1 &mp/ﬁnf The molybdenum is then rinsed and transferred
%o o high chloride nickel strike (Wood's bath).

Mobher mothed Tor obtaining edhorent deposits on molybdenum is a
method ueod by RCA Victor. This involves spreying the pert with e mizture of
nickel end sllver oxides and firing in line H at 950°C, for 15 minutes.

2
Yha part moy then bo plated with any desired metal.
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I TRODUCTION
(19)

Folytdsonum end ite alloys are being used more and more in appliocae
tlons callinz for o metal to withstand high temperatures. Because of ite
gvallability end ils properties, it is rapldly becoming one of tho most
promising relructory motals where materlals are needed to construct equipe
ment whieh will operato in exmcess of 1800°P. By referring to Table I, one
may see uhe metals on which fubture developments in these high temperaturcs

dapende

TADLE T

PROPERTIES OF REFRACTORY KETALS

VBTAL SBLTING POINT, F
Tungaten 6, 170
Ehenium B6,740
Tanbtalum 5,425
Oomium 4,900
¥ clybdenum 4,760
Iridium 4,450
Columbium 4,380
Boraon 4, 200
Chromium 3,430
Sirconium | 3,380
Titanium 45,272
hafnium 3,100

The inwvestigation for bebttor hirh temperature metels stems from two
wein consmiderations. Ono is the temperaturc limitetion of the alloys that
wo aro now using. For the most pert, they do nob retein desirable properties
above 1650°F. The second considerstion is the shortage that we are now ex=

perioncing in the alloying elements. This has shown the need for refractory

D



motals of a mueh less eritical naturs, however, successful attempts are being
made in using alloys which havo loss of the oritical alloying elemont. The rsal

reliel, theurh, mugt como from new elloy systems and the refractory metels thad

258

will mmintelin thelr dosirable properties.

Holybdoown has long been of interest to designoras particularly in the
uailmyiug of ctoals for resistance to certain chemicals. Also, it is used to =
very groeat exbent in the electronic industry in tho menufacture of tubes. Hers
in The making of grids, supports, plates, channels, capa, slcevsa,
rodo, sprins contects, and cimilar parts. Lemp desipgneors for years have been
intercuued in molybdonum. They have used comsiderable quentities of meolybdeonum
wire as suntdonbs fer O9lnuends, lead-in wires, and mendrel wire on which btuangaton
filmasnts are wound. World Vinr 11, with its enormous demend for cleostronle
tubes snd elovtronis egquipnment, requlred thet the production of molybdenum be
incereassd wmany fold. Mot oaly this but the shapes end sizss of parts beceome
much more oompliceted end veried. This elso brought about betier methods of
sheping and workivg the motal, The production rate at Westinghouse alons ine
ereased 18005 of the pre-wer [§gurc.

Uolyudenum dlsulnhide hﬁa boen attracting atitention as a lubriecant,
however, such spvecial uses would become ineignificant, if the full structural
pobentialities of molybdesum were to Le atianined, especially in view of the
abunduncs of the ore.

The United Stakes iz producing more then 85% of the world's supply of
molybdenun, coming from tho chiel ore, molybdenite (FoeSp). The principsl
producers are thoe Climnx Welybhderum Gempany, Tho Molybdenum Gorporetion of

hmerieo, and Tha Fennooott Sopper Corporation. In 1917 +the Climax Company begen



aoctive work of the famous molybdenite deposits in Climex, Colorado in 1917.
howoever, it has been since 1924 thet they have been in production at this
location. The Kennecobt Gopper Corporaticn began produsing molybdenum in
1939, This, however, wag &8 a by-product of their copper mining in ﬂ’tmh'
and New Liexico, which accounts [or about 50% of our present molybdenum pr'clw'
ductione The mines of the Nolybdenum Corporation of America are loecated in
Quogta, Yew Vexico.

In 1945, the reserves of molybdenum were ostimated at 400 willlen tons.
Thile this mebtel is now considered %o bo short and is under allocation, one may
expeat the demends o be meb.

(1) ,

In addition to having a »alting point ebove the temperature of tho
intonded use, & successirul high-temperature metal must possess e steble suriace,
adeguabtoly nacbive to its enviromment, that is, it muet not react st too
high & rete with the ambient atmosphere, and 1% must not eveporste too fast.
From the vapor pressure, it can be shown that molybdenum evaporates at a
low rate below about S000°F. Vevertheless, slince i’cs_ vapor pressure is too
high for it to serve as an incandescent lemp filament, it is evident that this
property should not be ignored when long service end hipgh dimensional stability
are required.

Az & mattor of fact, molybdenum does have poor surface astablility in
air at high temperatburss due to a high rete of oxidation. This is its most
troublesoms property. The oxide, Molz, forms and vaporizés &t an appresciadble
rate above 1400°F. even when the atmosphere contains but & few per cent of
oxygen. Unfortunately, the rate of oxidation is very much higher then for

metels whose oxides are practically nonvolatile up to ‘»3’:‘500‘:’9"»q ‘Mremain%g on
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the surface %o reterd further reaction. For example, at 1800°F. in air flowe
ing slowly, the surfaco of molybdonum recedes at tho rate of 0.02 to 005 in.
per hour. Thiz rate of loss of metal is intolerable for most uses. Improvement
of surfece stability ropresents the most important and, at the seme time, the
most difficult problem that must be solved before the mebal is widely used in
heat enpgines. Several idets are being developed; coach gives hope of meoting
the requirements of some of the high-temperature applicationsi none is frec
frem soricus bhjeatinna»

tne methed of protection is known as cledding, in which another novre
oxidation resistant motal is welded to the surface of molybdenum by rolling.
This wrocsss hag bsen investigebed snd improved by Bruclard, Whalen, Jalfee,
ond Gonser.  From thelr work, it cen be sald that oladding is fesaliblo wilh
nickel or with an alley of 907 platinum, 107 rhodiun.  In creap tests m
melybdenvn eind with 15% its thicknose with YA" nickel on each sido, the
. minimm ercep rate at 1800°F. and 50N0O-psi. stress was 0.0001% ver hr. The
cbvicous limitetions of incomsl and nickel clad is the rclatively low nelding
points of the surface metal, and of the platinum alloy is its hirh cost and
goarcity. Bven so, cladding will meet some high-tempereture roquireoments.

A second method of surlace protecticn is by the vaporepbase deposi-
tiqz of silicens This method has been developed to a very promisiang stage by
Beidler, Powell, Campboll, and Ynbeme. They report that a silicon coating
0.0256 mme. thick completely protects the underlying molybdenun for 4000 hr.
in air ot 20009C, {18300F.) end for 30 hr. at 1700°C. (3100°F.). The
principal limitebions of this protecticn method are (a) the coating may fall

whon plastlc strain occurs, nnd (b) the coating must be perfect in its

"6"‘



soverage, a small {lew permitting leoss of molyidenum over a relatively lerpe
BYEB o

This method of protscticon, while still being improved, has had notable
sucesss. The Tensteel Netallurpical Corporation hes recently announced the
aveilability of molybdenum bar, rod, wire, and tubing with siliconized coabtings.

Thé third methed of proteotion involves a ceramic coating. This method,
too, probebly will be suiteble for certain epplicaticns but has not yetb
show as much promise as the two methods just mentioned.

The fourth methed of protecting molybdenur ageinst oxidation ls by
elecstroplating. Some succoss has been z&epor‘tad, but this method also has
been inadequatoly lavestigated.

Tho last method involves the alloylag of molyodenum with an element
oy élmnemts vfcj.eh suppress the formetlion of the volatile liclz. This m@thosﬂ
has only recently boen investipated and hes achleved, so far, the least
success, However, it has besen only superficislly surveyed. .&ﬁ imoortent
ndvontage whieh an oxidation resistent alloy would have over costed molyb
denum 48 %the capacity for self-healing in the event of demsge Ho the sure
face. Those oxldation resistant alloys which have so far been developed are
brittle end consequently ¢ifficult to fabricate.

Ong 6f tho most difficull operatiocas to perlorm in working with mol;gg}?gdanum
is to braze it to other members. There are very fow metels which will wot
sufficiontly to jola the motal. This problem mey be overcome by elestroplating
the ares to be brazed with nickel, which is very onsily wet by most solders.

Another problem encountered in the use of molybdenum in the slectronic

e



industry iz its surfece resistance in high Pfrequency appliocations. This hus
boceme particulerly important in recent yeers becauze of the research that is
going inbo higher wattage magnetrons and other tronsmitting tubes in the
ultrahlph~=requency range. Silvor plated molybdenum bscomes a very important
meterisl for these applications.

Bocouso of the meny uses which are developing for plated molybdenum, @
nethod was nesded, particularly for use 5n electron tubes, by which - adherend
doposits could be obtained. Until very recently, there wes no procedure aanA,'
gble that could be performsd by the ordinary plating instellation o obdain
sebisfactorily adherent deposita. Therefore, it was felt that the need for work

in this fieid ig of lrmediate lmporianco.



PURPOSE

Thers are two primary purposes for this investigation: first, there
wag an Btlompt made to find which of the existing mothods used in the pleting
of adherent deposits on molybdenum pave the most setisfectory results; seoond,
there wee an ettempt made to deovise a mebthod by whilch adherent deposlis may
so mpade on molybdenunm, preferably by using only shemicals and techniques that

would be availeble in the averape plating installatioen.



APPARATUS

The work e this project was done with equipmont aveilable in the
Laborabory Plobding Roam of The Tube Development Shop of the RCA Vieotor
Rivision in Yorrison, T Jo

S0 thet the wlus of this work would mean moro to the averagé
plating inobkallstion, no specinl equipment of eny kind was used, howaver,
ligbed below 1s most of tho epparatus thet was uweed for this Investigaticn.

e Dne molel 75031060 Boneh Rectifier from the W. Green Eleotric Co. Inc.,

Gl 50
reted  /0-12 volta; /26 amos.

& R P gt e 2 " BTy b PRI 2| e A o 2 ' onel o
Fo o 0diflestion wan medo on this Ifewm by puiting resistanse in sorico

Lo e

-n

with the »inting bath se that closor control could be Topb o tho
smell currents involved. 1% was arranged co that at 156 volbs ot the
roctifier, only 1 smp. would be given through the plating bath.

3. One medel 5-0C0 Magne page

4. Beusch and Lomb Researceh Fetelograph '

5. One L8le5 Sebhes Filber Pump for continucus filteation of pzaémg
solution

€ Ono rubber lined rheot steel tank, 167 X 12" X 12" with tenk rods
and adjustable inraleting cleats for nickel plating

7o (no load covercd ZKY electric immorsion hester with indicating
thermostetic control

8. One rubber lined hydrochloric seld tank, 16" X 12% X 12", with
vitrsonll lmmorsion haateré, thormestatically conbrolled

9. One sitninless steel tank for soak cleening, 1€" X 12" X 12%, with
ool electric immersion heaters, thermostatioally controlled

10, Stoneware aeid dip jers, 6 gallon capacity
«3 0=



1l. Ono steinleoss steol mebhanol tank, 16" X 1.2" X 12%, with bhinged
COTEr,

12, Jickel, shainless steel, platinum, iron, end leed olestrodes.
Thero wore meny other smaller miscellaneous items, such as, «
reversing switch, thermostatic hot platos, stainless stesl beakers,
rioroscone, ebto., that wore usvd,

Any of the items provicusly listed nay be replaced by other standard

sguipmont that will perflorm the same funcilon.

-ollp



SOLUTIONS
(17)
(1) 7ickel Plating Bath
(e} ¥ake up
Hickel sulfate - 44 oz/gal
fickol chleride « ¢ oz/fpal
Dorie acld - 4 oz/pal
Han=Pitbor, a8 necded
Carvon filtered and electrolybically puriflied
(b) Solublen Cporabion
Hickel = 11 oz/gal
Chleride = 1.2 oz/zal
Boric aoid - 4 oz/pal
ph « 1.8
Temperature - 48 to 850C
Cethode curren®t density, 20-60 amp/?tng
(2} Chromium Plabing Baﬁh(IV)
(a) ¥ako up |
Chromie nold = 34 oz/pal
Sulfuric ecid - .30 oz/zal
{v) Cperaticn
Ohromic eold, 33.5-36.5 oz/gal
Sulfuric soid, 335,366 oz/gel
Cr0g/60, ration 100 & 6 |

Temporsbure - 45 o 70°C

Cathode curcent density, 100400 emp/ft.%

] 8w



(3) Copper High Speed Ploting Bath (DuPont)
{(a) 'ake ap
Conprolyte plabing snlts, potassium = 24 oz/gal
Potaasium hydroxide - 5.6 oz/gal
Addition apent RH774 - Boc/eal
(b) Solution Operation
Copper « 5.6 oz/@al
Free EQI « 65 oz/gal
Potassiun hydroxide - 5.6 oz/zal
Additlen agent RE774 ~ Beo/gel
Temporature - B0 Lo 859C
Curront deasity, 10-60 amp/ £t F
(4) Aeld Copper Pleting Baﬁh(ﬂ)
(a) uake up
Goppér aulfmfe - 32 uz/@&i
Sulfuric meld = € oz/gal
llolesses = 1 pint/i00 pal
(b) Cporatien
Copper = 8.1 oz/gal
Sulfuric soid = € oz/pal
Tempsrature ~ room
Cathods current density, 20«80 amp/ft.>
(6) Platinun Plating Bath’l?)
Waber « 1 liter
Armonium phosphete (secondery) 20 grems
Bodiun phosphate (secondary) 100 grams

Platinic chloride « 4 grams



Current donsity - © amp/f%. 2
Temperature = 70 to 90°C
(6) Penn Salt Clecner ;36
Coneontretion, ¢=-8 oz/ral
Temporature - 200 to 21207
Time for immersion, 1-10 minubes
(7) Mivric Lcid, Technical, 42° Be, (70%)
(8) Hydrochleric Acid, Toehmfical, 20° Be, (B1.4%)
" B G Pu,(B7.6%)
{9) Bulfurie Acid, Teehnicnl, 66° Be {93.2%)
(10) Hydrofluoric Adid, Technical, (52%)
(11) Ammonium Hydroxide, C.P., UMz (29.1%)
(12) Phosphoric Acid, Technieal, (85%)
{13) All sclid chermicals were eitﬁer of G« P. or plating gf&deo
(14} Jickol Strike or &ativatiun
Mickel chloride - 32 oz/gal
HCL - 500 ce/pal
6 volts - one minute - room btemperabure
{18) Indium Platiag

This wos purchssed as e cormerciel cysnide bath.



TREATLIN T SCHEDULES

The droatoents ‘{m this list of schedules are presented vader thres heade
ingss nemely, treatments whilch gavo no adherence, treatments which gave
quostionable adherence, and treatments which gava satlsfectory adharence
of eloctroplated fllms on molybdenum.

In order to provent much repetition, the followving steps are undorstood
we hold for all the molybdenum semples thet were troated. The purpose of these
four sbtops e to obbaln o surface which is free of dirt and grease.

{e) Deproase in clesan trichlorethylene et room temperabure

by dipping

;;r ;:‘ s;} ";&WT"

o

(o)

L T W I 1 ey 3 T 9, e g4 T . 2 I A Sran E L FT TEE So N 5.8 4
YV olmserso o seal elennwr, end agitate pari. {Poan Sell L-0%,

10007, € oa/gel) or cguivelent scak clesnor
{4} Rinse in cold ruaning waber

The rinsing in cold ruming wabter was done by allowing ey waler [rom
the ¢ibty weter line to overflow from o flve galld_n ceramnic GE’OCBR-' A rapid
flow wee meintoined et wll bines vo insure apalinst contemlinabting the
samples in the ringe water. This condition wes elso mainteined in the
rinsiag stops llsbed under the treatments.

It will be nobsod thet in meny trials thore ie a stop in which an
ermonium hydroxide rinse is used. This was at rcem bempereture and was
maly conbrolled %o the extent of keeplng en ammoniao odor coming from the
rinGo.

In the sleatrolytic etehing sbteps thet are given, the currsnt deaslties

16~



wore veried frem ebout 10 emp/rt.? to 300 ampa/?taz, unless otherwise stated.
The time of thoso ¢bohes veried from about one minute to five minutes.

Also, wlsess cthorwise stated they are at room temperature which em most
days was sboub 80°F.

Then the molybdenum came from the etching steps in the trials it was
tranolarred Lo the noxt atops e quickly as possible, not allowing the film
of solubione Yo dry on the strip. When going into the nickel or other
plating baths, elestrical contoct was made before the part wes lumersed in
the solulios, however, this was nob elways found essential but was thought
B be pood practioc.

The adherence of the plating on the sanples was tested by bending tho
stripe of molybdenum untlil they ruptured. If the elsctroplating 4id nob
peel, another seample wou}d then be fired in line hydrogen at 900°C for 15
minutes. I the plating withstood these two tests, they were oonsidered
%o have an adhorence which wee sabtisfactory.

Yihan & étainless gtenl elsoirode was uwsed in the trials, it was of
type 504,

The treatment, after comiag from the plating bath, was to simply rinoe
in hot and cold ruaning waber and dry.

Trontnents Ghich Cave o Adheoronce

The following breatment schedules were not sulficient to give
gatisfoctory ecdherence of electroplated Pilms on molybdenum:
Prial 1:

{a) Pass alﬁernaﬁing surrent through a molybdenum semple in the presence
of BZS hydrofluoric seid from one to five minutes. Current density 20 %o
300 amps/Fte*, platinuwm electrode.



(b) Rinse in cold running water
{¢) Jickel plate
Trisl 2:
(a) Seme as trial 1
(v) Rinse in dilute NHQQH
(¢} Rinse in cold rmninpg water
(4) lickel plate
Trinl 3¢
{8} Eteh mnodienlly in verying strengths of KO snd NaOH
soluticns at current densitles fram 10 to 300 nmpa/fﬁﬁz
(alternating curreat also used)
(b) Rinse in cold running wator
(c) Nickel plete
Irial 43
(a) Seme ss trial 3
(b) Rinse in dilute SH4CH
(e) Rinse in cold running water
{4) ¥ickel plate
Triel B3
(8) Anodio end cathodie etohing in 210 g/liter CrOz solution. Current
densities from 10 to 500 amp/fﬁog
(b) Rines in cold running water
(o) dlckel plate
Trisl @
(a) Ebtch enodieally and cathodically in 52% hydrofluoric ascid st current
donsitios from 10 ko 300 smp/fb.°

(v) Rinee in co0ld running water

wl?a



{e} Yiskel plate

Trinl Te
(a) Same as trial 8
(MRM%inﬁh%ﬂ%m
{c) Rinse in cold runninr water
(a4} Hicked pl&%a

Yrial O3

(e) Anodlic oboh in 70X HeS50, at current densifies from 10 to 3C0

e
orap /5.
(b} Rinse in cold runnlog waber

() Jickel plate

(&) Sems as trial 8
(b) Rinse in dilute WH,0H
(2) Rinse in cold Eunaing waber
{d) Nickel plate
Ppial 1b=
{a) %toh with albernating ourrent in 905 stsﬁ,‘platinum electrods
{(b) Rinse in 60ld rumning wator
(e} Coppor plate in cyenide bath
Irial 11s
{a} BEteh anodioally and cathodically in hot 507 ﬁgsoé, platinum electrode
{(b) Rinse
() Ticksl plaode
Trial 123

{a) Same as triel 11, bub used iron olestrode
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Triel 13:
{a) Anodic obech in S0UF stoé, stainless steel electrode
(b} Rinse in cold ruaning water
{¢) Rinso in dllube NI40H
{d) Rinso in oold runaing water

{e) Cathodic etoh in same 9UF% H,50,, steinless ateel elestrode

4
{£) Riase in cold runaing water
-{g) Coppar plate, cyenide bath, and in acid copper bath
Grinl s
(&) to {d) come oy trial 13, excepb 80, was 50% snd also

niokol plating emd also tried platinum elechrods

My 2 3
GO

Triﬁl i6s
{a} nich in solution of 3 parts H 0, 2 parts H,80,, aad 1 pars W0y
{b) Rimse in cold running waber
{s) Rinse in dilute WH4UH
(d) Rinse in ¢old ruaning water
(a) Cathodic etoh in 6C% HpSOy, platinum electrode
{£) Tickel plate
Trinl 10

{a) 4o (g) eamop as trial 13 except 75% HBSOQ and platinum eleotrods
was used. Alkaline cleaner was substitutod for RH,OH for one
run 0ls0.

Trinl 17:
{a) Bched acnodleally in 78% Hy80,, stainless steel slectrode

{b) Rince in cold rumning water

(c) Rinse in dilute WHLOH

«10m=



{d) Rince in cold ruming waber
(6) Rinse in boiling 50% KCH
(£) Rinse in c0ld running water
(g) Hickel plate
Trianl 183
{(a) Bteh in solution of 60 parts ENOz end 50 parts HAF
(b) Rinse in o0ld running weter
(0) Rinse in dilwto NH,OU
{d) Rinso in cold running woter
(o} Jickel plate
Trial 18:
{e) Bteh ia solution of:
1000 ae fg0
326 ¢ KzPe (Ci)g
44,5 g Nalll
{b) Rinse in cold running waber
(e) Uickel plate
Trinl 20s
Seme e trisl 19 bubt uso NHOF dlp and rinse just before plebing
Trinl 71z
{e) Arodie etch in solution ofs
1000 oo 'ﬁgﬂ
250 g Koy
425 g CuSh,
(b) Rinse in dilute HTH 0N
(e) Rinﬁé,in cold rumning water

(d} Rinse in hot NICL (cmitted for one run)
20~



{@) Jickel plete
Frial 22¢
(a) Ancdic eteh ir phosphoric acid, pure
(b) Rinse in cold running weter
{c) Rinse in éilute'NHQOH
(&) Rinse in cold ruming water
{e) Cathedie obtoh in phosphoric acid, pure
(£) Rinse in ¢old ruaning water
{g) Tickel plsto
Trind 23:
(2) Fire in dvy llp atmosphere for 15 minutes a% 950°C
(b) Shove into cooler still in dry B, atmosphore
(¢) When at room bemperature, take ot cnd put directly in niockel bath
Trial 24:
(a) Btch anodically in 20-40% ECH stesl olectrode, 9 amp/Ttaz
{b) Rinse in cold runinp wator
(o) l'ake molybdonun enodisc in nickel bath, 3.6 amp/?t.z
(4) Jickel plate 11 amp/fh.?
Trianl 25
{n) Same as triml 15 except Yocd's nickel strike was used
Trisl 20:
(e} Etch in omalic acid solution with end without curveat
{b) Hinse in cold running water
{c) Jickel nlato
Teinl, 2%

The folluving samples were treated in DuPont's sodlium hydride



Jescaling Procescs

Somule Number Sodiwn Hydride Desealing Plating
i Ylone Nickel
2 10 miaubes Nicksl
3 20 .minutea Hickel
4 10 minubes Vickel etrile « Cu nioat
5] 10 minutes & 15 seoonds Hickel

1% WL at room temperature
5 done (het alkaline sosk & - Hickel
eathodic HOL)
7 Jono {hob alkaline sonk) Tickel strike & niclkol
9 1D ninutos Copper eteriko
All semples were quencmisc‘; in 10% ethyl a‘lcohol, after the sedium
hydride treatment. They wors rinsed for 30 scconds in rumning wator and
then placed in the plating bath. In the event additional semples ure
treatad; it would be desirable to guench 50% of them in water,
Trial 283
{a) Bteh in solution of:

L3

3 parts Ha0

2
2 parts Hgll,
1 part HIQ,
: &
{») Rianse in eold runuing waber
(o) Etch 2o hot splubien of:
1 vart HCL
1 part Hg0
{d) Rinse in cold wuming HeO

(o) Dip in concantrated oxalic acid solubion



(r)
()

Rinsc in cold running wabter

Jickel plate, platinum plnte

Trootments Which Geve Questionable Adherence

The

following troatmert schedules pave doubtiul adherence cn the

szmnlen of molybdenvm which were plateds

[T B B
ATA0L 23

{a)

(b)
(e)
(a)
(o)

(b)
(o)
(a)

Btoh for b minutes ot 5 volts Aié. in 527 AF et 20°C, stzinless
steel eloatvrode

Direct ©s nickel plating

BHeh anodicenlly in 507 H,80,, rowm tempsrature, pletinum eleectredo,
e amps/&n.z

Ringo in c¢old ruaning wabor

Rinse in dilute ﬂHQOH

Ringe in celd running water

Btoh eathodlieally in same 5B 1,50,, room tempereture, platinum
clactrods, £ amp/in.”

Rinse in celd ranning waboer

Tielkel plato

Eben in csolubicn of' s

<2

perts Hpl

Z porse MelS0g

s

Ringe in o0ld running waber
Dip in hot 50% HCL

Rinso in cold running wabter



{06} Indium plste
Triel 4:
{2) to (g) seme ss trinl 2 except pure phosphoric acid was used im placo
of tho 50% Hy80,. Tickel powder and then iron powder was dissolvod
in the phosphoriec acid in small percentaces.

Troatmentas To Obtein Satisfectory Adhorence

in 2dditiom to ths procedures listed in the conclusions, the following
variantions also gave vory edherent nickel deposits on molybdenums
Trinl 1t

(o) Bboh 2 ploco o steinlisss steol, such as type 304, snodically

a

i TON g?mgﬂﬁ»

‘ wbil selublon turns light groon
{0) Then, eteh melybdenum enodicelly in solution b rotm Gomperaturo,
2 &my/inma, for ono minube ueing stainless stoel clactreds
{e) Rinse in onld running water
(d) Rinso in dilube NH,OH
(0} Treat cathedicelly in samo H,50, for one minute, 2 emp/in.? et
room bemperature, use stainless steel electrode
() Rinte in cold running water
{£) Jickel plate immodiately
Trial 23
Garm ee brisl I czeept a place of step {b) the molybdenum wes eiehod
in o golubion of:
3 parts Ho0
2 paris o880,
1 part R

Trinl &2

Same ne trial 1 exeept in place of step (b) the molybdenum
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war ebohod encdically in a 407 ICH solubion under the seme conditions
ag part (b).
Trial 4:

Sama s trial 1 oxcept BOZ Fizs% was used.

Prind 51

-

11 exmcopht 807 ﬁzso ), B8 ussd, and inotoad of

IR & e d o
Seope ag Ltria

alectrolyzing e stainless steel electrode, a gram of mongonets

nowder wee added to the solubion and & pletinum elestrods was used.
Prinl G

Sdoma et trisl 1 osuceopt nickel electrode was vsed insbead of the

gteainlogs sienl.



First of all, (ne should consider the following oxeerg(:t)from work
€
done vy Ceorps L. Clark, Georgs Pich, end Leonard E. Weep.
"L order to luvestipsbe thoe interfacial structure snd bonding of

slectrodaposited wotnls, withod stripping the plating from the base

metal, o abopwisce wothsd of deposition was sdopted, plving, on the s
=B

vayying Crom 2 Lo £ X LD ine in thiclkmoss. Tho
clabings wors cneminod by Yeroy snd elontron=-aiffractim methods, end tho

reoulhe correlnted vlth noasuvarents of opbical reflectivity. In peneral,

of Vonding of tho ploting %o the base moatal wors den
Lonotho Dipet, bho depositel motal Torms 1be own chorasterisiic loblice ivom

h s S i

W

tho gbers of deposition, aond olings rvvahmnicmllj to Paults and irrogularitios
in the basewenctal surface. In thoe pecond type, the Cirste-deposited aboms
anbter Inboe solid :zoluti&n with the base metel, the solld solutlion cobing oo &
tronelticn loyor bebween normal baso metel and nermal deposited mobal, whieh
appEars 86 a soparate phoss boyond o limiting thickeess. Thirdly, the flist

fow loyers of depositod mobtal may oxbend the lattico type snd dirmensicns of

“he base motnl, subeeguent layers reverting to the normal strucbure Dor the

Foemr Uve alovepontioned davestigatim, 1t can safely be stabed that

waryy LAULAe poselLililiy exlals in epplyinp the first type of sdhasion end

2

shtanindivg porg«-fres contings, cconsoquontly, much work would bo done in an
atitompt Go anpiy the acound and ti4drd Syps of adhosion., For tho second method,
a shorown invesiization of mebals that ere soluble in molybdenum 18 nOCEBLETY.
Of thooe, oaly ths onos which are readily platable should be considered. Fow
rho third type of ediaesica, the Following material from “Crystal Growth” by



()

Buckloy should bo considered. This is from the work on Elsstrodeposited
Metal Crystele.

YAt times, the new grain growth is simply an exteansion from alrcady
axisting surfece grains. This takes place with greatest facility when the
surface 1s nowly stohed, when there are no solloids or conbeminating lme
purities to adsorb c the surface, end whon there is slow growsh, as by small
current densitles and sn spproximate identity in petlern end spacing of *the
two lattlos planes {when the base and deposit ere different). The ™solaerance”
in the lattor case is similer ¢o that found in epibaxis, or parallel-growth
Cormaltion, so that the base-mobal parameter should not he more thaxn ?}”5
smaller or 1237 proater than ths deposibing metal. At times, sontinueticn
of growth fremi;he wnderlying grains 18 not so sbrictly orientated. in faock,
with two metals possessing differsnt strucbures, abaclute éominui'by ig ruled
csu'h but & parallel orientetion on similar lines to the Widmdnstabien sbructure
38 then found vhen the conditions for epitexis hold good.”

I1£ this information holds true, then for the third type of adhesiom
@an investiretion should be made of tho minimum inter-atomic distences in ell
platable metals o sso which fall within the lirits stated above as comparsd
‘o molybdenume.

Anobher item te which comsideration shoui!;d be given, is the prag=
“Lreetment of the molybdenum before plating. we in ¢ ¥ ECl solution tho potentisl
of meolybdenwn rances from § €6 wvolbs ia the paésive sbate to «.74 volis in
‘the active stete. OStrongly oxidizing é;:en%’:a or strong beses willl actbivate this
metale It ig thoupht by meny obescrvers that the alleimportant step in the
platizs- of molybdenum is to get it in en active state before plating.

By teking all of the ebove considerations Into account, the follewing
motals should be platable on molybdenum, snd ndhesion obtained.

= 2 e



{1) Tickel

(2) Chromium

(3) Iron

{4) Platinum

{5) Tentalum

(¢) Tungsten

(7} vanedium

As mey be seen in this investigetion, adherent deposits of nickel
and chromiuwn wers obtained directly on molybdenum after proper treatment of
the surfacs.

ur a proper p:’*@treaman'bs one should consider the (ollowing
ctatenents by Co Le -Ean‘tell( . }in his “Industriel BElectrochemistry.”
Electrolytic roduction may occecur in the place of hydrogen evolubtion if
the electrolyte sonteins readily reducible substances, when H } ions are
discherged at the cethode. Catalysts of the cerrier type in the
eclactrolyte at times have en important plage in electrolytic oxidation and
reduction. These are comonly metels which have multiple valence ions
such as titanivm, venadium, cerium, mengenese, and uranium selts. Ths
carrisrs will be oxidized at the snode and reducsd at the ocathcde snd may,
thus, be an inbermediate roeactor.

The previcusly mentloned principles seem to be of considerabls
importence In the preplating trestment of molybdenum. I% may be nobed theb
wder the scotion of successful treatmsnté,the best results were had vhen the
parts were treated cathodically in concentrated sulfuric aeid %o which a
metal ecarrier had been added. Nickel, mangensse, and iron wore used
aucsessfully in this investipation, however, it was found thet gpod results
sould only ‘;:e obtained in 70-95% sulfuric aeid. UWhen phoephoric, hydrochloric,

B e



and hydrofluoriec seid was used, only questlonable adhesion of the plating
was obtained. It is thought, if the conditions could be found, that evon
these acids mey bs made to pive consistently good results. It was discovered
that 1f ¢6° Be sulfuric acid was used, one did noct need the moetal carrier.

It wes thought thet this method of treatment would be the best, since elmost
overy pleting installation would have evallable €€° Be sulfuric acid.

Since such excellent results were obteined with this cathedle treate
ment, it was thoupght that there would be e possibility of plating molybdenum
directly with metals other then nickel. This was not substantlated, for in
the attemfE to plete silver, copper, goli, platinum, end indium adhesiom
wag not obtained. One is not surprised at this, however, “il‘ the previously
mentioned considerations for adhesion wore mtudie&.(lseylb) Adhesicn of anly
very thin films of platinum waavobtai.ned from a platianic shloride bath, bub
whon eny attompt wes mede to inersese thils thicknoss, there was always peeling.

The rinse in diluteo ammonium hydroxide was found to be of utmost importence.
Uhenever this step wes left ocubt, edhesion of the plating was not obtained
rogordless of what eleotrolytic troatment was givon to the molybdenum. The
soncentration in thie cace was nob found to be critical. As long as the smell
of ammonie gemo f£rom the :sbluti@n, it waz found to worlk setisfectorily.

This is prowably due To the fact that most molybdenum oxides are scluble
in apmonium hydrozide,

The acid treatment for rigid pleces of modybdenum was found to
glve adhesicn of e suffieient quality for brazing. The pleting was found
to peel off flexible 'th‘in sheets using this trsatment.

The method devised by A. Karbelak worked very well and excellent

adhesicn was obteined, however, there is ths disadventege that intricately



designed parts would roguire specially constructed plating racks. It was
also found that the eleotrolytic treatment proposed by the author would not
sulficiently treat parts thet are shadowed, thorefore, the plating would have
to be dane before forminga In each case, howevor, adheslon was found to bhe
sufficient so thet it would Ls pormissible to plate tho parts and then ferm
them. Il this epproach would be impessible then one could reosort o auxiliary
anodes or cathcdos as the case may be.

The biz adwantarc for the method of spraying usod by RCA is that as
long as the pert is not too ccmpliceted to apray, it cen be pleted. The big

disadvantare in this omse is the need for e hydroren atmosphere furnace.



CONCLUSICS

- The Pollewing aro step by step procedures for obtaining adherent
electroplated depoesits on molybdenum:

(1) Tho following method, devised by the author, is satisfactory for
plating round ripid plecee of molybdenum with nickel but not satisfactory
" Por plating thin flexible shect stock.

{&} Derronse in trichlorethylene

(b) Dry

(¢) Alkaline deprcase, soak, 190°F (benn Salt K-35 or cauivalend)
{a) Cold water rinsae

{e) Dip in solubion of:

3 parts wator

2 pmrfa sulfuric acid

1 part nitric acid

at room temperature until part is gessing all over
(£) Rinsc 4n cold running water
() Dip in hot (130° to 140°F) solution of one part hydr.chloric

acid to oae part of water
() Rinse in coid running water
(1) Plate in low ph Watt's nickel bath
{3) Rinse in hot snd cold runninp water
{r) Rineo in methanol

(1) Dry in oven

% P



(2) The {ollowing mebthod, devised by the euthor, is satisfactery for
plating of fkaxibie sheet nolybdenum with nickels
{a) Derresse in trichlorethylene
(v) Bry \
{¢) Alkeline degrease, soak 190°F (Penn Salt ¥-3% or eguivalent)
(d) Btch anodically in €€° Be sulfuric ecid (95%) for one minute
at 9 volts
(¢) Rinse in cold runnine water
(f) Rinse in ammorium hydroxide solution (strensth not important)
{z) Treat cathodically for ome minute at 9 to 10 volte in 66Y
Be sulfuric ecid (95%), cen use same sclid uc wivd a (&)
(h) Rinse in cold ruaning water
(4) Plate in low ph Wati's nickel bath. It is proferable to
make olectrical contast before placing part in niolkel bath.
{3) Rinse in hot and cold ruaning water
(k) Rinse in methenol
(1) Dry in oven
(e2)
{(3) The following method, devised by A. Korbelak of Westinghouse,
also pave very good results in the plating of flexible sheet molybdenum with
nickels
(1) Clean the molybdenum fres of heavy oxides, greass or other
foreign soils and contaminating films by appropriate clean-

ing methods such as hydrogen baking, degreasing, ete.

(2) Blestroetoh the molybdenum in a solution of suliuric aclid

32w



(epproximately £ parts ecid to 1 part water). Nake the
pert anollic end trest for aboubt 30 seconds at about 1O
volte D.C. |
{3) Rinse the molybdemum thoroughly in clean ruming water to
remove the blue moly oxide film formed in the elsotrostch
(4) Canplete the dissolution of the moly oxide film by a
rinse in & hot {180-210°F) alkeline solubion such as
5P, ceustic soda, or any commercilal eleotrocleansr
(8) Rinse in water end neutralize in e mild 5-10% sulfurio
acid solubion
{€) Rinse in water and transfér to a standard chromium
plating solution ,
(7) Chromium plote for 20-80 seconds at about 1 amp/,’m2
at standard opsrating tempsrature
{8) Ringe thoroughly in plenty of clean running water and
transfer to a chloride nickel solubtilon (2 1bs. of nickel
chloride and 1 piat of HCL per gallen)
{(9) At room temperaturé, nickel strike over the chromium
bond at about 25-50 smps/ft.° Por 16-60 seconds or more
(10} Any other plate may be put on over this nickel %o any thicke
ness using aeppropriate rinses, ete,
(4) The following method, used at RCA Vietor, has boen very successful
in obtaining adherent electrodeposits on auy type of molybdenums

{8) Degresse in trichlorethylena



(b) Spray or paint with the followin;:
9805 nickel ozxide powder plus ¥4 ailver oxide powder
suspended in en ogqual volume sf nitro-sellulose binder,
{The binder is made aimply iy dissolviip nitroecelluloss
in & solvent until the propsr viscosity for spraying or
painting ie obbained).
(2) Fire at 950YC in ling hydrogon atmospherc for 15 minutes
(d) Plate with any desired metal usinc epprop:iaste processing
0f all the processes that wire tried, only -he ones nreviously
listed pave consisteontly good ré¢sults. It was als; found that the processe
ing steps listed mmy be change! somewhat without ef’esting “he adhercoce
of tho deposits, however, caro should be exercised ir doing this,.
It may also be eoncluded that adherent deoposite ocinnol be obtained

on molybdenum without special troatments.
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