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Abstract

: Three methods of armlying molybdenum coats to heavy metal are described.  Such
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- Avnlication of Aolyh.lenum Surfaces to Heavy :·:etal

S. Katz

(This nrop:ram was carried out by H. Feller, So Fatz and S. Steine.iser)
./-

In coniunction with our nrogram on the formation of corrosion resistant heavy metal,
.& study was made of anylying thin molybdenwn surfaces to heavy metal slu.gs„  The general
'-· nlan was to annly a coat first ana. then to diffuse it in thermally.  The attemnts made
may be classified under thece headinns:

1.  vacuum diffusion.
2.  Powder metallurgy. 0
3.      Chemical   denosi tion.

1he  racuum  diffusl on  exneriments  were  conducted  in a cylindrical metal  bomb  fitted with  a
central, tantalutn-lined chamber and two end chambers connectea to the center one by small
ori fices.      Initially,   the  bomb vas constructed  with a Wilson  seal, to nermit evacuation
And sealing hefore starting the run. Later runs were male with continuous evacuatioh:,
In the earlier   runs,   the 9ide chamber was nacked  ··,i th calcium turnings,   and   in the central
chamber the heavy metal slum Was placed, surrounded with molybdenum no,·,der.  Runs were
made at Knni, Onno, and 1075'.  In all cases extreme corrosion of the surface of the slug

occurred, ani no evidence of the diffusion of molybienum into the heavy metal could be
detected /

This worlr is being. continued in Mr. 'Foote's groun.

-41/Ano ther phase   of   this investigation dealt   ,lith   attelmits   to   form a surface layer  by
means of nowder metallurgy methods. The heavy metal was huried in 325 mesh molybdenum
and was vressed at between Tn and 100 tons Der sruare inch. Tt was found that vressures
as low as 15 tons ner sruare inch formed accentable comnacts consisting of molybdenum

-in close contnct with the heavy metal. The comnact was then sintered under vacuum at
lonn-lloooc„)L-

The fir8t exneriments run in this manner were Dieces colmacted at hiph nressureo
The sintering was done at 1050oC. When removed from the furnace, the molyhdenum had
sintered hard. and cracked off from the slup: readily. The latter had a clean steel eray
surface. Microscopic examination failed to confi rm conclusively   the exi stence   of   a   sur-
-face alloy layer. The cracked surface of the molybdenum also indicated. a coefficient of
exnansion which is greater than that of U.  This undoubtedly tends to senarate the two

surfaces, thus makine it more difficult for an alloy to form.,2
A second grou7 of nieces were made by a vater-lie Oechnioue -sing nressures of 10

' and 50 tons ner sruare inch. These pieces were sintered at 10700C in vacuum and unon
removal showed nartial or local :fusion  at   various   voints.      Definite inai cations of alloy
formation were observed, three tynes of alloys being nresent.     One  was a uranium-
molybdenum layer in the molybdenum: another was a uranium-molybienum layer in the uranium:
the third was a uniform molybdenum-uranium alloy distributed throughout the heavy metalo

- Fingers of heavy metal nrotruding into the molybienum showeu that some undesirable fusion

-      or. flow had occurred 

'
Chemical Methods of Coati w. Heavy lietal with Molybdenum. C 99 2-

Work  on the electrochemi cal denosition of molyblenun on heavy inetal  has been carried
1 -1-
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W *14.Gurhworl: consisted  of  two   sets  of  studies,   one  involving deno sition from molten
salts of molybdenwn   and the other the der,o sition of molybdenum   from the carbonyl   on   the
metal surface; the latter seems to be very Dromising at this stage and is described in

considerahle  detail. nt  the  end  of  this nageo c··3
The fused salts used  were  molybdenum  triacide  and molybdenwn chloride, (11OC12) 12.

 The oxide fuses p.t 800'C.    Several runs were made in air ana in vacuum at 900-10500c
with the heavy metal immersed  i n the molten oxide.      In all cases a hardo dark coating

.-which was 791 U02 formed. The corrosion resistance of this coat, while better than
ordinnry heavy metal,  was  still  not goodp

Attermts to work with NoC12 failed, due mainly to the extremely hygroscopic nature
of the material„2

Of the methods studied un to the iresent, the moly\lenum carbonyl Drocedure seems
movt,  nromising.      It  amears  nuite  feasiblet   at   thie   stage,   to  nlate outj molyhdenum  from
the carhonyl on a hot heavy metal surface,Ivhich has been nrer,ared nroverly.1 There seems
to  he  some  carbide  formatio  on  the  aurface,  as  evidenced  by  its  reactivi. ty,  but  the
overall carbon  has  heen   reduced   to   254   of  its   original value7/*The reduction  of the overall
carbon content of the slum suggests a new annroach to the nroblem of its removal from
heavy metal.  This is discussed later.

/6  far,   it  has been found necessary first  to  (ie-,lo sit and diffuse  in a layer of nickel
to undercoat the molybdenum.  The nickel is also denosi ted, from its car'bonyl but at a
.lower temmerature and is diffused in thermally.  At 700'C the nicbel acts as a carrier,
allowing greater diffusion of the molyhdenum into the slug ,1Further studies would be
desiraile  to determine  the minimum concentration of nickel' necessary to carry on  thisdiffusion of molybdenum. The total nic]cel added at nregent is of the orier of 300-GOD -or)m

.ana   Rhould  have  an insignificant effect  on  nile  oneration;   and  even this concentration
could Dossibly he lowered further to reuuce this effect. The possible alternative use of
chromium instead of nickel is indicated, since it, too, is available as the carl,onyl,

- nnd it, as well as nickel, forms an eutectic with molybdenum. Further stuly of the
Ni-Mo-U and Cr-Mo-U systems would merit consideration.

The a-maratus is ehown in the accommanling nhotogravh.  A manifold arranmement vermits
the  passo.Re  of  any  one  or a combination of Rases  into the sy·,tem.     From  the  manifold,   the
pases  may  he  nassed  throuph  or  byoassed  around  a glass reservoir contai  -:ing  the  molybdenum
carhonyl and from there to the reaction chamber. The system is adjusted to feed the
carhonyl into the system at its vanor nressure at 250C. The carbonyl and xtrrier gases
vass   into the reaction chamber hy means   of a water-cooled   sr)i ral conner   tuhe,    with   tiny

' orifices drilled into it. The chamber itself consipts of a double-walled 21ass bell jar,water cooled between   the   t,·m walls; sealed   to a 'brass  base. A central nlatforin   simnort s
the  flue,   and  a  thermocounle  reads  temveratures.     The  bell  is evacuated through  a  tran,
 an oil diffusion numv and a hyvervac.  The slue inside the reaction chamber is heated by
means of a 6 1. A induction heater.

Five  runs have  been male  Un  to  the Dresent (Table I). Initially,  the  slug was  sub-
lected to mechanical or electrolytic volishing to vrer,are the surfnce.  It was then nlaced
in the reaction chamber, evacuated and outgassed with heating.  In some runs the system
''dns flushed with CO at this =tm:e after which the carhonyl and the carrier gas ,·tere
admitted.    A nost-nlating heat treatment at gnnIC  for a half hour  in uranium terminated
the overation in all_qases eyce« the last oneo
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The first four -:·uns must he reranied as e:mloratory.  pria the ohservation on the

results of the laet run, ft is helieve,1 that the -,rocelure ,·ri11 ultimately lead to a
methol  of  FrotectinT  the  s.lu.7  against ··niter corrosion.    At  the  end  of  this  run the surface
of the slu,T wis· covered vith encrustations at the noints of *xit of carhonyl froi the

suinly nozzles. These oncr:lstations   ··tore  annarently  nicl:el, Dredomi nantly.      The   rest  of
the Rlug ourface 4-s Rmooth anci the le'losit anneared cuite coherent.

Forty hours of corrosion testinp in W-Yater at On' showed no corrosion, hut at the
ond of ZE hours corrosion vits began to armen.r.  The feneral surface condition was good;

.
most of the corrosion occurred at the encrustation ioints.  The accomnanying nhotogrgihs

show the  feneral  surface  condition of  the slu4 at  several no4 its in the  test.    Micro-
sconic examination of the nolished and etched surface shows a very definite alloy structure

. with well-defined nrecinitation lines, nossibly a three-ohase System. The edge has a very

definite crystal structure aifferinr from that of heavy inetal.  This is sho•:m in the
accomnanying nhotomicrographs.

At the fresent time, the a-(maratus is beinp modified by the installation of a rotating
turn  tr'hle  in the hell-jar 'assembly.    This will  rotate  the  plug at  ahout  2  r.7).m.,  thus
denositinn a more uniform metal cont on the slue and eliminating the encrustations.  It
should almo FDeed un deposition of the metal from the carbonyl.  Later on, a faster sneed
of rotation and. a more efficient injection nozzle arrangement mirht he used to hasten
the nrocess.

In its present state, the syRtem tends to denogit finely divided nickel on areas
other than the hot slu/:.  This is Drobably due to the numning sneed of the system which
doas not remove the CO ranidly enow:h, and. thus allo,is the nure nickel to diffuse all

' through the sy=tem.   If the rate of innut of nickel corbonyl be reduced by clilution with
a carrier mas, the amount of nickel denosited indiscriminately throuph the system is

,
, materially  reduced.    The  entire  subject  of Dumning  sveed:  should  be  investiented.

Reference has heen mnae to the reauction of carbon in the slug durinm treatmento
The normal carhon content of a flud is about 1200 nnm.  In the course of these exeeriments,
- this was re.iuced to 3nn-linn Qnmo Possibly the molybdenum forms carbide at the exnense
of the uranium carbide„  This too should receive further study.

On the basis of these few exneriments, it may be stated that a thin molybdenum coat
will increase the corroplon resistance of heavy metal.  It is vronosed now to attemnt
to   denosit   a   layer,   possibly   .f.15"    thick,    of   a   concentration   of   5-lod   molybdenum.        In
the absence of surface flaws, adenuate vrotection of the slum should be obtainedo These
higher concentrations can undoubtedly he obtained hy longer or more r*id nlating of
the molyhdenum.
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Exneriment . Surface I ni ti al · Jee:/scin,9. Initial
.

Number Prenaration Presgure Temnerature Treatment Carrier Cprbonyl Schelule
Reducing Slug Plating

Temn. Agent Temnerature Oneration

-6                                                                                         11        Electrolytic  3 x 10 mm 7O0o 7o00 CO        Armon at Tonoc No for 23 hours.
4 x 10-2mm

- 2 Electrolytic  1 x 10-5mm 7000 7000 None Argon at 7nnoc Mo for 4 hours.
8 x 10-2mm

3 Mechanical 3 x 10-5mm 3OOo 3nno   H2       Arpon at 4000c Ni    at    .0 8   mm    f o r   4   h r.

3000   co        Z x 10-2mm 6000c Mo for 4 3/h hours.

)•....

3,+t 0 4 Electrolytic   5 x 10-5mm 7ooo 4000 H2 (02 at .1 mIa h500 Ni at .03 mm for 3.4 hrs.  'ill,9......
4n00 - CO & (02 4-70001 rl:

-i
r.

....
" N.
131.t. 5 Achanical 3 x in-imm gnno 6000 co C6 for Ni; 6000 Mi for 1 hour.

i 8 1                 ·                                                                                               Argon for Mo 6-7000 Mo     for    7 1    hour s o                                 -1-'                '
i ' I.* -.....
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