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Abstract

¢ Three methods of amlying molybdenun coats to heavy metal are described. Such
coats definitely increase the corrosion resistance. Further work is reauired to eveluate
the usefulness of the methods. é %\? /
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



VoS

T

youeag co_ﬁoz_mma_ooa.. 4e14o
VYWY AL

uojssiwua0g KBieu3 olwoly eyl 104

N | . 1 %) Lsel €3 83 avaf

. o '|_ga1130NY0 NOLLYIIAISSYID

!ﬁf’!‘c’(.ﬂu o

sessee
° .
cone

[ XXX Y]
. 0
A4 N
Vv
XYY
[ XXX T
o ¢ o
. .
[ XXXYY)
A .




NAME

Eckhart Library
Argonne Library

New Chemistry Library
New Chemlstry Library
Site B Library

Site B Library '
A/E, Chicogo. (J. Ho MoKinley)
Normen Hilberry

Ho E. Metoalf

He Eo Metealf

R, So Mulliken

Jo Co Wernor

To Ro Hogness

"Ge To Seaborg

Ao Jo Dempster
Frederick Seits

“Wo Po Josse

Jo Co Stearng

E; Po Wigner

Wigner Centew

Jo Jo Nickson

E. W, Brugmasn

Jo Ho Chapin

Cs Ms Cooper

F. Gs Foots

Ao B, Greninger

0o Ho Onlingsy
Clinten 1sb.

Clinton Lab,

Clinton ILab.

Clinton Imb,

Clinton fab.

TRIBUTION LIST FOR REFPORT NO. CTEBQSB

Ly ‘ -L,Qopy ﬂZ" of _ 7 Copies

Sories A

NO. NAME

33 Cliaton lab, (R. L. Doan)
34 Clinton Iab. (Mo D, Whitaker)
35 Ks D, Nichols '
36 Ho T» Wensel :
37 ' H, T. Wensel

38 Bo To Wensgol

39 Je Bo.C'oz;&n‘t

40 R, Ao Lavsnde!’

41 du Pont - WIL

42 Wo Lo Sapper - WIL

43 du Pont - HEW

- du Pont - HEW

45 Normen Hilberry » AEW
46 los Alamos '

47 Los Alamos

48 Ios Alemos”

49 Ho' D sinyyh

50 Fo Ho.Spedding
51 ..C. A. Thomas
52 Wo M. Intimer
53 Jdo Co Chipmam
54 Ho E, Cleaves
55 Zay Jeffriesg
56 H. W, Russeil

- 87 ' NRCGCL ‘

£98 . jRocr
59 NRCCL = W, W Watson
60  F. G..Foote (Sidney Kats)
61 Information 0ffice File
62 Information Office File
63 Information Office File
64 Information Office File
65 Information Office File

CREE !

l‘hﬁ;ﬁ;}@km{q}éms inforrTiss <hecting the National

4 Toma.gf Hie-Unitat-States Within the~meaning of the
EsProsage Act; L1, 576 50x31%nd 2. It:%am“sn{

of"tegonte™yn any manner to a3

r the revelse 5
-nauthorized person Tsopaghibited by Iits . -
b \




o- . Q’lan T

P BﬂNFIDENTIAl

i\

- Avlication of .olyhuenum Surfaces to Heavy .letal

N

S. Katz

(This nrosram was carried out by H. Feller, S. Fatz and S. Steingiser)

"In coniunction vith our nroeranm on the formation of corrosion resistant heavy metal,
-a study was made of ammlying thin molybdienun surfaces to heavy metal sluns. The general
- nlan was to amly a coat first and then to uiffuse it in thermally. The attemmts made

. may be classified under these headines:

1, Vacuum Jdiffusion.
2. Towder metallurgy. - °
3. Chemlcnl denosition.

/6;e vacuun diffucion exmeriments were conducted in a cylindrical metal homb fitted with a
central, tantalwa~lined chamher and two end chambers connecteu to the center one by small
orifices. Initially, the homh was constructed with a Wilson seal, to mermit evacuation
and sealine “efore starting the run. Later runs were made with continuous evacuation;

In the earlier runs, the side chamber was macked with calcium turnings, and in the central
chambher the heqvv metal sluP wag placed, surrounded with molybdenum no:der, Rung were’
made at 8n0° Oﬂﬂo, and 1075 - In all cases extreme corrosion of the surface of the slug
occurred, anl no evidence of the diffusion of molybdenws into the heavy metal could be

detected/;/

This worlkk is helne continued in lir. Toote's froun.

Zg;other nhase of this investirsation dealt 'ith attemmts to form a surface layer by -
means of mowder nmetallurgy methods., - The heavy metal was huried in 325 mesh molyhdenum
and was nressed at between A" and 10N tons ner seuare inch. Tt was found that nressures
as lov as 1% tons ner sruare inch formed accentable commacts consisting of molyhdenum

-in close contact wvith the heavy metal, The commact was then sintered under vacuum at

1nnN=1100°C, '

[

* The first exneriments run in this manner were nieces comacted at hish nressure.
The sinterine wnas done at 1N5N°C., VWhen removed from the furnace, the molyhdenum had
sintered hard and cracked off from the slue readily. The latter had a clean steel eray
surface. HMicrosconic examination failed to confirm conclusively the existence of a sur—
face alloy layer. The cracked surface of the molybdenum also indicated a coefficient of
exnansion which is #reater than that of U, This undoubtedly tends to semarate the two
surfaces, thus makine it more difficult for an alloy to fommuz

A second grou of nieces were made hy a water-ile technieue -sing nressures of 10

"+ and 50 tons mer sruare inch. These nieces were sintered at 1070°C in vacuum and umon
removal showed martial or local ‘fuslon at various moints., Jefinite indications of a-loy
formation were observed, three tynece of alloys being nresent. One was a uranium=-
“molybdenum layer in the molybdenum; another was a uranium-molybdenun layer in the uranium;
the third was a uniform molybdenun-uranium alloy Jdistriduted throushout the heavy metal,
Fingers of heavy metal »nrotruding into the molyblenum showeu that some undesirable fusion

“or_flow had occurred;<; ‘

" Chemical iMethods of Coating Heavy lietal with Molybdenum. é; €ESCE>"ZEZ_

Work on the electrochenical denosition of molyh&enwn on heavy metal has been carried
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out elsewhere and has not been investiesated by our groum. ' S ea '

2/ othorv : . '
: /é;rkwoﬂ: consisted of two sets of stuiies, one involvines denosition from molten
- salts of molybdenwn and the other the denosition of molybienum from the carbonyl on the
metal surface; the latter seems to be very nromisinz at this stase and is deseribed in

consideranle detail.|Jat the end of this nage4‘;

Pig .
The fused salte used were molyhdenum trixide and molybdenun chloride.(H0012)22

lThe oxlde fuses nt SOOOC.] Several runs were made in alr ana in vacuum at 900-1050°C
with the heavy metal immersed in the molten ozide. In all cases a hard, dark coating
. ‘which was 755 UOp formed. The corrosion resistance of this coat, vhile better than
ordinary heavy netal, was Ftill'not ROOdi7
&

Attermts to work with MoClp failed, due mainly to the extremely hysrosconic nature
of the materialzg

O0f the methodsstudied un to the »resent, the moly™denum earbonyl nrocedure seems
most nromisine. Tt ammears ouite feasihle| at this staeeJ to nlatelout]molybdenum from
the carhonyl on a hot heavy metal surface |vhich has been mremared nronerly.] There seems
to he some carbide formation on the surface, as evidenced by its reactivity, bhut the
overall carhon has “een.reduced to 25% of its orisminal value. 4 The reduction of the overall
carbon content of the slur sugeests a new amroach to the nroblem of its removal from
heavy metal. This is discussed later.

;%5 far, it has heen found necessary first to denosit and diffuse in a layer of nickel
to undercoat the molybdenum., The nickel is also denositel from its ¢carbonyl hut at a
-, ‘lower temmerature and is diffused in thermally, at 700°C the nicel acts as a carrier,
" allowing greater diffusion of the molyhdenum into the slug,/ Further studies would be
. desirahle to determine the mintmm concentration of nickel necessary to carry on this
. diffusion of molybdenum. The total nickel added at wresent is of the order of 300=A00 Hom
-and should have an insignificant effect on nile oneration; and even this concentration
could nossihly he lowered further to reduce this effect. The nossible alternative use of
chromium instead of niclel is indicated, since it, too, is availahle as the carhbonyl,
-nnd it, as well as nickel, forms an eutectic with molybdenun. TFurther stuly of the
Ni-ilo=U and Creiio-U systems would merit consideration.

The ammaratus is shown in the accommanyins whotogranh., A manifold arrangsement vermits
the nassape of any one or a combination of ~nses into the sy tem.  ¥ron the manifold, the
sases may e nassed throush or bynassed around 2 glase reservoir contai-ing the nolyhdenun
carhonyl and from there to the reaction chamher. "The system is aijusted to feed the
carhonyl into the system at its vanor nressure at 25°C. The carbonyl and coarrier gases
nass into the reaction chamber by means of a water-cooled sniral commer tuhe, with tiny
‘orifices drilled into it. The chamher iteelf consists of a double-walled olass bell jar,
water cooled hetween the two walls, sealed to n brass base. A central nlatform sunmorts
the slue, and a thermocounle reads temmeratures. The hell is evacuated throush a trap,
‘an 01l diffusion nwm a2nd a hynwervac. The sluz inside the rezction chamher is heated by
. means of a A KTA induction heater. )

Five runs have heen made un to the wresent (Table I). Initially, the slug was sub~
 Jected to mechanical or electrolytic nolishing to nremnre the surface. It was then mnlaced
in the reaction chamher, cvacuated and outsassed with heating. In some runs the gsystem
was flushed with CO0 at this =taze after which the carhonyl and the carrier fas ‘ere
admitted, A nostenlating heat treatment at 970% for a half hour in uranium terminated

the omeration in all cases e<went the last one. é CZ ?ﬁ_\g
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The firest four —uns must he reraried ns exmloratnry. Trom the ohservation on the
results of the last run, 14 45 heliewved that the nrocedure will ultimntely lead to a
method of =rotectine the slur azainst water corroston. .t the ¢nd of this run the surface
.of the slur was covered -rith encrustations at the =oints of &xit of cnrhonvl froa the
" aumnly noz-les. These oncrastrtinns were anmarently nickel, mredominantly. The rest of
the sluz surface ‘g smooth and the ienosit avneared nuite coherent. :

-Forty hours of corrosion testine in U=tnter at an® showed no corrosion, hut at the

ond of F& hours corrosion mits hesan to ammenr. The seneral surface condition was food;
_most of the corrosion occurred at the encrastation =moints. The accomanying ~hotoaranhs

show the seneral surfnce coniition of the slus at several noiats in the test. Miero-

sconic examination of the molishei ani etched surface shows a very definite alloy structure
. ‘with well-defineu nrecinitation lines, mossihly a three-ohase system. The edge has a very

dafinite crystal structure aifferine from that of heavy wmetal. This is showm in the

accormanying mhotomicronranhs.

At the mresent time, the ammaratus is beins moiified by the installation of a rotating
turn teble in the hell~jar assembly. This will rotote the slus at ahout 2 rem.m., thus
demositine a more uniform metal coat on the slu~ and eliminating the encrustations, It
chould also smeed w» Jenosition of the metal from the carbonyl. Later on, a faster sneed
of rotation ani a more efficient injection nozzle arrancement micht he used to hasten
the nrocess. '

In its nresent state, the system tends to denoasit finely aivided nickel on areas
other than the hot siusr., This is mrobably due to the muming sneed of the system which
 doés not remove the CO ranidly enoush, and thus allows the mure nickel to diffuse all
“throuch the sy=tem, If the rate of immut of nickel corbonyl be reduced by dilution with
a earrier mas, the amount of nickel demosited indiscriminately throush the systen is
_mrterially reduced. The entire subject of numing sneeds should he investieated,

Reference has heen maue to the reuuction of carbon in the slug during treatments
" The normal carhon content of a slug is about 1200 nnm, In the course of these exmeriments,
_this was reiuced to 3NN=UON mmm, Possibly the molybdenum forms carhide at the exnense
of the uranium earbide. This too should receive further study.

On the basis of these few exneriments, it may he stated that a thin molybdenun coat
will inerease the corrosion resistance of heavy metal. It is mromosed now to attemmt
to demosit a layer, -ossibly .0%" thick, of a concentration of 5«10 molyhdenum. In
the ahsence of surfnce flaws, ndequate mrotection of the slus should he ohtained. These
hirher concerntrations ean undoubtedly he ohtained hy lon=zer or more ropid nlating of
the molyhdenum, ' :
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wxmeriment |, Surface Initial Jesaseing Tnitial :
~ Numter Prenaration Pressure Temnerature _ Treatment Carrier Carhonyl Schedule
‘ Redneing Slug © Platinn
Term, Agent Temerature Oneration .
1 4lectrolytic 3 x lﬂ'gmm 7000 700°  co Areon at 7000¢ o for 2! hours.
6 x 107
SR Electrolytic 1 x 107 7mm 7000 700%  None Arson at 770°¢ tio for A hours. ' ‘
& x 10=Zmm ~
3 ilechanical 3 x 10=5mm 300° 3N°  Hy ~Areon at L00%¢ " at .0% mm for * hr. -
. 30N°  ¢o & x 102mn  8n0°¢ Ko for A /B nours,
Electrolytic 5 x 10~ m , 7000 A000  Hy €02 at .1 mm 4%0° ¥ at .08 mm for 3.4 hrs.
6000 - €O & COp f=700°
‘iechanical 3 x 10~5m .8nno - RO0°%  co 08 for Wi; AMN° Ni for 1 hour.
' argon for Mo hA=700° Ko for 7% hours.




Xy

------

------

Speddiall* =5,

MOLYBDENUM CARBONYL PIATING APPARATUS

CP=-2455

Coating of Slug with Molybdenum and Nickel from the
Carbonyls,

Experiment # 6

Corrosion Tested in W-water at 90°C for 44 hours
Nove 4, 1944

Coating of Slug by Molybdenum and Nickel from the
Carbonyl.

Experiment # 6

Tested in W-water at 900C for 88 hours.

Nove. 6, 1944




seccce
.

Sample # 6A Top of Slug

50X

Center View

PHOTOGRAPE OF MOLYBDENUM CARBONYL FLATED SIUG
RUN #6

CP=-2455

Sample # 6A Top of Slug
300 X Edge View

FHOTOMICROGRAFH CF MOLYBDENUM CARBONYL
‘ RUN #6 :

PLATED SIUG
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