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Report No. M•/61 
Watert.own Areenal 

PART I 

June 2, 1938 

CENTRIFUGAL CASTINGS OF NICKEL COPPER AND 
NICltEL COPPER ALUMINUM ALLOYS 

QbJect 

To aUllll&rize all data on oentritugally oaet 

cylinders ot nickel copper (monel) and nickel copper 

aluminum (I monel) alloys. 

Reter,ncea 

Letter W.A. 400.112/2225 from International Nickel 

Company to Watertown Arsenal, February 1, 1938, comments 

on previous reporta. 

Report No. 344/59, Spectrographic Analysis by 

Spark Etching ot Grain Boundary llaterial in Forged and 

Cast Monel Ketala. s. Vigo, February 9, 1938. 

Beport No. 122/13, A Qualitative Spectrographic 

Study ot Some Monel Metals. s. Vigo, August 4, 1937. 

Report No. 3"4/65, Uicroaoopical Examination ot 

I Monel. M. R. Norton, April 12, 1937. 

Report No. M•/61-1 and /51-2, Experimental Monel 

Type Castings. P.R. loeting, March 17, 1937. 

T TEMENT A l 
Approved fot pu lie release: 

Distribution Un i ·t d 



Report No. 122/3, Quantitative Spectrographic 

Determination of Magnesium and Tita nium in Monel Metal. 

J. s. Walker, July 1, 1936. 

Report No. 344/66, Metallographic Structures or 

l Monel, U. s. Army Air Corp. R.R. Kennedy, 

November 4, 1936. 

Report No. 344/63, Investigation of K Monel Metal 

as a Material for Recoil Mechanism Cylinders . P. C. 

Cunnick, R.I.A. 36-3212, April 6, 1937. 

Report No. 344/29, Experimental Centri fugal 

Castings of Various Copper Nickel Alloys. s. L. Conner, 

July 1, 1936. 

Report No. 314.4/l, K Monel Metal Centrifugal 

Castings CE-74, -76, -76, -77, C-491, C-492. 

H. O. Carter, July 26, 1934. 

Conoluslons 

To oaat recuperator cylinders or monel metal by 

the centrifugal process, "alloyed• monel metal is 

necessary to meet the requirements o ~ strength. 

l Monel metal, with 2.9~ Al an ~ 0.3% Ti, kept 

within narrow l1m1ts, and made •Ynthet1cally, snows 

the moat prom1ae, but d1tt1culty with grain a1ze and 

grain boundary tilme and dirt 1a encountered. 
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Grain boWldary rilmo and dirt have yet to be 
adequately controlled. Processing to eli inate 
Al2o~ has yet to be worked out. A trial or basic 
lined furnaces is Juetitiable. 

Centrifugally cast K onel cylinders are a 
commercial possibility. 

summary or Work 

The possibility or ue1ng centrifugally cast 
cylinders of nickel copper alloye for recoil mechan­
isms was studied. The physical properties required 
by the engineer were 80,000 p.s.i. Tensile Strength 
and ~5,000 p.s.i. Yield Strength (.2% set) 1th 
good ductility. At present, the cylinders are machined 
trom solid bars or forgings with considerable waste of 
metal. 

Initial studies showed that the centrifugal 
casting process was ~easible. Castings of satisfactory 
quality of nickel copper (monel) alloy were made but the 
strength was low. The use of alloy1ns agents to 
strengthen the metal was necessary. Mn, Mg, and S1 
were tried but difficulties were encountered. Al 
addition (I Monel) was the moat promising. 

I Monel is a heat-treatable alloy - to soften, 
1t 1s quenched from high temperaturee; to harden, it le 
held at 1ntel"llled1ate temperatures and then slowly cooled. 



The first caatin~s or K Monel were water quenched 

from the mold, and intergranular cracks ususlly resulted. 

Studies revealed that some castings, when water quenched 

from softening temperatures, cracked. The practice or 

air cooling rrom the mold was adopted. Such air 

cooled castings, when tested in tension, showed good 

ductility but very high strength. Efforts to soften 

the alloy by heat treatment, and so to raise the 

ductility, quite often bµt not al.we.Ye caused cracks. 

Rehardening would sometimes lower ductilit. appreciably. 

Heat treatment to cause diftu•lon, and thereby the 

elimination of dendrites, usually but not always brou t 

about embrittle■ent if quenched from high temperaturee. 

Studies were made to determine the cause of the 

unexpected brittleness in these castings. The pig 

was suspected; lead was once accidentally picked up; 

sulfur was blamed. Spectrographic and mlcroecopio 

methods of identifying constit1ente gave inconclusive 

results. 

Pb, Ca, Kg (up to 0.0094% 1.4g) were almost exclu­

sively in the grain boundary, in the castings tested 

and also in forging• of good quality. Quasi-quantitative 

measurement, ot theee elements gave negative result•, 

1.e. t-he 1pectrographic 1nd1catione of quantity present 



so tar tr1ed did not tie up with chemical analy•••· 

Al, Fe, Ti and probably Si were proport l onat~ly 

higher at the grain boundary than Ni, Cu, and Mn. 

Ni, Cu, and Mn predominated in the grain. 

Neither ident1f1cation nor conclusions were ~ade 

as a result of the microeoop1c study at high magnifi­

cation. 

Grain boundary filme and deposits and a generous 

supply of 1 blaok epeoka• throughout. the matr1 x were 

characteristic or the oastinga. But the presence of 

N1-Al-Cu-Ti at the grain boundary 1e not surprising 

as this is probably the hardening agent which is known 

to come out at the grain boundary even in forgings of 

good ductility. Grain boundary material per se 1s not 

necessarily excees1vely detrimental to ductility. Thie 

hardening agent usually ocoure as easily resolvable 

elongated particles or links, and not as films or as 

round nonresolvable particles. The •blaok specks• may 

have been oocaeionally not1 ed in forgings shipped by 

the Intemational Nickel Company but are unusual. That 

they are Ti-C-N ha• not yet been denied. Their presence 

has been ahown not to be detrimental in forgings. 

Sultur analysis eho•very low sulfur, though the 

poorer oaat1ng had the higher sulfur. Analys1 a tor lead 



showed 1t to be under the u euRl limits tor monel. 

The reason tor embr1 ttlement 1 s not yet e.pparent. 

However, the use or aluminum in the foundry ls not an 

easy aocompl1shment due to pi cking up Al2o3 . In genera.l, 

lose of ductility and lose of ?reeeure tightness result. 

Processing to eliminate Al2o3 must therefore be undertaken . 

The International Nickel Company indicated tha ~ er ol1te 

plays an important part 1n the fluxing of alumi num ox1 e. 

It 1s our practice to dilute the cryolite with bottle 

glass (5102 ). The acti on of the diluted cryol1te on t he 

furnace lining 1s materially reduced, but the di f ficulty 

with poor duot111ty of metal was not increased, probably 

due to the uae of powerful •deox1d1zers", as calcium 

silicide. By switching from an acid lining to a basic 

lining, a slag rich in cryollte might be usable with 

attendant reduction in A12o3 content of the metal. 

In connection with low ductility, it is noted that 

the Al and T1 contents usually are high. In the orl ginal 

oaat1ngs of 1934, Al ran 3-1/2% and Ti 1~. Later, Al 

ran 4-1/2% and T1 1/3%, or Al 4% and T1 1%. It la 

desirable to have Al 2.9~ and Ti 0.3%. For control 

analyaea, t~e apeotrograph 1• usable, and work has been 

done indicative of the required technique. 



The International Nickel Company approves of the 

oompos1t1on limits set up 1n Report No. 344/61-2, page 3. 

They also suggest that the tensile requirements be set 

at 100,000 p.s.1. minimum Tensile Strength, 50,000 p.e.1. 

minimum Yield Strength 0.2% set, 15% minimum elon atlon. 

Most cAet1ng s would meet t his, but the strengt ls bey ond 

the needs or the engineers and it would be adviea le t o 

lower the strength and 1..'lcree se ductil1 ty. ·'!'his re­

quires a heat treatment cycle 1n processing. Thie heat 

treatment reveals i f the metal is normal or not in t ha t 

when softened, the material 1e or ls not embr1ttled. 

T~us, maintaining the spec1f1cat1one at 0,000 p.s.i. 

Tensile Strength, 36,000 p .s.i. Yield Strength 0.2, set, 

and 26~ Elongation will ensure quality castings. 

However, it has not yet been demonstrated that such 

quality can be maintained. 

It ma.v be that this duct111tx 1s too much to expect 

trom the metal but this 11 not bel1eyed to be so. 
The use ot electrolytic n1ck~l and copper 1n pl a ce 

or pig should give softer metal but 1s not expected to 

en8ure high ductility. The foundry will have better 

faith in their product it 1~ 1a made synthetically. 

The melting practi ce must be considered not defi­

nitely settled. Prooeaelng to remove all •oxygen• trom 
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the meta1 before adding Al and then finish deox1diz1ng 

with calcium sil1c1de and even magnesium will have 

to be considered. lli.agnes1um was once a •cure all• in 

the foundry where Ni-rich castings were made. Correct 

foundry practice will eliminate centrifugally o rt 

cylinders with areas of porosity at mid-sect1or. Pnd 

poor ductilit.y. 

Refinement ot as-cast grain size so that one grain 

will not extend the full wall thickness of the finished 

cylinder 1s desirable. 

K Monel metal will machine slightly harder than 

monel metal, but shoul~ be easier to hone because ot 

1te incror.sed hardness. 

Rock Island Arsenal reported that no d1etort1on or 

cylinders resulted from various machining operations 

starting from forgings, but that grinding operations 

and honing and lapping tailed t.o give a eat1ete.ctory 

polish to K Konel metal. Rook Island Arsenal does not 

recommend the use or K 1,onel forgings tn place or 

monel tor recuperator cy linders. Here, again, differ­

ences must be checked carefully. 

It is concluded that to cast reouperator cylinders 

ot monel metal, •slloyed• metal 1a neoe ■eary, that 



K Monel show■ the moat promise, that Al and Ti must 

be kept w1.th1n small 11m1ts, that experimentat . on with 

furnaces that are basic lined instead or acid lined 

is Juat1tied, even though caet1nge can .now be made 

which, when heat treated, comply with spec1t1cat1one. 

Respectfully submitted, 

Peter R. Koet1ng, 
Chemical Engineer. 
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