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eport No. 344/60-1

February 5, 1937

Craa e In Monel Metal Plate for Spindles,
1965f7, Ex 0. 509-211, Spec. WXS-U1-1,

5 •000 Yield Strength

fonolusions •urfaoes adjacent to scarfed edges should be ground
e fore welding. A light cut should be taken off total
Surfaces to remove qll cracks when machining to blue
trint dimensions.

e yield strength of the plate will now probably
25,000-30,000 psi.

Investigation Only a cursory examination was maLde based mainly
on facts made available by Mr. Maguire, Mr. Pillsbury
and Mr. Healy.
I

Flaws ~Longitudinal cracks, perhaps 1/64' and less deep, devel-up3d on convex surface, Increasing In extent toward thelong scarfed edges of the plate.

gauge Probably due to friction between die and plate in
forming operation.

Cure Probably the cracks may be prevented In future by
I lubricating the die.

Note
Some 604 of the surface area will have 1/4' metal removed during

machining operations, another 2O0 will have 1/30 metal removed. The
remainder will probably have a light cut taken off when truelng up
for machining. All cracks will certainly be removed on 80 area
and care should be taken to remove cracks from the other 20( area.
If cracks are removed from area to be welded, It Is not believed
that welding stresses will enlarge the other cracks in this soft
material. This should be checked when welding the first few pieces.

The service stresses are low and the annealed metal is expect4d
to be sufficiently strong.

Requested: Major Rehm and Mr. Maguire.

Cm.TA7171'NTA Chemical Engineer.
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Peport No. 341/50-2

February 12, 1937

LONGITUDINAL CRACKS IN LOIEL 12 TAL CYLINDERS

Dwg._No.- C-8122A - Recuperator Cylinder A #56

X. 0. - 571-186 also 771-186

Conclusions - Flaws are due to inclusions inherent in this partit- -ar

iieat of metals and not due to our procesaing.

Recommend - Rejection of other cylinders with surface appearance

similar to this.

Material - Recuperator cylinder A #56 was made from Yonel Metal.

Upon machining, small lonsitudilnal cracks 1/4" long

were occasionally opened up. The next cut would re-

move these cracks. On this cylinder and on some
others, long fine longitudinal hairline cracks or

marks were detected. Cylinder #56, which was the

first tested, leaked badly under hydraulic pressure.

Tets - Scrap rings from end of cylinderq u-re flattened

under pressure and the area where bending occurred,
examined. Flake-like cracks with a whitish wall were
found.

Requested - Mejor Gulon.

Peter R. Kosting)
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"Report No. 344/b0-3

March 2, 1937

Internal Stresses in Cold Rolled

Re: Cold Rnlled Monel going out of shape when machined

Lx. 0. 809-657, P. 0. 2809 - Item 3, Piece No. 196645-5

Navy Inspector File No. 25d-o

Material: Copper Nickel Alloy, Spec. Q(-C-54l-Class A

(1) Upon light machining, 10 ft. length of 1/2 x 1-1/8' stock
sprung out of line. Although the machining operation was
not observed, judging from the setup and the cuts taken,
it is not believed that machining and local overheating
induced internal strains.

(2) Material contained internal strains when received, con-
trary to requirements of specification.

(3) Unless stress relieved, difficulty with further machining
is to be expected. Material should be stress relieved at
30000, 5 hours, furnace cooled.

(4) International Nlokol Co. should be informed that their
stress relief annealing is not sufficient.

(5) Recorder stress strain diagrams should be used In acceptance
work in order that internal strains may be detected.

Peter R. Koating, ýJ_
Chemical Engineer.

Requested by Major Rohn

....



Report No. 344/60-4
Watertown Arsenal March 16, 1937

THE EFECT OF HEAT TREATMENT U'PCN

MONEL METAL MACHINED WITH d1tGHIf' CUTTING OIL

Object

To determine If any *SO diffused. into the mmtal.

Conclusions

Sulfur penetrated the grain boundaries, but affected

only a layer 2 to 3 grains deep, or 0.00020.

The use of high sulfur cutting oil with monel must be

considered a special procedure and not a general one, and

In every case where the metal Is heat treated, all surfaces

must be machined before being put Into service.

Material supplied by Major Rehim from end of cylinder

machined with B/V Sultran cutting oil #2 which Is high In

S and which tarnished the surface. Cylinder was stress

relief annealed at 5756C for 5 hours and rough machined

except for very extreme edges.



Stud

A sample, 1/2 x 3/4 x full thickness, was copper

plated, pollshcd and etched with HAc -:- HN03 + H20::

30;30:40. Machined surfaces were tatisfaotory. Edga

with tarnish still in place showed S penetration along

grain boundary for 2 to 3 grains, as shown in 7ig. 1.

A sample, 3/41 x full thickness x 50, wae bent,

double, frG•e bond, with no oracking.

Tarnish removable by scrubbing In cyanide.

The S In th3 cuztting oil forms sulfidLs upon the

aetal surface. Upon heat treatment this S d!.ffuses into

tVie Monel Metal along g-ain boundaries. In the area

affected, ductility will be markedly lowered.

Reauested by: Major Rehm, Ex.O. C.-12

Respectfully auii tted,

Peter R. Kostini;
Chemical Engineer

-. & -.



ME577 X500 Etched KAc + TUT03 + H20::30:30:40
Sulfur diffused along grain bound~ary from eair-
face which Is copper plated.



Report No. 344/50-5

Watertown Arsenal March 25, 1937

MONEL SLIDE S2

1. lonel ketal Slide 32, X.O. 509-398, upon finish

milling was found to be warped, the apron having

moved up 0.009" (0.0050?) in 0.008", and having

buckled, allowing the distance between two shoulders

to change 0.0020.

2. This slide was stress relieved 575PC, 6 hours,

furnace cooled after welding and before rough

machining.

3. No difficulty was nxperienced with slide SI.

4. In finish planing, one of the sur.'aces on inside

of apron was not completed due to tool not cutting.

5. It is not believed that sufficient evtdence hAs been

obtained to indicate that the stress relief operation

is not sufficient.

6. The desirability of givtng a second stress relief



Report No. 344/50-5 (Cont'd)

anneal after rough machining should be considered if

slide SO gives difficulty ctue to warping.

7.- Requested by Mr. rowler.

Respectfully submitted,

Chem( / z* iA {neer.

. .. . . . ?. 
. . ... . .
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Report No. 344/50-6
Watertown Arsenal April 1, 1937

12NUL.C. )A1918 REC!JPFRATOR CYLTADERS

Ex. 0., 86.'.A=l

(1) Four recuperators were received, partially

dismounted with no fluid, gaskets or packing in place,

and marked Lount 19, 39, 59,, 8Z.

(2) The condition of some of the surfaces Inidicated

that not all tre~ces of the glycerine solution had been

removed. It has been reported before that to minimize

corrosion of the pitting type It Is necessary not to permit

thin films of alkaline glycerine solution to remain on

metal surfaces. Such surfaces must be kept tot&lly im-

mersed or totally free of the Flyc-erine solution.

(31 Glands were badly battered and shlowed slilý'.t

etched areas where flax and leather are used for packinge.

(4) Piston rod and nut were most seriously affected

by corrosion. Gelvanic corrosion due to close proximity

of bronze pieces was imost pronounced. In 6eneral, such

galve-nic effects extended only approximately 3/8 In, from

the bronze, but In one or two instences such galvanic

effects appeared to extend as much as 2 1/2 in. along the

steel from the bronze. This corrosion observed Indicates

=61 1ý11111111$1- 1ý iiii

q iý' 1 11111 '



thet the glycerine solution had been allowed to become

acid for quite a long time sometime during the life of

the recuperator.

Elimination of the dissimilar metals would not

eliminate all the corrosion but would retard the break-

down of the glycerine solution.

(5) Bronze liners were slightly etched at areas uander

the packing materials.

(6) Air cylinders in ell r.:-uperators were pitted but

not as severely as others now it service. A considerable

amount of debria was found in the cylinders, including

caked iron r'ist and iron chips.

(7) Exterior surfaces showed evidence of neglect,

especially ?:ount 59.

(8) RBcanded particles of sand, graphite flakes,

solder particles, caked rust and iron chips were among the

debris recovered.

(9) Table I lists the condition of these recuperators

in convenient form. It supplements the detailed report of

the inspector.

(10) Correspondence W.A. 472.81/6771, 0.0. 473.82/2645,

A.P.G. 473.82/150, 2nd Ind. 3/11/37, gives the known history

of the mechanisms as follows:

12" Mortar Carriages 1'l918 #19, 39, 59, 83 were

/ •-2-
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manufactured by Morgan Engineering Company.

They were received at Aberdeen Provirn Ground, 1931,

from Fort Eustis with recoil and counter-rc-coil cylinders

drained and packings removed. There haa been no occasion

since then to refill cylinders. Letal parts were slushed,

etc., and prepared for open storage upon receipt at

Aberdeen Proving Ground and no record -.s mAde of con-

dition at that time.

These re'ords indicate that the corrosion was old

and that these conditions are no toet of newer speclfJ-

cations for materials going into the mechanism.

(11) Air cylinders should be cleaned and either slushed

or parkerized and painted. Sluahing compound should be ver-y

heavy, applied very hot in a very thin film.

(12) New air cylinders for new recuperators should be

protectmd ag'.nst corrosion, efther by electroplatinE: zinc

or parkerizing.

(13) The following taken from Ex. Order 86O-A2, pre-

pared oy Lr. Healy, indicates the exte:at of repair work.

l0. The four (4) steel cylinderp (12-17-52) will be

cleaned of all rust and scale (no machining) both inside and

out. The inside of the air chambere will be slushed with

heavy compound at a temperatuzc high enough to melt the

compound, and rolling the cylinder until cold. Use 2-1/2 lbF.

per cylinder.

-3-



2. The four (4) cylinder bronze liners will be bored

and lapped longitudinally to a diameter of not to exceed

6.35 to clean out all scoring and pitting. Use lap on

hand shown on drawing B-11-22286.

3. Make 20 studs, M4G, (12-17-54) and assemble as

follows:
5 in cylinder #19
8 In cylinder #39
5 in cylinder #59
2 in cylinder #83

4. Turn and lap 4 plungers (12-17-53),to 6.27 dia;

fill in nicks by brazing or hard solder after turning and

before lapping.

5. Glands (53FI) 12-17-53 - use 'es is'.

6. Stuffin6 box (53Cl) 12-17-53 - use 'as is".

7. Reducing rings (53L) and (53M) 12-17-53 - use Oms is'.

8. Provide new (4 each, drawing 12-17-53)
Gasket 53K4
Packing 53H4
Garlock Rings .375 eq.

9. yake new (4 each) 2land, large, (54D) drawing 12-17-54.

The 6.312 diameter hole to be made to suit the plunger.

10. kake new (4 each) Stuffing Box (large) (54C) drawing

12-17-54. The 6.295 diameter to be m9de to suit the plunger.

11. Make new (4 each) Packings (54K2); sets of Garlock

rings 54EI, 12-17-54.

12. Make new 4- recup. pistcn rods (55B3) drawing 12-17-51

S-4-
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13. The 4 pistons 56A, drawing 12-17-56 will have

.125 removed from the packing shoulder to remove all

pitting; change .875 to .75. The packing retatner (56BIL)

will have .937 Increased to 1.062.

14. Provide new packing 56F'7 and 56H2, drawing 12-17-56.

15. The nuts (56D2) - use 'as Is'. 0

Respectfully submitted,

Peter R. Kostln!, -
Chemical Engineer.

ti



Report No. 344/60-7

Letter from International Nickel Comp~jZv 12/22/37

*A 470.1/3968



EXECUTIVE OFFICES: 67 WALL STREET

0. B. J. FUAmUR /

TUCUICALSmayca ~December 2Vnd, 1g!386

MIULL Pno~ireru

""" F. L. LaQue

War Department
Watertown Arsenal
Watertown, Nass.

Att. Dr. P. R. Kosting

Dear Dr. Kosting:-

Following his recent visit with you, our Mr. C. k.
Crawford has asked me to write you concerning two questions
that you brought up in your discussion with him.

The first has to do with the removal of oxide
ooating from hot rolled Monel plates 7rio p ti .
and ft is our opinion that such removal s not necessary,
since the presence of an oxide coating on Monel does not
impair its resistance to sea water corrosion, nor would
there be any accelerated corrosion at exposed breaks in
such an oxide coating. Consequently, so far as corrosion
is concerned, there would be no need of removing oxide
coatings By sand blasting prior to 'ainting.

In regard to the corrosion behavior of welds made
with 130-x rod when exposed to sea water, it has beeu our
finding that Monel of the oomposition represented by 130-x
eld mtalis eua t Moudel-ple•efnf eance i corrosion

and pittina by sea water. Furthermore, some tests n active
electrolytes have shown that there is no accelerated
eI son-of eitber 130-x weld metal or the Ifonel adJacent
to it in welded specimens.

I hope that these notes will clear up all questions
on these points.

~~T ... T• very truayj

t Techniiea a
S/ Development & Research Division

FLL:WAS



I flReport No. M44ft0-.k

* Letter trom -International Nickel CoumaNZ 4/26L37

VA 470.1/4093
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EXECUTIVE OFFICES: 67 WALL STREET

DSVElOPMENT AND! RESKARCH

A. J. WADRAM", VICE PKRNuDN"w '
T. B. WVsCK3mDfl

AuSMY~AWv MANAGER

*C. A. Crawford

April 26, 1937

The Commanding Officer
War Department
Watertown Arsenal
Watertown, Mass.

Attention: Major James L. Gulon '

Dear S-irs

This is in reply to your letter of April 14th ~ '

asking us for a description of the bone-ash test for
detecting cracks. The mill has given us a description of , . .

the test, as they apply it, as follows:

This test consists of warming the material to be
inspected either by immersion in a warm oil bath or by other
methods and slushing with a light grade oil.

The oil is allowed time to penetrate the cracks,
usually five to ten minutes, and is then wiped off very care-
fully until the surf3ce is clean.

The material is then painted with a light coat of
bone-ash suspended in alcohol. The alcohol quickly evaporates
leaving an even white coat which may become stained by oil
seeping out of the seams or cracks thus indicating their loca-
tion.

The defective jieas indicated can then be examined
to determine their extent by use of shop microscope, etching,
filing, etc.

We hope this information will be useful to you.

- Very truly yours,

/ V~?rtvelonlment & Rtirearch Divia fon
) CAC:LR



Report No. 344/fO-9

Letter from Irnternational Niokel CoUrn 611?V57

WA 47021Z4093



EXECUTIVE OFFICES: 67 WALL STREET

0. B.J.. F~nRAN
SUPuuWRINMD21" OPbj 2/ c
Tcnwz-cAL S o.vics ,une 17th, 1937.

HILL PRODtUCTS
J .•, I a , ala s- ,I, ),1 \ !,

"'" P'. L. LaQue

War Department \
Watertown Arsenal
Watertown, Mass.

Att, Dr. P. R. Kosting

Dear Dr. Kosting:-

You may recall that last December we had some correspondence
concerning the effect of oxide on the resistamce of Monel to
corrosion by sea water. Previously we had discussed this
same subject early in 1936 and I wrote you at that time on
Zanuary 25th. Since then I have exposed a plate of Monel
c an oxide similar to that found on hot rolled
p Mte that has nalnsen pickled,tdrflowing sea water at the
plant of the Ethyl Dow Chemical Comp-anyfT1iEngiion, North
Carolina, for a period of M a s. Examination of thWe
seo-lff at t~ e end of that period showed a rate of O
as measured by weight Jq,_.Z only O.3 milliarams per squaro._
decimeter per day, 0.00005" per year, an tere was no evidence
trTht' .er0-9oM--IW tYZ-a ere on the surfaceof the

specimen, AV geTM-was broken in a few places.
This rate of corrosion may bo compared with a rate of corrosion
of unoxidized Monel o.7 milligrams per square decimeter per
day during te same perio8-16s .. .

It would appear from these data that the oxide present on hot
rolled Monel tends to decrease corrosion rather than to
accelerate it, and it was also interesting to note that there
was no accelerated attack at breaks in the oxide scale. The
behavior of the oxidized Monel in this test confirms our
previous experierce with Monel in sea water, and supports my
statement that the prssence of the oxide on hot rolled Monel
would not be detrimental to the behavior of the material in
sea water.

Tour7 very truly,

4/,-/ ~Te~nica Ir~/'C l. ,erv •
..... . .Development & Research Division

FLL:WAS , -,

I%
-• ... .. • - -,

.n . "F ": '
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Report'No. 344/50-10

Lettetr trom International Nickel Compa".

6/22/37
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EXECUTIVE OF'FicEs: G7 WALL STREET

DEVELOPMENT AND RESEARCI /-. -

A. J. WADnA?.m, Vicit p#jopq3~Tx ~ /,4

T. H. WCXKENDENr
ANN!A•,1Aw MAORN

C. A. Crawford

June 22, 1937

The Cornman-liicr, ricer
',7,.r '.epart,.itý it ,

Watertorn Arroen!ýl '."et nss.

Attention: Dr. P. R. Kosting

De:-.r Sir:

This Is In reply to your letter of Jun! 4th ani confirming
our conversntion in your office on June 16th regarding the free
machining qualiti copier n lck•el allo;!. I advised you on the 16th
th,?t there w%,% prectically nothling t., ad to the infora7tion rhich
I joli 1r, r--, letlt..r of 7rzh,. 8th. We would sug-est theft you
disregar3 c nmut; in t'he nerm's release which conflict with strýte-
ments wi•-Ie in m-" lettzr of Morch 8th.

As I told you, Gra.dIe "R" Moncl as supjlied '" the tr',
general is all of the Gr..e I coiq1xoritIbn (sulfur up to .% .:..).
The second grade for awitomnatic machine work in rounds 1/8 to 1/2"
incl. carries sulfur up to .045%. For specitication pur)poseo, We
think the limits adopted by the Nav: are proper (.025 to .060% S).

Wry truly yours,

Devc.lopment &ResearArc Division

St'A . ?.4

I) ,

).1



Report No. 344/50-11
Watertown Arsenal December 10, 1937

A NOTE ON WARPING 0F MONEL METAL CYLINDERS

While discussing,,in Seacoast Office, warping of

Monel metal cylinders due to machining after first stress-

"relief anneal at 10650F, held 5 hours, furnace cooled, it

was suggested that a ring, 10 approximately, be cut off,

Omicld", ring cut open and again "micid". Internal strains,

it present, would cause ring to close or to open, The

vollowing snows the dimensione of both ends of tue ring

section before and after slitting.

Insiote Diameter,. Inctes

Plain End End 1jear TreA

After Before After BeforeI O'clock__• ftitig Spli~ttn• .elltnglittinnI

12 - 6 4.749 4.7485 4.7493 4.7485

130-730 4.749 4.749 4.7478 4.7478

3 - 9 4.7505 4.7505 4°7505 4.750

430-1030 4.7505 4.750 4.751 4.7515

The maximum change noted was 0.000P inches.

Using Hatfield and Therkell$3 formula for calculating

stresses that cause a ring to spring open when slit, a

"change of 0.0050 in radius or a ring 4 . 7 50 / 2 9 in radiua

corresponds to a stress of only 36 p.s.i. when thickess

of ring is 0.350 in.



The Monel metal eylluder oculd therefore be con-

sidered free of internal atroeese after the streas-relief

anneal.

Respectfully submitted,

Peter R. Koeting,
Chemical Engineer.

-2
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