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ABSTRACT

A corrosion resistant black iron oxide coating applied
to chaplets and internal chills shows that it compares favorably
with the coatings of critical metals generally used. The method
of processing which requires dipping the clean part in a hot
salt bath is simple and inexpensive.

wy R



AUTEORIZATION

1. The study of coatings for chaplets and internal chills
was authorized by the Bureau of Engineering letter QP/Castings
(6-19-D8)" of 13 July 19%28.

STATEMENT OF PROBLEM

2. The problem undertaken was to determire the suitability
of a black o xide coating for use in replecing s trotegic materials
such as tin, nickel and copper as a conting for chaplets and internal
chills to be used in the manufacture of steel castings.

GENERAL CONSIDERATIONS

3. Chaplets are used te support the cores in the manufacture
of castings and internal chills are often used in heavy sections of
castings as a means of influencing temperature gradients so that
proper feeding can be accomplished.

4, The usual material for chills and ¢haplets is wrought iron
or cheap cold-rolled bar stock. Since they areplaced inmoist grcen
sand molds and allowed to stand for several days: or dried in an oven,
the surfaces rust unless some protcctive coating is provided. The
coating also protects them from corrosion during handling and storage.
The current methods of protection consist of plating t he chaplet or
chill with copper or nickel or dipping in hot tin.

5. This investigation was prompted by the following:

a. A War Production Board order limit irg the
use of tin as a chaplet coating material.

b. The strategic nature of copper, tin and
nickel.

¢+« The adaptability of black oxide coating to
metal objects for the general purposc of corrosion
resistance, and,

d. The knowledge that cleanliness of ¢chills and
chaplet  surface and frcedom from porous oxidation
and/or moisture arc of greater importance than the
nature of the coating, provided, of conrse, that
the coating itself does not volatilize and cause
gassiness in the steel.



RNQWy FACTS BEARIYG OV THE PROBLEM

6. WRL Renort Wos. M-1561 and 1=-1609 described previous worl-
on the surface nreparation of internal chills and chaplets. The con-
clusions from tlese reports were as follows:

8. Many generally ignored factors operate jointlyor
individually 4n causing unsatisfactory behaviour of chanlets.

b. Threaded stem chaplets do not mresent any added
assurance of fusion and may be deleterious by present ing
spaces at the bottom of threads for the accumulation of gases.
Also steel does not wet and flow into the sharp g rooves.

c. Careful consideration should be given to the pre-
paration and cnre of chaplet surfaces both before and after
processing. The mill scale le ft in some cases after forming
is capable of causing porosity in the casting.

ds Chaplects with highly alloyed surfreces fuse readily
but may melt too quickly for suitable corec supnort.

e. Goses occluded during electroplating cnn be
detrimental.

fo Silicon impregenated chaplets fusc reoadily but
load to ombrittleoment of the parent metnl 2t the int erfaccs

&» Chaplets coated with conper, nickel,silver or tin
arc satisfactory if the surface is properly clecaned beforce
coating.

n. Chaplets should be sandblasted or pickled mprior
to conting regardless of the tyne of conting used. If
pidcled they should be heat treated to remove any h ydrogan
which might be prescnt,

i. Chills eor chaplets with uanclean surfaces do not
perform satisfactorily. Dust, oil, or moisturc which may
be present, are particular sources of porosity in the cnst-
ings. Carcless handling is the rule rather than the exceptim
and a little care in premoration and storage of chan lets and
chills would save many cnstings.

Je TPorous arcns are nrevalent in intcrnal angles
and at sharp corners and their climination by s trcamlining
the chills and chanlets is desirable.

k. The statc of deoxidation of steel is important.
A vell deoxidized stecl scems to be less vulnerable to dofocts



crused by rusty, dirty or poorly nlated chills nnd chmlcts,
than is o steel deoxidized just cnough to be satisfactory
under average conditions.

1. Surfacc preparation before coating anpears to be
morc important than the tync of coating, provided, of coursc,
that the conting itself docs not volatilize or segragnte to
disadvantage and causc gassiness and/or noor propertis in
the casting,

7. The particular blnck oxide conting wséd for £hesc ¢ xpori-
ments was anplied by the MitchellsBradford Chemical Compnny of Bridsge-
part, Conn. and arrangements were mndo throvgh Mr. Willinm H. Price
of that companys, The process is know comme rcially by the trade name
of MBlack Moagic! and the final liquid wnx treatment is called "Wit ch' =
Dip". The chaplets were supnlicd by the Fonner Mwmufacturing Compray
of Cleveland, Ohio and by the Pennsylvonin Foundry Supnly Company of
Philadelphia, Pa. The black oxide treatment of stecl has been mn
accepted commercial process for severnal years for con ting metnl objocts
to protect them from corrosion. It is not a "plating® in th~t it is
not dimensionnlly ndditive to the originally untrented chapl et or ¢hill.,
It is a penetration from 0.0001 to 0.0N015 of an inch in depth, produced
by the formation of FezOgq when the chaplets or chills nre immersed in o
snlt bath high in sodium hydroxide content. The brth is nt ~ tcopernture
of betwcen 13008. and 1500C. ond the time of immorsion is apioroximatel
fiftcen minutes, After the chaplets and chills have been removed f rom
the bath and rinsed thoroughly, they are immerscd in a petroleun h ydro-
carbon liquid wax for final finish,

8. Hugo Krause in his book "Metal Coloring ~nd Pinishing" h-s
described methods of forming the black oxide conting on stecl. A
method deseribed in this bnok was tried at the Naval Rescarch Labora-
tory with excellent results. This consisted of using a solution of
400 g. of NaQE in 600 cc. of water to which was added 10 g. of - ¥ 1103
and 10 g, of NaNOs, The solution was b ught $o o boil And 2 s nnd-

blasted chanlet was immersed for ten minutes aftcr which time the blrel
conting was formed, fhe ¥¥0g and Namog were ndded only as o s ource

of oxygen which is necessary to the renction. Othor substances which
evolve oxygen such as sodium perioxide could be used coually well.

It is necossary to renlage evaporated water from the solution as it

is used. The precaution should be takon to kecp the both covered when
not in use as CQ: from the air will be absorbed by the bath to reduce

the hydroxide concentration by forming a sodium carbonnte. The nddi-
tion of slaked lime to the bath will convert the sondium esrbonnte
back to sodium hydroxide and remove the corbon dioxide as caleium
carbonate preetpitate.

9, ipctal Coloring and Finishing® gives many methods which

are ramifications of thc onc deseribed above. These nethods were
obtained largely from Gormnn patents which have now oxpircd
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EXPERIVENTAL PROCEDURE

10. Plates 1, 2 and 3 are photographs of the varinus designs
of chaplets and chills which were tested.

1. Before being processed the chanlets and chills were
thoroughly cleaned by sandblasting. (leaning can also bo accom-
plished by fpickling®, if after thc "™nieckling" operation they
are heated to 5500F. to remove any hydfogen which may be prescat.

12. The chills and chnnlets were placed in test molds as
shown in Plates 4, 5 and 6. Chaplets conted with tin, aluminun
and copper were included for comparison. Somc of the smaller
chills were tested in the barrel of a flanged casting. Plate 7
is a photograph of two sections cut from the casting through the
center of the chills. The woll thickness through the barrel of
the fitting in which the chills were plnced is threc-quarters inch.
The stcel used in casting these test nolds wnas Mavy Class B, con-
taining about 0.25 percent carbon, 0.60 percent mangnnese and 0.40
nercent silicon.

1%. After the molds werc poured the castings were cold sawed
through the center nf each chill or choplet and ctched with n hot
fifty percent hydrochloric acid solution. The ctching trentment
outlines the chills and chaplets clearly in the specimen and any
porosify present is apparent.

DISCUSSION OF RESULTS

144 Plates 8, 9 and 10 are photographs of scctinns through
the cernter of one-inch long chaplets of the different designs and
conting materials indicated. The chaplets with the black nxide
treatment show as good fusion as de the copner plated or tian diped

tymes.

15. In all cnses where grooved stem chaplcets are used poor
fusion results, and the plain stem types apnear to be satisfactory.

16. The absence of cavities in the parent metal around the
chaplets indicates that the black oxide coating docs not volntilize
and cause gassiness. This 1s even more clearly indigated in the
case of the internal chills, to be discussed bclow.

17, The prevalence of cavitics and lnck of fusion ot the
internnl angles, such ns the places where the hend jorins the sten
of the chanlet, indicate again in this worlz thnt streamlining chaplcts
is desirnble, and any sharp internnl corrers are potential sources of
trouble. Where the metal rises against the urmer flnthend of the
chaples and does not flow over it to any ecxtent, laclk of fusion is
the conbined result of chilling and the innbilityr of the flowing
strean to worlz awny any gases which mny be trapped.
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1€.  Pplate 11 shows similar results with chaplets of the
type in Plate 1 and in these cases only black oxide ecoatings were
tried. For sonc unknown reason the rosults were not particularly
satisfactory as several cavities arc present in the parent netal.

19.  Plates 12 and 13 show the result of casting hl-ck
oxide contcd bar and coil chills in the barrel of a three-fourths
inch thick valve bodys Good fusion and lack of porosity indicate
that the chills were satisfactory.

20,  Plates 14, 15, 16, 17 and 18 show satisfactory behavinur
Tor black oxide coated coil and bar chills in heavy scctions. The
specinmens shown in these plates have been boiled in hot aegid to bring
out the fusion line more clearly and to ctch away any rictnl that might
be flowed nver cavities during polishing.

2. Platc 1B is particularly interesting in that it shows
an actval porosity within the chill itself. 1In such cases it could
be cxpecceted that gas cavities nmight be present in the parent metal
s a result of the gas in such cavitices expanding under the increnscod
temperafure and foreing itself out into the molten rmetal. In the
instances shown this was nnt the case and the chills gave good fusion.

22 Onc disadvantnge of this conting, however, is that there
are scveral iron oxide inclusions in the netal near the metnl chill
interface.

CONCIUSIONS ANMD RECQIT ENDATIONS

23, The results of the present investigntisn substontinte thosc
of former work in regard t» the behaviour of chills nnd chaplets, and
in addition indicate that a cheap, non-strategic black oxide »f iron
is satisfactory ns a coating materinl. It rosists nornnl oxidatinn
satisfactorily and gives as good fusinsn charncteristics ns copper,
tin, or nickel-coated types.

24. It 1s rccomnended that manufrcturers trent a trinl bateh
of chills and chnplets with n black oxide conting ~nd hwe them tricd
in commercinl practice, that Novy Yards oar other foundries cont sone
in their shops and try them as an alsernnte to present methods which
require stroategic materials, if for any rcenson this becomes o nroblen
or prescat coatings are not sntisfactory.

(e

This remort has not as wet been arn~roved by the Burcau concerned.
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WASHED GREEN SAND MCLD
DRIED WITH CHAPLETS IN PLACE
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