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ABSTRACT

The following improvements have been made in the
thermit steel casting process: For casting purposes,
a special grade of thermit has been developed which is
less violent in its reaction than the welding thermit
mixture previously employed. A mounting fixture has
been developed which simplifies the operation of the
process and makes it more widely applicable. It has
also been demonstrated that the thermit class B steels
have tensile strength, ductility, fatigue and impact
strength, and weldability equal to furnace-melted steels.

It has been found that steels of alloy compositions
ranging from carbon-molybdenum steel to 18 percent
chromium— 8 percent nickel steel can be readily produced
by addition of the appropriate alloying metals to base
‘steel compositions, made from the casting thermit and
plain thermit mixture. The alloy steels so produced
show normal mechanical properties. They also show struc—
tural stability when employed under conditions of elevated
temperature and stress. It is indicated that these steels
will make satisfactory materials for emergency repair
servicae



AUTHORTZATION

1. This work was authorized by Bureau of Ships letters
QP/Castings (692~334) of 22 February 1944 and 12 March 1945.

STATEMENT OF PROBLEM

24 The objects of this work were (1) to improve the

thermit steel casting practice as described in NEL Report
¥~-2336 of 28 July 194 and to test further the products of
this practice for serviceability, (2) to determine the
practicability of producing alloy steels for castings by
application of the thermit process. If the fact were es-
tablished that the thermit process could be used to produce
such alloy stecls, work was then to be carried out to determine
the most satisfactory procedures for msking these alloy steels
under field conditions.

KNOHN T.CTS BEARING ON THE PROBLEM.

3. The welding applications of the thermit process have been
well established by approximately forty years of use in this
country and Eurcpe.(% In an article in the British Journal
"Engineering" of 22 July, 1938, a process is described which

was developed by Thermoloys Ltd., for making sté%n.’sess stecl

for castings and ingots by the thermit reaction,{?) The manu-
facture of a small heat of 18 percent chromjum - 8 percent nickel
stainless steel is described with rcferences o "secret powders”
and "special reagents®,

La Previous work on this project, initiated in March 1944 and
described in NRL Report M3%6 of 28 July 1944, provided a back-
ground for the present work, 3) Instruction Book No. A856A cover-
ing "Recommended Procedures for Making Stcel Castings by the
Thermit Process Under Field Conditions® was issucd by the Naval
Research Laboratory in April 1945 and describes the thermit steel
casting techniques as developed at that time,(4)

THEORETICAL CONSIDFRATIONS

5e The thermit reaction proceeds according to well known
principles, A discussion of the theorcgtical considerations
underlying the application of the process is presented in NRL
Report ¥-2336, One of the most obvious characteristics of the
thermit stecl-moking process is the trémendous amount of super-
heat acquired by the steel in the course of its production.
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Although the temperatures developed vary to a certain extent
with the size of the heat, the tapping tempcratures for 100
pound melts of stecls produced from the casting grade of
thermit are in the neizhborhood of 3800°F, those from the
welding thermit about 4200°F, and those from the plain thermit
mixturc are in the neighborhood of L500°PF, Since these large
amounts of superheat above the usual pouring temperatures for
cast steel (epproximotely 2900°F) are obtained, it was belicved
that the thermit steel could be alloyed to a considerable
extent without danger of chilling the metal bolow a satisfactory
pouring temperature, This high supcrheat presented an addition-
al problem in the mgtter of molding sand, It wes found by the
previous tests that the synthetlc molding sand mixturc developed
at this Laboratory produced castings with good surfaces at
pouring temperaturcs,as: high as 3500°F for castings of medium
section thickness,

NARRATIVE OF ORIGINAL WORK DONE AT THIS LABORATORY

6o Further studies were made on the technigques of thermit
casting and on the properties of the thermit class B stecl, as
described below:

(a)s Tests were carried out to determine the roaction
chatacteristics and foundry handling qualitics of grades of
casting thermit developed by the commercial suppliers. Thesc
casting thermit mixturcs have been found to be a satisfactory
matorial for general sorvice in producing class B stecl, Included
in the studics on these materials were obscrvations of reaction
characteristics, and the slag condition as well as mcasurcments
of the fiuidity and physical propertics and the detormination of
the chemical compositions of the steels produced,

(b)e To facilitate the making of thermit stcel heats
@board ship and 2t advanced bases, a fixture wes designed to
support the thermit rcaction crucible and the stecl ladle as
well as to provide a roceptacle for the large volume of slag
produced in the reaction.

(¢). An improved rufractory lining material for the
thermit reaction crucible wes developed, This matcrial has
fewer undesirable charactoristics than the magnésia-tar
refractory originally employed for this purposce
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(d). Notched bar impact tests were carried
out at various tcmperatures cn seweral samples of class
B steel produced from casting thermit mixtures.

(e)s Fatigue taests werc carried out on the
class B thermit steels to ascertain if the high residual
aluminum content would be detrimental to the cndurance
limit of the material,

(£). Weldability tosts of the thermit class B
steel were made in cooperation with the Welding Section and
a recommended welding procedure for this stoel was developed.

Ze Studices were made on methods of producing alloy
steels and on the propertics of these alloy stecels, as
described below:

(a). Production of alloy Steels;- methods of adding
the alloying metals to the base steel were devcloped and the
alloy recoveries from such additions were studied,’

(b)s The foundry characteristics of these steels
werc studied and observations of their fiuidity and handling
qualities werc made.

(d)s Thc mechanical properties of the thermit alloy
steels werc studied by tensile testing of the steels in
various conditions of heat treatment.

(d)s Micrographic examinations of the thermit alloy
steecls werc carried out to determine if the materials had
normal microstructures for their composition.

(e)s Studies were made to determine the susceptibility
of some of the thermit alloy steels to graphitization when
maintained at conditions of elevated temperature and stress for
prolonged periods of time.

PREPARATION OF MaTERIALS

8. The thermit mixtures for these tests were obtained from
commercial supplicrs, The suppliers maintained contrel over
the particle sizes of the constituent materiels, The thermit
mixtures available to provide the base stcels for these tests
were as follows:
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Plain Thermit - essentially aluminum and magnetic
oxide of iron.

Welding Thermit - Plain Thermit plus 15 percent of
mild steel punchings, and one percent of ferro-
manganese,

Casting Thermit - Plain Thormit plus 30 percent of
mild steel punchings,and one percent of ferro-
manganese,

The approximate average compositions of the stecls produced by
the above thermit mixtures are shown in Table 1,

9e Thermit Mixtures - Three types of base thermit mixture
are available, as described in parsgraph 8, Thesc are

commercial compositions and are avdilable from two industrial
suppliers, Metal and Thermit Corporation of New York, N. Y., and
Unexcelled Manufacturing Cempany of Cambridge, Mass, The alloy-
ing materials were standard foundry alleys and required ne

preparation, except crushing te a convenient size in some cases,
It was found that when the glloying metals were in the form of
lumps of approximately 1/4 inch to 1/2 inch diamcter that the
recoveries of the alloys were at a maximlm The alloying
materials used were:

Ferrosilicon (Si = 50%)
Ferromolybdenum (Mo = 62%)
Ferrochromium, low carbon (cr = 72%)
Ferromanganese, high carbon (Mn = 80%)
Electrolytic nickel (N1 = 99+%)
Electrolytic copper (eu = 99+%)
Ferrotitanium (Ti = 42%)

DESCRIPTION OF E}{szﬁ
Genersl thermit cawg Eactice

10, Development of %E casting thermit mixture - Although

the preliminary tests, ch were described in NRL Report No.
M-2336, demonstrated that the welding grade of thermit ceuld

be used to produce goed quality steel for castings, it was
believed that a thermit mixture having a slower, less violent
reaction and a greater percentage yield of steel would be more
desirable., The Metal and Thermit Corporatien carried out experi-
ments at their laboratory and developed 3 thermdt mixture desig-
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nated as "Thermicast N-1". This material was tested and

. found to be "too coldl- i.e.,~ the temperature developed

was so low that the alumina slag wes quite viscous and

did not drain from the reaction crucible to leave the
crucible in satisfactory condition for the next heate
Further work by the Metal and Thermit Corporation resulted
in the development of "Thermicast N-2", a thermit mixture
designed to produce steel for castings. This mixture
composition closely approximates a plain thermit mixture

to which 30% of mild steel punchings have been added. Also,
the particles of aluminum and iron oxide arc somewhat
coarser resulting in a slower and less violent reaction than
that which is usually associnted with the plain thermit mix-
ture. A similar casting thermit mixture, designated "Exocast®,
was obtained from the Unexcelled Manmufacturing Company,

11, The compositions, fluidity and mechanical properties
obtained in the production of several typical heats of steel
made from "Thermicast’' N-2", are shown in Tables 2 and-3.

The properties of stesel made from this cemposition were found
to be well above the specification-requirements for class B
steel,

12. Development of fixture for meking thormit steel heats,
This apparatus was developed at NRL to facilitate tho making
of thermit steel heats aboard repair ships and at advanced
bases, The fixture provides a support for the thermit reaction
crucible, the stecl ladle and also a catch basin for the slag
produced in the thermit reaction. Important considerations in
the developnent of such a fixture were that it should occupy
a minimum of space, have a minimm weight, and require the
least possible height consistent with safe operation. The
space and height limitations were imposed cn the apparatus so
it could be fitted into the confined spaces and low overhead
aboard ship.

13. In its final form, the thermit mounting fixture was
designed to be collapsible for ready stowage and transportation -
and also to contain no loose parts which could be lost in
handling., The final design of the apparatus is shown in Plates
Nos. 1 = 4. This model weighs 300 pounds and occupics a space
of approximately 36 inches x 46 inches x 6 inches when folded.
When set up, the fixture requires a space of 36 inches x 36
inches ¥ 60 inches (including the spacc required by the 8-N
thermit reaction crucible)., When used with the 8=N reaction

5=



crucible and an extension ring this apparatus can be used

to producec thermit heats of 400 pounds of steel., Without

the extension ring, the 8-N reaction crucible has a normal
capacity of approximately 250 pounds,

1k, Improvement of refractory lining material. Although
the magnesia-tar refractory supplied by the Mctal and Thermit
Corporation was satisfactory for the early work on the develop-
ment of the thermit process, it became apparent that this
material had certain disadvantageous characteristies, parti-
cularly its friability, its carbonaceous material content
which would promote carbon pidamp by the stocl, and the incon-
venience ef its application in the lining and baking of
reaction crucibles. Tests were carried out using various
refractory mixturcs and a composition which is essentially
magnesiumn oxide, bonded with sodium silicate, was found to
produce the most satisfactory results. The composition of
this mixture is as follows:

Periclase 40%
Monoclasc (finely ground periclase) 60%
Water glass (commercial sodium

silicate solution) ) Sufficient to
Water ) Bind

This material, which is similar te the composition used for
lining stecl ladles at.the NRL foundry, has several features
which make it morc practicable than the magnesia-tar composition.
In addition to obviating the features of carbon "pick-up" and
friability of the magnesia~tar mixture, it requires no pre-heat-
ing before ramming and can be baked at A00°F rather than 800°F
as required by the magnesia-tar mixture. Moreover, the objection—
able tar fumes arc climinated and there is little danger of
burnin: such a lining while baking it out as is encountered in
the tar-bearing material. The new lining material has the
further advantage that-its components are rather gencrally
available in foundries, while the magnesia-tar mixture is a
proprietary materiol menufactured exclusively by the Metal

and Thermit Corporation.

35 The obseyvations of about 40 hezts have indicated

that the increased mechanical durability of the periclase-
monoclase refrectory supplies longer service life compared
to the mognesia=tar mixture.
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16. Notched Bar ]ﬂﬁct Tests., Notched boar impact

tests were carried out with specimens from five heata

of Class B steel made from the casting grade of thermit.
Additions of ferrosilicon were made to the ladle in two

of the casting thermit heats, to increase the tensile and
yield strength of the steel. The increased silicon content
resulted in a lowered impact strength but did produce a’

- marked increase in the yield and tensile strengths of the
metal, The impact tests were conducted at room temperature
(76°F) and at -40°F.athd indicated that the impact strength
of the thermit steel 1s approximately equal to that usually
found in Class B steel, (No Navy specification is available
regarding the impact strength propertics of this material).
The results of the impact tests of the Class B steel are
presented in Table 4. g

17. Fatigue Tests, These tests were conducted to determine
if the igh residual aluminum content of the Class B thermit
steel made from the casting thermit mixture would have a detri-
mental influence upon the endurance limit of the materizal,

These tests were carried out using the R, R. Mocre rotating=-
beam fatigue mochine, with the standard 0,300 inch gage diameter
specimens. The tests were conducted on spécimens in the "as~
cast® and in the annealed condition and the results obtained
show that the thermit steel possesses normal fatiguc strength

- in both conditions, The endurance ratic (endurance ratio is

the ratio of the endurance limit to the ultimate tensile strength)
in the "as-casth condition was found te be 0,42 and in the
annealed condition was found to be 0.45, based upon tensile -
strengths of 68,100 psi and 68,750 psi in these respective
conditions. The results of these tests are depicted in Plate
No. 5« The cndurance limit for the as-cast wtcel was 28,500

psi and for the annealed stecl was 31,000 psi. -

18,  Welding of Thermit Steels Since it was anticipated

that thermit steel castings might be used in welded cssamblies

and might also require repair-welding, it was considered advisable
to study the weldability charadteristics of the Class B steel,-

* These tests were carried out with the cooperation of the Welding
‘Section at NRL and were based upon the standard nick-bend test
devaeloped by that group, To provide plate specimens for conduct-
ing these tests, castings were made in the fom of plates 12 :
inches by 6 inches by one inch. Thesc plates wepe pourcd with
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steel made from the casting thermit mixture, using the
standard practice developed for this thermit mixture. The
results of the weldability tests arc listed in Table No. 5,
and demonstratc that the thermit steel posssssow satisfactery
weldability charecteristics., These data represent the results
of tests on 3/L inch thick plates, michincd from the plates
cast to onc-inch thickness, As a nick-bend angle of greater
than 35° for 3/4 inch plates is indicative of satisfactory
weldability, the thermit steel is considercd to show good
weldability characteristics. A recommended welding practice
was developed by the Welding Section. This practicc is de~
scribed in paragraph 19 of Instruction Bock A8584.

Production and Properties of Alloy Stecls.

19, The production of alloy steels for castings by appli-
cation of the thermit process is ‘a rather strzightforward
procedu:'e and consiwmbs essentially in adding the appropriate
alloys to plain carbon steel made from cne of the three base
thermit mixtures described in Paragraph 8, The compositions

of the stecls produced by these thermit mixtures are presented
in Table 1. The sclection of the base thormit compesiticn
would be based upon two considerations; first, which thermit
mixture was availsble at the activity and second, the amownt

of alloying moterial to be added to the base thermit steel.
Fram the first consideration, it is apparent that the develop-
ment of procedures should be based upen the use of the casting
thermit composition whercver feasible since this is the standard
material recommended for supply at installations wherc thermit
casting operations are carried out. Since the differunt thermit
nmixtures vary considerably as to the tempcrature developed in
their reaction and, hence in the amount of snperhecat of the
steels produced, the higher alloy steels weuld necessarily be
produced from the plain thermit or the welding thermit mixtures,
The lower alloy stcels could be made from the casting thermit,
One of the objectives of this investigation was to cstablish
the limits of alloy addition which could be made to sach grade
of theormit mixturc.

20, A third important consideration was the question of
whether the alloy additions should be made to the ladle or
the reaction crucible, The factors governing this selection
are those of safoty, efficiency of recovery, the mixing of

the alloy into the base metal and the effect upon the tempsra-
ture and fluidity of the steels
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21, Carbon-Molybdenum Steel. Five heats of carbon=
molybdenum ‘stecl werc made, This ccmposition consistw
essentially of plain carbon steel (Navy Class B) to which
has been added 0.5% of molybdenum to improve its elevated
tempercture properties. The casting thermit provldés a
satisfactory base for the production of this stecel since
the alloy addition is small, The alloy adcitions to these
heats were made by the following methods: (a) The molybdenum
was added as ferromolybdenum (62.8% Mo) to the ladle. After
the completion of the thermit reaction, tho molten steel in
the rcaction crucible was tapped on the ferromolybdcnum.
(b) The molybdemun, as ferromolybdenum, was added to the
reaction crucible with the charge of casting thermit.

22, Both of these procedures were found to be satisfactory
for the production of carbon-molybdenum steel., For these
steels, the molybdenum recoveries ranged from 88 percent to

91 percent and averaged about 90 percent. The chemical
compositions obtained in these heats are listed in Table 64.

23. The casting qualities of the carban-molybdenum stecl,
as determined by thc fluidity test (using the standard NRL
fluidity spiral) arc similar to those cbtained with the plain
carbon steel and are quite satisfactory. The fluidity data
are also listed in Taoble 6A. ‘

2. Tensile tests were conducted to determine the
mechanical properties of the carbon-molybdenum stecl. The
results of these tests (Table 7A) demonstrate that the steel
eonsiderably surpasses the requirements of Navy Department
Specificaticn 46333 of l.September 1939. iverage tenwile test
propertics for the thermit carbon-molybdenum stecl, in the
normalized and tempercd condition are as follows:

Yicld Strength 50,000 psi
'Ultimote Tensile Strength 77,000 psi
Elongation in 2 inches 28%
Reduction of arca 53%

The microstructure of this steel which is depicted in Plates
Nos. 6 = 9, does not show any abnormal characteristics,

25, Chromium=Molybdenum Steel. Six heats of chromium-
-9-




-molybdenum steel werc made in these tests, The casting
thermit was used to:provide the base stecl for ‘these heats.
The steels comtained appreximately 0.5 percent of molybdenum
and chromium in amounts ranging from 0,98 percent to 7.28
percent. Low-carbon ferrochromium (71.33 percent Cr) was

used as the source of the chromium and ferrcmolybdenun as

the source of the meolybdenum. It was found that the chromium
recovery tended to be rather poor whon the ferrochromium was
added to the reaction crucible and that the chromium should be
acded to the ladle, whenever practicable. The chromium re-
coveries ranged from 58 percent to 98 percent. The chemical
compositions obtained and the fluidity valucs found in these
chromium-molybdenum stcels are listed in Tebles 64 and 6B. On
the basis of the expericnce gained in the meking of a few-heats
of this stecl, the probable alloy rccovery could be estimated
and compositions rcasonably closc to those dosired could be
produced, '‘The handiing characteristics of these stecls are
comparable to those usually found in furnace-mclted stecls

and the desired fluidity can be obtained by pouring at the
proper temperature, The steel possesses suflicient superheat
for most foundry requirements. If high fluxdity values are
required, it is necessary to pour the heat without delay.

26, The mechanical properties of the chromium-molybdenum
stecl, as measured by the tensile test were found to be approxi-
mately the same as those obtained in furnace-melted stoels.
Comparison data for the furnace-melted chromium-melybdenum
steels were obtained from the "Steel Castings Hondbook®. The
tensile test data from these tests are summerized in Table 7A,
together with the tensile test properties listed in the "Steel
Castings Handbook" for comparable furnace-melted stecls,

The photomicrographs of these steels (Plates Nos, 10 = 13)
indicate normal microstructures for the compositions.

27. Chromium Steel. Two heats of steel containing only
chromium, with alloy contents of 3.80 percent and 9,39 percent,
were mle a8 part of this test. The heat with the lower chromium
content was made by cdditicn of the alloy as low carbon=ferro-
chromium to the ladle. In one heat in which it was desired to
produce a stcel containing ten percent chramium, additicns of
ferrochromium were made to the reaction crucible as well as to
the ladle to derive the maximum benefit from the superheat of

the thermit stecl, The casting grade of thermit was used as the
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base for all the chromium steels. In Table 6B is given a
sumnary of the chemical compositions, fluidity values and
alloy~-recoveries obtaineds The chromium recoveries ranged
from 63 percent to 67 percent.

28, The mechanical properties obtained from the chromium
steels are summarized in Tables 7A and 7B. The values for
these properties are comparable with those cbtained from
similar steels produced by conventional melting practices.
The values for this camparisan were obtained from the "Bteel
Castings Handbook",

29, Chromium-Nickel (18-8) Stgel. From the information
gained in the production of heat (10 percent chramium
steel) it was indicated that the approximate limit for alloy
additions to the ccsting thermit is 20 percent of the weight

of the steel produced, Therefore, in making a much higher
allay steel, such as the 18 percent chromium - 8 percent
nickel corrosion-resisting steel, it was obvious that a thermit
mixture producing mich more highly superheated steel would be
needed. Plain thermit {aluminum and iron-oxide) was selected
as the logical haterial for making the bose steel of this heat,

30. The following distribution of the alloying elements
was employed: The nickel was charged as the pure metal, in
the form of shot, to the reaction crucible. The chromium,

as low=-carbon ferrochromium, was distributed between the
reaction crucible and the ladle, Ferromangenese, ferrosilicon
and ferrotitanium were also charged to the ladle. The reaction
proceeded somewhat slower than those normally encountered in
thermit-steel making and the metal tapped was colder than usual
for thermit steel but no difficulty was encountered in making
and pouring the heat.

3l. The chemical composition of this corrosion-resisting
steel is shown in Table 6B, and conforms quite closely to the
requirements of Navy Department Specification 455276 of 1
September 1945, covering corrcsion-resisting stecl castings.
The tensile test properties which are shown in Table 7B.arc
considerably above those required by that specification. The
microstructure of this steel is shown in Plstes Nos. 14 - 17,
and does not seem to be identical with that found in steel of
similar composition as produced in the electric furnace. There

i 1



are indications of what may be the delta constituent in
the austenitic matrix. The tentative identification of
the constituent is supported by the fact that the steel
is slightly magnetic,

32. Miscollanecous compositions, Several heats of alloy
stecls of various compositions were made in order to obtain
information concerning as many types of stecl as possible.

33. One heat of high-manganese (Hadfield's) stoel was made
as part of this test, To provide the high supcrheat necessary
for the melting and solution of the large cuantity of alloying
metal, welding thermit was used as the b:zse thermit mixture. A
stecl containing 10 to 14 percent of mangancse and 1l.25% of
carbon was desircd in this heat. High-carbon ferromengenese
was added to the ladlc and provided the required mengancse and
carben. A menganese recovery of 75 porcent and a carbon recovery
of 85 percent were obtdined, The composition and fluidity
obtained are shown in Table 6B. The tensile properties found
in this heat are very nearly the same as those found in
furnace-melted stecl of similar composition., The microstructure
of this steel is shown in Plates Nos. 18 and 19 and is the
austenitic structure normal for the type. The strain lines,
indicated in the austenite grains, are the result of the cold-
work involved in cutting the specimen.

3he Five hcats of the precipitation-hardening copper steel
(Cu = spproximately l.5 percent) were made, The composition was
considered. to be of possible applicaticn for repeir scrvice in
view of its high strength and yield ratio characteristics compared
to Class B steel, Two of thuse heats were o approximately one
pound in size and were made to debermine if the addition of
copper to the highly superheated thermit steel would be a safe
practice. Since thesc preliminary heats indicated no violent
reaction between the copper (as copper metal turnings and shot)
and the stecl, three full size heats were mode, Since the cast-
ing grade of thermit was used as the base compositiun, the carbon
content of the steel (0,26 percent) was higher than the 0,10 =
0.15 percent rcccmmended for this composition and the yield and
tensile strengths arc somewhat higher than usunl whiic the
ductility (as mcaosured by elongation and reduction of area) is
lower thon usual. The chemical compositions, alloy recoveries
and fluidity values for these steels are shown in Table 6C. The
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tensile propertics and hardness values arc shown in Table
8B and the microstructure is shown in Plates Nos, 20 and 21,
The properties and structure of the steel are normal for the
composition.

35. One hect ¢f nickel-chromium steel similar in compositioen
to SAE 3335 stecl was made as part of the program but no tests
were made of the mechanigal properties of the steel due to loss
of the specimens.

36, Grephitization Tests. Recent metallurgical and engineer=-
ing literature has contained numerous references to grophitization
of certain types of carbon and carbon-molybdenum stecl when
employed under service conditicns of elevated temperature and
stress, These sorvice conditions are chcountered in high-
pressure stean lines, The graphitization has becn reported to
take place in the region of welded joints. (Items 5 and 6 of

the bibliography present a discussion of this phenomenon),
Several metallurgists have expressed the opiniocn that the
susceptibility of steel to graphitization under such cenditions
is a function of the amount of metallic alumimum remaining in
the steel after decxidation. Metallic alumimm contents of the
order of 0.05 to 0,10% have been reported as sufficient to make
the steel susceptible to graphitization in the region ef weldoed
joints when it is employed at elevated temperatures and pressures
for 5,000 to 10,000 hours, In general, this graphitization has
been reported to take place along an isothermal plone en the
thermal gradient from the weld.. Heating of the steel to this
temperaturc in the process of welding is believed to make it
susceptible to later graphitization in service. (The tempera-
ture to which the steel is heated to mnke it susceptible to
graphitization is o matter of debate). The graphitization has
been reported to take place in twe pattermsin which the graphite
appears as dispersed perticles or as more or less continuous
chains. The choin pattern is considered to be the nore dangercus
form since it causes a more continuous plane of weakness thrcugh
the steel.

37, Since the thermit steel may contoin as mch as 1.5 per—
cent of residual metallic aluminum, which omount is mony times
that reported to be sufficient to render carbon or carbon
molybdenum stecl susceptible to graphitization after welding, -
it was considercd desirable to investigate the susceptibility
of these steels te graphitization before rccommending their use
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in such elevated temperature applications as valves and
fittings for high pressure steam-lines. Two sets of tests
were conducted for this purposec. The f£irst group of tests

was carried out to provide a quick check to learn if there

was any immediate danger in the use of these thermit steels
under the service conditicns described., These tests were
carried out under conditions in which no stress was applied

to the specimens. In the second sobt of tests, stresses as
well as clevated temperatures were employed as test conditions,
These tests arc described below in more detail,

38, Unstrceésed Tests., The speoimens for these tests were
obtained from the test coupans cast for hcats A2, A7M and Alk,
The compositions of these heats are shown in Tsble 7. The
blanks were heat-treated by normalizing (1700°F, three hours,
air cool) and tempering (1250°F, three hcurs, air cool) and

_were machined to form cylinders 3/L inch in diamcter by 5

inches long. A& bead of 25 percent chromium~ 20 percent nickel
weld metal wes laid longitudinally on each speciuen, The noture
of the weld mctal is comparatively unimportant in this test

since the esecntinl function of the welding operation is to
provide a zone of metal which has been heated to the tcmperature
at which graphitization takes place, Plates Nos, 22 ard 23 show
the welding of these specimens. The welding conditions werc as
follows: roversed polarity; speed of travel = 6 inches per
minute; 75 amperes; 26 volts. Plate No, 24 shows g typical
welded specimen. After welding the tost picces were pleced in

a miffle fumace and maintained at 1000 degrces Fo (This tempera-
turc is considerably higher than the maximuz temperature at which
these steels would be axpected te be used in service but was
selected because it should provide an accelerated grephitization
if this phcnomenon were to take place)s, Specimens from cach

heat were withdrawn from the furnace after «xposure for 100, 200,
400, 800 and 1600 hours respectively and examined to ascertain

if graphitization had taken place. The specimens for the examine
ation consisted of two slices, cut transversely through the weld,
from each piece, These slices were preparcd for study with a
netellurgical microscope and were examined at various magnifi-
cations as high as 1000 diameters to defermine if any graphite
had formed. In some cases, inclusions were found which

exhibited a form and color similar to that of the microstructural
censtituent prescnted as graphite in the literature by the
varicus authcrs in the field., The use of polarized light provided
a means of identifying such structures as inclusions, No
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indications of grephite were found in any of the unstrcssed
specimens which were subjected to the test conditions.
Photomicrographs of the weld areas and weld-affected base
metal of specimens subjected to the 1600 hour test are
shown in Plrtes No. 25 - 27-

39 Stressed Graphitization Tests. These tests were
conducted to determine if the thermit alloy stecels would
graphitize wder conditions of stress at elovated tempera-
ture,' The metorials selected for these tests were carbon-
molybdenum and chromium-molybdenum steel from heats Al8,

Al9 and A20, The spocimens were machined to cylinders, 5/8

inch in diamcter by 4% inches long and a bead of 25 percent
chromium= 20 percent nickel weld metal was laid circumferenticl-
ly around each picce. Since the purpose of the welding operation
was not to provide weld metal but to heat the adjacent mstal

to the temperature at which graphitmatim is reported to take
place, the naturc of the weld metal is unimportant. Once the
welding had provided the proper thermal gradient in the base
metal, it had served its purpese, Since the presence of the
weld would be cxpected to cause the devcloprent of a mere
complicated stress pattern when the specimen was put under
tension for the test, the weld metal was machined to the level
of the base mctal,

LO. To provide the tensile stress during the eleveted
tenperaturc test, the ends of the specimen bars werc threaded
and the bars were placed in a fixturc such os is shown in

Plate No. 28, Plate No. 28 also shows typical castings used

to provide material for the fixtures., The specimens then acted
as bolts. Hexngonal nuts were screwed on oach end of the
specimens and the nuts were tightened aga:mst the resistance of
the fixture, to introduce tensile stresses in the specimens.

The ends had previously been ground flat and parallcel and
chromium=-plated, The specimens were stressed to cpproximately
cne-half the yicld strongth of the material, From previcus
tests, the yicld strength of the thermit carbon-molybdenum steel
had been found to be about 50,000 psi and that of the thermit
chremiun-polybdenun steel to be about 65,000 psi, By assuming
that the value of Young'!s modulus is 30,000,00C psi for the
thermit steel, the stress on the bolt could be computed from the
extension of the belt as the nuts were tightened, The nuts were
turned tightly on the specimens until the extonsion in the length
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of the specimens, as measured with micrometer caliphers
indicated that the desired stress had been deycloped. A
sumary of the stress-extension data is presented in

Tzble No. 8, The initial stresses cuployed were many

times higher thon those which are encountered in service
applications but these higher stresses were used to provide

an accelerated fgrophitization tendency and alsc to compensate
for the anticipated rclaxation of the stecl under the clevated
tauperature test conditions. The fixtures and the nuts were
also made of thermit steel of compodition similor to that of
the specimens to climinate stress cffects due to the differential
cxponsion which might take place if the belt apecimens and the
fixtures were made of different steels, After the nuts had
becn tightened on the specimens te provide the desired stresscs,
the entire asscmblics of bolts and fixtures wore placed in a
muffle furncce and slowly brought to the test~tempercture of
1000°F, The tosts were conducted for 150, 300, 450 and 600
hours respectively. At the end of each of these times, the
power was shut off and the fixtures allowed to furnace-cool to
room tempercturc, When the furnace had cooled, the fixtures
were removed. Onc bolt-specimen was removed from cach fixture
and its length was mecasured in the stressed and unstresscd
conditions to determine the amount of stress remaining in the
specimen. After the specimen had been removed from the fix-
turc, it was rcploced by a mild steel bolt and nut drown

suf ficiently tight to hold the fixture together., The fixtures
were then replaced in the furnace and the terperaturc slowly
reised to 1000°F to rosume the tost,

L1, To provide a Specimen for microscopic exomination, a
seri~cylindrical sample was cut from the bolt as shown in
Plate No., 29, This sample was preparcd for metallographic
excminotion and scarched for the prescnce of graphitc as in
the unstressced tests, No indieaticns of graphitc were found
in any of the stressed specimens under the limited conditicns
of the tests. Plates Nos. 30 - 32, show photomicrographs of
the weld arces of the specimens which were subjected to the
test for 600 hours.

L2, It is rcalized that these graphitization tests were
rather crude but, nevertheless, it is belicved that they did
scrve the purpose of providing a reasonably quick and practical
indication of the graphitizing characteristics of these thermit
alloy ~teels. From the limited data obtained, it is indicated
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that the termit alloy steels should be somparatively free
from graphitization failures if used for cmergency clevated
teamperature scrvice for lindted periods of time, If these
steels are to be uscd at such elevated temperatures for
extended periods, further studies should be mode to study
the long=time microstructural stability under operating
conditions.

GENERAL DISCUSSION OF THE APPLICATION OF THE THERMIT PROCESS
TO THE PRODUCTION OF STEFL FOR CASTINGS.

L3, The thermit process is simple and straightforwerd in
operation. It provides a practical means for producing carbon
and alloy stecls of a wide range of compositiins. These

stecls are suitcble for use in making costings for cmergency
service in thot they posscss satisfactory fowndry characteristics
such as fluidity and sufficient supcrheat to allow a reascnable
hendling time before the molds are poured. The molding rceguire=—
ments are comporatively simple in that a synthetic sand, such as
that developed at the Noval Research Laberatory, is satisfactory
for procducing clean, scund castings. The mechanical properties
of the thermit stecls, as mezsured by the tensile, nctched-bar
impact and fatigue tests, show that these stecls are generally
of a quelity such as to mcet standard specifications for their
composition., Vhile no long-time service data have been received
from operating units of the fleet or field units, the mechanical
propertics found in laboratory tests indicate that the thermit
steels should runder satisfactory service in machine and
structural en~stings. The results of weldability tests indicate
that thormit stocl costings (ot least in the Class B compcesition)
may be totisfactorily welded for repair or fobrication purpeses,

Lk, The limits of allcy additions to carbon thormit stecls
for making alloy stecel castings have been found to be as follows:
The casting thormit will take alloy additicns to 20 percent of
the weight of the stecl produced. The welding thermit will take
alloy additions to 35 percent and the plain thermit will take
alloy additions to 55 percent of the weight of the stecl produced
in the rcaction crucible in heats of about 50 pound size. These
1limits represcnt the total weight of additions which can be macde
to the recaction crucible as well as to the ladle, As the alloy
additicns approach these limits, the tempcreture of the metal

in the ladle is reduced te levels below those convenicnt for
pouring and skimming. However, if the size cf the alloy stecl
heat were increascd, o smaller percentage of the superheat of
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the metal would be lost to the reaction crucible and the |
ladle and, consequently, it is expected that greater alloy
additions could be mado tc the larger heats.

45, - It is belicved that some question may arise with
regard to the hazards attendant to the use of the thermit
process as a Steel-msking method. In this comnection, it
may be stated that over 100 heats of thermit steel were mace
at NRL and that no injéry to personnel was sustained in

any of these heats, If all materiols and couipment are
maintained dry and free from contamination with organic
miterials or volatile motals, it is believed that the thermit
process should be no more hazardous than any other sicel~

maicing process,

L6, The economic aspects of the thermit process as a

moans for producing stecl for castings should be mentioned,

At present market prices for the therizit casting mixture, .
the cost of the plain carbon thermit stcel in the ladle is
approximately $0,25 per pound compared to the figure of
approximately $0,02 por pound usually assigned by production
foundries to this item. However, the price set by a production
foundry is based upon the use of an open~-hearth, converter

or electric furnace, costing several thousand collars and

used for the meclting of millions of pounds of steel, The
reaction crucible ard mounting fixture employed in the thermit
procecs cost only a few hundred dollaprs. Therefore, the
économic efficiency of the thermit steel-mcking process compored
to conventional steel-making processes is determihed by the
probable demand for steel castiuags at the activity. If the
probable demand for steel will be on the order of 10,000 pounds,
the thermit process in making steel at $0.25 per pound will
have an economic advantage over a conventinnal melting unit
such as a high frequency inductiocn elecctrié furnace, The cost
of such a furncce is approximately $15,000, If this emount
must be amortized for the production of 10,000 pounds of steel,
there exists an equipment charge of $1.50 per pound of stecl.
Moreover, the operation of an electric fumace roquires a
source of large quantities of clectric power and the services
of a highly-skilled meclter. The thermit proeccss requires no
olectric power for its opcratiovn and an intciligont steel
foundry molder can be trainod to carry out the process by an
instruction period of ocne week. Fronm this discussion, it
shculd be apparent that the thermit process is an econcmically
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efficient mothod for producing steel for castings at
activities having a comparatively small demand for such
castings, It is also economically efficient as a
stand-by method for activitios having conwentional steel-
melting equipment, since it may be used in the event of
an electric power failure or other emergency.



CLUST

L7 Thermit mixtures ef various grades can be used to
produce a2 wide variety of carbon and alloy stecls for
castings.

L8, The propertics of these steecls are such that they
should be satisfactory for most naval requirements, at
least for emcrgency service.

494 The squipment required for the operation of the
thermit process is comparatively simple and can be largely
improvised. No source of electrical or mechanical power
is required. Persomnel can be readily trained in the
applicaticn of the process,



RECOMMENDATIONS

50. It is rccommended that thermit steel-making
materials and equipment be made available at such
activities where emergency stecel castings may be re=-
quired and that Naval foundry persomnel be trained to
carry out the process for operaticnal and instructional
puarposes,

51, It is recommended that the experimental data on
operating procedure and the properties of the thermit
stecl be made zvailable to industry for commercial exploi=-
tation, This should help to provide the Navy with sources
of supply of thermit materials when they are required.
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Table 1

Typical Compositiog_? of the Steels Produced by the Reaction
of the Plain Thermit, Welding Thermit and
Casting Thermit Mixtures

Element Plain Thermit Welding Thermit Casting Thermii
Carbon 0,10 percent 0.22 percent 0.26 percent
Manganese 0,10 0.79 0.7
Silicon 0,10 0.18 0.30
Acid Soluble

Aluminum 0610 - 1,00 0615 - 1.00 0.15 = 1,50
Chromium 0.05 0,05 0.05
Molybdenum 0,05 0.05 0,05
Copper 0.13 0.]:3 0,13
Nickel 0,09 0,09 0.09
Phosphorus 0,02 p.OQ 0,02

Sulfur 0,02 0.02 0.02



Pable 2

Chemical Compositions and Fluidity Data of %ical Class B Steel
Heabs ede From Casting Thermit ures

Wi. of Steel ' CompoSition-Percent IPourinig |Fluidity,’

0

Heat No, ' Made,dbs, *t C Mn Si Al (Tempe®F t Inches ' Remarks
1 | L] 1 ] L ] ]

M 48 L] L5 10624 10,82 '0,30 *1,16 * 3050 ! 18 y |
) y ’ ' ¢ i ' '
5 ’ i B 1 ] g ’

M5 1 75 10,26 10,70 10,30 10,85 * 3420 37,5 °
' ' { ’ ' 3 1 ?
1 ] | ] L ] ) L B ]

M 51 : 50 0a26 10,72 10,21 %085 ? 3520 ' 40,5 1
' ’ it ' ' t ' '
0 C ' 2 i 0 -T% TFeoi added to de~

M 52 ' 125 20,28 10,74 10,99 *1.10 * 3250 ¢ 30,0 termine effect
] ® ¥ § L t 14 ‘on p}vaical
’ » U ? 4 ' 1 'properties
[ t T 8 + 1 [

M53 v 175 10,25 90,75 '0.81 *L10 Y3260 1 29,5 * =
' ) ’ 1 ' | ' '
' t H 1 * ' ¥ 1

- S 100 10,28 10,66 10,12 0,87 * 3250 ' -~ "Wsed for fatigme
1 $ ’ ? U ’ ' ! tests
L} [ | 1 ¥ ] [ ] ¥

Navy Dept? %0630 10,60 30,50 ¢ = ’ ’

Speca {] Ymax, Yma, 'max, ] ] t

19815, ° ' ' ' ’ ' ' '

Class B ! ] t ] ’ 1 e 4

Steel ' 1 1 v v v ’ .

Castings,! ' ’ ® . ¢ ' '

require~ ! t ? ' v ’ ’ '

ments¥* ] ? t t t v '

#This specification provides that "for each reduction of 0,01
percent carbon below the maximum of 0.30 percent, an increase
of 0,025 percent manganese above 0,80 maximum will be permitted
but in no case shall the manganese exceed 0,85 percenth,



Table 3

Tensile Test Properties of Typical Class B Steel
Heats Made From Casting Thermit Mixtures

1 ! ! Elongation ! Reduction

]
' 1¥ield Str. ' Ult.Tens, '* in 2 in, ' of Area
Heat No.'' Heat Treatment 'p.s.iec®* ! Str, pei ! Percent ' Percent
] ] 1 - 1 ]
¥ EHOOOF-M hrse g ' 40,150 ' 73,000 ' 33.3 '52.5
¥ 1 1 { ] 1
' ( ] 1 [] . t
M5 ¢ % Air Cool ' 38,500 ' 73,100 ' 30,7 T 47.8
1 1 4 ] ] 1
i T ] ] 1
M 51 v E1200°1?— 2 hrs, ) ' 41,000 74,000 v 32,2 ! 50.3
1 t ' ' :
] ( % 1 t 1 t
M 52 ' g 4ir Cool ) 475500 ' 84,650 v 26,8 4060
] t 1 ] ]
) ( % E ] [] ]
us53 ) ' Lh,050 v 82,350 ! 25.3 ' 40,0
U ¢ ) ¢ ] ? ]
I ] 1 } ]
F il ! 4s Cast tNot Indica=-' 68,100 ' 24,3 't 31,3
L 1 ted L 1 ¢
] ] [ |} ¥
F 1 ! 1700 Fe=2 hrs, t 33,800 t 68,750 ' 31,7  46.5
! _Furn, Cool ] ' ] t
[ ] ] 1 t 1 ]
* ' ! 30,000 * 60,000 v 24,0 I 35,0
] ] 1 1 1

# Requirements of Navy Department Specification 4951j of
February 1, 1939 for Class B steel castings.

## Yield strength determined by "drop of the beam" method,



Table &

Notched Bar ct Test rties of Steels
e F Ca Thermit Mixtures

T Mean Value

1 i

Heat No. ¢ Heat Treatment t Testing Temperature! for Energy
¥ ] OF. 'absorbﬂd“ft. Ibs.
1 [ 1

M 50 ! As Cast $ 76 8 24,0
[ ? T

M 51 ' As Cast v 76 s 25.5
] ) T

W 52% ! _As Cast ! 76 ! 565
] [ ]

L 53% 1 As Cast ! 76 s 6.5
T ] t

M L8 ¥ 17000F - 2 hrs. Furnace 76 t 22,0
’ Cool v ?
) 1 t

M 48 ? " n . . =40 ! 5.0
¢ ] F = 2 hrs.AirCook!? ®

M 48 ' 1200°F = 2 hrs.AirCools 76 ' 27,0
1 ] ]

M L8 ] " " " ' 4,0 ® 9,0

TR 3 ] g

¥ 50 t ", L " t 76 ? 24,5
' ] )

0 51 ) " " L] 1 76 ] 39,0
' 1 1

M 523% ] " n 18 [ 76 1 12,0
] ] [

¥ 53% ] W n ] ] 76 ] 12,5

All tests were conducted using Charpy V-notch specimens,
#Heats M52 and M53 contained added silicon.



Table 5

Nick-Bend Weldabi .Test Data on Steels Made
From Casting Thermit Mixture

Heat Treatment Nick-Bend Performancs
Prior to Welding ~ Post Welding Angle abt maximum load
As cast Stress Relieved Lg0
Annealed (plate specimen) 580
Annealsd As Welded 3Le
Annealsd Stress Relieved 57°
Normalized &
tempsred (Plate specimen) 570
Normalized &
tempered Stress Relleved 60°

Normalized Stress Relieved 61°



Normal

Hest Oompo- Weight of

Ho.. gition Steel(lbe)

¢ Mo
o
C Mo
- iy
G Mo
iy =
ol
C U
=gy

Crilo

125
gt

Criio
A0 (Creh$) 75
{Mou0.5%)
- Crdlo
A2 (crull$ 75
{MoaD, 58)

Grilo
A (Cral$) 50
(Mo=D, 5%)

Mathod
of Alloy
ladle 0,24 O.b 0,08 0,98 = = 045 0,06 =« = - - -
I
Reaction 0.28 0.6, 0,10 1,18 - ~ 0.53 0,16 =~ - - - -
Crucible
Ladle 0,21 0.65 0.16 0,16 0,05 = 0,51 = 0,018 0,008 _ W e
Ladle 020 0,55 0,20 0,20 0,05 = 0.5 = 0,017 0,018 - -
Ladle  0.26 0.66 0,10 0.8, 0,04 0,05 0.50 = 0,013 0,020 - -
Faly to ye-
action cru~
cable 0,27 0.76 0,11 1.36 3.45 = Oebl 011 = ™o 58 -
Falio to
Ladle
ladle 0.27 0.62 0,07 0,90 3,60 = Qubl = - - 0 -
ladle 0,23 0.6L 0,09 0,69 7.28 = 0.52 « w = “ o
ladls 0,25 0,73 0,151.00 098 = 071 = 0,010 0,007 28 -

TABLE 6A
CHEMICAL COMPOSITIONS, ALLOY RECOVERIES, AND PLUIDITY CHARACTERISTICS

o

0 - 3020 17

8 - 3200 w

7 - 3150 -

%0 - 3100 -

1 - 3200 -
L 3160 ud
L 3200 20
&7 - 3100 10,5
95 - 3150

OF THERMIT ALLOY STERELS

:

28
%&Eg
i
s

i
i
‘
;

Made for unstressed
graphitdestion toste.



Normal Uethod
Heat Compo- Welght of of Alloy Poroant eriss Pouwrdng  Fluidity Remaris

Hoo sition Steel(ibs) Addition Cr. Cu_ &5 L Cr, 20 Zewp.SF . Inches B
Crlo For stressed
AL7 (Crm5%) 175 ladle 0,21 0.58 0.16 0.3 648 = 0,52 = 0.016 0,016 = a7 - & - 3150 - ”;ﬁ',”’"“m
(Mow0.5%)
> Lsdle 0,2 0,11 1,25 6 0,022 - 82 - 775 = 3150 - For styessed
w(m) 50 25 0063 ' +25 + 09 = 043 - o 0,019 mphit_j'“m teste
[ ] Made by splitting
A70 (Crelif) 125 Reaction 0,26 0.75 0.11 1.35 3.80 = 0,01 0.10 = = - 63 - = - 3280 28 i%‘:'::f—;”“
or
413 (OralOF) 50 ladle and 0,32 0,72 Oolh 1.08 9,39 = 0,05 0,10 = - - &7 - - - 2960 g
Crucible
1e-8 FeCr to "
Corrosion= raaction
421 Resivting 0 orucible 0,10 0,56 1.28 0.6717.8 8,19 - 0,05 0.020 0.017 70 an 98 Faiin = 3080 20
(crslﬂﬂ; & ladle 260
(M- 8% M to . Perd
rasction =10
orucible
Fesi,
Felin,
Fori
to ladle
Hadiel Welding thermit
Sttdd" ’ used as base
A1l (Cele25) 50 ladle 1,21 10.08 0.5 0,11 0,02 « 0.00 = - - =75 - - - - 2700 8 mixture
{lnell- High~carbon ¢ =85
13.5%) Felln to
Supply C
and Mo
TABLE 8B

CHEMICAL COMPOSITIONS, ALLOY RECOVERIES, AND FLUIDITY CHARACTERISTICS OF THERMIT ALLOY STEELS



Normal

Heat Welght of Tuldity
Nog  8i Steel(lbs) Temp.°F  _Inches
Cu( proci-
A5 pitation- (] Reaction 0,27 0.61 0,12 0,86 = « 0,011.37 = = - = = = 83 3100 32-3/4
hndm!.ng Crucible -
(Cusl.35 -
Cu( Preci~
Sﬂmm- 75 moz& 0.87 0,75 l.41 0,01 1,63 58 g ol 25
A - L . - - . . - - » - -
ey - a
imﬁ
Sal®
ou(Proci=-
A9 pitation- 75 Ladle (0,28 0,65 0,11 0.91 = = 0,01 1.37 = - - - - = 91 3150 26
(cuw;;
(SAE 3335 mut:n
SAE - - -
oo 75 Oaoible 0,29 0.67 0.2 0.9 130 3.470.02 = = = e B Lnel *®
i3, 5!; B to
Cral,5% ladle

TABLE 6&C
CHEMICAL COMPOSITIONS, ALLOY RECOVERIES, AND PLUIDITY CHARACTERISTICS OF THERMIT ALLOY STEELS

No tensile tests
on this heat duse
to loas of epecimsns



Tensile 'rut Properties of Similar Alloy Steel

sile Te Hardness k 2 Processes
W_EIHWW ¥ v ong,  Reduc Souree of
Heat  Nominal Heat Str. Temd.otr. in 2 in, of hres  A® Str, Tens,Str. in 2 in, of Avea Heat, Compardson
No,  Composition  freatment psl = psl  Pervent ﬂ;;ggneas.m sl _psi  Percent  Peroent  frestment _Date
AL (c-O. 17250F=3 hre AC
{Mos0,5%) 12500P=3 hre AC 55,000 77,250  29.0  55.5 - - 35,000 65,000 20,0 30,0 innealed &.mag
AL (g:;b % fo § 250 650 65,950 94,200 26, 1650°°P,
+25%) tempered as 51 75 0.3 o &g, 1 3 1y 0 59.9 Cast:
(m.;ﬁg above, then ' ? . B el L ’ i m::cq mﬂandhmk“ e
1650°P=3 hrs WQ
12500F=3 hra AC
C-lio
A2 (Ce0.258) 1725°P-3 trs FC 49,900 79,500  27.5  53.0 - - See A=L
{MowD, 5%
A1D G:::;) 17809, 4000 106
c F=3 hre AC 80 25 20,3 6 8. 220 #0,800 111,000 20, \2
sw- 12500P-3 hrs 4G ¥ 5h 'r 98,0 ] ’] 5 L8, 17@’?::2 Steal Castings
A1z (Cra7%) 1780PF-3 hrs AC 62,400 110,000 18, L. - - .
EM‘?? )y 155000 hye A s 5 N 77,350 106,500 18,0 4542 17000p. ﬁ Steel c::iws
MG (Orf) 17250 et
1725973 hre AC Indic= 101,250  15.8 8.3 8.0 220 »
(oo 24y 1950073 tre A0 ated . 3 Bg= 9 80,000 100,000 26,0 50,0 1650°F 33 Steel Castings
Cr  17259F-3 hre AC 1800°P=AC tings
A0 (Crwi®) 1250°P-3 hre AC 63,750 101,500 20,8  Shoh Hpe 98,0 220 75,000 103,500 19,0 WisO ~ LLOOPF-FC S Randbook
Cr Norualigzed and
ATC  (Crali®) :m:"d fis S0 Ty #S Sl Ry 88,0 174 Not Available for Similar Composition
16500F=3 hra WQ ’
12500P=3 hrs AC
AC = Alr cooled
AC = Air cooled FO = Furnace coolsd
FC =« Fumace cooled WY - Water quench
W = Mater Quensh
TABLE 7A

PHYSICAL PROPERTIES OF THERMIT ALLOY STEELS TOGETHER WITH THE PHYSICAL PROPERTIRS
REPORTED FOR SIMILAR ALLOY STEELS PRODUCED BY FURNACE MELTING PROCESSES



Tensile Test Properties of Elmilar Alloy Stesl
Fumag

n ' Tensile rdnese Te Made b aagen
. . g e N&e Reduct
Heat Nominal Heat Sty, Tens.Str, in 2 in, of Ares Ao BHN Stres Tens,Stwe in 2 in, of Area Heat
No, Composition  Treatment pel = _psi  Percent Percent ~ Meas,  Equly, Percent, Percent ~ [reatment
17809F=3 ::-. A 66 95,500 18,2 6,0 212
A3 c,.l -3 hre m 750 2.8 02 Rpa 96, 73,000 117,000 18,0 35,0  1800PF-AGH
(OrelOR) 1750073 hrs 40 2 i . & 12000P-4C
18% Cr-
A21 8% NL As Cast 37,150 76,250 30,8 33.5 BRps .0 143 Not Available
Corrosion
Resisting
18% Cr-
AL 8% NL 20000F-2.5 hra 34,900 82,150 57,2 50,2 FRg= 88,0 174 28,000 170,000 35,0 40,0 1950°P-WQ
. Corrosion " /
Rebisting
Hadfidld'e .
A MnelOA 19250F=3 hre W 53,500 96,750  23.8 26,1 Rgm 19,0 220 )5 900 118,000 44l 39,0 19000F-u0
59F=3 hra AC 16500P~AC
AS (Cu..l 9:‘}930»*-3 hrs AG 78,700 106,000  19.2 3.5 - - 79,500 106,500 21,0 4Boli  930°F=AC
Cu
A6 (Cuml,5%) 17250P=3 hrs AC 88,350 120,900  17.5 32.9 = 2.0 28 0 27, W5 175(PF-
P AT A ’ Ry 70,500 90,500 7.7 4905 T500P-AC
(511%)
9 (cu_z.m 17zs°r-3 nrs AC 66,250 95,400 20,4 35.4 - - 79,500 106,500 24,0 UBul  165007-AC
00F=3 hre 8C 9309P=AC
AC = Adr cooled
FC = Fumnace cooled
W = Aster quench
TABLE 7B

PHYSICAL PROPERTIES OF THERMIT ALLOY STEELS TOGETHER WITH THE PHYSICAL PROPERTIES
REPORTED POR SIMILAR ALLOY STEELS PRODUCED BY FURNACE MELTING PROCESSES

Sourea of
Comparison
.Data Remarks
Steel Castings *Contalns
13,874 Cr

Navy Dept. Spec.
46527 of aept, 1,
1945

Cast Ketala
Handboolc

Steel Cestings
Handbock

steel Castinge
Handbook

Steel Castings



Stress Values

Table 8

for Thermit Alloy Steel Specimens Used for Stressed

Graphitization Tosts

Comp= fNum=' Initial Unstr,.'

ositiontber ' Length-Inches,!'
1

Initiel Str.'Equivalent! Time at 'Final Str.'Final Unstf.*'ﬁquivo.' )
Length=-Ins.

1Stress=psi'Temp~hrs, 'Length~In, 'Length=Ing. 'Final Str."
] ) ¥ ] ] L s v

CrMo  '18-1' _ 4,2553 " 4,2596 1 32,600 ' 150 ' 4,2530 ' 4,2500 ' 21,300 ¢
CrMo '18-2' _ 4,2505 " 4,2548 " 32,500 ' 300 ' 4.,0850 ' 4,2820 1V 21,3
GriMo T18-3'  4,2555 T 4.2508 T 25,500 T 450 7 4,0500 ' _4.,2565 ' 10,000 ¢
—Crio TIB-47  4.2600 T 1.0843 T EE B00 T B00 TV A.B530 7 4.5508 7 15,000 ¥
[] [ 13 [] ] [ 1] 1 ?
T Mo T10-1' _ 2.2580 T Z.2615 e o001 180 ¥ Z.2505 1 4.8470_ ¥ 24,800 F
T Vo V10-2F  4.2485 ¥—4.3520 TEEO00 T 200V A.EEIE T 4.pau Y 17,000 ¥
¢ Vo R, 14 74,5515 1 25,000 ' 450 1 4.2 : y
C WMo TI19-47  4,2600 T—4.0635 ¥V 25,000 T . 74,0630 ' 10,500
] [] ¥ t 2 il ! 1 [] 1 [}
G fio T20-1'___4,2630 T 4,0665 735,000 7180 ' 4.8570 ' 4.2540 ' 24,000 Y
“C Mo '20-2' 4.2535 T4 .2570 v 25,000 7 2564 | 4,25
T WMo 120-37T  4.2520 T—4,5555 T EEIO00 T 450 T 4.2661 T 4.5643 T 13,000 7T
C Wo T20-4' 4.0485 T—1,3520 TS5.000 T 800 1 4.2630 14,2615 T 10,500 ¥

The first two figur
8.8+, Specimen No.
from heat A-20,

es of the specimen number indicate the heat from which the specimens were madew
18-1 is from Al8, specimen No. 19-4 is from heat Al9; specimen No. 20-2 ls
See table 6 for the chemical compositions of these heats,

In each case, the ends of the specimens were cleansed of scale after heat treatment and before

meawuring the length of the specimens.
in length of some of the above specimens.

The removal of oxldized metal accounts for the decrease



THERMIT MOUNTING FIXTURE
REAR VIEW. SHOWING THE HINGED CONSTRUCTION

PLATE |



THERMIT MOUNTING FIXTURE

FRONT VIEW, SHOWING THE TOP MEMBER FOLDED DOWN AND
THE SIDE MEMBERS READY TO BE FOLDED INTO POSITION
FOR PACKING THE FIXTURE FOR TRAWNSPORTATION.

PLATE



THERMIT MOUNTING FIXTURE
FOLDED UP AND READY FOR TRANSPORTATION

PLATE 3




TAPPING A HEAT IN WHICH THE THERMIT MOUNTING F IXTURE
HAS BEEN USED TO SUPPORT THE REACTION CRUCIBLE AND
THE STEEL LADLE. THE SAND-LINED PAN UNDERNEATH THE
LADLE IS USED AS A CATCH-BASIN FOR THE SLAG AFTER
THE LADLE OF STEEL HAS BEEN WITHDRAWN FROM THE -
FIXTURE.

PLATE 4
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100 X ETCHED

HEAT Al, CARBON-MOLYBDENUM STEEL

HEAT TREATMENT: 1725°F - 3 HOURS, A.C.
1250°F - 3 HOURS, A.C.

PLATE
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500 X UNETCHED

500 X ETCHED

-~

HEAT Al, CARBON-MOLYBDENUM STEEL

HEAT TREATMENT: 17259F - 3 HOURS, A.C.
1250°F - 3 HOURS, A.C.

PLATE 7



100 X UNETCHED

100 X: ETCHED

HEAT A18, CARBON-MOLYBDENUM STEEL

HEAT TREATMENT: 17259 - 3 HOURS, A.C.
1250%F - 3 HOURS, A.C.

PLATE 8




500 X ETCHED

HEAT A18, CARBON-MOLYBDENUM STEEL

 HEAT TREATMENT: 1725°F - 3 HOURS, A.C.
1250%F - 3 HOURS, A.C.

PLATE



100 X UNETCHED

100 X ETCHED

HEAT AI0, CHROMIUM MOLYBDENUM STEEL

HEAT TREATMENT: 1780°F - 3 HOURS, A.C.
12509F - 3 HOURS, A.C.

PLATE

10



500 X ETCHED

HEAT A0 CHROMIUM=-MOLYBDENUM STEEL

HEAT TREATMENT: 1780°F - 3 HOURS, A.C.
1250°F - 3 HOURS. A.C.

PLATE Il




100 X ETCHED

HEAT A17, CHROMIUM-MOLYBDENUM STEEL

HEAT TREATMENT: 1780°F - 3 HOURS, A.C.
1250°F - 3 HOURS, A.C.

PLATE 12



500 X UNETCHED

500 X ETCHED

HEAT Al7, CHROMIUM-MOLYBDENUM STEEL

HEAT TREATMENT: 1780°F - 3 HOURS, A.C.
1250°F - 3 HOURS, A.C.

PLATE



108 X UNETCHED

100 X ELECTROLYTICALLY ETCHED

HEAT A21, I8 PERCENT CHROMIUM - 8 PERCENT NICKEL
CORROSION-RESISTING STEEL
HEAT TREATMENT: AS CAST

PLATE 14




500 X ELECTROLYTICALLY ETCHED

HEAT A21, I8 PERCENT CHROMIUM - 8 PERCENT NICKEL

CORROSION-RESISTING STEEL
HEAT TREATMENT: AS CAST

PLATE 15




100 X UNETCHED

100 X ELECTROLYTICALLY ETCHED

HEAT A21, 18 PERCENT CHROMIUM - 8 PERCENT NICKEL
CORROSTON-RESISTING STEEL

HEAT TREATMENT: 2000°F - 2.5 HOURS, WQ

PLATE

16
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500 X ELECTROLYTICALLY ETCHED

HEAT A2iH, 18 PERCENT CHROMIUM - 8 PERCENT NICKEL
CORROSION-RESISTING STEEL

HEAT TREATMENT: 2000°F - 2.5 HOURS. WO

: PLATE
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100 X UNETCHED

50 X ETCHED

HEAT All, "HADFIELD'S"™ MANGANESE STEEL
HEAT TREATMENT: 1925%F - 3 HOURS, WQ

PLATE



500 X UNETCHED

500 X ETCHED

HEAT All, "HADFIELD'S™ MANGANESE STEEL
HEAT TREATMENT: 1925°F - 3 HOURS, WQ

PLATE

19



100 X ETCHED

HEAT A6, COPPER-MANGANESE~SILICON STEEL

HEAT TREATMENT: 1725%F - 3 HOURS, A.C.
930%F - 3 HOURS, A.C.

PLATE 20
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500 X UNETCHED

o

50 X ETCHED

HEAT A6, COPPER-MANGANESE-SILICON STEEL

HEAT TREATMENT: 1725°F - 3 HOURS, A.C.
1250°F - 3 HOURS, A.C.

PLATE

21




VIEW OF AUTOMATIC WELDING MACHINE AND [INSTRUMENTS
FOR MEASURING AND RECORDING THE CURRENT AND VOLTAGE.

PLATE 22




WELDING THE GRAPHITIZATION TEST SPECIMENS.
THE SAME EQUIPMENT AND WELDING CONDITIONS
WERE USED FOR THE UNSTRESSED AND STRESSED
GRAPHITIZATION TEST SPECIMENS.

PLATE
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UNSTRESSED GRAPHITIZATION SPECIMENS.

TEST COUPON USED TO PROVIDE BLANKS FOR SPECIMENS .
FOR THE! TENSILE, FATIGUE, NOTCHED-BAR IMPACT AND
GRAPHITIZATION TESTS. ’ '

PLATE 24




¥ ?#' .
1“‘- .
500 X UNETCHED
<
£ 7 ' ;
% = -
t-? ’
¢
- L L]

50 X UNETCHED

UNSTRESSED GRAPHITIZATION TESTS

SPECIMEN FROM HEAT A2, CARBON-MOLYBDENUM STEEL
AGED AT 1000°F FOR 1600 HOURS

PLATE 25




500 X UNETCHED

UNSTRESSED GRAPHITIZATION TESTS

SPECIMEN FROM HEAT A7M, CHROMIUM-MOLYBDENUM STEEL
AGED AT 1000°F FOR 1600 HOURS

PLATE 26




500 X UNETCHED

UNSTRESSED GRAPHITIZATION TESTS

SPECIMEN FROM HEAT AlY, CHROMIUM-MOLYBDENUM STEEL
AGED AT 1000°F FOR 1600 HOURS

PLATE
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VIEW OF STRESSED GRAPHITIZATION SPECIMENS IN
FIXTURE, WITH AN EXTRA SPECIMEN AND THE!
MICROMETER CALIPHERS USED FOR THE! EXTENSION

MEASUREMENTS.

TYPICAL CASTINGS USED TO PROVIDE: MATERIAL FOR
STRESSED GRAPHITIZATION TEST FIXTURES.

PLATE 28




SURFACE TO BE
MICROPOLISHED

LOCATION OF METALLOGRAPHIC
SAMPLE FOR STRESSED
GRAPHITIZATION TEST

PLATE 29




50 X UNETCHED

-

500 X UNETCHED

STRESSED GRAPHITIZATION TESTS

SPECIMEN FROM HEAT Al8, CARBON-MOLYBDENUM STEEL
AGED AT 1000°F FOR 600 HOURS

PLATE

30



50 X UNETCHED

BASE METAL
WELD MET/

500 X UNETCHED

STRESSED GRAPHITIZATION TESTS

SPECIMEN FROM HEAT Al9, CARBON-MOLYBDENUM STEEL
AGED AT 1000°F FOR 600 HOURS

PLATE 3l
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BASE METAL

50 X UNETCHED

500 X UNETCHED

STRESSED GRAPHITIZATION TESTS

SPECIMEN FROM HEAT A206 CHROMIUM-MOLYBDENUM STEEL
AGED AT 1000°F FOR 600 HOURS

PLATE 32
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