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ABSTRACT 

'l'he following improvements have been made in the 

thermit steel casting proce:,s: 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 siJnpl.if'ies the operation of the 

process and .make~ it J110re widely applicable. It has 

also been demonstrated that the thermit class B steels 

have tensile strength, ductility, fatigue and impact 

strength, and weldabilit;r equal to furnace-mel.ted steels. 

It has been .found that steels of alloy compositims 

ranging from carbon-molybdmum steel to 18 percent 

chromium- 8 percent nickel steel can be readi.ly 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 st.ability when employoo under conditions of elevated 

tenperature and stress. It is indicated that these steels 

will. IIIElke satisfactory materials for emergency repair 

servic.). 
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AUTHORIZATION 

l. This work wae ·authorized by Bureau of Ships letters 
QP/Castings (6~334) of 22 February 1944 and 12 March 1945. 

STATEMENT CF PROBL1i24 

2. The objects of this work were (1) to improve the 
thermit steel casting p~.ctice as described. in NRL Report 
M-2336 of 28 July 1944 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 thennit process. If the tact were es­
tablished that tho thermit process could be used to produce 
such alloy stecl.s, work was then to be carried out to detennine 
the most satisfactory procedures for making these alloy steels 
under field conditions. 

KNOWN f,.,CTS BEARING 00 THE PRCl3LEM. 

3. The welding applications of the therm:it process have been 
well established by approximately forty years of use in this 
country and Europe. (l; In an article in tho British Journal 
11.&lginoering11 of 22 July, 1938, a process is described which 
was developed by Thermoloy-s Ltd., for making stainless stool 
for castings and ingots by- the thermit reaction. (2) The manu­
facture of a small heat of 18 percent chromtum - 8 percent nickel 
stainless steel. is described with references to "secret powders" 
and 11special reagents"• 

4. Previous work on this project, initiated :in March 1944 nnd 
described in NRL Report M--2336 of 28 July 1944, provided a back­
ground for the present work. (3) Instruction Book No. A856A cover­
ing "Recommended Procedures for llaking Stoe1 Castings by the 
Thermit Pr9Cess Under Field Cond.itions11 was issued by the Naval 
Research Laboratory in .April 1945 and describ9s the thormi.t steel 
casting techniques as developed at that time. ~4) 

THF.ORJfil'ICAL CONSIDERATIONS 

5. The therm.it reaction proceEds according to well lmown 
principles. A discussion of the theorqtical considcraticns 
underlying tho application of the process is presented in NRL 
Re_port; M-2336. One of the most obvious characteristics of the 
thcrmi.t Btocl-mrud.ng process is the tremendous amount 0£ super­
heat acquired by tho steel. in the course of its production. 

-l-



Although the temperatures dc.weloped var:, io a certain extent 
with the size of the hMt, the tapping temperatures for 100 
pound melts of steels produced from tho cJ.st:ing grade of 
thermit are ;i.n the nei,3hborhood of J800oF, thoso from the 
welding thormi.t about 4200°F, and those from tho plain thermit 
mixture are in the neighborhood of 45<XPF. Since these large 
amounts of superheat above. tho usual pouring temperatures for 
cast steel (.:i.pproximQ.tely 2900oF) are obta:ined, it w:is believed 
that the therm.it stool could bo alloyed to a considerable 
extent without clangor of chilling the m.eto.1 below a satisfactory 
pourizlg temporaturc. This high superhoot presented @ addition­
al problem. in tho matter of molding sruid. It wcs found by the 
previous tests toot tho synthetic molding smid mixture developed 
at this Laboratory produced castings with good surfaces at 
pouring tamperaturoe;~·high as J.50()0F for castings of medium 
section thickness. 

NARRATIVE OF ORIGINi,L \ll>IUC DOO AT THIS LABOfiATORY 
jQ I 

6. Further studies were mo.de on tho techniques of thcrmit 
casting and on tho properties of the thcrmit class B stool, as 
described below: 

(a). Tests wore carried out to dctei,nino tho reaction 
chA:bactcristics and foundry handling qualities of grades of 
casting thcrmit developed by tho commercial suppliers. Theso 
casting thcrmit mixtures have been found to ho n satisfactory 
Ilbtorfa.l for gcnoral service in producing class B stool. Included 
in tho studios on those materials wore observations of reaction 
characteristics, nnd the slag condition as well as mcnsurcment s 
of the fluidity n.nd physical properties and the detoI1itl.nation of 
the chemicn.l. compositions of the steels produced. 

(b) • To fncilitato t-ho mnking of thcrmit steel heats 
abonrd ship and o.t ndvanccd b::.sos, a .fixture wcs dc~igncd to 
support the thor.mit reaction crucible and the stool lndlc as 
well as to provide a roceptacl.o for the largo vol.Wl\O of sl.<1g 
produced in the rcnction. 

( c). Jui improved rvfrnctory lining nntcrial. for tho 
thermit reaction crucible w.:.s doveloped. This mtcricll hn;3 
f ower undesirable charoctoristics than the .lllll.gnosia-tar 
refractory origino.lzy employed for this purpose. 



{d). Notched bar impact tests wore rorriod 
out at various tcmporatures on sev:eral samples of class 
B steel produced from casting ther,µt nuxturcs. 

(e}. Fatigue tasts were carried out on the 
cl.nss B therm.it steels to ascertain if the high residual. 
aluminum content would be detrimental to tho endurance 
limit· of the mtorinl. 

(f). Weldabilit1 tests of the thcrmit class B 
steel were made in cooperation with the '/iclding Section and 
a recommended welding procedure .for this stool vms developed. 

7. studies were nndo on methods of producing nll.oy 
steels end on tho properties of these alloy stools, as 
described below: 

(a). Production of alloy steels;- methods of ndding 
the alloying motals to the ba~e steel were developed and the 
alloy recoveries .from such additions were studied.' 

(b). The foundry characteristics of these steels 
were studied and observations of their fluidity 3.0d handling 
qualities were ID.:l.de. 

(d). The mcchaniclll. properties of the therm.it .i.1.l.oy 
steels were studied by tensile testing of the steels in 
various conditions of heat treatment. 

(d). Micrographic exruninations of the therm.it alloy 
steols ~re carried out to determine if the materials had 
nor.l!ID.l microstructures for their composition. 

(e) •. Studies were mde to determine the susceptibility 
of some of the thermi.t alloy steels to grophitization when 
maintained at conditions of elevated temperature and stress for 
prolonged periods of time. 

PREPARATION OF MnTERII.LS 

8. The therm.it mixtures for these tests were obtained from 
commel"Cial suppliers. The suppliers maintained control aver 
tho particle sizes of the constituent ma.tcricl.s. The thcrmit 
mixtures o.vailuble to provide the base steels for these tests 
were as follows: 
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Pll¢1 Thermit - essentially aluminum ruid JnQ.gnertic 
axide of iron. 

Welding '?hermit - Plain Thermit plus 15 percent of 
lllil.d steel punchings, and one percent of ferro­
.manganese. 

Casting Thermit - Plain Thorllli t plus 30 percent of 
mild steel punch.mgs,and one percent o! ferro­
manganese. 

The approximate average com.positions of the steels produced by 
tho above therndt m:ixt.ures are shown in Table l. 

9. Thcmit llixturcs - Three types of base thermit mixture 
are availabie.,' as described in paragraph 8. These are 
col!lllercial compositions and nrc available frOJI1 two industrial 
suppliers, Metal and Thenait Corporation of New York, N. Y., and 
Unexcelled Manufacturing Company of Cnmbridge, Mass. The alloy­
ing materials were standarrt foundry alloys and required no 
preparation, except, crushing to a convenient size in BOlne cases. 
It was found that vmon the ~l,1',ying metals were in the .form or 
lumps of approximately 1/ 4 ~ch to 1/2 inch diameter that the 
recoveries of the alloys wtre at a maximum. The alJ.Qying 
materials used were: · 

Ferrosilicon 
Ferro.mo~enum. 
Ferrochromium, low carbon 
Ferromanganese, high carbon 
Electro:cytic nickel 
Electrolytic copper 
Ferrotitanium. 

DESCRIPTION OF EXPERD§fTS 

General thermit ca!WAB m:actice 

(Si • ,<}%) 
(Yo • 6.2%) 
(Cr• 7li) 
(Mn.~) 
(Ni a 99-+%) 
( Cu • 99"1,) 
(Ti•~) 

10. ca:st thermit mixture - Although 
the preliminary testsi oh were described in NRL Report No. 
M-2336, demnstrated that the welding grado of thermit could 
be used to produce goCld quali.W steel for castings., it was 
believed that a thermit mixture having a slower, loss violent 
reaction and a greater J>ElrQentage yield of steel would be more 
desirable. The Metal and Thermit Corporation carried out experi-. 
ments at their laborat017 and devel.opeq. A- thormit mixture d~sig-



nated as 1'Thermicast N-l". This material was tested and 
found 'tO be ntoo cold.11- i.e.,- the temperature developed 
wns so low that the alumina slag was quite viscous nnd 
did not drain from the reaction crucible to leave the 
cruciblo in satisfactory condition for the n~-t heat. 
Further work by- the Metal and Thermit Corporotion resulted 
in the developnent of 11Thermicnst N-2", a thcrmit mixture 
designed to produce steel for castings. This mixture 
composition closely approximates a plain thormit mixture 
to which 3~ of mild steel pmchings have been added. Also, 
the particles of aluminum and iron oxide arc sommrhnt 
coarser resulting in a slower and less violont_ reaction than 
that which is usual.ly associnted with tho plain thermi.t mix­
ture. A similar casting thermit :dxture, designnted "Exocastn, 
was obtained f'rom the Une>ccellcd Yanufacturing Company. 

ll. The com.positions, fluidity and mechanical properties 
obtained in the production o:t several 'typical heats of steel 
mde from 11Thermicast· ff-2t1, nre shown in Tnblos 2 and•3. 
The properties of steel made from this composition were f'oulld 
to be well a.hove the specification-requirements for class B 
steel.. 

12. Developnent of f:ixturp for maki.ng thormit steel heats. 
This ap~tus was developed at NR1 to facilitate tho making 
of thermit steel heats aboard repair ships and o.t advanced 
bases. The fixture provides 11 support. for tho thermi.t reaction 
crucible, the steel ladle and also a catch basin for the slag 
produced in tho thermit reaction. Important considerations in 
the developi;ient of such a fixture were thnt it should occupy 
a .minimum of space, have a minimum weight, and require tho 
least possible height consistent with safe operation. The 
space and height limitations wero imposed on tho apparatus so 
it could be .fittod into the confined spa.cos ruld low overhead 
aboard ship. 

13. In its final form., the therm:lt mounting fixture was 
designed to be collapsible for ready stowage and transportation• 
and al.so to contain no loose parts which could be loat in 
handling. Tho final design of tho apparatus is shown in Plntes 
Nos. l - 4. This model weighs JOO pounds and occupies a space 
of approximntely 36 inches x 46 inches x 6 inches when folded. 
When set up, the fixture requires a space of 36 inchos x 36 
inches .x llJ inches (including the sp:ice required by the 8-N 
ther.mit reaction crucible). When used with tho 8-N reaction 
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crucible and an extension ring this apparatus can be used 
to produce thermit hoots of 400 potlllds of steel.. Without 
the ext:,P,nsion rjng, the 8- N reaction crucible ms a normnl. 
capacity of approximately 250 pounds. 

14.. wovomcnt of ref'ro·ctory lining material. ~though 
the magnesia- tar rei'roctory supplied by the Metal and Thermit 
Corporation was satisfactory for the early work on the develop­
ment of the thcrmit process, it became ap~rcnt that this 
mnterial rod ccrta:in disadvantageous characteristics, parti­
cularly its frinbility, its carborulceous- materiru. content 
which would promote carbon pickup by the steel, ll.lld the incon­
venience of its application in the lining and baking of 
rooction crucibles. Tosts were cnrried out·using various 
refractory mixtures o.nd a composition whioh is essentinlly 
magnesium oxide, bonded with sodium silicate, was found to 
produce the most satisfactory rosults. Tho composition of 
this mixture is as follows: 

Pericluse 40% 
6($ Monocluso (finely ground pcriclaso) 

water gluss (commercial sodium 
) Sufficient to silicate solution) 

Water ) Bind 

This material, which is similar to the composition used !or 
lining steel lAdlcs o.t,the NRL foundry-, hns sevcrtl f~turcs 
which make it moro prncticable than tho ma.gnesi~-tclr composition. 
In• addition to obviating the features of carbon "pick-up11 and 
fruibility of the mgncsia-tar mixture, it requires no pre-heat­
ing before ramming ruxl can be baked at 400°F rather thnn 8QOOF 
as ~quired by tho ~nesia-tar mixture. Moreover, the objection­
able tar fumes arc cl:iJJlinated and there is little d:mger of 
bumin.:; such a lining while baking it out n.s is cncounterod in 
tho tar-bea.;ring materiru.. The new lining ni.,.terinl hns tho 
furth~r advnntnge tru:i.t·its components are rather gen~y 
ava.ilnble in fcundries, while the OD.gnesia-tar tti.xturc is a 
proprietary- material IIlrultlf'actured oxclusiveJ.y by the Metal 
and Thermit Corporation. 

15.. Tho observations of about 40 honts ~ve indic~ted 
that the increased mochn.nical durability of th9 pcricl.ase­
monoclnse rcfrc.ctor,r supplies longer service illc comparecl 
to the Jll,'.lgnosia-tri.r m:ixtl.U'e. 
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16. Notched Bar Impaet Tests. Notched. oor impact 
tests we:re ·carried o.ut with specimens f~ ·fivc hootit 
.o~ Olnes B steel linde from the casting gi-Adc of thQrmit. 
Additions of fcrrosilicon were made to the ladle in two 
of the eastipg the.rm:l.t heats., to increase the tensile and 
yield strength o:f the :steel. The increased· silicon content 
r~sulted_ in a lowored impact strength but did produce a· 
marked increase in the yieid and tensile strengths of the 
metal. The impact tests ·were conducted at room· tc,m.pcratu;re 
( 76~) and at -400R.abd indicated that the impact strength 
of the thernrit steel is approximately equal to that UBtially 
found in. Cl.ass B steal. (No ·.Navy specificntion is available 
regnr.ding the ~ct strength ·properties · of this material). 
Tho results of the impact tests of the CJ.ass B steel arc 
presented in_ T~blo 4. 

17. Fatigue Tests. These tests were conducted to determine 
if tho high residual aluminum content of tho Cln.ss B·t hermit 
steel. made from. the rosting thermit .mixture would. have a dctri:­
mantal influence upon the: endurance limit of the material. 
These tests. were carried out using the R. R. Mo.ore rotating-­
beam. fatigue mo.chine., with the standard 0.300 inch gage diameter 
specimens. ·The tests -were conducted on spocimens in the "as­
~ast:" and in the nnneoled. condition and tho results obtained 
show that tho therm.it steel· pos-sesses normal fati gue strength 
iti both conditions. Tho endurance ratio ( endurance ratio is 
tho ratio of the enduro.nc-e limit to the ultinnte tansile· strength) 
in t,he 11as-cast 11 condition was found to be 0.42·-and in th~ 
.annealed condition was found to be 0.45, based upon tensile · 
strengt-hs of 68.,100 psi and 68.,750 psi in those respective 
conditions. The results of these tes,ts arc depicted in Plate 
No. 5. The ondu.ronco limit for the as-cast r,t,eel was 28,500 
psi and for the annealed stcol was 31,000 psi. 

18. . Welding of Thcz:!!!.t st·eel.· Since it was a.nti cipated 
toot thermit stoel castings _might bo used in welded o.ssomblies 
and might also require repair-welding, it wo.s considered advisable 
to _study . the wel.dability charadteristics of tho Class B steel., · 
These tests wore carried out with the cooper.:i.tion of the Welding 
-Section at NRL and·wero based upon the ·standard nick-bend test 
de.valop~ by- t.hnt group. To provi-de plate specimens for conduct­
ing these· to sis, castings were ma.de in tho f ozm of pl.ates 12 
inches. b,y 6 inches by one inch. 'lbesc plates wor_e poured with 
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steel made from the co.sting thermit mixtura, using the 
standard practice davelopod for this ther.mit .mixture. The 
results of the wcldability tests arc listed in To.blo No. 5, 
and demonstrotc that the thermit steel possessot1 sntisfactc,ry 
weldability cmrecteristics. These dutD. represent the rosu1ts 
o! tests on J/4 inch thick plates, machined from tho plates 
cast to ono-inch thickness. As a nick-bond n.nglo of greater 
than 35° .for 3/ti. inch pl.ates is indicative of so.tisfactoey­
'Weldability-, tho thermit steel is considered to show good 
wel.dnbility characteristics. A reconmendod welding practice 
was developed by tho Welding Section. This practice is de­
scribed in po.r.::.graph 19 of InstX"Uction Book A856A.. 

Production and P.:omrt.ies of Alloy Steels. 

19. The production of alloy steels for cnstings by appli-
cntion of tho thormit process is·a rather str--.J.ghtforward 
procedu.::~ :ind consi-.ts essentially in adding tho appropriate 
alloy-s to plain cm-bon steel made from one of the three base 
thermit mixtures described in Parograph 8. Tho compositions 
of tho steels produced by these thormit mixtures are presented 
in Table 1. Tho selection of the base thormit compositiun 
would be rosed upon two considorations; first, which thormit 
.mixture was o.vllilriblo at the activity and second, the amount 
cJI alloying ~torial to be added to the b~sc therm.it steel. 
Frail the first consideration, _ it is apparent thnt the develop­
ment of procedures should be rosed upon the use of the casting 
t hcrmit composition wherever fca..;iblc since thia is the strudarcl 
material rcc0tllll0Ildcd for supply at installations whoro thcrmit 
casting operations aro carried out. Since tho diffo~t ther.cd.t 
mixtures vary cons:ldorobly as to the temperature developed in 
thoir reaction nnd, honcc in the aLJOunt of S1~.,)orhont of tho 
stools produced, the higher alloy steels would ncccss.:i.rily be 
produced from the pkin thermit or the wcl<ling thcl'tlit ttlxtures. 
The lower nl.loy stools could be made from the casting ther.cd.t. 
Ono of the objectives of this investigation was to ost~blish 
tho limits of alloy a.dc!ition which could be mD.dc to each grade 
of thormit mixture. 

20. A third import.int consideration wo.s tho question o! 
whether the alloy additions should be made to tho ladle or 
the roaction crucible. The factors governing this selection 
arc t hose· of Sl.l.foty, efficiency of recoveey-, the mixing of 
the alloy into the base metal and the effect upon the ter.:iporo­
ture and fluidity of the steel • 
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21. Carbon-MoJybdcm.im Steel. Five hoo.ts of carbqn-
mo'.cybdenum ·steel were made. This co.lilpOsition consist.1r 
essenthll3" of plc.:in carbon steel {ND.vy Claso B) to which 
has been added 0.5% of molqbdenum to improve its elevated 
tcmpe~turc properties. The en.sting thcrmit provitlcs a 
satisfactory beso for the product,1.on of this steel since 
tne a.Uoy addition is s.nnll. The alloy additions to these 
heats were Jllc.de by tho following methods: (a) The molybdenum 
ns .l.dded as ferromolybdenum (62.8% Mo) to the l~dlo. .Aft.Gr 
the com.pl.etion of. -the thermit reaction, tho molten steel in 
the reaction crucible was tapped on the ferromolybdcnum. 
(b) The molybdcmu:i, ns ferromolybd.onum, was added to the 
renction crucible with the charge of casting thermit . 

22. Both o:f these procedures were found to be satisf.ictory 
for the production of cn.rbon-m.olybdenum steel. For these 
steels, the molybdenum recoverios runged from 88 percent to 
91 percent and averaged a.bout 90 percent. The chcmic.:i.l 
compositions obtained in these heats are listed in Table 6A.. 

23. The casting qualities of the carban-r:i.olybdcnum. stool, 
as determined by the fluidity test (using the stanclo.rd NRL 
fluidity spiral) ...re similar to those obtained with the plain 
co.rbc;,n steel and o.ro quite Slltisfacto:ry. Tho fluidity data 
are also listed in Table 6A. 

24. Tensile tests were conducted to c!ctermine tho 
moch.'.!nical properties of the carbon-molybdenum st.col. The 
results of those tests (Table 7A) demonstro.tc that t he stool 
eonsiderably surp:issos the requirements of Nc.vy Department 
Spocifiroticn 46833 of l.Soptembcr 1939. J~verage ton1tllc test 
properties for the thcrmit carbon-a>lybdcnw steel, in the 
normD.li.zed and tempered c~ndition are ns follows: 

. 
Yield strength 

' Ult~to Tensil c Strength 
Elongation in 2 inches 
Reduction of nrca 

50;000 psi 
77,000 psi 

28% 
53% 

The microstructure of this steel which is c!cpictcd in Plates 
Nos. 6 - 9., docs not show any abnormal chnr::i.ctcrist.ics. 

25 .. Chrosium-Molybdenum Steel. Six heats of chroniUlll-
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· molybdenum steel were nndc in tb,ese tests. The casting 
,theroit was used to-provide the base steel for "these hen.ts. 
The steels cont.lined. appro.xi.r.nte],y 0.5 percent of moly'bdenum 
nn.d chro!:lium in amounts ranging from o. 98 percent to 7 .28 
percent. Low-carbon ferrochromium ( 71.33 percent Cr) was 
usocl o.~; the sou.rec of the chromium and ferrcmolybdenuo as 
the source of tho mol3bdooum. It was found that tho chromium 
recovery tontled. to be rother poor whon the ferrochromium was 
nddod to the reaction crucible and that the chromiWll should be 
nc!dod to tho lac!lo, whenever practicable. The chrooium re­
coveries ranged from 58 percent to 98 percent. The chemical 
compositions ot;rr.ainod .!ncl the fluidity v.1luos found in these 
chromi.um-iaol;rbdEl'lum ateels arc listed in Tables 6A and 6B. On 
the basis of the experionce gained in the mking of n faw -heats 
of this stool, tho probubl.e alloy recovery could be estimated 
and cODpositions reasonably closo to those desired could be 
produced. ·The hnndling cho.rocteristics of these steels are 
compo.rabl.e to those us~ found in furmco-.mol.tod stools 
n.n:! the desired fluidity can be obtained by pouring at tho 
proper tampcraturc. The steel possesses suf::icicnt b'tlpi!rheat 
for most foundry roquira:nonts. If high flU1.c.lity vnluos are 
required., it is neces5.1ry to pour the heat without delay. 

26. Tho c.ochanicru. properties of the chromi.UL1-mo]gbdenum 
stool, as m.e..'\sured by the ten~ilo test were found to be approxi­
mately the srune as those obtained in .furnace-melted steels. 
Cooparisan dnta for the fumn.ee-mcltcd chromium-molybdenum 
steels were obt.rined tror.i. tho nat,eel Co.stings Hc.ndbook".. The 
tensile test clato. .from those tests are stU11DC.rized in Table 7A, 
together with the tensile test properties listed in the 11steol 
Co.st ings &ndbook11 .for comparable furno.cc-meltcd steels. 
The photomicrogrophs o£ these st.eels (Plates Nos. 10 - 13) 
indicate norraal. microstructures for the compositions. 

27. Cbf:?miutt Stool. Two heats of steel containing only 
chromium, nth alloy contents of J.80 percent 3lld 9.39 percent, 
were m:.c!e .:.s pc.rt, of this tost. The heat with the · lo\,ier chromiUlll 
content was nndo by additicn of the alloy ns low cn.rbon-ferro­
i:hromum to the ladle. Ip. one heat j.n which it was desired to 
produce a steel cantcining ten percent chroniUI:1, adtliticns of 
ferrochro.ctiwa were mde to the reaction crucible .:::?.S woll as to 
the ]Ad.le to derive the J:lnXimum benefit froct the superheat of 
the thermit steel, The casting grade of thormit ,~s used as the 
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base for all the chromium steels. In Table 6S is given a 
summary of the chenical compositions, fluid.11.y values and 
alloy-recoveries obtained~ 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 obtained fra:n 
similar steels produced by conventional melting practices. 
The values .for this canparison were obtained from the 1"8teel 
Castings Handbook"• 

29. ghfopdUlll-Nickel (l.B-8) ~'tqel. From the information 
gained in the production of heat Al3 (10 percent chromium 
steel) it was indicated that the approxix,Jate limit for alloy 
additions to the c.:sting thermit is 20 percent of the weight 
of the steel produced. Therefore, in making a much higher 
alloy steel., such as the 1.8 percent chromium. - 8 percent 
nickel corrosion-resisting steel, it was obvious that a thermit 
mixture pro::lucing lllllCh more highly superheatod steel would be 
needed. Plain thermit (al.umiJ'lum and iron-oxide) was selected 
as t he logical mterial for making the b~se steel of this heat. 

JO. 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 bet~en tho 
reaction crucible and the ladle. Ferromang.::.nese, ferrosilicon 
and forrotitanium were also charged to the lndlc. The reaction 
proceeded sommmat slower than those normru.ly encountered :in 
thermit-stecl. .mrudng and the metal tapped was colder than usual 
for thermit steel but no difficulty wa~ encountered in making 
and pouring the heat. • 

31. The chemical composition of this corrosion-resisting 
steel is shown in Table 68, and conforms quite closcly to the 
requirements of Navy Dep:trtmcnt Specification Jl:,S276 of 1 
September 1945, covering corrosion-resisting steel ca.stings. 
The tensile test properties which a.re shown in Table 7B,arc 
considerably abovo those required by that spccificntion. '.[be 
.microstructurc of this steel is shown in P:4-.tcs Nos. 14 - 17, 
and does not seem to be identical with that foimd in steel of 
~imi Jar composition as produced in the ulcctric furnace. There 
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are indications of wha.t may be the delta con;:.titucnt in 
the austenitic mtrix. The tentative identification of 
t he constituent is supported by the fact thnt tho steel 
is slightly magnetic . 

32. Mi.scollancous COI!lJ??Sitions. Several heats of alloy 
steels of various compositions were made in order to obtain 
information concerning ns many types of steel as possible. 

33. One heat of high-mangnnese ( Hadfield is) stool wns made 
as part of this test. To provide the high superheat necessnr,y 
for the molting and solution of the largo qu.!.Iltity of alloying 
metal, welding thertlit ~s used as the b::sc thcrmit .mixture. A 
steel containing 10 to 14 percent of .mang::inose and 1.25% of 
cnrbon was desired in this heat. High-carbon forromc.ngl'..Ilose 
was added to the kdlc and. provided the required m.?.nganosc and 
carbon. A mruiganose recovery- of 75 percent and a carbon recovery 
of 85 percent were obtained. The composition and fluidity 
obtained are shown in Tabl.e 6B. The tensile proportics foWld 
in t his heat nre very nearly the same as those found in 
furn:i.ce-melted steel o! similar composition. Tho microstructure 
of this stool is shom in Pbtcs Nos. 18 and 19 and is the 
austonitic structure normal. for tho type. The strain lines, 
indicated in the austonito groins, arc the result o:f tho cold­
work involved in cutting the specimen. 

34. Five hCQ.ts of the prec:i.pitation-h...'U'dcning copper stool 
( CU = apprax:i.mntely 1. 5 percent) were mo.do. The compositi on WQS 

considered, to bo of possible application for rc~ir service in 
vi ew of its high strength and yie],d ratio chnroctoristics compared 
t o Clti.ss B steel. Two of thusc hon.ts were o:~ o.pproximatcly one 
pound in size o.nd were made to det.crmine if the addition of 
copper to the highly superheated thermit steel vrould be D. sn.fe 
pr~ctico. S:i.ncc these prelimino.ry bents indicated no violent 
react ion between tho copper (as copper metal turnings and shot) 
and tho steel, throe full size heats were m.,dc. Since the cast­
ing grnde of thermit wns used as the oose com:positiL-n, the carbon 
cont ent of tho stool (0.26 percent) was higher than tho 0.10 -
0. 15 percent rccommonded for t his coJlll'oSition and the yield and 
tensile strengths nrc somewhat highor th'ln usucl. while the 
duct ility {o.s mc.::.surod by elongation and reduction of arcn) is 
lower· th.'.ln usual. The chemical campositiono, alloy recoveries 
and. fluidity values for these steels ~re shown in Table 6c. The 
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tensile properties and hardness values nro shov.n in 1uble 
8B and the microstructure is shown in Plates Nos. 20 nnd 21. 
The properties and structure of the steel arc normal f or the 
composition. 

J5. One hect of nickol.-chromium steel similar in composition 
to SAE 33.35 steel was mo.do as part of the program but no tests 
were nnde of the mec~al properties of the steel due to loss 
of the specimens. 

,36. Graphitization Tests. Recent metalJ.urgicol. .:md ongineer-
ing literature ms conto.inod numerous references to gro.phitization 
of certain types of cD.rbon and carbon-mozybdonum steel. when 
employed under service conditions of elev~ted temperature and 
stress. Those sorvice conditions nre encountered in high­
pressure steao lines. The graphitization htls been reported to 
tnlce place in the region or welded joint s . (Items 5 and 6 of 
the bibllograpey present a discut:1sion of this phenomenon). 
Several metnllurgists have expressed the opinion th.it the 
susceptibility of steel to graphiti-zntion under such conditions 
i s a function of the runount of metallic ali1mimim -relll.'.lining in 
the steel art.er dcaxi.dation. Metallic alumim:m contents of the 
order of 0.05 t,g 0.1~ rove been reported ns sufficient t o make 
the steel susceptiblo to grophitizntion in the regi on of ,-roldod 
joints ldlon it is employed at clt!vo.ted t emperotures D.nd pressures 
for 5,000 to 10.,000 hours. In general, thi s grophitizat ion has 
been reported to tako p~e oJ.ong nn isothermo.l pl:mc on the 
thermal grodicnt from tho weld •. Hoo.ting of the stecl. to this 
temperature in the process of wolding i s believed to make it 
,susceptible to later grophitization in service. (The tempera­
ture to which tho stoel is heatod to mko it susceptible to 
gni.phitization is n mnttor of debate). The grophitization has 
been reported to truce place in twc pattemsin which the gro.phite 
appears as dispersed pru-ticlcs or as more or less continuous 
chains. The ch..".in pattem is considered to be the norc dangerous 
form since it rouses n more continuous pLmo of vroakncss thru1gh 
t he steel. 

37. Since the thermit steel .ma,y- contcin as llll.lch n.s l . 5 per-
cent of residual meuu.lic aluminUlll., which amount is ~ ti.mes 
thnt reported to be sufficient to render c.,rbon or ce.rbofl 
mol.Ybdenum steel susceptible to grnphiti zation after welding., · 
it was considered dcsirub1c to investig.-ito tho suscepti bility 
of thes e steels te gruphitization before rccomnonding t heir use 
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in such elew.tcd temperature npplicntions o.s valves D.nd '' 
fittings foi- high pressure steam-lines. Two sets of tests 
were eoneuctod for this purpose. The fir~t group of tests 
was carried out to provide n quick check to loo.rn if there 
was any il:unediate danger in the use of these thcrmit steels 
undor the service conditicns described. These tests we're 
carried out under conditions in which no stress was applied 
to the spocimons. In the second sot of test~, stresses ns 
well as elevated tcmpero.turoS, were employed as tost conditions. 
These tests a.re described below in more deta-il. 

38. Unstrcss(d Tests. The specimens for these tests were 
obt.D.incd fron the test coupons cast tor hcata A2, A'IY ruid A.14. 
The compositiuns of these heats arc shown in T~ble 7. The 
blanks were hent-trootcd by normalizing ( l ?OOOF, three hours, 
air cool) ~d tempering (1250°F, three hours, D.ir cool) and 
were machined to form cylinders 3/4 inch in dio.mctcr by 5 
inches long. A boo.d o:f 25 percent chromium- 20 percent nickel 
wold met::i.l. WllS laid longitudinal:l,y on cnch spcckcn. Tho mture 
of the weld m.otru. is comparatively unimportant in this test 
since the eseontw function of the welding opoo-.:ition is to 
provide n zone of metal which has been heated to the temperature 
at which gra.phitiz.:ition truces place. Pl.:xtes Nos. 22 and 23 show 
tho welding of these specimens. The welding conditions were .:i.s 
follows: reversed polarity; speed of trovel s: 6 inches per 
minute; 75 runperos; 26 volts. fl.ate No. 24 shows c typical 
welded specimen. At'tor welding the tost piccos woro plnced in 
a .muffle fu~co and mclntainod. at 1000 degrees F • ( This tempera­
ture is considerably higher thnn the .maxi.mum temporeture at which 
these steels would be cocpoctod tc be usod in service but was 
selected bcc:iuse it should provide an nccclcrotcd graphitizntion 
if this ppcnoracnon were to take pl.:lce),. Spccim.en.s from oach 
heat wqro withdrawn from the .furnn.ce ai'tor exposure for 100, 200, 
400, 800 :ind 1600 hours respoetivoly and exnm:i.ncd to ascertain 
if grophi:tizntion hnd taken place. Tho sped.mens for the axrunin­
otion consisted of two slices, cut transversely through t he weld, 
frot1 each piece. Thcso slices were prepared for study with a 
.clCtcJ.lurg;l.cnl. microscope and were exruninoo. at V.::?.rious magnifi~ 
c.ltions as high as 1000 di..:uneters to determ;i.ne if ru,y graphite 
ho.d formed. In somo c..'l.sos., ir\clusions were found which 
exhibited a form and color similar to that of tho microstructurnl 
c<ilnstitucnt presented .).5 graphite in the literature ·by the · 
various authors in the f i eld. The use of po~rizcd light provided 
a mcuns of identifying such structures as inclusions. No 
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indications of grc.phite wore found in any of the unstressed 
specimens which were subjected to the test conditions. 
Photomicrogrnphs of the weld area$ 3.lld wcld-:affocted base 
metal of specimens subjected to the 16o0 hour test nre 
shown in PL,tos No. 25 - 27. 

39. Stresses_firaphitization Test~. These tests were 
conducted to determine i! t ho the:rmit alloy steels would 
graphitize under conditions of stress at elevated tempern-
turc. ' The mo.terms selected for these tests were carbon­
molybdenum and chromium-molybdenum steel from heats Al8, 
Al.9 and A20. The spociJ:J.ens were mchined to cylinders, 5/8 
inch in dinmctcr by 4¼ inches long and a bead of 25 percent 
chromium- 20 percent nickel weld metal w:is laid circumfcrenticl­
ly arol.ll'ld each piece. Since the purpose of the -Yrelcling operation 
was not to provide weld retal but to heat the ndjnccnt metal 
to the teopernturc at which grnphitisnti on is reported to tolce 
place, the ndturc of tho weld metal is unimportant. Once the 
welding h..~d provided the proper thcrmnl gradient in tho base 
C1.etal, it Ind served its purpose. Since the presence of the 
weld would bo expected to cau-,e the dovolopr..cnt of a mere 
complicated stross pattern when the specimen WD.S put under 
tension for the test, the weld metal was machined to tho level 
of the base .m,:rtal. 

40. To provide the tensile strose during the cl.ev.:i.tcd 
temperature test, the ends of the spoci.men oo.rs were threndcd 
anµ the bn.rs were placed in a fixture such o.s is shown in 
Pltlte No. 28. Pk\to No. 28 also sho-ws typical c.:i.st:ings used 
t o provic!e mtcrial. for the f:ixtures. The specimens then acted 
as bolts. Hmc..-,,gonal nuts were screwed on en.ch end of tho 
specimens and the nuts wore t1ghtcned against the resistance of 
t he fixturcJ to introduce tensile stresses in the specimens. 
The ends had prwiously been grol.ll'ld flat and po.rcllcl and 
chromium-pui.tcd. The specimens were stressed to c.pprox:imatcly 
cne-hnl.f the yield strength of the material. From previous 
tests, the yield strength of the thermit c,1rbon-mol.ybdenum steel 
h:ld been found to be about 50,000 psi and that of tho thermit 
chrcmium-.qio]..ybclem.m steel to be about 65,0C() psi. By Q.SS~ 

tha.t the vnluo of Young's modulus is J0,000,000 psi for tho 
therm.it steel~ the stress on the bolt could be computed from the 
extensicn of the bolt n.s the nuts were t ightened. The nuts were 
turned tightly an the specimens until t ho ext:.cnsion in t he length 
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of the specimens, n.s ooasured with micromotcr cal.iphers 
indicated that the desired stress had been developed. A 
SUDllllD.:ey of the st;,ross-oxtension data is presentecl in 
Tabl e No. s. The :initial stresses or:iploycd were m.::.ny 
times higher tmn those which nre encountered in service 
applications but those higher stresses ~ro used to provide 
an accelerated gr,1phitization tendency and also to coopcnso.te 
for the ruiticip.1tctl rclmcation of the steel under tho elevated 
tciaperatu.rc test conditiops. The fixtures end the nuts wore 
also mn.dc of t hermit steel of compontion s:im:ikr to that of 
the specimens t o cl..:i.min.:i.tc stress effects duo to the differential 
cxpo.nsion which tlieh:t take place if tho bolt apocincns nnd the 
fixtures wore mndc of different steels. After tho nuts md 
been tightened on the specimens to provide the desired stresses., 
the entire assemblies of bolts and fixtures wore placed in a 
muffle funu:.ce and slowly brought to the test-tcmperot ure of 
l 000°F. Tho tests were conducted for 150, 300, 450 and 600 
hours respectively. At the end of each of those times, the 
power was shut off nnd the fixtures ullowed to furnncc-cool to 
room temper.:.turc. When the fur~co had cooled, tho fixtures 
were removed. Ono bolt-specimen wus rei:iovcd fron ccch fixture 
nnd its length wo.s measured in the stressed and unstressed 
conditi ons to determine the amuunt of stress rcl!lD.ining in tho 
specimen. Aftor tho specimen had been removed from the fix­
ture, it was repl:!.cod by a mild steel bolt nnd nut drown 
sufficiently tight to hold the fixture together. The fixtures 
were t hen rcplD.Cecl in the furrui.ce and the tcr'::>Or.::iturc slowly 
r~ised t o 1000°F to reSUtle tho test. 

41. To provide a specincn for microscopic ~tion, a 
ser.rl..-cylindricnl srunplo was cut .from the bolt as shown in 
Pl.etc No. 29. This s.ll!lp).o wns prcpn.rod .for met.:u.J.ographic 
~ t ivn and 'searched for the presence o.f grophitc ~s in 
t he unst ressed tests. No incico.ticns of grophitc were found 
in any of the stressed spccir.lens under the limited conditiLns 
of the tests. PL.1tcs Nos. JO - 32, show photoJ:licrogrophs of 
t ho weld areas of the specimens which wore subjected to the 
test for 600 hours. 

42. It is rcru.izod that these grophit ization tests were 
rather crude but, nevertheless, it is believed toot they did 
serve the purpose of providing a reasonably quick o.nct practical 
i.nd.ico.tion of the graphitizing characteristics of these t hermit 
elloy , t eals. FrOCl the limited data obto.incd., it is inclic.i.ted 
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that tho termit allot steels should be oompnrotivcly free 
from grophitization failures if used for emergency elevated 
tomporaturo service for l.it.iitcd periods of time. If these 
steels are to be used at 51.lCh elevated temperatures for 
extended periods, further studies should be mo.do to study 
the long-time aicrostructural stability untlcr oporotine 
conditions. 

GENERAL DISCUSSION OF THE APPLICATIOO OF TIE THERMIT PROCESS 
TO THE PRODUCTION OF STEEL FOR CAS~. 

43. The thcltllit process is simple and st:r::i.ightforwt.rd in 
operation. It provides a practicnl. .mo.::!.ns for produc:;ng carbon 
nnd alloy stools of n wide ronge of compositi~ns. These 
st cols arc suit.:.blc for use in mldng c::i.st:ings for emergency 
service. i n thc.t they possess ..sc.tisfactor,y founclry ch:lrocteristics 
such as fluidity aoc sufficient superheat to nllow a rot!Sonable 
hcndling tim before the molds arc poured. The rol<!ing require­
ments arc ccr.tpc.rn.tively si.ciple in thnt n synthetic sane!, such o.s 
thnt developed at the N.:1vtl Research Laboratory, is satisfactory 
for producing clean, scund castings. The mcch:lnical properties 
of the ther,;iit steels, as me.:1sured by thu tensile, notched-bar 
iclpo.ct anc! f~tiguc tests, show tmt these steels .ire generally 
of a qucl.ity such as to meet standard specific:J.tions for their 
compositi on. \1hllc no long-time service data: ru:i.vc been received 
from operating units of the fleet or field units, tho .!llOchanicnl. 
proportios- founc! :in laborotory tests indic=ito that the tho:rmit 
steels should r~or satisfactory service in .me.chino~ 
structural. c~stings. Tho rasults of wclckl.bility tests inc:ica.te 
that thormit steel ct.stings (at least in the Cl~s B compcsition) 
may be :.,~tisfactorily W'Olded for ?'\:pair or f .:i.bric~tion purpcsos. 

44. Tho limits of alley ~dc!itions to carbon thormi.t steels 
for mo.king alloy stool castings have bcon found to be ns foll.ows: 
The casting thcrmit will take alloy ndditicns to 20 ~rccnt of 
the weight of t he stcd proc.uced. Tho welding thermit will take 
nl.loy additions to 35 percent and the pl.:iin thcrmit will take 
tlloy o.c!tlitions t o 55 percent of the weight of th-:: steel i:roducoo 
in the reaction crucible in hoo.ts of about 50 pound size. These 
limits represent the totnl. woi.ght of additions which can bp oocc 
to the rro.ction crucible as wcl.l as to tho ludlo. As the alloy 
ndditi cns appro~ch those limits, the tempc.r~tur<: of the mcta:L 
in the 1.::.Gl.c is rc<lucod to l.cvcls below those convenient for 
pouring and sk:i.ming. However, if the size cf the alloy steel 
heat were increased, ~ small.er parccntn.ge of the suporhe.!.t of 

-17-



the metal would be lost to the reaction crucible and tho 
ladle o.nd, consequently, it is expected that grc:itor alloy· 
adtlit:L::ins crulcl be mdo tc the larger hoots. 

45. · It is believed that satic question may arise w:i. th 
regard to tho hnzards att.endant to the use of the thermit 
process as a stoel-making method. In this connection, it 
mtJ:3' be sta.tod that over 100 hoots o.f thermit steal wore made 
at NRt and t hat no injtry to personnel wns sustainod in 
any of those hoats. 1.£ all materials and oo_,d.pLlOnt l'lr'O 

maintained dry and !roe from contamination with organic 
mat erials or volatile m.otals, it is believed that the thormit 
pr ocess should bo no more hazardous thnn any other stoel­
mnking process. 

46. Tho economic aspects of the thermit prooess ~s n 
moons for producing stool. for cc.stings should be mentioned. 
At present oorkct prices for the ther!ll.it c~sting m.xture, 
the cost of tho plain ctirbon thermit stoel :in the ladle is 
approximately $0;25 par pound cOC1pared to tho figure of 
approximately $0.02 por pound usually assigned by production 
foundries to this item. However, the price set by a production 
f oundljT is rosod upon the use of an open-hb..mh, converter 
or electric furnace, costing several thousand C:ollirs and 
used for the moltin& of millions of pounds of steel. The 
reaction crucible o.nc:. mounting fixture employ.xl in the thermit 
proce::::; cost only a few hundred dollArs. Therof'oro, tho 
economic efficiency of the thermi~ steel-mcldng process coJl)!X).red 
to conventio~ steel--making processes is determihe<l by the 
probable demand !or steel casti.1gs at the activity. If the 
probable dennnd for steel. will be on the order of 10, 000 pounds, 
tho thermi.t process in Lla.king steel at $0.25 per pound will 
mv~ an economic ~dw.nt.'.lge over e convcntiDnal melting unit 
such as a high frequency induction eloct.ric furmcc. The cost 
of such a furrlQCC is a.pproximntely $15,000. If this cmount 
mu.st be amortized for the pro~uction of 10, 000 pounds of steel, 
there exists an equipment cho.rgc of $1.50 per pound of stool. 
Moreover, tho operotion .of an electric fllrn'.lce ruquircs a 
source of largo quuntities of electric powor·nnd tho services 
of a highly-skilled melter. The thermit proecss requires no 
electric power for its opcrati(Jn and an intelligent stool 
f oundry molder can bo trt..inod to carljT out the procoss by an 
instruction pcrio<! of one week. Froo this discussion, it 
should be ai~rcnt thc.t the thcrmit procGsS is a.n economically 
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effi cient met hod for producing steel for castings at 
acti viti es having a ccnqxu-atively smnll dOQ®d for such 
ca.stings. I t is also economically effici ent as a 
stand-by method for activitios hn.ving comrcntioruu stool­
melting equipment, sinco it m.y be used in tho event of 
an elect ric power fillurc or other emergency. 
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CONCLUSIONS 

47. Thexm.t mixtures of various grodes can be used to 
produce a wide variety o! carbon and alloy stools for 
castings. 

48. The propcrtios o! these steals arc such that they 
should be sntisfo.ctory- for J:10st rui.val. requiremcnt.s, D.t 
1-east for emorg_ancy service. 

49. The oquipncnt Tequired for the operation of. the 
thermi~ process is compnratively' simple and co.n bo la?>gely 
improvised. No source of el.ectrical or mechnnicill. power 
is required. Personnel can be readily trained in tho 
npplicati~n of the process. 
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RECQPPATIONS 

50. It is rococmended that thermit steel-making 
materials and equipment be made available at such 
activities where emergency steel castings may- bo re­
quired and thnt Navru. foundry personnel be trained to 
carry out the process for oporaticnal and instructional 
purposes. 

51. It is recommended that the cxperimcnta:). dlltn en 
operating procedure and the properties of the therm.it 
steel be made avillable 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 l 

'.t;Ypical Compositions of the steels Produced by t he Reaction 
of the Plain Thermit1 Wel.Afng The:rorl.t and 

Casting Thermit Mixtures 

Element Plaii) Therm:i.t Weldins Thermit Casting Thermi1 

Carbon 0. 10 percent.. 0.22 percent 0.26 percent 

Manganese 0. 10 0. 79 O.?O 

Silicon 0.10 o.18 0 • .30 

Acid Soluble 
AJ.wninum 0. 10 - 1.00 0.15 - 1.00 0. 15 - 1..50 

Chramiua 0.05 0,05 0. 05 

Yo:cybdenun 0. 05 0.05 0. 05 
' Copper O.l3 O.l3 0. 1.3 

Nictel 0.09 0.09 0.09 

Phosphorus 0.02 0.02 0.02 . 
Sulfur 0.02 0.02 0.02 



Table 2 

Chemical C ical Olas13 B steel 
ures 

, wt. o? Steel Composition-Percent I Pourliig 1 Fluidity, t 1 

H!;!t ,o. • Madeilbs. t C Mn Si Al tTemp.°F t Inches , Remarks 

' t ' M 48 t 45 •0.24 •o.aa 10.30 •1.16 ' 3050 I 18 
t I ' t t 

• • '. t t , 
M 50 t 75 •o.·26 •0.70 •0 • .30 •o.s5 f .3420 • .37.; t 

• t • • t I t 
t ' . ' I 

M 51 .. 50 •0.26 10.72 •0.21 10.85 1 .3520 t 40.5 • 
' • " t ' • t ' I t ' t •FeSi added to de-

)( .52 12.5 •0.28 •0.74 •o.99 •1.10 • 3250 1 30.0 •termine effect 
t t t • ' ' •on pl\Yaical 

t ' ' 
, t I •ero:e!rties 

I ' 1 t • I 

ll 53 t 175 •0.25 10.75 •o.si •1.10 ., .3260 t 29.5 ' " • • t t 1 t ' ' ~ • • • • • I 

F l • 100 10.28 •o.66 • 0-..12 •o.87 ' .3250 I - •Used tor ~atip 
I ' • • t t I • tests 
t . ' t . 

' ' ' t ' Navy Dept• •0.30 10.60 t0. ;o • - • ' ' spec. I •max. •ma.x. 'max .. • • 
49Slj, ' t I I • • I I 

Class B • • t • t 1t t 

Steal I ' ' t ' Castings,• t ' • l t I 

require- 1 ' t ' t ' • 
ments-l$- r I I I t 1 t I 

it'l'his specification provides t .hat "f'or each reduction of 0.01 
percent carbon below the maxi mum of 0.30 percent, an increase 
of 0. 025 percent nanganese above o.60 ma.ximun will be permitted 
but in no case shall the manganese exceed o.85 percent11• 



Table 3 

T~sile Test Properties of typical Class B Steel 
Heats Ma.de From Casting Thermit Mixtures 

t 

' Heat No. 11 Heat Treatment 

1 Elongation' Reduction 
•Yield str. ' Ult. Tens. 1 1 in 2 in. 1 of Area 
•p. s,i.ff I str, psi I Percent ' Percent 
I f I 

M 48 ' {1700oF-2. 5 hrs. ) ' 40,1.50 I 7.) , 0CX) I JJ. J ' 52.5 

I 1 ' , 47.a • ( Air Cool • 38,500 1 7.3 ,100 t 

------"~- - -------4~-:----------: -----:------
• ( l2000F- 2 hrs. ) t 41,000 74,000 t 32, 2 1 50.3 

M 50 

M 51 

; ~ ~ : I 

26.8 t ( Air Cool ) t 47 ;500 1 84,650 t 

----·~f------~~f-,,--: ------: ------.:------:-----
' ( ) t 44,150 1 82,350 25.3 ' 40.0 

M 52 

M 53 

F l 

F 1 

, 
• As cast 

• 1700 F.-2 hrs. 
' Furn. Cool. 

' . 
•Nat Indica-• 68.,100 
t ted l 

' t .33,aoo • 68,750 
t f 

' 1 

1 J0,000 ·t 60,ooo 
' 

f 

I 

' t 
' I 

* Requirements of Navy Department Specification 49Slj of 
Februaey l, 1939 !or Class B steel castings. 

** Yield strength determined by "drop of the beam11 .method. 

t 31,J 

' t 46.; 



Heat No. 

Table 4: 

Notched·BarJ:'cct.J'nst Properties 0£ stew 
Made F __Qas _ g Thermit Mixtures 

' Heat Treatment ' Testing Temperature• 
Kean Value 
fer ~ergy 

' Of. •Absorbed-ft . lbs. 

' 
I( 50 As Cast t 7.6 ' 24.0 

t t 

M ~l t As Cast ' 26 ' 2~!2 
t I • 

l( 5~ t As Cast 'J.6 I 5.5 
t t ' 

l z!* t As Cast t 7.6 ' 6.5 

' I 

I( 48 ' l?O()OF - 2 hrs. Furnace 76 t 22.0 
t Cool t 
t I t 

}{ 48 t It It It ' -40 t 5.0 
t l7000F - 2 hrs.AirCool.1 t 

)4 48 '12000F - 2 hrs.AirCoolt 76 t 27.0 
• ' }( 48 • " It n :49 ' 9.0 

• ' • 
l( 50 ' If • fl It t 76 t 24.5 

• I t 

M 51 t II 11 It t 76 ' 39.0 
t • 

)I 52tl- II II II • 76 t 12.0 
I I 

}.( 5}* t " It It 76 ' 12.5 
All tests were conducted using Cba:rpy V-notch specimons. 

*Heats )(52 and 1l53 .c.ontained added silicon. 



Iekle 5 
Nick- Bend Wpldabip.tz · test pata on Steels Made 

I:):om Casting' Thermit Mixture 

H9et Treatment 
Prior to Welding Poat WeJ.sU,ng 

As cast Stress -Relieved 

Annealed (plate specimen) 

Annealed 

Annealed 

As Welded 

stress Relieved 

Nick-Bend Perfonnance 
Angle at ~ load 

49° 

Normalized & 
.tempered (Plate specimen) 

No11Dalized & 
tempered 

Normalized 

Stress Jielieved 

Stress Relieved 



llo-1 lletbod 
Heat Ooal><>• W.i&ht, o1 ot All.o,- Q!!f•r-1t.1on ::£ ~ ;:,; ~ ..... 
&. ~ ste.Ulbe) ~ 1 •~£.Ji. ::a.: LL.!8.. .1mlil!. 

C llo 
0.24 o.'4 o.oe o,98 • o.i.s o,1' u lc.o.2s•~ 50 Ladle . - . . - - 90 - ~ 1'1 

IIOoO.S. 

C lllo I 

A2 ic.l,2~~ so Re&ot.ioll 0.21 0,'4 0.10 l.lB - - o.,, o.u - - - - - 88 - :,aoo 
Mo.().~ C:vcible 

C 11D 

A18 (~~ll aoo ladl• 0. 21 o.6,S o,16 o.16 o,os - 0, '1 • O,Ol.11 O.Ol8 • - I • 92 - 31JO 

0 llo 
0.017 0.018 • Al.9 ! o.D,2S"~ 27.S iAdle 0.20 MS 0,20 0.20 O.OS • 0,50 • - . 90 - )100 

lil..O,~ 

C llo 
A22 ! o.D,2.S~ 12.S La4l• 0,2' 0,6' O.lD 0,&i, 0,04 O,OS O.Sl, • 

lboO,S 
o.o:i., 0.020 _ - - 91 - ,aoo 

reerto,... IM• ~ apUtt.lDs A?, 
Crllo act.1.oll on- OIIII balf Qfedfw 

.t.711<~~-s"> us Clhle 0,2'1 o • .,, o.u 1.:34 , •• s • 0.1,1 o.u - - - ,a - '8 - ~ uJ A~C1'Aa4Pd 
Pello to ~twCrllO 
!Adle etMl, 1"1fon.izToldiat.o..wl 

1A ladle. 
Cl'llo "° cez..i.•> ?S Ladl• 0,2'7 0.'2 O,U, 0,90 3,60 • 0.41 - - - - '° - .. - 33)0 20 

(~.~) 

. Cl'IIO 
JJ.2(~) ?S t.dl• 0,23 0.'1 0.09 0,69 7.28 - o,sa • - - - 81. . g,r - )l/X) 10.s 

(1111.0,Si') 

Orilo 
rAlA (Oral") 

("'-l,S") 
,0 Ladl• 0.2s o.-,, 0.15 1.01 o.~ - o.n • 0 .010 0,01? • M - 9S - 31.50 lla4e tor .....i .... .., 

pqdt1sat11111 '----• 

UBLJI &l 

CIIBIIICAL COIIPOIITIOJIS, ALLOY IIICOVERIIS, ilD FLUIDITY CBARAOTBJIISTlCS OP TBBNIU ALLOY 8fflL8 



Nor,,,u )(~bod 
Heat Compo• Weight ot of .uJ.o:r Q~i calr':e1tion Peroct p-isr Raconr1es ~J'Cmt Pourin& llu.141t.T R.-rl<• 

~ .l!!2!ll!.. li2.L. ~ ~f!l(lbe2 Addition 1 Ji.. =..Qt.. J!L E ..£!.. -L _P_ L i.. .J£ - A 
CrilO ror .tNNed 

il7 ( Cra5") 175 t.4l.e o.:u 0,58 0,16 0,)4 6,48 • 0,52 • O,Ol6 O,Oll, - ,, - ~ - )l~ - ll'&Pliu..t1on 

(~.s"> wet.• 

Crib 
A20 (Cl'l,5") 50 Ledl• 

(u-:>,5") 
0,25 0,6) 0.11 1,25 6,r» • 0.43 • 0.022 0.019 - 82 - 77,5 - )150 - For lltr,e•ed 

gnpbit1satioti te.t., 

Cr llad• tv epllttbg 

A70 (Cn,1$) 125 a.ot!Ga 0,26 0,75 O,U 1,35 3,80 - 0,01 0.10 - - - 63 - - - )280 28 A7 into 2 pa.rte 

Cr\lo1ble A7C 11114 A711 

Ci-
Al3 (Or,,1°") 50 Ladle am 0,32 o. '12 0,14 l,08 9,39 • o.os 0.10 - - . 67 - - - 2960 8 

Raaotian 
Cruoible 

18-8 reer to 
Corrolion• reacUan 'l'1a 

'-21 R9id.wt1ng 70 01'11Cibl• 0 ,10 0 ,5' 1, 28 0, 67 17,8 8,19 - o.o!SI> 0.020 0 .017 70 Ill+ 98 Pelln - )090 20 

(C~~ & ladle .so 
(Ni•~ Ni to Pe'?i 

ruction :l.0 
<>J'lll».l;,l.e 
r.a1, 
l'elln, 
Peri 

to ladle 

Hadtield'• lfelding theitnt 
StHl IIIJed Ml ba■e 

Ul (c.l.25) ,0 Ladl• 1.21 10.oe o,,. 0.11 o,oa - 0.0). - - - 'llnl:75 - - - - 2?00 8 ad.xtUN 
(ltlall- 111ab-oarllon 0~ 

JJ,5") Pelilto 
s~c 
9m ltl 

TABLE l'IB 

CIIBIIIC.lL COIIPOSITIONS, ALLOY JUWOVERIBS, AND P'l,UII>I1'Y CIIARACTERISTICS OP THERKI'l' ALLOY STEIWI 



IIOl'll&l i.thod 
ReU Caapo- W~bt ot 
l!2:z.. ~ steel.Cl1!•) ot Al-107 9'1_-.J,_r'lN]t•'iest ~ b00\'r:l:'1ic 

~ddiUot ....£_ ..!!ii.. ,a_ - ..wa... .L. :c: ..a. 
Po1ll"UII 
~ 

nllidi.t.,-
J!IBL It--

Cu(P"oi- 1, ~ 0.27 o.61. 0.12 o.86 32-3/4 ., pi t&t1on- - - 0.01 l,37 - - - - - - ., 3l00 

hfflening~ CJ'IICible • 
(Olbl.,s,c 

cu(PJ-.o1• 
pitatic-

Ai bud&ing~ 7S (cw,,~ 
~~;~ 

R•otion 
Cl"¥:>.bl• o.2' 0.87 o. 75 l.."1 - - O.Ol l.6' - - • 58 b4S - - 94 3200 2} 

cu(Pftai• 
15 Ladle 0.211 o.6S o.u 0.91 o.Ol 1.37 26 

A'I pitaticm- - - - - . - - . 91 3150 

hardeidQs ~ 
(C\\.,-lo)S,C 

IUCr- r.cr to No teneil• toat.• 

(SAi '~" 
a.aUcc - " 93 - - 3080 30 cow. bat clue 

A8 'l'1Pe 7S QrQo1ble o.29 0.,1 0.21 0.1,9 1.10 3.47 0.02 - - - to loaa ot •pec1-n• 

~111"'3-~~ 
Ii to 

er.i.~ ladle 

TABLE ea 

OBIIIIOAL OtllP08l!lOIS, AI.LO? RBOOVIRIIS, AID PU71DI'l'Y CBARACTIRISTICS OF TJU:JUilT ALLOY StDL& 



Ten8l.le Teet Propertieo of Siad.l.ar Allo,r 3tMl 

~aUe Test. Hardnen l'!•t. -ir.ia Made bT ful)tcf::l,;el.Ul'.!.S Proceaeeo 
rm Ult, ii:i.ong. Reducti011 in.t. ong. ReductLai ::iource of 

H•t N<llllinal H•t. sti-. 'tmo,::lt.r. 1n 2 in. of Area ,.. B1111 Str, T-.st.r. in 2 in. of A- Hat Cai,parl.aoa 

1:i2.o..., Q.9alPOdtion n,,a~t eL psi ttt2!!!l reroent Meas, .IE!:.. .J?.!L pai ~ feFRE Tmtment; ~-

C--Mo 
Al (c.0. 2~) l72S°F-J lu'8 AC 

NaT)'~ 

(MoaO.~) l2S00l'➔ ht'e AC ss ,ooo Tf ,25,0 29.0 ss.s - - 35,000 65,000 20.0 30.0 Anbealed Spec. 46$3, 9/l/39 

c-wo No-11 .. d am 65,950 94,200 26.0 l65()0F,WQ 
Al (C.0,25"{ t...,,_recl ae 51,250 75,650 JO.J 5).J llfl"'88•S 177 59.9 ste.i. cutince 

(l4oa0.~ allove, t.hm 120Q0r,AC Ham.book 

165()01'-) hre IQ 
l2SOo1-.3 hre AC 

a-Mo 
A2 (c..o.2s"~ 112n-1 lit'• ,c 1+9,900 79,,00 21.s 5.3. 0 - - See A~ 

(W-0.~ 

Cr-110 
AlO ~Cr-4") l7S0oF-J hrS AC ~,000 106,250 20.J ~., l,r911.0 220 80 ,800 lll, 000 20.5 "8.2 l?O(PF-A.C steel Cast.l.nga 

~..o.s:C 125001'-J hr• AC l200oF-AC Handbook 

er-Mo 
.Al2 ~Crw7") l'lsoPF-3 hre AC 82,400 110,000 18,; 41..4 - - 77,)So 106,500 18,0 45.2 l70()0P'- AC steel Ca.st.1n&s 

~~;") l2SODF-3 hl"I AC l2000F•AC Handbook 

Cr-lb Not 
.All+ (Cr-llC) 1725°F-.3 hr• AC Indio- 101,250 15, 8 ,38.J lit,- 98,0 220 80 ,ooo 100,000 26,0 40.0 16;oc>F-AC :.teel caetiaga 

(llllloO,~) l2SOOF-) hrll AC ated l.20()0f-AC Handbook 

Cr 1725°F-3 hrs AC . lBOOOP'-A.C st.eel C&at.l.ng• 
A?O (Cr.I+") .J.25,IJOP'-.3 hre AC 6J, 750 101,:,00 20.s ~.,. Ba-98,0 220 75,<XX) 10),500 19.0 44.0 l.40()0p-¥C Handbook 

Cr No~ir.ed and 
A7C (Cr.4") tempered ae 66,25,0 7;, 1'JO 28.8 61,4 RB" 88.0 1'74 Not Available tor Similar Ccapoe1t1on 

aboff, t.hm 
l65()0F•J lu'e ~ 
12SCJI01-) 111'8 Ar. 

AC - AU' cooled 

AC - .ur cooled 
FC - Fui'nac• 0001-d 

Fe • 'l"ul,lace cooled 
7/Q - atez- qumeh 

~ • l'later Qumoh 

TABLE 7A 

PHYSICAL PROPERTIES OP' TBERXI'l' ALLOY STEELS TOGETHER WITH THE PHYSICAL PROPfflTIBS 

REPORTED FOR SIIULAR ALLOY STEELS PRODUCED BY FURlfACE IIELTING PROCESSES 



Tensile Teat Properties o! l1milar .t\ll.Or Steel 
' Tenail•J:: l!!J'dne.. a:•n Mad• b,t Fumace-llelt!!la f~ee!',!e 

field ult, • Reduction YieJ.d Ult , Elong, Reduct on 
Meat NODlinal Heat st.a-, Tene,Str, 1n 2 1n, ot u... A• 8Hll st;i-., Tene, ~r, in 2 in, ot A~ !!eat 
~ ~•itioa Trea~t 1!L pat ~ P•rcmt ~·· !!l!!ll• .J!.!L pe1 ~ Peroent 'h'eai-t. 

Cr l&ooOP'-4 bl'll FC 
w (crsl~) l7800P'-) bn AC 66,750 94,,00 21,8 48,2 R91 9i,O 2l2 7),000 117,000 18,0 35,0 J.80001-AC* 

l2S0o7· 3 bN AC l20J0P'-AC 

~ CT-
A21 ~ Ni 

eorroeioo 
.... Caat 37, lSO 76 ,2SO 30,8 33,5 RD" ?9, 0 l.lo3 Not Avail.able 

Rniltina 

18" Ci-- " All ~ N1 2000of·•M tire ,4,900 82,150 57, 2 50,2 Ru- 88, 0 174 u,ooo '10,000 :,~.o 40, 0 l.9SOoF-~ 
. Cono•1on WQ I 

Relliating 

1!4dt1•ld I a 
.(Ll Mnal~ 192501"•3 bN ~ 53,500 96,750 2',8 26, l !!c• 19,0 220 42,900 1111,000 44,l 39,0 l9000F~ 

Cu l 725"F-3 llJ'S AC 
A :5 {Cu_:l,5:')9:,00F·J hr& AC 78,700 106,000 19,2 32,5 - l.65001"-AC - ?9,~ 106,SOO 24,0 48,4 930°1'-AC 

Cu 
Ao (cu-l-,5~) 1725°F-J lira AC 

( ~1) 9.)00J'•J hre AC 
88,JSO 120,900 17, 5 32,9 Ile• 24,0 248 ?0,500 90,500 27,7 49,5 l75CPF-AC 

8400F-AC: 
( ~'isl~) 

Cu 
l725°F•J hTa AC 66,250 95,400 A9 (C11::l,Si) 20, 4 35,4 

9JOOF•3 lire IC 
- - '19 , 500 106, 500 24,0 48, 4 16S0oF-iC 

93001"-AC 

AC - Air cooled 
FC • Fumac• cooled 
l'Q • /!at.er quench 

TABLE 78 

PHYSICAL PROPERTIES OP TlmJUIIT ALLOY STBBLS TOOBTfflo:R WITH THlii PHYSICAL PROPERTIES 

REPORTED FOR SillILAll ALLOY STEELS PRODOCiD BY FURNACE Nl!:LTING PROCESSES 

Solm:11 ot 
Coa;:arillOD 

Data B-r0 

St eel Caat1na& "'Cant&il:11 
ll&ndbook 13,ST.' Ca-

NaY7 Dept, Speo, 
46S27bot.:i~, l, 
19i.5 

Cut lt'.etalJI 
Handbook 

St."1 Ce.sting• 
Handbook 

.:,t eel Caet:Lne• 
llandbook 

Steel cutinge 
Hanibook 



Table 8 

Stress Values for Thermit Al:loi Steel Specimens Used for Stressed 
Gra.E,h1t zation Tests 

Comp- 1Num-' Initial Unstr.' Init1el Str. 'Equivalent• Time at 'Final Str. •Final Unst'r .... Equiv •. · ,1 

osition'~' L~ngth-Inches. 1 Length-Ins. 1Stress-psi'Temp-hrs.'Length-In.•Lengtb-In.$'. ~Final St-r.~ 
' ' ' ' ' . ' ' . ,. 

CrMo •18-1' 4.2553 ' 4.2596 ' 321 500 ' 150 ' 4.2530 ' 4.2500 '21r300 ' 
crMo ,1a-2, 4.2505 1 4.2548 , 32,500 1 300 , 4.2850 ' 4 . 2820 '91 -~ho t 
CrMo *18-3' 4.2555 t 4.2598 t 32,500 t 450 ' 4.2590 ' 4.2563 .&.v,vvv 

CrMo 1Ia-4f 4.2600 • 4.2543 , 321560 1 600 , 4.2S3o • 4.2soa , 1s,ooo ' • i , 

' I t 
I 

.. F e Mo '!§-I,. :J~5lffi ' i.~f3I5 f ~520('.)o 150 I 4.25C,5 
c Mo ,:rg-~J i.~iSS ' 4.25~0 i ~52<'500 ' 3ti0 t 4.2516 

'~4.~gg 4.~i'rn 
'1 , ' 4.24§~ ' I I? ,t~ 

C go f!g-3' 4 .~:t.el5 i 4.25I5 , ' 2'5, O~o ' 150 •-r.~ 4.~591'.5 I !51 5~~ " 
C Mo 'I9-4 1 4,2g00 . 

' 4.2635 
p : ~51000_. f _Goo '4.~645 

I ' F I ' -CMo- r2cS .. I• :t.~315 ' 4.2665 • 25,000 ' ISo '4.25~ 
c ~o 120-2f ~ .l:H~35 ' 4.25~0 - , 252000 ' 3cffl ' 4.~$"'51 
cl Mo 120-3 1 4c2m~i5 I 4 .~555 '~520~~ r--450 'i.2SsI 
C Mo _ ~20~i_~ __ 4 .2485 ' 4, ~520 I 25 t.i'.500 I 600 , 4,2630 

, 10,soo 4,263Q ---

4 25~0 i ~4;000 
• t 15,500 4.2532_ 13 000 

4,2643 ; Ioi 5rn5 
4,2~:1.~--- 1 

The first two figures of the specimen number indicate the heat from which the specimens were ma~ 
e.g., specimen No. 18- l is from AlB, specimen No, 19~4 is from heat Al9; specimen No. 20-2 is 
from heat A-20. 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 
mea1111ring the length of the specimens. The removal of oxidized metal accounts for the decrease 
1n length of some of' the above specimens. 

' ; 
' ' ' f 



THERMIT MOUNTING FIXTURE 
REAR VfEW. SHOWING THE HINGED CONSTRUCTION 

PLATE l 



THERMIT MOUNTING FIXTURE 
FRONT VIEW, SHOW ING THE TOP MEMBER FOLDED DOWN AND 
THE SIDE MEMBERS RE~DY TO BE FOLDED INTO POSIT ION 
FOR PACKING THE FIXTURE FOR TRANSPORTATION. 

PLATE 2 



THERMIT MOUNTING FIXTURE 
FOLDED UP AHO READY FOR TRANSPORTATION 

PLATE 3 



TAPPING A HEAT IN WHICH THE THERMIT MOUNTING FIXTURE 

HAS BEEN USED TO SUPPORT THE REACTION CRUCIBLE AH~ 
THE STEEL LADLE. THE SANO-LINED PAH U~OERHEATH THE 

LADLE IS USED AS A CATCH-BASIN FOR THE SLAG AFTER 

THE LADLE OF STEEL HAS BEEM WITHDRAWN FROM THE 

FIXTURE. 

PLATE 4 
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I 00 X UNETCHED 

' ~ t -~ ;. 
' ,. 

• 
i:· 

~~ .. 

f! . 
1 • : , , ..... ..:~ . : ~b-;, . 

100 X ETCHED 

HEAT Al, CARBON-MOLYBDENUM STEEL 
HEAT TREATM~MT: 1725°F - 3 HOURS, A.C . 

1250°F - 3 HOURS, A.C • 

PLATE 6 



• 

., ~ .. ' . 

500 X UNETCHEO 

500 X ETCHED 

HEAT Al, CARBON-MOLYBDENUM STEEL 
HEAT TREATMENT: 1725°F - 3 HOURS, A.C. 

1250°F - 3 HOURS , A.C. 

PLATE 7 
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100 X UNETCHED 

100 X· ETCHED 

HEAT A18, CARBON-MOLYBDENUM STEEL 
HEAT TREATMENT: 1725°F - 3 HOURS, A.C. 

1250°F - 3 HOURS, A.C . 

PLATE 8 
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. . . 

. • . . . .. . . . . . . . 

. . . 
. ' . . . . 

500 X UHElCHED 

500 X ETCHED 

. ' .. 

.. 

HEAT Al8, CARBON-MOLYBDENUM STEEL 
HEAT TREATMENT: 172S°F - 3 HOURS, A.C. 

12S0°F - 3 HOURS, A.C. 

PLATE 9 



• 

1 

.. 

100 X UNETCHED 

100 X ETCHED 

HE AT AIO, CHROMIUM MOLYBDENUM STEEL 
HEAT TREATMENT : 1780°F - 3 HOURS, A.C. 

1250°F - 3 HOURS , A.C . 

PLATE 10 
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500 X ETCHED 

HEAT AIO CHROMIUM-MOLYBDENUM STEEL 
HEAT TREATMENT: 1780°F - 3 HOURS, A.C. 

1250°F - 3 HOURS. A.C. 

PLATE 11 
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100 X UNETCHED 

I 00 X ETCHED 

HEAT Al7, CHROMIUM-MOLYBDENUM STEEL 
HEAT TREATMENT: 1780°F - 3 HOURS, A.C . 

1250°F - 3 HOURS, A,C. 

PLATE 12 
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500 ~ UMETCHED 

500 X ETCHED 

HEAT Al7, CHROMIUM-MOLYBDENUM STE~L 
HEAT TREATMENT: 1780°F - 3 HOURS, A.C. 

1250°F - 3 HOURS, A.C. 
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100 X UNETCHED 
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100 X ELECTROLYTICALLY ETCHED 
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HEAT A21, 18 PERCENT CHROMIUM - 8 PERCENT NICKEL 
CORROSION-RESISTING STEEL 

HEAT TREATMENT: AS CAST 

PLATE 14 



500 X ELECTROLYTICALLY ETCHED 

HEAT A21, 18 PERCENT CHROMIUM - 8 PERCENT HICKEL 
C9RROSION-RESISTING STEEL 

HEAT TREATMENT: AS CAST 

PLATE 15 
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100 X UNETCHED 

100 X ELECTROLYTICALLY ETCHED 

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

HEAT TREATMENT: 2000°F - 2;.5 HOURS , WQ 

PLATE 16 



• . ,, 

• 
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500 X ELECTROLYTICALLY ETCHED 

HEAT A2tH, 18 PERCENT CHROMIUM - 8 PERCE~T NICKEL 
CORROS ION-RESISTING STEEL 

HEAT TREATMENT: 2000°F - 2.5 HOURS . WO 

PLAT E 17 
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too X lJNETCHED 

50 X ETCHED 

HEAT All, nHADFIELD'Sa,MAHGANESE STEEL 
HEAT TREATMENT: 1925°F - 3 HOURS, WQ 

PLATE 18 
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•• 

500 X UNETCHED 

500 X ETCHED 

HEAT All , ~HADFIELD'S" MANGANESE STEEL 

HEAT TREATMENT: t925°F - 3 HOURS, WQ 

PLATE 19 
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100 X UNETCHED 

100 X EfCHED 

HEAT A6, COPPER-MANGANESE-S ILICON STEEL 
HEAT TREATMENT: 1725°F - 3 HOURS, A.C. 

930°F - 3 HOURS, A. C. 

PLATE 20 
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500 X UNETCHEO 
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5 00 X ETCHED 

4-... • 

., 

HEAT A6, COPPER-MANGANESE-SIL ICON 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 
GRAPH ITIZATION TEST SPEC IMENS. 

PLATE 23 



UNSTRESSED GRAPHITIZATION SPECIMENS. 

TEST COUPON USED TO PROVIDE:BLANKS FOR SPECIMENS . 
FOR THE!TENSILE, FATIGUE~ NOTCHED-BAR IMPACT ANO 
GRAPHITIZATION TESTS. . 

PLATE 24 



500 X UHETCHEO 

.. ... 

.. . 

50 X UHETCHED 

' 

UNSTRESSED GRAPHIT IZATI OH TESTS 
SPEC IMEN FROM HEAT A2, CARBON-MOLYBDENUM STEEL 

AGED AT I00•0°F FOR 1600 HOURS 

PLATE 25 
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50 X UNETCHED 

-f'W ...J 

I 

, 

500 X UNETCHED 

UNSTRESSED GRAPH ITIZATION TESTS 
SPECIMEN FROM HEAT A7M, CHROMIUM-MOLYBDENUM STEEL 

AGED AT ,ooo°F FOR 1600 HOURS 

PLATE 26 



.... ....... , . 
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50 'X UNETCHED 

500 X UNETCHED 

• . .. . 

UNSTRESSED GRAPHITIZATION TESTS 
SPECIMEN FROM HEAT Al~, CHROMIUM-MOLYBDENUM STEEL 

AGED AT I000°F FOR 1600 HOURS 

PLATE 27 



VIEW OF STRESSED GRAPHITIZATION SPECIME'NS IN 

FIXTURE~ WITH AN EXTRA SPECIMEN AND THE 1 

MICROMETER CALIPHERS USED FOR THEIEXTENS ION 

MEASUREMENTS. 

TYPICAL CASTINGS USED TO PROVIDEi MATERIAL FOR 

STRESSED GRAPHITIZATION TEST FIXTURES. 

PLATE 28 
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50 X UHETCHED 

500 X UHETCHED 

STRESSED GRAPHITIZAT ION TESTS 
SPECIMEN FROM HEAT Al 8 , CARBON-MOLYBDE NUM STEEL 

AGED AT ,ooo°F FOR 600 HOURS 

PLATE 30 



.,. - :,; .. 

50 X UNETCHED 

. ' 

500 X UNETCHED 

STRESSED GRAPHITIZATION TESTS 
SPECIMEN FROM HEAT Al9, CARBON-MOLYBDENUM STEEL 

AGED AT I000°F FOR 600 HOURS 

PLATE 31 



50 X UNETCHED 

., .. 

500 X UNETCHED 

STRESSED GRAPHITIZATION TESTS 

SPEC IMEN FROM HEAT A200 CHROMIUM-MOLYBDENUM STEEL 
AGED AT 1000 F FOR 600 HOURS 

PLATE 32 
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