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- RESTRleTEO-
WATERTOWI AB.Slll!IAL U:SORATORY 

KQ(OIWlDUM RliIPCRT NO. WAL 61K) / 106 

Problem !fumber D-l.10 

mmm 01 AllMOB. 

25 March 1944 

Weld-:Sead Teate on St<.-mplee from Union Steel Ca1ting11 CompaPT 
Turret Bo . 3391, Pou.re~ from a Catt Armor Heat Contain~ Selenium 

OBJlllOT 

To depolit weld bN::..d.1 on ea.mplet trom subject oaet ar1110r and to 
axa.mine ~eeultant veld• tor detect• aaeociated vith presence ot 
aelenium. 

SUMMilT 07 llSULTS 

l. Weld-bead depo1it1 made on subject ca• t armor uai:ag ferr1t1c 
electrode• coaied vi th ~11ua1. commercial oellulodc type coating• •how 
con•1derable poro1i'7. 

2. Weld-bead depo• ;_t, made on tame armor ueing either ferritio 
or au~tenit1o electrode• ~th all-• 1neral (lime baae) coatin&• or vith 
uncoated mild 1teel eleo , ..(C)de• are tree of exee1• 1Te poroe1ty. 

3. '.r.'he usual VP• o. under-bead orackin& (hard ere.eke) in the 
heat-affected zone. which wuld be expected when depo11ti~ weld bead 
with territic electrode1,ru.>.Tin& oellulo11e type ooatin&•,on steel with 
the hardenab111ty of thi1 ~rmor and without preheat.wa, not eTident. 

4. It 11 con1idered that the porosity of weld metal a •• ooiated 
with the u•e of oellulo• ic coated electrode• is oauaed 'tr, a chemical 
r-.oUon in the molten weld 11:-tital betvern the eydrogan froa the coatilig 
an4 the Hleniim fro• tlw bae& metal. 

5. !hit chemical reaction between ~drogen and ••leni'WII 1• be• 
lined to be 1-qf!ioient to reduce the hyl\roJ•n concentration in the 
veld metal below that required to cnua• hard craclce to torm in the 
heat-affected 1one. 

6. Io deleterioue welclinc $!feet, other tban poro1it1 appear 
likel1 to reeult from •-11 addition, of ••leni'Wll to ca• t &n10r. 

~- >.. Herre• 
lr;t Lt •• Ord. Dept. 

- RESTRIOTEB 
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IITRO DO'0lfl 01 

Union Steel Ce.eting9 Compa~ cast armor turret Ho. 3391, which wa 
poured from Heat No. 37~~ conta1n1!18 selenium, was forwarded to th11 
areenal for metallurgic 1 1DTettigation ( see :Ba.lie Correspondence, 
Appendix A). After complete radiogTaphlo examination, two section• 
12 inch•• aque.re were cut out of the turret for welding te1t1. 

Chemical compodt1on of Union Steel Caet1ng1 Beat !lo. 37lt-:B 1a 
reported in the ba1ic, corre1pon4en~• (Appendix A) as follows: 

C -.31 
! 

.036 
~ 

1.77 
s 

. 023 
61 

.38 
Cr 

.42 
!9. 

.35 

The amount of selenium added or the specific purpose of this addition 
is not known. Rovner, it may be aaeumed that the 1elenium &dd1Uon wa1 
for the aame general purpose as diecueaed in U. S. Pa.tent lo. 2,258,6o4, 
A. P. Gagne bin, aa• lp.or to the International Niak:el Oompaey, wherein. 
elalm1 are made that the addition of an uount to about .6~ of an i11.­
ten11tylng a.gent comprillng alkaline earth metal and an amount ~o about 
.6~ of at lee.et one 1ulphur-de1en11tlsing agent from the group conalat­
in& of 1elenium and tellurium to molten eteel re1ult1 in production of 
ca1\iJ1&B ch&raoterised by freedom from poroaity, bf freedom from chain­
like eultidH, by fine grain lise, and b7 a higher combination ot strencth 
and ductility 1nelu41ng impact strength, than a tlmilar ateel not treated 
with th••• a.d.d1t1on agent,. 

Re01nt teeta at thi• laboratory• indicate that addition• of ••l•n1wa 
in amounte trom .01 to .l~ to a .32 C, 1.5 Mn, .35 Si, .25 Mo .!t .. i-ai»nit1 
change the bardenabili ty or p~doal properties appreciably, but lower 
the impact '9'a.luea a 1J1D&ll amount. Selenium wa• added as a metal to thil 
heat, which va1 made in a small acid-lined induction furnace, after 4e-

·ox1datlon vith alumiD.Ull (2 lb1./ton), and the teat reeult1 do not pre­
clude the po111bility of con1iderable improTe•ent in properties ot either 
inadeqµatel.7 4eox14lzed or •oyer-reduoed• 1teel1 ey addition of calcium 
••l•n14'Ap. 

It la under• tood that 1erioua difficultlea were encountered in ar '~ 
welding of the •elenium-oonv.ining ca• t steel. Presumably the diff1- ~~~ 
cul ty was poroai ty in. the weld metal vhloh wae oboerved during repair . •~ o.., "1< 

welding with commercial territ1c 1lectrod11. In the ab•ence of furthe 0 

information, thi• inTe• tigation wa1 limited to making elngle bead te1t• 
wt.th Tariou1 ferritio and. autenitic eleatro4•• on eample1 from thi1 
armor, and ualliainc the be&d1 for 1oun.dn111 of weld depoalt and bard.­
neH &D4 •uaaepU'b111V to crackinc"ot the weld heat-affected sone of • 
ba•e uUl. 0 

• bport Bo. 710/495 (lfa•erlovn A.r•enal Labora\017), e11t1'1e4 ".Anor - .. 
Preliainary 8tuq ot '- ltteot of Sneral Jllo1ing Element• and 
.t.Mition Ac••'• ··,q,on -~ Metallurgical Pro,ert1•• of Manpn11e-
Kol7bdemm StHl tJ1e4 ill .A.nor, 1 . 

,,i: c 1al 

- ~NANNOUNCED ltl1_j , 
,, I 

>des --or 

' ~-,\ 
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TES'!' MATERIALS AND PROCEDUll 

Twelve blocks, 3 x 6 ~ l inchee, were obtained from Union Steel 
OaatiJli:S turret No. 3391 after complete radiographic eX&Dlination ~f 
the turret. Block• were »lanohard -~und to give smooth top anci bottom 
surlacee. 

Single weld beads, 3 inchee long, were depo81ted alo~ centerline 
of top surface of blocks ue1ng a.n automatic stick-feed welding hoad. 
Jllectrode and welding oond1tions used. tor eaoh bead are given in Table I. 
The :t'1ret tow bead 1pecimen1 were cleaned vi th wire bruah to remOTe 
Ila« and eoue and photographed to show porosity visible on surface. 
Specimen• 5 through 9 were eectionsd for Vicker1-Brinell hard.ne1a aur­
Vf/1, as shown by Figure l,, then macroetched tor crack inspection. The 
tenth bead speoi.lllen was made with au uncoated electrode and examined 
vieually for surface porosity, and for porosity after grinding bead 
flush vith plate. 

llU'A JJID DISOUSSIOI 

1. Radiographic Euaminatiori. of Turret 

Radiographic examination showed the porosity existing in this 
turret to be elightly 161& than that in the average oast turret. Shrink-
8€8 condition• were about average as compared to other cast turretw,while 
hot tear• vere more numeroll8 than usual. 

2. Vhua.l Inspection of Weld Bead Depo Bi ts 

71gure 2 is a photograph of the top surface of weld bead• de­
poaited on aubJeot ca• t armor. J'W-8 and MLY (see Table I) a.re !erritic 
deposits (AWS Jl-2020 a.n4 :&-7010 respectively) made with electrode• which 
have coatin&a containi11& celluloae. AW-2C and 18/S are ferritic and 
austenitic depos1ts,respectively,1'i8.de with electrodes which h&ve lime 
base all-mineral ty-p• coatings. Conaiderable aurfa~e poroeiv 11 nident 
in the fir1t two beads while the latter two appear entirely sound. A 
bead made with a bare low carbon electrode wa1 examined vi1ually for 
1urfa0e porosity a.nd porosity after grinding flu.ah with platft, and found: 
to be tree from gas hole• auch a• a.re exhibited by 1ample1 J'\1-S and MLI 
of J'igure 2. 

3. Hardneu Surv!Z!, 

Weld-hardenability oun-ee for single weld bead depos1ta me.de 
vith 18/8 auaten1t1c and AW-2-0 and JW-S fe?.T1tio eleoirode1 are plotted 
in Figur• 3. Maximwn hardn611 and depth of heat-affected sones are 
entirely con1i• tent with expectatiou tor • ingla bead welds on 1teel of 
the no1Dinal ch,emioal compoli tion of this armor when welded under dmUar 
cond.1. tion•. 

- 3 -
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4. Macroexam1nat1on 

Figure 4 is a photograph of sections of ai~le veld bead de­
posits u.aed for hard.ne11 eurveye after etching for 1/2 hour in hot 1-1 
h;ydrochlorie acid. Poroei'ty 19 acain evident in weld metal of depolit 
made with lrleetweld g eleotrocle. while veld metal depo1it1 mo.de with 
electrode• having lime ba1e all- ineral type coatinge are eound. Wo 
weld or baae metal cracking la evident. A1 unde~-bead craclcing usuall1 
occur, when making aingle bead deposits without preheat on ateel of 1 
equivalent carbon and alloy content if ferritic eleotrodee having cellu-
10110 type coatings are ueed, additional aeotione were taken from the 
block welded with 1l.eetweld 8 electrode and examined for under-bead 
cracks. lo cra.clc1 vere obserTed. 

5. General Oonaideratious 

Weld metal poroeity is encountered when selenium-containing 
caet armor is welded with an electrode having a coating which liberate• 
hydrogen-bearing gaaea during ,he welding cycle. A considerable volume 
of eydrogen h abaorbed by the molten weld metal trom such an atmo•phere 
during the weldin& cycle and the di01olved hydrogen Tery possibly react, 
vi th eelenium, pre• ent in the portion of the baee metal which ii melted 
dur1Jl8 the welding operation, generating ~Se gas bubble• which are 
trapped during •olidification of veld metai cawiing poroaity. llectrodee 
with lime ba•e all-mineral costing&, or uncoated electrodH, d.o not cauH 
poroaity appe.rentl1 becau•e much lees h,ydrogan is available in welding 
atlloaphere tor reaotion wit;h the aelenium from the melted base metal. 

Under-bead cracking tendency ha• been rela tad to hydrogen ab­
sorbed by the weld metal during the weldin& cyole.• The absence of under­
b.ead cracks, which ~rdinari17 would be expected to be pre•ent when 1111,gle 
bead depo11ta are mad1. uin& neetweld No. 8 elec,rode,' without preheat, 
ie logically a•aociated with dacrea1e in hydrogen conaentre.tion in the 
molten veld metal due to chemical reaction with eele~ium and diffu.eion 
of h;rdrogen atoms into the reeultant ~Se gaa bubble•• 

J'u.rther experiment, have demonstrate! that the ea.me effect• 
may be observed when veld• are deposited on ateela of relatively high 
aulphur content. Poro1ity in this caee may be a reault of formation of 
~s. 

Other than porosity, vhich may be elillinated by uae of electrode, 
with all-mineral ty-pe ooating1, no deleteriou1 welding effect, due to 
amall addition• of aelenium to ca.at armor, either through increaeed 
era.eking tendenoiea or impairment· of mechanic8l propertie1 of veld metal 
or heat-affected. son.e, appear likel1. 

• Watertown Arsenal Laborator7 Report ?lo. 642/115, entitled "Arc Weldinc 
of Alloy Shell - Stuey of Base Metal Crack• .A.a100iated vith llltfect1 
of Are Welding Prooe11. 8 

- 4 -
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i:;tr i ne.:er 

De ·,oi;ited w.i th 7,/16 i nch c'li., r:>t i r Crucible 18/ 5 electrode 
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Deposit ed <Ii th 3/16 inch di.-uneta r AW2 C n-l!o fprri ti c el ectrode 

t r i nge r 

Denoaited with 3/16 i nch diam ter Fleet1eld o. 8 lO f a l l oy 
f erritic elec tr ode 
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COPY - 15 March 1944 - ehk 

SPOMJrli'lP 

TAN?:-AUTOMOTIVE CEB'.l.'Ell 
Fisher Building 

Detroit, Michigan 

GoUJi/fmc 
Ext. 396 

Subject: Union Steel Casting No. 374-B, Containing Selenium 

To: Commanding Officer 
Watertown Arsenal 
Watertown, Mass. 

l. This office ha1 been notified by the Union Steel Casting 
Company, Pitt.burgh, Pa., that they haTe ahipped turTet No. 3391 
which was poured from heat No. 374-B containing selenium to your 
station for metallurgical 1nTeat1gation. 

2. Thie turret 11 being forwarded to yonr station in order 
that a very careful check may be made on the w~lding qualitiee of 
such steel. If any further assistance in regtxd to this problem 
can be off~red by the Union Steel Casting Oo~Ja-ey, thq h&v• 1ig­
nified that they will furnhh any 1nf'ormat1o· 1 ~vailable. 

3. The above turret wa1 shipped on F tR w~bill No. 34356 in 
car :SB-91422. 

lly Order of the Ohie:t of Ordnance: 

Wtn. 472.81/27932 
T.A.C. 470.4/177 
Attn: SPOU-:IP 

D. O. PIPPlllL 
Me.Jor, Ord. Dept. 
Aseillta.nt 

lat Ind. 'larner/ahk 

C.O., Watertown Areenal, Watertown 72, Maes. l NoTember 1943. 

To: Chief, Tank-AutomotiTe Center, Union Guardian Eldg., 
Detro1\ 26, Michigan. 

1. SubJeet ca• tin& has bean radiographed. 

2. Two 1ection1, each ab>ut 112 inch•• 1quare, haTe been cut 
out for welding te• t1 of thia r.aatiil8, Information a, to compo-
111 tion of th11 turre\ casting 111 4Hired. 

3. D1epo1Uion of remainder of ca1tin« &1 1crap 11 requested. 

I 1
1 

Jor the Commanding Officer: 

!. H. Zornig 
Colonel, Ord. lllrpt. 
Aaaiatant 



TAC 470.4/177 
.A. t tn: S..~D 
Wtn. 472.81/27932 2nd. Ind. 

ltahl-dv 
2996-24th Fl. 

Arll\V' Service Foree,. Office of the Chief of OrdnMce, Tank-AutomotiTe 
Center, U!lion Guardian :Bldg., Detroit 26, Michiga . 16 E'.ove11ber 1943 

'l'o: D1• tr1ot Ohie!,Fitt•burgh Ordnance District, 1202 Chamber of 
Oommero• Bldg., Pittaburgh 19, Pennaylvania. 

l. It i1 reque1ted tl:at the information requested in Para. 2 
of fir1t ind.or111111nt relatiTe to chemical composition of this melt 
be furnhhed Wate:rtown Areenal. 

2. Aut hori1at ion to di1po1e of the remainder of thi1 caating 
as 1orap 1hould be 11184• by your office. 

Br ordtr of the Chief of Ordnance 

Pit . 4oo.163/660 
TAC 470 .4/177 
Attn : SP(J(• D 
Ytn . 472.81/27932 

(e/ t) D. C. Pll'.PIL 
Me.jor , Ord. D9,pt. 
AH 1a tan t 

3rd Ind. Cutahall/mrv 

Army Service Force, , Office of the Chief of Ordnance, Pitt1burgh 
Ordnance D11 trict, 1202 Chamber of Commerce l3uildi?lf , Pit t1burgh 
19, Pen,t1.a . 18 lioTuiber 1943 . 

To: Commanding Offioer, Watertown Araenal, Watertown 72, Man • 

l. .At1 reque1ted in 2nd I.'nd.oreement • chemical composition of 
Ht . 374-B is f urniahed herewith, i.e. 

~ f !! s Si Cr Mo -
.31 .036 1.77 .023 .38 .42 .35 

2. With regard to the ditpoeition of the remainde~ of the 
casting, the Union Steel Ce.1ting1 Company ha.e requested. that it be 
returned to th•. 

3. Jor hie infor•tion and necee,aey a~t1on. 

?or the D11trict Chief: 

- u -

JWlOLD G. G.AllY'IS 
Major, Ord. Dlpt • 
.A.u11,an, 



j \ \ \ 

Wtn. 472.81/27932 
TAC 470.4/177 
Attn: SPOKI-D 
PIT 4oo.163/660 4th Ind. Matthews/ a.art' 

c.o., Army Service Forces, Ordnance Department, Watertown Arsenal, 
Watertown 72, Mae1achueett1. 29 BoTember 1943 

To: Chief, !ank-Automotive Center, Anny Service lorcea, Union 
Guardian l3lllg. , Detroit 26, Michigan. Attn: SPOK&-D 

1. Reference Jrd 1ndorsement, it is regretted that the subject 
caeting has been • crapped during a recent driTe to clean up salvaged 
1temt at thia areenal. If the Union Steel Ca.sting• Company wishes to 
have samples of the material for experimental te1ts, it is probable 
that these can be JJiade available from the two 12" x 12• sections which 
were remoTed from the turret and are being used for welding experi­
ment• at thie ar1enal. 

Jor the Commanding Officer: 

- 111 -

H. H. ZorJli& 
Colonel, Ord. Dept. 
Auillta.nt 



.. 

II' I I· 1 

I \ I 

PIT 4oo.163/1765 

Ver Department 
PITTSBURGH ORIIWfOI DIS'.rlUOO! 

1202 Chamber of Commerce Building 
Pittsburgh, Fe.. 

Attn: Inspection Section 
Tank & Mt?'. 'l're.neport :Branch 

Outehall/mrw 

27 December 1943 

Subject: Union Steel Oastinge Company Turret No. 3391, 
Ht. No. 374-~, Containing Selenium 

'?o: Chief , Tank-Automotive Center 
Union Gt,ardlan Buildinc 
Detroit , Michigan 

Attn: SFCllll-D 

1. Reference 11 made t o l etter f rom ~our off i ce dated 
29 ~ 1943 , JJ'ile. No. TAO 470 .4/177 and 1ubeequent indorsement• 
from Water town Arsenal , l'ile No. Wtn. 472 .61/27932 and fro• th11 
office, Fi le No . PIT 4oo.163/660, regardi ng t he dispoetttoa of 
scrap material f rom Union Steel Ca1ting1 Company under Ht. Bo. 
374-~ . contai ning 1el enium. 

2. Subject eOmpe.DJ' hat ad.Tiled this ot!ic• th-, do not re­
qu.ire samples of the tvo 12 x 12 piece, remainin« from this ca• t lng, 
but haTe requ.e• ted information as to aP1' re1ulte obtained fro• 
welding experiments conducted. 

3. 'Zor hit in1'ormat1on. 

7or the D11trict Chief : 

(• /t) 

09K 470.4/Pgh.Ord.Die\ (27 Dec 43) 
A\ tn: SP<JC»-:q 
Pl! 4oo.163/11f.5 
Vtn. 472.81/67 11\ Ind. 

~- !. Hof:tma 
Capt., Or4. Dep,. 
Aui• tant 

I.abl/ • 
:&in. 2996 - 24 n . 

A.r-.x:, SerTice 1orces, Office, 0hief ot Ordnance, Tank-Automotive 
Oen11er, Union Guardia'd Bldg., DetroU 26, Mich. , 31 Deoember 1943 . 

'l'o: Commanding Officer, Wate-rton Araenal, Wa'8r4.owa, Mae .. 

1. Attention ia invited. t~ Pfragraph 2 of ba1io collll!IWl.icatton. 

2. It 1a requ.Hted. that in!oraUon o'b\ained :trom weldi:a,; 
experimentl conducted at 7our station b• made &Tailable to Pi tblnlrgh 
Ordnance Diatriot. 

B,. order of \he Chief of Ord.rw>.ce: 

-iT-

(e/ t ) D. a. PIWIL 
Ma,Jor, Orel. Dept. 
Aaei•'--t 
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