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MDIO'RANDUli J'OR REAR AUU:.RAL MC nri'lllE, (MC ) , U.S.N. 

'!be Problem: Plnd out all you can about Beryllium. 

Analysis ot the ~blea: 

Hiatoq: 

'l'be oxide ot beryllium waa identified as a new "ear~" in 1'197 
and dealt with extenalTel.y in the Annale of Cherlliatry and Physica in 
1'198 (1}. 'Dle lll8tal was first isolated in 1827 (2). The authoritatift 
published. work of Sieaens and Halake (3) recounts the many d1ftieulttea 
encountered by the earl7 in-n.sttgatora and the achieveJtenta of Lebeau, 
Flehte.r. and Oeaterheld, ,. well ae the e'fentual deTelopment or 
aethoda for CODII'l8rcial production. All ia a cc:aprehenei'fe in'fest1gat1on 
ot the element. 

from 1833 to 195'1 there were printed ae'feral tmponant papers in 
the acient1t1c literature ot this oountl"J, but no important paper has 
been found for 1938 or 1939. 'l'be radio and popular preaa haa hinted at 
dewloptenta, but con'fincing deteils are lacking. "Germany's tJl) tn 
the Air" (4} 1a a la$8 hint at with-held information on the new de'felop­
aenta in the metalurg of berylliUIIl. .The Bllreau of Construction and 
Repair haa been :110at helpful, b'~~ept1cal ot aoae of the popular 
claiaa concerning epochal disco conoemtng thia element. 'rhe 
same statement holds tor nuaerous other technical. sources. HoweTer , 
there is an abiding conviction that there 1e 010re than popular appeal 
behind cle'ftr propaganda. Th18 atateaent 1a baaed upoD the tact that 
this element bae no\ been autf1oieD,lJ studied or the data autficiently 
coneiatent to warrant calculationa (5). 

(1) L .N.Vauquel1n: Ann. de Chem. e\ de Phya. (1,98} (1) 26, 155-1'19. 
(2} F. Wohler; Arm. der Phya. • Cham. (Poggendortf} 1828, 1357'7-~2 • 

. (3) Stemena Konzern; Beeylltu:s. ita pro4uc,lon and appl1caUoa. 
Cbft. Catalog Co (Rhe1nhold Pub.Co. ) 19:52. 

(4) Ken; April 6, 1939, p. 18. 
(5) ContribuUona to the Data on Theoretical KetallurgJ . 

V. Heats ot luaiou of Inorganic Sul>atances. K. ~. Kelly. 
Bull. 3V3. u.s . Dept. Interior, 1938. 
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lei"Jlltu:a la aot a pa•tteularlr nre el.eaat. It ta aoDat4eN4 
ae betna about 10 '~•• •• abwl4ut la aaare •• tlll, elob haa oea­
aoDly .ol4 tor 5041 or l••• per pnnd. &.rylU.UII, e'fen Whea allo,-.4, 
aella tor te per powut. !bla te probab~ dlla to the taot that the 
oat, 1mo1fll ( co.erolal) ore, be17l contain a onlJ about ,. H17ll1ua 
aad ua been foun4 1A oomaerotally aooeptabl• tom ln IIOila pe.-u t6e. 
1he.. lD \un 4o aot ooaaU tute .,re tho l$ or '\he eal"th • • OI'Ut aD4 
aal4oa tnolude •" \hall 1$ be~l. 'l'hla apane Ud onatlo cttatnbu­
tioa of be17l aooouta for \he 41trto-ul'f ot aaklna e•''-'•• of tla.e 
wor14 • a aupply u.d \he ooa\ ot allltns, ae there 1a U. ttle ohuoa for 
other MUla to bear a part ot the ooat ot pro4uo-·Uon. !bare ta 11\tle 
beryllium ooourrtas tn aeoon4ary .taerale ao thla preolu4ea be~lllaa 
Mlaa pro4uoe4 •• a bf·pro4uo\ la other lliDiDI operaUona - that ta: 
1 t ta too 4lluted to 'M reoo'Nre4 on a ~rolal baala. 

In n•• of the tonaola& relatlaa to the eparae OOO\\l'Aiitt lt •r 
... pllft4oxtcal to report that at preNDt .ore ore ta ott tho 
ooJURU~en oaa uae. In4ua\J7 would DOt be ,Juatlt1e4 ill eapq.atoa etll 
replar u4 a4equa te euppltu of the ore aN aanN4. Doubtl••• the 
&nod tor be17Ulua alloJ• •uU lte brtat an4 tll4uati"J wcna14 npl4lJ 
exputl lt the J)l'loe w:re out troa tea to t lO or ID per potDd ( l). In 
a tell o ... the ••••l 1JUluatl'f would probabl7 alJeorb sna• quutl t1ee. 
!be aet.Uur11 ot bel'Jllla la aah aore ooaplu thu that ot tla. 
PJ'I0088He an anllable wlleretar lhe .. tal or l te allof• ooul4 be pl'0-
4uce4 at oal7 a fJ'&Ot1oa of the preHnt -u uale operation. There 
ta nee4 for 80118 an - do tor 'hl'Jl What waa 4oae tor bostte and 
al\1111INII. 1.'b1e proba,lf wlll ooae, ataoe the :popular taaq has beea 
tired. bJ Ua poaaltt111 Uea. 

It oooudoe 1n ~· South DOoM. Blaok Rille, Colore.4o, Br1tleh 
In41a and Sou\h A1HJI1oa, Cana4a, Auatnlta, Atrtoa (l). 

(l } Paul 11. fJ'ler - 1Unor U.ula .. tllnerala Y•r Book 1138 - A 
JOeTlew of 113,. 



!be 4olleatlo Nqulreauta of beryl tor lUV ftN appllet t1'0il 
the sou a&. DalroM 8laok BlUe, OoloJ'Ho, Itt. \lah India aa4 Scnaat 
.a..noa. rtaun• oa daeetlo p1'04uoUon are aot a•U.a~le, 'but \lie 
JaloWD tapona •n 1'18.1 ahort tona, ftluet\ at ., ,671, of Whtell -l.S.3 
.. ,. fl"'OI Arpntlna u4 ao tona troa Brl tlah In4ta ( 1). 

The 'beat known Ia~Uo depoal t 18 at Bellon, lla4N•· SoWftl', 
beJTl oceun al.o at Ou.a ta Blllar, PaclJur uar KupJaa ill tlut 
OotabatoH 41atl'1ot • &n4 ln at leaat I plaua 111 Touda llllla ot 
Ba$p.tt&lla. 'Dle Ualoa of South Afl'lM 1a oonatde-..4 ou of the beat 
re .. ne Brltlah 80\U'Cea ot MI'J'l npply. 'ftle -:rel.4 alnea in the 
llufttaaoA Reap aear L8J'4a4orp 1A ltortb.era !ana'ft&l ooataia M­
ooftl'able ••171 ot noll pm qualttJ. (1) 

It baa -.en 1'epoi'M4 ~t •'-rlal ctaft'7la& Oftl' ~ Ml'J'l llaa 
Mea 11l1ted tn Ll ttle x-quaJ.aa4, Oape Pro'fiaoe u the nelp'bol'boo4 
ot Jaokala Water a.a:r Stlntopt. The reMnte are Alt\ M NPNHDt 
hWldreda of thouan4 tone (I). &apl" of tM Ml71 •••ncet1 10 •• 
Bee. PepatUH aN fewt4 elHwMN 1JI Af'rctoa, Oana4a, Auatnlta, 
04 South Aaertoa, au proU.1tl.J ooul4 - foua4 ta Juo:pe •. 

OonnDl&l"a hope that eubstantlally moM thaJa 10,000 to:ae of be17l 
a rear ooul.d be pl"'cluoact boa aouroae alre&dJ' laTeatl&a'e4· '!ke 
poaalltllt tr al•J• extata ~- a lo• pacta 4epoat \ •1 tae tou4 eoae­
When ta the world Wbtoh woul4 peal\ ... pre4uottoa 118th~e. Lab­
orator.r ttacttaa. indicate there Will be DO 4lttloul'1 ta ooacentrat1ns 
'be17l tro\h tlo\a'Uon Whe11 ud lt ntt1c1otl)' l&Jt{Ce anct unlfoa 4 ... 
poet ta aM loeaua ant cl...._d expencta. 

'l'lle 4c.eettc 1n4uatn t• amall, but tnoNa•d ln lQS'1. All tn­
telltpnt peaa ot the conetaptton ot HJ"1ll.ua le 000 tou of nryl 
1n the t7atte4 Statee and p:robalJl7 leaa than GOO tone for all other 
oolintrlea. 'lh1e inoluctee aJa allowance of a~und 100 ton a u.eed tUnotl)' 
ln \he oeraalo taduat17. Solae ~rJllium oxtde la WM4 la glaee aaa 
oeraalo 81•••• ae wll ae tn au.pernfao'<>rl" and btgb.-du'f abras1Yee. 
1'ha protuouon of beJ7llt'Wil allo7a tn 1g!7 pl'ObablJ 414 aot exoMd 
10,000 poUAde (1} • 

.. n to the Ua1ted Statea, Oem.anJ ta the •ln. eoUJ'Oe ot benlllua 
pro4uota, howeYer the httW pubU.olud Italian 1nduatr"J" ~lat!WlJ 
laportaDt ant\ experbuat t• uader .., ln a nW!lber of European ooub't••· 

(l} Minor U.Mla - IUnerale Year Book 1138. 
(2) Sanctenon. L. Bft1ll1Ull & lte Alloye: Bancta. olara u4 Ulaeftla, 

Vol. a, #J Sept. 1G37, pp 95-88. 



,. 
Ruaor hae U that lapan 1e uetna 1500 Kg ot bel'fll1ua annually and 
and expects .con to undenake pl'Oductton at the rate of 1,000 K8 a 
rear (l). 

The prtnctpal control ot beryllium in the United States 1e in 
the Bel"fllium Corporation, •20 Le:zinston Aft., New York whose preet­
dent te .Andrew Gahagan. He reporla ~at his corporation hae abeorbed 
the Bruah Deryll1wa Oo., Ole"Yeland, Ohio, and eeftral eu.ller untta. 
The largest. production laboratory te at Reading, Pa (2). 

!he price ot beryllium-copper alloys hae been reduce4 from 
130 - $23 per poUDd of bel'flllum content. The ealee doubled tn 193& 
&net had an increase ot 6~ tor 1937. No tisurea are aft1lable tor 
19~. fteae salnl ftft probably due to 1elll118 preeeu:re. Deaplte 
the prtce these alloJe are attll econo111oal taatertal tor aumel"'Ue 
epeotal purposes, eapecially where high tat;.gue 'Yaluee, or wear and 
corrosion reaietanoe, coablned With aood electrical conduoti"Yity are 
naeda4. 

Beeylllum-Alum.1nUlll alloys are antlable· and an oreattns great 
1ntereat. A Dl&eter alloJ ot auoh 1QB.tertal coata $&() per po\ID4 of 
oon~illed ~ryll1um. Alloys with Jliokel are afttlable fJ"'ttl O.J"'IBny 
and ha" been p:roaiaad domaaUoally, but omen ti'Oil Bureau ot Coil• 
etl'U.otlon and Repair outataa411lS more than a year h&'Ye not bMn 
4el1ven4 (3). Bxporta ot beryllium troa the UhUed s~atea were 
pl'Oh1b1 ted 1n 1938 Us>. 

(l} Oh1m1e it ln4uatr1e, Vol. 38.#&. Deo. lQM, p. 1311. 
(2) Andrew Gahagan - Personal cQNmUn1oat1on. 
(3) Lt. H.V.B. Madsen (OC), USN. BuOtt.R. Personal co.amioatlon. 
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BeJT1Uum or OluotllUil. Proper\1ee. 

Sppol: Be. .A.~c Wetpt: 9.1. One ot the aeftllo oh•lcal 
el ... nte, lnolu4e4 ta the aame aub-~up aa the perto41o olaaal­
ttcatton •• ap .. t • • 

I-' ta a .alleat»le Mal ot a e~o1t1c 8ftYtty ot 1.64 u.d a 
•PM.lflo heat of 0.4.0,9. t•• ae1Uns polnt ta below tha' of allftr. 
1~ ,, tlae atate of 41Yieioa it takae tire on hea\tns tn alr, but 

· 18 permanent at ortln&%'7 t•pere.tuna tn OZJ&en ar air; lt ta 
N&dlly attaote4 'bJ hJ4J!Oolllorto and aul:phvto aot4a, but aoarettr 
aotecl on bJ nltrto ao14. It bahaYea lite aluatnua when ln eolutiOJlts 
of oauatio alkallea. It coabtnea reacUly wtth tlourlae, bJ'OIIltu, 
ohlorlu, eulphur, eelentua an4 phoapbol'Oua (1). 

htbl ,~: ::-~, 1~u==~ =h 
1:oe0:1:!; .~:ro:z:.::err::t~:.C 

expoaun to &11', probably beoauaa ot a thta, tranapt~rent p'roteoUw 
oz14e ooattaa (1). Thle authority atatea the apeoltto. II&Ytty la 
approximately 1.8. 

'l'beM la Jll) reool'de4 aotual deteJ'Iltnatlon ot Youns'• .:>dulue 
ot elaattotty, tt baa b .. n eat1mate4 aooordtag to r.eaeaden•a law 
to be ao,ooo J:g per aq. a.a., or about ~ htper thu atae1 (S). 
'.the aleoh1oal oon4uott•ltJ 1a approxt•wly 1/11 'ha'\ of eo"er. 

(l) 'fbe boyolopae41a BrUazm1ca 'fol. 3. XI Bd. p. 818. 
( 8) G.Yellua Han4buoh 4er Anarsantaohen. M 8. ,S,at• #16, 

Bel')'lltum 48 - '11. 
(S} P.Sahftrber, Metallbore• 1918 181 ,04. 
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'l'be phy•teal ooDetant• ot Beryllla (l ) • 

.UO!Id.O 11\DlbeJ' 
Valence 
.Atoaio wellh' 

4. 
11. 
9.02 

Linear quoflo1ent of expaaatou 
200- 10o0 

2000 

30oO 

Melttna polat 
Speottlo sra~tr 
Atolalo 'f'Olume 

6 11.8 J: l0-

1S.a X lo-6 

14.0 J: lo-6 

a.a s 10-6 

6 16.1 X 10-

16.8 z 10-6 

1188°0 
1.815 ., 10°0 
4.M to 6.30 

Rea' ooa4uot1TitJ E : 0.384f + O.OOO?Ilt 
- 0. ()()C)O()(Meat8 

Youaa• • IIOt\ulu of el.aat 1o1 tJ 
Heat MlOil 
TJpe or or,ra\al lattice 
.Ulal ratlo 
Hal'd.neu 

Vapor preaaure 

- O.OOOOOOI'1t3 

80,000 1te per •q.a .. a . (oaloulatea) 
Sf.D.IS C&l. ,.,. &a• 

ha:aaoul oloae paot 
1:1.58 - a = a.I&Sl o = s.elAo 
110-so Drue11 (tt.e - K. •) 
lll lh-lllell ( 99. t&) 
0.001 •·•· B& at approz11Date~ 140d"e 
&. a .a. Ba at appJIOZtma~lT 1130°0 

780 ti•• • H8 at •P'PI'OXia ~11 1040°C 

notprooal ohu 5.41 x 104 (20°C) 

( l) L • .T. Stott. hopertt•• aD4 J.llor• of Be17lltua. a. IRetlwte 
' ot Milllq aD.d MetallUJ'IlOal JJLslll"n TeobD.toal hbl1oatlOD. 

#'mS. 
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traea ot Berylll•. 

Beryll1\D!l-oopper toola are widely ad't'ertiaed ln lnduat17 ae 
eatet7 tools when epe:rklq m1~t cauae u exploalon ol' fire. 'lben 
•oola are repreHnte4 by axea, wire bruehea, batchete, hammers,. 
scrapers, aledpa, wreok1ng bara, caulking toole, p1cka, obtatJla, 
dr1tt pin a, punohea, and a wtde Wlriety ot wrenchea. 

The beat treatment ancl beryll1wa content of the allor pemita 
t .. pertng treat.ent to atren~ha oaaparable With 8004 alloy ateela. 
Thua a better tool 1s produced than the cheaper bronze toole tor 
4eproue tradea (1). 

lunher uaaa: ru .. cllpa, awttoh blades, Y1b!'tlwr ama. con ... 
\aot bruahaa, ap~ltanoa plug cllpa, plugboard ooataota, awt,oh jawa, 
ctrcui t breaker aprtnga • relay ap:r1nge, bJ!'\lah holder ap:r111g8, eleo­
trto ransa awttoh parts, thermoatatio ooAtrol aprtncs, spr1Dga-leaf 
or bel1oal, oontao\ apr1np, spring n.ahera, aipbon bellows, dta­
pbragma of all ktnda, fouotain pen cl1pa, camera parts, instrument 
parts, paollAe and oil JU'IIIP pe.rte, oanea, ftl't'8 pane. watch pane, 
geara, preo1a1on beartnga and buahinaa. plastic molda, die oaettns 
dlea, wel41Da electrodea, non aparkins toola, optical &llOJ•· Cer-
tain parte of surgical 1natrumente (where electrtoal contact may be 
Wilted}. Repu.tad atr plane conatruotton to obtain lighter weight 
•hau alUm1DU%11 8Jl4 'he atrength ot ateel . !hie aeoret alloy depends 
aot 110 SUQ upo11 the proportioll ot copper b.eryll1ua, etc. aa it doea 
upon the peouliar uthod of 111xtng th• (8} (~). Stot' and Stmonda (4) 
repor'\ on the a4Tantagea ot Be-ou alloJa tor molds tor plaa•toa Where 
fine tletalla are required and they h&'t'e a. theJ'Iltll conductl 'f'1 'J aore 
then '•loa that ot ateel - wbioh enables shortening tho QOUldtng 
CJCle. SUch a oaatlng can be beat treated to about lGO,OOO lba. per 
aq. ln. w1 th a hardneaa ot about 42. 

(l) Acl't'ertt.atna PMphlet - 'lhe Berrlllum Col"ppraUoa. 
(I) Intoma·Uon trom Tbe Beryllt 'Wil Corp. , Jleacu.na, Pa. 
(S) Ge~y•a tfJ) ln the Alrt J:eJu Aprll 6 - 1939 p. 19. 
(4) Stott , Lou1a L. and Stmonde, ;r. larl - ~-iodem Plaatloe 193'1. 
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Rockwell o. canon (1) nporta oa the qutnoll haJ"datng of Be-Cu 
where the ha1'4neaa and atren&'h tncreaee wtth hlp t-.peraturea aa4 
he atatea (bat properlr .treate4 laCo increase the aervlce ltte of 
Pratt and Whitner oonVollable pitch P1'0»l••er. !be htgh strength 
ot benlUa-oopper alloys allows the uae ot bearlns presauna gHatar 
than 6,000 lb. per eq. ln. ..ltb.oup the baar1D8 l'O'ktea onlJ 8 4e­
ane• .. ., .... 'Ylbnttone and htCh bMrlng loads oauee4 other aatertels 
to tall tn a relatl'fely a!&ort ume.. With be%'1111• oop~r bu'ba ll&'ftrac 
380 Brtnell baMnesa and a ch:roae4olyb4tnwa steel shaft bardealq to 
.UO Brinell, ArO eoutttJia or wear waa tou4 after 110re thaa 8,000 
hours ot sentoe. funller &'ftatlon uees are lncUoate4, but the exact 
uae u4 tnto~t are ooat14ent1al. At laaat the BeOu alloya an 
oharaotertsed b1 unueually hllb wear reata~oe - about 0 ttaee (be 
war realatuoe of broase agalnat atael. 

Stnoe Be ie aoaeWhat alailar to aapealum or alwalnwa 1D PI'OP­
erUea effort a ha'Ye beeJl •4• to uae l t 11b.ere llglltn .. • 1a NflUll'84. 
Bowe'f'er, the pure Mkl app•re too brittle tor atJI'Uotural uae. More 
o'Nr be!'1lllua aHma to be inert Wl th 801118 aetale or acta Un atlloon 
tn ft.e al1o,-tnc etteot. 

Archer and l ink (It) • Ma\lgnoa and cal 'Yert ( S) haYe petn•ed out 
that pure elwdllUWI could be age ha'J'dened wl th 'bel71U.Wil. '.fhla UIIUlenOJ 
ta tou4 olllJ to a .all enent ln allo7a of the duralwatn ,,. a. 'Dae 
ns1a\anoe to ft&J' ot platoa alloys oan be 1a.oreaae4. 

InTeattaauon 1a plll8 on 1Jl the ttel4 ot ugneatua berylllua 
alloJ• (4) US). 

Lteutenut OGimander Cotton ln t}\! lna1nMr1a.g Dl'f1a1oll ot Aero­
nauttoe •• truk, 'but ekepUoal oonoerntns \he uUll\7 ot tleJ711lua­
alWDtna alloT• . ftr atwotural \laee ( 6). 

(1) 
(I) 
(3) 
(6) 

(5) 

(6) 

Ce.raon, Ro~ J1..i . Product Eng1neer11ll Yay 1935. 
TJI&De. Aa. ~. U.B. (1128) V9: 616. 
Ma\lgnon and OalT.rt: Oo!apt. rencl (1133) (1) G, 1260. 
LeuS.e L. Stott: A.m.. Insti t. Mtatns ancl Metalluratoal 
Bll&ineera. !'eoh. Pub. 938, p. a. 
st ... u Koasen: Wtaaenaoh. Ve1'0tt. ad.. St-.na Konzen Clt!t-
1930) e. 
Pereoul COIUIImioa t ton. 
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Beryllium and Nickel 

Nickel alloys can be made heat-treatable b7 adding small 
percentages or 'beryllium (l). Specialized equipmen~ appears 
neoeeaary tor tabr1oat1ng beryllium nickel alloye (!}. It appears 
trom. the 11 tera tun that th1a worit haa p:rosreaaed much 1'\lrther 1D 
Ge1"111AD1 than 1n this country. ':hie alloy ia exceedingly oorroaion 
Haiatant and non-magnetic. '.fhese properUea, combined wt th an 
•laet1o 11Dl1t ot 200,000 lbs. per aquare inch haTe caused Swtsa 
wntoh .akers to shitt to this tor main springe tor h18h grade 
watches - replacing steel (3). 

Or4era tor B1-N1 alloys trom American sources haTe not been 
tilled atter 1 year. Tbere ia reaaon to consider this tor air 
plane protection against 30 and 00 Cal. bullets. It can be had 
trom Germany 1D, rod, sheet, w1 re. 

{1) Uaatng and Kroll: u.s. Patent # 16855,0. 
( 2) if. Heaacan'bl'\lqh: Valcuumgeaohmolzene Beryllium Leg1erungen. 

Heraeua Vacuumachmelze (1~23-1~33). 
(3) Louta L. Stott. Am. Inst. Jl1n1ng and Metallurgical !ng. 

Tech. Bul. #738, p. 11. 
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:Perrous Alloys 

Kroll (1) - 1n 1936 -made a comprehenaiTe reTiew ot ~he 
present status ot Be-Fe alloys and he states t hat about 0.5% 
berJlllua closes the ~ field in iron. Precipitation hard­
ening ot nickel-iron and nickel-chrome-iron alloys is possible 
with beryllium, but additions to the 18-8 type ot stainless steel 
result in a rerr1t1c alloy with considerably leas corrosion re­
sistance. 

An alloy ot 12 chrome, 7 nickel, l~ barrllium and no carbon 
can be hardened to t be high Talue of 675 Brinell. 

An austenitic berylliU!il-iron alloy of the tTOe 30 chrome, 30 
nickel, l~ beryllium can be cold rolled and then tempera~ to 500 
to 550 Brinell. In.ar a~eel with 35~ nickel can be hardened to 365 
Drinell when 1~ berylliuo is added. 

In France Joapeh Laiaaua (2) case hardena iron and iron alloye 
with beryll1wa by cemen~ation. He clams to obtain by th1a means a 
surface hardness on a o.og per cent carbon steel of 1506 Vickers, 
which 1a considerably aboTe that which can be obtained by n1tr1d1ng. 

One per cent of beryllium to nickel iron alloys, w1 th or wUh­
out chromiua and then precipitation - hardened re~ulte in a hard 
case (3). ~ese properties are interesting and .aluable tor araa­
ent protection. 

(1) Dr. l . Kroll - Beryll1Ulll Iron Alloys: etala a. Alloye, Jan. 1936. 
(2 ) ~. Laiaaus: Compt. rend (1934) 19g 1408-1409. ReTtew de et. 

(1935) 32, 293 - 301. 
(3) w. MTOll: u.s . Patent 202g72•. 
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Bei-Jll1um - -pHoloua-aetal alloya. 

Berrlllum added to a11Yer lnereaaea the tarnish reatatanoe (1}. 
'l'be dtaadft!l'\age 1a that When 1n use a aurtaoe dltrtcult to polio 
reaulta, hence n.o deTelopment along thta line 60•• on ln tb• U'ntted 
Statea. 

The addition ot l~ b•rylllum to ttne so14 results 1n a bardneae 
ot approximately 85 Rockwell B and a &.' be!Tll1ua st••• 122 Rockwell 
B, or well oTar 400 Brlnell. The dtaadnntage 1a lt more thu o.~ 
Be ta added to gold the alloy beoOJUa too brittle to work. 'l\ul.a,. 
oo~ro1al appltcatton 1• to ltmit 1t ~ low grade gold eoldare and 
dental 1nl.aya. 

Due to the att1n1 ty or beryllium and sulphur the metel baa a 
ueetul purpose as a deeulturtzer ( 2). Beeyll1U11 wtll replaoe aouw 
reduoina elements auoh aa alwa1num ana oalc1um tram their oxraen com­
pounds and accol'dinS].y ia 81'1long the beat diox1c1lze:ra.R'Nll (3) etatee 
"the deeulphurtzatlon ot steel by uatna Be ta quite aaton1ahtns.• 

In Ge~ny Be ia uae4 in amounts or 0.01 and 0.02 ~ to obtain 
deBae, sound, high oonduot1T1ty aand caaUnga (4) 1D. th1e ooUDtJ'J to 
reduoe poroatty of oaatlnge and sharp 4e~aile on the ascaat surtaoe. 

(l) H.A. Solman: 1. Institute ot Metals (1934) 54-191. 
(2) G. Maetng: u.s. Patent 17?4837. 
(3) Kroll. W: Metallw1rteohratt Vol. 13, lan. 12, 1934. p. 21. 
(4) E.R. Thews: Canadian Chem.& Met. (~-reh) 1931) V8-80 



lbal ta ~· ~Ut\tft ot bel7lllta't Mr. Oe.hapn thtnta there e.H 
tJ'eiHftdoua toaetbtlt l1•• lt 110re IIOI'lef Mocaea a'ftllable tor re­
aearoh illto 'the aplOle.l waea ot berylli\a. Ob"f1oual.7 reaearoh ahoul.4 
be· oanled oa 111 u 1Jltenalw aannar to oaplttl1n what la ali'M4J 
b~. ·~ 

'l"be oxtde of M1;!Jll1UM •• 1tlant1tlet 1n 1'199 • but until re­
caDt JHH onl7 a tew sr-u ot tbe setal Wl'8 pl'Oduca4.. !be eoat 
ot ~he Mtal hae ftr1e4 tr. about j:SOOO per poUD4 in 1924 to t l3 
per poUll4 1A lQO. In ••• pl"'duotloa •t!loA• 1 t ahould coae 4on 
to abo\tt ihe prtoe ot ttn - ~Of per poun4. It 1a certain that wt~ 
a reduoUoa 1n price that a great tneree.n 1Jl uae will ocoar. 

Althouch of a '"l"f low apeottto 8J'6Y1ty {1.84) ana haY1D& • 
hlfrhe:r rtddltJ than at .. l, there appeare little hope to1' the uee 
ot pure berrllium •• a atruotu:ral engln .. rtq •wrtal -at l•at 
untll turther resM:roh iap:rofta 1 ta 'nllue aa4 ••• pl'OC\uatton H­
cluoea tbe coat. I t hl.a tNMndoua \'K)aaUdl1t1" tor •JuMti&l uNa. 

tiloya of beJ7ll1tn wnh ll&bt M~la haft not Jet prow4 
ooantally 1ntereat1ng, but there 1B a ft!IOI' that Gel'III8.Jl, 
Italian an4 poaslbly Brltlah eourcea haw beat the u . s . Metallu:r­
&lata to the aeoret of uae ot beryll1WQ. 

Growt.Jl& uaea are 'belllg foun4 for 81111lll a4cUt1ol18 ot the 
el..-Dt to copper an4 ~1okel allo,a. 

8817111\1!1 copper 72.25 Be i a well t•tabllahed tor epring uae 
and tor apeolal purpoae \oola. 

OetwmJ' appeare w be leading the worl4 1n reeearoh OA 
'be1'J'll1UII nlo.Ul alloys. Nlokel wUl\ 1 •• beJ7U1UII.\ ta capable 
ot hn' \reatmeut reaulitna 1n ft.lwte ae blah u 2&0,000 per 
aq,uare tD:oh tenatle atroqib. wUb. about ~ eloD&tJ'Uon.. A non­
• snetta, h1&bl1 corroa1on-rea1at1q beJ'YU1um-nielcel-ohroa- 1roD 
allo7 le ~1ng ueed tor heat naiatant aprS.nca aa4 for n.'oh u111 
aprtnp. 

The ad41t1on of bel"flltwa \o 1ron-n1okel n1okel-ohroao-tron 
per.a1\a pre01p1tat1on-hardentng. 

Clalu haft beu aa4e toJ' a1lft:r-'beryll1ua alloJ• to decne.ae 
the taJ'ft18h, but they are not aooepted here. Ool4-ber1ll1UIIl alloJ• 
a.,.. not euft1o1en'lJ ductile tor praotlaal ~urpoaea. 
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!he htSb a.-o atftntt7 pe~tt. eplen414 4eaulturlsat1on aotlon 
u ••11 •• 4.n14atloa trea....,t. In01'86H4 atua, ea4 lDoNaeecl 4e­
.au4 wtll tnonue '" ••• ot bel"Jllt• ana re4Uee the prt,n. 
S.'J!'Y111ua aporte ~ the Valtee 8\a\ee wal."e p1"0hlb1'e4 ill li31. 

Speotrto tntonatloa ooaoentna the uM of b•rrllt• ta n. 
ena•toa ia4ueti'J haa 'beea cUttloult to ob\aln ancl .... tho <m1J 
tn a ooDtldeattal .-..er. 

Couolualona t 

!bat: ~~o · fi.UO'M\lon oa pure be!7Ula wee toun4 lD thle 
OOU\l'f• ~\attoaa on ••'" allore ot bei7Ui• wta the baHr 
.. tale of oopper., ntok•l u.cl lroa N.llP ·fi"'Oa taa to t.o :pv pou4 
ot eoatalu4 MJ"fllt•· 

!hat' WJ"DU8b' ~~-~ beryll lUll le otte-a 1D e-.ntlald. oo.erolal 
., ••• aa4 ..... ,... . . / . 

'l'b.at: Au a-..&418& oo».'Ylotloa blpel~ tbe ooaolueto• that 
epeottto latoJOMtloa oonoeJ'Iltaa the uae ot bel7111• 1a anattoa 
hu ben wlthbel4, bo\h 1D ••ronautlo-e aa4 o.tt.t. 

!bat: It further lllfomatlon ie dulJtec a blp ~ the 
RM.4tns, Pa. tao\oJ'f, \o Jfew York to ooaault tflt. OehasaJL UCl Dr. 
Kroll ad to ~ Pratt aad llhltnQ' taoto17 would be produO\ln of 
the 4eetN4 niUlt.. 

o.s. Stepheneoa, 
eo.ander {110). u.s. tla'f1. 

la CU.rp, D1Y. ot PNwatlYe .. dtola•·~ 

. ,,.. r 
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1 '1 Ma.reh 1939 

flJ!KORANDnl J'OR LIEU'I'. H. v. B. UADSEN I ( cc} I USN. 

llerew1 th your notes on beryllium. This material will 

be kept confidential. 

I am enclosing a copy for your convenience. Thank 

you tor the trouble. 

c.s. Stephenson, 
COmmander (IIC), US .Na-yy. 

In Charge, D1 v. of PrevaatiTe Medicine. 
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SUbJect: 

Reference•: 
(a) 
(b) 

Memorandum for li1e 

Use of Beryllium as an Allo;ying J:leent. 

!emorandum tor File dated 20 August 1936. 
Bucon letter to ON! dated 8 Jan. 1937, JJ~e-(37). 

l. On 15 February 1939, a conference was held in the Ottice 
ot the Technical Assistant to the Chief ot NaTal Operations. Present 
at t he conference were:-

Commander Graf ---------- Cttice of' Tech. Asst. 
Commander Bruner---------- Bureau of En~ineerin& 
Lieut. }.{adsen. (CC)------ Bureau of C&R 
Wr. Andrew Gahagan ------- Berylliua Conlpan,.-

The purpose of the conference was to discuss with Ur. Gahagan possible 
uses ot beryllium (gluclnum) in alloys. Referennes (a) and (b) coTer 
general dieoueeiona ot this subject and are ot intereot in connection 
with this memorandum. 

2. .lr. Gehagan stated that the Beryll1U':11 Company, ot which he 
i s president, has absorbed the Beryll1u:n Corp. ot America and sneral 
other emaller companies. In addition, they haTe att111ated with 
Siemens & Halske, A.O. ot Oeroany so that the ·Beryllium Co. obtains 
all 1n1'ormatton and exolueive licensee on patents originating from 
Siemens & Halske. The agreement further stipulates that Siemens & 
Halske serve• the European market and that the Berylliwn Co., serves 
the North and South American markeh. This was l o.ter changed at the 
r~queat of the Bri Ush Gonrnr.tent so that England is also sened by 
the Berylliw:l Company. He has also engaged !Jr. Kroll ot the liational 
Physical Laboratory as consultant. The Beryllium Company has a plant 
at Reading. Pa . Which waa bought eo that commercial production ot 
Beryllium alloys could be advanced more rapidly than is now the case. 
While commercia1 production ot berylli~~ alloys ia now an accomplished 
t act (Anaconda), neTertheless t he special processes required in 
melting and 
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3. A aeries of articles appeared in the magazine "Metals and Allo7s" 
startine; with the .Tuly , 1936 issue which is a correlated abstract of 
"Beryllium and Is Alloys." Infomation gathered from the first of these 
articles indicates the present cost of ber.ylliun is about $40.00 per pound, 
and that it ocours in hl.ghly complex ores widely scattered throughout the 
world. The largest deposits 1n the United States are in the Black Hilla 
of South Dakota. Exports of this ore to fore1gn countries were prohlbi ted 
in 1932. The article also states t hat , based on a steel weight of 100 
duralumin would be asSigned a n\llllber of 35 .4 and pure beryllium 22.?. 

4 . From the aboYB, it is difficult to oonce1Te of a beryllium steel 
eTen approaching in weight that of some of the aluminum alloys , since 
a pparently only 11118.11 amounts o'f beryllium are used in steel. HoweTer, 
it is requeated that the NaTal Attache 1n Rome be instructed to gather 
such information as is aYailable on this steel and also, it possible, 
ob tain samples of the steel. 

5. The Bureau has also been infom«l through personal corres­
pondence that a J.tr ..... rnest l4ayor, Clarens (Vaud), Sw1 tzerland, is 
working tor a Swise oompany wh1ch has been granted latter patants in 
certain &uropean countriea, and possibly the United States, for a 
beryllium aluminum alloy to be used as a steel addition. This alloy, 
t he Bureau believes, is similar in general charaoter1siice t o t hat 
referred to i n J.lr. Runter's letter., reteren.oe (a). It is requeeted that 
t he Naftl Attache at Rome also 1anest1aate the above mentioned Mr. 
'ayor, and obtain auch 1nfol'llltlt1on sa may be possible regarding his 
beryllium aluoin~ alloy addition. 

W. G. DuBOSE 
ASSIST.ANT CHIE!' OF BUREAU 
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11'0111: Bureau of' ConatruoUon and ReJ)e.ir. 
'1'o otrtoe of' tlaTal lAtelligenoe. 

SUbject: Bor;rlll\Uil Steel. 

Reference: 
(a) Letter of' H rbert A. R\mter, r.: onetsn. USNRP 

dated 23 Nov. l93e. 

l. 'ftlia Bureau 1e unaware ot llJl7 uae 1D tb1e country ot berrll­
iUJil ateel. Laat Auguat Ullotf'1c1al illtol'II&Uon wae reoe1ft4 that beryll-
1wa •• being uaecl tn a f'ore1p oountrr 1A the tlal'luteoture of' amor 
plate. 'there ia aoae llltol'll&tion 1n tbe u ·terature re;ard1ns woJ'k ln 
lf!ncltuul on the 1nveet1pUon of' eteela containing ~~ to 1~ beryll1tml 
tor -poaa1ble uao 1n aeronautical oonet:ruet1on. ~ts 1nveetipt1on ( 
London ~ineertns , September 2· , l93P) 1nd1ce ted that little prospect 
ot beryllt~ becoming a ueetul addition to special ateela ex1ated. 
Ita e.ttinity tor ox:rs•n aakea ita 1nt:rod !Ction into s teel ditf'lcult and 
waatet"ul.. J. hnrdneee peak in the terrperinc ranee of' ~~0 c. eneta 
with aaaociuto4 brittleness an~ liability to crock on cooling, due 
probably to a pronouncec volu:te chana•· llll')&Ct teste alao ~1cate a 
tendeno1 toward a trac ili ty. 

2. l roll (Engineering , e ~e. l9J3), eta tee thlt t Be addi Uone 
to nickel tree steele reaul t in br1 Uel alloys due to co.rae crn1ned 
structure ot the binary De-!e alloy. Howe~er, ho adde that 5~ . 1 and 
l~ De givea a nne &rained atructun. 1 of' Be is equivalent to l~ ot 
carbon aB rep rde hal"denlng poftr. Be bl'inga bout age '1arden1n& 1ft 
carbon-tree iron and the catertal oau therefore be quenched ant\ thua 
~ohtnod tn the oott atate, and the .. con be h~rdened by a e~narnt1Tel1 
lo• temperature age1na heat treatment. Be 1a better than alumtnua ae 
a deox1d6zer and can oompletel1 el~inate eulph r 1n ateel. lroll 
(Beryllium, ..,10J!tea i!on~crn, l9:.S2, page 280 et neq.) at .tee t hnt a 
poaaible use ot beryll ltt in steele • ould be ot the be~ll1ua 1nTftr 
type (1~ be, 3G~ a1 ; Wich 18 oorroaion ree1et1nc and which oan bo 
rolled to thin aheeta and which has a tenaila etrongth nearl y t•ree 
ti •• that of dural.umin. 
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and fabrication are a diaad~tage and therefore production is not 
being pushed. Because or the great atfini ty or Berylloum for oxygen 
and nitrogen l eading to pOor physical properties and 1nab1l1 ty to 
detorm plastically, mel t1ng in vacuo h moat deairable. Even eo, a 
different technique i n toming is necessary and rolling speeds are 
low compared to those ot other alloys. 

3. Yr. Gahagan stated that while commercially pure beryllium 
could be produced tor about $2C a pound, this step was not necessary 
and 1n tact 1nadT1sable in the case ot copper alloys since it can be 
produced and used much more economically 1n the to~ of master alloys. 
Melting point or •eryllium 1a 2336 degrees F. while non-ferrous copper 
base alloys haTe much l ower melting points, thereby preventing ita 
addition in the pure state. There has also been some use ot berylliUJil 
oxide such as on teleTision fluorescent screens and on coating inside 
ot light bulbs in connection with General Electric Company's research 
on "cold light" . Ur. Ge.hagan is now working w1 th U.s • .A:rmy Ordnance 
in connection with gun barrels. 

4. Mr. Gahagan was allked to discuss the alloys of beryllium which 
he considered could be used to adTantage. He mentioned. beryllium-copper 
and beryll,um-nickle (~ Be, 9~ N1). The former ia well known commer­
cially through ita production by the American Brass Company, but it has 
very little use tor purposes under the cognizance of this Bureau. Re­
garding the beryll1um-n1ckle alloy, Mr. Ge.hagan stated that thi.s 1e an 
age hardening alloy possessing vor,r excellent fatigue properties, 
tensile strength ot 260,000 p.s.1. with 8% elongation and a Brinell 
hardness number of 460. Production ot this alloy to these properties 
require the use ot 1" working rolla with 9 backing, i.e. 20 high mill. 
He stated that this alloy was weldable. However, since this 1a a 
precipitation hardening alloy, the heat ot welding will put the beryllium 
back into solution, thereby l osing strength at the weld, and it is there­
tore evident that a subsequent precipitation treatment must be g1T8n. 

5. Mr. Gahagan was then asked it any further develop."'lente has been 
made on Be-Al alloys (high strength-tight weight alloys discussed in 
references). He stated that Si emens & Balske and National Physical 
Laboratory had ~tTen up the attempt and that his own company had spent 

300,000 on research on this alloy without success. 'lhe AluminUDl 
Company ot America had collaborated on this project . lhile Be-Al 
materials could be made, the two elements were mutually insoluble, 
resulting 
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Memorandum for File (Continued) 

i n a mechanical mixture ot high strength, brittleness and extremely 
high cost of manufacture . 

6. Nr . Gahagan was then asked whether work wae proceeding on age 
hardening alloys of the Be-Ni-Fe type (see references). He said that 
hie company was not working on this at present, but expected to At a 
later date. He believed that both. England and Gel"!!eny were experi­
menting with this alloy. 

'l. r. Gahagan wa.a then asked it he knew ot any developaents 
wherein beryllium had been used as an alloying elanent in protective 
plating. He stated that English aviation was using thin sheet lam­
i nations of beryllium-nickel for bullet protection around cockpits. 
He also stated that Siemens was installing a 50 ton Tacuum furnace. 
Upon inquiry by Jtr. Gahapn from one source, he was told that it we.s 
for Ba- Ni and Be-Cu alloys . Another source stated tha t it was tor 
Be-Ni-Fe alloys. Judging from the size of the turnaoe, it appea~s 
tmprobable that it would be used for the former. If used for the 
latter, it is possible that armor plate ia contemplated. 

8. I t was suggested that Mr. Gahagan contact t he present 
suppliers ot Bullet Proof Steel and Special Treatment Steel, with a 
view to research work on protective plating containing beryllium. 
In the meantime , Wr. Gahagan will supply this Bureau with a plate 
ot Ba-Ni alloy 3' x 3' by 1/•• for purnose of testing ballistic 
qualities against 30 and 50 caliber attack. 
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20 August 1938. 

l. No 1ntomaUon 1a anilable aa reprda the usa ot beryllium 
(&).uc1DU11) 1n amor plate, and tor that ldtter TelT little oonolusi~e 
1nt'o.ma:Uon is a.,.ilable as reprda 1ta use 1n ateel. The American 
Braaa Co. makes a Be-Cu alloy oontatnin& about ~~ Be and .~0~ N1, ~hi~h 
is an age tle:rden1ng alloy posMa&ill!; Yeey b.if:h p..1otya1cal pro,ertiea. 

2. 'ibere has been aoee work done 1n !ncland in connection w1 th the 
1nTeat1eat1o~ ateela containing u~ to l~ Be tor possible uee in aero­
nautical oonstruotionj 1h1s 1nTent1sat1on (!ngtneer1ng, Sept. 29, 1933) 
indicated that little proa~ect ot Be beo~ing a uae~l a~d1t1on to special 
atMla exiated. I a att1D.1 ty tor oxy)len rmkea 1 ta introduction into steel 
d1tt1cult and wasteful. 1. hftrdneaa p·lftk in the tempertne; rsnse or •oo-4.-;oo 
c. exl•ta with aasociate~ brittleness and l1ab111ty to creok on cooling, 
du.e probably to a pronounded Tolume cb.ange. Impact teste aliJO indicate 
a tGndency to. r~~ trasility. 

3 . K..""Oll (~gineArln~ , q " eo. 193~), ata.ten t hat Be o.~C!1 tiona to 
nic"e free ateels result tin bri tUe allo3ra due to cOdree graine« 
atruotuN or tho b111ary lle- !fe alloy. lloweYer, he ad~a thftt 5 ~ 1111 and 
1~ De giT•s a :tine grained structure, 1.~ ot Be is equ1Talent to lf, ot 
earbo!l aa reprcla hardeniq powar. "'le brinGo about ap ha.""tlenin& in 
carbon-t"ree iron and the material can therefore be queno!led and th~1a 
J:IP\Chine1 in the sort state, and then cnn be ha!'dened by e. coat:,a,-at1-nly 
low "tapera~re ageing heat troobent. Be ia bettor 'han alu."''\1n~ ae 
a deo~idizar and can c~~letaly ol~in· to sulphur in ~tael . 

'· It 1a eppe.rent thnt. xnowlodp ot Be in YOr"J nen.ere and ~1a 
ia probablJ due to 1ta crent coat, 11tl1cb thour,h now about !'.4().00 per 
pound, n.e ln 1924. about ~.dOO a "PO\llld. 'l'h1e no (.loubt l11'11ted re­
•earoh until rocent years. UoweTer, ·~eto.ls an~ ·.lloya, bc31nn1na ill 
the .Tuly, 1~36 issue, 1a ~ubltohlng a corrle:sted abatract ot "Be27lliua 
and Ia Alloya." An extens1Te b1bl1oh~PhY is ~p·endnd and it 1a probable 
that additional into~e.t!on in rea~1ly ••~tmilable to~ will be pro-
4ucod in auooeedtng articlen. 


