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ZIWONIpM 
, 

A ~lIJCIURAL MATERIAL FOR!HE!ML JlA9TQJ!B 

Des1€n ot thermal reactors has been difficult because of the pOO2' 

atl'Uctural properties of those materials hav.1rlg low absorption cross. 

sections for thermuneutrons.. Amom, all the elements,p QJ117 the follow.,. 

in€ solids were conside red to have low enourh ~bsolptiOD tor use in 

themal piles: 

.Be1'7111um (Metal, Oxide, Carbide) 
Carbon 
Jlagmsium 
Alum.:1num 
Si11con, " 
Tin 
Lead 
Bismuth 

~ these materials,. only carbon and ber.yll1um call be used at 

elevated temperatures for the effioient production of power. Carbon 1s 

a veI:7 weak material and has proven to be seriously affected b7 

neutron and fission t1'l!lflllent bombardment damB€8 .. 

Be1711iU1ll metal is ft17 br1ttle_ llon-homofeneauS,ft expensive. and hard 

to fabrioate. Be17'1l1um compouDis are quite brittle and &1"& effected 

b.r radiation thOUgh to a lesser extent than carboDo 

It is obvious, therefore, that .any material havinf eood strength, 

corrosion resistance 8!ld duct:tl.1ty in additioD to low thermal absol'ption 

~ 
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would be of the greatest illterest in the construction of thermal piles .. 

Bacent measurements by Pomerance and Hoover indioated th8~ the thermal 

absorption crosB-st;tctloJl of pUN zirconium (no hafnium preseJlt) is de ... 

finlteq lese then ,,4 barns. The most probable value at the present 

time ~m8 to be less than .. 2 bams. It' these, measurements are verified, 

hatniUll free zirconium appears to be one of the most attraotive known 

structural materials tor thermal enern' piles 0 

The desirability of a structural material for use in a thermal .re-­

actor'can be estimated from the product of the strength (1') and the ab.­

sorption mean tree path tor thermal, neutrons (",a) G This criterion 

(strellgth per unit abso~tion) bl'eaks down for brittle materials in 

whioh the strength cannot be tully utilized' for structural purpose's due 

to thermal stres_so stiffness of plates, wbiolt may also be important, 

is not ind1cated 177 this criterion'", 

Density F oa ),8 ).8 
(OMS/cc) {r 0$11 '1Il~ .9JD .m F _~~a'-Lh3lIn1 .&u!larkL 

Zirconium 604 75,0Q0 ' ,.,4 62 24- 1,800,000 Ductile 

steel 708 6OjlOOO 2,,5 4 .. 2 1..7 100,000 Ductile 

Cb 8,.,4 50,000 102 15. 5,,9 3OO~OOO Ductile 

Al 2/' 6,000 02 80 32 180,000 Verr 
Ductile 

Be 1.8 11,000 .. 01 720 290 3,200,000 Brittle 

C 1.6 1,000 ,,005 2500 1000 1,000,000 Brittle 

BeO ,2.0 14,000 ,,01 2000 800 11.000,000 Very 
Brittle 

-4 ... 
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Propert1ft§ of Zirconium (3) 

. 
Zirconium metal is stronr and duotile (40,000 PSI with J(J1. elOl'll!a-

tion, 56,000 PSI with ~ elonfatlon, 115,000 PSI with ~ elongation, 

142,000 PSI with 11 elonf'ation) (3)., Strength and elone-stion depend on 

heat treatment and on cold workill€. Zirconium is a relative17 lifht 

metAl and has an atomic volume of 14.3 CC/Gr atauic weirht. The density 

of the pure metal is probably about 6.49 GIS/oc but measured values of 

metal contaminated with LIl1all amounts of hafnium averSEe 6 .. 56 (value 

trom Foote Mineral Co." Philadelphia, Fa.) Tbemodulus of elast1cit)" Is 

reported to be 10,70,0,000 PSI 0). ?irconlum 1n the alpha. phase 1s 

heX8fona1 olose paoked (a m 3~228 o. 5.140)0 The beta phase of the 

metal oocurs above 8610 C (15840 F). The orystal arranfllDlent :in' the beta 

pha~ is body-oslltered oubic (3.61). '1 

-6 0 LWi!J~~' 
The ooeffjcient of expansion of zirconium metal is 3,,5 x 10 / C ~vY-'Jyv~1 

-4 ~ (about 1/2 that of steel) 0 The eleotrioal l'eslst81108 is 041 x 10 ~ 

3 0 0 ~ 
OHJ4S/CM at 0 C, risillf in the beta phase at 1150 C to 1.26 ]I: 10 

OHMS/c.? AlthOUfh zirconium. probably melts at about 2130
0 

C it OSJU'lot 

ordinari17 be considered for use at any such temperatures, as it ccmbines 
, 0 

rapid17 With most gases at a much lower temperature.. At about 800 C 

zirconium reacts with oXYfen 1D air to form first; 'a brittle solution of 

oxide in metal, later white c:d.cie.. Zirconium also .reacts with hydrogen 
o 

(at about 800 C), nitrogen, and with oh1orl.rJe (at a dull 1'ed heat) (> 

..- -5 ... 
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Zircordum can easily be spot welded.. BeUarc weld1J'4' is possible 

it a good purity of helium or arron is used.. Zirconium is, easily 

rolled, extraded, formed, forred 01" 8W8@'9do 

Corrosion Resistance of ZlrconiWl (Dat~!. From Foote Mineral 00 .. ) 

"agent. 
Inches PeDetration Per Yr .. 
Room Tag> G' lOOOC 

Sulfuric Acid, conc. 
~ue Beria 
501 Ferric ,Chloride Solo 
Bromine Water 
Phosphoric Acid, COIlCo 

1r1I Sodium Fluoride J Solo 
lOJ' Stil.turic Acld, Sol .. 
Hydrochloric Acid, Conc «> 

51 Hydrochloric AcidJ> Sol .. 
Nitric Acid, Cone ... 
10% Nitric Acid 
Phosphoric Acid, 10,r 
l!YI Citrio Aoid 
l11J Oxallo Acid ' 
lCII Sodium Hydroxide 
1O~ Po~ss:lum Hydroxide 
strong AmmOJ.d.a Water 
Sat 0 Met'Cur:1c Chloride 
1/10 R Iodine Sol. 
Chlorine l7ater 

Demam' 

Sample completely dissolved in 24 'hours. 

(ll g 
(7) 

0 .. 0004 
0 .. 0003 
000002 
0 .. 0001 
.No Attack 
0000001 
0.00001 
0,,00002 
No Attack 
No Attack 
)10 At,tack 
0 .. 00002 
0,,00003 
No Attack 
No Attack: 

(10) 

(2) 
(4) 
(6) 
-

(8) 
(9) 

0.0007 
0 .. 0002 
10 Attaok 
0 .. 00005 
0 .. 00003 
0000005 
0000002 
0000004 
0.00002 
No Attack 
Gained V7gto 
No Attack 

... 

~1) 2) Hard protective film of sulfate prevented SQ1ution of strip for 

!l! 
H 
(8) 
(9), 

, (10) 

2 dqs" 
Completely dissolved in 24 hourso 
Completely dissolved within a few hours .. 
Str:1p dis1nte€,rated into flakes in two dqso 
strip oompletely disintef,rated into flakes in one dq .. 
Strip disinterrated in 2 days" ' 
u,st 'XII- in weight in 2 weeksQ , 
Complete~ disintsrrated in 1 day .. 
Lost 50% in weight in two wekso 

-6-
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"teot of HrG Waw (V~rbai COIIIII1UX1icatioD from A .. taufman) 

A.Kaufman (M"I"T.) has tested zl'rconium in contact with hIgh 
o 

pressure water for several days at about 300 Co The onq noticeable 

effect was a slight bluish'surface coloration .. 

Occun;.enge apg HafD11uD Con~m!!lt10D 

The zirconium content of the Earth's orust is estimated to be 

about OoO~ (47).. The most abundant m:lneral is zircon (Zr 81 0
4

) co 

Zirconium also occurs as the OXide, baddeleyite.. Zirconium ores occur 

commerolall7 in Ceylon, Australia, Brazil, Colorado; Canada am Nol'mQ'., 

The cost of the oxide :is about $0.2250 per pWlldo 

As predioted b7 Bohr, VOIl HeveS)" round that zi.rconi= 01'8S COD­

tain va¢l'If amounts of hafnium" Ha£nium is an element whioh is' almost 

identical to zirconium 111 all its chemical properties but bas a veJ7 

high lleUtroll absorption cross-section (about 100 bams), a high atomic 

"e1€ht aM a high density It Various zirconium ores conta1n wIde:q vary .... 

1rJt aDlOUDts of hafnium" Scandinavian ores contain as much 8S ')I{I, 8S 

much h8.fnlum as zirconium while the "average". hatnima oontent of 

zirconium ores seems to be about 3$.. VQD Hevesy measured hafnium con-
, 

centratioD by X-ray em1ssio~ specto€,rapb,y, comparinr the intensit,- of 

. the haf"nium line with the intensity of the line due to known add! tions 

of tantalum (47.)" 

",,7.,., 



• .... 

.. 

• 

,.. 

e 

AyJ,xa1B oJ: Z2.rcon1mg NJd BmilU ill 'Uurall (47... 78) 

lIiDeral 
Z1'02 Hf/Zr . 

Locat~2!1 . 'ffaJZ§ bx Dr) (tmaa:lc by WL) 

Baddeleyite Brazil 

Zircon.. Oxide Favas Brazil 

Zircon .. Oxide 'avas Brazil 

Zircon (White) . 

Zircon (BI"OIIm) 

Syenite (C1"8y') 

Zircon (BI"O'Wll) \ 

Zircon (Brown) 

Z:1 rcon(BrowD) 

Zircon (Brown) 

Zircon (Brown) 

Zircon (Crey) 

Hyacinth 

Hyacinth 

Zircon ~ODaz1te) 

Zircon (Mollul tel 

C7rtollte 

Alv1te 

. .Naeglt& 

Eud1al.yte 

Eucocyte 

Catapleite 

Po1ym1(nite (78) 

Austria 

r-~orw8J1 

}\;O%"<'1q 

1I10r.vay 

Lanf6Sund 

Larv:1k 

North Carol.1Da 

Ce71 011 

Madar8scar 

Espoul1l3" (LePuy) 

Vloensa 

Brazil 

India 

U.SoA. 

Kraero 

Japu 

Gl'genl9Jld 

t\orwq 

C reenlaM 

l\orway 

97.1 

91.12 

74 

65 

60 

64 

-
.. 
64 

64 

62 

34 

34 

48 

14.3 

. 14.5 

3006 

.30 

\ 

200 

2 .. 5 

1.5 

7.1 

6,,7 

6 .. 2 

500 

301 

1100 

2 .. 3 

3.5 . 

5.4 

3 .. 2 

302· 

203 

5,,0 

54 

54 

17· 

105 

5 .. 7 

.7 

-0 
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As it haa been reported that certain zirconium ores contain less th811 

lS hafnium, 8&11lPles of ore from various parts of the world have been 

obtained trom the American MUaelllD of Batural Hlator.v and these speoimens 

are being analysed to locate an ore conta1n1nf small amounts of hsfniumo 

Identification of hafnium 1D zirconium compUcated' by the fact thai:. the 

half' live s of one of the principal zirconium setiyi ties is easily con­

fused with a hafnium aetiv'.t11 (Zr 95, l~ abundant 65 days; .24,.4, 

.75 .Mev gammas is easily confused with H1' 181 46 days; 007, .• 30, .. 52 lev 

~ammas) (283). Even in consideration of eleotro-mafnetio separation or 

mass tpectograpby' oare must be taken not to confuse doubly oharged Hf 

ions with Zr ions since the atomic weifht of Ht 180 is just twice that 

of Zr 90 .. 

S .. De Benedetti .and. F .. K .. McGowan (283) heve developed a quantita­

tive method of determbJg hafnium.1D zil'Conl~. This method counts each 

gamma, it andon1y if.: it 1s preeoeded within a given t:lme period. by a 

batao 

181 181. 
fa (daughter of Hf ) exhibits a short lived isomeric state of 

22m1cl'O-aeoonds, which is detectable though observation of de~d 

. 181 
ooincidences tram ur sources.. The number of delayed coincidences 1s 

. . 181 181 
proportional to the· number of Bf' atoms presento It the Ht is 

produced under laumn conditions of irradiation this method can be used 

to measure the hafnium conten~ ot a fiven sampleo 

Because of the Lanthanide contraction the lonic diameters ~t Hf 
, 

and Zr are almos~ the same '(probably w1th~).. Consequently. chemical 

purification by ion exohanre would ~m d1ffloulto 13 .. Ketelle at 

-

... <Jc. 
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MoDP-447 

Clinton' National Laboratories :1 s attempting to make 10 Mf of pure Zr 

by ion exohange~ . Selective precipitnt:i.on of phospbates out of sulfuric 

acid can be used to remove much of the Bffrom the Zr (63) (68). Wickers 

at the Bureau of standards will try to remove the hafnium from about five 

pounds of zi:rconium by precipitation" 

Such 1. sotope separation methods aa themal or raseous diffusion . 
should €,1.ve good separation beoause of the large mass differeDC9s" . Hoover 

has SUffested zirconium boro--h;ydride as a suitable €,as to use iJ:I a thermal 

diffusion. prooe ss" Zirconium boro-hydride has recently baeD prepared by 

J", J(> itatz at the A1'€onne liational Laboratory" . 

PrWilG,.01l of Zit2Ol1m Metal 

Zirconium ,"s made in BDall qU8lJti ~es by decomposition of the 

iodide.. (56, 60-66, 100, 109) 0 Foote 111neral Co .. of Philadelphia make 

about 100 pounds per month by this method.. Pure zirconium metal on the 

b.ottom of an evacuated bulb :1 s trallBported by means of the tetra-iodide 

to the surface of an electr:1cally heated' filament and there deposited as 
·0· 

the metaL The fUament l1IU.St. be heated to 1400 - 1500 to decompose the 

iodide .. 

At Me I. T .. , A" Kaufman Is using this method to deposit thin z1l\-

conium ooatings on various materl.also 

A large scale separation methOd (82. 103) .1s being developed bT 

the Northwestern Eleotro-Development Laboratory of the Bureau of Mines 

at AlbaJ'l7, Orapon.. This method consists of: 

-10"" 
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(1) Production of zircordum carbide tl'Cm zircon • 

(2) Chlorination of the oarbide. 

(3) Purifioation of ,the chloride .. 

(4) Reduction to metal with marnesfume 

(5) EH:'l1inatiOll of residual salts by vacuum treatment .. 

(6) Uelt1ne of ingots. 

MoriP-447. 

This method seems to make possible production of large amounts at 

pure metal at low cost, probably less than $10.00 per poundo At present, 

10 pound iJl€ots of malleable zirconium are beintr produced.. About 60 

pounds of ,metal is produced 1n the furnaoe per oharge. 

Z1rcon1Ym AlJ,oxp (137) 

2:irconium alloys with A.l',Pb, B10 Fe, HI', C, Cu., Mg, Nip P, Hgl' 

S,Ss, Ar, Si, N,pTi, Htl W, SN, Zno The low""zi:rconium alloys have been 

studied principally. The followiDf may be of interests (values given 

al"Sl atomio percent) 

Al-Zr (114, 130, 126, 134) 

The solid solubility of Zr in Al is .. ~ atomio at 660° C alld 
o 

only .O~ at 500 C. Zr with a small amoum at Al is malleab16G Alloys 

of sbout 3% Zr in Al and PIg have been proposed tor corrosion resistance 0 

Mg-Zr (160,173, 185" 153, 172, 113, 116) 

Since Zr is a powerful neutralizer for iron, these alloys are 

quite corrosion resistant.. 21" also improves the mechanioal properties 

of Mfo 

-11 ... 
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lamP"","? 

o 0 
The solubil1V of Zr 11:1 IIg is .8$ at ?oo C, .11 at 300 C.. There are 

difficulties in introducb2g the Zr into the" -Me .. 

~b (~,~,*,mJ~'~'~) 

This alloy is used to iIrtroduce Zr into steel. Comme%'Cial.l.y it 

contains about 38'1 Zr, lt AI, 5~' 'e£t remainder Si. 

Fe-Zr (114,'181,182, 18J, 188) 

. 6 0 Fe) Zr2 forms an eu.t~ctiC ·with Fe at 1 ~ Zr and 1,300 C. C or S 

present goes with the Zr.. Eutectic compositions mifht be used as .brazi~ 

material tor pure Zro 

Zr-C 

Zr has a strong affinity for carbon and Call be surface hardened by 

aarboJlization. 

The Bureau of Mines found that inolten Zr dropped onto a piece ot 

carbon in an inert atmosphere tormed a so11d bond~ The molten metal 

appeared to penetrate tbru the pores of the carbon and. traces of me~al 

passed th:rot1f1h as muoh as 1/2 inoh of carbon .. 

... 12-
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1.. DE BCER, J. Ho (Zirconium) Foote Prints, Vol. III" #2, Foot • 

2.0 

3 .. 

4 .. 

5 .. 

Mineral Co., Philadelphia, Paa . 

COHN, W. M., and TOLKSDORFF, S., Z .. Phys .. Chem .. B 8 (1930) 331 po 

BOtt, S.. L. (Metals and Alloys Data Book) Reinhold Publlsb:1J2g 
Corporation, New York .. 

KROLL" W. J OJ and SCHIECHTEh, A. 'Ii. (A Survey of Litera:ture on 
the Metallurgy of Zirconium) Inf'onnation Cir .. 7341, Feb. (1946) 

FRIEDHEIM, Co and PETERS, F.. GMel1ll-Kraut Handbuch dar 8l'lo1'f'8Jli­
schen Chemla. Vol. 6, No. I Carl ~"l'Iters, Heidelberr (1928) 1-67 pp .. 

6~ MAliDEE, J. W .. and RICH, oM. J.:., (Investi€'8tions of Zirconium, with 
Especial Reference to the Metal and Oxide) Bureau of Mines 
BulletiD 186 (1921) 152 p.. . 

. . 
7.. MELLOR, J .. W. . (4 Comprehensive Treatise On Inol'fan1c and theore­

tical Chemistr.v) Vol.· 711 LotlfllUUlS, Green & Co., London (1927) 
·98-173 pp.. ' . 

8. ROrH, \'1. A .. , and BECKER, C .. , Z .. physo Chem~ .A 145 (1929) 46lpo 

9 <> ULll4AJim, F. (Enzyk10padie dar technisahen Chemia) Vol. 10, Urban­
Sahwarzen~1'f, Berlin (1932) 765-772 pp. 

10.. VAN ARt, A .. Eo (Reine Metalla) J.' Sprinre:r;" Berlin (1939) 
191-207 pp" 

110 VEWIE, F .. P.. (Zirconium and Its Compounds) The Chemical Catalog 
Co., New York (1922) . 

120 VENABlE, F. PI) and BELL, J .. M. p J .. AM. Chem" Soc .. , .39 (1917) 1598 po 

13.. VEJW3IE, F .. PI> and BELL, J .• Me, i. Am .. Chem .. Soc .. 46 (19~) 18.3.3 po 
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ExtractiOD From 01'8 

14.. AGRIWATI, I. 1140 (ZlrcoJllum Dioxide) J Russian Patent 52,593, 
1938; Chem. abs., Vol .. .34, 1940, 5604 

Dissolution of eudial1te in 50
2 

solution and subsequent hydro­
ly~so . 

15.. AIEXANDBOV, G .. ?.. (Deoompos1t1011 of Zircon by the Ohlon_tiOD 
Method) Ukra1nle Chm" Jour., Vol .. 11, 1936, pp .. 3J7-2W 

Chlonlla:tion of zircon mixed w1 tb oarbon. 

160 BOZEL-MAIETRA, So .. indo prod .. cM.roo (Purifioation of Zircon1a) 
French Patent 714,285,(1931) 

o . 
If'D5.te at 400 Co II 8Ild. extraot the iron with hydrochlorio aaido 

17.. BOZEL-MAIETRA, .So. indo prod .. chim .. (Preparation du carbure de 
ziroomum) F1'9ncb Pat ... 714,283 (1930) .. , 

180 CERAl':4lC IND'D8l'Rf, (Zirconium Compounds) Ceram. IIld~, Volo 32, )loo 
1, Febl'U817 (1939) pp ... 41-42 

Method of ref1ni1'l€ a:lrcoma, aJJd its use in refractories, pottery,· 
and f,188so -

190 COSTER, Do and HEVESf, C .. V., Nature, nI,. 79 (1923). 

200 'D'US, J .. and LClFFIER" J., Ber~ d .. do Chem. Ges., ~3, :u.46 (1930) . 
, 

210 DEUTSCHE GASGWHLlCHT AllER CE$LLSCHAFT.. (Brealdng Up Zircon Ore) . 
French Patent 698,193 (1931) 

Dooompoait1DD of' zircoJlate with acids .. ' 

220 co Treatment of' Ores .. British Patent 2911)004 (1928): 

The recover.v of 002 from roasting sulfates and its reuse rith 
tHlsb 01'e8 0 . / 

... 14 ... 
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230 FRANCO-BlEZILIENNE, soc. MINIEIE (Preparation or 2·iroonium 
Oxide) French Patent 650,937 (1929) 

Melt ore with Cao or msum, extract with hydrochloric acid 
1eaviD8 iyo1uble z1rcon'atej extract this with sulfu.r1c acid" 

240 GOIDSCHMIDT, '10 M. (Ceochem" Verte11U1lfSfesetze) VI, VII (1926) 

25. BIORL'DAHt, T. De 1ft action du zircon sur lea oarbonates alcslina 
et. sur 1es ch10!'Ul"es alcallns. BulL soc. chim., Vol. 5 (1866) 
213 .. 214 pp., 

26. 

The use of CaC1 as a flux for zircon .. 
2 

Imperial Chemicals !Ddo (Preparation of Iron-Free Zirconia .. ) 
British Patent-401,756 (1933) 

Extraction from zil"Conate with aQ1dso 

Z1" KARL, A. (Preparation of Zirconia) French Patent 677,621 (1930) 

• Sinter ore wi tb s~a ash and extract with acids. 

e 

,280 KINZIE, Co I., and H~, D. S. (Zirconium-Oxides and Methods for 
Making Same) U .. S. Patent 2,072,889 (1937); (Method of Making 
Zirconium Oxide) U. S. Patent 2,168,603 (1939) 

Themal dissociation of zircon and the making of carboJiltridaso 

290 KINZIE, C .. I., HAKE, D. So, EASl'ON, R. P., and EFIMCIFF, V 0 V 0 

(Preparation ot Z1roon1UiD. Oxide) U .. So Patent 2,270,527 (1942) 

30 0 ]tRElDL, N. J" (Zirconium Oxid. and Thorium Oxide in Ceramics) 
Jour .. Am. Ceramo &e., Vol .. 25 (1942) 129-141 ppo _ . 

3L, LORENZ, Co (Preparation of Pure Zirconia) German Patent 536.549 
(1931) 

Ore heated to above 1OO00C., quenched, and separated by sliming 0 , , 

-15-
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Extraction From Ore 

, 
, , " " 330 fUTIGNONIl' C., Action das temperatures elevees sur quelques sub-> 

stances retl'8cts',ree.. Compt .. rend", Vol .. 171 (1923) l.2SOo1293 pp" 

Thexma! d:lssooiatlon of zircon :1D 8 carbon resistor turDace., 

340 .'lERp H .. Co , Min" Foote Notes, ~ov .. (l916) 

35", tlOISSAN, B.. Sur 18 volatilisation de 18 silica et de 1a 211'Oone 
at sur 18 rGduot:1Ol't de cas oomposes par 19 charboD.. OClllPt~ rend", 
Vol<> 116,' (1893) l222-1224 w.. ' 

36" OIL P AIm' AllD DRUG IEPORTE R OF FEB", 24, 1947 

37.. P.HENANIA-KUHNHEn, Verain Chem .. Fabrikan.. ('1'reatlrlg Zll'Oon 01'ea) 
British Patent 287-424 (1928) and 282,02) (1928) 

S1nter with CaO at 1,2000(;., dissolve in Hel, preoipitate 
ZrOC~o8 H

2
0 from concentrated CaC~ solution" . 

lSo rolfrllID, Po &bar die Gewinrn.tJl€: von Z1rkODO~ und uber die 
Konstitution einlger Zlrkonsa1ze .. : Ztochr .. ano1"€o Chem., Vo10 167, 
(1927) 369-384 ppo 

Usa of CaO 8S a flux, and the extraotion with hydrochloric or 
sulfuriC acid .. 

)9.. SIMONOVA, L .. K", FlEISHER, No Ao, end BULKBA, M. L.. (BydrolJre1s 
of Zirconipm Chloride~): Jour" App1. Cham .. (UoS .. SoR .. )>> Vol. II 
(1938) 941-945 PpoJ Cham .. Abs .. Vol .. 33, 1939, 'lase p .. 

The ,Qonditions of ~cblorida for.mation and preoipltetlonQ 

400 TEICBMAmlj) Lo aDd MARTINI, B .. (Zirconium Ore Tl'9atmel'lt) Br1t1sh 
Patent 520,740 (1940), u .. So Patent 2~204,454 (1940) 

Chlorination of! ora~ bydrolysis of the ohlorides, and the use at 
acid for'residue extractioDo 

41.. TBaJlSO)l~ J" Go (A Preliminary Study of Ziroite Ore) Jour .. Phy .. 
Cham .. , Vol. 26 (l922) 812-832 pp .. 

Zircon plus carbon decomposed· ill an arco 

0160 
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ExtmcUOJ1 ';om Om 

42 .. TRAPP, 86 (Zirconia, Its Preparation and Uses). lIetallboersa, 
Vo10 21 (1931) 1516-1517 and 1565Ipp~ . 

!he sulfate process; alkali fus10Jl and the use 1D en.-lso 

43. TROOST, L. Sur la preparation du zirconium et du thorium .. 
Compto rend .. , Volo n6 (1893) 1227-1230 PPI> Sur l'extraction de 
1& zircon. at de la thomfu' Compto rend .... Vol. 116 (1893) ]428-
1429 ppo . 

Volatilization of sl11ca and productlol'J of oarbide 0 

44,. ULJJ4Alxl.~, F.. (EnC7Qlopaedia of Teohnioal Chem1st.ry) Urban 
Scbwarzenberr, Berlin '(19.32) Vo1o 10, 765-712 pp • 

. 45. VAl ARiEL, A. E. and DE BOER, J. H., anorgo allr. Chamo, l44 
(1925) 196 ppe . 

460 VOR BEVESI, G .. , Cham. Revo, II .. (1925) 22 p", 

47.. VON BEViSI, G I> and JANTZEN, V. THAL, J Q Chem. SocII, London, 123 
3218 (1923) . 

480 VOR B.EVlSI, Go and IUWBA. K., J .. Am .. Cham ... Soo., 47, 2540 (1925) 

490 YUZtKO, s. (Ziroon11.DD Oxide) lbsslan PateZlt 53,758 (1938) J Chemo 
Abrh Vol. 34 (1940) 5604 po ' 

EwUalite dissolved !n h7droohlor.1o acid ad preoipitated with 

802 -

500 ZI~"l'L, Eo . Sillo1ummOllCDJd: Ztsohr. 81l01'g .. Chem." Vol .. 245 (1940) 
1-7 PPI!> 

510 ZINTL, Eo, and GRlBE·, H. (Reduotion ot. Inol"fallio Oxldio Compourds 
by Silioon Monoxide) U. S. Patent 2,286,663 (1942) . 
&tduction of the silica oontent of zirtloJl from 22 percent silicon 
to less than 0.5 peraento 

-17-
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Production Of Z1roordum Metal 

520' AIEXAm>ER, P. P. (Method for Beduot1cm of fGfraotor,v Metals) '00 
s. Patent 2,0.38.,402 (1936) 

Caloium I\ldr:lde am z1ioocm1a mated In a vaOUUJlo 

530 BERZELmS, J., (ZIrconium Obtained by the IeduatlOD of Potualum­
zlrcord.um fluoride) POff.. AIm .. , Vol •. 4 (1825) 121 ppo 

5,4., B02J.U" .. ~:;AlE'l'BA, Soco Indo Prod. Chime> PreparattOll do oarbure de 
2irconlumo Frenoh PateDt 7]4,283 (1931) 

ZrOa and oarboD reduced 1n the arc. 

55" BRADT, W .. E •• and mfORO, So B. (The ElectrolySiS of Aqueous 
Solutions of Sodium and Zirccmyl ;"ul1'ateso) Trans .. Am. Electrochem. 
Soo .. , Vol. 70 (1936) 431-439 PP. . 

E1eotrol1t10 depoa~t1on of a small amount of metal tram aqueous 
solutlO1lSo 

56" BUFraEBS, Vi. Co See van Arkel, A. E., Reine 1Ib.etalleo Jullua 
Spr1nger, Berlin (1939) 192 p .. 

Deposition of sdroon!um OIl a z1~ord.um vdre" 

57" COOPER, H. S. (The Preparation of Fused 7.1rooD1um) frans.Amo 
- Eleotrochem. Sooo Vol. 43, (1923) 215-230 pp. 

Reduotion of ZrC14 witb sodium 1n a vaouum and fusioD of-the metal 
1r.I a vacuum Araon tumace I) . 

- . " SSc! DAW'IBL, i. StudIeD 1m Gebiete hoher UDd hoohste TemperatU1'eD" 
, TOD1Dd.> Ztsobro p Volo 58 (19.34) 449-451 PPo alSo 463-456, 471-478, 

485-4870 . 

ZrO:! GIld oarbon reduced in the al"Oo 

590 DE BCER, J .. H., and FAST, J. D. (The Alpba-Beta TI'8J]s1tlon in 
Z!Z'Cold.um in the Presence of Hydrogel'l) leo .. trav .. ohm. P~~s-Basp 
V010 55 (1936), 350D 356 ppo 

Phase cUagram Zl'-Ho 

-18 ... 
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Produot101l of' Z1rc0Jl1um Maw 

600 . DE BeER, J" Ho, Zo aIlorgo allro Chemo, l44, 190 (1925) 

610 DE BeER, J .. H .. , Zo anol'f,o allfo Chem .. , 150, 210 (1926); 165, 
1 (1m) 

62" . DE BCER, J. B 0 and VAE ARIEL, A .. E", Zo anorg" allt!. Chemo, 148 
S4 (1925) 

630 DE BCER, Jo Bo, Zo anol"go allfo Ghemo i65, 16 (1927), DE B(ER, Jo 
Bo aJJd SHOOS, Jo, Zo SJlOI'go alluo Cham .. ., 187, 190 (1930)' 

640 DE BOER, J .. Ho 8Ild KOi~TS, r 0' L •• 8ll0l1Jo sll€. Chem .. 165, 21 (1927) 

65 .. DE BCER, J .. Ho and FAST, J .. DD, Zo UIl0l'F.o ,sllfe Chem .. , 187, 177 
(1930) . 

~o DE BmRlI J .. HD and FASl'J Jo Dot z. aDorga sllfo Ohemo, 153, 1 
(1926) 

67 .. (Eleotro~81s of Solid Solutions of 02;n;en 1D Metal11c 
Z1rcOllIumo ReOI> trav. chim .. Paye-Bas, Volo 59, (1940) 161-167 ppe> 

'r1'S.Jlaf'el"8llC8 of G:'II\V{!elIl to the anode o' 

68" Iiatn1WDo Ztschr .. &UOlTo obem .. , Vol .. 187 (1930) 193-208 ppo 

DlssooiatiOll methods of metal deposition .. 

. , 
690 _(The Influence at Ox7ren and Nitroeen on the Alpha-Beta 

Translt1ol) of' ZircOllium) &0<> tray" ohimo Pays--Be.sp Vol .. 55, (19.36) 
459m467 PPo 

700 

Psts1ng at the trabsit10n point b.Y o~ren and nitrogen and its 
resu1tlDg slUf,g1shnesso 

~~"",,(~Ilberee ilber Z1rltonitm) Ztsohr .. atlorg .. Chem .. , Volo 187, . 
l1930) 117-189 pp.t DardtellUJlf von Zfnronium" Connan Patent 
609,501, (1935) 

-1<Je. 



• 

• 

e 

71 .. 

FroduotiOD of Ziroonlwn Metel. 
J $ 

Reduotion of ZrCll. with sodium, reduot1oD of zrO.2 with 0&101.um, 
with caloium pluerraodlum, anCl with magnesiumJ anti, reduction of 
2 KF .,Zl!' 4 with sodium .. 

If 

~--r"''' Uber die Darstellung del' re1D8n iJletAlle del" Tital Gruppe 
durch the:nn1sobe ZersetZU1l€ ihrel" lod1dea Ztachro al"ol'(To Cham .. 
Volo 153 (1926) 1-8 PP .. 

Production of metals th%'OUfh dissociation of their iQdideso 

72 0 , DBlGGS~ Eo H"I and LlLLIt:.:tIDAHL, ~fo Co (Method of Produot10Jl Rue 
Ietracto1"1 _tals bJr ;:qectl'Olys1s) Do S~ Patent 1,835,025 (1931) 

Eleotl'Oqs1s of zr0
2 

in atluorids bath., 

tI 

730 FASt, J" Do tJber die llerstellt.1!lf, del" reineD Metane del' Tita! 
Gruppe durch thennisohe Zersetzung 1hrer Jodideo Ztsahro aDorgo 
Chem", Vol,o 2.39 (19.38) 145-154 pp., 

Lower iodides in the dissociation i>rocesso 

It 

741'.> FASf, J" D .. " AND JACOBS, Fe M... Ongewohn11cb hobe L8s11chke1 t 
van Stiokstotr und Saueretoff :in elnifen Metallen Ul1ter-suoht an 
Zircon und Tita1" Meta11w1rtschaft. Vol .. 17 (19.38) 641-664 ppo 

Aotion of02;Yfen on the transition poj.nt;1 40 atorni(l pe1'Oent of 
oxygen and 20 atomic perce1}t or nitrogen soluble ... 

. 750 J.t"'ISCHVOlGT, 11., and KOFJt.:F p F" ExperIments tiber des Anwaohsen VOIl 

Metall Krlstal1en von dar Gas Phase" Ztschr ... teobu .. I.:h1So, Vol .. 6 
(1925) 296-298 pp.. . 

Zirconium deposited on tunestoDo 

76 .. , .FRlEDR!CH~ Eo, and SITTIG, 1.. Heratellung und Eig'enschaften 
. hoohschme1zender niedenr O;xyde: 7.tschru &norge> Chem .... Vol .. 345 

(1925) 127",,140 PPo; Herstellunc und Eif.enscheften von Nltr1den., 
Ztschr" ano~" Chem .. Vol .. 143 (1925) 29~320 ppo . 

zrO produced from zr0
2 

and carbon .. 

",,20 ... 
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Produotion of Zirconium Metal 

" 770 BAOO, G. (X-ray stua.v or the Hydrtdes of Titardum, Z1ftJoD1um~ 
Vanadium and Tantalum) Ztsohzoo plwo Chem., Seo. Bil Vo10 II (1931) 
4330454 PPo 

Five phases tor si1'00n1umJ a solubil1t;y of 5 atcmio pe1'08nt 1Il 
the alpha pbasao 

. 
78 0 HdDBOOK OF PHYSICS AN) CllEMIs.rm:~ 29th .&titloll, 292, Ohemioal ~bo. 

Pub.. Co .. , ClevelaDl, Ohio 

790 BA~, SOli Z .. anorgo all€~ Chem .. , 1;5, '57 (1926) 

so~ :mJ!1f.ER,M .. AI>>> aid JOlES, Ao (The ~duotion of Some Bare Metal 
Ob10r.1des b7 Soda) Trans • .Amo Eleotroohem .. Soco, Volo 43, (1923) 
215 ... 2.30 ppo . 

Reductio%! of ZrC1 with sodium in a banbo 

810 KlERM!1, ~1 .. P .. (Zirconium and Pl'I9paratiOl'1 lhereot) Do S. Pateut. 
¢ 1,76O,4l3 (1930) 

Mawtaoture metal powderjt de,ss in a vacwm, and e1Dtero 

820 KROLL, Wo J,;, (Reaent Pror..ress In The Metallurgy of' UaUeable . 
z1rcon1um) E·leotroohemioal Soc1et7 P:repr1~ 92-16, MW York 

830 KROLLD · W.. J", SCJDECm~, A.. W.,: aDd BlUS, Lo Ao· (.a. }Je" CarboJa 
Qud.etol' Furnace) Tl"SDso 61eot.roohem1oal Soco 89, (1946) 317·329 pp" 

840 Verformbare Titan Lefle:runfan.. Ztsohr .. - r~etallkunde, 
Vol. 29, (1937) 189-192 pp .. 

Inf1uenoe ot 1mpur1ties on the hot malleability of titanium .. 

8'0 Verformbares Titan und ZbkoD.. Ztsohr .. snorr. Cham ... Vol .. 
. 234 (1937) 42-50 ppo .. . /> 

Reduction of zr0
2 

with a mixture at oaloium plUG calcium chloride 
udel' argono 

.. 21 .... 
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Produotion of ZlroO!'lium Metal ' 

860 lEU, Do, and HAMBUKlER, Lo BerstellUl'lg del' Elemente ,l Thorium 
Uran Zil'kon wxl Titan.. Ztschr .. anorg .. Cham., Vo1o 8?, (1914) 
209-228 ppo 

ProduotloJ'l of malleable zircOllium by reduotion with sodium ill a 
bomb 0 

87 .. ' MABDEN, J I' r;" (.Reduction of Pare Metal Oxides) U", S. Patent 
1,602,542 (1926) 

Reduction of zrO with mSf'tJesium ill a sealed ~3so1 conta1nillg 
an inert atmosphire <> 

880 IlIIABDEN, J c I!i., and mCH, ril. l\.. (Invest1ration of 71rconium with 
Especial Refe~nce to the l'Jletal and Oxide) Duraau of lUnes Bull .. 
186 11 (1921) 152 p" ' , , , 

CompreheDs1v8 suI'Ve1' of the methods of reduotion in genel"alo 

89.. NOWOl'Nf, B .. ~ WOH\UiES, E., and MORNllElM, Ao Unterschungen Gber 
die Systems n""Ca, Mf-Ca, w:xi Mg-Zro Ztoohr" Metallkunde» Volo 32 
(1940) 39-42 PPo 

rJlagneai'U!ll-z1rcorl1um equilibrium d1S{"l'aIDlI 

900 :PHILLIPS, No V .. Gloeilampenfabr:lekeD, Preoipitating Metals bJ 
Deoomposition of a Gaseous Compound Thereot.. British Patent 54.3, 
457 (1942) , 

910 PLarNIKOV, V .. A .. , and KIRICBENKO, Eo Io (JUectrol.ytic Deposition 
of Zirconium fl"ClD Fused Silts) Memo 1nst" Chern .. Aoad .. Solo Ukro.1n .. 
UoSoSoBo, Volo 6, Noo 1 (1939) 3-15 ppo 

Electrolysis of fused Alel), Kel, NsF p ~tld zr02Q 

920 PODSZUS, E.. F.aiooarstellung sahr reaktionsfah1eer ,Metalle und 
Metal1oide" Ztsohr .. 8J'lOrf .. Chamo, Vol" 99 (1917) 12.3-131 pp" 

Reduotion of the double rot8ss~um fluor:lde t11.th sodium to obum 
99,,3paroant 7ro . 

.·22':: 



e 
Production of 2.il'Oonium Metal -

9310 ROlIN, W. Daratelllmf del' Metal1e 51, T1, 1:1', Bt, Th, VIt Ob, Gr, 
Moo GeHlan Paterl 600,36~ (1933) 

lbduotion of the oxides by the oarbides in a va011\8Do 

940 RUFF, 010, &rid BJa:!t1'Z!NOER, H. Baduktloll von Thor, Zb'kOD, UDl 
T1~loxydG Zrschro .anorg. ahem .. , Volo 129 (1923) 'J67-'Z1' ppo 

Z:r02 reduced with sodium' &rid with sodium p~s oalcian 1D a baDbo 

950 DT, O. aJKl BR1llI.'ZIttGER, B., Z .. anolT .. aUto Chem", 129, ~7 (1923) 

96 .. SCHULZE, 'Ao UmwancUuD,{'s Erschel~eJl ill aogel18DDteJl Balbleltem 
Ztsohr" Metallkullde, Vol .. 23 (1931) 261-265 ppo .. 

.. 
Res:lst8JlC8 measurement at the transformation point. 

. W.. tBOo.9f, Lo Rechel'Ohes sur le zil'Ool1ium. Compt.. rend 0' VolG 61 
(1865) 109-113 WG . 

• 
ReduotiOll of ZrC1 vapor- with Al, ~a, or Mr; reduction of the 
double fiuoride ;i:th Al; reduotlO1'l of t,ha double chloride with .Mg 
or la, fusion ele<rtrolys1s of the double flv.or1de 8IId the double 

e 

ohlor.l.dso 

98.. VAN ARKEL, A ... E. Dorste11UJ'lf von hoa&schmelzenden Metal1en du~h 
themlsche DissociatioJ] ihrer Verb1ndullfGllo Motal.lw1rteahaft, 
Vol.. 13 (1934) 405-408 PP 0 

9910 

Dissociation methodo 

VAN ARlELp and DE BCER, J 0 So, Zo aJ'JorgQ allf .. Chemo, 141, 289 
(1924) " 

100... .. Darste1l»:Dg von reinem Titanium, Z1rkonium, Hafnium, UIId 
. ThoritulU'lietal1.. Ztschro anorflo Chamo, Vol. 14(:$, (1925) 345-350 pp .. 

D1ssoc:latl0l1 of iodides;, mixture of ZrC1
4

, B2 am Co used" 

101 .. ___ ,' Reina IVlstalle.. Julius Sprinter, &r111:1 (1939) 203 po 

... 2,3-



• 

• 

e 

PE29Uc$iOD of Z1men1um MeW 

102.. VON HEVE5!. C. and JAM'Zail~, V. TRAL, Cbem. News, 127, 353 (1923); 
DE BOER, J. H. and VAh aRKEL, A. 1. , Z. anol'£'. alle'o Chem. 141 
(1924) 2B4 p .. compare VON REVESt, G., Das IJatm.UIII, Berlin (1927) 

103. 

. 1040 

105~ 

106,. 

1070 

lOS .. 

109. 

VON ZlPPlm, H. (Process for Producing 71rconium. Metal) V. S. 
PataDt 2,214,211 (1940) MaJlUf'acture of All61'S, U. S. Patent 
2,250,,687 (1941) DarstelluJlf von ZI1'kon, Gennan Patent 704,933 
(1939); PreparatIon du zircODi'UlJl, FZ'8nch Patent 847,196 (1939);. 
Darstell~ von Z1rkon durch Reduktion von ZrC14 mit llaeneaiUIDJ 
Metallo Erz .. Vol. 40 (1943) 252-2S4 pp.. . 

United States patent refer to tbe use 'of a det1Jl1te ratio ot 
alkali and cbloride in the production of the m.etal, and the 
melting of the conta1ner in proclucinr alloys. The foreign patents 
concern :the use at a vacuum ill the ,preparation of the metal .. 

WEDEKDD, E., aJld IEVJIS, S. J. stUdien lber das Element Z1rkon, 
I .. L:teb1gs Anno, Vol. 171: (l909) 366-389 pp .. ; Studien tiber das 
Element Zirkon, II .. , L1eb1£s Arm., Vol .. .395 (1913) 149-194 ppo 

Part 1 describes the reduction ~ 2· KF"ZrI'. with magnesitlll, am 
part II the :reduction of Zl'02 with calc1U!1i

/
ln an iroD tube a.tId 

the properties of the hyd.r1d~ and nitridEh, , 

BDEXIND, E., A. Elektroohemo, 10. (1904) 331 p" 

VlEDEKnD, E •. , Ltebi.fs Ann. d Chem., 395 .(1913) 149 po 

WEmRA.UB, E., (Preparation of Bo!'Ob am Zil'Oonium) Br:lt!sh Patent 
25,033 (1910) . 

Zirconium chloride and hydrogen 1ntroduced into an are (> , 

WEISS, Lo and NSUMANlIlJ' Eo, Zo anorgo Chem., 65, 248 (1910) 

WEISS, L" Vertahren sur HerstellUJJg leicht s1ehbal'e1" Metall 
1i1ederschlale Ui1d sur DarstellUllg verto1'l&bahrer Drabte unci 
Rohrs. German Patallt 314 (1919) 791 p.. . 

A hot wire method tor the deposition ot metals with or without 
the p1'9SenM of a h1drogen atmosphere; the dissociation of 
tWl@'sten ohloride referred to espec1all1, but all volatile com-
pounds usetl in ge1l8ral,,' . 
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Productio~ of Zirconium Metal 

no" WEISS, L., alld ~Ul\WlN, Eo Darstellun{" and UntersuohUllg 
l"eeul:1rdscben Zilkoniums" Ztsobro anol'f .. Chem .. , Vol" 65 
(1910) 248-278 pp .. 

AD alUl1dnlde made from aluminum Gd the double fluoride of 
z1rcotdum treated :in a vacuum arc e . . 

1110 ZtvIltKERll C.. Trar:sformatioDs of Zirconium and Tit811ium, Physica, 
Vole 6 (1926) 361-3Q6 pp" 

The action of ~fen on the transformation point .. 

/) 
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1140 

) 

Zirc on1 um Alloys 
.... F •• 

AIEIA.NPER, POP .. (Zirconium Magnetic Alloy) U .. S. PateJlt 
2»184,769 (1939) 

F&-N1-Co.-Zr m8€f.l8ts heat-treated at 3450 Co 

ALLlAGES AUTOPRO'lEGES. (Alum1num-MSfJlesium Alloys) Britlsh 
Patent 503,953 (1939) 

Corrosion resistant alloys ot m8€nesium,. zirconium, and a1umimm., 
with 0005 to 3' percent zil'Conium 8Jld. 10 to 96 percent magnesium .. 

ALLlBOJE, T" EOfl and SIKES. C.. (Tbe Al1oy& ot Zirconium) Jour .. 
!nat .. Metals, IOlldon» Vol .. 39 (1928) 17.3-189 pp.. Also, SIKES, 
C .. (The Alloys ot Zirconium) Jour .. Inst~ Metals, LondoJ'lp Volo 41Sl 
(1929) 179-190 ppo ' 

Alloys Af-Zr .. , A1-Zr, Cu-Zr, Fe-Zr, N1 ... Zzoo 

115.. ANDRlEUX, J .. Lo Preparation de oompoe6s pinaires pllr fusion 
l~o ConEro Chim .. Nancyp Vol .. 18 Pta I (1938) 124-127 PPi 
Chem" Zelltral .. Ptc> II (1939) 3023 po ' 

Fuslon el~ctrolysis of 8 mixture' of silioate aDd zr02 0 

116 0 BECK, A .. (Magnesium and seble Iegiert1Zlgen) J .. Sprmger, Berlin (1939) 

Reference bOok on magnesium alloyse)' 

, 
117 I> BECKER" K~ (The Physioal Properties of High Me1t1Dg Compoums) 

Phys1kalo Ztachr .. ,.,Vol .. 34 (193~) 185-198 pp ... 

Jilat~ ot zirconium oarbide; its structure, density, hal"dxless p etco 

118 <> BECKET, F.. M c> (Iron Alloy Const! tuted E ssent1ally of Iron il Silicon 
aDd Zirconium): OS,man Patent 400,199 (l924) 

Ziroonium-iroDe silicon alloy c 

1190· BECKET, F. I:'.. (Process ~or Produoing ZircOJlium Alloys) u" S. Patent 
1,966,037 (1935), British fatent 427,076 (1935) . 

React zrC with Fresh ore rich in silica or with silicono 

..26 ... 
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ZircODium Alloys 

J.3)() BEtozERSKn, If .. AI> aDd Ol'BERS .. (Alloyillf Columbium, Zirconium, 
eto .. , with Iron, Chromlumil eto .. ) Russ1an Patent 54,976 (1939) 
ChemQ Abs .. Vol 35 (1941) 2802 po 

Fusion electrolysis with metal oathode which dissolves thl"O'Ugb 
euteotio formation; a ohloride-fluoride bath usedQ 

. 1.210 BOEHlER, GEBR" (Steel for Objects with Hi€h Rea1stanoe Against 
Dynamio Sh"88S) AustriaD Patent 154,6.48 (1938) 

Carbon steels for shells and a~or plates., 

122" BCEm:;R, J .. G.. (Hard Alloys) British Patent 499,163 (1939)-
\ 

CarbideS and nitrides with a binder .. 

l23.. BOOOHIIR" (Electrode for Electric Discha1'f!e) Swiss Patent 197,a 
919 (1938) 

Spal'k-plU@' metal with 0 .. 01-0.,,2 pareent Zr, 0 .. 01",,10 percer;.t lin, 
and the remainder Ni., 

l240 B02EI,.,BlWETBA, SOO. 1ND" PRODo CHIM" (Mald.ng Zirconium Alloys) 
Frenoh Patent 818,473 (1937) 

Caloium carbide added in mak1rJg z1rcon1um""si110on... Alloys made 
that are hieher :1n zirconium Ulan in si1ioon; iron-zirconium 
alloys also made () 

l25Q BRAID, Mo (Dental Alloy) Uo So Patent 2,246,288 (1941)" 

Alloy of Cr-h'lo-Co-W-Zr with 0 .. 25 to 3 percent zircordumo 

l260 CA.NAC, Lo no Alloy" UQ S .. Patents 2$1228,513 (1942) J 21)310,214 
(1943) 

, I 

Corrosion-resistant alloys: Me-Al-Zl'-Tl and Mg-Z;r...Al .. 

lZ1" C<WISl'OOK, Go F 0, and BAl\l\Ol-l, R. E" (Haa~Treated Copper cast­
ings Alloyed with Z1J'COIlium and Ber.r111um .. Metals and Alloy-s, 
Vol .. 8 (1937) 106-109 PPi Frenoh Patent 836,017 (1939) 

Properties of coppe.zo.:.z1roonium""be1711ium alloysQ 
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Zirconium Allaye --
l280 COOPER, D .. So Alloy .. Uo So Patent 1,221,769 (1916); 1,2179046 

(1918), 1,?78,304,(1918); Canadian Patent 179~12l (1917) 

Mokel-droolli1am oOmbinations vdth other metals as a cuttilW 
&11o,y" . 

1290 DE BCER, Jo Ht>, ami JONAS, C .. Bo (Nickel-AllOT Electrode) 
Canadian Patent,405,674 (1942) .. 
Alloy for electl'Odes in vacuum tubes oontainUg 0 .. 05 to 3 per­

. cent z1rcon!um~ the remainder makel; eaa-tree aJ1d with a 
tensile etrellgth at' 24 lcf. .. per 8qo mm., 

l3O., FINK, W" Lo ~ andWILIEY 9 L .. A" (l,quUibr1um Relat:f.oD 1n Alum1J11lm­
Z'.1'Oon1wn Alloys of High PurJ:t.7) Trans~ Am .. Inst" Minp and Meto 
EIlf."1I Vol .. 13.3 (1939) 69 ... 80 pp" 

Alum1rum side· of the alum:1rttllJloz1rcordum squ111br1um diagram.., 

1310 FRIEDRICH, E ", and SI'l'TIG j) L.. Herste11ulIg und Eigenaohattetl 
von Carb1deno, Ztsobro corgo Chem .. , Vo1o 144 (1925) 169-189 pp .. 

1.320 

Z1l'Oorlium carbide made from zrO and oarbon Wlder hydrogen at 
1,900cO" 2 

GA'DTBmR~ G" (5000 ALAIB F.R£X.aES ET CAMAmUE).. Al1ages du 
ma@'llesium" French Patellt 829,.316 (1938) J Bel'fllium ... Oontab11Dg 
Mag1'les1um AllOTS V .. B .. Patent 2,224,151 (1940) 

Gndll<=>ftlf1t1i1Jg action of z1rcor.tium~ 

133" GEBHABDT, E,. (The Systems Zmc .... T:1tald:um aM Zinc-Zirconium) 
ztschl"o Meta1l.kwlde, Volo 33 (1941) 7 p". , 

Equilibrium diQ€r&I!l of drconiwn-zinc o 

~'(! Of.aE LIN " Bandbuoh der anorgardsohsn Chemie" 8th ado, Verlag 
Chem1e (19.17) System 35, 836-840 ppo 

• 

Preparation 9 Tens1le stl'ell€'th JI ha.l"dm 88» etc", or aluminum ... 
z1rcam.um a11oyso 

..28 ... · 
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Zirconium Allgzf! 

136" GOYLEIi, A .. G" Al101 C .. S. Patent 2,213~2O'1 (1940) 

137<:> 

1381' 

A centrlfuf'sl casMlle alloy of ~f-Mo-U-Cl\ooZr, containing 0 .. 25 
to 7 percent Zr.. . 

HANSEN, MG Del' Aufbau der Zwelsto£t1e~ierungen, J .. Sprillf'er, 
Berl.ill (1936). 

HARRl}.GTON, R. II.. (Doub1e-A€ed Coppez-...Base A11o;ys) U .. So Patent 
2,275 g188 (1942) 

Double Bf1ng of alloys after cold worko 

139.. HARl'Itum, M. L.. Zirconium Carbide Uo S" Patent 1,576,275 (1926) 

Zirconium carbide produced from ZircOll iI1 an arc fumace UlIder 
. l'8ducinl conditiOllso 

1400 HENSEL, F. R.. Contact .. Do S .. Patent 2,195,307 (1940) 

1410 

Al1o,- malnq of s11ver with 0 .. 1 to 13 percent zirooni'lDl' for 
weldillf' electrode.o 

BEmBL, F .. a. (WeldtDg Electrode) Uo So Patont 2,097,816 (1937) 

Coppe~z1rco!'liWlt alloy with 001 to 5 percent ZrJ mecharlical 
properties of the seed alloy riven" 

1420 HElmL, F .. a., and URSIn:, E .. J.. Alloys" U. S .. Patents 2,268,940 
(1942); 2,161,468 (1939); 2,137,281 (1938) COi~er-Base A11oj"o . 
British Patent 50),753 (1939) 

143~ 

Copper-zirooniUlll ... ba17Uium weldin€" electrode 8 with lithium added 
and with iron froUP metals addedo 

HENSEL, F .. Ro, LARSEE, Eo J., Sl'ld DOTY, A. S. (Beneficia). Effects 
of Zirconium in Cast ijicke1-S11icon Bronzes) Trans .. Am ... Insto lin .. 
and tAtt .. ElOf", Vol .. 143 (1941) 212-21; pp .. 

Nickel castings degassed with zirconium" 

-29-
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Zirconium AIISE! 

1440 BEN::EL, '0 R., LARSi);, E. J., and DOTYll' A .. S. (Coppel'-Z1rcon­
lum.-Cadmium Bronze) letals and '1107s, Vol .. 10 (19.39) .378-J80 ppo 

1450 

Ternary copper-zircotd.um alloys} Cd-L1.S1-Hg .. 

I .. C. FAflBEl. A. G. Maptes1um Alloys (British Patent 511,1.37 (1940) 
SOOETI.. CEl;ERAIE DU MACMSlUU (MafJl8sium Alloys) French Patent 
845,84.3 (1939) 

Use of Pb,Caf Zn, Cd, Ce. Ar, '1'1, TIl, Cu, aDd B1 and avoidance 
of Al, 81, Bn, In, Co, 11, and Sbo 

146.. JELJUTIN, w., and GRlGORASCH, R.. Gewim'lU'll€ von Sil1oozirkon ' 
Arb .. Moakauer StaUn ... !nat .. Eisen, 50 0 12 (1939) 59-79 pp.; Cbem .. 
Zentralb .. , Vol. 110, Pt .. 2 (1939) 4336 pro 

Zirconium-silicon al107 made by' reduotion with carborl,alumiDUll 
and carbon plus silioon; lime was added. 

147., hMISHDM:, I. (Alloy cOntaining Zr and W for Prinoipal Const1tuents) 
V. So Patent 1,926/175 (1933); (Hard lIetal Alloy Made by Fusion) 
French Patent 721,267 (1932) , 

Zll'Coni1JfJ'l=tUDIsteD alloys with other metal additiOllso 

148. IELIBI, ra.. CpppeJ.'boBase Alloy. U .. S. Patent 2,169,187 (1939) , 

PreCipitation of hardened copper-zirconium-cobalt allOT for 

149'0 

eleQtrl~al purposes. ' 

K<ESTER, if .. , and MUU-UGJ;t;R, \~.. (The Systems or Cobalt with Boron, 
Arsenio, Ziroonium. ColumbiUm, and Tantalum) Ztschr. Metallkunde, 
Vol .. .30 (1938) 348-350 pp" 

14&€Jletic oompound~ Co
4
Zr, fou!ld in the cobalt-zirconmm S7stem .. 

150.. KROLL, W. Titanium Alloys, Geman Patent 718,822 (1942) 

Ta-Zr alloy for light refleotors, also ti, Mo ani • 0 

1510 KHDPP. f.. Permanent Mafnet Alloys~ British Patent 524,420 (1941) 

Fe-Co-IU-Zr .. m.agnet al101'S with A1 or Ti present., 

... 30"'-
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Zirconium Alloys 

1520 mNTZ, D., and WCEKEL, Eo (Solder for Parts Or Vacuum Containers, 
E:xpeo1al~ for Lieht Bulbs. Disobarge tamps" and Bect1flers) 
Ge:rman Patents 665,005 and 665,006 (1938) 

Zirconium alloyed ?lith 1ron or nickel for a weld11lf metal; 16 
percent zirconium.. . 

153. IlAC!ESlUI4 EIECTROI. Marn8sium-Base Alloys. Br1t1sh Patent 533,264 
(1941) 

Use 'or. molded pieces of ZrCl with a densitv of 2 to 2030 • . 4. ~ 

154.. MCELROY, L. A.. Cutting Too1~ Uo S. Patent 2,2.35.232 (1940) 

AlloY' of ohromium, oobalt, and tUDfsten with 0.25 to 3 percent 
zirconiUllo. 

1550 MEJERSSJB, Go Ao Carbide schwerechmelzbarer Uetallso Se1te:ne 
Meta1le (Ruse.), Vol. 4. Woo 4 (1935) 6-20 pp.; Chem .. Zentral., 
I (1936) 2520 p • 

.1560 

Properties of z1rconium carbide .. 

MISCH, L. (C17i1tal Structure Examination of Some Beryllium Allo)"S) 
Metallwlrtsohaf't, Volo 15 (1936) 16.3-166 pp. 

structure of ZrB2 aeshown by X-r&,1Se 

157~' MOlSW, B., and IENGFELD, F.. (A Ilew Carbide of Zirconium) 
Comptl> rend .. p Vol .. 122 (1896) 651-654 Ppc> . 

Zirconium carbide made from zircon and carbon in an arc fumace .. 

158.. MarT, W. Ro (Volatilities of Refractory Material) Trans .. Am .. 
Eleotrochemo Soc., Vol .. 34, (1919).275 .. 295 W .. 

Volatility of zircor.1um carbide .. 

1590 . NlPPES, Eo F.. (Copper-Niokel-Zirconitim Alloys) Metals and Alloys, 
Vol. 13 (l94lt 294-300 pp" 

Copp~r" Dickel, and zirconium allo;yso 

.,.31", 
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Zirconium A1l01~ 

# 

1600 ~OWarNI, HD, WOliUBS, E., and MORNF..ED.i. A:. Unterauchullf,er der 
Systems, Al"Ca, Mr-Ca, and Mr.-Zri' Ztsohr. Metallkunde, Vol .. ,32 • 
(1940) 39-42 pp ... 

I4af.nesiwn-zirconiwn· equilibrium di8frB.IDQ 

1610' OBDATA, I., and HAlASI, S. (Researches on the Complex Alloys 
ot Magnesium Based on the W.8fnes1~Cadm1um ~stem) Tetsu- to -
Hagane, Volo 24 (1938) 34-42 pp.J. Chem .. A1)so Vola 33 (1939) 4943 po 

Corrosion resistance of cadmi~magnesium-zirooniUm aDd m8f.D8sfum­
zirconium al101s 0 

1620 PHILIPS, N. V,! G1oei1ampentabr1eken.. Copper Alloys. FrenCh 
Patent 836,017 (1939); Belf.ian Patent 427,304, (1938); British 
Patent 508,330 (1940) j German Patent 691,1)8 (1940) 

Coppe~zirconium electrical conductors with 0.02 to 5 percent 
zirconium 0 

1630 PHILIPS,~. V., Qloei1ampenfabrieken.. Resistance Wires. British 
Pat~nt 330,280 (1930) 

AllOy of 105 to 2 percent zirconium with aluminum to be used tor 
cathode vacuum tubes .. 

1640 PILLIl\G. No Bo and TALBC1r, A. Mo A.S.I::. Symposium of Are Harden­
~ (1939) 231-257 ppc 

Ni 2'r are bardeni!>€ .. 

1650 POOODINi' S6 A. ,1 and OT~RS (Constitution and Properties of Copper 
Zirconium Alloys) Compto rend .. acad .. sci .. UoS.S.R .. , Vo10 Z1 (1940) 
67~72 pp .. ; Chemo Abso Vol 35 (1941) 1745 po 

Equilibrium diagram of copper-z1rconiumo 

1660 poocmTh, So A. and SClIUMOVA, I .. SCI (Alloys of Copper with 
Zirconium) Allne secteur anal. phys.-chim., Insto ohima fenD 
(UoSoSoP~)~ Volo 13 (1940) 225-232 PPo; C ema Abso, Vol. 37 (1943) 
4350.p. 

Equilibrium diagram oX coppe~zirooniumo 

... 32"., 



, 

e 
" 

'] 

-

(~ 

") 

--

Zirconium All2t~ 

166 .. PRESCOTT, C.. f! .. , J!~.. (The lSqu111brlum Between 2:1'02 and C and 
Their BeaotioZl Froduots at Incamescent Temperatures) Jour .. Am. 
Chem .. Soc .. " Vol.. 48 (1926) 2536-2550 pp. 

Dissociation p~ssure of zr02-c established as 1 atmoapheN at 
1,9300.1:, Cl'1stal structure d![scussed. 

167 <> RAFFlES, F" (Pemanetrt lIagll9t) Belt1an faterrt 428,870 (1938) 

MaeJl8tic alloys;" 10 percent Zr, 5 to 40 percellt Nl, 5 to 20 per­
cent Al .. 

168.. .:tiAUX, L. Contrlbution a lC'tude de la z1rcone. Dies .. Un1v .. 
fari ... ViDOEt11nea (PharmsC7) (1910) 

;1.69 .. 

170 .. 

Calcium carbide 8S a raduoiJIg 8€ent" 

BCIIN, W. (Valve Made of Co-J1-Fe-Cr Al101') Uo S. Patent 2,246,078 
(~U . 
Co-Ni ... Fe-Cr alloy plus Zr o~ '1'1 for exhaust valves 111 combustion 
eqr1nes .. 

1IDTHAIIlT·, X.. (Platinum Alloys) German Patent 670,8W (1939) , 
Plati1lUJn alloys with 0 .. 0; to 5 peZ'Cent zirconium that are corI"o­
dOD zeslst:::nt, stick well to porcelailJ, alld caD be used for 
electrioal contaots .. 

171.. 'SA_I, M.:O. Flashlamp.. U. S. Patent 2,'Z12,779 (1941) 

Fl.s.shlamp alloy of aluminum, JIl8f.Jlesium and z!rcord.ua cODta1Jl1!1g 
0.,5 to 15 percent m1.tcordWllo 

172.. SAUERWALD,' " (heat Treatment of Magnesium All078 Conta1n!. 
ZiroOD:1um) U Q S. Patent 2,212,l.3O (1940) 
• . Q 
Heat treatment of a magnes1\1JD">zirconium alloy at 450 Co 

1730. SAUEBWAlD, F.. Magnesium-Zircon!_ Alloys U .. S. Patent 2,286,311, 
(1942) P races. for the Production of Zirconium-l!lagneaiUlll Alloys 
D" So Patent 2,,228,781 (1941) 

i1agll8siDm-ziroO!liWB alloys with 2,,1 to 5 percent z1rcoJ'lium arid a 
method of introduoing zirconium powder into magnesium b,y atirr1r€o 

-3Jc 
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Ziraollium AIIOZ~ 

174.. SCHAEFER, C., fool Allo,ys. U .. SI> Patents 2,307,,960 (194.3) alld 
2,.301.082(1942) 

AllOTs of Fe-Cb-ta-Zr and W .. '1'a-Cb-Ti-Zr with 10 to 40 percent 
zirconium used for cuttimg too1s~ 

17So mRI. SOCIETA AlKOl;. PROC .. PRlV. 1"0. ALLOYS. British Patent 
517,083 (1940) 

Alloys of copper, ziroonium, 8l'Id OO17111um. 

176 .. THUM, Eo E. (The Book of Sta1l'lless Steel) Am. Soc. JIIetals (1935) 
261, 441 ppo 

F:ree-outtiJll? sulfur steels and zirconium as a carbon neutralizer 
8Jld an allo,y1rl@' element .. 

177 .. ~.ROOSr, L.. Sur 1a pNparation duziroonium at du thorium" ComptOl 
rend., Vol .. n6 (1893) l227-12.30 pp .. 

Zirao:nlum carbide made in the arc furnace from zircon plus ca~ .. 

178.. VAN AlUL~ Ao Eo Beine JAetaUe" J .. Sprin€'erJ,l Sex-liz (1939) 

179 .. VAN ARtEL, A. E .. , and DE BOER, J. B., Darste11u»€, VOll re1nem 
'1'1tanium, Zi.rkon1_, Hafnium and fhoriummetall, Zt~chr .. anorr. _ 
Chem., Volo 148 (1925) 345 ... 350 ppo . 

ZrC1
4 

reacted with carbon. and hydrogen .. 

180", VAl 'LIEMPT, J" A.. (The Llfbt of Combustion of Some Metals and 
AllOTS) Ree .. truvo chim. Pays-Bas, Vol .. 58 (1939) 423-4.31 ppo 

F1a~litrht powders of ms(,nesium alum11lUID and. zlroon ium0 

1810 VOG.EL. R., 8Jld }lARl'U~(', A. (Te1'Jl8r.1 D1arram Fe-Zr-S) Arch .. EiseD., 
Vol.. 1; (1942) 413-418 pp Q • 

Te.~llary diarram of Fe-Zr ... S, ahowil'lf the meltinr poillt of zrS2 
as 1550°00 
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Zirconium All~ 

1820 VmEL, R. , 8lld UEHBEKJ, K. Das System )'e-Fe3C-ZrC-F83Z1"2. Archo 
Eisen .. , Vol .. 7 (1934) 473 ... 478 pp .. 

Ternary d18fram, Fe-Zr-C .. 

183.. VOOEL, Ro, and 'rOJ.No Vi.. Das ZuatandsacbaubUd Eisen .. Zirkon" Arch .. 
Eisen .. " Vola 5 (1931-32) 387-389 pp" 

Equilibrium diarram at iron-z1rconiumo 

184 Q VOLKERT" G.. Exper:1mente liber die Metallurgie der Zirkonium 
. LagieruJ'fIelllo Metallo Enll VoL 40 (1943) 246-2;2 pp" 

Zirconium-silicon alloys produced by r8auctlon withcarbonJ also 
with CaC

2
• 

1850 VON ZEPPELI~, Ho (Manufacture of Alloys) U. So Patent 2,235,508, 
(1941) 

Zirconium dispersed in a flqx .. 

1860 ' Manufacture of Alloys" Uo S. Patent 2,250,687 (1941) 

ZrC1
4 

with magnesium in a copper container reacted in a salt bath .. 

. 
1870 WAI}iSTEn~, Go !II.. Versucb zur Gew1nntmt von Kob1enstofthaltigem 

urx:l kohlenstott-tl"9iem Fe.rrosl1icozirkonium..J,~et8.11u:rg 0 (1\1S8.), 
Vol .. 13, Noo 9 (1938) 17 .. 23 pp ... Cham.; Zentralbo, Vo10 llO, Ptc> I 
(1939) 1640 po 

Zirconium-silicon alloy produced by carbon and silicon reductiono 

188 0 WALLBAUM, RoJ.. (The Systems of Iron-Group Metals with Titanium", 
Zirooniuml1 Columbium. Tantalum) Arcb .. Eisen .. , Vol .. 14 (1941) 
521 .. 526 pp .. 

Equilibrium diagram of iron-zirconium with manganese; cobalt; and 
nickel" . 

¢ , 

"'35= 



e 

'Ii 

• 

,. 

e 

Zirconium All9l! 

189 .. WARrlUmUFO, Von Rv .. , BROY, J., REI).ICKE, R.. (The Reduction of 
Difficult Deducible· Metal Oxides with R7dl'Ofl'en) Ztsohr", 
Elekroohem .. , Vol. 29 (l9~) 214-217 pp .. 

zr0
2 

reduced with J:v'droge1'l urJder pressure In presenoe of· tuDaaten .. 

190.. WEDEKDlD, Eo (Zirconium Carbide from Batura! 2Il'OOidum Oxide) 
Chem<> Ztg., Vol .. 31 (1907) 654:"655 pp.. Gher kolloidee Z1l'k01l 
s1l1ztd. Ztschr .. Chem .. Wo KoU., Vol .. 7 (1910) 249-251 pp. 

Zirconium carbide made ill the" aro, aJXi the combinat101l of Zr02' 
Uld sUicon to f1ve Z!OS1o 

191. Ztu: KenDtms dar Darete1l.tmf von Z1rkonem8" Ztschr .. .,nol"£o 
Chem .. , Vol. 33 (1903) 81-86 pp. . 

Z102 and car~n treated in the arc fumace .. 

1920 WEISS, to U:ntersuOhuJ),f8n tiber natflrl1ches Z'rkol'ld1OXJd.. Ztschr .. 
anol"f .. Chem., VoL. 65 {19l0) 178-227 pp. 

1930 

Z:lrcon1U1l carbide produced from zircon .. 

WILKD\S, R .. A., and Bun , E .. So (Copper am Copper-Base Alloys)' 
PJlcGraw Bill Book Co .. , r:ew lork (1943) 291-293 pp.. DEmomE, J .. 
(Ber:r11iw eDi Its Alloys) Metals alld Alloys, Vol~ 7 (1936) . 
211-215 ppo 

Master alloys cO!ltaiming z1rcon1WDe 
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Zircordum BaUds. , 

193 I) AlEmDROV, G. F. (DecompoSition of 7.ircon by the Chlorination 
Method) Ukra1n .. Chem. Jour" (U.S .. S .. R.) Vol. 11 (1936) 287-2W PPo 

Zircon and carbon ndxture treated with chlorite fas e 

1940 BEL02SRSlII .. N. A., and FBEIDLINA, Bo Ao (Electric Conductivity 
of Mixtures ZrCl, and Nae1 and ebel,) Jour. Appl. Chamo (t1.0 80 8 0 1..) 
Vol .. 14 (1941) 466-468 ppo 

195" BELOZERSltII,}J. A •• and ltUCBERSmtO, A .. O. (The D18€reJIls of state 
of tbe Systems Z:rCl!-NaCl am Z1'02-CaCl2.) Jour .. Appl .. Chemo 
(V.SoS.R .. ) Volo 13 {1940) ,1~52-15'" ppo , 

CompOUllis formecl with 4NaCl and with 1 fiaCl; nO solution of zr02 in CaC120 . 

1960 BUKiESS, L.. (Separation of AlumiDml, Be1711iwn and. Zircord'Ul'll from 
their Ores) !rans .. Am .. Electrochemo &e .. , Vol., 47 (1925) 317 ... 325 ppo 

Carbides made 1» an arc fumace aIld treatecl with Hel .. 

. 191 ,. CHRIS'l'IAB~N.. J I> If. .. J and B.fl;1l1 r.mm, V.. , Z.. 8l'lorg" allr.. Chem .. It 144 
69 (192S) - ' 

198.. DE BCER, J .. II. (Zirconium) Ind. En(t .. ~eD\'~» Vol .. 19 (1927) 
12~1259 ppo 

Extraotion from the ore; purification; properties of the metal; 
the iodide proCess; double ohlorides with phosphorus" 

199.. DE BCER, J. HO Il and FAst, J 0 D., 5lheres aber Zil'konium, ltschr .. 
anozg .. ChemlJ, Vol" 187 (1930) 179-184 PPI> 

Chlorination of zr0
2 

with' 0014" 

200 0 l'JE BOER, J. H .. and FAst, Jo Do, Z .. aoo11ito allg .. Cham .. , 153; 1 (1926) 

2010 DE BCER, J 0 Ho, Z .. ant-ITo allfo Cham .. , 165, 1 (1927); SCHMID, P. 
Zo anorr" al1go ChaoI' Jb7 369 (1927) 

."37,,, 
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ZirconfumBal1dss 

2020 DB Bat:R, J .. B .. and BASARr, J" , Zanorr" 8.llr .. Chem", 152t 213 
(1926) 

203.. FAST, J .. D. Das Auttreten r4edrl,erer Zirkonjodide bei dol' 
Heratell.u.qr" Ztschro. &norgo l,;hem •• Vol. 239 (1938) 145-154 pp .. 

Formation of lower iodides of z1rooniWDo 

204.. FISCHER, W., CAi.:1EI!R, R., and :,DlCCHEN) W. &ber 91. neue 
Anordnung zur Damptd!'Uclanessul'l£ und tlber die Sohmelzpunkte and 
SittifUllfsdrucke von Skandium, ThorlUm, Ul'l~ Batn1W11ha1ogentdeno 
Ztsohr .. 8lI0l"f" Chem .. , Volo 242 (1939) 161-187 Will 

Action of irC1
4 

on quartz .. 

205'1 FRlEtm, J .. A. It., COLl.8Y, A. T. W., and BAYES, 40 T. \Yo (The 
Vapor Densltl of z~ (Zirconium Tetrachlorlde) 0. Jour .. Chem .. Soc .. 
London (1930) 494-4 pp" 

. . 0 
Investigation shows tt at dissociation starts at 500 C.. , 
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2IJ7 " PHILIPS, Ii 0 W"t GLCElLAMPE!JF ABRIEKEN.. (P reparlnf' Carbides with HIgh 
"'elting P011ltS) British Patent 391,372 (1933) and l.ranch Patellt . 
749,349 (1933) 

Dissociation of Zr01
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2080 PICON, II.. Propri6t's ohimiques dee sulfures de zirconium o Compt .. 
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2090 RAHII'S,I 0 .. , and FISCHER, W. Damptdrucke und Dampfd10hten von 
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2ll (1933) 349-367 pp.. . 
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Patent 371,604 (1923) 
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Hydrolysis of ZrC1
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and preoipitation of oxyohloride" 

215 Q STAEBlER, A .. , and DEI« B. (Contribution to our Knowledge or 
Zirconium Halongen1des) Bar .. Deut .. Cham" Gesell~ Vol. 38 (1905) 
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216., TROOST. L0 1l and HA~UILIE, P.. Sur quelques reactions des 
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and S1C1
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fives ZrC1
4 
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217.. VAN ARKEL,I A .. E .. 1I and DE BOER, J. ~.. Darstellunr von reinem Titan 
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Zirconium Halides 
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194 (1930) 
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2,1631224 (1939) (The H;Jdride Process) Metals and Alloys" Vol .. 8 
(1937, 263-264 pp .. 
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to make alloys .. 

221.. ALLOYS, LtD .. (forcmto) (Mald.JJg Alloys or Copper, Niokel, Silver 
with Titanitmt an1 the Uke) FrellOh Patent 835-,468 (1938) 

Use at copper, silver and nicksl vdth a hydride .. 

222.. . BECKER, K. (The Physioal Properties or Bifh-Ueltil1g Compounds) 
Ph;ys1kal .. Ztsohro . Vol 0 l4 (1932) 185-198 pp .. 

2230 

224. 
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226. 

Zlrocmi'tl1ll :nitride discussed" 

BEHEBENs..my; (likrochem1sche Analyse) Leipzig and Hamburg (1915) 

BELWCCI, J .. and SAVOIA, G ", Chem. ~ntl'a1blatt (1924) 2531 p. 

B:n:rZ, 1'1 .. and BCEl8NBUIIl, VI .... z. aqrew .. Chem. 2S p 2llO (1912) 

COMSTOCK, G .. f .. am EFIMCIFF .. V. V.. (I:noo~oratf..ng Hltrogell III 
AllOT Steels) U .. S. Patent 2.098,567 (1937) 

N1trldine steels with a .07&DOnitrideo 

, . 
2Z'I. DE BeER, J. B., Chem .. leekblad 21, 404 (1924) 

2280 DE BCERJ>·:.r, II,,/) Rae" travo eh1m" d Pays-Bas, 44, 1071 (1925) 
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Zi1"O~~.um nitride prod"uaad i'rem zr02 , carbon and llitZ'Ofen at 
1300 C" 
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Vanadium and Tantalum) Ztsohr. phys1kal .. Cbem .. II Seoo B, Vol .. 
11 (1931) 4)3-4~ ppo 

Five phases ill the h7drlde qstemJ five atomic peroellt hyd.rorell 
soluble In alpha zirconium .. 

WNDELL, GoE. F., and DOWlES, B. B., J .. Am. Chem. Soo .. 41, 1801 
(1919); 42. 1429 (1920) , . 

PICOl-:,II1.. Sur les snlfuresde zirconium. Compt. reJ'ld., Vol. 196. 
(1933) 2003-2006 pp.. . . 
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8lEVERrS, A.. and GOTTA so A. Uber die E:lgenschattell e1JJ:1gel" 
Uetal1wasaerstofte.' Ztsohr .. anorgo Chem .. , Vol. 187, 1930, 155-
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Equl11brium pressure of hydrlde as a function of tempe:rature .. 
Density of the hydr.lde as. a tunotiol1 of the qdrOgel1 oorrtellt; 
m8ldmum h1dl"Ofen oontent; heat of foxmatlO11 .. 

8IEVERTS, A .. , aul aLL, E. (Zilkonlumjl Thorium and Wasserstott) 
Ztschr .. ano!'@'. Chem., Vol .. 153 (1926) 289-308 PJ'lo 

SlBOrZER, Eo R., BILTZ, it., and B;IS!':L, K .. Ziricon1umpboaphlde .. 
7tschr. anorg .. Chem., Vol. 2)9, (1938) 216-224 ppo 
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Zl'P 2' Z!f 1> and Zr! ident1tled .. 
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SlROTZER» E. R .. ~ BILTZ,. '10: and MEI$L,· R .. Zlrtol1iumsulf'lde .. 
Ztschro anoZ'go ChemQfI Vol .. 2J.2 (1939) 249-271 pp" 

Trisultide, d1sultide, sesquisu1f'1de, and 0 .. 75 sulfide obtained .. 

237.0 VAN puru;L~ A .. Eo Reine Metalla .. Jo ~rinfer. Berlin (1939) 203 po 

2380 VON JlEV];SY o Go al!!d Klf,:URll) it .. , Jo Am. Ohemo Soc. 47, 2540 (1925) 
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Usea of Z1rconi'W'll. and Ita C9!Pounds 

ALEXAllDER, P .. P.. (Packing of Powdered Metals) U.. S. Patent 
2,284,551 (1942) 

Metals paoked in noble gas .. 

It 
AIJ.GEllEDIE EIEXTRIZITATOOESELLSCHAFt. ,( Increase of Pertomance 
of Mercu17 Boilers) Geman Patent 650,665 (19.37) 

ZircOJ11um used in mercury boilers to improve wett1nt (I 

ALLOYS, LTD .. (Toronto) (A11~s) French Patent 835,469 (1938) and 
Belgian Patent 427,095 (1938>. . . 

Copper alloys s1ntered w1th zi1"Oonium hfd,r.1de to ,produce a ooppar 
zirconium a1107 0 

BALKE, 0 0 W. (Production ot Refractor,r Metal.s and Alloys) Uo So 
Patent 2,107,279 (1938)' . 

ifTdrldes $tered in VaCUO to make metalso> 

2430 BURGEBS, 10 Go, aJl(f JOJI LlEtIlPT, J .. A.M. .. , Z. sllOrg. slIgo Chem .. , 
193, l44 (1930) 

244.; CElW4IC ImUsTRr .. (Zirconium OampoUllds) Vol .. .32, No .. 1, FE>bms17· 
. (1939) 41-42 P'P.. . 

Use of zirconium compounds in pott.ery~ enemels and glass .. 

245" CH.AMBERS, G" Ho (Zirconium) Metals and AlIOjs, Vol. 4 (1933) 
199-201 WI' 

Use of zirconium as a primer tor ammunition, and composition of 
flashlight powders." 

246.. CLAUSn.c, p~ and MOUBIS, G., Physics 7" 245 (1927) 

247 <; C03N, If:ILLJ:; Ho (The Clys)ja1 Modifications of a C1ea1' Fused 
Z;S,;reollia l':roo'::lood 111l the Sm1 Furneoe) . Trans .. Amo Electrochqmo 
5t)c.,,? VoL, 68;1(19:55) 6;",71 pp .. 
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DE BCEB, J 0 H .. (Eleotric Discharge Tube) Oeman Patent 550,178 
(1932) . 

Zirconia parts of tubes held at dttterenttemperaturas and 
zirconium as a getter heated when the tube i8 ueed~ 

2500 DE BtEB, J~ H .. , BRCOS, Jo and. EMMEH,s, B., Z .. anorg .. allr .. Cbemo 
191 (1930) 113 po 

251$ DE BatR, J. Bo and CLA.USOO, Po, Physioa 8 (1930) 26'1 po 

2520 DE BOER, J. KG and FASl', J. D .. , Z. 8Jl0rfoallr. Cham., 1ft! (1930) 
. 193 po . . 

2530 DE BAAS, W. J .. and VOOOD, Ja, proc. Fuy. Ac. Amsterdam, 32 (1929) 
7m po 

2540 

255 .. 

ESPE, W .. , 8Jld X~OLLJ~. Welicstoffkunde del' Hoobvakuumteobnik 
Spr1Jlger, Berlin (1936) 

FAST, J. D .. , (Zil'Oonium as a aetter) Foote Prints, Vol. 13 (1940) 
22-30 Wo 

A discussion of the gas absorption of zirconiwao 

2560 FORRESl', W. (Flashlight POrJder) Br1t1sh Patent 390,352 (1933) 

Zirconium hydr1de in flaohUgbt powder with DlS€neaium and n1t1"8teso 

2570 GILlETT, HoW" (Some Features of Ductile Zirconium a!!d Titanium)' 
'oot.~ Prints, Volo 13 (1940) l .. ll pp" ' ' 

258" 

Summar.r or cart.a1n physical properties of zi~on1W!lJ oompar1son 
with tltamum and ta~ru.um; am discussion of possible oommer1oal 
uses. 

mm:OOA\7A:; s~ v ~r.,~ l:Mmo:o J" (.a;i;)soxption of 'Gases b,y ZirconiUll and 
Its Applic:a~d.on t.0 iSG"Uw Tubas) ElectrotGoho Jouro (Japan) Vol" 5 
(1941) 'Z/~'" 3J pp v . 

The rettarin7 pqwex' of' z1reorJ:l:~::no 
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2590 JONES·, VI .. Do (Obtairdll,f' Coherent Masses fran Powdered Metals) 
British Patent 503,874 (19.39) . 

Copper al107S. sintered with zirconium hydride., 

2600 XINZEL, A. BD (Method of L'laldJlf Steel T:reatinl Slags) Uo So 
Patent 2,027 .. 868 (1936) 

U sa of 2.r02 ill basic open-hearth slag~ to make them more flu1d 
and le89 c~rrosi,",. . 

2610 XOLLIGS, H. (High Ohmic Healstanoe Made o~ an Insulat1mg B~ 
Bearlrlg Thin Baslstance Layer) Geiman Patent 482,363 (1929) 

·2620 

Thin layers of zi1'Co~1um for electr.1c. resistance c> . . . 

LIGHT METALS. (Getter Metals) lDndon, January (1944) 34 p .. 
February (19!+4) 71 p. 

Discussion at zirconium getters. 

2630 UEISSN&Jt, i'lo, Zo Physik, 60 (1930) 181 p, 61 (1930) 191 po 

2640 PHlLlPS, N. W. GIQ:ILAMI.lENFABRIEK&N (Electrio Discharge Tube) 
Geman Patent 528,384 (1931). 

2650 .PHILIPS, H .. V .. GLCEIUMPEla'ABRIEEEN (Electrolytic Condenser) 
British Patent 309,574 (1929) 
Zirconium electrolytic rectifier .. 

266.. PHILIPS, No VI) GLOElLAlfPENFABRIEKEH (Flashbulb) French Patent 
780,657 (1935) . 

Use of zirconium in flasbbulbso 

2670 PHILIPS, No V., GL<EIUMPENFABRIEKEN" (Spinn~rots tor Makbc . 
Art1J1c:la1 Silk) British Patent )61,842 (1931) French Patent 
70711260 (1931) 

Zirconium as a materi&l for ~1nnerats" 
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268" SABm p 0 .. B. (Raflect1l'lf POftr of Evaporated Metal Films ill the 
Near and Far Ultraviolet) fbyllo Rev .. ; Vol" 50,. No" 4. 396 po 

ReflectiDg power '* zil'Ooni~o 

2690 SARBEt, M .. D .. Flashlamp .. Uo S" Patent 2,'272,779 (1943) 

Use of an Al-Mg-Zr alloy in flashlight bulbs,. 

270" SlEVERrS, .Ao and OO'l'TA, A., Z .. aDol'f .. allf .. Chem .. 187 (1930) 155 po 

it . 
Z11.. TE~nN· GESELLSCRAFT FUR DRAHTLmE TEIEC MHlE. (Electronic 

Lamps) French Patent 821,705 (1937) 

Use of ziraotlium parts at a definite temperature ara:tnst h1drogell" 

Z720 THCIf(SON, J" G., and MALIET, M .. V. (Preparation of Crucibles from 

Z73 .. 

. ~ec1al Refractories by Sllp Working) Nat .. Bureau or Standards 
Jouro Research, Vol .. 23 (19.39) 319-327 pp .. 

Zirconia ol'Uc1b1ese 

VAN AmEL, A .. E.. Reine Metalla. ;So ~r1ngerfjl Berlin (1939) 20.3 po 

Use of zirconium :in photcells, tor BaO reduction, and tor Xr:-rq 
fi1tersc> 

274" . VAN AmL, J,." Eo, Phfsica 3 (1923) '76 p .. 

'Z751) VAN AIlKEL" .loB .. , Physics 4 (1924) 2S6 po 

276 0 VAN AIUJ" A .. E., and DE BOER, J .. H .. , Z. ano1'£ .. all€'o Chem.,., 148 
(1925) 345 

m.. VAN LIE:MPT, J Q Ao" (The Utrht of Combustion or Some Metals a1'Id 
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mBlOS'l'l'ER, P. (Process tor P roducinf.' and Mail1ta1rd.. a VaC\D8 
111 D1sohug8 Tubes) Gel'lll!m Patent 540,617 (1931) 

Getteri».g 111 vacutIID tubeso 

WlDEKnm, E .. , and XIEBS, C.. '(Px..parat1on of FlasbUght Powdera) 
Brit1sh Patent 352,lJ.8 (1931) J (Process for Maldn( SlDolteless a:nd 
Snell-leas Bepldl7 Burni~ Flashpowders Rich lD Speotral Lima) . 
~nnan Patents 29~,998 (1916) 8lId 336,004 (1921) 

Zlrool11_ powder 8lld nitrates mixed and used tor tlashpowder. 
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2800 WES'l'IRGHOUSE EJXiINl..;ER.. (A new Superior Bigh-Frequenq.lr.Isulat1cm) 
Vol .. 5 (1945) 30-31 pp.. . 

Zirool11a used as an eleotrical insulator .. 

281.. IWlGIWt, E .. Po (Zil'Con1tn1l) Bureau of limes Im' GI Cire. 6455 aDd 
6456 (1931) 30 aDd 63 PPo 
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