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A number of references on, and some discussiom of, the properties

ZIRCORTIM
A _STRUCTURAL MATERIAL FOR THERMAL REACTORS

ABSTRACTY

of zirconium are given.
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Design of thermal reactors has beem difficult because of the poor
structural properties of those materisls having low absoiption Cross-
gections for thermal neutrons. Among all the elemgﬁts, only the follow-

ing solids were considered to have low enough absorption for use in

thermal piles:

Beryllium (Metal, Oxide, Carbids)

Carbon

Hagresiusm

Aluminum

Silicon N

Tin

Lead

Bismth

Of thess mat.ariala,.’ only carbon and beryllium can be ussd at

elevated temperatures for the efficient production of power. Carbon is
a very weak material and has proven to be seriously affected by

neutron and fission fragment bombardment damage.

Beryllium motal 18 very brittle, mon-homopeneous, expensive ard hard
%o fabricate. Beryllium compounds are quite brittle and are effected
by radiatiom though to & lesser extex;xt than éarbona

It is obvious, therefore, that any material having good stremgth,

corrosion resistence and ductility in additiom to low ‘themal absorption




a Q
would be of the greatest interest in the comstruction of thermal piles.
_Recent measurements by Fomerance and Hoover indicated that the thermal
sbsorption cross-ssctior of pure zirconium (ho hafnium present) 1s de-
finitely less than .4 barns. The most probable valus at the present
time seoms to be less than .2 barns. If these measurements are verified,

) hafnium free zirconium asppears to be ons of the most attraoctive known

structural materials for thermal energy pileso

The desirability of a structural material for uss in a thermmal re-
actor can be eatimat;ad from the product of the stremgth (F) and the ab-
sorption mean free path for thermal neutrons ( \a). This oriterion
(strength per unit absorption) breaks down for brittle materials in -
which the strength cannot be fully utilizad for structural purposes due
to thermal stresses. Stiffness of plates, which may also be importent,
is not indicated by this criterion.

Density »8 Xa

Gis/en Gsn (Game) & B EiaCibe/i) emeske
Zircontum 6.4 75,000 .4 62 2, 1,800,000 Ductile
Steel 7.6 60,000 2.5 4.2 1.7 100,000 Ductile
b 8.4 50,000 1.2 . 15, . 5.9 300,000 Ductile
a1 2.7 6,000 .2 80 32 180,000  Very

| . | 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
Be0 2.0 14,000 .01 2000 800 11,000,000 - Very
Brittle

S “



‘phase 1s body-centered cubic (3.€1).

Propertjes of Z;rcon' ivm (3).

Zirconium metal is strong and ductile (40,000 PSI wi:hh 307 elongsg-
tion, 56,000 PSI with 12f elongation, 115,000 PSI with 2f elongation,
142,000 PéI with 1Y elongation) (3). Strength and elongation depend on
heat treatment and on cold working, Zirconium is a relatively light
metal and has an atomic volume of 14.3 CC/Gr atomic weight. The density
of the pure metal is probably about 6.49 GMS/ce ‘but measured values of
metal contaminated with amall amounts of hafnium average 6056 (value

from Foote Mineral Co., Philadelphia, Pa.) The modulus of elasticity is

reported to be 10,700,000 PSI (3). 7irconfum in the alpha phase is

hexagonal close packed (a = 3.228 ¢ = 5.140). The beta phase of the

metal occurs above 8_6l° c (158° F). The orystal arrangement in the beta

ﬁgm

The coefficient of expansion of zircorium metal is 3.5 x 10-6/00
(about 1/2 that of steel). The electricel resistance is .41 x 107 'FJ/////h‘
omMS/ck” at 0° C, rising in the beta phase at 1150° G to 1.26 x 107~
()HMS/GM3 . Although zirconium probably melts at about 2130° C it cannot
ordinarily be conéddemd'fér use at any such temperatures, as it combines
rapidly with most gases at a much lower temperature, At about 800° ¢
zircopium reacts with oxygem in alr to fom first; a brittle solution of
oxide in metal, later whits oxlde. Zirconium also reacts with hydrogen

0
(at about 800 C), nitrogen, and with chlorine (at a dull red heat}.



Zirconium can easily be spot welded. Heliare welding is possible |
if a good purity of helium or argon is used. Zirconium is easily
‘rolled, extruded, formed, forred or swaged.

Corrosion Rasistance of 2irconium (Dat- From Foote Hineral Ooo)‘

Inches Penetration Per Ir.

Regrent ' Room Temp. - 100°C
Sulfuric Acid, conec. (1) (2)
Aque Psgia Pg - (4)

504 Ferrie Chloride Sol. . 5 | (6)
Bromine Water (7) \ -
Phosphorie Acid, Comc. ‘ 0.0004 (8)
10f Sodium Fluoride, Sol. ~ 0.0003 (9)
10 Sulfuric Acid, Sol. v 0.0002 0.0007
Hydrochloric Acid, Conc. : . 0.0001 0.0002
5¢ Hydrochloric Acid, Sol. Ko Attack No Attack
Nitric Acid, Conmec, 0.00001 0.00005
10¥ Ritrie Acid 0.00001 0.00003
Phosphoric Acid, 10% 0.00002 0.00005
107 Citric Acid o Attack 0.00002
10f Oxalic Acid No Attack 0.00004
109 Sodium Hydroxide No Attack 0.00002
10% Potassium Hydroxide 0.00002 No Attack
Strong Ammonia Water 0.00003 Gained Wgt.
Sat, Mercuric Chloride No Attack: No Attack
1/10 N Iodine Sol. No Attack -
Chlorine Tiater (10) -
JBemarks
(1) Sample completely dissolved in 24 hours.
(2) Hard protective film of sulfate pravented solution of strip for
I 2 deSo '

- (3) Completely dissolved in 2, hours.

(4) Completely dissolved within a few hours.

(5) Strip disintegrated into flakes in two days.

é6 Strip completely disintegrated into flakes in one day.

7) Strip disintegrated in 2 days.

(8) ILost 30% in weight in 2 weeks.

(9). Completely disintegrated in 1 day.

) Lost 507 in weight in two weeks.



Effagt of Hot Water (Verbal communication from A. Kaufman)

A.Keufman (M.I.T.) has tested zirconium in contact with high
pressure water for several days at about 300° C, The only noticeable

effect was a slight bluish surface coloration.

The zirconium content of the Earth's crust is estimated to be
about 0.028% (47). The most abundant mineral is zircon (Zr Si 04).
- 2irconium also occurs as the oﬁtide, baddeleyite. Zirconium ores occur
commercially in Ceylon, Australia, Brazil, Colorado, Canada and Norway.
The cost of the oxide is about $0.2250 per peund.

As predicted by Bohr, von 'Hevesy found that zirconium ores con-
" taln varying amounts of hafnium. Hefnium is an element which is almost
jdentical o zircomlum in all its chemical properties but has a very

“high neutron absorption cross-section (sbout 100 barms), a high atomlc

weight and a high density. Varicus zirconium ores contaln widely vary- |

ing amounts of hafnium: Soandinévian ores contain as much as 54% as
much hafnive as zirconium while the "average" hafnium contenmt of
zirconium ores sesms to ve sbout 3¥. von Hevesy measured hafnium con-
centration by X-ray emission spectography, oc;mparing tl;xe intensity of
~ .the hafnium 1ine with the intensity of the line due to known additions
of tantalum (47). |

_ !
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Miperal
Baddeleyite

Zircon. Oxide Favas
Zircon, Oxide Favas

Zircon (White) -
Zircon (Brown)
Syenite (CGray)
Zirconm (Brown)
Zircon (Brown)
‘28 rcon (Brown)
Zircon (BM)
Zircon (Brown)
Zircon (Crey)
Hyacinth
Hyacinth

2ircon (Monazite)
Zircon (Monazite)
Cyrtolite

Alvite

. Naegite
Eudialyte
Eucocyte
Catapleite

Polymignite (78)

Brazil

Brazil
Brazil
Aust.r.la
Yorway
Komay
Korway
Lanpesund
Larvik

Korth Caroiina,

Ceylon
Madagascar
Bspoutlly (LePuy)
Vicenza ‘
Brazil
India -
U.S.A.
Kraero
Japan
Greenland
Norway
Greenland

KNorway

%.3
2.5

0.6
30
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As 1t has been reported that certain ziréoniwn ores contain less than

) lf_lhafnium, samples of ore from varioué parts of the world have besn
obtained from the American Museum of Natural History and these specimens
are being analysed to locate an ore contalning small amounts of hafnium.
Identification of hafnium in zirconium compliceted by the fact thai the
half lives of one of the principal zirconium activities 1s easlly con-
fused with a hafnium sctivity: (Zr 95, 12 abundant 65 days; .24, .4,
.75 Mev gammas is easily confused with Bf 181 46 days, -07, .30, .52 mev
gammas) (283). Even in consideration of electro-magnetic separation or
mass cgpectography care must be takan not to confuse doubly charged Hf

jons with Zr lons since the atomic weight of Hf 180 is just twice that
of Zr 90,

S. De Bsne.detti and F. K. McGowan (283) heve deveiol;md a quantita-
tive méthod of determing hafnium in girconium. This method counts esach
ganme, if and ornly if, it is preceeded within a given time period by a
bata, |

1 1 (davghter of RS 1) exhibits a short lived isomeric state of

22 micro-assconds, which is detectable though observation of delayed

coincidences from Hflal sources. The number of delayed coincidences is

proportional to the. mmber of Hflsl atoms present. If the Hflal is
produced under known conditions of irradiation this method can be used

to measure the haf_nimn content of a given sample.

Because of tﬁe Lanthanide contraction the ionic diameters of Hf
’
and Zr sre almost the same (probably withl¥). Consequently, chemical
purification by ion exchange would seem difficult, B. Ketelle at

v



Clinton National Laboratories is attemptiné to make 10 Mg of pure Zr

by ion excharge. . Selective precipitntion of phosphates out of sulfurie
acid can be used to remove much of the Hf from the Zr (63) (68). Wickers
at the Bureau of Standards will try to remove the hefnium from about five

pounds of 2irconium by precipitation.

Such isotope ssparation methods aa therma} or gaseous diffusion
should glve good separation because of the large mass differences. . Hoover
has suggested zirconium boro-hydride as a suitable gas to use in a themal
diffusion process. Zirconium boro-hydride has recently been prepared by
J. J. Xatz at the Argonne Kational Labpratoxyo _ |

Zirconium is made in small quantities by decomposition of the
iodid«a_; (56, 60-66, 100, 109). Foote Mineral Co. of Philadelphia make
about 100 pounds per momth by this method, Pure gzirconium metal on the
bottom of an evacuated bulb 1s transported by means of the tetra-iodide
to the surface of an aelectrically heated" filament and there deposited as
the metal. The filament must be heated to 1400 - 1500° to decompose the
fodide. |

At M. I, T., A, Kaufman 18 using this method to deposit thin gir-

conium coatings on various materials.

A larpe scale separation method (82, 103) .is being developed by
the Northwestern Electro-Development Laboratory of the Bureau of Mines
at Albany, Oregon. This method comsists of:

_ | aloc
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(1) Production of zirconium carbide from zircon.

(2) Chlorination of the carbide.

(3) Purification of the chloride.

(4) Roduction to metal with magnesium.,

(5) Elivination of residual salts by vacuum treatment.

(6) Helting of ingots,

This method seems to make possible production of large amocunts of
pure metal et low cost, probably less than $10.00 per pound., At present,
10 pound ingots of malleable zircorium are being prodﬁced. About 60

pounds of metal is produced in the furnace per charge.

Zirconium Alloys (137)

Zirconium alloys with A1, Pb, B3, Fe, Hf, G, Cu, Mg, Ni, P, Hg,
S, Se, Ag, Si, N, Ti, H, W, SN, Zn. The low-zirconium alloys have been
studied principally. The foliowing, Amay be of interests (values given

- ave atomic percent)
A1-2r (114, 130, 126, 13%)

The solid solubility of Zr in Al is .28% atomic at 660° C ard
)
only .05% at 500 C. Zr with a small amount of Al is malleabls. Alloys

of sbout 3% 2r in Al and Mg have been proposed for corrosion resistance.
Mg-2r (160,173, 185, 153, 172, 113, 116)

Sines Zr is a powerful neutralizer for iron, thess alloys are

quits corrosion resistanmt. Zr also improves the mechanical properties

_ 4 | | -lln

of Mg.
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Tho solubility of Zr im Mg is .8f at 700°C, I7 at 3(.)006° There are

difficulties in introducing the Zr into the Mg.

s1-zr (187, U6, 184, 119, 168, 124, 146)

This alloy 1s used to imtroduce Zr into steel. Commercially it
contains about 38f 2zr, 1¥ Al, 5¢ Fe, remainder Si.

Fe-Zr (114, 181, 182, 183, 188)

Poy Zr, forns an autectic with Fe at 16/ Zr ard 1,300%. € or S
present goes with the 2r. Eutectic compositions might be used as brazirg
material for pure Zr. | | |

Zr-C

Zr has a strong affinity for carbon end can be surface hardened by

7

carbonization.

The Bureau of Mines found that molten Zr dropped onto a piece of

" carbon in an inert atmosphere formed a solid bond. The molten metal

appeared to psnetrate ‘thru the pores of the carbon and traces of metal

passed through as much as 1/2 inch of carbon,

Al
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Feduction of Zrcla rdth sodium ip a vacuum and fusion of the metal

in a vacvum Arasonm furnace,

DAWIEL, ®. Studien im Gebiete hoher und hochste Temperaturen.
Toni:g'; Ztsohr., Vol. 58 (1934) 449-451 pp. also 463=456, AT7-4T8,
485487, |

| z:»oz and carbon reduced in the are,

TE BCER, J. H., and FAST, J. D. (The Alpha-Beta Trapsition in |
Zirconium in the Presence of Hydrogemn) Ree. trav. chim. Pays-Bas,
Vol. 55 (1936), 350-356 pp.

Phase diagram Zxr-H, '

18-



Production of Zirconium Meotal
60. DE BGER, J. H., Z, anorg. allg. Chem., 144, 190 (1925)

61, DE BGER, J. H., Z. anorg. allg. Chem., 150, 210 (1926); 165,
1 (19275 '

62, DE BCER, J. H. and VAN ARREL, A. E., Z, anorg. allg. Chem,, 148
84 (1925)

63, DE BGER; J. H., Z. anorg. allg. Chem. 165, 16 (1927); DE BoEn, J.
H. and Bﬁoos, Joy 2o anorg. allg, Chem., 187, 190 1930)

64, DE BCER, J. Fo apd RQTS, Foy %o arorg. allg. Chem. 165, 21 (1927)

659 DE B(ER’ Jd. Ho and FAST, J flo, Z, anorg,. - allgo Chemoy 187’ 177
(1930) .

%Q' DE ang Jo Ho and FASJT’ Jdo Do’ Z. anorgo ﬂllgo chemoy 1539
(1926)

(Electrolyeis of Solid Sclutions of Oxygon in Metallie
Zircopium. Rec. trav. chim. Pays-Bas, Vol., 59, (1940) 161-167 pp.

Tranafenanee of oxygen to the ancde.

Fafnfum, Z2tschr. auorg. chem., Vol. 187 (1930) 193-208 pp.
Dissociation methods of metal depositionm. '

69, (The Influence of Oxyren and Nitrogen on the Aiphaaﬁeta ‘

Transition of Zirconium) Ree. tray. chim. Pays-Bas, Vol. 55, (1936)
459467 pp.

Raieing of the transition point by oxygen and nitrogen and its
resulting sluggishness,

70, (MBheres fver Zirkonium) Ztschr. anorg. Chem., Vol. 187,
t19307 117-189 pp.s Darstell\mg von Zirkonium., OCcrman Patent
609,501. (1935)
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736
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75,

7%. .

Production of Zirconium Metal

Reduction of ZrCl, with sodium; reduction of ZrG, with ealcium,
with calcium plus‘sodiumg and with magnesiumg 3 reduction of
2 KFQZ&'A with sodivm. '

«

Ubar die Darstellung dsr reinem iletalle der Tital Gruppe
durch themische Zersetzung ihrer Iodide: Ztschr. arorg., Chem,
Vol. 153 (1926) 1-8 pp.

Produotion of metals through dissociation of their iodides,

DRIGGS, E. H., and LILLIZNDAHL, &, C. (Method of Production Hare

Refractory Metals bty ilectrolysis) U. S. Patenmt 1,835,025 (1931) -

Electrolysis of 2r0, in a flvorids bath,

"
FAST, J, D, Ubar die Horstellumg der reinen Metalle der Tital -
Gruppe durch thermische Zersetzung ihrer Jodide. Ztschr. anorg.
Chem.s Vol. 239 (1938) 1.45-154 pp.

lower lodides in the dissoclation process.

L ®
FAST, J. D., AND JACOBS, F. li. Ungewohnlich hohe LBslichkeit
van Stickstoff und Sauerstoff in einiren lietallen untersusht an
Zircon und Tital. Metallwirtschaft, Vol, 17 (1938) 641-664 pp.

Action of ‘oxygen on the transition point; 40 atomic pexcent of

~oxygen and 20 atomis percent of nitrogen soluble.

FISCHVOIGT, H., and KOFEF, F. Experimente iiber das Anwachsen von
Hletall Kristallien von der Gas Phasa. Ztschr. techm. Fhys., Vol. 6
(1925) 296-298 pp. - '

Zirconium deposited on tungston.

FRIEDRICH, E., and SITTIG, L. Herstellumg und Eigenschaften

. hochschmelzender niederer Oxyde:s 7tschr. anorg. Chem., Vol. 145

(1925) 127-140 pp.; Herstellung und Eigensshaften von Nitriden.
Ztschr, anorg. Chem., Vol, 143 (1925) 293-320 pp.

2r0 preduced from Zx~{32 and carbon.
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79.

81,

82,

83,
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" Production of 7irconium Metal

HAGG, G. (X-ray Study of the Hydrides of Titanium, Zirconium,
Vanadium and Tentalum) Ztschr. phy. Chem., Sec¢. By, Vol. I1 {1931)
433-454 pp, |

Five phases for girconium; a eolubility of 5 atomic percent in
the alpha phass.,

FANDBOOK F PHYSICS AND CIEMISTRY, 29th Editdonm, 292, Chemiocsl Rub..
Pub, Co., Clevelan_i, Chio '

BAKTHANK, S., Z. anorg. allg. Chem., 155, 357 (1926)

HUNTER, M. A., and JONES, A, (The Reduction of Some Rare Metal
Chlorides by SOdimn) Trans. Am, Electrochem. Soc., Vol. 43, (1923)
215‘”2% ppo "

Reduction of ZrCl with sodium in a bomb,

KIERFAK, i, P, (Zirconium and Preparation ‘hereof) U. S, Patent
01,7609413 (1930)

Mamfaotura metal powder, degas in a vacuum, and sinter.

EROLL, W. J., (Recent Progress In The Metallurgy of Malleable .
Zirconium) Eleotrochemical Soclety Preprirg 92»16, New York

KROLL, W. J., SCHIECHTEN, A, W, and YERKES, L. A. (A New Cprbonm
Rssistor Furnace) Trans. Llectrochemical Soc. 89, (1946) 317—329 PP

Verformbare Titan Legierungen, Ztschr. Metalllktunde, -
Vol., 29, (1937) 18%192 pp. ' :

Influence' of impurities on the hot malleability of titanium.

Verformbares Titan und Zirkono Ztschr. anorg. Chem., Vol.

3, (1937) 42-50 pp.

Reduetion of Zr02 with a mixture of calcium plus calcium chloride
under argon.

2]
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88,

89,

91.

Production of Zirconium Metal

.

IEIY, D,, and HAMBURGER, L. Herstellung der Elemente, Thorium
Uran Zirkon und Titan., Ztschr, anorg. chemo’ Vol. 87’ (1914)
209-228 pp.

Produoction of nalleable gircopium by reduction with sodium in a

) bonb,

MARDEN, Jo W. (Reduction of Fare Metal Oxides) U. S. Patent
1,602,542 (1926)

Reduction of Zr0 with magnesium in a sealed vessel containing
an inert atmesph

MARDEN, J. W., and RICH, li. X. (Investiration of Zirconium with
Especial Refercnce to the Hetal and Oxir'a) Bureau of ¥ines Bull.
186, (1921) 152 p.

Comprehensive survey of the methods of reduction in gemeral.
FOWOTNY, H., WORMES, E., and MORNHETM, A. Unterschungen Gber

dile Systeme Al-Ca, ig-Ca, und Mg-Zr, Ztschr. Metallkunde; Vol, 32
(1940) 39-42 pp.

Hagnesivm-girconium equilibrium diagram.

PHILLIPS, N. V. Gloeilampsnfabrieken, Precipitating ﬁetals by
Deco?poai;,ion of e Gassous Gcmpound Thereef, British Patent 543,
57 (1942

PLOTNIKOV, V. A., and KIRICHENKO, E, I. (ilectrolytie Deposition
of Zirconium from Fused &ltsg Mem. Inst. Chem. Acad. Sci. Ukrain.
UoScSc.R., Vol. 6, No. 1 (1939) 3-15 pp.

Electrolysis of fused AIGIB, KCl, NaF, ,andex'Ozo

PODSZUS, E. Fsindarstellung sehr resktionafahiger iletalle und
Metalloide, Zt,chra arorg. Chem., Vol. 99 {1917) 123-131 pp.

Reduction of the double potassium {luoride with sodium to obtaln
99.3 percent 7r,

«22a



%.

100,

101,

Production of Zirconium Netal

m’ W Darmllnng der letalle sd.’ Ti’ /!‘, Hf’ Th, Vo Cb, Gr’
Mo. Gemman Patert 600,369 (1933)

Faduction of the axldes by the carbides in e vacuum.

RUFF, 0., and BRINTZINGER, H. Raduktion von Thor, Zirkon, und
T4tandioxyd. Zrschr..anorg. chem., Vol. 129 (1923) 267-275 pp.
ZrOz reduced with sodium aend with sodium plus caleium in a bamd.

RIFF, 0. and BRINPZINCER, H., 2. anorg. allg. Chem., 129, 267 (1923)

SCHULZE , 'A. Umwandlungs Erschei en in sogenamten Halbleitern

Ztachr, Metalllumda, Vol. 23 (1931) 261-265 pp.

Resistance measurement at the transfozmation point.

TROO5T, L. Recherches sur le zirconium, Compt. rend., Vol, 61
{1865) 109-113 PP, ’

Reduction of ZrCl, vapor with Al, Na, or Mg; reduction of the
double fluoride with Al; reduction of the double chloride with Mg
or Na; fusion olectrolysis of the double fluoride and the double
chloride, :

VAN ARKEL, A, E. Darstelluny von hochschmelzenden Metellen durch
thermiache Dissoclation ihrer Verbindungen. lietallwirtacheft,
Vol. 13 (1934) 405-408 pp.

Dissociation method,

‘{AN &?KEL, and DE BER, J. Ho, Z, anorg,, allg., Chem., 141, 289
1924)

Darstellung von reirem Titanium, Zirkonium, Hafnium, und
- Thoriummetall. Ztschr. anorg., Chem,, , vol. 18, (1925) 34,5-350 PP

Dissociation of iodides; mixture of Z:CZLA, Hz and Co uneed,

Reins Metalle. Julius Springer, Berlin (1939) 203 p.



102.

103,

104,

105.

107,

lo8.

VON HEVESY, G. end JAMZEY, V. THAL, Chem. News, 127, 353 (1923);
DE BOER, J. H. and VAN ARKEL, A. E., Z. anorg. allg. Chem. 141
(1924) 284 p. compare VON HEVESY, G., Das Hafnium, Borlin (1927)

VON ZEPPELIN, H. §Prooass for Producing 74rconium Metal) U. S.
Patent 2,214,211 (1940) Mamfacture of Alloys, U, S. Patent
2,250,687 (1941) Darstellunp von Zirkon, German Patent 704,933
(19395; Preparaticn du zirconium, Fremch Patent 847,196 (1939);
Darstellung von Zirkon durch Reduktion von z:-cl,‘ mit Magnesium;
Metall. Erz. Vol. 40 (1943) 252-254 pp. |

United States patent refer to the uss ‘of a definite ratio of
alkali and chloride in the production of the metal, and the
melting of the container in producing alloys. The forelgn patents
concern the use of a vacuum in the preparation of the metal.

WEDEKIND, E., and IEVWIS, S. J. Studien fiber das Element Zirkonm,
I. Liebigs Avn., Vol. 371 (1909) 366-389 pp.; Studien fiber das
Element Zirkon, II. Liebiga Ann., Vol. 395 (1913) 149-194 pp.

Part 1 describes the reduction of 2 KF°ZrF with magnesium, and

part II the reduction of Zr0, with calcium in an iron tube and
the properties of the hydridg and nitride.

WEDERIND, E., A, Elektrochem., 10, (1904) 331 p.
WEDERTID, E., ldebigs Arm. d Chem., 395 (1913) 149 p.
WEINTRAUB, E., (Preparation of Boron and Zirconium) British Patent

25,033 (1910)
Zirconium chlordde and hydrogen inmtroduced into an arc.

WEISS, L. and MNCUMANN, E., 2. anorg. Chem., 65, 248 (1910)

WEISS, L. Verfahren zur Herstellung lsicht zichbarer Metall
Niederschlsfe und sur Darstellung verformbahrer Drahte und
Rohre. Germen Patent 31 (1919) 791 p. |

A hot wire method for the deposition of metals with or without
the presence of a hydrogen atmosphere; the dissociation of
tungsten chloride referrsd to especially, but all volatile com-
pounds used in gemsral.’ ,
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Production of Zirbonium Metal

WEISS, L., and NEUMANN, E. Darstellung and Untersuchung
regulinischen Zirkoniums. Ztschr. anorg., Chem., Vol. 65
(1910) 248»278 PPo

An aluminide made from aluminum and the double fluoride of
girconium treated in a vecuum arc.

ZWIKKER, C. Trarsformations of 71rconium and Titapium, Physilca,
Vol. 6 (1926) 361-366 pp. :

The action of oxygen on the transformation point,

=25-
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115,

16,

117,

118,

119,

Zirconjum Alloys

AIEXANDER, P. P, (Zirconium Magnstic Alloy) U. S. Patent
2,184,769 (1939)

Fe«-Nie-Go-Zr magnets heat-treated at #%5° ¢,

ALLIAGES AUTOPROTEGES. ({Aluminum-Magnesium Alloys) British
Patent 503,953 (1939) .

- Corrosion resistant alloys of magnesium, zirconium, end aluminum,

with 0.05 to 3 percent szirconium and 10 to 96 percent magnesium,

ALLYBOME, T. E., end SIKES, C. (The Alloys of Zirconium) Jour.
Inst. Metals, London, Vol. 39 (1928) 173-189 pp, Also, SIKES,
C. (The Alloys of Zirconium) JOur., Inst. Metals, Londong; Vol. 41,
(1929) 179-190 pp.

Alloys Ag~2r, Al-Zr, Cu-Zr, Fe-Zr, Ni-Ze,

' ANDRIEUX, J. L. Preparation de composés binaires par fusion

ignée. Comgr. Chim. Nancy, Vol, 18 Pt. I (1938) 124-127 pp;
Chem, Zentral. Pt. IT (1939) 3023 p. -

Fusion electrolysis of a mixture‘of silicate and Zrozo

BECK, A. (Magnesium and seine legierumgen) J. Springer, Berlin (1939)
Reference book on magnesium alloys.

BECXER, K. (The Physical Propsrties of High Melting Gompounds)
Phyaikal. Ztschr., Vol, 24 (1932) 185-198 pp.

Nature of zirconium carbide; its structure, density, hardmess, ete.

BECKET, B, M. (Iron Alloy Constituted Essentially of Irom, Silicom
and Zirconium): German Patent 400,199 (1924)

Zirconium-iron-silicon alloy.

BECKET, F. ii, (Process for Producing . Z.irconium Alloys) U, S Patent
,966,037 (1935), British Patent 427,076 (1935) :

_React ZrC with Fresh ore rich in eilica or with silicon,

- 26@



120,

121,

122,

123,

Zirconium Alloys

BELOZERSKII,, N. A. and OTHERS. (Alloying Co:.tmbium’ 21m°nim,
eto., with Iron, Chromium, ete.) Russian Patent 54,976 (1939)
Chem. Abs, Vol 35 (1941:2802 p.

Fusion electrolysis with metal cathode which dissolves through
eutectic fomation; a chloride-fluoride bath used.

BCEHIER, CEBR. (Steel for Objects with High Resistance Against
Dynamic Stress) hustrian Patent 154,648 (1938)

Carbon steela for ahells and armor plates.

BEEKER, J. G. (Bard Alloys) British Patent 499,'763 (1939).
Carbides and nitrides With a binder.

BOXH, R, (Blsetrode for Eleotric Discharge) Swiss Patent 197;-

919 (1938)

Spark-plug metel with 0.01-0=2 percent Zr, 0.01-10 percernt Mn,
and the remainder Ri.

BOEI»MAIETBA S0C, IND, PROD. CHIM, (Meking Zirconium Alloys)

‘French Patent 813,473 (1937)

Calofum carbide added in meking zirconiumesilicon. Alloys made
that are higher in zirconium than in silicon; iron-zirconium
alloys also made.

BRAID, M. (Dental Alloy) U. S. Patemt 2,246,288 (1941)

Alloy of Cr-lio-Comit-2r with ‘0,25 %o 3 percent zirconium.
CANAC, L. H: Alloy. U. S. Patents 2 »228,513 (1942), 2,310,214
(19£3)

Corrosion-resistant alloys: Ug-Al-Zr-T4 and Mg-Zr-Al.
COMSTOCK, G. Fo, and BANNON, R. E. (HesteTrcated Copper Caste
ings Alloyed with Zirconium and Beryllium. Metals and Alloys,
V°1° 8 (1937) 106-109 pp; French Patent 836,017 (1939)

Properties of coppermzimoni\maberyllim alloys.
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131.

132,

133,

Zirconium Alloys

COCPER, H. S. Alloy. U. S, Patent 1,221,769 (1916) $ 1,277,046
(1918); 1,278,304 (1918); Canadlan Patent 179,121 {1917)

Niokel-zirconium combinations with other metals as & cutting
alloy. ,

DF. BOER, J. H., and JONAS, C. B, (Niokel~Alloy Electrods)
Canadian Patent 405,674 (1942) '

Alloy for electrodes in vacuum tubes containing 0.05 to 3 pere

. cont sirconium; the remainder nickel; gas-free and with a

tensile strength of 24 kg. per sq. mm.

FINK, Heo Lg,, and WILIEY, L. A. (hguilibrium Ralation in Alumdmume

Zjroonium Alloyas of High Purity) Trems. Am. Inst. Min, and Met,
Eng., Vol. 133 (1939) 69-80 pp.

Alumimm side of the alumimwm-zirconium squilibrium diagram,
FRIEDRICH, E., and SITTIG, L. Herstellumg und Elgenachaften
von Car’bideno Ztschr. anorg. Chem. s Vol. 144 (1925) 169-189 pp.
%iérggn%um carbide made from ZrO and carbon upder hydrogen at

9 °

GAUTRIER, G. {50C. ALAIS FROGES ET cmmmuz)q Alisges du
megnesium. Fremch Patent 829,316 (1938); Beryllium-Containing
Magnesiun Alloys U, S. Patent 2,224,151 (1940

Grain-refining action of zircomium.

GEBHAFDT, E. (The Systems Zinc-Titenium and 7ino=-Zirconium)
Ztschr, Metallkunde, Vol. 33 (1941) 7 p.

Equilibrium diagrzm of zirconium-zine,

GMELIN. Bandbuch der amorganischem Chemie. 8th ed., Veriag
Chemie {1937) System 25, 836-840 pp.

Preparations Tensile strength, hardness, etc., of aluminume
zirconium alloys.



Zirconium Alloys

136, GOYIER, A. G. Alloy U. S. Patent 2,213,207 (1940)
A centrifugal cast:lng alloy of .1—M0~U~C:\—Zr, containing 0.25
to 7 percent Zr.

137, HANSEN, U. Der Aufbau der Zmeistofflegierungen, J. Springer,
Berlin (1936)

138, HARRINGTON, R. H. (Double-Aged Copper-Base Alloys) U, S. Patent
2,275,188 (1942) : ,
Double aging of alloys after cold work.

139, HARTMAKE, M. L. Zirconium Carbide U, S. Patent 1,576,275 (1926)
Zirconium carbide produced from zircom in an arc furnace urder
" reducing conditioms,
140, HENSEL, F. R. Contact. U. S. Patent 2,195,307 (1940)
Alloy mainly of silver with 0.1 to 13 percent zirconium for
welding elsctrodes,
%41, HENSEL, F. R, (Welding Electrode) U. S. Patent 2,097,816 (1937)
Copper-zircorium alloy with b.,l to 5 percent Zr; mechanical
propertiss of the aged alloy given. ‘

142, HEKSELy, F. R., and JAESEL, E. J. Alloys'. U. S. Patents 2,268,940
(1942); 2,161,468 (1939); 2 :137,281 (1938) Copper-Base Alloy.
British Patant 503,753 (1939)

Copper-zirconium»bexyllim walding electrodes with lithium added |
and with iron group metals added,

Y3. HENSEL, F. R., LARSEK, E. J., and DOTY, A, S. (Beneficia} Effects
A of Zirconium in Cast mckel-snicon Bronges) Trans. 4m. .Inst. Min.
and Mgt. Exg., Vol. 143 (1941) 212-215 pp.

Nickel castirgs degassed with zirconium,
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150,

1351,

Zirconium Alloye

HENSEL, F. R., LARSEN, E. J., and DOTY, A. S. (Copper-Zircon-
jum-Cadmium Bronze) Metals and Alloys, Vol. 10 (1939) 378-380 pp.

Temarj copper-zirconium alloys; Cd-Li-Si-Ng.

Y.C. PARBEE, A. G. Magnesium Alloys (British Patent 511,137 (1940)
SOCETI. GEIEHALE DU VACNESIUM (Magnesium Alloys) French Patent
845,843 (1939)

Use Qf Pb’ cap Zny cd’ 09, Ag, Tl, Th’ Cu, a!ld B’. and av°1danoe
of Alp &, Sf‘, Hn, Co, Hi, and Sb.

JELJUTIN,; W., and GRIGORASCH, R. Gewinmmg von Silicogirkon
Arb, Moakeuer Stalin - Inst. Eisen, No. 12 (1939) 59-79 pp.; Chem.
Zentralb,, Vol° 110, Pt. 2 (1939) 4336 ) o

Zimcninm—silicon alloy mada by reduction with carbon, aluminum
and carbom plus silicon; lime was added.

KAMISHIMA, ¥. (Alloy Containing Zr and W for Principal Constituents)
U. S. Patent 1,926,775 (1933); (Hard Metal Alloy Made by Fusion)
French Patent 721,267 (1932) : -

Zirconium-tungsten alloys with other metal additioms. .

RELIEY, M, Copper-Base 4lloy. U. S. Patent 2,169,187 (1939)

Preeipitation of hardensd copper-zirconium-cobalt alloy for
electrical purposes,

KQESTER, #., and MULFIMGER, W. (The Systems of Cobalt with Boron,
Arsenic, Zirconium, Columbium, and Tantalum) Ztschr. Metallkunde,
Vol. 30 (1938) 348-350 pp.

Kagnetic compourd, QoLZr, fourd in the cobalt-zirconium system.

KROLL, W. Titanium Alloys, German Patent 718,822 (1942)
Ta=-Zr alloy for light reflectors; also Ti, Mo ard W,

KROPP, F. Permanent Magnet Alloys. British Patent 524,420 (1941)
Fo-Co~-Ni-Zr, magnet alioys with Al or Ti present.
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Zirconium Alloys

IENTZ, D., and WGEKEL, E. (Solder for Parts of Vacuum Containers,

Expecially for Light Bulbs, Discharge Lamps, and Hact:lfiers)
German Patents 665,005 ard 665,006 (1938)

Zirconium alloyed with iron or nickel for a welding metal; 16

percent zirconium,

!fAGRE;‘:IUM EIECTROK, Marnesium-Base Alloys, British Patent 533,264
1941

Use of molded pleces of ZrCIL with a density of 2 to 2.3. -

MCELROY, L. A. Cutting Tool. U, S. Patent 2,235,232 (1940)
Alloy of chromium, oobalt, and tungsten with O, 25 to 3 percent
zirconimn

MEJERSSOR, G. A. Carbide schwerschmelzbarer Metalle. Seltene
Metalle (Russ.), Vol. 4, No., 4 (1935) 6-20 pp.; Chem. Zentral.,

T (1936) 2520 p.

Properties of zirconium sarbide,

MISCH, L. (Crystal Structure Examination of Some Beryllium Alloys)
Metallwirtschaft, Vol. 15 (1936) 163-1€6 pp.

Structure of ZrB, as shown by X-rays.

MOISSAN, H., and LENGFELD, F. (A New Cprbide of Zirconium)
Compto l’end.., VDI. 122 (18%) 651"654 ppo

Zirconium carbide made from zircon and carbon in an are furnace.
MOTT, W. R. {(Volatilities of Ibfractory Materdal) Trans, Anm,
Electrochem, Soc., Vol. 34, (1919) 275-295 pp.

Volatility of zircorium carbide.

NIPPES, E. F. (Copper-Nickel-Zirconium Alloys) Metals and Alloys,
Vol. 13 (19419 29%-300 pp. .

Copper, nickel, and zirconium alloys.

v=31m
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163,
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165,

Zirconium Alloys

¢

'NOROTMNY, H., WORMNES, E., and MORMHELL:, A. Untersuchunger der

Systema, Al-Ca, Mp-Ca, and Mg-2r, Ztschr. Metallkunde, Vol. 32,
(1940) 39-42 pp. |

Magnesiuvm-gzirconium- equilibrium diagram.

OBINATA, I., and HAYASY, S. (Researches on the Complex Alloys
of Magnesium Based on the Magnesium-Cadmium System)} Tetsu~ to -
Hagane, Vol. 24 (1938) 34-42 pp.3 Chem. Aba. Vol. 33 (1939) 4943 p.

Corrosion resistance of cédmium—magnesi’m—zimoniim and magnesium-
zirconjum elloys. .

PHILIPS, N. V. Gloeilampenfabrieken. Copper Alloys. French
Patent 836,017 (1939); Belgian Patent 427,304, (1938); British
Patent 508,330 (1940); German Patent 691,138 (1940) :

Copper-zirconium electrical oonductors with 0.02 to 5 percent
zirconium,

PHILIPS, N. V., Gloeilampenfabrieken. Resistance Wiires. British
Patent 330,280 (1930) .
Alloy of 1.5 to 2 percent zirconium with aeluminum to be used for
cathods vacuum tubes, '

PILLING, N. B. end TALBOT, A. M. A.S.i. Symposium of Age Hardem-
ing (1939) 231-257 pp. . ,

Ni Zr age hardening.

POGODIN, S. A., and OTH:LRS (Constitution and Properties of Copper
Zirconium Alloys) Compt. rend. acad. sei. U.S.S.R., Vol. 27 (1940)
670-672 pp.; Crem. Abs, Vol 35 (1941) 1745 p.

Equilibrium diagram 6:? coppen-zimoniumo"

POGODIN, S. A. and SCHUMOVA, I. S. (Alloys of Copper with
Zirconium) Ann, secteur anal. phys.-chim., Inst. chim. gen.

(U.S.S.R.), Vol. 13 (1940) 225-232 pp.; C em. Abs., Vol. 37 (1943)
4350 p.

Equilibrium diagzram of copper-zirconium,.
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168.

169.

170.

171,

172,

173, .

Zirconium Alloys

PRESCOIT, C. H., Jk. (The iquilibrium Between Zr0 ard C and
Their Reaction Froducts et Incardescent Temperatures) Jour. Am,
Chem. Soc., Vol. 48 (1926) 2536-2550 pp.

Dissociation pressure of Zr0.,-C established as 1 atmosphere at
, 30°9K; crystal structure dgscuased.

RAFFIES, F, (Permanent Magnet) Belpian Patent 428,870 (1938)

Magnetic alloys; 10 percent 2r, 5 to 40 percent Ni, 5 to 20 per-

cent Al. -

FENAUX, L. Contribution a l“étude de la 2irconme, Diss. Univ.

Paris-Vincennes (Pharmacy) (1910)

Calcium carbide as a reducing agent.

?mm,)w. (Valve Made of Co-Ni-Fe-Cr Alloy) U. S. Patemt 2,246,078
1941 A '

Co-Ni-Fe~Cr alloy plus Zr or Ti for exhaust valves in combustion
engines.

' EOTHARDT, K. (Platimm Alloys) German Patent 670,897 (1939)

Platimum allovs with 0.05 to 5 percent zirconium that are corrc-
sion resist:ont, stick well to porcelain, and can be used for
electrical contacts.

'SARBEY, M. D. Flashlamp. U, S. Patent 2,272,779 (191.1)

Flashlamp alloy of aluminum, magnesium and zirconium containing
°5 to 15 perceat ziiconium, .

SAUERWALD, F. (heat Treatment of Megnesium Alloys Containing
Zirconium) U. S. Patent 2,212,130 (1940)

Heat treatment of a magnasiumazimonium alloy at 450°C,
SAUERAAID, F. Hagnesivm=Zirconium Alloys U. S. Patent 2,,286,311,
{1942) Process for the Production of Zimonium-ﬁagnesim Alloys
U. S. Patent 2,228,781 (1941)

Hagnesium-zirconivm alloys with 2.1 to 5 percent zirconlum ard &
method of introducing zirconium powder into magnesium by stirring.
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174 .

175.

176 .

177.

178,

179,

180,

‘181,

Terpery diaeram of Fe-Zr-S, ahowing the melting point of ZrS

Zircopium Alloxg
SCHAEFER, C., Tool Alloys. U. S. Patents 2,307,960 (1943) and
2,301,082 (1%2)-

811oys of Fo~-Cb-Ta-2r and W-Ta-Cb-Ti-Zr with 10 to 40 percent
zirconium used for cutting tools.

' SERI. SOCIETA ALKOK, PROC. FRIV. IMD. ALLOYS., British Patant

517,083 (1940)
Alloys of copper, zirconium, and beryllium,

THUM, E. E. (The Bpok of Stainless Steel) Am. Soc. Metala (2935)

. 261, 441 pp.

Free-ocutting sulfur steels and girconium as a carbon neutralizer
and an alloying element.

TROOST, L. Sur la préparation du zirconium et du thorium. Compt.
rend., Vol. 116 (1893) 1227-1230 pp.

Zirconium carbide made in the arc furnace from zircon plus carbon.
VAN ARKEL, A. E. Reine Metalle. J. Sprirger, Berlin (1939)

VAN AREEL, A. E., and DE BGER, J. H., Darstellung von reinem
Titanium, Zirkonium, Hafnium and Thoriummetall, Ztschr. anorg.
Chem., v°1o 1168 (1925) 3165"‘350 PPe

. 2rCl, reacted with carbon and hydrogen.

4

VAK LIEMPT, J. A. (The Light of Gombustion of Some Metals and
Alloys) Rec, trav. chim. Pays-Bas, Vol. 58 (1939) 423-431 pp.

Flashlight powders of megnesium aluminum and zirconium.

VOCEL, R., and HARTURG, A. (Ternary Diagram Fe-Zr-S) Arch, Eisen.,
Vol. 15 (1942) 413-418 pp.

as 1550°G, 2



182,

183,

1840

185,

186,

187.

188,

Zirconium Alloys

VOGEL, R., end LOBHBERG, K. Das System Fa—Feéc-_r-Zrc,-F%Zrz. Arch,
Eisen., Vol. 7 (193%4) 473~478 pp.

Ternary diagram, Fe-2r-C.
YOGEL, R., and TOMN. W. Das Zustandsaschaubild Edsen-Zirkon, Arch.,
Eisen., Vol. 5§ (1931-32) 387-389 pp.

Equilibrivm diagram of iron-zirconium,

°

VOLKERT, G. Experimente fiber die Metallurgle der Zirkonium
Lsgisrungen. Metall. Erz, Wol. 40 (1943) 246-252 pp.

Zirconium-silicon alloys produced by reduction with carbon; also

1th CaC_,
with 32

T{ON ﬁ)IPPELII\ » H. (Marufacture of Alloys) U. S, Patent 2,235,508,
1941

Zirconium dispersed in a flux.

. Manufacture of Alloys. -U; S. Patent 2,250,6_87 (1941)

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

WAIKSTEIN, G. M. Versuch zur Gewinnung von Kohlenstoffhaltigem
und kohlenstoff-freiem Ferrosilicoziskonium., WMetellurg. (Russ.),
Vol. 13, No. 9 (1938) 17-23 pp. Chem. Zentralb., Vol. 110, Pt. I
(1939) 1640 p.

Zirconium=silicon alloy' produced by carbon and silicon reduction.

WALLBAUM, H, J. (The Systems of Irom-Group Metals with Titanium,
Zirconium, Columbium, Tantalum) irch. Eisen., Vol. 14 (1941)
521"526 ppn s '

Equilibrium disgram of iron-zirconium with menganese; cobalt, and
nickel,
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189,

190,

191.

192,

193.

Zirconium Alloys

WARTENBURG, Von Hv., BROY, J., REIMICKE, R, (The Reduction of
Difficult Reducible Metal Oxides with Hydrogen) Ztsohr. ‘
Elekrochem., Vol. 29 (1923) 214-217 pp.

Zz-O2 reduced with hydrogen under pressure in presence of tungsten.

WEDERIND, E. (Zirconium Carbide from Fatural Zirconium Oxide)
Chem. Ztg., Vol. 31 (1907) 654-655 pp. Uber kolloides Zirkon
silizid. Zischr. Chem. Ind. Koll., Vol. 7 (1910) 249-251 pp.

Zirconium carbide made in the_arc, and the combination of 210,
and silicon to give Z:0S1. , '

—————l0Y Kenntnis der Darstellung von Zii-konerde. Ztschr. anorg.
Chem., Vol. 33 (1903) 81-86 yp, | |

Z:Oz and éart_:dn‘ treeted in the arec furnace.

FEISS, L. Untersuchungen fiber natfirliches 7irkondioxyd. Ztschr.
anorg. Chem., Vol, 65 {1910) 178-227 pp. ‘ '

Zirconium carbide produced from zircom.

WILKINS, R. A., end BUN , E. S, (Copper and Copper-Base Alloys)
MeGraw Hill Book Co., Yew York (1943) 291-293 pp. DEINMONIE, J.
(Berylliun and Its Alloys) Metals ard Alloys, Vol, 7 (1936) -
211-215 pp. . .

Master alloys containing zirconium.

=36



193,

194

195,

196,

197,

. 198,

199,

200,

201,

Zirconium Halides

AIEXANDROV, G. F. (Decomposition of Zircon by the Chlorination
Hethod) Ukrain. Chem. Jour. (U.S.S.R.) Volo (1936) 287-297 pp.

2ircon and carbon mixture treated with chlorime gas.
BELOZERSKII, N. A., and FREIDLINA, B. A, (Electric Conductivity

of Mixtures ZrCl, and KaCl and CbCls) Jour. Appl. Chem. (U.S.S.R.)
Vol. 14 (1941) 466-468 pp.

BELOZERSKII, N. A., and KUCHERENKO, A. o. (The Diagrems of State
of the Systems 2rCl,~NeCl and 2r0,-CaCl .p Jour, Appl. Chem.,
R AR s 16521585 po.2

Compounds formed with 4ReCl and with 1 NeCl; no solutiom of 0,
BURGESS, L. (Separation of Alumimm, Beryllium and Zirconium from
their Ores) Trans. Am. Electrochem. Soc., Vol. 47 (1925) 317-325 pp.
Carbides made in an arc furnace and treated with HCl.

CHRISTIANSEN, J. A., and BERGLUND, V. , 2, anorg, allga Chem., 144
69 (1925) '

DE B®ER, J. H. (Zirconium) Ind. &ng. Chem., Vol. 19 (1927)
1256~-1259 pp. ‘ : :

- Extraction from the ore; purification; properties of the metal;

the icdide process; double chlorides with phosphorus.
DE BXER, J. Hay and FAST, J. D., XK8heres fiber Zirkonium, Ztschr,
anorg. Chem., Vol. 187 (1930) 179-184 pp.

Chlorination of Zx*O2 with 0014,;

LE BCER, J. H. and FAST, J. D., Z. anorg. allg. Chem., 153, 1 (1926)

DE BGER, J. H., 2. ancrg, allg. Chem., 165, 1 (1927); SCHMID, P.
2, anolga allgo cnemoy 167 369 (1927)
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203,

205,

209,

Zirconlum Halldes

?E BE)R’ J. Ho ard BASART, Ja, Zanorga allg. Chemo’ 1529 213
1926 :

FAST, J. D. Das Auftreien niedrigerer Zirkonjodide bei dexr
Herstellung. Ztschr. anorg. “hem., Vol. 239 (1938) 145-154 pp.

Formation of lower iodides of ziroconium.

v

FISCHER, W., Gu.EIR, R., and ..INCCHER, W. ﬁber eine neue
Anordnung zur Dampfdruckmessung und fiber die Sochmelzpunkte and
Sfttipungsdrucke von Skandium, Thorium, und Hafniumhalogeniden.
Ztschr. anorg. Chem., Yol. 242 {1939) 161-187 pp.

Action of Z'r014 on quartz.

FRIEND, J. A. N., COLIEY, A. T. W., and HAYES, A. T. W. (The
Vapor Density of 2rCl, (Zircomium Tetrachloride). Jour. Chem. Soc,
London (1930) 49%-497"pp.

Investigatiox; shows trat dissoclation starts at 500°C.

MOISSAE, H., and IERGFELD, F. Sur un nouvesu carbure de zii'coniumo
cmpto rendo, v:°10 122 (18%) 651"654 ppa . N
Chlorination of zirconium'carbide,

PHILYPS, N. W., GLOEXLAMPENFABRIEKEN. (Preparing Carbides with High
Melting Points) British Patent 397,372 (1933) and Fremch Patent -
749,349 (1933) - ' v

Diasociation of Zr014 on a hbt carbon filament,

PICON, K. Propriétés chimiques des sulfures de zirconium, Compt.
rend, Vol. 197 (1933) 151-153 pp.

Chlorination of the sulfide with HCl and with chlorime.
RAHIFS, 0., and FISCHER, W. Dampfdrucke und Dampfdichten von

Beryllium und Zirkonjum Halogeniden. Ztschr. anorg. Chem., Vol.
211 (1933) 349-367 pp. ‘

Vapor pressure, subliming, and melting pcints' of ir014, ZxBr, and

, 4
ZrI“o . . '
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Zirconipm Halides

210, FEED, D., and WITHROW, J. R., J. Am. Chem. Soc., 50 (1928) 1515 p.
51 (1929) 1062 p.

211. RUFF, O. and WALLSTEIN, R. Die Reduktion des Zirkontetrachlorids
Ztschr, anorg. Chem., Vol. 128 (1923) $6-116 pp. ‘

2101, reduced to 261, mith alumimm.

212. ________(Purification of Zirconium Ores or Zirconium Products) German
Patent 371,604 (1923)

Reactsons of 2rCl, with aluminum and other metals, also with oxides

2r014 passed over ore to eliminate iron and titanium.

213, SCHMID, P. Uber die Gewinnung von Zirkonoxyd und {iber die Konsitu-
tion einiger Zirkonsalze. Ztschr. anorg. Chem., Vol. 167 (1927)
369"3810 ppo

Study of oxychlorides,

21, SIMONOVA, L. K., FIEISIER, N. A., and BULKINA, M. L. (Hydrolysis of
Zirconium Chloride) Jour. Appl. Chem. (U. S. S. R.) Vol. 11 (1938)
9%1-945 pp-

Hydrolysis of ZrClL and precipitation of oxychloride.

215, STABHIER, A., and DENX, B. {Contribution to our Knowledge of
Zirconium Halongenidesf Ber. Deut. Chem. Gesell, Vol. 38 (1505)
2011 p.

Zirconium carbide treated with chlorine gas.

216, TROOST, L., and BAUTEFEUILIE, P. Sur quelques reactions des.
. chlorures de bore et de silicium, Compt. rend., Vol. 75 (1872)
1819-1821 pp.

Reaction of Zr02 and SiCIA gives ZrClé and a silicate.

217. VAR ARKEL, 4. E.;, and DE BOER, J. H. Darstelluns von reinem Titan
" Zirkoniym, Hafnium and Thoriummetall., Ztschr. anorg. Chem., Vol,
148 (1925} 345-350 pp.

Reaction of Co mnd Zrﬁllb on a hot filament,



219,

219.

Zirconium Halides

VON HEVESY, G. and WAGMNER, O, Ho, Z. anorg., allg. Chem., 191
194 (1930)

WEDEKIND, E. Zur Kenntnis der Darstellung von Zirkonerde. Ztschr.
anorg. Chem., Vol. 33,(1903) 81-86 pp.

Zircontum carbide treated with chlorine gas.
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221,

222. .

23,

225,

226.

228,

229,

Other Zirconium Compounds

AIEXANDER, P. P. (Hethod for Production of Alloys) U, S. Patent
2,163,224 (1939) (The Hydride Process) Metals and Alloys, Vol. 8
(1937} 263-264 pp.

Use of 7ril, to make alloys.

ALLOYS, LTD. (Toronto) (Making Alloys of Copper, Nickel, Silver
with Titanimm and the Like) Frenoh Patent 8354468 (1938)

Use of copper, silver and nicksl with a hydride.

BECKER, K. (The Physical Properties of Righ-Melting Compounds)
Physikal. Ztschr. Vol. 34 (1932) 185-398 pp.

Zirconium nitride discussed.

BERERENS-KIEY, (Mikrochenische Analyse) leipzlg and Hamburg (1915)

BELIUCCI, J. and SAVOIA, G., Chem. Zentralblatt (1924) 2531 p.
BILTZ, W. and MECKIENBURG, W., Z. angew. Chem. 25, 2110 (1912)
COMSTOCK, G. F. and EFIMOFF, V. V. (Incorporating Nitrogen In
Alloy Steels) U. S. Patent 2,098,567 (193% _
Nitriding stesls with a oyanonitride.

DE BCER, J, H., Chem. Weekblad 21, 404 (1924)

DE BGER, J. H., Rec. trav. chim. ¢ Pays-Bas, 44, 1071 (1925)
FRIEDRICH, E., and SITTIG, L. Herstellung und Eigenschaften von

Witridon, 2Z¢schr, arorg. Chem., Vol. 143, (1925) '293-320 pp.
| . B

Zircgni’.mn nitride producad frem Zr0,, carbon and nitrogen at
1300°C. 2 :

b1



231,

232,

233.

234 o

235,

236,

237,

238,

 Tdentification of ZrS, z:» Sg» and Zr;553 210, reacted with B)S.

HAGG, G. (X-ray Study of the Bydrides of Titanium, Zirconium,
Vanadium and Tantalum) Ztschr. physikael. Chem., Ses. B, Vol.
11 (2931) 433~454 pp.

Five phases in the hydride system; five atomic pereent hydrogen
soluble in alpha zirconium,

LONDELL, G. E. F., and KNOWIES, B, B., J. Am. Chem. Soc. 41, 1801
(1919); 42, 1429 (1920) .

PICON, M. Sur les sulfures de zirconium. Cmnpt. rend., Vol. 196 .

(1933) 2003-2006 pp.

35 2

[\
SIEVERTS, A. and GOTTA, A. Uber die Eigenschaften einiger
Mgzallwaaaerstoffe. Ztschr. anorg. Chem., Vol. 187, 1930, 155-
164 pps

Equilibrium pressure of hydride as a function of temperature,

Density of the hydride as. a funotion of the hydrogen oontont,
maxinmum hydrogen content; heat of formation.

SIEVERTS, A., and RGELL, E. (Z4irkonium, Thorium and Wasserstoff)
Ztschr, anorg. ch@m., Vol. 153 (1936) 289"308 PPo

STROTZER, E. R., BIISZ, W.p and MEISEL, K. Zirkoriumphosphide.
7tschr. amorg. Chem., Vol. 239, (1938) 216-224 pp.

Zl‘Pag 2, and Z!‘BP fdentified.

STRUI'ZER, Eo R., BILTZ, W., and MEISEL, K. 2Zirkoniumsulfide.
Ztschr. anorg. Chem., Vol. 242 (1939) 249—2’71 PP.

Trisulfide, disulfide; sesquisulfide, and 0.75 sulfide obtained.

VAN ARKEL; &, E. Reine Metalle. J. Springer, Berlin (1939) 203 p.

YON HEVZSY, G. and KILURA, K., J. Am. Chem. Soc. 47, 2540 (1925)
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239,

240.

2%l

242

243,

245 .

246,

247,

Uses of Zirconium and Its Compounds
ALEXANDER, P, P, (Packing of Powdored Metals) U. S. Patent
2,284,551 (1942) '
Métals packed in noble gas.

1] .

ALLGEME INE EIEKTRIZIT;&TSGESELLSCHAFT. { Inorease of Performance
of Mercury Boilers) German Patent 650,665 (1937)
Zirconiun useci in mercury boilers to improve wetting,
ALLOYS, LTD. (Toronto) (Alloys) French Patent 835,469 (1938) and
Belgian Patent 427,095 (1938) :

Copper alloys sintered with zirconium hydr:lde to produce a copper
zirconium alloy.

\

BALKE, C. W. (Production of Ref ractory ¥etals and Alloys) U, S.
Patent 2,107,279 (1938)

Hydrides sintered in vacuo to meke metalso

BUMERS, . Go' &nd YOR LEWT, J. A. Mc’ Z. anorg. allgo Chema'
193, %4 (1930)

CERAMIC INDUSTHY, (Zirconium Compounds) Vol. 32, No. 1, Febmary

-{1939) 41~42 pp.

Use of aizfconium compounds in pottery, enemels ar;d glass,

CHAMBERS, G. H. (zmommn) Metals end Alloys, Vol. 4 (1933)
199"201 p’pa

Use of zirconijum as a primer for emmunition, ard composition of

flashlight powders.

CLAUSING, P. and MOUBIS, G., Physica 7, 45 (1927)

COHN, WILLY, M. (The Ciystal Modifications of a Cleasr Fused

Zirconia Prodiced in the Sun Furpece) Trans. Am., Electrochem,
Soc., Vol, &8,(1933) 65-71 pp.
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250,

251,

252.

253,

254 .

255,

256,

257,

258,

x(m B(l;:R, J. H. (Eleoctric Discharge Tube) Gernan Patent 550,178
1932

Zirconjum parts ct tubes held at different temperatures and
zirconiu_m as a getter heated when the tube is used.

DE BUER, J; Hc, BROOS, J. and EMMENG, Hoy Z, anorg. allg Chem.
191 (2930) 113 p.

DE BOSR, J. H. ard CLAUSING, P., Physica 8 (1930) 267 p.

DE BCER, J. H. and FAST, J. D., z. anorg. allg. Chem., 187 (1930)
193 p.

DE HAAS, W. J. and VOOCD, J.., proc. Roy. Ac. Amsterdam, 32 (1929)
707 p.

ESPE, W., and KNOLL, ¥, Werkstoffkunde der Hochvakuumtechmik
Springer, Berlin (1936) : ,

FAST, J. D., (Zirconium as a Cetter) Foote Prints, Vol. 13 (1940)
22-30 ppe

A discussion of the gas absorption of zirconium.,

FORREST, W. {Flashlight Powder) British Patemt 390,352 (1933)
Zirconium hydride in flgshught powder with magnesium and nitrates.
cn.wr'r, H. W. (Some Features of Ductile Zirconium and Ti.tanimn)
Foots Prints, Vol. 13 (1940) 1-11 pp. -

Summary of csrtaim physical properties of zirconium; comparison

with titaniuw and tamtalum; and discussion of possible commerical
usss. ~

HUROCAYA, S., and FAMBO, J. {Absorption of Geses by Zirconium and
Iis Ampﬁleau on to Vacwm Tubas) Elecirotsch. Jour, (Japan) Vol. 5
(1943) 27-33 pp.

The getterins 'pawei* of zdreonivam.



259,

261.

262.

263,

267,

JONES, W. D. (Obtaining Coherent Masses from Powdered HMetals)
British Patent 503,874 (1939)

Copper alloys sintered with girconjum hydride.
KINZEL, A. B. (Method of Haking Steel Treating Slags) U, S,
Patent 2,027,868 (1936)

Use of Zr0, in dbasic open-hearth slags to make them more finid
and less ngsiWo

ROLLIGS, E. (High Ohmic Resistance Made of an Insulating
Bearing Thin Resistanes Layar) German Patent 482,363 (1929)

Thin layers of zircopium for elestric resistance.

LIGHT METALS. (Getter HMetala) Lordon, Jamuary (1944) % p.
February (1944) 77 p.

Disoussion of zirconium goetters.

MEISSNER, V., Z. Physik, 60 (1930) 181 p, 61 (1930) 191 p.

PHILIPS, N. H. GIEILANMYENFABRIEEKEN (Blectric Discharge Tube)
German Patent 528,384 (1931)

PHILIPS, N. V. GLOSILAMPERNFABRIEKEN (mlectrclytic COrxdanaar)

British Patent 309,57, (1929)
Zirconium electrelytic rectifier.

PHILIPS, N, V. GLEILAMPENFABRIEKEN (Flashbulb) French Patent
780,657 (1935) |

Use of zirconium in flashbulbsa

PHILIPS, N. V. GLOSTLAMPENFABRIEKEN. (Spimmerets for Maling .
ArtiSicial Silk) British Patent 361,842 (1931) French Patent
707,260 (1931)

Zirconium ss a materisl for spinnerets.



271,

272,

273.

27 .

275,

276,

yses of Zirconium ard Its Compounds MonP=447

SABINE, G. B. (Reflecting Power of Evaporatsd Metal Films in the
Near and Far Ultr_aviolet) Yhys, Rev., Vol. 50, No. 4, 396 p.

Refleoting power of zirconium,

SAREEY, M. D. Flashlamp. U. S. Patent 2,272,779 (193)
Use of an Al-Hg-Zr alloy in flashlight bulba,

SIEVERTS, A. and GOTTA, 4., Z. anorg. allg. Chem. 187 (1930) 155 p.

TEIEFUNKEY CESELLSCHAFT FUR DRANTLOSE TEIEGRAPHIE. (Electronie
Lamps) French Patent 821,705 (1937) '

Uss of zircornium parts at a definite temperature against hydrogen. -

THOMSON, J. G., and MALIET, M. V. (Preparation of Crucibles from

_ Special Refractories by Slip Working) Nat. Bureau of Standards

Jour. Ressarch, Vol. 23 (1939) 319-327 pp.

Ziroonia orucibles.

VAN ARKEL, A. B. Reine Metalle. J. Springer, Berlin (1939) 203 p.

Uss of zirconium in photcells, for Ba0 reduction, and for X-ray
filters, :

VAN ARKEL, A. E., Phyeica 3 (i923) 76 p.

VAR ARKEL, A. E., Physica 4 (1924) 286 p.
VANARKE,LQ Ao Eog and DE B@R’ Jd. Ho’ Z, 8301'8@ allgo Chemop Ms
(1925) 345

VAN LIEWPT, J. A., (The Light of Combustion of Some Metals and
Alloys) Rec. trav. chim. Pays-Bas, Vol. 58 (1939) 423-431 pp.

Light emisslon of alumimmezirconium alloys.

X



© 278,

279,

280,

281.

282,

VIERKGETTER, P. (Process for Producing and Mairtaining a Vacouum
in Discharge Tubes) Gorman Patemt 540,617 (1931)

Gettering in vaowmm tubes.

WEDEKIND, E., ard KREBS, C. (Preparation of Flashlight Powders)
British Patent 352,118 (1931); (Process for Makinr Smokeless snd
Smell-less Rapidly Burning Flashpowders Rich In Speotral Lines)
German Patents 293,998 (1916) and 336,004 (1921)

Zirconium powder and nitrates mixed and used for flashpowder.

WESTINGHOUSE ENGINSER. (A new Superior High-Frequenoy. Insulatiom)

Vol. 5 (1945) 30-31 pp.
Zircopia ussd as an electrical insulator,

YOURGUAN, E. P. (Zirconfum) Bureau of Mines Inf. Cire. 6455 and

6456 (1931) 30 and 63 pp.
Genoral information and data on domestic and foraign depoaits,

ZWIKEER, C., Physica 8 (1928) 21 p. ocomparo also IE BCER, J. H.

and FAST, J. D., 2, snorg. allg. Chem. 187 (1930) 207 p.
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282, DE HEMEDETTI, S. agd HcGOUAN, F. K., (4 Ustastable State of 22
Microseconde in Tul®l) inys. Rev. Vol. 70, October (1946)

283, WAY, K., HADES, G., WonP-405, Clinton Laboratories (1947)
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