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KPUTHYECKYIO TOMUIMHY OKMCHOIi NUICHKH HA IMPROHIMN.
RopoGxon IL. I, Escrioxnu A. II. B ¢0. «Mera-
JYPLiist 10 METAJIOBCFICHIE MMCTBIX MCTAIIOB). Boim. 2.
M., Arommngiar, 1960, 93—107.—IIpopesieHo IIEKTPOHO-
rpaIrd, I KNHETHM. JCCIeoBaNne IPOLeccon OKNCIeHIT -
CIIABOB HQ OCHOBEe Zr IpI HaTpenammy Ha BO3IYXe [0
300—700°. Ipn marpesamni jio 575° BCo ICCIEODAHMBIC
CILIABLI OKICIAIOTCS ¢ 0O:IbIIeil CKOPCCTHIO, UeM WICTELL
7Zr. BnaucHNe KPHT. TOJNMNHLL OKUCHOIT IISTGHKHM 3aBMCHT |
OT COCTABA CMIABa M T-pol OKmcieHms. C yBelmdcHIeM

T-pul_ KPHT. TOJNINTA ILIEOKN Ha BCEX CILIABAX PACTeT, .
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a ¢ yBeamueHueM KOJ-B4 JICTHPYIOUICIT N00ABRI 10110~

SacTCSl KAK yMeupllenme (mpx jgobamiemmm Sn), Tax M
YBeIMueHe KPUT. TOJIMIEEl OKICHOIT IIenKu (1pit ;100aB-
Jenun Ti). Vaennumieniie KPUT. TOJMMHLI OKICHOIL ILICH-

KII Ha cILlaBax Zr ¢ VBCIMUYCHHCM COSICP/RAHNA Sn BRIGBI-

BACTCsI, 1IO-BIIIMOMY, POCTOM IPCIEIa TORYYCCTI CILTa-
BOB IIPI IIOBBITICHNBIX T-DAX. YBEJINYCIIE KPUT. TOJIIUINIb:
OKHCHOIT 1slenkn Ha cnrapax Zr ¢ Ti ¢ ynemuelesm €o-
aepskamna Ti cpsidano co cradInInmanpylonnny JeifcTnieM
orncaa Ti, o0pasylomero orpannyennbii TBepALIi P-p Ha
ocnoBe Ky0. ZrO, B muenxke na cmiaase. Masas cToif-

KOCTH CILIaBop ma ocuone Zr ¢ jodapraMi Ti n Al nporns .

OKICICHMSI CBA3aHA ¢ pacrBopenueyM iomon Ti2+ 1 AR+
B Ky0. ZrO;, 4TO NPUBONT K YBCIMIEHNIO KOHI-HI QHifOH~

HeIX AederTon B okucuoil mienke na ZrO, 1t mOBBIOICHHIO.’
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Thermodynamics nuclear materials. Vienna,
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Comparaison des systemes hydrogene-hafnlum et
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Klein A.H., Danielson G. C.,
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Specific heat of zirconium bz a ‘pulse
- heating method.
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Ta, Zr, Mo, Ti, Nb, SiC, BN (AH, Cp)

Walker B.E., Iwing C,T., Miller R.R.
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High-temperature thermodynamic functions. for zirconium and——
unsaturated zirconium hydrides. Thomas B. Douglas. J.]
wmmmme=— w. -~ 4 Res. Natl. Bur. Std. 67A(5), 403-26(1963). Giving greatest wt.' -

: to the exptl. measured highest decompn. pressures and the
- ==————— . *_lenthalpies in 1-phase fields, thc:xjmo_dynamicaﬂ_intcrconsistelt"'-
integral and differential enthalpies, heat capaciti ies,’

s
I S S SR (1 s Iree energies are derived for the cryst. 1- and 2-phase.—-
>, fields of the Zr-H em _for all stoichiometric compns. from

v ot ZrH a5 at 298.15-1200°K. ese properties are derived in.. ..
74 anal, form and represented by numerical equations, with tabu-

|lation for Zr and H/Zr atom ratios of 0.25, 0.50, 0.57, 0.75,
ST T TTTTNL.00, and 1.25. Most of the unique phase-field boundaries

' which are consistent with the derived properties are located and o
““jare compared with those previously. reported. In Zr-H, the
,enthalpies are shown to relate certain properties at different’

——-—-icompns. as well as different temps. Some of the various data’™
{show good interconsistency, while others reveal discrepancies

C) ; R-_ 1 96 q 60 ¥-$hich are d,is,cuss*dc_r_it.- C. B. Murphy -~ -
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New properties of zirconium. purified by zone melting in a 1969

static ultravacuum. Marc Billion and Jean Paul Langeron :

(C.N.R.S., Vitry-sur-Sein¢,” France). ~Compt. "Rend. 259(25),:

i~ '4671-4(1964)(Fr); cf. CA 60, 10330f. Zr(HP51), annealed 15—

hrs. at 675°, was purified by 6 cycles in the zone melting app.;

= - described previously (Bessouat, et al., CA 59, 6040f). The temp.:

'of recrystn. was reduced by 160-5°, and the ratio of elec. re-!
* sistance (Rzo.4/Rags.s) from 50 X 1074 to 38 X 10~%. The graini- s, )

size of the middle surfaces diminished by a factor of 30. The!
" “hardness of a 300-g. charge reached equil. at ~85 kg./mm.? = -- et
! - R. R. Cruse
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Ti,Zr,Bf (Ttr)

Vil M Y

Fisher E.S., Renken C.J.
Phys. Rev ey 1964, 1 §52N2A,ﬂ+82-—ﬁ"{'9(-{ :
Single=crystal élastic maduli and the

heps bee transformation i~ Ti,Zr, and
HE. '
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RH.,1965, Be - 2u275




' Anthony (C.N.R.S., Bellevue Francer-W—
Hautes Temp. Refractaires, 1 325 -9(Oct.-Dec. 1964).
| (In French)

The electric conductivity of unstabilized pure zirconia
was determined between 1200 and 1750°C under oxygen
pressures varying from 1 to 1078 atm. Between 1200 and
1400°C, there is semi-conduction by impurities; and be-
tween 1600 and 1750°C, there is conduction by the zirconia
itself. Between 1400 and 1600°C, conduction occurs by both
processes. (auth)
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Ti, Zr(Ttr)

Nuraesa E.H., Boakxosa li.A.
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Ti-Al-2Zr.
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Zr, B ( Hv)
Trulson 0.C., Goldstein H.W,

AEC Accession No 4100,Rept.No,

ey

AD450678. Avail. 0TS,22 pp, 1964, llass-gpect
roscopic study of zirconium diboride. °
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Metall, 1964,/18,718-26.
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wo.T:,us d*,C*,mb,u,J,Sc,Le Po,kin,Re,
%i1,C0, Bu,Rh,Pd Os,Ir, Pt(Tm, Tb,p) ‘
Trombe F., Caro P., Blaise Ii.
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v sary S

ZrB,( Hv, 4 Hf),

_Eé, B (4 Hv)
Trulson 0.C., Goldstéin HolWe 5

J.Phys.Chem., 1965,69(8),2531-6.

liass spectroﬁetric ééudy of zirconium
diboride.

M,Be CA.,71965,63,N7, 77454



W o2sat - 7S
Zr, lg (42H) = e .
TPacheire H., Calvef E.,
Skinner H.A., Chastel R.
Trans.Faraday Soc.,1965,61,N6,1068-71.
Caloriﬁetric study of the Guminons

energy of combustion of Mg and Zr in
oxygen. A Ea0s

r

Lda zn | S '
~Lg4;1965, 63,50084
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74,2z, HE(CP) B
Gupta R. P.; Dayal B
'Phys. status s0lidi,1966,13,N1, 257 60.

avaluatlon of " spe01flc heats of
+3 tanium, zirconium, and hafnium.

RX. , 1966, 17650 Be . _
| T£505 e. j%?ig_ﬂ?;f&; _



ol (1966
Ze |

.

l ' Superconducting transition texﬁperatuxes of zirconium and
P zirconium isotopes. Delbert Merle Jones (Univ. of Wisconsin,

Madison). Univ. Microfilms (Ann "Arbor, Mich.), Order No.
65-10,624, 186 pp.; Disserlation Abstr. 26(9), 5506(1966)(Eng). |
SNDC

/

.- 1966 65
USY (i



| Z/.7 EFE -
v;o/ws QW

Z%SS%Z&LZ‘LW& &Zéﬂ,z /555 g6 /9)
I

O, 1966, 55,08, . 5
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o

Lgites YT P

S VIS

I NPVIOS CISTs NI OSSR .

Jaax, 1966, 8, Ne 1, 283—284

6 E420. OGpa3oBanHe BaKaHCHil B UM KOHHH. Ka-
neapr O. M, Kpadryaxep 5. A « 313, TBCPOro Te-

|

OGpasoBatiie BaKalchi B Zr H3y4yeHO METOJ0M li3Mepe-
HHS TEMJOeMKOCTH NpH BBICOKHX T-pax (1300—2000° K).
VaMepenist MpOBOMILIHCH MOXTYISAUHONHBIM METOAOM Ha 00-
pasuax {foAN0ro Zr B BHAe JCHT. Ecan npuusitb TEMMIepa-
TYpHYIO 3aBICHMOCTb TEMJIOEMKOCTIE Zr Ge3 yuyeTa BK.1a1a
paKaHcuii B BHAe  JHeiiHoro  yp-Hid Cp=49+
' 4110-3 T.xaa/z-at - 2pad, TO pacyer KOHU-HII pakatcuit B Zr
i‘lnpxmonur K Buipaxeniio ¢='100 exp:(—1,75 xT). Ilpu T1-pe
‘nJaaBJeHHsl KOHU-HS pakancuit gocruraer 0,7%.

L A g R



o559 sy

hoser H.,

Com. Ceonsult. "Thernon., Com. I
‘Poids. kes.,Sess., 7 thy; Paris Ihod 71»3°
(Pub.1960) ; ' ’

£

Zas thermomctric measure. #nits 0
ffjolborn, Day, and SOCHASIL. :

20 R

Ch,1467,66, No4,108450m
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43806p Determination of the heat of fusion of zirconium.:

o V. P. Elyutin, M. A. Maurakh, and G. M. Sverdlov (Mosk.;
e Inst. Stali Splavy, “Moscow) Tzl VysshTUelebT Zaved., Tsvet.|

Met. 10(2), 87-8(1967)(Russ). The heat of fusion of Zr isj

5 == 0.3 kcal./g.-atom. This valuc was obtained by using the

. “following for calen.: m.p. = 2125°K., « to 8 phase transition,

V temp. 1135°K., heat of a-8 transition 1040 cal./g.-atom, heat,
capacity from 298° to 1135°K. = 6.83 + 1.12T X 1073 — 0.87 X|

” 10572 cal./g.-atom degree, heat capacity from 1135° to 2125°K .,
N 7.27 cal./g.-atom degree, and the heat capacity of liquid Zr;
\ " 8.0 cal./g.-atom-degree. Evan N. Davidenko

OHH . by
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U
7 B670. Onpenesenne CKPLITON  TEMJAOTHI naaBJaeHHS ]
tynpkonns. Eqoruu B. IT, Maypax M. A, CBCpl{-!
{1oB 1 1_;_'1_"_&.,«1433. poicar “yueom.-3aseaenuitIIserimeradn-
- i.nyprnn», 1967, Ne 2, 87—88 !
AHyna uupxonms, pasuas 5+0,3 KKaafe.ar, ompeie’cnal
B KaJOpiMeTpe ¢ KHAkuM Mg B Kauectne KaJopHMeTpHY. |
Jkuakocti. B pa6oTe MpIHMeNsICs HOAMIHbI LWHPKOHHIT M
. - - - = ~-lyupKoniesas_ry6ka (98,5%_Zr). B. Tumodees| -

B, 55/ 4 5 x5 R Lo t R



X

N

776

WW% LS

/% Hanl? Danads
IS Cleigecodze,




W, T Mo, 1B 22 T8 G S (G) T
VP&MN mxwﬂ A e VI b Y1
o Wﬁ‘i@\a oy Sl 33-60
| I\dem%x &Q—QJJ% \M Mo .

&QW quwgf QQ)%%M% ‘.

| 0 0 Lok WM
| @‘—\Mw Po4A 5@y (0,063,142 B 1250u,




B

d- zﬁ( %/ 11 6560. Camonuddysns H andpysus npumeceit B o~ |
umpkonnu, Naik M. C, Agarwa 1a R. P. Self and im-:
purity diffusion in alpha-zirconium. «Acata metallurg.»,,

e =2 1967, 15, Ne 9, 1521—1525 (anra.; pes. ¢paHl, HeM.) | 45
TMpuBeacnsl 3HaUYCHHS ®03¢. \ddy3ui-'(Do) H SHEPTHH | ;
e e agTHBAWH (Q) co6ersentoit w mpuyectoit (Sm, Cr, Ag, V,i.

177 Mo) andodysun B o-Zr 10 T-Dbl (a3oBoro npespauieHisd, |
e Spceaea -~~~ papHoil 864°, koTOPbIC O asaﬁ‘!u."? CYlIeCTBEHHO HHAKe npel-L .
ckazanublx reoperitecki. TIoxasaHo, 4To CTOMb MaIbIC 3Ha-|

e yeyna Do 1 Q BBI3BAHBI audoy3aneit Marepiana no JHHHAME 4
- ancaoxauuit. Camoauddysus H andodyans mpuveceit B a-Zr;
OBAHHBIM JHHHAM IHCJOKAUHI |

eOpHH CAy4aiHbIX Gy KIAHHIL
P, Xaiikuu.

it e 110 6€CTIOPSIIOYHO OPHEHTHP
. XoJHuecTBenno oueieda no T

- S S SRS S
N S S SRS S e S Sl e g

Z 1 B R R AR e
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Bp - 3896 —Yu 1947
11 E1326. AToMHasi TemJOEMKOCTb LHPKOHHS MEXy,
300 u 1700°K. Vollmer Otmar, BTaun Martin,

Kohlhaas Rudolf. Die Atomwirme des Zirkons zwi-i
schen 300 und 1700° K. «Z. Naturforsch.», 1967, 22a, Ne 5,{

833—834 (neMm.)

st 13Mepenst 1Cro/ib30BajIcst aanabaTy. KaJlopHMeTp; .
norpeuniocTb peayastatos 2%. XapakTtep TeMNepaTypHOil:
3aBHCHMOCTH TEMJIOCMKOCTH Zr cXofieH ¢ TakoBbiM Vv Ti.l

“Tens0eMKOCTb ZT JIHHEIIHO pacTeT ¢ T-poit nepei (a3oBbiM’

npespattennen .(1155° K) 1 nocJe nero. B Touke mpeppatue-
HISl TEMJIOGMKOCTb CKaukoM yMenbwaercs oT 33,0 no:
97 Oxcfe-atos - epad. OnpepeneHsl 3HAUeHHS SHTAJbNHH M|
SHTPOMHIL JI. I1. ®uaunnos |

N

@, 9% . )%



%‘/ . BP-3896 VIl 94

— ¢ 7022w _Atomic heat of zirconium between 300 and 1700°K.
Otmar Vollmer, Martin Braun, and Rudolf Kohlhaas (Univ. .

““Cologne, Ger.). " Z. “Naturforschy;,"A~22(5);7833-4(1967)(Ger). —
The heat of phase transition of Zr at 1070 to 1200°K. is temp. '

:,j‘__ —dependent. Jehudah Eliassaf
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/% [ o, 19550 /68
. 17557 )
Yvaun L,é/./L/o/uf/mzw R

@/)/7;2/ et al.
4 Hey T, K- angen. Phys., 1968,
A Hm 15, w6, J65—3%4.
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N B~ FEF XV 1967

) 3 B925." Macc-cniekTpoMeTpHYeCKoe MCCJeJ0BaHHE Bbl-
coKoTemnepatyphoit angdy3snn ypana B Boabpame H ana-’
JAotponnoe dasoBoe mpespauienue B uupKowun. Schwe-
gler E. CJJ1, White F. A A mass spectrometric in-!
vestigation of {he hightemperature diffusion of uranium.
in tungstcn and the allotropic phase transition in zirco-

- nium. «Int. J. Mass Spectrom.: and Ion Phys.», 1968, 1,.
‘Ne 2, 191—208 (aura.) ‘

C noMoUbIO YeTHLIPEXCTYNEeHYATOro Macc-cnempomerpag
Hceaenonana AHGoysnsa ypauna B BonbdpaMoOBOil NMPOBOJIO-
Ke H pyGuaus B nupKonxenoit npososoke. Toukass nposo-:
JOKa MaTepHaja npeiB. Hachlllasach Ap. :-mmreu'ronl noc-,
Je yero. H3Mepsijach CKOPOCTb BbIAGTEHHSI P-PEHHOro. Me-~ .

SR o0, cosis st il

x. L9729 ~ 3



TaJ1a TpH BLICOKOIT T-pe mpn Hemamcunoit TOMHHE NpPO- |
Bosoxd. Haiigeno, uto Ko3¢.vanddysun D Mexay 1970 u
-2730° mast U B W onncepaeres yp-unem D=(1,80%1,05)- !
-10—2exp (—93,0+6,5 Kkan-moab=!/RT). Jlas muddysun i
Rb B @-Zr wmemny 760 n 863° D=(1,17+0,73)-. |
+10% exp (—61,00,3 Kkan-Monb—!/RT), mocne npoxomse- |
HHS 4epes T-py mnpespauieHus D=(1,30t0,80)-10‘2cxp-:?
(—41,5%0,8 KKkan-Moab~!/RT). Has B-Zr B amamasonc ,

880—1030° D= (8,80+2,90) -10-4 exp(—36,7+0,6 -kxan- |
. ~Moab=1/RT). Tlpeanonoxeno, uTo Heo6LuNO HH3KOE 3Ha-. !

YeHHE SHEprHH aKTHBAUHH B B-Zr cBA3aHO C KPHCT. fe- -
ekTaMu, BHI3BaHUBIMI (a3oBbiM nepexoznoM. - PasoGpansr -
TIPCHMYIECTBA W NpefeNb NPHMEIHMOCTH HOBOTO Mace. |
CIICKTPOMETpIY. MeTofa onpefenennst AHPOYSHOHHBIX ma- |

-DaMETPOB TNPHMECHBIX 3JeMCHTOB. - I'. JI.. Anapunkos !

. ’




Ch- 196

| Bp- 95f -y 9

—— (§4484d° Mass-spectrometric investigation of the high-tem-—
perature diffusion of uranium in tungsten and the allotropic phase
——transition in zirconium._Schwegler, E. C., Jr.;_White, E. A.™

| (Dep. of Nucl. Eng. and Sci., Rensselaer Polytech. Inst., Troy,!
—__N.Y.). Int. J. Mass Spectrom. Ion Phys. 1968, 1(2), 191-208 —
(Eng). The diffusion rates of U in W between 1970° and 2730°, .
were measured using a mass spectrometric technique. In this;——.
temp. range the diffusion coeff. of U in W followed the relation
__iD = (1.80 == 1.05) X 1072 exp (—93.0 = 6.0 kcal. mole™!/RT)..___
‘The mass spectrometer was used to detect the allotropic phase
ichange in Zr by measuring the change in activation energy for_
‘the diffusion of Rb in Zr at 760-1030°. To measure the diffu-i
'sion_coeffs., thin ribbons of the solvent metals, each of which|

74019 @

+




contained a low concn. of solute material as an impurity, were
used as high-temp. thermal jon sources in a mass spectrometer.
The mass spectrometer was utilized to detect the time variation
of the solute ion beams from these ribbons for various temps.
From these data the desired diffusion cocffs. were caled. using
the Fick’s law soln. for impurity evapn. from a thin plate. The
activation energies were found from plots of the natural logarithm
of the diffusion coeffs. vs. inverse temp. There is less error in
this method than in classical diffusion measurements. 21;-
references. : . : JDJIN
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) 108760 HOen. Bausnue KHCAOpona Ha gannc[ﬂne napa
uupkonug. denopon I'. B, Kaanunuy IL N5 as
HOB K. !

» Bapunon M. I Beec. H.-u. n KOHCTPYKT.-
TCXHOM. ~ WH-T ~ NPHPOAH.  aJMa30B M HHCTPYMEHTa |
(BHHHAJIMA3), M-sa craukoctponr. 1 HHCTPYMCHT. !

npoym-cti. M., 1972, 7 ¢., na., GuGanorp. 11 mnass. (Pyxo-

nucs aen. 3 BUHHTH 22 pek. 1972 r., Ne 5298-72 Hen.)
Huterpaabubiy papnantoy weroza Kuyicetia ¢ yemosn- |
30BaHiieM DATHOAKTHBHOTO H30TOMA WHPKOHHII-95 H3MepCHO |

J1aB.1. mapa UHPKOHNS HaJ Cro CImJaBaMH B CHCTEMe LalKO-{'

HHl — KHcopoa B mHTepBade T-p or 1000 mo 1800°. Ha-
MEpCHHST  NPOBOAWIHCL B Ge3Mac/AsHOM BaKyyMe oT
10-8 MM 11 XyKe, IOJYYCHHOM C NOMOMUIBIO SMCKTPO3apsa-
HbIX HacocoB. Bo BpeMs mpoBesenHst SKCIEPHMEHTOB mo-

CTOSAHHO (blIKCIX'pOBaJIHCb! CTEeNneHb OCTATOYHOro paspexe- !

HH B paboueit Kamepe, CNEKTPAJNbHLIT COCTAB OCTATOYHOI |

aTMOCQEpHl ¢ MOMOWBIO H3MepHTeRsT napu. gasa. UTIO-1

C 7ITYHKOM owmeratpoHoM PMO-4C g coleprKaHue BHeJ- .

- PCHHOTO KHCJOpOAa B oﬁia:gwpxomm. Astopedepar !

X.19%3. 5, 10 \
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A 8023 Zirconum vaporization trom an open surtace. olub-

B ‘7{ ! xsrhgs\ov, =\ Mikul'skaya, G. Yu.; Pavlova, L. M. (USSR). ! /m
@_,"6 Vestn. Mosk. Uniz., Khim. 1972, 13(2), 206-10 (Russ). A new |
app. was built to study the vaporization of 8-Zr at 5 X 10-5-3
. % 10~ torr and 1150-2050°K. This app. is composed of a high
temp. heating unit, pumping system, and 2 mass-spectrometers
type MSKh and IPDO. Comparison of results with previous :
thermodynamic data and their erit. evaluation are given. The
rate of evapn. in these measurements differs by a factor of 10 :
Lz \ and the heats of vaporization range from. 49-145 kcal/mole.
A HJ Some of these discrepancies are ascribed to the presence of im- |
J purities or to insuflicient heat treatment of specimens in vacuum. |
<" In this study specimens 50 X 5 mm in size, with thickness 65 p 1
were irradiated in a.reactor by slow neutrons to a sp. radioac- |

tivity of %Zr equal to 20 uCi/g, and placed after purification in |

the vaporization cell of the described app. All specimens passed .
through a long heat treatment in vacuum. The partial pres-
sures, free energies of vaporization, free energy functions, and :
heats of vaporization from these measurements are tabulated. |

-

At 1078 torr the heat of vaporization AH7" was 32.2 kcal/g atom %t
at' 1373-1703°K and 131.7 kcal/g atom at 1743-2063°K. At '\ Q
10-¢ torr, the heats of vaporization were 37.5 kcal/g atom at
1473-1818°K, and 141.5 kcal/g atom at 1873-2103°K. At .

10 -5 torr, the heat of vaporization at 1482-1755°K was 39.4 kcal/

g atom and at 1872-2008°K, 142.5 kcal/g atom.  Jiri Becvar

C.b (2L g~




10596u Analyses of phase diagrams and transformations at:

3 high temperatures by electrical measurements. Hoerster, H.;

H Kauer, E.; Kettel, F.; Rabenau, A. (Philips Forschungslab.,
Aachen G.m.b.H., Aachen, Ger.). Collog. Int. Cent. Nal.!
Rech. Sci. 1972, No. 205, 39-46 (Fr). App. is described forl
_studying chem. reactions and phase transformations at high |

temps., that is based on measurement, as a function of time, of
the elec. resistance (R) changes of refractory metals ohmically
heated by passage of a continuous current or by the fast discharge '
of capacitors. Temps. are measured pyrometrically in the case

of const. temp., and photoelec. after suitable calibrations in the

FR i u case of rapidly changing temps. The Ta-TaC; system (x =
T £1 0-0.95) at 2450°C was studied by reacting a Ta ribbon in flowing
(10 1./sec) CH, at 1072 torr. For x = 0-0.7, the change in R
was proportional to x. The limiting soly. corresponded to x =
0.07, and the max. in R corresponded to the phase 8-Ta,C. The'

temp. 12951;1%%%“( ) of the a > 8 phase transitio f Zr increased
with increasing O concn. in the Zr. The enth @

'

or the a <
transformg;i%n of Hf (contg. ~4% Zr) at ~ was =

0.52 kcal/mole..

CA. (973.29 1.0
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1 E523.

AOELIAABICHTL
CTaNANIeCKON CTPYKTYpbl. Sa W
relation between the entropy of
fusion of the metallic elements
ture. «Trans. Jap. Inst. Metals.»,
(aHra.)

TTocTpoenbt

—mura Hiroshi. The
fusion or the heat of

1972, 13, Ne 4, 225—230

32BHCHMOCTH 3SHTpONIH MIaBJACHHS OT T-pbl
napJAeHHST METAJJIOB C HCNOJAb30BAHHEM MAHHLIX, ony6.i-
xopaHHbix B 1960 r. ITpupemennl yp-Hils MNPSAMBIX STHHHUIT,
na KOTOphle JOCTATOYHO XOPOWO YKIAALIBAIOTCH JaHHBIe
st GOJBIIHHCTBA METAIOB C OUK- u T'LK-pewerkamy
(npsiMble TOYTH napassenbibl). Pesy.bTaThl, NOIyuCHIbIE
aas Metanios ¢ [ITY-pewerkoil, YKMAAMBAOTCR HA nBe

and their crystal struc-i—

1978,

34ABHCHMOCTb 3JHTPONHH naapiAeHHa MM Telr —— "
MeTaNANyeCkHX JJeMEHTOB OoT HX KpH-

| AT

napas. npsble — OQHY L1 METATIOB . _C_ OTHOCHTE:IbHO

) N

93

e




mnskoit  (no  900°C) Tgx, APYrylo, CHBHHYTYIO ~Ha|
0,5 kan/rpax-Moab W cosnagaioutyio ¢ mpsimoii aas THK-
ACTAMIOB,— A5 SAEMCHTOB ¢ Gojee BLICOKOf Tna. I11an- |
nas 3asucumoctb AS (Tua) paccMaTpHBaeTcss Kaxk JoKa-
3aTENLCTBO HACHTHYHOCTH  CTPYKTYpPhl — paciiaBos  BCEX
MCTaJ10B, 06/MaJaloWHX OXHHM THIOM  pPCIUIRTKH B TBCP-
“noM coctosmin. Pesyabratel, noayuwenusie ama Zr, V, 1i,
Mn, Eu, oGnazaiomuix B TBEPAOM COCTOAHII “peweTkoit
OLIK; Gmike K NpPsSMbIM, OMHCHIBAIOLIHM [IOBEIEHIE K-
metanios, yeM OLIK, na ocHoBaHHil uero BLICKA3aHO npei-
NOJIOXKEHIE O MNPHHAIMNEKHOCTH STHX METa/IoB K Tpynmne
'K npn BeCOKHX T-paX. BbICKaszaHbl TaKiKe MpPEAno-10xe-
HHST O BO3MOJKHOM THINE DelIeTKH MeTasJoB, CTPVYKTYpPA
KOTOPHIX SKCTepHMeHTalbio e onpefensaacs. E. Cnekrop
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9 E434. HccaepoBanue KHHETHKH — aJUIOTPONHYECKOTO
a—f-npespamieHuss B UHPKOHHH  PAa3JHYHOH  YHCTOTHIL.
FavpG6ep P. U, Xapurtomosma X. &, Axa-:
wa B. M, Boioros Il. H, Beaunkxoaunasa O. A.
«®u3. - METAMJOB H MCTaJlJIOBEJeHIe», 1973, 35, Ne 4,
863—865 ) i

Hsyueno 3aTyxaHiue ynpyrux KpPyTHJbHBIX KoseGauuit ma
yactote 5 ri B o6pasuax Zr B TeMNepaTypHOM HHTEpBaJe
.845—880° C. Ha TtemnepartypHoil 3aBHCHMOCTH BHYTpCHIiC-
ro Tpenust B oGgactu o—f-npespamenns - (IT)- umeiores
2 nuka, cssizaunpie ¢ Il 1 mpomeccami Bo3Bpara H pe-
kpucrasmsaunn nocae 1. Onpexeneno H3Menenue aMmni-
TyAbl a/ap KPyTHAbHBLIX KoaeGauHil co mpemenem f. B 06-
_pasuax Zr sonmoii miaski HaGmopanach rinepGosuu. 3a-

e

————

e
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a
BHCHMOCTD -~ (f) 1e3aBICHMO OT BEJNUHHBLI MPHKJAaAbLIBAC-:
0 . M

MbIX pacTarupaiomx Hnanpsukenmit (6=0--93 r/mm*). B

a |

flonnmiom Zr npu 6=90 u 115 r/um? 3aBucuMoCTh = (?)
0 |

Guna  SKCroHeHuHanbHoi, npH o=0— riunepGosnHueckoi. |
a ' i

JKCnoHEHIL. 3aBHCHMOCTD = (t) CBSI3bIBAETCSI C HOPMaJb- |
!

HBIM, runepﬁommecaaﬂ—co CNHPasbHBIM MEXaHI3MOM po-

—cTa _sapoasieii nopoii (asut npu T U. p!
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1973

=X 10 B881. Ok 1cnenue‘uupxoﬁua NpY_BBICOKHX TeMmmepa-
Typax, I(ettmmﬁﬁ—ffi?irconium at high

‘tdmperatures. «Philips Res. Repts», 1973, 28, Ne 3, 219
14 (aura). _ S o
HMamepennem nosbiwenis T-Pbl B XOJe Tpouecca’ i ae-

TOZOM BLICOKOCKOPOCTHOM ~ KIHOCLEMKI Npil Hayambibix
—— T-pax 1000—1400°K 1 gannennsx O, 20—700 MM H3yuen
- mpouecc oxmeaenns Zr-mpoposok - amaym. 0,1 av. Ha Ha-
JaabUbIN CTALMAX OKHCMEINIS, “'KOrAAQ p-UMA npoTexaer
T aanaGatiucckH, ona JHMUTHPYETCS paBHoBecieM mpouecca
agcop6uni O, Ha IIB Zr, HMEeT  3HEpTHIO  aKTHBaI

38 kkana/sonb  mpu Jmapu.  masaemmn Op 20 My g
33 kxaa/soab npi 100 i, Appennycosckas 3aBHCHMOCTD
COXpANACTCA RO .T. ma. Zr. Tlopsamoxk  p-win o O, pa-

_BeH_1/2. B o6aacti T-E_or_llooil( A0 T. TJ. NPIH_BBICOKILY

]

Tt
|
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napu. masnenusx O mna IIB comepxarcs dast w-Zr u
ZrOs, a npu UH3KHX Aapiennsx— a-Zr, [lpi T-pax seiue
T. 1. Zr npoBoJoKa Pacnaiaercs Ha Kammi AHaMeTpoM
200—400 -MKM; T-pa.KaneJb MOBLILIACTCS JO TIOCTOSIHHOI
BCSTNYIHEL, K-past onpegensercs napu. Aasaennem Oz Ha
9-it crammu OKHcJennst mpH Jasaeniax >10 MM BOKpYT
Kanedb 0Gpa3yioTCst. KOPOHBL ~ 3 TB. TIPOAYKTOB  p-LUiN,
JZHAaM. K-pbIX JIPEBBIIACT JHAMeTP Kamedb Ha 40—180 MKM. |
. TlpeanoJsaraercst, 4To NpH 3TOM HA ITs kanau pearupyer |~
napooGpasnwtit Zr, x-puiit oGpasyer ZrO,. 3. TI'. Paxon |
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Martynyuk, M.M. et al.
a,#v | Zhe Fiz. Khim, _
L 1973, 47, N5, I308-9.
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2

:‘z 119245e Zirconium. Phases and compressibility .to 120 kilo-
ars. Olinger, B.;” Jamieson, J. C. (Los Alamos Sci. Lab.,!
Univ. California, Los Alamos, N. Mex.). High.. Temp.-High.
Pressures 1973, 5(2), 123-31 (Eng).

The compressional behavior

of Zr metal in both its hexagonal close packed a-phase and its.

'T“t'b) hexagonal » phase was studied with x-ray diffraction techniques. '
; The data are in excellent agreement with stock-wave studies and

P Bridgman'’s studies up to 98 kbar when Zr was found to undergo .
~aphase transition from ¢ tow. e e ————

'('.ﬂ. 7973 %9 o ® _




: i 1977
U

7E574.  TMoaumopdmelii nepexon B umpkomun NpH Bbl- ¢

conom aaBieHud. Tlanteuneiiuyk O, . B ¢6. «Ana-:

JIH3 COBPCM. 3ajay B TOYH. Haykax». M., 1973, 130—132!

MeTooM MMNYJBCHOrO HarpeBa Hccsef0Ban a—f-nepe-

Xoa B Zr B .Hana3oHe JaBienuii 1o 15 kGap. OGpasen .

Zr (99,99%) B BHIC NPOBOJOYKH MOMELIAJCH B KaMepy !

] BbICOKOTO JIABJCHHS THNA IWINIMHAD—NOPWENb 1  Harpe- |
4""1 BaJCs HMNYJbCOM TOKa. Beanmuuubl nanpsixenns u Toka
(UKCHPOBAICH' HA HMIYJLCHOM : ocuHAIOrpade. Ocunaio-

rpaMmbl TaGysnposaiuch u obpaGaTuiBainch na DBM c

LE/bIO  MOJYHEHHs 3aBICHMOCTII OTHOCHT. 3JICKTPOCONpO- °

5 THBJEHHSI Zr OT ero MOJbHOIl - 3uTadbnuu. Q ($asopLix
nepexonax CyAmJall MO H3JOMAM Ha KPHBLIX TaKHX 3aBici-

mocreil. Tloxasano, uto a-da3a neperpesaercs OTHOCH-

. TeJbHO T-pbl paBuoBecHs Ha ~50° Ilonyuennsiit maxnon
¢ /g;y dT/dP pasen —2,12 rpan/kGap; 3uauemne A_\H°‘=5=A
=4,4 KLK/MOJMb XOPOIIO COr.IacyeTcst C M3BECTHLIMH gai-

/V 7z' _HBIMH, 3 . _B. 3umGepureiin




1973

Zn

T'163326t  Polymorphic ‘transition in zirconium at high '

(7" nressure. Canteleichuk, O. G, (USSR).TAraliz sovrem. scdach

¢ tuenn. naukarh 1973, 130-2 (Russ). From Ref. Zh., Fiz., E
1974 Abste. No. TEST4. Title only translated.

i
i
i
1
I

64 1975 F2n2y @
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52550a Determination of the vapor pressure of pure zirco-
nium by suspension melting. . Sumin, V. V.; DPeizulaev, Sh. I.
P, AHJ)

(USSR). Zh. Fiz. Khim. 1973, 47(6), 1603 (Russ). The satd.

vapor pressure of liq. Zr was measured by the: Langmuir method |
of suspension melting at 2322-100°K.  Mean values of the d. -
and heat of evapn. of Zr in the temp. range studied are 5.73 %=
0.08 g/cm? and 145.6 == 0.4 kcal/g atom, resp.. . . ; !
pm—n pea e e - Karel A. Hlavaty |

L4 /974 K& ~/O ‘
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%o_qet Hernandez D., Daguenet M,
Dumargue P Ptude thermodynamique de

1 évaporation réversible d'un oxyde réfrad
taire dans un plasma thermique oxydant.
"High Temp.-ngh Pressur.", 1973, 5, W 4,

415420 m (@pasm)
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Au-H6L

4 E339. OnnoBpeMeHHOE H3MepeHHe rennoemxoc"m,'

9JIEKTPONPOBOJAHOCTH M HHTErpaJbHOI nosaycgepuyeckor

H3Jly4aTeJabHOi CMOCOGHOCTH METOAOM HMMYJbCHOIO - Harpe-

Ba: UMpKOHHii oT 1500 no 2100°K.. Cezairliyan A

Righini F. Simultancous measurements of heat capa. J
city, electrical resistivity and hemispherical total emittan-
ce by a pulse heating - fechnique: zirconium, 1500 tc
2100 K. «J. Res. Nat. Bur. Stand.», 1974, A78,.No 4, 509—j
514 (awra) . . Y . : ?
H3amepennst nposenensl xasi-o6pasua 99,98% Zr s dop-
Me TomKOCTeHHOIt TpyOku. IlorpemmnocTs HaMepenuit Ten-

noemkoctit Cp~3%, YA. MCKTPHY. COMpOTHBAEHH p~20)
H Hu‘rerpanbnoﬂ noaychepny. CTCNEHH YepHOTHl £~50),
" PesyabraThl _ omicuBaiorest  d-namu: Cp=36,65—1435.
.10~2 T+6,624:10-% T2 mx/r-atom-rpax, p=87,95+1946.
77.10-2 T 8 1078 om-m, £=0,2031+6,362-10~° T, rpe’'7 _
| a6e. T-pa. o2 '.
—— B o B e e e A R, e

|

¢




] #3- F6L Weiik

177888u  Simultancous measurements of heat C‘mu'
clectrical resistivity, and hemispherical toral emittanes
i a pulse heating technique.  Zirconinm 1500 to 21
i Cezairlivan, A, Righini, F. (Inst. M ater. Res.. Nath
i Stand., Washington, D. C). J. Res.

Natl Bur, 8

Aa T 1974, T804, 509-14 (Eng). Simultaneous measuremen -
{ﬁ capacity Cs, elec. resistivity p, and hemispherical toral e
I i ¢ o ZE I the temp. range 1500 o Q1G0T K < by oaosuk
duration, pulse heating technique are deserit -\Z. The res
’ u\pro“cd by the relations: ( = \m R N
N I 106 7% p = 8795 + LG X 102 7' ¢ = .03 + gig? N I

. Cp is in J mole degreed, p is in 108 Q@ m, and 7 is in
z\cl.m Estxmutcd inaceur ocx\,s of tho measured |
: 3% .o" (.7 2% for g, and 5% for €

A, /fﬂ;/,,/,z;

\.\
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g‘(/ U F317.  3aexrpoconporusaenue SHTaJbNHA TYronJas-
W g
-

H.

X MeTamnoB B cOCTOsIHUH, NpeAwecTByoWmemM HX 3J€K-
TpHueckomy B3pbiBy. MapThuox M. M., Kaps#im-
Xoxnxaes M., Hanxos B, U, K. Ttexu: ¢pus.», 1974,
44, Ne 11, 2367—2373 ' .

Tposonounsie o6pasuw Zr, Hi, Nb, Mo, W ¢ Pt Harpe-
BaTIICL MOUIHLIMH HMNYJIbCAMH TOKa; 110 OCLHJIOrPaMMaM

- TOKA W HanpsokeHHs Ha oGpasue paccURTBIBANACH 33BHCI-

MOCTb OTHOCHT. CONpPOTHBJCHHS R/Ry " (Ro— conpotusaenue

- o6pasua mpn 298° K) amix Meramnos or ux MOJIBHOM 3H-

TAIBNHH H=Hr—H,q, Ipu aanreabnocry HMOYJbca f3=

=400—3500 wkcex 00pasusl .paspymance BCKOpe = 110Ca1e ’

T1apaenns:, mpu #3==30-+-35 akcek Habmoaancs 3axoq s 06-

JaCThb KHIKOro COCTOSTHHS 10 T-p, HAMHOro NpECBLHILIAIO- |

UMX T-py HOpPM. KuneHHst Meranna. Ilo ‘KpHBOit R/R—H
onpenenenst R/Ro # H TBeproit M muakoi hasbt pu Ty,

a4 Taxk¥e B HavyaJbHO{T TOYKe 3JIEKTPHY. B3pPHIBa T3; onpe- :

Jlenena 'ren:xo-r,a,..mmmp,gumm,__:npeBpﬂ{upuu;; Zr u Hi.

Ana Zr, Hi, Nb, Mo npy alangﬁiﬁ:W@%30+

Tl H](/



e © : p O
+35 MKcek) oT Tua 10 Ta 3uavenne R/R, NPAKTHYECKH
NOCTORNIO, M yN. CONPOTHBJACHHE STHX MCTAMAOB 33BHCHT |
JIHHEHO TOMIbKO OT X O6Bema. [as Zr, Nb, Mo, W u

Tponssefena ouenka T-pl Ta, KOTOpas NpHOIHIKENHO
OTOXACCTBAACTCS € KPHTHY. T-POit Ty 3HAYCHHSL KPHTHw /
AJBJICHHST 3THX MeTaN/oB OLCHEHE 3KCTPano.siiueis Kpy-
BOH 7aBjenHs HacHIMEHHOrO napa 10 TIONYYEHIILIX 3Haue- ‘,
HHIT Ty, Ilpn HMIOyJbCHOM HarpeBe B BO3AyXe (£3=30+ °
=35 MKCeK) “AaS JKHIKOTO COCTOSIHHS HaG6/II0MaNCs ' «1IpO-»'
Ban» R/Ro, uT0 oGLSCHSICTCS BANSHHEM paspsia, UIYHTH-

1

pylowero ofpasen. '

o
wJ1a3.; 3
i
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X MCTaJIJIOB "B COCTOSIHHH, TpeXlIecTByoLey
pHYeCKOMYy B3pbiBY. MapTHHIOK
xoaxaen M, llankos B, U. «JK.
44, Ne 11, 2367—2373 -

TOKa H HAnpsiXKeHHst Ha 06pasle paccuHTHLIBANACHL 3aBHCH-
MOCTb OTHOCHT. CONpPOTHBJEHHST R/R,

oGpasua npu 298°K) 3THX METasI0B OT HX MOJBHO 3H-

Tanbnun H=Hr—Hys Tlpn mauteabhocty HMIYJIbCA f3= .

=400—500 mxcek 00pasubl pa3pymiamuch BCKODeE _flocse

nJaBJeHns, mpH f3=30--35 MKceKk Ha6JI0NANCS 33XO0K B 0G-. -!
71aCTh KHIKOrO COCTOSHHSL 10 T-p, HAMHOTO TPRBHIlalo- |
IUWHX T-Dy HOPM. KuneHus Meraina. ITo xpusoit R/Ro—H
onpefenensl R/Ro u H TBepmoit u xumkoii dassl NpH Txg,
a TaKKe B HAaYa/AbHOI TOYKe 3NEKTPHY. B3phiBa T3; onpe-
e e sy T LOPPEd L8 Onf

—

(Ro— conpoTus.enye -

TYronaas-|
HX 3JIeK-
M. M, Kapuwm-|
TeXH. ¢ua.», 1974, |

ITposonounbie o6pasunt Zr, Hf, Nb, Mo, W it Pt warpe-
BaJiich MOUMEIMH HMIyJIbCAMH TOKA; 1O OCLHJ/IOTPaMMAan




JeJeHa TLIIOTAa MOJHMOPGHOro mpeBpailenus Zr s Ht.

HOas Zr, Hf, Nb, Mo npu - wmarpese B BOAE (l3=00—

+35 MKceK) OT Tnnx 10 Ts 3uauenne R/Ry, MpakTHueCKH
MOCTOSIHNO, H YA. CONPOTHBJCHHE 3THX METaJJIOB 3aBHCHT
JIHHEiHO TOJBPKO OT MX oOvema. Mas Zr, Nb, Moa W =

Pt nponsBegeHa ouenka T-pbl Ts, KoTOpas NPHOJF-XCHHO !

OTORIECTBASICTCS € KPATHY. T-pon Ix; 3naqcmm kpu'mq.
JaBJeHNsSI 3THX METAJJIOB OleHeHb SKCTPANOMSLACH K
BOIT—RABASMITTACHIICHHOTO” Napa 0 TOJYYEHHBIX mee-
nuit Ty Tlpn nMnyJbcHOM Harpesc B BO3fyXe (t3=30=
=35 MKCeK) IJs MKHIKOrO COCTOSHHf HaGJI0AaJCs <«mpo-
Bal» R/Ro, uTO OGDBSCHSIETCS BAHAHEEM Pa3psiAa, WYHTH-
pyloitero oGpaseu.

F=adia™
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@ 11 E644. TepmoanHaMHuecKoe wccaemopanHe ‘a—-penpes| - ———
BPAWCHHA B UHDKOHMH TNPH MMNYJbCHOM Harpese, Ce-;
zairliyan™2&, Rigﬁini F. Thermodynamic studies; - - —
of the a—~B phase transformation in" zirconium" using’

a subsecond pulse heating technique. «J. Res. Nat. Bur, -————

i Stand.», 1975, A79, Ne_1, 81—84 (aura. ’ : :

. e { [Tposenensl u3MepeHHs T-pl H TEMJIOTH a—-fB-npespa- ————
T IS WEHHA Zr, a TakXe 3/eKTPOCONPOTHBJICHHS ZI B OKpecT-

ﬂ A LA HOCTH  3TOro npeBpaLleHHsT, OGpa3supl Zr 4HCTOTOR -~

/ ! 99,98% (ocnomunie mpumecu O, Hf, Fe, C, H, Al, N, Ni,’

: Si u Ti) H3roTOBJEHB B BHAE TPYGOK AJHHON 76,2 MM;i—-——-—nr -

HapyXHblii AHaMeTp TpPyGok 6,3 MM, TOJWHHA CTEHKH

0,5 mMm. HapyxHass nosepXHOCTb A/ YMEHBIICHHA X [0 ———

Tepb TemJa, CB3aHHLIX C TEMJIOBLIM H3JYYeHHEM, OTIO-:

auposana. Harpes ocyulecTBasiici NpONyCKaHHEM wyepes  —---———. -

obpasely HMIYJIbCOB TOKAa MJHTEJbHOCTbIO OT 220 o

620 mcex. CxopocTb Harpesa H3MmeHssach B Tpeaesax or. - ..

—pnnA—— =

:_qE%/Q?f'—MH




1800 no 4000 rpan/cek. Bce skcmepHMeHTH MPOBOJHJIHCD '
B Bakyyme 10-% MM pr. cr.  [as onpefeteHHS T-pHl
o6pa3una HCNOJb30BAJCA BHICOKOCKOPOCTHO  (POTO3JICK- |
TpH4. nuHpoMeTp. Bce H3mepsiemble Benmumnbl (CHJIA TOKa,'
NnajgeHHe HanpsixKeHHsS Ha o6pasue W T-pa) perHcTpHpoBa-7
auch mHOpoBbIMH mpuGopamu  uyepe3 Kaxable 0,4 Mcex.!
T-pa a—f-npeBpauenns okasanach pasHoit 1147+10°K,;
TenjoTta npespamenuss 39804200 nx/moab.  Pasosoe
npespallicHHe COMPOBOXKIAaJOCh yMEHbIIEHHeM 3JeKTPOCo-
npotusaennss Zr na 17%. IlposeneHo comocTaB/eHHe MO-
Jly4eHHBIX 3HAYeHHit T-pbl H TEMJIOTHl NpeBpallleHHs C pe-
3ynbTaTaMH — NpeUIeCTBYIOLIHX  HCC/e[OBaHHII.

o ol 'B. 3unn6epuireitn

- ,» \ e
7.CKy¥
g
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10 B31.  M3repenue Temnepatypot naasd HHA,TeMOC"
pATYpbl M3NYUCHH PH_ICMIICPATLYDE JIIABISH S ) _H_31CK=
TPWIECKOTO conpotusJehus (Bbiwe_2100° K)_uHpKOuHg _Me- |-
Tonom nyJabcupyiolero marpesa, Cezairliyan A, Ri-
ghiniF. Measurement of melting point, radiance tempe- —-
rature (at melting point), and clectrical resistivity (above
2,100K) of zirconium by a pulse heating method. «Rev.
int. hautes temp. et réfract.», 1975, 12, Ne 3, 201—207
(aura.) . P

C npHMeneHHeM METOJa MYJbCHPYIOIIEro Harpena npose- . ..
;leHO H3yueHHe T-pbl IIABJCHHS, T-Pbl H3TYUCHHA B TOUKC,
i71aBJeHHST M COMPOTHBJCHHsI — MeTalauu. Zr  MDil T-paxi- -
>92100° K. M3mepeniie T-pH OCYillECTBJAI0CH OMNTHY. MHPO-

MeTPOM, BCE MCC/CAOBAHIS BLINOJHEH B BaKkyyMe Hau Ar

=



Ha o6pasuax, Hmelownx Gopmy naacrin uan Tpyoox. T-pa
11asaenns Zr  (u3aMepenne Ha 3 ofpasuax ¢ tmcroroﬁl
99,98%) 2128°K, T-pa H3ayuenus B Touke  TIABJICHHA
1940°K u nopmaJbHOoe cnekTpadshoe uanyuenne Zr 0,367 |
(npu_ 650 HM). DueKTpHY. conpoTHBJAeHHE Zr IPH T-pax
2100°K — 128,7-10-8 om-M, 2120°K — 128,9-10-8 OM-M. |
DJICKTPHY. COIPOTHBJICHHE VBEJNIUHBACTCA JHHEHO ¢ poc-!
TOM T-pbl, 3a 5—10° 10 nuaBacHHst JHHeiHOCTh Hapyulaer- |
cs BCiIeACTBHE 3 deKTa NpHCYTCTBHS NpHMecel H yaemmc-|
HHS KOHI-HH BAaKaHCHM, a TaK:kKe 3a CYCT T-PHLIX TpajHeH- |
T0B B o6pasue. Ouenennas morpemnocts uamepchis 8°K|
AJs1 T-Pbl MUJIABJCHHS M H3ayuenus, 3% 1ag HOpMaJblioro
CNEKTPAJbHOTO H3JYYeHHst I 3JCKTPHY. CONPOTHB/ISHHS.

M. B. Bapdonomees
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5 E588.  W3Mepeiue - TOMKH  MJabichusi,  SPKOCTHOI |
TemnepaTypbl (B TOUKE MJABJCHHS) H YACHLHOTO 37€KTPO-,
conporuBiennst (Bbime 2100° K) uupkouus, mMerogom HM- -
nyaschoro- narpesa. Cezairliyan A, Righini F.|
melting point), and electrical resistivity (above 2,100°K) "

-

~of zirconium by a pulse heating method. «Rev. int. hau-

tes temp. et réfract», 1975, 12, Ne 3, 201—207 (anrn) |
Temnepatypa Zr (99,98%) u3mepsinach GuicTpomeiictpy- |~
jOLLIM THPOMETPOM, BH3HPOBAHHBIM  HA NPSIMOYrobhoc '
oTBepcTie B cTenke o0pasua, 671aroapst KOTOPOMY ocy- —
1{eCTBASIHCh  YC/10BHs, O/MH3KHe K aGCOMOTHO  uepHomy
teny. Tlo mosoxeiio_naato_wa_KPHBLIX T-Pa — Bpews| -



(npu ckopocti marpesa ~3000 rpag/cek) OmpeNcCHE,

Tna=2128°K. SIpkocTHas T-pa Zr B Toyke MJaBJACHIs)
(=650 uwm), uamcpennas na oGpasuax c pasnoii CTC-‘
neHbio 06paGoTKH noBepXHOCTH, cocTasaser 1940° K. 1/13-!
JyuaTeabHast cnocoGuocth pasna — 0,367. . Ilpu pacuerej
YA. 3JCKTPOCONPOTHBJICHHS (p) YUHTHIBAJIOCH H3MCHEHHE |
pa3mepoB o0pasna B pesyJbTaTe (pa3oBoro IpespauieHis’
npu 1150° K. Tlpn 2100°K p=128,7-10-% om-M i BO3-|
pactaer  uiHeiino ¢ T-poii Bnjots go T ma 5—10°K!
HiKe Tna. Ilpeanonaracresi, uto oTKJIONHEHHE 3aBHCHMO- |
ctit 0(T) or muneitnoctit B6AH3H Tny MOXKET ObITb BLI3BA-

+ -HO HaJHuHeM npuMeceil, yBesJHUCHIICM KONI-HH BaKamcit|

AH00 _rpaaleHToM T-p BAOJL 06pasia. E. Cnexrop|
<€
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84: 409320 hleasurecraent of melting point, radiance temp=
erature (it melting point), and eleectrical resistivity (above
2100°I) of zirconivum hy u vulss YWnnting method. Cezairliyan,
Ag o Rifhony, L (Inst. Mater, Rés,” isatl. Bur. Stand., |
Washington, D. C.). Rev. Int. Hautes Temp. Refract. 1975,
12(3), 201-7 (¥ng). The m.p, (2128 4: 8°K on the International
Practical Ternperature Scale of 1968), radiance temp. (1940 +
8°K at A = 650 1m) at the m.p., and the elec. resistivity (p) at
2086-2128°K ol Zr were measured by using the previously
described (C., et al,, 1970; C., 1972-3) msec-resoln, pulscu}u:aling -
method. T'he value of p (in units of 10 8 Q-m) increascd linearly |
from 123.7 to 128.9 at 2160 and 2120°K. At the m.p., the normal
spectral emittance (at A = 650 nm) of Zr is 0.367 (i:t%).‘_\]
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tGezairl;xan A., Righini F. Méasuremehf N E
- of meltlng point, radiance temperature
(% melting p01nt), and electrical
resistivity (above.2,100 K) of zirconi]~
um by a pulse hating method. (Abstract).
"Rev. int. hautes. temp. et lréfract. 'y

<L FART

1975;12,K 2,180 )
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"ABSTRACT|
we' # 1N :
A subsecond duratiin pulse heating method is used
to measure the meltihg point, radinnee temperature
(?l.ﬁ.)(_) nm) at the melting point, and_ eleetrienl resis
tivity ‘nbove 2,100 Ky of zirconium, The rexults vield
a value of 2,128 K for The melting point and 1,9%0 |

for l‘lu- radiance temperature (ot 650 nmy at the mels

“ing point hoth on the International Practical Tempe-
rature Seale of 1968, "The corresponding. value for the

normal speeteal emittanee (at 630 nm and at the melting
point) is 0367, At 2,100 K, electrical resistivity’ is .
1287 % 10=* Q.. Estimated inaccuracy is: 8 K in |
the melting point and in’ radiance temperature, and
3 ¢l in normal speetral emittunce and clectrical resis.

tivity, .

o T e e e ——

T (1) Guest selentist from the Iatitute di 4‘\Iclruln;‘v|'a.iu Turino (ltaly).

- P ;a—!vrq:;:ﬁxupl""’"—r——-h-.--—---.-s-ﬂ-..
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{*) Abstract of uu. article l(‘»rlw-pﬁhlinlwcl in a next issue of the tee,int. Hiex Temp. et Réfract,
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8 B770.  BAustie KHCAODOAA Ha AaBjeHHE mapa WHPKO-
Hus, ®enoposn I.B, Kaaunnu ILH, MBa-
Tos K.B, Bapuunos M. Il. B ¢6. «TepMonuuam. cBoji-

| __.ctBa Meran. cnnaBoB». Baky, «dam», 1975, 52—56 ]
HMayueno nasi. mapa umpkouus (l) man cmnasamir cu-
«crempl I — kucaopox  (I1). DoabwHHCTBO  H3MepeHHi !

Boinoatenst B B-pase cucrempt I—II. dkcnepumentsl npo-
'BONJI HAa BBICOKOBAKYYMHOIl YCTaHOBKE € MOJHOCTbIO Ge3-

MacasHoit cHcTeMoii oTKauknm B obaactd T-p or 1000 a0

BaJl CTEreHb OCTATOUHOro pasperkeHilss B paGoueit Kamepe,
cocTaB ocTaTouHoit aTtmocdepbl, HauyaJbHOE H KOHEUHoe

TerpajbbiM MeTOAO0M I\'nyﬂ.cclm C HCNOJAb30BAaHHEM pajHo-

aktushoro 1-95. Ins B, B+o B @-06aacteit cucrempt I—

_»Il ocTpocHa  TpexmepHas junarpaMyMa B KOOpJAHHATax

1-pa — Koui-nsi p-pennoro Il —aasi1. napa. M. ®uay !
- = e . = el i

_///'476_/1’]2,5‘,‘1”__ e Tpetor Do LY

1800°. Bo BpeMs 3KCIEPHMEHTOB MOCTOSIHHO KOHTPOJHPO-

conepxanue Il B oGpasue. Hapa. napa I onpeneasiu uu--
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1! 9b914. HccnenoBanue HCNapeHHs LHPKOHHS H raQHHS

B Bakyyme. Tony6uos M. B, MuxyabcKasn 10!
B c6. «TepMOAHHAM. CBOMCTBA MeTaj. CIJIaBOB». Baky, .

A, 1975, 62—65 }
Meronom Jlenrmiopa onpefenenst Aasi. mapos Zr u Hi_. .

B HHTepBajiax T-p cooTs. 1470—1790° u  1200—1940°)

| TTonyueHnl yp-HHS 3a9}gc1mocn_x_}mmhﬂp_§_%#f o1.
1-psl (B MPeAmOJIONKEHIH, 4TO KO3®. mcmape paseH

ennnie) coor. Ig P (Mm.) =9,34—30300/T u 1g P (Mm)=,__

{ —8,80—28800/7. Ilo 2-My 3aKOHy MOJYyYEHBI SHTAJIbIHH

)—Af_lf_a‘_’,ﬂ.ﬁw s Hi u Zr coots. 144+0,5 u 143+
+0,22 KKaJ/r-aToM. M. B. Kopo6os )
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AVARE S . - 1975
i £ i 11 B1029. TenaonpoBOJHOCTL M TENJOEMKOCTHL cnaasoB~
LHPKATOii-2, UHPKaNoii-4 H UHCTOro UMPKOHUS. Muraba-
Tt 77 yashi Masayuki, Tanaka Shigenori, Taka--~——="- —--
hashi Yoichi. Thermal conductivity and heat capacity
of zircaloy-2, -4 and unalloyed zirconium. «J. Nucl. Sci.:———=—"~
. and Technol.», 1975, 12, Ne 10, 661—662 (aura.) :
/=077 KosdyHUHEHT Ternaoporo paccesiits H TEIJIOEMKOCTb === - =
C cnaaBnos uupxanoﬁ-Q 1 lHpKaJoii-4 H UHCTOro WHPKOHHS
2 & f n3Mepenbl B HHTCPBAJC 300—850 K MeTOMOM Ja3ePHOrO [=-- = -=—=— - -
parpesa. Pe3yabTatbl u3MepenHit npeacTasieHsl rpaguue- |
T CKH. YCTaHOBJEHO, UTO TEMJIOCMKOCTH STHX CIJIazon G/IH3-

KM K TEIJIOEMKQCTH YHCTOrO  UHPKOHHA. [To yp-hHio k=
<o e —gCpp, TAE k— TENTONPOBOIN 7—Cp — TeMJIOEMKOCTD, === .
0 — KO3(. TEMI0BOro paccesuius i p — MOTHOCTD, pac- .
=+ -~ cymtana TEeMJIONPOBOMNOCTL CnaaBos i WHPKOHIGL T-pHee
3aBHCHMOCTH (BATT/CM-K) mpeAcTaBaeHbl — yp-Huamm k=

e = 20,138—3,90-10-%-T'4-1,184-10-7-T2 (unpkanoii-2 by T —
=0,1134+10-5-T+0,725-10-8T2 (uupxanoii-4). ) uk

z {9 9"" N {/ . . = ﬂ A“:'f.q)’!ﬁypoai -
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) 12 E822.  Hccaenosanue énnorpOnﬁuecxoro npénpau&e-i

HHS LUHPKOHHS M €ro CrnJiasoB ¢ HHOGHEM METOLOM BHYT-:
pennéro—tpenns. Benemwsinun TI. A, Cu Hp-!
Hos JI. B. «®u3. MeT. 1 MeTaanosefenne», 1975, 40,
Ne 1, 114—119 . :
. MetonoM  Buytpentero Tpenusi (BT) npu HH3KOwactoT-|
HbIX KPYTHJBHBIX KOJMeGaHHSX HCCJACLOBaHb aJJIOTPONHY..
npenp_zn_x_xqg_;lﬂ__l_;__l_i__cm CnJaBos C 1% u 2,5% Nb nocae
GLICTPOTO NMPOXOXKACHHS 06AACTH T-p Ou==B-npeBpalleniis
M NpPH 3HAYHTENbHLIX NepeoxJyaxieHusx (meperpesax). Ku-
neruu. kpusne BT oGpaGatbiBasiich no ¢-ne, nmoJyyeHHOl |
Ha OCHOBAHHH TPENOKEHHON MOJelil MeXaHH3Ma pacnaja,
COrJIacHO KOTOpOIi BBIAeJAeHHe YaCTHL HOBOI (a3bl BHLI3M-
Bajo MNOsBJEHHE INODLIUICHHON TJOTHOCTH  JHCJOKAUHi:;
POCT YaCTHU DEry/JHpPOBAnCA H3MEHEHHEM XapaKTepHCTHK

1-pax 730--760°C B mauanbioil MOMCHT BpeMeHH ocyje-
CTBIISL OLIECC, XapaKTepH3yeMblil KHHETHY. KO3(. oko- |
g0 1/2. Tlpn~ Gosee ANHTEAbHBIX BPEMTHAX, T TaKiKe np”_i

<'7-pax__n_b1me 760°C npoiiecc  XapakTepHsopacs KOa(pq)“-"
g,uue_urgm 2/3. Ias’ ciinapos Zr ¢ Nb xpussie BT omycy. |




<

BaJHCL 3HAYEHHEM TOJbKO 1/2. 3aMeTHOro pasjHuHs B
c—f- n f—-a-npeBpauieHHAX AAsS Zr H €ro Cnjaasos C Nbi
ne wnaiigeno. OnHako Aast B—a-npespalleHist CNaaBoB c|
Nb npu 780°C u HHKe yepe3 HEKOTOPOE BPeMsl MOABJAET- |
¢ o-dasa. Ilpomepxa xumertuxkin  n3Menennss BT nas’
“cnaBa Zr ¢ 1% Nb npn MelJieHHOM CTyneHYaTOM OXJaX- |
nenun ot 890° C - moxa3anja, u4TO CKOpOCTb pacnaia mpo- !
nopunonansia (AT)? rae AT — peanunna nepeoxsaxie- .
"‘HHsi. 3aKOH pacnaja XapakKTepHayeTcsi K03¢. 1/2. Pacnan
-B—a. MPOHCXOMAHT A0 T-Pbl SBTEKTOHAHOrO pacnana. B o6-
" nacTH T-p oGpasoBamusi 3pTekToHamuoi cMecH BT nocae!
O6LYHOTO TajeHust  uepe3  HCKOTOpoe  BpeMs  ype-|
JaHunBaeTcs. B 3TOM Xe-HHTepBaje T-p NOABIASETCS mnepe-)
JOM HAa TeMrnepaTypHOIl 3aBHCHMOCTH CKOPOCTH InpeBpa-|
ilenns. DTH Aaunbie moxaswsaior, uto 1% Nb B Zr nmoa-!
HOCTBIO He_pacTBOpfieTef. ___ Asropedepar;
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87: 29930k Thermochemical properties (ot zirconium}.!
Alcock, C. B.; Jacob, K. T.; Zador, S. (Dep. Metall. Mater. Sci.,
Univ. Toronto, Toronto, Ont.). At. Energy Rev., Spec. Issue

1976, 6, 7-65 (Eng). A review with 171 refs., includes’
discussion of the molar heat capacities, free energics, entropies,

and enthalpies. B e e
5.y A




I) 7 E672. Aaaorponuueckoe npespaitenne OLK—TNY :

B unpkonnn. Akhtar A:. Th¢ allofropic transformation.

BCC=HCP in zirconium.. «Met. Trans.», 1976, A7, '

Ne ‘11, 1735—1741 (aura.) !

a‘/( Ao, Mertogamn qnriu.  o»eraagorpadun H o penrtrenorpading
4 M‘ » Hceaeg0BaHo  moJiMopduoe npespautenne f(OLUK)—

/ —o. (I'T1Y) B Monoxkpucraanax usucroro Zr. f—a-Ilpespa- -

" uienHe B cayyac moayucuus f-¢asel 43 pacnaaBa ABJSCTCH |
mpeBpaulenueM Maccipioro Thna.. B cayuae foa—foz-

mpespauleHuii mocacauee P—-c-mpespallienue’  CABHIOBOTD
THna ¢ cob.aoaeuneM Mexay B- m o-paszaMit opHeHTAUHO:-
mnoro coorHoulennst Bioprepca. ClaBHrosoit Xapakrep

B—-a.-npespautetiist 06yCaOBJICH Ha HuHEM [THCAOKAUHOKHGIT

cyGCTPYKTYPHI, BO3HHKaloWell npi  o—-B-npespalleHii.

a—f-I1peBpalleniie BCera sIBASETCS 'MaCCHBHBIM MPEBp-

wenneM. Ipn Tepmounkanposanun a—-f—o adpdekra na-

_Mmarn_dopumu_ne_nabmoaaercst, Bu6a. 21. M, TI1. Ycukes

P rIF2NT ,
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. ) 86: 10808j The allotropic transformation bcc = hep ,,,'
‘zirconium. Akhtar, A. (Dep. Metall.,, Univ. British Columbia,
Vancouver, B. C). Metall. Trans., A 1976, 7A(11), 1735 41

. (Eng). The allotropic transformation hcp. (hexagonal close-packed)
(a) = bee.(f) was examd. in crystal bar Zr. The g - .

- transformation is massive type in melt-grown crystals of 48 Zr.
/+C Upon thermal cycling through « — B — « the bce. — hep

transformation occurs frequently through a shear process and

- less frequently through a massive transformation. The presence
of « — B transformation substructure may favor the operation of |
the shear mode. The hcp. — bee. phase change occurs through «
massive transformation. A lack of transformation memory is
assocd. with the process of thermal cycling.

CA. /977 _{{/1/2




85: 25488h Effec: of axygen on zirconium vapo'r'prcssure.
Fedorov, G. R;; Kalinin, P. I; Ivanov, K. V; Barinov, [. P.

(USSR), ' V sh., Termadinam. Svoistva Metal. Splavov 1975,
52-6 (Russ). From Ref. Zh., Metall. 1976, Abstr. No. 3,\38.‘

Title only translated,
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,!’/[/75/4[/3_ BeJTHUHHBL

. - 0
13 51024.  BausHue cpeibl Ha MNapaMeTpbl HCMapeHHs

wnpxonns, ®epopon B. K., Kaauwnun IL H. «dox.1.
XF& CCCP», 1976, 226, Ne 1, 151—154 . ‘

Ha BpbICOKOBaKyyMHOH YCTaHOBKe C GeavacasHoil OTKay- |
Koit MeTomoM KHyAcena ¢ HCnO/Mb30BaHHEM PAAHOAKTHBHBIX
MHAHKATOPOB H3YueHO CYMMapiioc LapJieiiie (2P) mapa
naa cnaasamu Zr—O B uHTepBanc T-p 1000—1824° npu
PA3INUION BeHuiiHe OKHCAHTCALHOTO MOTEHIUaN2 (Po) -Po
OCTATOUHOIT - cpeAnt HaMensiacs ot 10-% 1o 10-5 arM.
M3zoTtepmuy. 3apucumocti lg P oT lg Py HMCIOT 3KCTPEMaJb-
Hblft, HOMOHOTONILIT XapakTep H H3MEHFIOTCS, B CpeaHeM,
na 4 nopsiika. YcraHosJeHo 4 o0sacTil, OTBCYAIOUINX Pas3-
JHUHBIM MCXAHH3MaM OKHCJAeHus M HCnapenus Zr. Adbdexk-
THBHBIC. TEMmJOTH . CyOaHMalii (Q) m3veHsiotTcst 0T
47 KKaja/moab B 06aCTH HH3KHX 10 155 Kkaa/Monb B 06-:
| nacTH BBICOKHX T-p. PaccMoTpeHbl KOHCTaHTHI paBHOBecHs.

T

)
'

BO3MOXKHBEIX P-UHil Zr H ero OKHCJIOB C
TOYHOM cpefbl B TB. M ra3.. asax. TToxasaHo, uTO B pa3s-:
JHUHBIX 06JacTaX T-pl ‘u PoIP cKiaipiBaeTcs 13 JABJL|
napos - Zr, ZrO u ZrO, B pa3fHUHEIX COUCTAIILIX. Xon' ~
TEeop. N 3KCnepHM. H30TepM HO}106CH, a BCJAHYHHBI uxl

3KCTPCMYMOB XOpOUIO copnaaaloT. XOpOLUO COBIAJAIOT H
H

TEop.

skcrepiM. 3uauenns_ Q. ]
. __.___10. B. rcituGepr

—_— S— <

1
!
i
]
|

KHCJIOPOJIOM OCTa-{
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10 E912.  BuicokoremnepaTypHble ()a30Bble AHATPAMMBI
avs CHCTEM  UMPKOHHMIt — MoanOaen u raduuil — MoaudaeH.
// Garg S. P, Ackermann R. J. The high tempera-
ture phase diagrams for zirconium molybdenum and
hafnium-molybdenum. «Met. Trans.», 1977, A8, Ne 2.
239—244 (anrJ.) .

IMocTpoensl  BLICOKOTEMICPATYpHLIC — uwacTH  GHHAPHBIX
¢aszoppix anarpamy Zr—Mo n Hi—Mo. Jlummmu auknngy- |
COB moayuelbl HCMOCPELCTBCHHO 113 H3MCPCHIS MPCAC/LHOIL |
7/— pacTBOPHMOCTH  MoHOKpHcTaina Mo B xuaxux Zr n Hi.
v I3mepelilisi PacTBOPHMOCTH MOATBCPZKAAIOTCS pe3yJbTaTa-
MH MHKPOPCHTICHOCNCKTPAIbHOrO  QNAAN33, C  NOMOWBIO |
. KoToporo oGHapy:KkeHo o0pa3oBaHiC TONKUX C10EB CTeXHO- . |
) smerpny. coeannennit ZrMo, n HiMo, mna noBepxmoctn

@ E MOHOKpIHCTa/ia MO HIZKe NepiuTexTmy. T-p  1918+5 u

2206+5° C coorBercTBeHHO. T-pbl MraB.eHHs,  COMHAyca,

BTCKTHKY M _NCDNTeKTHKH _ __(iiKCHPOBanch

—

amKBuayca,

P 19F% 1o



ceegece ma

ONTHY. NHPOMETPOM MO MOSIBJICHHIO JKH/KOI (ha3wl, oGpa3y-
JOICH BbICOKOOTpa’Kalollylo noBepxHocTb. HaitaeHusie T-pht
naasaenns _Zr n_Hf cocrapasior _1860+3 u 2228+3°C
COOTBCTCTBCHHO, YTO XOPOMIO -COTJAcyeTcsi C paHee noay-
YCHHBIMH 3HAYCHHAMH. IBTCKTHY. T-Pbl H. KOHL-HH 1551
*£2°C, 29,005 ar.% Mo (Zr—Mo) u 1896=3°C,
40,5 ar.% Mo (Hf—Mo) naxoasnTcs B XOpolIEM COrAacHH
C paHce BBITOJIHEHHBIMH H3MCPCHISMH H OUEHKaMH, OZHAKO
onpexescHnl GoJee Touno., Kouu-Hs JHKBHAyca NpH MepH-
TGKTHY. T-pe aJs cucreMsl Zr—Mo cocraBasier  54,0%

*=1,0 ar.% Mo, ans cucremst Hf—Mo 61+3 ar.% Mo.
- ._Pesiove
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91: 28272t Lattice specific heat of 2irconium, * Rao, R.;
Ramji; Raj ut, A, (Phys. Dep., Indian Inst, ‘Technol., Madras,
India). o, hys. Chem.” Solids 1978, 39(12), 1329-30 (Eng).
The temp. dependence of the lattice heat capacity of Zr was
;?'Cd(.l ;l';l‘l)lg the model parameters of C. 8. I\l«-n(m)und Ramji

ao (1973). . ;
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gft ) 13,B533. Pemerounas "rtemaoemxocts UHPKOHMA. R a -
‘ mji R, Rajput A. Latf] specilic heat ol zirconium.
«J. Phys. and Chem. Solids», 1978, 39, Ne 112, 1329—1330
(@)
Tapamerpn gunamuy. MOAGIH sl METAJIOB C reKcarom.
ILIOTHOYNIAKOBAHHO! CTPYKTYPOil ¢ noMouibio K-PBIX MCcJe-

AoBan (QOHOHHBI CNEKTp M Temionoe PACIIHPEHHE PCHIeTKH
(' Zr, MCNoAB3OBAMK A/A pacueTa dyuxumn naornocts Gonon-
/0 HLIX COCTOSIHMII H DelIeTOYHOil TenoemkocTH Zr npH T-pax

14—300° K. Orwmedeno xopowee corsacue PacueTHLIX M

SKCMICPHM. NAHHLIX /S PELICTOYHOM Tem10eMKOCTH LHPKO-

s, TeemEmTT D AT

®
2SN B
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7 E499.  Pewerounas Tenmoemkoctsb quEKonun. Ram-

rgz "9]1 Rao R, Rajput A’ Lattice specific heal o zirconi-
um. <. Phys. and Chem. Solidss, ]978, 39, Ne 12,

r 1329—1330 (aura.)
( Mposesen pacuer wactornoro CNeKTpa  (ceKyaspuoe

> YP-HHC pewlero s 484 TOueK HenpHBOAHMOro oGrena 30-
[ Hut Bpramosna, uto ¢ yuerow CHMMCTDHH KpPHCTaJna 3K-
BuBaJcHTHO 8480 Toukawm PACIIHpCHHOMT 30HEI). Pesysbra-
Thl BBUTHCJICHHIT TCIJIOCMKOCTH B NHTCPBa.Ic T-p 14—300°K

XOpOLIO CONMIaCylOTCsl C SKCIICPHM. AaHHBIMH. Pesiove -

v
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7 92: 83488p The thermodynamic properties of substoichio=
metric zirconium dioxide at the lower - phase boundary.
Ackermann, R. J; Garg, S. P.; Rauh, E. G. (Chem. Div.,|
Argonne Natl. Lab., Argonne, IL 60439 USA). High Temp. Sci.|
1979, 11(3), 199-210 (Eng). The vaporization behavior of the
univariant system, Zr(s,liq.) + Zr02(s), was investigated by a
combination of mass effusion and mass-spectrometric techniques
at 19C0-2500 K. The partial pressures of the gaseous species (Zr,
Zr0, 2:0z, and O) across the miscibility gap and the activities
end activity coeffs. of Zr and ZrO: in the condensed phases were|
c2id, The std. Gibbs energies of formation of substoichiometric;
dioxide and the Zr(«) phase satd. with O were caled. ag functions

9f temp. and corresponding compns. of the phase boundaries, ‘

CA 1980 92 ~ p



| 64
- 9 E845. o.—w-npespauuenue B UHPKOHHK npu nedopma- |
/Z_ UHH B YCJAOBHAX BBICOKOro namuaehus. Baank B. [, Bea-
-ep M E,Konsaenl0.C,dctpun 3. H. «bys. MeT.

H McTa/oBen.», ‘1979, 47, Ne 5, 1109—1111 :

Ha ycranoBke fa1si rHAposKcTpysun ¢ npoTnsoasacHueM,

-TIO3BOJIAIONIETT HE3aBHCHMO BapbHPOBATh cTeneHb AedopMa- |

‘UHH M JaBJCHHC, H3YUCHO C.—®-NpeBpallcHne B Zr NpH .

‘Aapaennax po 70 x6ap. Tlpu aasrennsix o 28—30 xGap'

—_— C—O-NPCBPALUCHHE B mpollccce AeOpMAWIH HE TPOHCXO- |
/ aut. Tlpu nabaenusix or 28—30 o 60 KOap a—w-npespa- |
ZLZ - IUeHHE MOXeT ObITb Bui3Bano AedopMmaunedl; Koa-B0 BO3- !
"HHKalOWell npH 3ToM ©-(asbl yBeJAHUHBAETCS NPH NOBH-'

IICHHH NABJCHHA M YBEJHYCHHH cTemenn Aedopmauun. Ilpy

-AaBJCHHAX cBblule 60 kGap paspHBaeTc CMOHTaHHOE G—
"w-npespauenne. Hedopmaunst (e)w-hasn, noaydeHtoi npu

Aasn. >28—30 kGap, NPHBOAHT K MOBHILICHHIO €€ MHKPO-

"TBEPAOCTH OT ~-240 kGap/mMm2 (npu £=0) a0 ~400 Kr/mm?

npit e=76% (MukpoTBEpAOCTb HeAehOPMHPOBAHHOM a-(Padn

~Zr ~120 kr/Mm?). S :

1
|

P 455202
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' 92: 9204e The high temperature phase dlagram for zireons
aniun-tungsien. Garg, S. P.; Ackermann, 1. J. (Metall, Div.,, .
Bhabha At. Res. Cent., Trombay, 400 085 India). Trens. 3
Inst. Met. 1979, 32(1), 62-4 (Eng). The Zr-\W vhase
was detd. at 1730-2330° by the soly. and optical toch:
Peritectic compd. ZrWa was present at <2160°. The m.p. of Z:
was 1860, and the eutectic and peritectic temps. weic t73umand |
2160°, resp. The soly. of W in Zr was 3.5 (max.), with 9.5 a
cutectic and 23.5 at.% at the liquidus peritectic temins,

CALHI 9L Y




2/ v LJMWiﬂ% ST

p—

ﬁ £, ) £y /xaf/‘:/ /.

R ik
() duta g 70

234 (), IR5E
&

Ve



Dl ka) Y

() 7
WAF Tesmochemieal
Tty o 0, 7




A g
AN
%a%%«/ AL T

~ s VY,
N A A e

é SF7— L7

e Tr— L



Tjorucst, E [0. 1779

SV Y cﬂu botenos
944¢LMW4 ,f'kﬁhyﬂf*

1977
E&[Kﬂﬂ)



2 prz roittee J3 75 797G

Puteserrt PN za V. /f,/ gzl

&’ﬂ?a e’ .

il L % FZ Zresal
A 7
rre 7 7‘?‘&: 7z



b vd,
- . |
mva bl
U . '
Ee3 @u% v .

' %Zj/fé///-— 2
7

./
(:’ £ rL
L

’Uéc



£, (6o rrea 1/492) 7980,
(“‘“’"“"9 K. dmz&lﬁ/w/ Y2 Kap F ,g}ﬁﬂv
O,

(;Z) Detall. Tinss. 1980
. / /
A7/ p 1279 ~I=



7987
% Batalin @7 st as

chz@

Hiotn € 4¢ yp%’ﬂfkaé/ /

4 et / fSS/Q AT /95’/
(1), 69-%.

® .87



2

99,99%

23

7957

9 E593. Moaumopduoe or—re (asosoe npespaumenne B
uHCTOM Zr npu aTMocdepHom aasaennn. The a->w poly-
‘morphols phase transformation in pure Zr at atmospheric

pressure. Botstein O., Rabinkin A, Talian-
ker M. «Scr. met.», 1981, 15, Ne 2, '151—155 (anra.)
MeroaoM aHdpaKUHOHHONT  3JEKTPONHOI MHKDOCKONHH.
ofHapyxeHa «-(as3a, BO3HHKAIOWIAA B YHCTOM Zr NPH ero
OXJaXKIeHHH 10 Hu3KHX T-p (4,2—210K), .npu npoxatke:
np# KOMHATHOIT T-pe M WpH NPHJIOXKeHHH AaBiennst 1 ITla. .
O6GbeMHast no.s 00pa3yloleiicss Tocae TaKHX o6paGoTox '
o-pa3ul BechbMa Masd, ‘TAK YTO ee Hedb3n OGHAPYIKHTL .
penrtrenorpaduyeckn. Ha ocnoBaunM mnoayuennbix JaHHBIX
yTouHeHa T—P auarpaMva Zr u MNOKasauo, yro o-tdasa
MOKeT ObITb CTAGHABHON MPH KOMHATHOI T-pe. Bruncaeny
H3MeHeHHe CBOOOHOI aueprii AF NpH «—w Npespaweny:
(225 mk/MOAb) 1 3HEprHs aKTHBAUHH 3TOro Mnpouecca npu

amocgepron _namnenin (A7 mxuanely ™. IL; Yenxos:

b 557 o @

|

!
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o 95: 33651c Heat capacity and some acoustic characteristics ,
v of cobalt and zirconium in the phase transition region. .
O Boyarskii, S. V.; Novikov, I I (Inst. Metall. im. Baikova, ;

Moscow, USSR). Teplofiz. Vys. Temp. 1981, 19(1), 201-3 !
(Russ). The heat capacity of Co and Zr was detd. at the cryst.

hase-transition region and by detg. the resonance frequency of
Kending vibrations of a Co disk. The resonance frequency is !
proportional to the square root of elasticity modulus and sound
velocity. SR ‘
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8 E533. ° Kpucmnnorpaxbun H Moleab o—w chazoBoro:
’ - TPeBpaulenns B uMpkommuy, Crystallography and a model:
t of the. o—sg phase transformation in zirconium. Ra-
binkin A, Talianker M., Botstein O, «Acta
met.», 1981, 29, Ne 4, 691—698 (anra; pes, ¢pann., .

HeM.) : )
IMoa neitcTBHeym AaBnennst 6,0 I'Tla g Zr noJayyeHa
©-¢aza, Koropag CoXpansieress nocse  cusryg name;ma.’
p a.-MHKpocKony, Hcenenosanne  Bugpio MeJKHe - |
@ (6&{2'4{;(&..mmcouuanbume HacTHUH  (pasmepoy 40—50. 3) ®-hasm, |
r Haxolsiuuecs Buyrpy KPHCTAMI0B  ot-MaTpuyp (c TIy-

Z2. ﬂZéJ Pewerxoii). OGHapysxeno 3 SKBHB. Bapuanra crenyiome-’
TO opuenTaunontoro coornomwenys (OC) pewerox ~ - H
.

O-}a3:  '(0001)4]l (1210), [_2110]1ll[0001] Ha ochosa-:

?4 igﬂzﬁ -l noayyennoro OC npeanoskena aTOMHas Mogmenp .-
“ : PCCTPOIiKH pelerxy a-hasp B PCWETKY w-hazy, B OCHO-°
(R A7) Be_MoAean JICKHT _Q!_CLHQHHC_ID,@X\CQQC»H‘.“’_X. MI0THOY na -

gz 227/ 7



KOBaHHBIX aTOMHBIX psigoB [1210]. BAOAL 3TOrO HampasJe-
HHR Ha Qql4 (aq —mapamerp [I'I1Y-¢asw) B .Gasucuoit
IiTOCKOCTH, a TpexX CJCAYIOUIMX IJIOTHOYNAaKOBaHHHX PA-
JI0B—mHa Ty e BEJHUHHY B NPOTHBONOJOXKHOM Hanpas-
JeHHH H T. JA. DTH CMelUcHHS TIPHBOAAT K ‘00Pa30BaHHIO
rekcar. peuletkn ©-asnl NPH HekoQPOIl  «lepeTacoBKe»,
nockocreit {1210},. Tlpeanosaraercs, uto -Takoif Mexa-:
T1H3M NepecTPOiiKi o—-® MOKET OHITH 2HYC/IOBJEH MalbiM
3navennem ynpyroro Moayas Cy TITY-peutetkn, .OTOpHiH
XapaKTepH3yeT KECTKOCTb 3TOif pCIIETKH B HaNnpaBJCHHH

to5

1210)q. O6cyxpatorcs o6uIHe uvepTHl aTOMHBIX MeXa-

iusMos o—0 H B->w (a3oBeX npeBpauleHHii, MPOHCXO-,

_IIUHX NyTeM ONpejcJeHHBIX CABHrOB peleTkd. Buba. 23.
M

I Yenxon
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96: 130806k Very low temperature specific heat of crystallino
zirconium in normal and superconducting states. Lasjaunias,
J. C.; Ravex, A. (Cent. Rech. Tres Basses Temp., CNRS, 358042
Grenoble, Fr.). Phys. Lett. A 1982, 88A(3), 157-8 (Eng).
0 The sp. heat of Zr at 0.03-1.2 K in both normal and superconducting
states was detd. In the normal state, a’purely linear electronic
contribution is obsd. down to 0.1 K; at lower temps. the onset
appears of a nuclear hyperfine contribution, which is unobservable'
in the superconducting state within the exptl. time scale. :
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¢ 97: 79972¢ 'I'hermophysical properties of Group IV transition!
) metals near polymorphous transformations. Peletskii, V. E.;
Zaretskii, E. B. (Inst. High Temp., Moscow, USSR). Proc.!
Symp. Thermophys. Prop. 1982, 8th(2), 83-6 (Eng). The!
temp. dependence of the thermal diffusivity a, the thermal cond.:
A\, and the sp. heat Cp of iodide-refined Ti and Zr was
investigated in the vicinity of polymorphous transformations (at:
700-1700 K). The variation of a, A and Cp with temp. was detd.:
by measuring simultaneously the power and temp. oscillations
and the power-temp. phase shift. All the properties mentioned
above exhibit a jump-like variation at the hcp.~bcc. transformation
. temp. (e.g., in the case of Ti, a changes from 0.56 to 0.65 cm?/s,
; A from 0.26 to 0.16 W/cm-K, and Cp from 0.99 to 0.55 J/g-K).'
_) To measure the transition heat @, addnl. transient electron:
bombardment heating (cooling) expts. were carried out. The.
results obtained were used to calc. the real heat of transformation

1 as (4360 = 100) and (4380 + 200) J/mol for Ti and Zr, resp.

w7
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Lo A0 238 -9%
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98: 222297q Isotopic_abundance ratios and atomic weight of
zirconium. Nomura, Masao; Kogure, Kazumi; Okamoto, Mnkotoi
(Res. Lab. Nucl. React., Tokyo Inst. Technol., Tokyo, Japan 152).:
Int. J. Mass Spectrom. Ion Phys. 1983, 50(1-2), 219-27 (Eng).:
Abs. values were obtained for the isotopic abundance ratios of a Zr!
reagent by using surface-ionization mass spectrometry. Two kinds of ;
enriched Zr isotopes, 97Zr and ®Zr, were calibrate the mass
spectrometer. The resulting abs. values are MZr/™7r = 0.21814 +
0.00022, 92Zr/%Zr = 0.33324 =+ 0.00013, *¢Zr/%Zr = 0.33779 +
0.00021, and *Zr/®7r = 0.05440 £ 0.00009, where the uncertainties’
correspond to the 95% confidence limit caled. from the reproducibility
of repeated measurements. The at. wt. corresponding to the ratios
was ciled. as 91.2235 + 0.0005, which is in accord with the value
reported by J. F. Minster and L. P. Ricard (1981) (91.244) and the
currently accepted value of 91.22 by IUPAC (1975). et
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5 E570.  daeKTpPOHHO-MHKDPOCKONHYeCKOe ‘HCC/Ie10BAKHe
‘ezw-npespauleHns B uupxonud. Jlo6poMucaos A. B,
Taayn l-{.Pl., Zte.\(lrfhm: MapreMbsinon A.H,
«®u3. MeT. u_MeTasanoBeA.», 1984, 57, Ne 1, 90—95

Meronom TIOM mayuena mopdosnoris obpasyioueiics
nox AassenneM o-¢aswl B Zr. Ilokasano, urto HHAYLHpYe-
MOC AaBJCHICM (—>®-NpeBpallleHHe CONpOBOKAACTCS OB~
JICHHCM 112 3/ICKTPOHOrpaMMax AHQQY3HBIX WITPHXOB, KOTO-

[I/ﬁﬁ;, /I/W- PLIM COOTBETCTBYIOT NJOCKOCTH Anddy3HOro paccesms,
copnajaomne ¢ naockocrsmu (001) oGpatnoit pewerky
o-¢passl. Ha ochosammn amanmsa auddysuoro paccesinis
CAeNaH BBIBOX O HANHYHH B CTPYKTYpe ©-(a3ml JHHeHBIX
Aedekros.” e Pesiome
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102: 155865) Thermodynamic characteristics of the complexation
of zirconlum with sulfate lons in an aqueous solution. Mel'nikova,
V.M.; Klement'eva, I. I; Kirichenko, A, E; Vasin, S. K. (USSR).
Pererab. Fiz.-Khim. Svoistva Soedin. Redk. Elem. 1984, 68-73
(Russ). Edited by Vasin, S, K. Akad, Nauk SSSR, Kol'sk. Fil.:
Apatity, USSR. Heats of soln. of Zr in 4N H2SO4 (in presence of
HCIO:) were measured at 298.18 K for 6.38 X 10-4 and 1.05 X 10-3

/A /4 mol/L of Zr. Heats of diln. were derived. The heats, free energy,’
M / /7 /0 and entropies of formation of Zr complexes with H2SO4 were caled,
et)”

.

O ® L By (reonp
£ ). 1985 102 nig. (e 46)49)




(/%"z /985

%f 5/7,@!/5@ Yo % .
| Keel rits ki B ﬁ el afl.
7. Nokl. Moo Neuk 5&’5’/?
L 1988 486(3), 6/9-2/.
) .
(Cur 72 7)



0&%) &Zi MJ/@ 925
/ﬁﬁg% -, j&/@%% %/

/ﬁ% Temp. 5_(54",/. /985,
/19, v3, 329-3Ys”

b,
43/,



/ 44//?

/f? /740% o Ledp /I3

‘444/ crcves 795



/995
AL 020D

102: 210290v Thermophysical properties of zirconium and
hafnium at high temperatures. Kats, S. A;; Chekhovskoi, V. Ya.;
Kovalenko, M, I). (Inst, Vys, Tem‘p.. Moscow, USSR).  Teplofis.
Vsa, Temp, 1085, 23(2), 405-7  (Rusw), Mixing calorimetry was
used {p mengufa‘tiw enthalples of o= and #-Hf, #-Zr, and liq. Zr.
The heat capgeities were derived. The heat of transition of }?f (at
2048-2081 K) and of fusion of Zr (2130 K) were also detd,_

-

X2

&A/ﬂf/)’ IO
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-'103: 43693r High-temperature specific heat by a pulse-heating
method. ‘Wire, M, S.; Fisk, Z.; Webb, G. W. (Mater. Sci. Technol.
Div., Los Alamos Natl. Lab., Los Alamos, NM 87545 USA). Rev. Sci.!
Instrum.. 1985,  56(6); 1223-6 (Eng). A pulse-heating method for’
measuring sp. heat and elec. resistivity at high temps. s described.’
This technique can be used for elec. conductive materials from room
temp. to near 1300 K. As an example, measurements are presented
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) 10 E294. Tennodusuyec CBOWCTBA LUHPKOHMS M
raduus npu BblcOKHX Temnepatypax. Kau T, A, Ue-
Xosckoi B. §I, Kosaneuko M. [. «Tennoq)us.'
BLICOK. Temmepatyp», 1985, 23, Ne 2, 395—397
[TpuBesennl pe3ysbTaThl HCCAENOBaHHiT sHTambmun  Hf
u Zr B untepBane T-p 1200—2350 K. duransnus o-dasm
Hf  onuceiBaercs Bupax\em{em (HT—Hggs)‘_QG 098
(T—298,15) +3,4151-10-3 (T—298,15)2, B-has Hi u Zr
. (H r—H98) 111 =—9346,54+33,5482 T; (Hr—Hogs) 70 =
9 /g =3542+4,72-10".exp (—37300/T); xumkoro Zr— (Hp—
Ty, A /LD, —He)=7845138769 T  (Tnfsioms). Tennora o—p-pa-
/ soporo  nepexoga  Hf (Te—p=2013 K) paBHa

P 3,31 x[Ix/monb, Tennora maapnenust Zr (Tox=2130 K)
A ”]/ coctaBasier 14,674 xILx/Moab. ey _3unosben

Do/ @
ch. /955, /8, #10
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108: 27623r" On the usc of shock-wave data‘in evaluations of.
thermodynamic propertics. YFernandez Guillermet, A. (Div. Phys. .
Metall, R. Inst. Technol, S-10044 Stockholm, Swed.). /. Phys.
Chem. Solids 1987, 48(9), 819-25 (Eng). Data from shock-wave |
expts. may be combined with thermodn. data obtained by conventional
techniques to evaluate the thermodn. properties of 'a material. The:
evaluation may be performed by adopting a model for the Gibhs'
crergy as a'function of t

emp. and pressure. The results for Zr are
W fdiseussedi e BERRT 5 e s LEE N

41988 1080 @ (ot qur
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"7:224100y Critical evaluation of the thermodynamio properties’'

“rirconium, Guillermet, Armando Fernandez (Div, Phys, Metall.,’

1 bst, Technol., S-10044 Stockholm, Swed.).: High Temp. - High

“msures 1987, 19(2), 119-60 (Eng). The thermodn, properties’

#! the pressure~temp, ﬁhase diagram of Zr were evaluated from

«tL information witg the use of thermodn. models for the Gibbs

tegy of the individual phases. A set of parameters describing the

M o ﬁ;u:’x energy of the various condensed phases as a function of temp,

' *! pressure is presented. Exptl. data of many different types are
t«dactorily reproduced by the evaluated model parameters,

gy -
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] 9B3011. Hcnoabzosauue AQHHBIX METOMa  yjapHoit'
BOJHH B OUEHKaX TEPMOAHHAMMYCCKHX CBOfiCTB. On the:
use of shock-wave data in evaluations of thermodynamic:
properties. Guillermet A. Fernandez «J. Phys..
and Chem. Solids», 1987, 48, Ne 9, 819—895 (anra.)
[Ipeanoxen Mertox ouenkn TCPMOAHHAMHY. CB-B Pa3.IHy-:
HEIX TNCPCXOAHHX METaJ/IOB, HCMOAL3YIOWHI  coyerame:
SKCNCPHM. JAUHBIX, MOJNYYCHHHX METONOM YAAPHON BOANL
(YB) ¢ np. tHnamu Tepmonmmanuy. Hngopmauun. Mertoy.
OCHOBaH Ha (CHOMEHOOrHY. MOACAH 3neprin I'nGGea B-Ba
Kax ¢-uun T-pel u gasa. IMokasauo, uto 3Ta MOJeaL maer
BLIDAXKEHHST AJ1s Pa3HiHBIX TEDMOLHHAMMY. CB-B i oGecre.-:
YHBAeT MoJlyyeHHe HHOOPMALUHH O NOBegeHHH nepexoanmx
METaJI0B. 3HayeHHs! apaMeTPOB MOACAH OLUEHNIBAKITCS H3.
oxcnepuM. namHux. Ilpeanomennuii ‘Mertog c HCNOJIb30Ba-
HHEeM MaUHHHON NpoueayPH ONTHMH3AIHI npiMenen K oG-
paGOTKe TEPMOAHHAMHY. HaHHBIX, MOJYYCHHBIX B OGHYHEIX
CTaTHd. HCC/ELOBAHHAX, H NAHHHX NO YAApHOi aawaGare-
ans_Zr. OGCyKAeHb NOJyYeilHble TepMOAHHAMHY. CB-Ba |
P—T-npuarpamma_ang_Zr. Ipeanoxeno oGbackene _hazo-,




Boro nepexopa B Zr, oGuapyxeunoro merogoM YB. Iloka-
3ala BO3MOJKHOCTb COrJIacOBaHHsi (a3oBOro nepexoia c
P—T-puarpamMmoii, nonyuchuoii na OCHOBAHMH CTAaTHY. HC-
CJe/I0BalHil, @ Tak)Ke BO3MOXHOCTb YAOBJCTBOPHT. 00BsiC-
HCHHA BceX_ HMeIOULHXCA 3KcnepuM. manHbX. B. @. BaiiGys
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' 2 E643. ~ HoBulii (a30BLIt mepexos B METAJJTHYECKOM
UHPKOHHH NPH BBICOKMX naBnenusx. New high-pressure

- phase transition in zirconium metal / Xia ui, Duclos

Steven J., Ruoff Arthur L., Vohra Yogesh K. // Phys.:
Rev. Lett.— 1990.— 64, Ne 2.— C.  204—207.— Amura.

Ha ycranoBke BLICOKOrO JaBJjeiliisi C aJMa3HbIMH Ha-
KOBaJbHSAMH peHTreHorpaduy. MeTOAOM C paccesHHeM IO
SHEPTHH CHHXPOTPOHHOTO H3JyueHust H3yyeHbl ¢as3oBHE
nepexoasl B Zr npH Aasjenuax po 32 I'Tla. B uutepsa-
je nasaennit 30£2 I'Tla npu NPHJIOKEHHH H CHATHH JAaB-
JeHHs oOHapyeH (ha3oBHIil NEpexox NepBoro pojaa Mex-:
ny o-¢asoit 1 OLIK-dasoit (H30CTPyKTypHOil nepexoaHsIM
sneMeHTaM V Tpynmel), YTO KayecTBEHHO corJacyercs c
NpeacKa3aHHsMH NEepBONPHHUHANLIX  pacyeTtoB. Hamnume
OLK-¢asw B Zr (saement IV rpynnw) noa aaBieHHeM
npH KOMHATHOIl T-pe O03HayaeT CyulecTBOBaHHEe HHAYUH-
pOBaHHOIl JAaBJieHHEM 3JEKTPOHHOIT KOoHGHrypauHH, aHajo-
FHYHONl KOHGHrypauHH  AJAA  3JeMEeHTOB V. TpyMmbl.

Bu6a. 20. . S E. C. Anekceen
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4 E563. PentreHorpadHueckoe HCCAE0BAaHHE 3JEKTPOH-|
HOro s—d-nepexoja B UMPKOHHH NMPH BHICOKOM JaBJEHHH.|
High-pressure X-ray diffraction study on electronic s—d-
transition in zirconium / Akahama Yuichi, Kobayashi Mo-
totada, Kawamura Haruki // J. Phys. Soc. Jap.— 199].—.
60, Ne 10.— C. 321'1—3214.— Anra. . f

Ipu pasn. po 68 I'lla mposeseno  penrtreHorpaduy.’
H3yyeHHe SJICKTPOHHOro' s—d-mepexoaa B Zr. OGHapyxe-
Hol nepexosl 3 ITIY-CTpYyKTypH B rekcarosanibHyio, a:
satem B OLIK-ctpykrypy npu 6,7 u 33 IIla coorsercr-
seHno. B OLIK-dase HaGmiojajcst H3OCTPYKTYPHHI mepe-
xoa npu 56 [Ila. IOas rexcar. ¢a3sl BbLIYHCJAEHH H30Tep-
MHy. MoayJab cxkaThHa Ko=!121 I'lla u ero npoussoxnas

" mo aasienuio Ko'=i1,69. AroMublit o6bem OLK-Zr npu

nasa1. nepexoxa 33 I'lla cornacyercs ¢ cOOTBETCTBYIOLIHM
o6bemoMm OLIK-Na mpu HoOpM. naBieHHH. s—d-nepexox B
Zr uger npH Jio60M JaBleHHH M 3aBepuiaeTcsi € H30-:
cTpyKTypHbEIM nepexonom npu 56 Illa. o
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115: 267714 Properties of
V. N;  Savvatimskii, A. I. (Inst. Vys. Temp.,
Teplofiz. Vys. Temp, 1991, 29(5), 883-6 (Russ).
and enthalpy of lig. and solid Zr were detd. includi
range. e s frn e e A y

solid and liquid zirconium. Korobenko,

Moscow, USSR).,
Elec. resistivity
ng the melting
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5 E438. CpoiicTBA TBEPAOr0 M KHAKOTO LHPKOHHA [
KopoGenko B. H., CaBBaTHMCKHil A. U. [/ Tenaodus. Bu-
cok. Temnepatyp.— 1991.— 29, Ne 5.— C. 883—886

[IpeacTaBiacHbl  3KCMCPHM. JAanHbic 00 3HTAJbMHH H
9JCKTPOCONPOTHBJCHHSA_ZT A TBEPAOil (asbl H JKHIKOTO
COCTOSIHHSI, BK.jlouasi oOnactb MaaBicHus. Ilpoanaausupo-

BaHbl JIHTCP. JlaHHbIE CTAlUlHOHApHBLIX H HMNYJbCHBLIX H3Me-
7 0/ pemuii sutambmum Zr.

c/b 1994, NS
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) 2E592. IMy—OLK nepexoa u csobogusie SHeprum TNY-

M OUK — crpyktyp B umprommm. hep-bee  transition and -

the free energies of ‘the bee structures of zirco-

nium / Salomons E. // Phys. Rev. B .— 1991 — 43 . Ne

7 ,PtB .— C. 6167—6169 .— AHrn. =

/7- Metogom Monte-Kapno paccuurana TemneparypHas 3asu—l
t2)

cumocts csoboanoli aneprun ana IMY- u OLK dhas ol

ch 1993, W



/99/

114: 218350y 'The hep.-hee. transitien and the frce energics cfl
‘tue hep. and bee structures of ziresaium. Salomonz, B, (Sect.
{Rech. Metall, Phys, Cent. Etude Nucl. Snclay, 91191 pif-sur-Yvette, |

iFr.). Phys. Kev. B: Conderis. Matter 1691, 43(7-B), 6167-9 (Eng)..
IThe obs. free energies of the hop. and bee. phases of Zr were caled. &3
la function: of temp. by the Einstein-crystal method, using lMonte;
!Carlo simuictions of a tight-binding model. The thermodn.;
transition temp. of the hep.-bee. wransition is close to the trasaition !
ten'p. obsd. in const-pressure mol--dyncmics simulations.  ‘The!

g caled. value o tie entropy difference of the hep. and bee. phases
tz A 2 scce with the c::ptl. .valuc, teking into account the contribution of:
‘ ) the electrenic excitations. The temp. depandence of the enthiluy!
T . £ 41 o ll e " A \’J

difference of the fep. and hee, phases contributes considerably to the

‘temp. dependence of the free-cnergy, difference of the hep. end bee.:

phases.

e.A.1990 119, N2
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) 11 E692. TemnepaTypHasi- 3aBHCHMOCTL  NpeBPAILEHHS

o-pa3pl B uupkonun.  Temperature dependence of the:

w-bce phase transition in zirconium metal / Xia Hui, Ru-:

off Arthur L., Vohra Yogesh K. // Phys. Rev. B.— 1991,

— 44, Ne 18— C. 10374—10376.— Amnra.

‘MeTtomoM peHTreHOrpadHH ¢ HCMOJb30BAaHHEM HCTOYHHKA

CHHXPOTPOHHOTO H3JYYCHHS HCCJELOBAHO BJHSHHE BHICOKO-

ro JaBJICHHs H3 T-phl Ha npeBpauenne @—OLK B Zr. ITpn

KOMH. T-p¢ OHO NpPOHCXOAMT  NpH AaBJjcHHH 3543 TIla

Iepexon ©—OLK npu-aasnenun 32 ITla eajiH3yercs

: npu 448K, a oGpaTHoe npespamenHe OILf (—® — npy’

) /'fz_ 348 K. Ha P—T-anarpamMe rpannua o/OLIK XapakTepH-
3yercs orpuuarteabHbiM (395 k/TTla) Haka0HOM OTHOCH-:

TeJbHO OocH abcuuce. w-(asa B Zr uMEET MeHblIyio 3HTpO-

nmio, uem OUK-dasa. _ .

P 1993, 4 //—12
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125 176095d Band structure calculations to predict phase.
trasformations at high pressures. Gupta, Satish C. (High!
“sewsure Phys. Div,, Bhabha At. Res. Cent., Bombay, 400 035 Irdia).|
*v& Compression Condens. Matter--1991. Proc. Am. Phys, Soc.|
v Conf. Tth 1991 (Pub. 1992), 15763 (Eng). Edited by
Stmidt, Stephen C. North-Holland: Amsterdam, Neth. Predictions |
¥ ;recaure induced phasc transformation in materials from ab initio |
=ethods are rare. This is because the Gibbs free energy differences’
ssiveen different phases are very small (a few mRy/atom or
e=dler).  However, recent band structural theories based on d.
"=cuonal forn.alism have acquired capabilities to cale. such small
weqy differences duc to the increase in comrulationdl speed and’
wprovements in the theories. One example of the successfu]
#aliction of pressure induced phase transformation is the hep. to

ansition at 80 GPa in Si and hep. to bee. transition around 50.

“'ain Mg, These transitions have been later verified using energy
i

‘spensive, x-ray diffraction (EDXRD) measurements in a diamond
vl cell (DAC). The other example is the prediction of pressure
~d.ced transitions in Group IV elements (Ti, Zr, and Hf)) employing
*«sr-muffin-tin-orbital method in_coniunction with the_Andersen

0. A-1993 18 NIE T 7 gy




trie theorem. A new phase transition was predicted in Zr, « (a
*ree atom simple hexagonal) to 3 (bec.) at 11 GPa, in addn. to the
i==n lower pressure, athep.) to o transition. This prediction was
s*aequently confirmed using EDXRD measurements and found to!
v at 30 GPa. A.similar transition (w to g) was predicted in Hf at
' TGa which occurred exptl. at 71 GPa. The calens. on Ti, however, '
wxoreted that no w and 3 transition occurs up to 26 GPa: thiz resuit
s« agreed with later expts. Furthermore, the anal. has successfully
inzed the causes of exptl. shock discontinuities obsd. in these
reias.  Despite such success of the theories in predicting the -
~uure induced phase transitions, there remains a problem of the
st for the input crystal structures. Here, the d. functional mol.
mics calens. may provide an answer. o ————
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1 BS. MonyueHne umcTbIX UMPKOHMS ragpuma /Ko-
uaps M. Jl., Axawxa B. M., Bopucos M. W., Boioros T H.,
Meanoe A. H., Koposun 1O. @., Jiunar K. A., Myxaues A. M.,
®Mepopos B. A., Yynpuwko B. T. //BbNOKOHHCT. seuwiecrsa
—1992 .—N2 4 .—C. 85—92 .—Pyc. ;pea. aurn. s

Paccmorpeuu BO3MOMHOCTH MONYYEHUA YMCTbIX, He ycry-
NalOWMX MO Kau-BY MOAMAHLIM METaNNam, UMPKOHUS M radHus;
nyTem KanbuMeTepMHY. BOCCTAHOBNEHMA MX TeTpapTOPMAOB

‘M PaMHUPYIOWEro 3NeKTPOHHO-NyYeBoro nepennasa. [loka-

3@HO, 4TO Ka4-BO MeEeTannoB onpegensercs 4YWMCTOTOM Hcxon-

‘HBIX TETPa(TOPUAOB M KaNbUMA, a TAKXKE PEKMMAMM M ycno-

BUSMM NPOBEAEHMS BOCCTAHOBMT. WM PaPMHUPOBOYHBLIX. Nna-:
BOK — repMeTH4HOCTbIO annapartos, yAaneHuem apcopbupo-
BAHHbLIX ra3oB M3 LWMXTbl, BEenuuYMHOM u36bITKA BOCCTaHOBMTe-
ns, HanuuMem Ap. PackMCIUTEened, MaTepManom Turas, Bse-
NUUMHAMM  YAENbHLIX MOLIHOCTM M CKOPOCTH 3NEKTPOHHO-
nyuyesoro nepennasa. [IpuBOAMTCS XMM. COCTaB Kansuuertep-
MMY. UMPKOHWR M raHUR B CPABHEHMM C MOAMAHBIMK MmeTan-
namm. . e o e

/%L fuamwa
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119: 126216u Thermodynamic analysis of chemical -reactions
of zirconium with aqueous solutions. Slobodov, A. A.; Kritskii,
A. V.; Zarembo, V. L. Puchkov, L. V. (St Peurburg Tekhzel
Inst., St. Petersburg, Russia). ZA. Prikl. Khim. (S.-Peterburg) 1992,
65(5), 1031-41 (Russ), Exnstm§ thermodn. data (heats and entropies’
And free energies of formation) for Zr, ZrO:, Zr(OH)i, Zr-hydrated
ions, monohydroxy and polyhydroxy complexes of Zr(IV) were'
analyzed and the conclusions were made regarding the validity of
some of the values. A model is proposed for the estn. of these values
und of hydrolysis characteristics (computer applicable) for homo-

heterogeneous equil. in the temp. inler\af 203623 K and for

i Jﬂwjpu-mxu e

/ Q‘ vvx?/Q/ ‘ X’Z/[%'/y ‘79
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120: 40795r Spectral emissivity and optical properties at A =

632.8 nm for liquid uranium and zirconium at high temperatures.

Krishnan, Shankar; Weber, J. K. Richard; Anderson, Collin D.;

Nordine, Paul C.; Sheldon, Robert I. (Intersonics, Inc., Northbrook,

1L 60062-1818 USA). J. Nucl. Mater. 1993, 203(2), 112-21 (Eng).

The spectral emissivities, refractive indexes, and extinction.coeffs. of

pure lig. U and Zr were measured vs. temp. by He-Ne laser’

polarimetry at A = 632.8 nm. The expts. were conducted under .

containerless conditions using electromagnetic levitation and heating:

3 supplemented by COz laser beam heating. Clean liq. metal surfaces
7 o) J/ M + / :C were achieved Dy heating the specimens to high temps. at which
/7/] o — / ) oxides evapd. and nitrides decompd. Results were obtained for lig. U
and Zr at 2000-2800 and 2000-2600 K, resp. and included data for

liq. Zr undercooled by 125 K. The spectral emissivity of Zr was 0.345

and was independent of temp. <The spectral emissivity of U

increased with tem%. from 0.272 at 2600 K to 0.294 at 2800 K. The

melting temp. of Zr was detd. from its emissivity and apparent

melting temp. to be 2125 £ 11 K, in agreement with values in the

literature,

C.A.159Y Lo, kY
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124: 157437z Differential thermal analysis of solid zirconium.

Zhu, Y. T.; Gao,Y.P.; Devletian,J. H.; Manthiram, A. (Oregon Gradu-

ate Institute, Los Alamos National Laboratory, Los Alamos, NM 87545

USA). J. Test. Eval. 1995 (Pub. 1995), 23(6), 431-5 (Eng). Several

observations are made in the DTA test of solid zirconium specimens.-

Increasing neating rate generally increases the solid—phase transition

temp. for both nondeformed and cold—worked specimens, but to a differ-:

ent extent. Upon cycling the specimen with a const. heating rate, the

phase transition temp. decreases initially during the first few runs and’

then remains const. Also, holding a specimen for some time just before

by sad the phase transition during heating increases the phase transition temp..
/t Z) Specimen heating history and prior cold work are also found to influence
/ the solid—phase transition temp.
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19B336. CucremMa OCMMII-UMPKOHMII. Os-2r (osmium-
zirconium) / Okamoto H. // J. Phase Equilibria
[6eBm. Bull. Alloy Phase Diagr.}. - 1997. - 18, 4.
- C. 405-408. - AHDI.
Ha OCHOBe JMT. JHaHHHX [OCTpOeHa ¢(asoBasa mmMarpamMa
cucTeMH OCMMII-LUMPKOHMM npu T-pax 600-3033{°}C nmnsa
BCeit O6JACTM COCTaBOB. I[IpPMBENEHH HAHHHE NO KPUCT.
CcTpYKType ¥ napamerpam pemerok Os, Os[2]Zr, OsZr,
0szr([2], Os([17]zr(54], ‘'ansda'-Zr, 'Gera'-2r. :
e — e— ]




e 199+

F: 2r
B: 1
13B2182. WccnenosaHue ¢a30B0i CTaGUIBHOCTU UUMPKOHUSA

a3 M3 nepseX nNpuHLUMNoB / OcraumH C. A., Tpy6uusH B. 0. !
136C // ous. TBepn. Tena (C.-llerepbypr). - 1997. 39, 11. !

£,(;((ow, - C. 1933-1934. - Pyc. i
%—A [losiHOMOTEeHUMANbHEIM ~ MeTonoM LMTO BHUYMCJIEHB MOJIHaA
al AU §X SHeprusa, paBHOBeCHaa [OCTOAHHAA pelWeTKM U o6beMHHI
MOnYJib HabmonaeMslx daz LUMPKOHUA . NMonyyeHo
KONMYeCTBEHHOe COoIrJjlacMe C O3KCMEepyMMeHTOM nanda obbeMa

M InaBJIeHMA CTPYKTYpHOTr Triepexona 'omera''->''Gera'. |

O6cyxnawTca noeeneHue u oco6eHHoOCTH SJIEKTPOHH '

CTPYKTYPH IJIf CYWEeCTBYKWMX MpPU BHCOKOM QNaBJjieHuu odas-

Zr, a TaKxke PpoJib OCHO 4p-COCTOAHMII NpU I[epexone :
'omera''->''Gera'. _ i
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197: 127251d, Calculation of the phase diagram of Zr in a simple ;
odel. Os S. A.; Trubitsin, V.Y. (Physico—Technical Institute,
evsk, Russi B 1997, 201(2), R9-R10

ia 426001). Phys. Status Solidi |
, Akademie Verlag. Lattice properties and the phase diagram of |
ing the Debye model. The isothermal dependencies |

- {Eng)
ﬂ ﬂ& were caled. us ! > del.
: iNV) were caled. by direct differentiation of the free energy for each’
The calcd. structures were similar to exptl. results. B

fircture. The cald

- | ©
C.H.1997, [RF NG



F: Zr
P: 1
9B5310. CBA3b napuManbHOM TEIUIOTH MCMNAPeHUA aToOMOB Zr u3
ZxC[ x] C oSHepreTM4YeCKuMM rapaMeTpaMy — MeXaTOMHHX

ssaumoneitcTeuit / lixait B. A. // X. ¢us. xmom. - 1997. -
71, 9. - C. 1563-1567. - Pyc.

llpuBeneH aHanms 3JIeKTPOHHO=-BAJIEHTHOM monenu,
MCNOJb3YyeMOit npu pacueTax GIMXHETO nopsanka B

pacrnpeneneHumn C-BakaHcuit KyOMUEeCKMX KapOMOOB & MeTajjIoB
IVA noxrpynna (M{ IV}C[ x]). IlokasaHa HeoOXOOMMOCTHb

BBemeHUA MONPABOYHOTO NapaMeTpa K OHEPruyM paspusa CBA3N
M-C mms M{ IV}C[ x] npu cocrasax, Oum3kux K

199

71




c'x'exnome'rpuixecxomy (x=1). BrruycrieHa KOHUEeHTpaluMoOHHasa -

3aBUCUMOCTb napunanbuoﬁ TeMNJOTH MCapeHus aTOMOB 2Zr us

2rC[ x] (H{ p}[ M]) no BHBeOEHHO}! COIJIACHO MOQENM

dopmyne, ycranHaBmuBawmeit cBA3b Mexay H{ p}[ M], c onHoi

CTOPOHH, n 3HepreTnueCKUMMN napaMerpamm MeXaTOMHBIX |

Eaamoneﬁcwaui‘t, a TakxXxe pacCUuyMTaHHEMM XapaKTepUCTUKaMU

OnuxXHEero NOpAdKa B pacnpenejeHun C-BakKaHCuii, C IPYroit; |

pesynbTaTH pacyera H{ p}[ M] KOJIMYECTBEHHO COIJIAaCYKWTCA C

3KCNEePUMEHTOM. c MOMOIBIO YTOUHEHHHX 3HaueHuit
DHEpreTMYECKMX napaMeTpOB .HalimeHo pacnpeneyieHue C-
BaKaHCHIi.  BHABJNEHO CymeCTBEHHOE  BIMsHME  napameTpa

DJIEKTPOCTATUUECKOTO OTTAJKMBAHMA BAKaHCUMII Ha CTeneHb
OIMXHEero nopaxka B pacnpegesieHuMu C-BakKaHCHii.
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F: Zr
P: 1 N !
133:271897 Electronic Structures of M21S8 (M =

Nb, 2r) and (M,M')21S8 (M, M' = Hf, Ti; Nb, Ta)
Phases and Reasons for Variations in the Metal Site
Occupations. Koeckerling, Martin; Canadell, Enric
FB6-Institut fuer Synthesechemie, Gerhard-
Mercator-Universitaet Duisburg 47057, Germany
Inorg. Chem., 39(19), 4200-4205 (English)
2000. The electronic structures of binary M21S8 (M
— .
= Nb, 2r) and isostructural ternary (M,M')21S8 (M,
M' = Hf, Ti; Nb, Ta) phases have been studied by
means of extended Huckel tight-binding band
structure calcns. For the valence electron concn.
in the binary group 5 metal phase Nb21S8, metal-




metal bonding is optimized whereas, in the isostructural
group 4 metal phase 2r21S8, metal-metal bonding levels

exist above the Fermi level. However, the electronic|
structure anal. suggests a stable structure for M21S8
phases with group 4 metals and that (M,M')21S8 phases)
with mixed group 4 and group 5 metals, even if not yet|
reported, could well exist. In the ternary pl'xase;|
Nb6.9Tal4.1S8, a linear relationship exists between the|
magnitude of the metal-metal bonding capacity (as!
expressed by the total metal-metal Mulliken overlapi‘
population) of each crystallog. independent metal site;
and the occupation of the site with the heavier metal|
(i.e., the element with the greater bonding capability).

The situation is quite more complex in Hf7.5Til3. 588, -

‘where the metal-metal bonding capacity - ‘of each site,!

" differences in electronegativity between’ Ti and Hf, and’

site vol. arguments must be taken- into account . to"

understand the metal site occupatlon.
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135: 112596m Zirconium temperature measurements from the
melting point to 4100 K involving the use of blackbody models
in the liquid state. Korobenko, V. N; Savvatimskii, A. I. (Institute
of High Energy Density, IVTAN (Institute of High Temperatures)
Scientific Association, Russian Academy of Sciences, Moscow, Russia
127412). High Temp. 2001, 39(3), 485—490 (Eng), MAIK Nauka/
Interperiodica Publishing. The temp. (2128—4100 K) dependence of
specific enthalpy E at atm. pressure is obtained under conditions of fast
(microseconds) pulsed elec. heating of zirconium foil samples. The en-
thalpy dependence of the spectral d. of radiation at the wavelength of
0.855 um is measured for flat surfaces and for two blackbody models
made of zirconium foil. The temp. is calcd. by Planck's formula. The
temp. plateau on the curve of the dependence of T on E in the melting

O
./

C. AR LS WS



of zirconium is used for calibration, and the value of the plateau temp.
is taken to be equal to the equil. m.p. of 2128 K. The blackbody models
are assembled of sep. flat strips of zirconium. The objective of this study
is to develop and exptl. verify a blackbody model suitable for both metals
and graphite and to derive the temp. dependence of the thermal proper-
ties of liq. metals and liq. carbon at high temps. under conditions of fast
pulsed heating. A Tektronix TDS 754C four—channel digital oscil-
loscope was used in the measurements.. . —-——— "
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135: 323333m Specific heat capacity of liquid zirconium up to

X/ 78~ V/ﬁﬂf 4100 K. Korobenko, V. N.; Savvatimskii, A. I. (Institute of High Energy
Density, [VTAN (Institute of High Temperatures) Scientific Association,

Russian Academy of Sciences, Moscow, Russia 127412). High Temp.

2001, 39(5), 659-665 (Eng), MAIK Nauka/Interperiodica Publishing.

The temp. dependence of the sp. heat capacity of liq. zirconium is

investigated exptl. at atm. pressure and at temps. from 2128 to 4100 K.

Measured under conditions of pulsed (microseconds) elec. heating of foil

- samples are the elec. resistance, the specific energy input (equal to specific
( & / enthalpy E), and the temp. (with the aid of a high—speed pyrometer and

C. A o001, 138 Vik e f



solid—state light guide). Use is made of the specific enthalpy dependence

/;f temp., previously obtained for two options of the blackbody model,
developed for investigation of liq. carbon. The first one of these models
is a square tube made up of four zirconium strips, with the light guide
introduced at the tube end. The second model is made up of two strips
of zirconium, with the light guide introduced on the side into the gap
between the two strips (two—strip blackbody model).  The temp. depen-
dence of the heat capacity of liq. zirconium up to 4100 K is given for both
blackbody models. ‘The random and systematic errors of the measured
quantities are given. The values of sp. heat capacity are compared with
the available exptl. data for the near melting stage of the liq. zirconium,
obtained using a steady—state technique. IS e

/.
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. 135: 323334n Investigation of _thé heat of polymorphous trans-

formation in zirconium by the method of pulsed electric heating.
/Peleggkii5 V. E,; Petrova, I. I; Samsonov, B. N. (Institute of High
snergy Density, IVTAN (Institute of High Temperatures) Scientific As-
sociation, Russian Academy of Sciences, Moscow, Russia). High Temp. '
2001, 39(5), 666—-669 (Eng), MAIK Nauka/Interperiodica Publishing. -
Results are given of the detn. of the heat of polymorphous transforma-
tion in zirconium during resistive elec. heating of specimens at rates
from 103 to 104 K/s. A comparative anal. of the time dependences of
temp. and resistance is used to demonstrate that the beginning and '
f'Z, completion of phase rearrangement occur non—simultaneously over the -
A entire working length of the specimen. A procedure is suggested for
obtaining refined data on the thermal effect, based on the calcn. of the
(/ fraction of the working section, which has completely passed over to a
7 new phase during a time interval identified by the heating thermogram. -
The mean value of the heat of a—g phase transition obtained by this
procedure is 55.4 J/g. The obtained data are compared with those avail-
able in the literature. . .
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