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4Foreword

In 1957, the Thermophysical Properties Research that about 100 journals are required to yield fifty
Center (TPRC) of Purdue University, under the percent. But that other fifty percent! It is scattered
leadership ofits founder, Professor Y. S. Touloukian, through more than 3500 journals and other docu-
began to develop a coordinated experimental, ments, often items not readily identifiable or ob-
theoretical, and literature review program covering taimable. Nearly 50,000 references are now in the
a set of properties of great importance to science and files.
technology. Oxer the years, this program has grown Thus, the man who wants to use existing data,
steadily, proIucing bibliographies, data compila- rather than make new measurements himself, faces
tions and recommendations, experimental measure- a long and costly task if he wants to assure himself
ments, and other output. The series of volumes for that he has found all the relevant results. More often
which these remarks constil ate a foreword is one of than not, a search for data stops after one or two
these many important products. These volumes are a results are found-or after the searcher decides he
monumental accomplishment in themselves, re- has spent enough time looking. Now with the
quiring for their production the combined knowledge appearance of these volumes, the scientist or engineer
and skills of dozens of dedicated specialists. The who needs these kinds of data can consider himself
Thermophysical Properties Research Center de- very fortunate. He has a single source to turn to;
serves the gratitude of every scientist and engineer thousands of hours of search time will be saved,
who uses these compiled data. innumerable repetitions of measurements will be

The individual nontechnical citizen of the avoided, and several billions of dollars of investment
United States has a stake in this work also, for much in research work will have been preserved.
of the science and technology that contributes to his However, the task is not ended with the genera-
well-being relies on the use of these data. Indeed, tion of these volumes. A critical evaluation of much
recognition of this importance is indicated by a of the data is still needed. Why are discrepant results
mere reading of the list of the financial sponsors of obtained by different experimentalists? What un-
the Thermophysical Properties Research Center; detected sources of systematic error may affect some
leaders of the technical industry of the United States or even all measurements? What value can be derived
and agencies of the Federal Government are well as a "recommended" figure from the various con-
represented. flicting values that may be reported? These questions

Experimental measurements made in a labora- are difficult to answer, requiring the most sophisti-
tory have many potential applications. They might cated judgment of a specialist in the field. While a
be used, for example, to check a theory, or to help number of the volumes in thisSeries do contain
design a chemical manufacturing plant, or to com- critically evaluated and recommended data, these
pute the characteristics of a heat exchanger in a are still in the minority. The data are now being
nuclear power plant. The progress of sciice and more intensively evaluated by the staff of TPRC as ai
technology demands that results be published in the integral part of the effort of the National Standard
open literature so that others may use them. For- Reference Data System (NSRDS). The task of the
tunately for progress, the useful data in any single National Stane.ard Reference Data System is to
field are not scattered throughout the tens of thou- organize and operate a comprehensive program to
sands of technical journals published throughout prepare compilations of critically evaluated data on
the world. In most fields, fifty percent of the useful the properties of substances. The NSRDS is ad-
work appears in no more than thirty or forty journals. ministered by the National Bureau of Standards
However, in the case of TPRC, its field is so broad under a directive from the Federal Council for Scienice

vii
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viii Foreword

and Technology, augmented by special legislation books. Scientists and engineers the world over are
of the Congress of the United States. TPRC is one indebted to them. The task ahead is still an awesome
of the national resources participating in the National one and I urge the nation's private industries and all I
Standard Reference Data Sstem in a united effort concerned Federal agencies to participate in fulfilling
to satisfy the needs of the technical community for this national need of assuring the availability of
readily accessible, critically evaluated data. standard numerical reference data for science and

As a representative of the NBS Office of Stan- technology. A

dard Reference Data, I want to congratulate Professor EDWARD L. 1BRADY

Touloukian and his colleagues on the accomplish- Associate Director for Information Programs
ments represented by this Series of referetce data National Bureau of Standards

.;1
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Preface

Thermophysical Properties of Matter, the TPRC numerical data of science and technology without a
Data Series, is the culmination of twelve years of continuing activity on contemporary coverage. The
pioneering effort in the generation of tables of loose-leaf arrangements of many works fully recog-
rnumerical data for science and technology. it nize this fact and attempt to develop a combination
constitutes the restructuring, accompanied by ex- of bound volumes and loose-leaf supplement arrange-
tensive revision and expansion of coverage, of the mients as the work becomes increasingly large.
original TPRC Data Book, first released in 1960 in TPRC's Data Update Plan is indeed unique in this
loose-leaf format, II 'x 17' in size, and issued in sense since it maintains the contents of the TPRC
June and December annually in the form of supple- Data Series current and live on a day-to-day basis
ments. The original loose-leaf Data Book was or- between editions. In this spirit, I strongly urge all
ganized in three volumes: (1) metallic elements and purchasers of these -volumes to complete in detail
alloys, (2) nonmetallic elements. compounds, and and return the Voiwne Registration Certificate
mixtures which are solid at N.T.P., and (3) non- which accompanies each volume in o;der to assure
metallic elements, compounds, and mixtures which themselves of the continuous receipt of annual
are liquid or gaseous at N.T.P. Within each volume, listing of corrigenda during the life of the edition.
each property constituted a chapter. The TPRC Data Series consists initially of 13

Because of the vast proportions the Data Book independent volumes. The initial ten volumes will
began to assume over the yea rs of its grow th and the be published in 1970, and the remaining three by
greatly increased effort necessary in its maintenance 1972. It is also contemplated that subsequent to the
by the user, it was decided in 1967 to change from the first edition, each volume will be revised, updated,
loose-leaf format to a conventional publication, and reissued in a oew edition approximately every
Thus, the December 1966 supplement of the original fifth year. The organization of the TPRC Data Series
Data Book was the last supplement disseminated b) makes each Nolume a self-contained entity available
TPRC. individually without the need to purchase the entire

While the manifold physical, logistic, and Series.
economic advantages of the bound volume over the The coverage of the specific thermophysical
loose-leaf oversize format are obvious and welcome properties represented by this Series constitutes the
to all who have used the unwieldy original volumes, most comprehensive and authoritative collection of
the assumption that this work will to longer be numerical data of its kind for science and technology.
kept on a current basis because of its bound format Whenever possible, a uniform format has been
would not be correct. Fully recognizing the need of used in all volumes, except when variations in
many important research and development programs presentation Nwere necessitated by the n ture of the
which require the latest available information, property or the physical state concerned. In spite of
TPRC has instituted a Data Update Plan enabling the %%ealth of data reported in these volumes, it
the subscriber to inquire, by telephone if necessary, should be recognized that all volumes are not of the
for specific information and receive, in many in- same degree of completeness. However, as additional
stances, same-day response on any new data pro- data are processed at TPRC on a continuing basis,
cessed or revision of published data sinc( the latest subsequent editions will become increasingly more
edition. In this context, the TPRC Data Series departs complete and up to date. Each volume in the Series
drastically from the conventional handbook and basiall) comprises three sections, consisting of a text, ,J
giant multivolume classical works, which are no the body of numerical data w\ith source references,
longer adequate media for the dissemination of .nd a material index.

ix
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x Preface

The aim of the textual material is to provide a the result of obtaining internally consistent sets of
complementary or supporting role to the body of property values, termed the "recommended reference
numerical data rather than to present a treatise on values." In such work, gaps in the data often occur,
the subject of the property. The user will find a basic for ranges of temperature, composition, etc. When-
theoretical treatment, a comprehensive presentation ever feasible, various techniques are used to fill in i
of selected works which constitute reviews, or com- such missing information, ranging from empirical
pendia of empirical relations useful in estimation of procedures to detailed theoretical calculations. Such
the property when there exists a paucity of data or studies are resulting in valuable new estimation
when data are completely lacking. Established methods being develop.ed whicih have made it possible
major experimental techniques are also briefly to estimate values for substances and/or physical con-
reviewed. ditions presently unmeasured or not amenable to

Th,- body of data is the core of each volume laboratory investigation. Depending on the available
and is presented in both graphical and tabular format information for a particular property and substance,
for convenience of the user. Every single point of the end product may vary from simple tabulations of
numerical data is fully referenced as to its original isolated values ao detailed tabulations with generating
source aad no secondary sources of information are equations, plts showing the concordance of the
used in data extraction. In general, it has not been different values, and, in some cases, over a range of
possible to critically scrutinize all the original data parameters presently unexplored in the laboratory.
presented in these volumes, except to eliminate The TPRC Data Series constitutes a pe,.rianent

.. perpetuation of gross errors. However, in a signifi- and valuable contribution to science and technology.
cant number of cases, such as for the properties of These constantly growing volumes are invaluable
liquids and gases and the ther-1ial conductivity of sources of data to engineers and scientists, sources in
all the elements, the task of full evaluation, synthesis, which a wealth of information heretofore unknown
and correlation has been completed. It is hoped that or not readily available has been made accessible.
in subsequent editions of this continuing work, We look forward to continued improvement of both
not only new information will be reported but the format and contents so that TPRC may serve the
critical evaluation will be extended to increasingly scientific and technological community with ever-
broader classes of materials and properties. increasing excellence in the years to com~e. in this

The third and final major section of each volume connection, the staff of TPRC is most anxious to
is the material index. This is the key to the volume, receive comments, suggestions, and criticisms from
enabling the user to exercise full freedom of access to a,! users of these volumes. An increasing ni;nmber of

its contents by any choice of substance name or colleagues are making available at the earliest pos-
detailed alloy and mixture composition, trade name, sible moment reprints of their papers and reports as
synonym, etc. Of particular interest here is the fact well as pertinent information on the more obscure
that in the case of those properties which are re- publications. I wish to renew my earnest request that
ported in separate companion volumes, the material this procedure become a universal practice since it
index in each of the volumes also reports the con- will prove to be most helpful in making TPRC's
tents of the other companion volumes.* The sets of continuing effort more complete and up to date.
companion volumes are as follows: It is indeed a pleasure to acknowledge with

Thermal conductivity: Volumes I, 2 3 gratitude the multisource financial assistance re-
Specific heat: Volumes 4, 5, 6 ceived from over fifty of TPRC's sponsors which

ciaive peatis Volumes 4, 5, 6 has made the continued generation of these tables
Radiative properties: Voltimes 7, 8, 9 possible. In particular, I wish to single out the sus-
Thermal expansion: Volumes 12, 13 tained major support being received from the Air

The ultimate aims and functions of TPRC's Force vlaterials Laboratory-Air Force Systems
Data Tables Division are to extract, evaluate, re- Command, the Oflice of Standard Reference Data-
concile, correlate, and synthesize ali available data National Bureau of Standards, and the Office of
for the thermophysical properties of materials with Advanced Research and Technology-National Aero-

nautics and Space Administration. TPRC is indeed
*For the first edition of the Series, this arrangement was not proud to have been designated as a National In-
feasible for Volume 7 due to the sequence and the schedule
of its publication. This situation will be resolved in sub- formation Analysis Center for the Department "
sequent editions. Defense as well as a component of the National

V



Preface xi

Standard Reference Data System under the cog- thank those members of the staff, research assistants,
nizance of the Nalional Bureau of Standards. graduate research assistants, and supporting graphics

While the preparation and continued mainten- and technical typing personnel without whose dili-
ance of this work is the responsibility of TPRC's gent and painstaking efforts this work could not have
Data Tables Division, it would not have been possible materialized.
without the direct input oi TPRC's Scientific Docu-
mentation Division and, to a lesser degree, the Y.S. TOULOUKIAN

Theoretical and Experimental Research Divisions. Director
The authors of the various volumes are the sentor Thermophysical Properties Research Center
staff -members in responsible charge of the work. Distinguished Atkins Professor of Engineering
It should be clearly understood, however, that
many have contributed over the years and their Purdue University
contributions are specifically acknowledged in each Lafayette, Indiana "
volume. I wish to take this opportunity to personally July 1969
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Introduction to Volume 5

This volume of Thermoplhysical Properties of Matter, As stated earlier, all data have been obtained
the TPRC Data Series, was initiated in recent years from their original sources and each data set is so
and follows the general format of the Center's work referenced. TPRC has in its files all documents cited
on thermal conductivity, in this volume. Those that cannot be readily obtained

The volume comprises three major sections: elsewhere are available from TPRC in rnicrofiche
the front text material together with its bibliography, form.
the main body of numerical data and its references, The material index at the end of this volume
and the material index, covers the contents of all three companion volumes

The text material is intended to assume a role (Volumes 4, 5, and 6) on specific heat. It is hoped that
complementary to the main body of numerical data, the user will find these comprehensive "ndices helpful.
the presentation of which is the primary purpose of This work has grown out of activities made
this volume. It is felt that a concise discussion of the possible principally through the support of the Air
theoretical nature of the property under consideration Force Materials Laboratory-Air Force Systems
together with a review of predictive procedures and Command, under the monitorship of Mr. John H.
recognized experimental techniques will be ap- Charlesworth. In the preparation of this volume we
propriate in a major reference work of this kind. have drawn most heavily upon the scientific litera-
The extensive reference citations given in the text ture and hence we feel a debt of gratitude to the
should lead the interested reader to a highly com- authors of the referenced articles.
prehensive literature for a detailed study. It is hoped, While this volume is primarily intended as a
however, that enough detail is presented for this reference work for the designer, researchei, experi-
volume to be self-contained for the practical user. mentalist, and theoretician, the teacher at the gradu-

The main body of the volume consists of the ate level may also use it as a teaching tool to point
presentation of numerical data compiled over the out to his students the topography of the state of
years in a most comprehensive and meticulous knowledge on the specific heat of nonmetals. We
manner. The scope of coverage includes most non- believe there is also much food for reflection by the
metallic materials of engineering importance which specialist and the academician concerning the mean-
are in the solid state at normal temperature and ing of "original" investigation and its "information
pressure. The extraction of all data directly from their content."
original sources ensures freedom from errors of The authors are keerly aware of the possibility
transcription. Furthermore, some gross errors ap- of many weaknesses in a work of this scope. We hope
pearing in the original source documents have been that we will not be judged too harshly and that we
corrected. The organization and presentation of the will receive suggestions regarding references omitted,
data together with other pertinent information in the additional material groups needing more detailed
use of the tables and figures are discussed in detail treatment, improvements in presentation, and, most 4

in the text of the section entitled Numerical Data. important, any inadvertent errors. If the Volume
It is regrettable that the authors have not yet Registration Certificate accompanying this volume is

had the time to review and evaluate critically the returned, the reader will assure himself of receiving
extensive data compiled in this volume. However, it is annually a list of corrigenda as possible errors come
hoped that the user will be able to exercise proper to our attention.
selectivity and discretion among conflicting sets of
data based on the extensive information reported for Lafayette, Indiana Y. S. TOU,.OUKIAN

each set in the accompanying specification tables. July 1969 E. H. Buyco
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394 Beryllium Oxide + Beryllium + Molybdenum,

Cermet. BeO + Be + 'Mo .. ....... 1249

395 Beryllium Oxdec + Molybdenum, Cermet BcO + Mo ........ ..... 1252I396 Beryllium Oxide + Molybdenum
Dodecaberyllid-., Cermet BeO + MoBe 2 . . . . . . .  . . . 1255

397 Beryllium Oxide + Niobium Dodecaberyllide,
Cermet BeO + NbBe1 2 . . . . . .  . . . . 1258

398 Beryllium Oxide + Tantalum Dodecaberyllide,
Cermet BeO + TaBc 12 . . . . . .  . . . . 1261

399 Beryllium Oxide 4- Titanium Dodecabecryllide,
Cermet BcO + TiBe12 . . . . .  . . . . . 1264

400 Berylliumn Oxide +- Zirconium 13-Beryllide,
Cerniet BeO + ZrBe 3 . . . . . .  . . . . 1267

401 Boron Nitride + Diboron Trioxide + EDC.
Cermet BN + Bl2 03 +.................1270

402 Boron Nitride + Carbon, Cermet BN + C... .... ...... 1273

403 Carbon + Silicon Carblde, Cermet C+ sic .... ....... 1276
404 Silicon Carbide + Carbon +- DCi, Cermiet sic + C + EXi. .. ....... 1279
405 Tungsten Carbide + Cobalt, Cermet WC + Co.... .... ... 1282
406 Zirconium Dioxide +- Titanium, Cermet ZrO2 + Ti ....... ...... 1285
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407 Dialumilnum Silicon Pntaoxide Al2SiO. .......... .. 1289

40$ Ilexaaluminum Disilicon 13-Oxide ASiO........ .. 1292

409 Dialumlnun Disilicon Ieptaoxide Dihydrate A12Si2O.1 211z0 .. ....... 1295

410 Dialumnlnum Titanium Pentaoxide AI2TiO5 . . .  . . . . . . . . .  1298

411 Barium Silicon Trioxide BiaSiO . . .  . . . . . . . . . 1301

412 Dibaritm Silicon Tetraoxide Ba2SiO4  .. .. .. .. 1304

413 Barium Disilicon Pentaoxide BaSiOs. i....... 307

114 Dibarium Trisilicon Octaoxide Ba 2,i 30 . . . . . . . . . .  1310

415 Barium Tircnihum Trioxide BaTiO3 . . . . .  . . . .. . .  1313

416 Dibarium Titanium Tetraoxide Ba2TiOg .. .. .. .. 1316

417 Barium Uranium Tetraoxide BaUO4 .. .. .. .. 1319

418 Barium Zirco.-uum Trioxide BaZrO3 .. .. .. .. 1322

419 Beryllium Dialuninum Tetraoxide BcAI2O4  . . . . .. .  13 25

420 Diberyllium Silicon Tetraoxide B-:010 4  . . . . . . .  1 3 2 9

421 Calcium Dialuminum Tetraoxide CaA O4  . . . . . . .  1 3 3 2

422 calcimn Tetraaluminuim leptao~ade CaAIO. ....... .... 1335

423 Tricaleium Dialuminum lcxaoxide CaI,0 6 . . . . . . . .. . . .  1338

424 Dodecacalcium 14-Aluminum 33-Oxide Cal2A1140U ......... .... 1341

425 Calcium Diboron Tetraoxide CaB2O4 ....... ... 1344

426 Calcium Tetraboron fleptaoxide CaB4 O. ....... ... 1347

427 Dicalc:um Diboron Pentaoxide Ca 2B2O 5  . . . . . .. . . .  1350

42$ Tricalcium Diboron llexaoxide Ca 3B2O6  . . . . . . . . . .  1353

429 Calcium Diiron Tetraoxide CaFe 204 .... ......... 1356

4130 Dicalciumn Diiron Pentaoxide Ca 2 Fe205 .  . . . . . . . . . .  1359

431 Calcium Molybdenum Tetraoxide CaMoO. ....... ... 1362

432 Calciwm Silicon Trio.ide Ca SiO.. . ........... . 1365

433 Dicalciwn Silicon Tetraoxide Ca 2SO 4 . ......... . 1368

434 Tricalcium Silicon Pentaoxidc Ca 3SiO5 .  . . . . . . . . .  1371

435 Tricalcium Disilicon fleptaoxidc Ca3Si20 T . ......... . 1374

436 Calcium Titanium Trioxide CaTiO . .  . . . . . . . . .  1377

437 Tricalcium Dititamum lleptaoxide CaTi2O. .......... . 1380

138 Calcium Tungsten Tetraoxide CaWO . ..  . . . . . . . . . .  1383

439 Calcium Uranium Tctraoxlde CaUO4  . .  . . . . . . . . .  1386

4,10 Calcium Divanadium liexao.xide CaV20 g .  . . . . . . . ..  1389

441 Dicalcium Divanadiwn lieptauxide Ca 2V20. ........... . 1392

442 Tricalcium Divanadium Octaoxide Ca 3V2O. .. ......... . 1395

443 Calcium Zirconium Trioxide CaZrO3 ......... 1398

444 Dicalcium Dialuminum Silicon lleptaoxide Ca 2AlISiO? .. ......... . 1401

445 Calcimn Dialuminum Disilicon Octaoxide CaAi2 Si2 O8. . . . . . . . . . . . .  1404

446 Calcium Dialuminum Disilicon Octaoxide

Dihydrate CaAl2Si 2O8 . 21120. ....... 1407

447 Dicalcium Tetraaluminum Octasilicon 24-Oxide

lieptahydrate Ca 2Al 4Si8O4• 71120 ...... . 1410

448 Calcium Magnesium Disilicon flexaoxide CaMgSi2 O. ......... .. 1413

449 Dicalcium Magnesium Disilicon lilcptaoxide Ca 2 MgSI2 O. ......... .... 1416

450 Tricalcium Magnesium Disilicon Oetaoxial Ca3MgSizO8. . . . . . . . . . . . ..  1419

451 Dicalcium Pentamagnesium Octasilicon 23-Oxide

Monohydrate Ca 2Mg 5Si8Ozs 1120 ...... . 1422
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452 Cobalt Diron Tetraoxide CoFC20 4. .  . . . . . . . . . .  1425

453 Cobalt Iron Tetraoxide (Nonstoichiometric) CoxFeyO4 .  . . . . . . . . . .  1428

454 Cobalt Tungsten Tetraoyide CoWO4.  .  . . . . . . . ..  1431

455 Coppet Iron Tetraoxide (Nonstolehiometric) CuxFeyOs ............ .. 1434

456 Copper Diiron Tetraoxide CuFe2 O4 . . . . .  . . . . .. . . . 1437

457 Trierbium Pentagalum Dcdecanxdc (Garnet) Er3a5 O. ... ......... 1440

458 Iron Dialuminum Tetracxide FeAIO 4 . .  . . . . . . . . . .  1443

459 Iron Dichromium Tetraoxide FeCr 2O. ........... . 1446

460 Iron Dicobalt Tetraoxlde FeCoO .. ......... . 1449

461 Dilron Silicon Tetraoxite Fez&O4 .  . . . . . . . . . .  1452

462 Iron Titanium Trioxide FeTiO .  . . . . . . . . .  1455

463 Lead Molybdenum Tetraoxide PbMoO4 .  . . . . . . . . . .  1458

464 Lead Tungsten Tetraoxide PbWO4.  . . . . . . . . . . . .  1461

465 Lithium Aluminum Dioxide iAO 2.  . . . . . . . . . . . .  1464

466 Lithium Iron Dioxide LiFeO2  . .  . . . . . . . . .  1467

467 Lithium Iron Tetraoxide (Nonstoichiometric) LixFeyO4 . . . . . . . . . . . . . .  1470

468 Dilithium Titanium Trioxide LITiO . . . . . . . . . . . .  1473

469 Lithium Zinc Iron Tetraoxide (Nonstoichiometric) LixZnyFezO ........... .. 1476

470 Magnesium Dialuminum Tetraoxide MgAI 204. .  . . . . . . . . . .  1479

471 Magnesium Dichromium Tetraoxide MgCr2O ........... .. 1482

472 Magnesium Diiron Tetraoxide MgFczO. .......... . 1485

473 Magnesium Iron Tetraoxide (Nonstoichiometric) MgxFeyO s . ......... .. 1488

474 Magnesium Molybdenum Tetraoxide MgMoO4 .  . . . . . . . . . .  :491

475 Magnesium Silicon Trioxide MgSO 3 .  . . . . . . . . . .  1494

476 Dimagnesium Silicon Tetraoxid. Mg 2SIO 4 .  . . . . . . . . . .  1497

477 Trimagnesium Tetrasilicon Undecaoxide
Monohydrate Mg 3 Si40 11 1120 . ....... . 1500

478 Dimagnesium Tetraaluminum Pentasilicon
18-Oxide Mg 2AlS,5O18 . . . . . . . . . .  1503

479 Magnesium Titanium Trioxide MgTiO3 . . . . . . . . . . .  1506

480 Magnesium Dititarium Pentaoxide MgTi2 O . . . . . . . . . . . . .  1509

481 Dimagnesium Titanium Tetraoxide -Ng2TiO4  .  . . . . . . . . . .  1512

482 Magnesium Tungsten Tetraoxide MgWO4 ......... 1515

483 Magnesium Divanadium llexaoxide MgV 206 .  . . . . . . . . . .  1518

484 Dimagnesium Divanadium tleptaoxide Mg 2VO .  . . . . . . . . ..  1521

485 Manganese Silicon Trioxide MnSiO3  . .  . . . . . . . . .  1524

486 Trineodymium Pentagallium Dodeeaoxide (Garnet) Nd3Ga5 Ol2 .  . . . . . . . . . .  1527

487 Nickel Diiron Tetraoxide NiFe204 .  . . . . . . . . . .  1530

488 Nickel Iron Tetraoxlde (Nonstoichiometric) NixFeyO4 . ......... . 1533

489 Nickel Zinc Diiron Tetraoxide (Nonstolchiometric) NZnyFe2 O4 . . . . . . . . . .  1536

490 Potassium Trialuminum TrisiliconUndecaoxide KAI 3Si 30 1 . . . .  . . . . .. . . .  1540

491 Potassium Tria!uminum Trisilicon Undecaoxide
Monohydrate KA1 3Si 3O11  1120 ....... .. 1543

492 Silicon Dioxide + Dialuminum Trioxide + EXi SiO2 + A1 203 + EXi ...... .. 1546

493 Sodium Aluminum Dioxide NaAO12 .  . . . . . . . ..  1549

494 Sodium Boron Dioxide NaBO 2 .  . . . . . . . . .  1552

495 Disodium Tetraboron Heptaoxide Na 2B4O . .  . . . . . . . . . .  1556 iI
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49G Sodium Iron Dioxide NaFcO2  . . . . . . . . . . . 1560

497 Disodium M.%olyb)denuni Tetraoxide N3-,M00 4 . . . . . .  . . . . . . 1563
498 Disodium Dirnolybdenum Heptaoxidc Na..Mo 2 , . ... .... ..... 1566

499 Disodium Silicon Trioxide Na2SiO3 . . .  . . . .  . . . . 1569L000O Disodlunm Disilicon Pentaoxide Na,Si 2O3 . . . .  . . . . . . . . 1572

501 Disodjum Tellurium Tetraoxide Na 2TeO4, . . . . .  . . . . . . . 1575
502 Disodiuni Titanitum Triocide Na2TiO3 . . . .  . . . .  .. . . . 1578
503 Disodium Dititanium Pentaoxide Na.Ti2 5 . . . . . .  . . . . . . 1581
504 Disodiumi Trititaniumi fleptaoxide Na2TI3Or ...... ...... 1584

505 Disodiwn Tungsten Tetrao-%ide Na2 VO4 . . . . . . .  . . . . 1587I506 Disodium Ditungsten 1leptaoxide Na2%V2O.. ...... .... 1590
507 Sodium VTanadium1 Trioxide NaVO3  . . . . . . .  . . . . 1593
503 Trisodium. Vanadium Tetraoxd Na3VO4 . . . . .  . . . . . . . 1596
509 Tetrasodiw.. Divanaditun Ilcptaoxide Na4 V2O1  . . . . . . . . .. . . . 1599

510 Sodium Aluminum Trisilicon Octaoxide NaAlSi 3 8 . . . . .  . . . . . . . 1602

511 Strontium Silicon Trioxide SrSiO . . . . . . . . . . . 1605
512 Distrontiuni Silicon Tetraoxide Sr 2 i0 4  . . . . .  . . . . . . . 1608
513 Strontium Titanium Trioxide SrTiO . . . . . . . .  .. . . . . . 6l

514 Distrontiumi Titanniumn Tetraoxide Sr2TiO4 . . . . . . .  . . . . 1614

515 Strontium Zirconium Trioxide SrZrO3 . . . . .  . . . . . . . 1617
516 Triytcrbiuni Pentagalliuni Dodecaoxide(Garnet) YbiGa5i 2 . . . . . . . . . . . . 1620
517 Triyturitun Pentagallium Dodecaoxide(Garnet) Y3Ga5O 2 . . . . . .  . . . . . 162-3I
518 Zinc Diiron Tetraoxide ZnFe 2O . . . . .  . .  . . . . . . 1626

519 Dizinc Silicon Tetraoxide Zn2SiO& . . . . . .  . . . . . 1629
520 Dizinc Titanium Tctraoxide Zn2TiO4 . . .  . . . . .  .. . . . 1632
521 Zirconium Silicon Tetraoxide ZrSiO4 . . . .  . . . .  .. . . . 1635
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Notation
A Griineisen constant; Cross-sectional area Q Amount of heat absorbed or removed from
a Lattice constant: Empirical constant the system
b Empirical constant R Gas constant, 8.3143 J K-' g-mol -

c, C Heat capacity of mass in, specific heat per s Spin vector
unit mass T Temperature, K

Ca, C Constant which depends on particular type I Time
of lattice and on crystal structure, respec- V Volume
tively v Specific volume

C_ Electronic specific heat W Work done on or by the system
C, C, Specific heat at constant pressure and x, xm hlkT and hDIkT, respectively, as used in

constant volume, respectively equation (17)
d Density Xj Atomic mole or mass fraction of ith com-
e Base of natural logarithm, 2.71828 ponent in an alloy or mixture
E Total energy of an oscillator, particle, or M, Coefficient of thermal linear expansion,

system; Internal energy; Voltage and a constant which depends on crystal
H Enthalpy structure, respectively
(L\H), Heat of fusion Coefficient of isobaric volumetric expansion;
h Planck constant, 6.6262 x 10-27 erg see Constant in Debye cube law
I Electrical current Y Constant in the electronic specific heat
J, J' Quantum mechanical exchange constants relation (26)
K Calibration factor in ice drop calorimeter OD, OE Characteristic Debye temperature and Ein-
k Boltzmann constant, 1.3806 x 10-16 erg stein temperature, hD/k and hvlk, respec-

K- tively
L Linear dimension v Frequency of oscillation of a particle
M Mass of a particle, system, or specimen VD Debye frequency
IMe  Mass of an electron o Natural angular frequency
n Integer, 0, 1, 2, 3, . . . p Electrical resistivity
NA Avogadro's number, 6.0222 x 1023 g-mol - ' Pe Number of free electrons per unit volume
N, Y mber of electrons per gram atom Energy of an oscillation
p Momentum of a particle; Pressure of a gas 7T Mathematical constant, 3.14159...
q Direction coordinate from equilibrium posi- K7  Isothermal compressibility, as used in

tion equation (36)
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Theory of Specific Heat of Solids
1. INTRODUCTION In order to obtain a quantity that is independent of

Rapid advances in the frontiers of science and the mass, II, of a substance, equation (2) is divided

technology have brought about a general realization by II; i.e.,
of the fact that the present limitations in many c dQ
technical developments are a direct result of inade- C(
quate knowledge of the thermophysical properties m mdT
of materials. In the high-temperature range The quantity q represents the amount of heat per
(T > 1000 K), interest in the determination of unit mass, so that equation (3) may also be written as
specific heats of materials has been hastened because:v dq
of the requirements in space programs as well as C (4)
indus!rial applications. The need for data at high dT
temperatures has advanced our knowledge in many_ - Raising the temperature of a unit mass of a substance
areas of solid state studies such as lattice vibrations, an t Tp er e o nt sfia substanc
energy levels in magnetic solids, electronic distribu- by an amount dT, however, does not define the pro-

cess in a thermodynamic sense; for instance, it willtions, and many other atomic and molecvlarttake a different amount of heat dq if the process
' " 'phenomena.phnoen.is at constant pressure than when'the process is at

The measurement of specific heat at cryogenic constant volume. As a matter of fact there are an
temperatures (C "' C_ for T < 4 K) provides us infinite number of different processes for a system
with a direct means to test theoretical models of a
system. For instance, precise specific heat measure- at tep eratu re that a te rue + f

ment 'vre eedd totes th vaidit ofDebe's It is clear, therefore, that an infinite numbcr of, mets ereneedd t tet th vaidiy ofDebe's specific heats could a!so be defined for a substance.
and Einstein's theory for specific heat of solids at
lThe two processes that are most commonly used inlow temperatures. Finally, knowledge of accurate

thermodynamics are those at constant volume andspecific heat data at low temperature is very useful
in studies of constant pressure. For these two processes equation

c(4) may be written

2. DEFINITIONS (d= q
When a quantity of heat Q is added to a system 7 P

so that there is a change in temperature, T2 - TI,
then the mean heat capacity of the mass II of the and
substance is defined by dq

Q C = (6)
(1) dV

Experimentally, the values of the specific heat
The limiting value of the above ratio as the tempera- measured are either at constant pressure, C,, or at
ture changes by dTis defined as the true heat capacity, constant volume, C,. The units most commonly used

iQ.,for specific heat are cal g- 1 K-1, Btu lb- 1 F-1, jodles

(2) kg - ' K-'. The units for molar or atomic specific
dT heat are cal g-mol-1 K- 1, Btu lb-mol-1 F- 1, joules

*dQ is used instead of dQ tG indicate that it is not an exact kg-mol. K 1, cal g-atom' K', joules kg-atom'
differential. K-', etc. A
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4a Theory, Estination, and Measurement

3. DULONG AND PETIT'S LAW The following is a brief exposition. The energy
In 1819 Dulong and Petit [9] published the of a linear harmonic oscillator consists of kinetic

results of their measurements on the specific heat at and potential energies, i.e.,

constant pressure of thirteen solid elements at room 2  oz2q
2

temperature. From these measurements, they ob- E =.L + (8)
2m 2

served that the product of the specific heat at constant
pressure and the atomic weight was approximately where p is the momentum, n is the mass, w is the
a constant, about 6 cal g-atom - I K-1. Subsequent natural angular frequency, q is the distance from
researches, extending from 1840 to 1862, revealed equilibrium position, and E is the total energy of an
the general applicability of the Dulong and Petit's oscillator. From the theorem of equipartition of
law to several metallic elements, when the specific energy [15, 20, 21, 31], each degree of freedom
heat at constant pressure was determined at tem- contributes (kT2) to the energy of a particle in
peratures sufficiently below their melting point but equilibrium. A three-dimensional oscillator which
not far below room temperature. During the same has six degrees of freedom will therefore have an
period an important extension of Dulong and Petit's internal energy of 3 kT at thermal equilibrium. A
law was applied to chemical compounds, i.e., the gram-atom of an element has NA atoms; hence, the
molar specific heat of a compound is equal to the internal energy is 3NAkT. The specific heat at con-
sum of the atomic specific heats of its constituent stant volume is obtained by differentiating the internal
elements. This law which is generally referred to as energy with respect to temperature at constant
the Kopp-Neumann law [32] has also been applied volume, i.e.,
to predict the atomic specific heat of alloys. For OE
alloys, the atomic specific heat is equal to the sum = 3NAk (9)
of the product of the atomic specific heat of each =

constituent clement and its atomic fraction. If an where NA is the Avogadro constant and k is the
alloy consists of elements 1, 2, 3,. . ., ni, with atomic Boltzmann constant. The product of Avogadro
fraction X1, X2, X3, . . . , X, and atomic specific heat constant and Boltzmann constant is equal to the gas
SCP, C,2, C • •, Cp', then the atomic specific heat constant R. Th r ,0,r-:
of the alloy is C, = 3R g 5.96 cal mol - 1 K-'

C= X C, (7) Hence, the Dulong and Petit value of about 6 cal
t=1 mol - I deg - ' for the specific heat of metallic solids

alloys especially near magnetic and phase transitions. cal mechanics. However, the observation of Dulong

Bottema and Jaeger [5] have applied the Kopp- and Petit was short lived. In 1875 Weber [48]
Neumann law to the alloy Ag 3Au and they found showed that the atomic specific heat of silicon, boron,
that the experimental data on the specific heat at and carbon are considerably lower than the values
constant pressure of this alloy agree closely with the predicted by Dulong and Petit. For example, the
calculated values between 0 C to 400 C. Between atomic specific heat of crystalline silicon, boron, and
400 C and 800 C, the values obtained from the Kopp- diamond were found to be 4.8, 2.7, and 1.8 cal
Neumann law were 0.5 percent to 1.8 percent higher mol - deg-1, respectively, at room temperature.
than the experimental results. Buyco [46 calculated Subsequent specific heat measurements at low
the specific heat of the alloys of aluminum, beryllium, temperatures (T < 300 K) revealed that the specific
nickel, and iron between 300 K to 1000 K and found heat of solids increased rapidly with temperature and
the calculated values agree with the experimental almost leveled off about their Debye temperature.
data to within 5 percent. Classical theory does not explain this behavior for

The theoretical justification of the law of Dulong solids. It should also be noted that classical theory
and Petit was demonstrated by Boltzmann in 1871. encounters the same difficulty in the behavior of
The results obtained previously by Dulong and molar specific heats.
Petit also follow from Boltzmann's equipartition of 0
energy theorem. Complete and detailed derivation of 4I EINSTEIN'S SPECIFIC HEAT THEORY
this theorem is discussed elsewhere [15, 20, 21, 33,
and 43]. Einstein [10] proposed a simple model to account

A,-
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fGr the decrease in the specific heat at low tempera- in the high-temperature range with T OE
tures below the value 3R per mole which was ob- [15, 20, 21, 321, equation (14) upon expansion in
tained at elevated temperatures. His oversimplified power series becomes
physical model considers the thermal properties of 1[- ( 12_-the vibrations of a lattice of N^A atoms as a set of C, , 3R1 I -/2 7"] E (15)

3A independent harmonic oscillators in one dimen- 12

sion, each with the same frequency, v. He then When the value of I(OEIT)2I12] is such that it is very
quantized the energ) of the oscillators in accordance much smaller than 1. then Einstein's theory yields
with the results obtained by Planck. According to the classical Dulong and Petit value of 6 cal mol
Planck, a harmonic oscillator does not have a con- deg-'.
tinuous energy speLtrum but can accept energy values In the low-temperature region T ,< OE, equation
equal to an integer times 1w, where i. is the frequency (14) may be written approximately as
of oscillations and h is the Planck constant. Hence
the possible energy levels of an oscillator may be C, 3R E exp(-OE/T) (16)
given by

C= nh = 0, 1, 2, 3,. .. According to equation (16), the low-temperature
specific heat of solids should approach zero exponen-

ihe average energy of an oscillator at temperature T, tially. Expekimental evidence indicates that C
according to the well knoN n Planck formula [7, approaches zero morc slowly tl,an this. The reason
20, 21, 32], is for the discrepa- -y between Einstein's theoretical

hw prediction and tw.e experimental results may be ex-= (10) plained on tht basis of the assumption made in the
exp(lv/kT) - 1 theory that each atom in a solid vibrates indepen-

-n Edently of the others but with precisely the same fre-
In Einstein's model the vibrational energy of a solid qtency. However, in spite of the weakness in
element containing N^ atoms is 3NA times the Einstein's theory, his pioneering wyork opened the
average energy of an oscillator, i.e., way for the application of quantum theory to the

hp specific heat of solids.

£ 3NA-xp(hf/kr~e-1 (11)

5. DEBYE'S SPECIFIC HEAT THEORY
The results obtained from quantum mechanics From the point of view of the wave whose wave-
however showed that the average energy of an os- length is large compared with the interatomic dis-cillator [7, 15] should be wvritten as lnt s recmae ihteitrtmcds

tances, a crystal may appear like a continuum. The
hv hv fundamental assumption of Debye [6] is that the
- + (12) continuum model may be employed for all possible2 exp(hv/kT) - 1 vibrational modes of the crystal. Debye has given a

instead of as in equation (10). limit to the total number of vibrational modes
The result obtained for the specific heat by equal to 3 NA, where NA is the number of atoms in a

differentiating equation (10) is the same as that gram atom of an element. In this case, 'he frequency
obtained from equation (12). In any case the specific spectrum which corresponds to an ileal ccntinuum
heat for one atom of an element is is cut off in order to comply with a total o' 3NA

modes. This procedure should provide a maximu.-
(_ C 3 .(pl/kT) exp(Ii'/kT) frequency tD (Debye frequency) which is common to0 3Nakh/T 2ex vk3 (13

7 = [exp(/T) - 1]2 13) both the longitudinal and transverse modes. Byassociating with each vibrational mode a harmonic
For convenience, the characteristic Einstein tem- oscillator of the same frequency, Debye obtained the
perature defined by 0E = hv/k may be introduced following expression [7, 15, 20, 21, 32] for the vi-
in equation (13) to obtain brational energy:

=3J?(OE/J7)
2 eXp(OE/ T) (14 ~ 4f X d (17V3R(J72ep(17 (14) £=9N~hvj)T (17")' d

[exp(0E/T) - 112 f9N hvr(- e C -1
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6a Theory, Estimation, and Measurement I:
where specific heat values revealed that Debye's equation

x = hv/kT x,= hvo/kT for C, does not fit the experimental results precisely.
Furthermore, it was observed that 0

D, which ac-
Clearly, when T > 0 D, xm is small compared with cording to Debye's theory is a constant, did in fact
unity for the Nwhole integration range. In this case vary with temperature. The deficiency of the Debye
el - 1 = x so that cqu L'ion (17) could easily be theory may be explained on the basis of the approxi-
integrated to obtain the expression mation made in treating solids as a continuous

f = 3NAkT (18) elastic media and neglecting the discreteness of the
atoms.

Then Further improvements on Debye's theoiy was .I
developed by Born and Karman [4]. They calculated

(-I = C -, 3NAk= 3R 6 cal mol deg -  the frequency spectrum by considering the lattice
Vmodes of vibration for a particular crystal structure

a result agreeing with classical theory. under investigation. The method is involved so that
At very low temperatures, T < OD, the upper one is referred to the original work [4] for detailed

limit of integration in equation (17) may be replaced discussion.
by infinity since hvfkT -> oo as T -> 0. It is now
possible to integrate equation (17) as follows [51] 6. ELECTRONIC SPECIFIC HEAT

6 = - (19) In 1900, Drude [8] suggested a model for a free-
J0 ex - 15 electron theory of metals. He assumed that metals

Hence contain free electrons in thermal equilibrium with the
atoms of the solid. He further assumed that the

3 T 32
7T = ~ (20) potential energy of the free electrons is equal to the

\TlA / product of the number of electrons per unit volume
and the average energy of an electron. The essential

and feature in the problem is the determination of the

_ 12 /T\ number of electrons with energy between E and
T =))',k (21) F + dE. Classical theory using Maxwell-Boltzmann

D staistics [2, 8, 15, 20, 21, 32, 43], would give an
or exprcssion for the electronic specific heat as

12 T (22) Ce = Nk (24)4o- R,- (22) C
\vIi Using i7ermi-Dirac statistics [7, 15, 19, 20, 21,

31, 32], the fo~lowing expression for the electronicFor one atom or one moie of a substance, specific heat may be obtained at low temperatures:
R = 1.987 cal mol - ' deg - ' so that equation (22) s / 213

may be written as C = h\2mk/h')7 )  T (25)

Cu= 464.5() cal mol - I deg - ' T -< Qo\O]\50! or simply

(23) C, yT (26)

Debye's theory predicts a cube law dependence where pe is the number of free electrons per unitSof the specific heat of the elements for temperatures volume, y is the proportionality constant, T is the

T < (OD/10). The range of validity of this law [15] absolute temperature, Ne is the number of electrons
has now been restricted to T < (OD/50) as a iesult of per gram atom, me is the mass of an electron, k is th,"
more recent theoretical work on specific heat studies. Boltzmann constant, h is the Planck constant,
The predictions of Debye's theory agree quite well R is the gas constant, and C, is the electronic specific
with experimental values of the specific heat of solids heat.
and is a definite improvement over Einstein's work. The specific heat of metals below the Debye

Due to improved calorimetric measurements at temperature and "very much" below the Fermi
low temperatures (T < 5 K), in recent years accurate temperature [15, 19, 20, 21, 32] may be expressed as

1Z
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the sum of the electronic specific heat and the lattice dE kT" a

3
2

specific heat, i.e., M - dT = 'Js

= yT + fiT3  (27) where at and Cf are constants which depend upon

Indeed, this relationship has been Nerified b, accurate crystal structure, a is the lattice constant, J is the j :i
low temperature specific heat measurements. At quantum mechanical exchange constant, k is the
sufficiently low temperature (T < I K) the electronic Boltzmann constant, NA is the Avogadro number,
specific heat is dominant, N\hile at high temperatures s is the magnitude of the spin vector, and V is the
the lattice contribution is predominant, volume of the material.

Equation (29) shows that at low temperatures
7. MAGNETIC SPECIFIC HEAT the ferromagnetic contribution to the specific heat is

proportional to the three-halves power of the absolute
There are two types of materials that exhibit a temperature. For metals which are ferromagnetic

magnetic contribution to the total specific heat: [15], the total specific heat is equal to the sum ofthe
namely, the ferromagnetic and the ferrimagnetic electronic, lattice, and magnetic terms, i.e.,: materials.

A ferromagnet is a material [7, 15, 20, 21, 32] Cv yT + pT3 + ST
312  (30)

that contains a spontaneous magnetic moment. For ferrimagnets, which are electrical insulators, [15],
This means that this maierial possesses a magnetic the electronic term is negligible compared with the
moment even in the absence of an external magnetic other terms, so that the total specific heat may be
field. This type of material exhibits a magnetic given by the expression
ordering with parallel alignment of adjacent spins.
A ferromagnetic material has a Curie temperature, C = fiT 3 + T312  (31)
T,, which is defined as the temperature above which Both sides of equation (31) may be divided by
magnetizat'on disappears, and the material becomes T 3 12 to give
parainagnetic. The Curie temperature separates the Cv/ T3 2 =/T 3 2 + 8 (32)
ordered ferromagnetic phase from the disordered
paramagnetic phase. A plot of CV/T 3 12 versus T312 should give a traight

An antiferromagnet is a material [7, 15, 20, 21, line with slope f and intercept 8.

32], that has spins which are ordered in an anti- For the case of antiferromagnetic materials

parallel arrangement. There is no net magnetic [15], the expressions for the mean internal energy is

moment at temperatures below the N~el temperature. , k T \4 x dx

Hysteresis is usually observed and a sharp maximum = 4V(2%aJsa2 ) - -) (33)

in the susceptibility curve is exhibited. Above the \2aJsa 1 oC -

N6el temperature, the spins are said to be free, and The upper limit for integration may be taken as

the material becomes paramagnetic. In some ways equal to infinity at low temperatures so that differ-

ferrimagnetic materials are similar to the ferro- entiation of equation (33) gives the magnetic specific

magnetic materials except that in the former the heat [15, 28]

adjacent spins are unequal and antiparallel. The Nel (IkT\ 3

temperature may b. defined for ferrimagnetic material CM CaNAk F7s) (34)

as the temperature separating the ordered ferri-
magnetic phase from the disordered paramagnetic where C, is a constant which depends upon the type
phase. of lattice and J is the magnitude of the exchange

For ferri- and ferromagnets, the internal energy constant.
[7, 15, 20, 21, 32], is given by the expression The striking difference between the contribu-2 3 vetions to the specific heat exhibited by ferroinagnets

T Y = 5 12 x X4 dx and ferrimagnets is the T a12 dependence in the former
E n V(2fJsa 2)( " 2 ) - - (28) and T3 dependence in the latter. Hence for anti-

ferromagnetic materials, the temperature dependence
At low temperatures the upper limit for x may is of the same form as the Debye's T3 formula. The

be taken equal to infinity and hence the integral may separation of the spin wave contribution from the
be easily determined. Differentiating equation (28) lattice specific heat in antiferromagnetic materials
gives the magnetic specific heat [15] is indeed very difficult.

I 7E Zmi7 ' 7 -



8a Theory, Estimation, and Measurement

8. LOW-TEMPERATURE SPECIFIC HEAT Hence, from equation (38)

The specific heat of solids is ordinarily measured 0- C 2 -9 V 2T
at constant pressure. The specific heat at constant 'CT (-TcP2) (

volume is that which is obtained if the interatomic
distance is kept constant as the temperature changes. where
The specific heat at constant volume, C,, may be 9 VO2

assumed to be approximately equal to the specific A
heat at constant pressure, C., at cryogenic tempera- KTCp"

tures. At high temperatures, CP > C,. This difference In the absence of contributions from magnetic
is obtained from the classical thermodynamic and nuclear specific heat, the expression for C, for
relations most metals has been shown f15, 20, 21, 32] to be

CP - C V = - T (35) C, = yT + PT 3  (27)

r d oi me where yT is the electronic contribution and fiT3

From the definition of the isothermal compress- is the lattice contribution. For nonmetals, the elec-
ibility tronic coihtribution may be very small compared

laV\I /with the lattice term so that
KT - (36)

C =3T (42)

and the isobaric coefficient of -olumetric expansion When the nuclear quadrupole moment interacts

La V\ with the electronic field gradient of the lattice and
fl P/ V (37) the electron, then the total specific heat of the sub-

z" stance is given as

Using equations (36) and (37), equation (35) may C, = yT + IT 3 + cT -2  (43)
be written as

TVf 2  where ocT- is the nuclear contribution to the total
CP - Ct, - (38) specific heat.

KT2

By rearranging equation (38), this may also be
written as 9. NORMAL AND SUPERCONDUCTING

MATERIALS

C - Cv = ( PT.p)C2 T '.=ACP2 T (39) At a certain critical temperature (supercon-
ducting temperature), several materials exhibit

where superconducting behavior [15, 20, 21, 32). Below
Vp32 this temperature, the specific heat of a superconduc-

A - ting material is found to depart significantly from
the values obtained for a normally behaving material.

The parameter A is called the Griineisen con- It is also found that if an external magnetic field of
stant, which is actually only approximately constant sufficient strength is applied while the specific heat of
[15] over a wide range of temperature. If A is calcu- the material is being measured, the values obtained
lated at any one temperature from values of V, P, correspond to what the normal values would be.
and KT, it may be used [15, 20, 21, 32] to calculate Hence, the specifir heat values obtained experi-
C, - C, over a wide range of temperature without mentally in the presence of suffictent external
introducting a serious error. magnetic field below the superconducting critical

For isotropic substances, the isothermal coeffi- temperature are referred to as the normal specific
cient of volumetric expansion may be written in heat (Cl) while the values obtained in the absence
terms of the coefficient of linear expansion of a magnetic field are referred to as superconducting

specific heat (Cs). For example, the critical super-
I/J=\l aL\ 3 ( conducting temperatures of aluminum and niobium

fi. 3 (4) are approximately 1.196 K and 9.22 K, respectively.

i
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Other Major Sources of Data

There exists in the literature a number of reference optical constants (total and spectral), diffusion
sources which, while less extensive in scope. may coefficient, thermal diffusivity, and Piandtl number.
nevertheless prove valuable to the reader. While it is This publication supersedes the earlier works of
not the intent here to cite every available review, this series (Volume 1, 1960 and Volume II, 1963),
it is felt that the following works, listed in chrono- and constitutes an enlarged and consolidated
logical order, are of particular significance. One definitive work reporting the total literature through
should nite that most of the citations do not present June 1964.
critical evaluation of the data they report. Schick [29] edited a comprehensive work entitled

Furukawa, Saba, and Reily (121 report on the Thermodynamics of Certain Refractory Compounds.
critical analysis of the thermodynamic properties of Volume 2 of this work includes thermodynamic

I copper, silver, and gold between C and 300 K. A properties of borides, carbides, nitrides, and oxides

tabulation is given for the values of specific heat C,, of 31 elements in the temperature range from 0 to
enthalpy H - 1100, entropy S°, Gibbs energy 6000 K. Over 160 thermodynamic tables, together
G - Ho°, enthalpy function (H - Ho°)/T and Gibbs with comprehensive discussions, are presented.
energy function (G - H0 )IT. The report also con- Moeller et al.'s [24] compilation on Thermo-
tains a comparison of the values of the electronic physical Properties of Thermal Insulating Materials
coefficient of the specific heat and the 0 K limiting should prove useful in cryogenic and high tempera-
Debye characteristic temperature with their selected ture applications. The properties included in this
values. An appraisal of low-temperature calorimetry compilation are thermal conductivity, thermal
is also given, linear expansion, specific heat, total normal emit-

ToulouA ion [44] edited a handbook entitled tance, thermal diffusivity, compressive strength,
Thermnophysical Propcrties of High .. perature density, melting point, and modulus of elasticity.
Solid Materials consisting of nine books totaling Various experimental methods for determining
more than 8500 pages. The properties covered in the thermal prnperties are described and their accuracies
handbook are density, melting point, heat of fusion, are indicated.
heat of vaporization, heat of sublimation, electrical Wood and Deem [52] report on the compilation
resistivity, specific heat at constant pressure, thermal of specific heat, thermal linear expansion, and ther-
conductivity, thermal diffusivity, thermal linear ex- meal conductivity data for materials of possible
pansion, thermal radiative properties (absorptance, structural usefulness above 1500 K. Data are pre-
emittance, reflectance, and transmittance), and vapor sented graphically with notations as to measurement

pressuire. Generally, only materials with melting methods and test conditions.
points above 800 K are included, except for materials Hultgrcn, Orr, Anderson, and Kelley [16] pub-
within the categories of polymers, plastics, and lished their book on the Selected Values of Thermo-
composites, dynamic Properties of Metals and Alloys in 1963.

T loukian, Gerritsen, and Moore [45], Thermo- This book presents in tabular form heat capacity,
physieal Properties Research Literature Retrieval enthalpy, entropy, free energy function, and vapor
Guide, consisting of a set of three books, contains pressure. In some cases the heat of fusion, melting
references for 33,700 research documents on thermo- point, and other transition temperatures are also
physical properties of matter. The properties covered given. For the binary alloys, phase diagrams are
are thermal conductivity, specific heat at constant included.
pressure, viscosity, thermal radiative properties Eldridge and Deem [11] issued a report under the r
(emissivity, absorptivity, reflectivity, transmissivity), auspices of the Data and Publication Panel of

9a
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ASTM-ASME joint committee on effects of tern- Dresented for "best values" of data collected. The
perature on the properties of metals. The metals sources of the materials used, other references, and
covered are Al, Co, Fe, Mg, Mo, Ni, and their tables of selected values with appropriate comments
alloys. The properties included are thermal conduc- are furnished with each data sheet.

Stivity, thermal linear expansion, specific heat, electri- Kelley's [18] bulletin contains the then-available
cal resistivity, density, emissivity, diffusivity, and high-temperature specific heat data for the elements

magnetic permeability. Emphasis is given to data and inorganic compounds. The thermodynamic
over a range from cryogenic (2 K) to elevated tern. properties are lister in tables and algebraic expres-
peratures (2800 K). sions for their representations are also given.

Johnson [17] edited a compendium of the proper- Stull and Sinke L40] poblished their well-known
ties of materials at low temperatures. The first phase reference work on the Thermodynamic P-operties of
of the compendium covers properties of ten fluids the Elements in 1956. This book reports specific
(Part I), properties of solids (Part II), and an ex- heat as well as thermodynamic property values for
tensive bibliography of references (Part III). The the elements in their condensed and gaseous state.
properties covered are density, expansivity, thermal A search of the literature was made by the authors
conductivity, specific heat, enthalpy, heats of transi- through 1955. Whenever experimental data were not
tion, phase equilibria, dielectric constants, adsorp- available, reasonable estimates were made in order
tion, surface tension, and viscosity for solid, liquid, to fill the gaps in information. A tabulation of
and gas phases of He, H2, Ne, N2, 02, air, CO, F2 , A, thermodynamic values from 298.15 K to 3000 K is
and NH 3. Data sheets, primarily in graphic form, are given for the elements.

Al,
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A

Methods for the Measurement of the Specific
Heat of Solids
1. INTRODUCTION surroundings. This method involves the measure-

ment of energy required to raise the temperature of
There are few methods for the practical and the substance over small temperature intervals from

precise determination of the specific heat of zolids. a fraction of a degree to a few degrees.
Although many variants and minor modifications or
improvements are reported in the various references 2. NERNST-TYPE ADIABATIC VACUUM
cited in this section, the most important ones are CALORIMETER
described in detail in reference [54]. References [55] A typica! adiabatic vacuum calorimeter consists

incluing ariosspeialiedaplicaionswir yi a au diheblick vamca meiter onsisampes
to [61] also constitute major works on calorimetry of a block over which an insulated coil of platinumincldin varousspecalied apliatios, ire is wound. The block mnay be either a solid sample

The primary methods for the measurement of
the specific heat of solids which are commonly used sape. The s en d y a acuum- o
are the method of mixtures or drop method, adia- sample. The block is suspended by leads in a vacuum-

batic method, comparative method, pulse-heating tght container. The cortainer is cooled in a dewar
method, and modifications of these. A number of containing liquid air, hydrogen, or helium, depending

on thle temperature range involved. At the start ofspecific calorimetric techniques are briefly described the o perat, e vac g h ontine stfilled
intte operatin, the vacuum-tight container is filled

The method of mixtures [14, 37. 50] is widely with helium gas at very low pressure while the block

employed for measuring specific heats of solids above is coolea to the bath temperature by heat transfer
room temperature. This method frequently gives through the helitm gas. After the block has been
a r i m e wcooled, the gas is removed by pumping and a known[ accurate results in a temperature range where no
phase transition exists. The usual method consists of amount of heat is applied to the platinum coil byps tmeans of electric current for a given time interval.
dropping the substance tinder ivestigation from a The temperature rise of the block is measured by
furnace temperature into a calorimeter (at room or
ice temperature) and the quantity that is obtained means of a suitable resistance thermometer. The
directly is the change in enthalpy. Heat capacities suspccheat itsn thenmdertemine f tie smere

are obtained from these values by differentiation, heat input and temperature change of the sample.
Improved versions of the Nernst-type adiabatic

~ C~= (H/~)~. hismetod s ineretlynot calorimeter are described by Taylor and Smith
suitable for use with substances which undergo [ allaeet a! [47],iand WesTr [49].
phase transitions over the temperature range of The aloreer aseb Whs ds sdy
interest or whose specific heat is highly temperature ale ca!or[47]econssedbof th s contaier,
sensitive. Wallace et al. [47] consisted of the sample container,

Various methods of obtaining directly the true the thermal shields, the outer jacket with associated

specific heat based on the Nernst calorimeter [38, radition shields, and the vacuum system. Figure 1
42, 47, 49] have been used successfully in obtaining presents a schematic diagram of the calorimeter.
precise data in the temperature range below room
temperature. Attempts to use this method at 3. MODIFIED ADIABATIC CALORIMETER
moderately high temperatures have not produced A modification of the direct method has been
accurate results because of heat exchange with the applied successfully by Schmidt and Leidenfrost [30]

Il a
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to obtain the specific heats of powders and granular Vc Vill

materials from 273 K to 773 K. The determination
of specific heats was carried out for Mond Nickel I
(99.85 . Ni) with an accuracy of 0.6 percent. Tc(t) Requiolor

The theory of the method as employed for a tTm Ti Vrh-T
continuously heated adiabatic calorimeter for meas-
uring powders and granular materials is discussed in
detail in reference [30].

Consider a calorimeter and sample system with
negligible heat loss to the surroundings, then the

heat input may be expressed as

dQ dT dT Heater element
d d ~ -t ( iV° t (4

Test material

where dQ/dt is tile heat input per unit time, T is the f
temperature, t is the time, in is the mass of the N
specimen, Ue is the thermal constant of calorimeter Carimeter-
body and heater element, energy per degree, and shell o

C, is the specific heat of specimen. From equation Thermostat

(44), lon

I dQ/dt -lP, (45)

Cd cm Fig. 2. Schematic diagram for spherical adiabatic calorimeter
It is desirable to achieve as small a temperature f30].

variation as possible if the specific heat is assumed

constant during each measurement interval. On the
other hand, this temperature variation must be large

Nichrome enough to lend itself to precision measurement. The
supportwife heating must be such that steady-state condition is

Shield hei"o reached within a reasonable length of time. Schmidtwindings

Sampe conta'e - and Leidenfrost [30] have shown that for powders or
Differentlal granular materials of low thermal diffusivity, thethermocouple

Vacuum spoce - connection following assumptions can be satisfied well enough to
yield accurate measurements:

Adiabatic shield- 1. The temperature field is dependent only on

/ -Lead wire et time and the radial coordinate.
2. The sample is uniformly homogeneous, and

Pyrx upprtCarmi bedsits properties are constant over small tem-
Thermal trap - -B8ross suppor block perature differences,.ftecb

3. The sum of the heat capacities of the caio-
-Prex serot rimeter body and its inside heater is small

compared with the heat capacity of the
sample mass.

Support tube- The experimental arrangement of the apparatus
is shown in schematic form in Fig. 2.

-Bras vacuum
jacket

44 l d tion trap 4. DROP ICE CALORIMETER

In this method [13] the heat given off by the

Fig. 1. Schematic diagram for adiabatic specific heal calorim- sample is used to melt a portion of the ice in an
eter147. equilibrium ice-water bath and the resulting change

i '
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-t , A schematic drawing of the ice calorimeter is
furr:. Juercry f,voir shown in Fig. 3. A central well is provided to receive

-. the specimen whose enthalpy is to be determined.
An electric heater, sheathed in a metal tube, is sol-
dered on the outside of the well in order to introduce

%4rngbeke known amounts of heat for calibration purposes,
The lower portion of the well is surrounded by two
coaxial glass vessels which provide an insulating
space between the inner ice-water system and the
surrounding ice bath. Any volume change resulting

! :::,"oITO from the'metting of ice in the inner vessel displace's

an equivalent volume of mercury and is collected in

a beaker and wei-hed to account for the change in• Thermocoule
Tmercury in the calorimeter. A special gate prevents

heat transfer from above to the calorimeter along the
central well.

.e mMii 5. DROP ISOTHERMAL WATER
Cov~cto~aCALORIMETER

ihods In the drop water calorimeter a sample is heated
Eerlc hetr in the furnace and dropped into the calorimeter

* Thermocouple

0V
'" ° o; °°" ""--"h-- Thenmoou

Fig. 3. Schematic diagram for drop ice calorimeter (131. -Furnace

in volume of the bath is measured by the change in
height of a mercury column. The calibration factor
for a particular calorimeter (ratio of heat input to
mass of mercury displaced by melted ice) is deter-
mined from the following expression:

AK A/(vl - v)dm (46) -Bafle

where K is the calibration factor, AHf is the heat of
fusion of ice. vi is the specific volume of ice, vu, is the
specific volume of water, and d. is the density of L_.3

r mercury.
The calibration factor K relates the enthalpy

change of the specimen to the height of the mercury - -

column. Values of (11T - H2 73.,5) are then deter-
mined for various initial specimen temperatures.
These data are either represented graphically or by a
suitable empirical relation. The specific heat curve is calorimeer
either derived from the graphically smoothed en-
thalpy data or from the equation -Cuhlo

C T- H273.)p Fig. 4. Schematic diagram for drop isothermal water calorini-
dT eter [50].

rT2
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proper, which consists of a water bath with free air 6. DROP COPPER BLOCK CALORIMETER
space above. The water in the bath is stirred to This drop calorimeter employs a copper block
assure uniform temperature. The calorimeter is

which is submerged in an isothermal oil bath. Theenclosed by an isothermal jacke adteop is

covered with copper plates which have a constant temperature of the calorimeter is measured using a
their high thermal conduc- special bridge network of copper and manganintemperature because of tresistances. The heat released from the sample istivity. The rise in the temperature of the calorimeteris measured with great accuracy by using a Beckmann

thermometer or a sensitive thermopile. The enthalpy thermal conductivity. Generally it takes some time
to achieve uniform heat distribution. The change inchange of the specimen is determined from the :

known heat capacity of the calorimeter and its enthalpy of the specimen is measured in terms of the

rise. The ethalp change may be re- amount of heat absorbed by the copper block in
changing from its initial temperature to its final tem-ferred to either 273.15 K or 298.15 K. In either case

the spccific heat is obtained from the smoothed perature. This value is then corrected to 298.15 K

enthalpy data by either graphical or analytical so that the tabulated enthalpy values of the specimen
differentiation, i.e., are referred to 298.15 K, that is, H. - H2 9 ,. 15 . The

specific he".t as a function of temperature may then
d(HT - H298 .1 s)p be derived from the smoothed enthalpy data ob-

dT tained either graphically or from the equation

A schematic drawing [50] is shown in Fig. 4 to illus-
trate the details of the apparatus. Cp = -djHT - H298 .15 ).

A schematic diagram according to Southard [37]
is shown in Fig. 5.

Dropping rnerhonsm

7. PULSE-HEATING METHOD

The pulse-heating method of measuring specific
heat is very attractive, particularly for materials
that are electrical conductors. This method was first
discussed by Avramescu [1] and later modified by
other investigators [2, 25, 39, 41]. The method in-

VA vo!ves the rapid heating of small samples in vacuum.
Voltage probes are attached across the central
portion of the sample wire which is then mounted in
a high-vacuum system. The sample is connected to an

Sample electrical circuit consisting of a large storage battery,
a variable resistor, a fixed resistor, and a high-current
relay controlled by a timing circuit which determines
the duration of the pulse. A schematic diagram of a

Ltypical circuit [41] for the measurement of specific
heat is shown in Fig. 6. The current flowing through

S uthe specimen and the voltage drop across the central
- . - . - portion are measured simultaneously as a function of

_- / --  - time. The specific resistance at each time interval is

-coppr block calculated from the relationship p = AEILI, where
- corimetr A is the cross-sectional area of sample, E is the

. // - -Isotbrmoi voltage, I is the current, and L is the distance between'I - i closure voltage probes. This specific electrical resistance is

Fig. 5. Schematic diagram for drop isothermal copper block then plotted as a function of time. The specific heat
calorimeter [37]. at any temperature T is given by the equation

fill
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temperature coefficient of the resistance at tempera-
ture T, dp/dt is the time rate of change of resistivity
at temperature T, and p is the electrical resistivity of
sample.

I I Exteal
Voltogs relslor
probes Somple I 8. COMPARATIVE METHOD

The method consists of placing a specimen with_ i I -'V G ,m system

its temperature-monitoring thermocouple in a re-
wo, beam fractory container of low thermal conductivity and

_osIo o sce in turn placing this in a furnace whose tempez.:ture is
maintained constant above or below the specimen
temperature. The container s calibrated by deter-
mining its heating rate when empty and then with a

Shut ,2vo, reference sample of known specific heat. Separate
omp heyyduty- electrical heating circuits are usually provided for

50Mv batteriesf the specimen and the shield so that their temperature
-a [ will rise equally and simultaneously in order to
Rel" "-reduce heat losses. The specific heat C, 2 of the

unknown specimen is calculated from the following
Ti ing I relation:
circuit I

C,2W2 At2 /AT 2 - Atr/AT= (48)
C,, W, At,/A T, - At,/A TrFig. 6. Schematic diagram of circuit for specific heat measure-

ment using pulse-heating method [411. where (At/AT) is the slope of a dime-temperature
curve, and the subscripts r, 1, and 2 represent the

empty container, the container with specimen 1,
EI(dp/dT) and the container with specimen 2, respectively.

C, = (47) The papers by Boggs and Wiebelt [3] and Smith [34]
Jm(dp/dt) give excellent accounts in the use of this method.

Irreproducible heating or cooling conditions and
where C, is the specific heat, cal g-I K- ', J is the differences in thermal conductivity between the
conversion factor, 4.184joules cai - ', in is the mass of unknown and reference specimen usually account for
sample between voltage probes, grams, dpfdT is the the inaccuracies encountered in this method.
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Data Presentation and Related General
Information
1. SCOPE OF COVERAGE The numerical data are presented in double

The materials studied in this volume consist of columns. The temperature T is in degrees Kelvin,
nonmetallic elements, oxides, and other nonmetallic and the specific heat C. in calories per gram per
compounds and mixtures. The nonmetallic elements degree Kelvin. A unique curve number is assigned
and compounds are listed in the table of contents in to each set of data. This corresponds exactly to the
alphabetical order according to chemical name. The number which also appears in the specification table
data presented are original experimental data on the and on the figure.
specific heat of these materials as reported by various The two general types of data that are obtainable
investigators. These data were extracted from the from the literature are the true specific heat data
world's technical and scientific literature, United obtained directly from the results of measurements
States Government Publications, Doctoral and using, for instance, the Nernst-type calorimeter and
Masters dissertations, data supplied by private the derived true specific heat data, deduced from
companies, and special reports of major research direct enthalpy measuremel's using the drop
centers throughout the world. The range of tempera- technique. in the latter type an empirical equation
tures covered is from zero degree Kelvin to the has been fitted by the authors to the enthalpy data
melting point and beyond. For most high-tempera- by least squares technique and specific heat obtained
ture materials, no information is found in the liquid by differentiaticn. The results are usually tabulated
range. at rounded temperature intervals.

2. PRESENTATION OF DATA
The data for all substances are presented in 3. SYMBOLS AND ABBREVIATIONS USED IN

graphical and tabular form together with a specifica- THE FIGURES AND TABLES
tion table for each substance. The specification table Symbol Definition Units
gives the temperature range, the original reference
number, the curve number, reported estimates of T Temperature degree Kelvin, K
error, year of publication of the original document, Co  Constant pressure specific
specimen designation, and such other pertinent heat cal g- K-'
information as composition or purity of sample, test C, Constant volume specific
environment, mechanical, chemical, and thermal heat cal g- 1 K-'
history of the test specimen, etc., to the extent M. P. Melting point degree Kelvin, K
provided in the original source document. The data T. P. Transition point degree Kelvin, K
for the specific heat of the materials are plotted on a s. c. Super. onducting
log-log scale for comparative evaluation. When N Normal
several sets of data are coincident, the graphical c Cubic
plotting of all of them would lead to confusion. For f.c.c. Face-centered cubic
this reason, some of the sets of data points are b.c.c. Body-centered cubic
omitted from the figures. They are, however, reported h Hexagonal
in the data tables and specification tables. c.p.h. Close-packed hexagonal
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Classification of Materials

Limits of composition (weight percent)*

Classification X, X1 + X2  X2  X3

!. Nonmetallic elements >99.5 - <0.2 <0.2
2. Compounds >95.0 - <2.0 <2.0
3. Binary mixtures (or solutions) - >95.0 >2.0 <2.0

J.- >95.0 >2.0 >2.0
4. Multiple mixtures (or solutions) -95.0 >2.0 <2.0 4

<95.0 >2.0 >2.0
<95.0 <2.0 <2.0

*X >X2 >X 3 -X 4  ....

4. CONVERSION FACTOfi FOR UNITS OF bibliographic information is cited in the sequences
SPECIFIC HEAT given below.

The conversion factors given in the table on Journal Article:
page 2a. Author(s)-The names and initials of all

20a are based upon the following basic defini- authors are given. The last name is written

tions: first, followed by initials.
I lb = 0.45359237 kg* b. Title of article-In this volume, the titles of
I caleh = 4.184 (exactly) J* the journal articles listed in the References

1 calIT = 4.1868 (exactly) J* to Text are given, but not of those listed in
I Btulh lb- 1 F- 1 = I cal i, g-' C-It the References to Data Sources.
1 BtuTT b- ' F-' = I calIT g9' C-'t c. Journal title-The abbreviated title of the

journal as in Chemical Abstracts is given.
The subscripts "th" and "IT" designate "thermo- d. Series, volume, and number-If the series is
chemical" and "International Steam Table," respec- designated by a letter, no comma is used
tively. between the letter for series and the numeral

for volume, and they are underlined together.
In case series is also designated by a numeral,

5. CLASSIFICATION OF MATERIALS a comma is used between the numeral for

The c iseries and the numeral for volume, and only

frThe classification scheme as sho n in the table the numeral representing volume is under-
lined. No comma is used between thebased upon the chemical composition of the material. ntmerals representing volume and number.

This scheme is mainly for the convenience of material numeral or n ume ind nThe numeral for number is enclosed in
grouping and data organization, and is not intended
to be used as definitions for the various material parenthese. Pages-The inclusive paenumbers of the
groups. article.

f. Year-The year of publication.

' Report:
6. CONVENTION FOR BIBLIOGRAPHIC Rp tCITAIONa. Author(s).CITATION

b. Title of report-In this volume, the titles of
For the following types of documents the the reports listed in the References to Text

are given, but not of those listed in the
*National Bureau of Standards, "New Values for the Physical References to Data Sources.
Constants Recommended by NAS-NRC," NBS Tech. News c. Name of the responsible oiganization.
Bull. 47(10), 175-7, 1963.Bll.4710) 17-7 193.d. Report, or bulletin, circular, technical note,
tMuel!er, E. F. and Rossini, F. D., "The Calory and the
Joule in Thermodynamics and Thermochemistry," Am. J. etc.
Phys. 12(1), 1-7, 19,14. e. Number

~c, _,___
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f. Part 7. CRYSTAL STRUCTURES, TRANSITION
g. Pages TEMPERATURES, AND OTHER
h. Year PERTINENT PHYSICAL CONSTANTS OF
1. ASTIA's AD number-This is given in THE ELEMENTS

square brackets whenever available. The table on the following pages contains

Book: information on the crystal structure, transition
a. Author(s) tempcratures, and certain other pertinent physical
b. Title constants of each element. This information is very
c. Volume useful in data analysis and synthesis. However, no
d. Edition attempt has been made to critically evaluate the
e. Publisher temperatures/constants given in the table and they
f. Place of publication should not be considered recommended values.
g. Pages This table has an independent serie- of numbered
h. Year. references which immediately follow the table.
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Al
MATERIAL INDEX TO SPECIFIC HEAT

COMPANION VOLUMES 4, 5, AND 6

Material Name Vol. IPage Material Name Vol. Page

Acetone I(CH3)2C0 6 113 Aluminum silicates:

Acetylene (CHCH) 6 I117 AI2SiO5  5 18

Acetylenogen (see Calcium dicarbide) AI6Siaoi3  5 1292

Air 6 293 A12Si2O72I 2  5 11295

AISI 301 4 693 Dialuminum silicon pentnoxide (AISiOS) 5 1289

AIRI 304 4 699 llexanluminunm disilicon 13-xd 5A~i03  1292L

AISI 305 4 702 Dialumninum disilicon lieptaoxide dihydrate
(A 1120 2 ) 5 1295

A13I 310 4 705 (l-'0I Aluminum sulf-ites:
AISI 316 4 708

A1 2(S04)3  5 1161
AISI 347 4 71

D aluiuY s uifae 1 A1(0 4 3  5 11611
AISI 430 4 678

Dialuminum trisulfate hexahydrate I A12(So 4)l
AL1SI 446 4 684 61120) 5 1164

Alpha brass alloy 4 346 Aluminum titanate (see Dialuminuni titanium
pentaoxide)

Alumel 4 568
Dialumidnuin titanium pentaoxide (Al2TiO5) 5 1298

Alumina (see Aluminum oxide)
Ammonia (NH3) 6 61 1

Aluminosilicate glass (Si0 2 + A1205 + EXi) 5 1227
Ammonium aluminum sulfates:

NH 4AI(S0 4)2  5 1170Aluminum+Cpe+X 
4 511Als)

2 11205 
17Aluminum + Zinc +DX 4 51

Animonium aluminum disulfate N1H4Al(S0 4)2] 5 1170
Aluminum alloys (specific types)

Ammonium aluminumi disulfate dodecahy-
24 S (same as 2024) '1 511 drate I NII4AI(S0 4)2' 1211201 5 1173

75 S (same as 7075) 4 514 Diamimonium sulfate j(N114)2S04J 5 1167

2024 4 511 AMNS 4901 B (see Titanium, 'ri-75 A)

7075 4 514 Antimonic acid anhydride (see Diantinion%'
pentaoxide)

Aluminum antinionide (AISb) 5 297

Aluminum carbide + rX1 (A14C3  F~X1 5 395 Atmn
Antimony oxides:

4Alumimn trifluoride (AlF3) 5 915

Aluminum nitride (AIN) 5 1075 b0

Sb205  5 3
Aluminum oxide (A'203) 5 26

Aluminum phosphide (All') 5 5 17



A2

-
Material Name Vol. Page Material Name Vol. Page

Baking soda (see Sodium bicarbonate)

Barium 4 13

Diantimony tetraoxide (Sb 204 ) 5 30.- Barium carbonate (BaC03)  5 1109

Diantimony pentaoxide (Sb20 5) 5 33
Barium dichloride (BaCl2 ) 5 785

Antimony sulfide (see Diantimony trisulfide)
Barium dichloride dihydrate (BaC12. 21120) 5 788

Diantimony trisulfide (Sb 2S3) 5 635
Barium fluoride (see Barium difluoride)

Antimony sulfur iodide (SbSI) 5 485
Barium difluoride (BaF 2) 5 918

Argentum (see Silver)ABarium dinitrate I Ba(NO3 )2 1 5 1139

Argon 6 1
Barium oxide (BaO) . 42

Armco iron 4 102
Barium silicates:

Arsenic 4 9
BaSiO3  5 1301

Arsenic acid (see Diarsenic pentaoxide)
Ba 2SiO 4  5 1304

Arsenic anhvdride (see Diarsenic pentaoxide
BaSi 2O5 5 1307

Arsenic triiodide (Asl 3) 5 488
Ba 2Si 308 5 1310

Arsenic oxides:
Barium silicon trioxide (BaSiO3) 5 1301

As203 5 36 Dibarium silicon tetraoxide (Ba 2SiO 4) 5 1304

As 20 5  5 39
Barium disilicon pentaoxide (BaSi20 5) 5 1307

Arsenic sesquioxide (As 20 3) 5 36
Dibarium trisilicon octaoxide (Ba 2Si 30 8) 5 1310

Diarsenic trioxide (see Arsenic sesquioxide)
Barium sulfate (BaSO 4) 5 1176

Diarsenic pentaoxide (As 20 5) 5 39
Barium sulfide (BaS) 5 644

Arsenic sulfides:
Barium titanates.

AsS 5 638
BaTiO3  5 1313

As 2S3  5 641
Ba 2TiO 4  5 1316

Arsenic sulfide (AsS) 5 638
Barium titanium trioxide (BaTiO3) 5 131,3

Arsenic tersulfide (see Diarsenic trisulfide)
Dibarium titanium tetraoxide (Ba 2TiO4) 5 1316

Diarsenic trisulfide (As 2S3) 5 641
Barium uranate (see Barium uranixun tetra-

Arsenious acid (see Arsenic sesquioxide) oxide)

Arsenious iodide (see Arsenic trilodide) Barium uranium tetraoxide (BaUO4) 5 1319

Arsenious oxide (see Arsenic sesquioxide) Barium zirconate (see Barium zirconium
trioxide)

Arsenious sulfide (see Diarsenic trisulfide)
Barium zirconium trioxide (BaZrO3) 5 1322

Arsenous anhydride (see Arsenic sesqui-
oxide) Benzene (CGHO) 6 121

Arsenous sulfide (see Diarsenic trisulfide) Beryllia (see Beryllium oxide)

ASTM B 265-58 T, grade 3 and 4 (see Beryllium 4 16
Titanium, Ti-75A)

Beryllium + Beryllium oxide, cermet
Aurum (see Gold) (Be + BeO) 5 1243

Austenite (see steel. austenite) .... __ _ _
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Beryllium aluminate (see Beryllium dialum- Boron carbide (see Tetraboron carbide) L
Beylum ilni tetraoxide (BA2) 5 12 Tetraboron carbide (B4C) '5 402

Berllumdiluinm etaoid ~e~ 20) 125 Boron trifluoride (BF 3) I6 67I

Diberyllium carbide +EXi (Be2C +r-Xi) I5 399

Beryllium cermet (specific types) BooIird B)5 17
Boron nitride + Diboron trioxide + i,1A

QAIV 5 1243 cermet (BN + B,0 3  EX) 5 1270

YB 9052 5 1243 Boron nitride + Carbon, cermet (BN + C) 5 1273

YB 9054 5 1243 Boron sesquioxide (B203) 5 151

Beryllium difluoride (BeF2) 5 921 Diboron trioxide (see Boron sesquioxide)

Beryllium oxide (BeO) 5 45 Borosilicate glass (Si0 2 +1B203 + )5 11230

Beryllium oxide + Beryllium, cermet (BeO Brass '4 346 -

:er7:oX~:+2IeY~iu+Molbd~u~ a 1246 Brimstone (see Suirur)6 13

cermet (BeO + Be + Mlo) 5 1249 Bromine 6 7

Beylu xd llbeux emti-Butane (i-C 4H,0) 6 129
(BeO +Mo) 5 1252

n-Butane nC O6

beyld.cre BeO + oed5 1255 Butter of zinc (see Zinc dichloride)

Beryllium oxide + Niobium dodecaberyilide, Cadmium 4 ' 29

j crmt Be Nbe 1 ) 158 Cadmium + Magnesium (M gCd) 4 294
Beryllium oxide + Tantalum dodecaberyllide,

cermet (BeO + TaBe, 2) 5 1261 Cadmium + Mlagnesium (Mg3Cd) 1 297

Beryllium oxide + Titanium dodecaberyllide, Cadmium + Magnesium (NMgCdS) 4 300
cermet (BeO + TiBe12) 5 1264

Beryllium oxide + Zirconium 13-beryllide, Cadmium dibronjide (CdBr 2) 5 759

cerinet (BeO + ZrBe, 3) 5 1267 Cadmium dichloride (CdCl 2) 5 791

Diberyllium silicon tetraoxide (Be2SiO 4) 5 1329 Cadmium iodide (see Cadmium diiodide)

Berllim slfae (3(304)5 1179 Cadmium diiodide (Cd12)5 49

Bimiethyl (see Ethane) Cadmium oxide (CdO) 5 54

Bismuth 4 21 Cadmium sulfide (CcS) 5 650

Bismuth + Lead 4 291 Cadmium telluride (CdTe) :S 720

Bismuth glance (see Dibismuth tritelluride) Calcia (see Calcium oxide)

Bismuth sesquioxide (BI2O3) 5 48~ Calcium 1 :32
Dibismuth trioxide (see Bismuth sesquioxide)' Calcium aluminates:

Dibismuth trisulfide (Bi2S3) 5 647 CaAl2O4  5 1332

Dibismuth tritelluride (Bi2Te3) 5 717 CaAI407  5 13135

Bitter spar (see Calcium magnesium dicar- Ca3A12 0  5 1:338
bonate) I Ca12A114033  5 1341l

Boralloy (see Boron nitride)
Calcium dialuminum tetraoxide (CaAI 204) 5 13312

Boron 4 25
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Calcium tetraaluminuir heptaoxide (CaAl 4O1) 5 1335 Calcium fluoride (see Calcium difluoride)-

Tricalcium dialuminum hexaoxide (Ca 3AI206) 5 1338 Calcium difluoride (CaF2) 5 924

Dodecacalcium 14-aluminum 33-oxide Calcium diiron tetraoxide (CaFe 2O4) 5 1356
(C 1 2 1 1 O3)5 1341

Dicalcium diiron pentaoxlde (Ca 2Fe2O5) 5 1359

Calcium aluminum silicates:Cacu mgnsu dirbat

CaA 12Si2O8  5 1404 [CaIg(C0 3)2] 5 1115

Ca 2Al2SiO 1  5 1401 Calcium magnesium silicates: -

CaAl2Si2O*, 2H 20 5) 1407 CaMgSi2O6  5 1413

Ca 2A1l4Si8024 7H20 5 1410 Ca2?4S' 2O7  5 1416

Calcium dialuminum disilicon octaoxide, Ca3TMgSi 2O8  5 1 I1419
(CaAI2Si 2O8) 5 1404 CalgS 80 23 . H20 5 12

Dicalcium dialuminum silicon heptaoxide
(Ca2AI2SiO7) 5 11401 Calcium magnesium disilicon hexaoxide

(CaMgSi2O6) 5 '1413

Calcium dialuininum disilicon octaoxide
dihydrate (CaAl 2Si 20OH 20) 5 1407 Dicalcium magnesium disilicon heptaoxide

(Ca2MNgsi 2O7) 5 1416

Dicalciuni tetraaluminum octasilicon
24-oxide heptahydrate (CaZAi 4Si 8024 7H120) 5 1410 Tricalcium magnesium disilicon octaoxide

(Ca3MgSi2O8) 5 1419

Calcium borates;
Dicalcium pentamagnesium octasilicon 23-

CaBO 4  5 1344 oxide monohydrate (Ca2A1g5S'8023-H20) 5 1422

CaB4O7  5 1347 Calcium molybdate (see Calcium miolybde-
num tetraoxide) 5 1362

Ca2B206 5 1350
Calcium molybdenum tetraoxide (CaioO4) 5 16

Ca13B206  5 1353 5 5
Calcium oxide (GaO) 5 5

Calcium mnetaborate (see Calcium diboron
tetraoxide) Calcium silicates:

Monocalcium borate (see Calcium diboron Ca-,iO 3  5 1365

tetraoxide) Ca2SiO4  5 1368

Calcium diboron tetraoxide (CaB2O4) 5 1344I
Ca 3SiO5  5 1371

Calcium tetraboron lieptaoxide (CaB4O1 ) 5 1347
CaI~Si 207  5 1374

Dicalcium diboroa pentaoxide (Ca2B2O5) 5 1350
Calcium metasilicate (see Calcium silicon

Tricalcium diboron hexaoxide (Ca 3B2O6) 5 1353 trioxide)

Calcium dicarbide (CaC2) 5 405 Calcium orthosilicate (see Dicalcium silicon

tetraoxidc)

Calcium carbonate (CaCO3) 5 11ICalcium silicon trioxide (CaSiO 3) 5 1365

Calcium dichloride (CaC12) 5s 794
Dicalcium silicon tctraoxide (Ca2SiO 4) 5 1368

Calcium ferrites:
Tricalcium silicon penaoxide (Ca3SiO 5) 5 1371

CaFe2O4  5 1356
Tricalcium disilicon hcptaoxide (Ca3Si 2O7) 5 1374

Ca2 FeO5  5 1359 Calcium sulfates:

Calcium metaferrlte (see Calcium dliron
tetraoxide) CaSO4  5 1182

Calcium orthoferrite (see Dicalcium diiroa CaSO4* 1/2H120 5 1185

i7 c 7TT7~ -4
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Calcium sulfates - continued Carbon dioxide (CO2) 6 143

CaSOg211,0 5 1188 Carbon steel (Group 1) 4 619

Calcium sulfate (CaSO4)  5 1182 Carbon steel (Group II) 4 623

Calcium sulfate hemiydrate (CaSO4-1/2H20) 5 1185 Carbon steel (Group II), eutectoid 4 623
Calcium sulfate dihydrate (CaSO4 /2H20) 5 1188 Carbon steel (Group II), hyper eutectoid 4 623

Calcium sulfide (CaS) 5 653 Carbon steel (Group II), U-8 4 623

Calcium titanates: Cassiopeium (see Lutetium)

CaTiO 5 1377 Celtiumn(see Hafnium)

Ca3Ti2 O7  5 1380 Cerium 4 36

Calcium titanium trioxide (CaTiO 3) 5 1377 Cerium trifluoride (CeF3) I 927

Tricalcium dititanium heptaoxide (Ca 3Ti 2O7) 5 1380 Cerium oxides:

Calcium tungstate (see Calcium tungsten CeO 5 60
tetraoxide) 

5

Ce203 5 64
Calcium tungsten tetraoxide (CaWO4) 5 1383

Cerium dioxide (CeO2) 5 60

Calcium uranate (see Calcium uranium
tetraoxide) Cerium sesquioxide (Ce2O3) 5 64

Calcium uranium tetraoxide (CaUO4) 5 1386 Dicerium trioxide (see Cerium sesquioxide)

Calcium vanadates: Cerium sulfides:

CaVO 6  5 1389 CeS 5 656

Ca2 V2O 5 1392 CCZS3  5 659

Ca3V2O8  5 11395 Cerium sulfide (CeS) 5 656

Calcium divanadium hexaoxide (CaV20) 5 1389 Dicerium trisulfide (Ce2S3 ) 5 659

Dicalcium divanadium heptaoxide (Ca 2V2O 7) 5 1392 Cermets:

Tricalcium divanadium octaoxide (Ca 3 V208) 5 1395 Be + BeO 5 1243

Calcium wolframite (see Calcium tungsten BeO + Be 5 1246
' tetraoxide)tetaoxde)BeO + Be + Mo 5 12,19

Calcium zirconate (see Calcium zirconium
trioxide) BeO + Mo 5 1252

Calcium zirconium trioxide (CaZrO3)  5 1398 BeO + MoBeI 5 1255

Carbon, diamond 5 -1 BeO + NbBe 12  5 1258
k

Carbon, graphite 5 9 BeO + TaBe12  5 1261

Carbon + Silicon carbide, cermet (C + SiC) 5 1276 BeO + TiBe, 5 1264

Carbon tetrachloride (CCl 4) 6 159 BeO + ZrBe 3  5 1267

Carbon oxides: BN + B2O 3 -X i  5 1270

CO 6 152 BN + C 5 1273

CO2  6 1,13 C +SC 5 1276

Carbon monoxide (CO) 6 152 SiC + C+X i  5 1279

__ _ __ _ _ ___ _ __ _ __ _ _ __ _"
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Cermets - continued j Trichromium dicarbide (Cr 3C2) 5 408

WC +CO 5 11282 Tetrachromium carbide (Cr 4C) 5 414

ZrO2 + Ti 5 1285 Pentachronrnum dicarbide (Cr 5 C2) 5 411

Cesium 4 40 Heptachromium tricarbide (Cr 7 C3) 5 417

Cesium aluminum disulfate dodecahydrate Chromium chlorides:
[ CsAl (SO4)2 .121120] 5 1191

CrC12  5 800
Cesium chloride (CsCI) 5 797- CrC13 5 803

Cesium monohydrogen difluoride (CsHF,) 5 931
Chromium dichloride (CrC12) 5 800

* Cesium iodide (CsI) 5 494
Chromium trichloride (CrC13) 5 803

Chlorine 6 11

Chlorodifluoromethane (see Freon 22) Chromium sesquoxide (Cr 20 3) 5 67

Diehromium trioxide (see Chromium sesqui-

Chlorotrifluoromethane (see Freon 13) comide)

Chloroform (CHC13) 6 166 Chromium silicides:

Chloromethane (see Methyl chloride) CrSi 5 565

Chromel A (see Nichrome V) CrS 2  5 568

Chromel P 4 392 Cr3Si 5 559

Chromium 4 44 Cr 5 Si 3  5 562

Chromium + Aluninum 4 304 Chromium silicide (CrSi) 5 565

Chronium i+ Aluminum - Xi  4 517 Chronium disilicide (CrSi2) 5 568

Chromium + Iron '4 307 Trichromiun silicide (Cr 3Si) 5 559

Chromium + Iron + DX i  4 520 Pentachromium trisilicide (Cr 5 Si 3) 5 562

Chromium + Manganese 4 311 Cobalt 4 48

Chromium alloys (specific types) Cobalt - Chromium +±X i  4 5233

Aluminothernic chromium .4 520 Cobalt + Dysprosium (DyNo5 ) '2 314

Ferrochromimn 4 520 Cobalt + Iron 4 317

Chromium borides: Cobalt + Nickel 4 320

CrB 5 335 Cobalt alloy, HE 10,19 4 526

CrB2  5 338 Cobalt chlorides:

Chromium monoboride (CrB) 5 335 CoC12  5 806

Chromium diboride (CrB2) 5 338 CoCl 2 61120 5 809 /

Chromium carbides: Cobalt dichloride (CoC22) 5 806

Cr 3C2  5 R08 Cobalt dichloride hexahydrate (CoC12. 61O) 5 809

Cr 4C 5 414 Cobalt ferrites:

C r5 c 5 411 CoFe 20 4  5 1,25

CrC 3  5 117 CoxFeyO4 (nonstoichiomctric) 5 1428

_________________________ 1~. . _____________

'7 *
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Cobalt diiron tetraoxide (CoFe 20 4) 5 1425 Copper alloys (specific types)

Cobalt iron tetraoxide, nonstoichiometric Manganin 4 338
(CoxFeyO4) 5 1428

Monel 4 562
Cobalt difluoride (CoF2) 5 934

Copper bromide (CuBr) 5 762
Cobalt oxides:

Copper chlorides:
CoO 5 70

CuC 2  5 812
C030 4  5 73

CuC122H20 5 815
Cobalt monoxide (CoO) 5 70

Copper dichloride (CuCl2) 5 812
Tricobalt tetraoxide (Co304) 5 73

Copper dichloride dihydrate (CuC12 "2H2 O) 5 815
Cobalto-cobaltic oxide (see Tricobalt tetra-

oxide) Copper ferrites:

Cobaltosic oxide (see Tricobalt tetraoxide) CuFe 20 4  5 1437

Cobaltouscobaltic oxide (see Tricobalt tetra- CuxFeyO4 (nonstoichiometric) 5 1434
oxide)

Copper diiron tetraoxide (CuFe 20 4) 5 1437
Cobalt silicide (CoSi) 5 571

Copper iron tetraoxide, nonstoichiometric
Cobalt sulfate heptahydratt. (COSO 4 7H 20) 5 1194 (CuxFeyO4 ) 5 1434

Cobalt tungstate (see Cobalt tungsten tetra- Copper hemioxide (see Copperous oxide)
oxide)

Dicopper monoxide (see Copperous oxide)
Cobalt tungsten tetraoxide (CoWO 4) 5 1431

Copper oxides:
Columbium (see Niobium)

CuG 5 80
Constantan 4 341

Cu 20 5 76
Copper 1 51

-I Copperas (see Iron sulfate heptahydrate)
Copper, electrolytic 4 51

Copperic oxide (CuO) 5 80
Copper, electrolytic tough pitch (Fed. Spec.

QQC-502) 4 51 Copperous oxide (Cu 2O) 5 76

Copper, electrolytic tough pitch (Fed. Spec. Copper protooxide (see Copperous oxide)
QQC-576) 4 51

Copper suboxide (see Copperous oxide)
Copper, OFHC 4 51

Copper sulfides:
Copper + Aluminum 4 323

CuS 5 662
6813pr 1 Gih ttht 1 Oi -4- 4O0-

Cu 2S 5 665
Copper + Gallium 4 327

Copper sulfide (CuS) 5 662Copper + Iron 4 331
Dicopper sulfide (Cu 2S) 5 665

Copper + Magnesium 4 335
Cordierite (see Dimagneslum tetraaluminum

Copper + Magnesium + Aluminum pentasilicon 18-oxide)
(MgCu2 .xAlx) 4 529

Corning 1723 glass 5 1227
Copper + Magnesium + Silicon (MgCu 2.xSix) 4 532

Corundum (see Aluminum oxide
Copper + Manganese 4 338

Crucible gRM-NM 4 714
Copper + Nickel 4 341

Cuprum (see Copp :v)Copper + Zinc 4 346
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n-Dcan ( 10H 2)6 170 Ethiylene alcohol (see Ethylene glycol)I

Detem H2 6 15 Ethylene glycol (CH2OHC1 2OH) 6 192

Diamond (see Carbon, diamond) Ethyne (see Acetylene)

Dichlorodifluoromethafle (see Freon 12) Europium I4 68

Dichlorofluoromethnne (see Freon 21) Europium oxide (Eu203) 5 89

1, 2-Dichloro-1, 1,2,2-tetrifluoroetflafe Dieuropiumf trisulfate octahydrate (EU2(S04):;

(see Freon 114) 8H120) 5 1197

Dimethyl keytone (see Acetone) Ferroniobium 4 574

Dimethylmethane (see Propane) j eru hloride (see Iron dichloride)

Dysprosia (see Dysprosium oxide) Ferrous ferric oxide (see Triiron tetraoxide)l

Dysprosium 4 62 Ferrous fluoride (see Iron difluoride)

Dysprosium trichloride hexahydrate Ferrous oxide Isee Iron (ous) oxide)

(DyCl 3. 6H20) 5 818 erm(eIon

Dysprosium oxide (Dy2O3) 5 83 Ferm(eIon
Flowers of tin (see Tin dioxide)

Dysprosium sesquioxide (see Dysprosium

oxide) Fluorine 6 19

Didysprosium trioxide (see Dysprsiu Freon 10(see Carbon teraclde

oxide)

Erbia (see Erbium oxide)
Freon 12 (CI2CF2) 6 204

Erbium 4 65
Freon 13 (CICF) 6 210

Erbium triebloride hiexahyc rate (Er Cls 611 20 5 822
Freon 20 (see Chloroform)

Erbium gallate (see Trierbium pentagallium

dodecaoxide) Freon 21 (Cl 2CHr) 6 212

Trierbium pentagallium dodecaoxide Freon 22 (0101-F 2) 6 21S

I Ei SGa 5O 12 (GarnetWi 5 1440
Freon 113 (CCI 2FCClF2) 6 224

Erbium oxide (Er 2O3) 5 '16
Freon 114 (CClF 200lF2) 6 228

Erbium sesquioxide (see Erbium oxide)

Dierbium trioxide (see Erbium oxaidnaeseG)oinu 
oie

Gadolinium 14 72

Ethane (CAH) 6 174 
*

Gadolinium trichioride hexahydrate

1,2-Ethar.ediol (see Ethylene glycol) (GdCl 3.611 20) 5 826

Ethene (see Ethylene) Gadoliniumi trinitrate hexahiydrfite

(Gd(N0 3)3* 61120) 5 14

Ethine (see Acetylene) I5 14

Gadolinium oxide (Gd203) 
5 92

Ethoxyethane (see Ethyl ether)
Gadolinium sesquioxide (see Gadolinium k

Ethyl Alcohol (021-15011) 6 180 oxide)

Ethyl ether I (02115)20) 6 194 Digadalinium trioxide (see Gadolinium

Ethyl oxide (see Ethyl ether) Gallium 4 75[

Ethylene (01120112) 6 185 Gallium antimonide (GaSb) 5 300 "

0 4 .

'-- 

-
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Gallium arsenide (Ga.As) 5 307 Graphites __cfic tyVpes) continued

Gallium oxide (Ga 203) 
5 95 Canadian natural CNG5 9

Gallium sesquioxide (see Gallium oxide) Canadian natural boronated CNG-B 5 9

Digallium trioxide, (see Gallium oxide) Ceylon natural graphite

*Gallium phosphide (GaP) 5 520 Graphitized lampblack SA-125 5 9
Natra Mdaasan5 9

Gallium telluride (see Digallium tritelluride) NtrlMdg~a

Digallium tritelluride (Ga 2Te3) 5 723 Pile H-OS 11 5 9

Genetron 11 (see Freon 11) Pyro 5 9

Generon12 (ee reon12)Hafnia (see Hafnium dioxide)

Genetron 13 (see Freon 13) Hafnium 
4 87

Genetron 22 (see Freon 22) Hafnium ~-Zirconium 4 356

Genetron 113 (see Freon 113) Hafnium beryllide (see Dihainium 21-
beryllide)

Genetron 114 (see Freon 114) 4 9 Dihafnium 21-beryllide (Hif2Be 2l) 5 113

GraimHafnium diborid,, (HfB2) 5 W4'

Germnium tetrahydride (GeH4) 5 1033 Hanu5abd HC 420

Germanium oxide (see Germanium dioxideOHfimttaloie(~ 4  
3

Germanium dioxide (GeO2) 5 98 Hanu erfoid W )5 93

Hiafnium nitride OHN) 5 1081

Germaniumi silicide, nonstoichiometric 5 54 lanu ixd lf2 0

(GexSiy)5 
54 Hfimdoie(f 2  

0

Glass ceramics (see pyroceram) Hastelloy B 4 571

Glasses (see individual glass) Hlastelloy C 4 556

Glucinuin (see Beryllium) Hasteiloy R-235 4 553

4'Glucitium 
sulfate (see Beryllium sulfate) iiaynes stellite, HIE 1049 4 526

Glycerin (see Glycerol) Hecavy hydrogen (see Deuteriumi)

Glycerol (CHi2OHCIIOHCHOH 6 230 Helium 
6 232011)

Glycol (see Ethylene glycol) in-Heptane (Cl1itG) 6 232

olycyl alcohol (see Glycerol) n-licxalO (C6 1 4) 6 238

cold 4 S3 Hjigh silica glass (Si0 2 +SX) 5 1124

Gold i Nickel 1 353 liolmia (see hiolmium oxide)

CGraph-ites (specific types) Hlolium .1 90

Grade 3474 D 5 9 llolmium trichloride hexahydrate (lloCl3-
61120) 5 829

Grade 7087 5 9
1 HolmIium Oxidle (Ho203) 5 104

Grade AT.J 5 b
Ho11lium sesquioxideI (see Holmidum oxide)

Grade CS 5 9
Diiolwiuni trioxide (see Hiolmnium oxide)

Grade GBII 5 9

Aches11 H d r gyrum (nee Mercury)

AIq_

- .- -- ~-T
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Hydrogen 6 26 Iron + Chromium, Group 1 (25 Cr < 50) 4 635

Hydrogen chloride (HC1) 6 72 Iron + Chromium + Manganese, Group I 4 638

Hydrogen iodide (HI) 6 76 Iron + Chromium + Manganese +Zi, Group
II (Cr < 5.0) 4 687

Hydrogen sulfide (H2S) 6 78

Iron + Chromium i- Manganese + X i , Group
Ineo 713 C 4 550 II ( 14 e Cr - 27) 4 690

Incoloy 4 726 Iron + Chromium + Nickel + TX i , Group II
(15-16 Cr, 4-5 Ni) '1 717

Incoloy 901 4 565

Iron + Chromium + Nickel + Xi , Group I1
Incoloy alloy 800 (see Incoloy) (17-20 Cr, 8-14 Ni) 4 699

Incoloy alloy 901 (see Incoloy 901) Iron + Chromium + Xi , Group II 4 678

Inconel 702 alloy 4 553 Iron + Cobalt +IrXi, Group I 4 641

Inconel alloy 4 553 Iron + Cobalt + EXi (Group I), eutectoid 4 641

Inconel alloy 600 (see Inconel alloy) Iron + Copper + EXi , Group I 4 644

Inconel alloy 702 (see Inconel 702 alloy) Iron + Manganese + Carbon, Group 1 4 655

Inconel alloy X-750 (see Inconel X alloy) Iron + Manganese + Carbon (Group I),
eutectoid 4 655

Inconel X alloy 4 553
Iron + Manganese + ZX i , Group I 4 647

Indium 4 95
Iron + Manganese + TX i , Group I

Indium - Tin 4 359 (10 < Mn 50) 4 650

Indium antimonide (InSb) 5 303 Iron + Manganese + X i , Group II 4 723

Indium arsenide (InAs) 5 310 Iron + Nickel, Group II 4 726

Indium phosphide (InP) 5 523 Iron + Nickel + Carbon, Group I 4 665

Diindium sulfide, nonstoichoinetric (InSx) 5 668 Iron + Nickel + Chromium + TX i , Group II 4 729

Inqu-irtation silver '1 208 Iron + Nickel + rX i , Group 1 4 660

Invar 4 660 Iron + Silicon + Xi , Group 1 4 668

Iodide titanium 4 257 Iron + Silicon + Xi , Group II 4 732

Iodide zirconium 4 268 Iron + Tin, Group I 4 672

Iodine 5 15 Iron + Titanium, Group I (TiFe2 ) ,4 675

Iridium 4 99 Iron + Titanium + Xi , Group II 4 735

Iron 4 102 Iron + Tungsten + FX i , Group II 4 738

Iron, Armco 4 102 Iron alun-inate (see Iron dialuminum tetra-
oxide)

Iron, electrolytic 4 102
Iron dialuminum tetraoxide (FeAI2 O 4) 5 1,443

Iron + Aluminum, Group 1 4 626
Iron carbide (see Triiron carbide)

Iron + Antimony, Group I 1 629

Triiron carbide (Fe3C) 5 424
Iron + Carbon + TX i , Group I 4 619

Iron dichloride (FeCi 2) 5 832
Iron + Carbon + rX i , Group II 1 ' 623

S Ironous chloride (see Iron dichloride)I ron + Chromium, Group 1 (8 O r < 25) 4i 632
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Iron chromite (see Iron dichromium tetra- Iron sulfide (Fe9) 5 674
oxide)

oe"ron disulfide (FeS2) 5 677
Iron dichromium tetraoxide (FeCr 2O4) 5 1446

hv n sulfide, nonstoichiomietric (FexS) 5 67

Iron cobaltite (see Iron dicobalt tetraoxide) l
Iron teLurides:

Iron dicobalt tetraoxide (FeCo 204) 5 1449
FeTe, 5 1729

Iron difluoride (FeF2) 5 940
FexTe (nonstnicbcmoetric) 5 726

Iron oxides:
iron ditelluride (FeTe) 5 729

FeO 5 107
Iron telluride, ncnstoichiometric (FexTe) 5 726

Fe20O3  5 110
Iron titanate (see Iron titanium trioxide)

F e304 5 114

Iron titanium trioxide (FeTiO 3) 5 1455Diiron trioxide Esee Iron(ic) oxide) "'

Iron vitriol (see Iron sulfate heptahydrate) .
Triiren etraoxide (FeA0) 5 114

Iron(ic) oxide (Fe 20 3) 110
Iron selenides:

Iron(ous) oxide (FeO) 5 107
FeS2  5 527

Isotron 11 (see Freon 11)
Feoro 5 536

Isotron 12 (see Freon 12)
Fe7Se 8  5 533

Isotron 13 (see Freon 13)
F e S e (n o n s to ic t o m e tr ie ) 5 5 3 0 s t o 2 2 ( e F r n 2 )

Iron diselenide (FeSe2) 5 527
Isotron 113 (see Freon 113)

Triiron tetraselenide (FesSe4) 5 536
Isotron 114 (see Freon 114)

Heptairon octaselenide (FeSe8) 5 533
Jodium tsee Iodine)

Iron selenide, nonstoichiometric (FexSe) 5 530
Kalium (see Potassium)

Iron silicides:
Krypton 6 34

FeSi 5 577

Lanthana (see Lanthanum oxide)
Fe3Si 5 583

Lanthanum 4 110
Fe6Si3  5 580

Lanthanum oxide (La 20 3) 5 118
Iron silicide (FeSi) 5 577

Lanthanum sesquioxide (see Lanthanum
Trlron silicide (Fe3Si) 5 583 oxide)

Pentairon trisilicide (FeoSi 3) 5 580 Dilantanum trioxide (see Lanthanum oxide)

Iron orthosilicate (see Dilron silicon tetra- Laughing gas (see Nitrous oxide)
oxide)

Lead 4 113
Diiron silicon tetraoxide (Fe2SiO 4) 5 1452

Lead + Tin 4 363
Iron sulfate heptahydrate (FeSO . 7H20) 5 1200

Lead - tin solder (Sn + Pb) 4 446
Iron sulfides:

Lead glance (see Lead sulfide)
FeS 5 674

Lead dihodide (PbI2) 5 497
FeS2  5 1677

Lead molybdate (see Lead molybdenum
FexS (nonp.toichiometric) 5 671 tetraoxide) J
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Lead molybdenumi tetraoxide (Pb-*oO04) 1 11458 Lithium fluoride (LiF)5 94

Lead oxides: I Lithium hexafluoroaluminate (see TrilithIum

PbO 122 aluminum hexafluoride)

15 Lithium hydride (LiH) 5 10361

Pb18 Lithium nionchydrogen difluoride (LiHF 2) 5195

Pb20 '5 128 Lithium iron dioxide (LiFeO2) 5 1467 :
Pb3O 5 131

302 Lithium iron tetraoxide, nonstoichiometric 17
Lead oxide (Pbo) 5 12 (LiFe,0 4)5 1409

Lead dioxide (PbO2) 5 125 Lithiuim Oxide (Ui2Q) -5 134

Lead monoxide (see Lead oxide) I Dilithium oxide (see Lithium oxide) A

Lead peroxide (see Lead dioxide) ILithium titanate (see DiiiL.uum titanium

Lead protoxide (see Lead oxide) ui
Lithium metatitanate (see Dilithiumr titanium

Lead sesquioxide (Pb 2O3) 5 12S trioxide)

Lead superoxide (see Lead dioxide) Dilithium titanium trioxide (Li2TiO 3) 5 1473

Dilead trioxide (see Lead sesqujoxide) iLithium zinc ferrite [see Lithidum zinc iron

Trilad etraxid (P 3O4)5 I131 tetraoxide (nonstoichiometric) I
Lithium zinc iron tetraoxide, nonstoichio-

Lead sulfide (PbS) 5 681 metric (LixZnyFezO 4) 5 1476

Lead tungstate (see Lead tungsten tetra- Lutetia (see Lutetiumi sesquioxide)
oxide)

Lutetium 4 I121A
Lead tungsten tetraoxide (PbWVO 4  5 1461

Lutetiumi sesquioxide (Lu2O3) 5 1,)7
Lead wvolframiate (see Lead tungsten tetra-

oxide) Dilutetium trioxide (see Lutetiumi sesqui-

Libbey -Owens -Ford plate glass No 30 5 1240

Magnesia (see Magnesium oxide)

Magnesium 4 1241
Lithium 4 117

I Magnesitun + Aluminum + F 4 535
Lithium + Magne~ium 4 366

Magnesium + Sij- .n 4 369

Lithium alumni.ate (see Lithium aluminum 1

Lithium metaahuninate (see Lithium Magnesium + Zinc + FXi 4 541
aluminumn dioxide'

I Magnesium alloys (specific types)
Trilithium aluminum hexafluoride (Li3AlF 6) 5 94

AN-M-29 4 535
Lithium aluminum dioxide (LiA 102) 5 1464

AZ-31B 4 535
Dilithium beryllium tetrafluoride (Li 2BeF 4) 5 950

AZ-80 '4 535
Dilithium, carbonate (Li2CO.I 1 5 1118

Lithium chloride (LiCI) 5 835 K-14 53
HM-21XA 4 538

Lithium ferrites:
HM-31XA 4 53

LiFeO2  5 1467
ZK-60A 4 541

LixFeY04 (nonstolchiometric) 5 11470 1

, JJ;
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Magnesium aluminate (see Magnesium di- Magnesium germanide (see Dimagnesium
* aluminum tetraoxide) -gernianide)

dMagnuium etaoxmidae(e Magnesitum Dimagnesium germaride (Mg2Ge) 5 481

Magnesium metalumnat (seeoid 1479~24)1 141

Magnesium dialuminum tetraoxide Ma01iu diiron4 t5roxd 147e9 4  ~ 4
Magnesium iron. tetraoxlde, nonstoichia-I

Magnesium aluminum silicate (see Dimagne- metric (MgFeyO,) i5 1488
* ~~~~sium tetraanimnum pentasilicon 18-oxide ml3bt(selaeiu mo

Dimagnesium tetraaluminum, pentasilicon I 1ybdenum tetraoxide)
18-oxide (Mlg2Al 4Sio018) 5 11503

Magnsiumbories:Magnesium molybdenum tetraoxide (Mg?0O4) 5 1491

Magnesium nitride (see Trimagnesium di-
MgB 2  5~ 345 nitride)

Mg4 5 I348 Trimagnesium dinitride (N1g3N2) J5 1084

'Magnesium diboride (MgB 2) 5 345 Magnesium oxide (MgO) 5 140

Magnesium tetraboride (MgB4) 5 348 Magnesium silicates:I

Magnesium cadmium alloys: ImgSiO 3  5 1494

MgCd 4 I294 Mg2SiO 4  5 1497

Mg~d3  4 I300 Mg3Si4O11-H20 5 1500

Mg3Cd I4 297 Magnesium silicon trioxide 019Si0 3) 5 1497

Magnesium chlorides: Dimagnesium silicon tetraoxide (Mfg 2SiO4) 5 1497I

MvgCl 2  5 838 Trimagnesium tetrasilicon undeenoxide

Mgl 2H0 81 monohydrate (Mg3Si4011 H20) 5 1500

MgCI* 2120 5 844 Magnesium titanates:

MCl2 H20 5 844 MgTi 3  
5 1506

MgC24205 47 MgTi 2O5  5 1509

Mg1 2H2 N1g 2TiO4  5 1512

Magnsiumdiciorie (M~l 2  5 88 Magnesium dititanate (see Magnesium

Magnesium dichioride monohydrate dititanium pentaoxide)
(MgCl 9-H2O) 5 841

Magnesium metatitanate (see Magnesium
Magnesium dichloride dihydrate (MgCI 2. titanium trioxide)

2H20) 5 844
Dimagnesium titanate (see Dimagnesiuin

Magnesium dichioride tetrahydrate (MgC12- titanium tetraoxide)
4I120) 5 847

Magnesium titanium trioxide (MgTiQ3) 5 1506
Magnesium dichloride hexahydrate (MgCl 2 *

6H20) 5 850 Magnesium dititanium pentaoxide, (MgT 205) 5 1509

Magnesium chromite (see Magnesium di- Dimagnesium titanium tetraoxide (Mg2TiO4) 5 1512
Iz chromium tetraoxlde)

I Magnesium tungstate (see Magnesium
Magnesium dtchromium tetraoxide (MgCr 2O4)' 5 1482 tungsten tetraoxide)

Magnesium ferrites: Magnesium tungsten tetraoxide (MgWO4) 5 1515

MgFe 2 04  5 1485 Magnesium vanadates:

Mg,,FeyO4 5 1488 MgV2O6  5 1518 '

Magnesium: difluoride (Ma'>-) 5 1 956 1 Mg9v,07? 15 15211

-4__________
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Mlagnesium nietav'anadate (see Magnesium Manganese sesquioxide (M~n2O3)5 11
divanadium hexaoxide)15

Magnsiu pyovaadat (se MgneiumDimanganese trioxide (see Manganese sesquii

divranadium hexaoxide) oie
Trimanganese tetraoxide (Mn 304) 5 154

Magnesium dlivanadiuml hexaoxide (AMgV 206) 5 51

Dimagnesiuin divanadium heptaoxide 18 Inge(i)oxide(e agneess~i
(AT92207)5 1521

Manganese (ous) chloride (see Manganese
-~ Magnesium weifraniate (see Magnesium dichloride)

tunstn teraoxie) jManganese (ous) fluoride (see Manganese

Manganese 4 127 difluoride)

Manganese, electrolytic 4 12 Manganese (ous) oxide (see Manganese
Imonoxide)

Manganese + Aluminuln 4 I372I
Manganese (ous) sulfide (see Manganese

Manganese + Copper 4 377 sulfide)

Mlangaese + Nickel 4 380 Manganese selenide (see MT~anganous selenide)1

Manganese aluminumi carbide (see Trimanga- Mlanganese silicate (see Manganese silicon
nese aluminum carbide) trioxide)

Trimanganese aluminum cartide (M~n3AIC) 5 427 Manganese suicides:

Manganese carbide (see Trimanganese Mn3Si 5 586'
carbide)

MnSix (nonstoichiometric) 5 589
Trinmaliganese carbide (Mn,,C) I5 433

ITrimanganese sulicide (Mln 3Si) 5 586
Manganese carbonate (MnCO 3) j5 1121 Nlnae siidostchnerc

Manganese chlorides: (maSix) 5 589

mnCl2  I5 853 Manganese silicon trioxide (MnSi0 3) 5 1524

MnCl 2 - 4112 0 5 856 Maiiganese sulfide (MnS) 5 684

Manganese dichloride (MnCl 2) 5 853 Manganese monosulfide (see Manganese

Manganese dichloride tetrahydrate (see slie
Manganous dichioride tetrahydrate) Manganese telluride (see Manganous tellur-

ide)
Manganese difluoride (MnF 2) 5 959

Manganese zinc carbide (see Trimanganese
Manganese oxides: zinc carbide)

MnO 5 145 Trimanganese zinc carbide (Mn 3ZnC) 5 430

MnO2 5 148 Manganin4 38

Mn 203  5 151 Manganoman~ganic oxide (see Trimanganese
tetraoxide)

Mn304  5 154
Manganous dicioride tetrahlydrate (MVnCL2 '

Manganese binoxide (see Manganese dioxide) 4H 20) 5 856

Manganese dioxide (1 -- 2) 5 148 Manganous selenide (MnSe) 5 539

Manganese monoxide (Mln0Q 5 145 Manganous telluride (MaTe) 5 732

Mangnes prtoxde (ee angnes mo- Mecurc oideI se Mecur (i) oide
Manganeee peroxide (see Manganese dioxide) Marsh gas (see Methane)

oxide) J ________

4X
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Mercry 4 131 Alo~2 5 592

mruyslnd ge5 541%13' 5 595

Dimercury sulfate (1-12S04) 5 1203 Molybdenum disilicide (MloSi 2) 5 592

Mdercury sulfide (HgS) 5 687 Trimolybdenum siuicide (Mo3Si) 5 59

mercury (ic) oxide (HgO) 157 olbdeu ulde(eMoyenm di-

Methne (114 6 I244 sulfide)
MtaeCI4 6 24 -Molybdenum disulfide (MoS2) 5 i690

Methanol (see Mlethyl alcohol)I Modnce1 14

Methyl alcohol (CH3OH) 6 f252
Monel alloy 4 562

Methyl chloride (011301) 6 257 Mnlaoy40(e oe lo)
Miethylbenzene (see Toluene)Moealy40(se onllo)

Monel alloy K-5O0 (see Mlonel K alloy)
'Methylmethane (see Ethare)

'Monel K alloy 4 562
Molyb~denum 4 135 AIM7 (seTtnum p7A
Moly bdenum + Titanium '4 383 MS 70(eTinum T-5A

'MSAI-2. S Al-16V (see Titanium alloy
Mlolybdenum + Titanium + i4 544 Ti-2. 5Al-16V)

Molybdenum ~-Tungsten '1 386 %MSM\-6AI-4V (see Titanium alloy Ti-6A1-4V)

Molybdenum beryllide (see molybdenum IS-An(e iaimalyC10A
dodecaberyllide) MM8n(e iaimaly010M

MST-2. 5 AlI-16V (see Titanium alloy
molybdenum dodecaberyllide ('MoBe12) 5 316 Ti-2. 5A1-16V)

Mlolybdenum borides: I I ST-6A1-4V (see Titanium alloy Ti-6AI-4V)

MoB 5 358 MST-8M1n (see Titanium alloy 0-11051)

MoB2  5 352 Natrium (see Sodium)

Mo12B3 5 355 Neodymnia (see Neody'nium oxide)

Molybdenum boride (51013) 5 358 Neodymidum 4 140

Molybdemn diboride (1\oB2) 5 352 Neodymidum trichloride hexahydrate
(NdC13.6H-20) 5 859

Dimiolybdenum boride GNMo2B) 5 355
Neodyniiumi gallate (Fee Trineodymium

Molybdenum carbide (see Dimiolybdenuni pentagallium dodecaoxide)
carbide)

Trineodymnium pentagallium dodecaoxide
4Dirmolybdenum carbide (51020) 5 436 1 Nd3Ga5012(Garne0j 5 1527

Molybdenum hexafluoride (5IoFG) 5 962 Neodymiumn oxide (Nd203) 5 166

Mlolybdenm oxides: Neodymium sesquioxide (see Neodymiumn
oxide)

5N100 5 160
Neon 6 37

Mo0 3  5 163
Neptunium 4 1'13

Molybdenum dioxide (51002) 5 160
Neptunium + Calcium + X14 547

Mlolybdenum trioxide (N1003) 5 163
Neptunium dioxide (NpO2) 5 169
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Niehrome V 4 556 Nickel alloys (specific types) continued

Nickel 4 146 OKh 20 N60 B 4 559

Nickel, electrolytic It 146 Rene 41 4 556 p
Nickel, mond 4 1.46 Nickel chlorides:

Nickel + Aluminum t :389 NiCI. 5 863

Nickel + Chromium 4 392 NiC1, 611,0 5 866

Nickel + Chromium +X 1 (9 iCr t 11) 4 55o Nickel dichloride (NiC 2) 5 863

Nickel + Chromium + Xi (15 - Cr s 16) . 553 Nickel dichloride hexahydrate (NiC 2 . 61120) 5 866

Nickel + Chromium -X i 18 9 Cr 20) .1 556 Nickel ferrites:

Nickel -; Chromium +'-X i (Cr-> 20) -t 559 NiFc20 4  5 115:30

Nickel + Copper 4 :19S NixFe O (nonstoichiomctric) 5 1533

Nickel + Copper + Xi  4 562 Nicke difluoride (NiF 2) 5 j973

Nickel + Iron 1 40:1 Nickel fluosilicate hexahydrate (A) (NiSiF G-
611,0) 1 966

Nickel + Iron +zXi -t 365
Nickel fluosilicate hexahydrate (B) (NiSiF6 "

Nickel .Magnesium (MgNi 2) 4 ,07 61120) 5 970

Nickel + Manganese 4 .-no Nickel diiron tetraoxide (NiFceO 4 ) 5 1530

Nickel Alanganese + Xj .t 56S Nickel iron tetraoxide, nolistcichiomctric

Nickel + Molybdenum 5 v71 (NixN04 ) 133:

Nickel oxide (NiO) 5 172Nickel + Silicon ,I ,113t

Nickel monoxide (see Nickel oxide)
Nickel + Tungsten (Ni 4W) '1 116

Nickel protoxide (see Nickel oxide)
Nickel + Zinc . 4 -119 I

Nickel selenides:
Nickel alloys (specific types):

NiSe 2  5 51t9
6ONi 15Cr (ASTIM 1883-46) .1 565

Ni Se (nonstoichiometric) 5 5.15
80 Ni 20Cr , 556

Nickel diselenide (NiSe') 5 5,19
90 Ni 10Cr 4 550

Nickel selenide, nonstoichiometric (NixSe) 5 515
Aluiel . 501

Nickel sulfate hexahvdrate (NiSO .61120) 5 1206
Chromel A (see Nickel alloy Nichrome

V) Nickel sulfides:

Chromel-P 1t 392 NIS 5 ('93

EI-435 4 559 NI 3S' 5 696

GE J 1500 (same as M252) Nickel sulfide (NiS) 5 693

GEJ 1610 (same as Rene 41) Trmickel disulfide (Ni"S 2) 5 696

M252 ,1 556 Nickel tellurides:

Mlonel 4 562 NiTe 2  7: 8

Nichrome V 1 556 NiTe x (nonstoichiometric) 5 735
OKh 21 N78 T 1 559 Nickel ditelltu'ide (Ni, e2 ) 738



A17

Material Name Vol. Page Material Name Vol. Page

Nickel telluride, nonstoichionmetric (NiTe )  5 735 Niobium pentafluoride (NbF s) 5 976

Nickel zinc ferrite I see Nickel zinc diiron Niobium oxides:
tetraoxide (nonstoichiometric)] 

175

Nickel zic diiron tetraoxide 1 NiZnyFe204
(nonstoichiometric)) 5 1536 NbO 2  5 178

Nickel (ous)oxide (see Nickel oxide) Nb 2O5  5

Niobium 4 153 Niobium monoydde (NbO) 5 175

Niobium- Iron + rX l  4 574 Niobium dioxide (NbO 2) 5 178

Niobium + Molybdenum + Xi  4 577 Diniobium pentaoxide (Nb 20 5) 5 181

Niobium + Tantalum + Xi  5t 580 Nitric oxide (NO) 6 83

Niobium 4 Titaniumn -ZX i  4 583 Nitrogen 6 39

Niobium + Tungsten .TX i  4 586 Nitrogen peroxide (NO,)  6 90

Niobium - Zirconium 4 422 Nitrous oxide (N20) 6 92

Niobium alloys (specific types) n-Nonane (C1120) 6 261

5 Mo-5 V-1 Zr '4 577 n-Octane (C81118) 6 266

27Ta-12 W-0.5 Zr '1 580 OFIIC copper 4 51

10 Ti-5 Zr '1 583 Olefiant gas (see Ethylene)

15W-5 Mo-I Zr-0.05 C ,1 586 Osmium 4 157

10 W-5 Zr 4 586 Oxygen 6 48

10 W-1 Zr-0. 1 C 4 586 Palladium , 160

CB-752 4 586 Palladium + Silver , ,125

D-36 (see Niobium alloy 10 W-5 Zr) Palladium tellurides:

F-,t8 '1 586 PdTe 5 7,11

Ferroniobium 4 574 PdTe 2  5 7.1-

FS-82 B 4 580 Palladium telluride (PdTc) 5 741

Niobium dodecaberyllide (NbBel2) 5 319 Palladium ditelluride (PdTe 2) 5 7,14

Niobium borides: Pearlite 4 655

NbB2  5 365 n-Pentane (C51112) 6 272

NbBx (nonstoichiometric) 5 361 Plercloromethane (see Carbon tetrachloride)

Niobium ihboride (NbB 2) 5 :365 Plhenylmethane (see Toluene) IS

Niobium boride, nonstoichiometric (Nb)x) 5 361 Phosphorus 5 Is

Niouium car64.cs: Phosphorus, black 5 18

N.C 5 4,2 Phosphorus trichloride (PCl3) 5 869

NICx (nonstoichiomctric) 5 4139 Phosphorus (ous) chloride (see Phosphorus
I trichloride)

Niobium carbide (NbC) 5 * -12
Pittsburgh No. :3235 glass 5 12:30

Niobium carbide, nonstoichionetric (NbCx) 5 139 _____________ -

-. - -. i ""-~
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Plate glass No. 9330 5 1940 Potassium nitrate (KNO3) 5 1145

Platinum 4 163 Potassium dioxide (see Potassium super-
( )oxide) 184

5 Potassium suproxide W 2)  5 5
PtS 5 '699 Dipotassium sulfate (K2SO 4)  5 1209Pt5 702

Praseodymium 4 177" Platinum sulfide OPS) 5 699 Wi
- i Praseodymium oxide (see Hexapraseodymim

Platinum disulfide (PtS2)  5 702 undecaoxide)

Platinum tellurides: I liIexapraseodymiumi undecaoxide (PrO011) 51 187

PtTo 5 747 Propane (C3tt 8)  6 [279

PtTe2  5 750 2-Propanone (see Acetone)

Platinum telluride (PtTe) 5 747 Pyrex 774 5 1230

Platinum ditelluride (Pte2)l 5Ii 750 Pyrex glasses 5O 1230

Plutonium 4 167 Pyroacetic ether (see Acetone)

Plutonium + Cerium + Xj 4 5S9 Pyroceram 5 1237

Plutonium carbide (PuC) 5 445 Pyroceranm 9606 5 1237

Plutonium dioxide (PuO2 ) j 5 190 Pyroceram 9608 5 1237

Potassium '4 171 Quartz 5 207

Potassium + Sodium 4 428 Quartz crystal 5 207

Potassium aluminum silicates: Quartz glass 5 202

KA13Si 3O11  5 1540 Quick silver (see Mercury)

KA13Si'3OIIH20 5 1543 RC-70 (see Titanium, Ti-75 A)
Potassim trialuminum trisilicon undeca- Rene 41 , 556

oxide (KA13Si 3O11 ) 5 1540
Rhenium '1 181

Potassium trialuminum trisilicon undeca-
oxide monohydrate (KA13SiO 11 .H20) 5 1543 Rhenium trichloride (ReC13) 5 878

Potassium aluminum sulfates: Rhodium '1 184

KAI (SO 4)2  5 1212 RS-70 (see Titanium, Ti-75 A)

KAI (SO 4)2 ' 121tO 5 1215 Rubidin 4 187

Potassium aluminum disulfate I KAI(SO 4)2] 5 1212 Rubidium bromide (RbBr) 5 769

Potassium alumninum disulfate dodecahydrate Rubidium fluoride (RbF) 5 985
I KAI(SO 4)2" 12H 201 5 1215

Rubidium monohydrogen difluoride RblF 2) 5 988
Potassium bromide (KBr) 5 765

Rubidium iodide (RbI) 5 503

Dipotassium carbonate (K2CO3) 5 1124
i Ruthenium 't 190

Potassium chloride (KCI) 5 872
Rutile (see Titanium dioxide)

Potassium fluoride (Kr) 5 979
SAE 1010 4 647

Potassium hydrogen difluoride (KIIF 2) 5 982
P s id Samaria (see Samarium oxide)
Potassium iodide (K) 5 5002

-- I N
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Samarium 4I193 Silver selenides:

Samarium oxide (SmIO 3) 15 111 Ag2Se 5 553

Samiarium sesquioxide (see Samiarium oxide) gSennticoeti)5 556

*Disamarium trioxide (see Samarium oxide) Disilver selenide (Ag2Se) 5 553

Scandia (see Scandium oxide) Silver selenide, nonstoichiometric (AgxSe) j5 556

Scandium 4 198 Silver sulfide, nonstoicionetric (AgxS) 5 705

Scandium oxide (SC20 3) 5 196 Silver tellurides:

Scandium sesquioxide (see Scandium oxide) Ag2Te5 73

Discandium trioxide (see Scandium oxide) IAgxTe (nonstoichlometric)5 76

Silia (ee ilion doxie) ilvr telurdenontoiciomtri (A~Te

Selenium 4 201 Disilver telluride (Ag2Te) 5 753

*Silica glass 5 202 Soda lime glass (5i0 2 + Na2O + ZXi) 5 11240

Silicon 4 204 Soda-lime silica plate glass (see Soda lime
glass)

Silicon carbide (SiC) 5 448
Sodium 4 213

Silicon carbide + Carbon + E~i cermet
(sic + C + EXi) 5 1279 Sodium, electrolytic '4 213

Silicon tetrachloride (SiCl4) 5 881 Sodium F- Potassium (Na 2K) 4 43)1

Silicon tetrafluoride (SiF 4) 5 991 Trisodium aluminum hexafluoride (Na 3AlFO) 5 997

Silicon nitride-$*+ 4-. 5 1087 Sodium aluminate (see Sodium alumilnum
N ~ dioxide)

Silicon dioxide [SiO2 (cristobalite)) 5 210
Sodiunm metnaluinate (see Sodium aluininun,

Silicon dioxide 1I 0 2 (Quartz crystal)] 5 207 dioxide)

Silicon dioxide 1IS0 2 (Quartz glass)) 5 202 Sodium aluminum dioxide (NaAlO 2 ) 5 1549

Silicon dioxide I S'02 (Tridymite)) 5 213 Sodium aluminum silicate (see Sodium
aluminum trisilicon octaoxide)

Silicon dioxide + Dialurninum trioxide + i
(5i02 + A1203 + X 1 )j 5 1546 Sodium aluminum trisilicon octaoxide

(NaAISi 3O8) 5 1602
Sillimanite (see Dialuminum silicon peata-

oxide) Sodium tetraborate (see Disodiumi tetra-
boron lieptaoxide)

Silver 4 208
Sodium borates:

Silver, electrolytic 4 208
NaBO2  5 15521

Silver, inquartatlon 4 208
Na2B4O7  5 1556

Disilver carbonate (Ag2CO3) 5 1127
Sodium boron dioxide (NaBO2) 5 1552

Silver chloride (AgCl) 5 884
Disodlum tetraboron heptaoxide (Na2134O7) 5 1556

Silver nitrite (AgNO 2) 5 1148
Sodium bromide (NaBr) 5 772

Silver oxide (Ag2O) 5 199
Disodium carbonate (Na 200 3) 5 1130

Disilver oxide (see Silver oxide)
Sodium bicarbonate (NaHICO3) 5 1133

Sodium chloride (NaCi) 5 887
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Sodium ferrite (see Sodium iron dioxide) Sodium sulfates:

Sodium fluoride (NaF) Soiu5 994 Na.2 SO4  5 1218

Sodium hydrogen carbonate (eSoimNa 2S-04 10H20 5 12211
bicarbonate)

Disodium sulfate (Na2S04) 5 1218
Sodium hexafluoroaluminate (see Trisodiumi

aluminum hexafluoride) Disodium sulfate decahydrate (Na2SO4 101120) 5 1221

Sodium mionohydrogen difluoride (.NaHF 2) 5 1000 Sodium tellurate (see Disodium tellurium
tetraoxide)

Sodium iodide (Nal) 5 506
Disodium tellurium tetraoxide (Na 2TeO4) 5 17

Sodium iron dioxide (N9FeO2) 5 1560 o 17
Sodium titanates:

Sodium molvbdates: N 2 i 3 5 17

Na21%1O4  5 1563

Na2iMo2O7  5 1566 NaT 2 5 5 18I
NaTi3 07  5 1584

Disoh~mmolydenm teraolde Na2 lo04  5 563Sodium dititanate (see Disodium dititanium

Disodium dimolybdenumi heptaoxide pentaoxide)
(Na~ 2INO 7) 5 1566

Sodiun, mietatitanate (see Disodium titanium
Sodium nitrate (NaNO3) 5 1151 tri xide)

Sodium oxides: Sodium trititanate (see Disodium trititanmium

Na20 5 216L
Disodium titanium trioxide (Na2TiO3) 5 1578

NaO2  5 222

Na2O2  5 219 Disodiumi dititanium pentaoxide (Na2Ti2O5) 5 1581

Sodium oxide (Na2O) 5 216 Disodium trititanium heptaoxide (Na2Ti3 07) 5 1581

Sodium tungstates:
Sodium superoxide (NaO2) 5 222

Na2NW04  5 1587

Sodium peroxide (Nn 204' 5 219 Na2W1O7  5 1590

Sodium dioxide (sec Sodium superoxide) Disodium tungsten tetraoxide (Na2WO4) 5 1587

Disodium oxide (see Sodium oxide) IDisodium ditumgsten lheptaoxide (Na2W2O2 ) 5 1590

Disodium monoxide (see Sodium oxide) Sodium vwiadates:

Sodium silicates- NaVO3 5 1593

N"128' 3  5 1569 Na3VO4 5 1596

NaSiO5 5 1572 N 4 20 5 1599

Sodium disilicate (see Disodium disilicon Sodium mectavanadate (see Sodium van~adium
pentaoxide) trioxide)

Sodium melasili-cate (see Disodium silicon Sodium orthovanadate (see Trisodiumi
trioxide) vanadiumn tetraoxide)

Sodium silicate glass No. 23 5 1240 Sodium pyrovanadate (see Tetrasodium
divanadium hoptaoxide)

])isodium silicon trioxide WNaSi0 3) 5 1569
Sodium vanadium trioxide (NaVO3) 5 1593

Disodium disilicon pcntaoxide (Na2Si905) 5 1572
Trisodium vanadium tetraoxide (Na3VO4) 5 1596



A2],

Material Name Vol. Page Material Name Vol. Page

Tetrasodium divanadium heptaoxide Steels (specific types) continued
(NaAV20 7) 5 1599

Solex 2808 plate glass 5 1240 S
SStel:ite HE 1049 4 1526

Solex S plate glass 5 1240 e

T-261 4 655
Stainless steels (specific types)

IT-262 4 655
1 KH 18 N9T 4 699

T-270 4 655
17-4 PH 4 717

T-278 4 655
17-7 PH 4 696

AISI 301 4 693 T

T-310 4 655
AISI 304 4 699

T-311 4 655
AISI 305 4 702

Stibium (see Antimony)
AISI 310 4 705

Strontia (see Strontium oxide)
AISI 316 4 708

Strontium 4 218
AISI 347 4 711

Strontium bromide (SrBr) 5 775
AISI 420 4 678

Strontium carbonate (SrCO3 ) 5 1136
AISI 430 4 681

Strontium chloride (see Strontium dichloride
AISI 446 4 684

Strontium dichloride (SrCI2) 5 890
AM 355 4 717

Strontium difluoride (SrF2 ) 5 1003Austenite 4 655

El 257 720 Strontium nitrate- SNG)- Sr(N0 3)2  5 1154

El 855 4 726 Strontium oxide (SrO) 5 225

Strontium silicates:
HMN Crucible '4 714

SrSiO3  5 1605
Stannia (see Tin dioxide)

Sr2SiO 4  5 1608
Stannic oxide (see Tin dioxide)

a i nStrontium silicon trioxide (SrSiO3) 5 1605- Stannous oxide (see Tin monoxide)

Distrontium silicon tetraoxide (Sr 2SiO 4) 5 1608
Steel, austenite 4 655

Strontium sulfides:
Steel, eutectoid 4 655

SrS 5 708
Steel, pearlite 4 655

SrS2  5 711
Steels (specific types)

Strontium sulfide (SrS) 5 708
4 Kh 13 4 690

Strontium disilfide (Sr&4 5 711
Mark 1 X 18 N9T 4 699

Strontium titanates:
Mark 12 MX 4 723

SrTiO3  5 1611
Mild steel 4 647

Sr 2Ti O4  5 1614
OKh 16N 36V 3T 4 726

Scrontium metatitanate (see Strontium
Stainless steels (see separate entries titanium trioxido)

under stainless steels)

, ' .. l
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Strontium orthotitanate (see Distrontium Tellurium dioxide (TeO2) 5 231
f titanium tetraoxide)

Terbium 232

Strontium titanium trioxide (SrTiO3) 5 1611 Tetrachloromethane (see Carbon tetrachlor-

Distrontium titanium tetraoxide (Sr 2TiO4) 5 1614 ide)

Strontium zirconate (see Strontium zircon- Thallium 4 237
ium trioxide)

Thallium + Lead (PbTI2) 4 437
Strontium zirconium trioxide (SrZrO3)  5 1617

._ji Thallium monohydrogen difluoride (THF2)  5 1006
Sulfur 5 *

Thallium nitrate (T1NO 3) 5 1157
Sulfur dioxide (SO 2) 6 97

Thoria (see Thorium dioxide)
Sulfuretted hydrogen (see Hydrogen sulfide)

Thorium 4 242
Sulfuric ether (see Ethyl ether)

Thorium tetraboride (ThB4 ) 5 375
Tantalum 4 221

Thorium carbide, nonstoichiometric (ThCx ) 5 414

Tantalum + Niobium + 'Xi  4 592
Thorium tetrafluoride (ThF4) 5 1009

Tantalum + Tungsten 4 434
Thorium dioxide (ThO2 ) 5 234

Tantalum + Tungsten +X 4 595
Thulium 4 245

Tantalum alloys (specific types)
Tin 4 249

30 Nb - 7.5 V 4 592
Tin, grey 4 249

8W - 2 Hf 4 595
Tin, white 4 249

Tantalum beryllides:
Tin + Bismuth 4 440

TaBe1 2  5 322
Tin + Indium 4 443

Ta 2Bej 7  5 325
Tin + Lead 4 446

Tantalum dodecaberyllide (TaBe 2) 5 322 Tin + Magnesium (Mg&S) 4 449

Ditantalum 17-beryllide (Ta2Be 7 ) 5 325
Tin oxides:

Tantalum borides:
SnO 5 237

TaB 5 372
Sn0 2  5 240

TaB 2  5 368
Tin monoxide (SnO) 5 237

Tantalum boride (TaB) 5 372
Tin dioxide (Sn0 2) 5 240

Tantalum diboride (TaB2) 5 368
Titania (see Titanium dioxide)

Tantalum carbide (TaC) 5 451
Titanium 4 257

Ditantalum hydride (Ta2 H) 5 1040
Titanium, Ti-75 A 4 257

Tanitalum nitride (TaN) 5 1090
Titanium + Aluminum +EX 4 598

Ditantalur pentaoxide (Ta2O 5) 5 228 I
Titanmium + Chromium -X 4 1 o

Tantalum disilicide (TaSi2) 5 598
Titanium + Iron + Cobalt 4 604

Telluric acid anhydride (see Tellurium
dioxide) Titanium + Manganese 4 453

Tellurite (see Tellurium dioxide) Titanium + Molybdenum 4 456

Tellurium 4 229 Titanium + Vanadium + tX 4 607
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Titanium alloys (specific types) Titanium hydrides - continucd

AMS 4928 (same as 'ri-6A1-4V) 4 598 TiHx ~osocimti)5 14

0 -110 MN 4 54 Titanium dihydtride (TiH2) 5 1047

0-120 AV (same as Ti-6A1-4V) 4 59 Titanium hydride, nonstoichiometric (Ti~x) 5 1044

M-6 4 456 Titanium tetraiodide (TiI4) 5 510

M-8 4 456 Titanium nitride (TiN) 5 1093

AM-9 4 456 Titanium oxides:"I

74-10 4 456 TiO 5 243A

MUSM-2. SAl-16V (same as Ti-2. 5Al- ITO 4

16) 67 Ti 2O3  5 250
AMSM-WA-4V (same as Ti-6A1-4V) 4 598

Ti3O 5 256
MSM8Mn(sae a C-bM)4 543MSN-l sm sC10)Titanium monoxide MTO) 5 243

\IST-2.S5l-16V (same as Ti-2.5A1- nimdode(02
16V) 4 607 Titanimdoid T 2  5 246

IIST-6A1-4V (same as Ti-6A1-4V) 4 598 Titanium sesquioxide, (Ti20 3) 5 2502

AIST-8M1n (same as 0-ib0M) 4 54 Trititanium pentaoxidc (Ti.3O6) 5 253

RC-130 A (same as C0-101) 4 54 Titanium silicides:

RS-110 A (same as 0-ib0M) 4 543 TiSi 5 601

Ti-4A1-3AMo-lV 4 598 TiSi2  5 60'I

Ti-2. 5AI-16V 4 607 Ti5Si3  5 607

Ti-6A1-'IV 4 598 Titaniu-n sulicide (TiSi) 5 601

:~ITi-8Mn (same as C0I ) 4 4 Titanium disilicide (TiSi2) 5 604

Ti-13 V-i lCr-3A1 4 607 Pentatitanium trisilicide (Ti5Si3) 5 607

Titanium beryllide (see Titanium dodeca- Toluene (061150113) 6 285

berylide)Trichlorofluoromnethane (see Freon 11)

Titanium dodecaberyllide (TiBe,2) 5 328
Trichioromethane (see Chioroform)

Titanium diboride (TiB2) 5 378
'rrichlorotrifluorocthanec (see Freon i13)

Titn bm bomics:Tridymnite Isee Silicon dioxide (tridynifte)]

TiBr 3  5 778
Tungsten 4 263 ;1

TiBr 4  5 781 . 5Tungsten + Cobalt (Co7W6)4 45
Titanium tribromide 'TiBr3) 5 778

Tungsten + Iron (Fe7?WG) 4 '162
Titanium tetrabromide (TiBr 4) 5 781 Tugtnbids

Titanium carbide ('rio) 5 457
WVB 5 382

Titanium trichloride (TiCl3) 5 893

Titanium tetrafluoride (TiF4) 5 1012
W255 388

Titniu hyrids:Tungsten boride (W13) 5 382
Till, 1 10417 ____________________
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Ditungsten boie(W21) 5 38 rnu ird UI5 1096 1

Ditungstea pentaboride (W2135) 5 388 Uranium nitride, noastoichiometric (UNX) 5 1099

Tungsten carbide (WC) 5 460 Uranium oxides:

Tungsten carbide + Cobalt, cernict (WC +'Co) 5 1282 U02  5 259

Tungsten trioxide (W03) 5 256 U03  5 262

Tungsten disilicide (WSi,) 5 610 U308  5 265

Tungstic acid anhydride (see Tungsten tri- U40 9  5 269
oxi de)

Uranium dioxide (U02) 5 259
Uraaic chloride (see Uranium tetrachloride)

Uranic iodide (see Uranium tetraiodide)Urnutiode(O 5 224
Triuranium octaoxide (U308) 5 265

Uranic oxide (see Uranium dioxide)
Tetrauranium eineaoxide (see Tetrauranium

Uranium 4 268 nonnoxide)

Uranium carbides: Tetrauranium nonaoxide (U409) 5 269

UC 5 463 Uranium silcides:

1302 5 466 USi 2  5 619

U2C3  5 472 USi3  5 616

Ucx (nonstoichiomietric) 5 469 113 Si 5 613

Uranium carbide (UC) 5 433 U3Si2 + U3SI 5<622

Uranium dicarbide (UC2) 5 466 Uranium disilicide (USiz) 5 619

Diuranium tricarbide (13203) 5 '472 Uranium trisilicide (USi3  5 616

Uranium carbide, nonstoichiomietric (CCX) 5 469 Triuraniumn silicide (U3Si) 5 613

Uranium chlorides: Triuranium disilicide + Triuraniuni nono.*
suicide (U3Si2 + UASi 5 622

13013 5 896
Uranous uranic oxide (see Triuraniumi octa-

UC14  5 899 oxide)

Uranium trichioride (UCI 3) 5 s96 Uranyl oxide (see Uranium trioxide)

Uranium tetrachloride (UC14) 5 899 Uranyl uranate (see Triuraniumi octaoxide)

Uranium fluorides: Vanadic anhydride (see Divanadium penta-
oxide)

UF4  5 1015
Vanadium *l 271

UF6  5 1018
Vanadium + Aluinumin 4 -165

Uranium tetrafluoride (UF4) 5 1015
Vanadium + Antimony *1 .168

Uranium hexafluoride (UFO) 5 1018
Vanadium + Iron 41 471

Uranium trihydride (U3) 5 1050
Vanadium + Tin *i 474l

Uranium tetraiodide (UI4) 5 51:3
Vanadium + Titaini 1I 477

Uranium nitrides:
Vanadium carbide (VC) 5 475L

UN 5 1096

11N-. (nonstochioniptriel 5 1099 1____________________

_ ____________________4I '
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Vanadium chlorides: Triytterbium pentagallium dodecaoxide 1620
IYbSGa 5O!2 (Garnet))5 160-

VC25 92 Ytterbium oxide (Yb2O3) 5 284

VCl 3  
5 905

Ytterbium sesquloxide (see Ytterbium oxide)

Vanadium dichloride (V012) 5 902J
Diytterbium trioxide (see Ytterbium oxide)

Vanadium trichioride (VCl3) 5 905
Yttria (see Yttrium oxide)

Vanadium trifluoride (VF3) 5 1021
Yttrium 4 278 4

Vanadium hydride, nonstoichiometric (Vx' 5 1053
Yttrium deuterides:

Vanadium nitride (VN) 5 1103(4YD 2  5 1062
Vanadium oxides:

VO5 22 YD3  
5 1066

Yttrium dideuteride (YD,) 5 1062

V23  25 Yttrium trideuteride (YD3) 5 1066

V2 04  5 278 Yttrium gallate (see Triyttrium pentagallium

V255 281 dodecaoxide)

Vanadium monoxide (VO) 5 272 Triyttrium pentagallium dodecaoxide
1 Y3Ga 5O12 (Garnet)) 5 1623

Vanadium sesquioxide (23 7
Yttriumi hvdrides:

Divanadium tetraoxide (V204) 5 278
Y112 5 1056

Divanadium pentaoxide (V205) 5 281iYF1 3  5 1059
Vanadium sulicides:

Yttriumi dihydride (Yl- 2  5 1056

VSi 2  
5 628

Yttrium trihydride (YHi3) 5 1059

V3Si 5 62 5
ytruioie(Y20 3) 5 287

V5Si3  
5 631 Ytru oxd

Yttrium sesquloxide (see Yttrium oxide)

Vanadium disilicide (VSi 2) 5 628
~ Diyttrium trioxide (see Yttrium oxide)

Trivanadium silichlp (VsS-) 5 625
Zinc 4 281

Pentavanadluum trisilicide (V5Si3) 5 631
-'Zinc 

+ Copper 4 480

Vycor 7900 5 1324
Zinc + Magnesium (NMgZn 2) 4 483

Vycor glasses 5 1234
zinc + Zirconium (ZrZn2) 4 486

Wae 12)6 12 Zinc dichioride (ZnCl2) 5 908

Wolfam (ee ungsen)Zinc ferrite (see Zinc diiron tetraoxide)

X-nietal (see Uranium)$4
Zinc difluoride (ZaP2) 5 1027

Xenon 6 57
Zinc diiroa tetraoxido (ZnFe2O4  5 1626

Xenon tetrafluoride (XeF4) 5 1024
Zinc oxide (ZnO) 5 290

Ytterbia (see Ytterbium oxide)
Zinc orthosilicate (see Dizinc silicon tetra-

Ytrim4 274 oxide)

Ytterbium gallate (see Triytterbium penta- Diziac silicon tetraoxlde (Zn2SiO4) 5 111 2 9
gallium dcdecaoxlde)IZicZS7 0

Zinc-i sulfate heptahydrate (ZS472) 5 1224
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Zinc sulfide (ZnS) 5 74 Zirconium silicon tetraoxide (ZrSiOd)5 13

Zinc orthotitanate (see Diziinc titanium ZT-15-M% 5 1285

tetraoxide) 
-

D-Izino titanium tetraoxide (Zn 2TiO4) 5 1632

Zircaloy 2 4 501

Zircon (see Zirconium silicon tetraoxide)

Zirconia (see Zirconium dioxide)

Zirconium 4 287

Zirconium + Hafnium +ZX 4 6131

Zirconium + Indium 4 489

Zirconium + Iron (ZrFe2) 4 492

Zirconium + Iron E-X, 4 610

Zirconium + Niobium 4 495

Zirconium + Titanir 4 54

Zirconium + Silve 4 498

Zirconium + Titniu 4 501

Zirconium + Uranium 4 507

Zirconium + Uranium + Z 4 616

Zirconium beryllide (see Zirconium 13-
beryllide)

Zirconium 13-beryllide (ZrBe 3  5 31

Zirconium diboride (ZrB2) 5 391

Zirconium carbide (ZrC) 5 478

Zirconium tetrachloride (ZrC14) 5 911

Zirconium tetrafluoride (ZrF4) 5 1030

ZrH2  
5 1072

ZrHx (nonstoichiometric) 5 1069T

Zirconium dihydride (ZrH2) 5 1072

Zirconium hydride, nonstoichiometric

(ZrlH) 5 1069

Zirconium nitride (ZrN) 5 1106

Zirconium dioxide (ZrOz) 5 293

Zirconium dioxide + Titanium, cermet

(ZrO2 +TO) 5 1285

Zirconium orthosilicate (see Zirconium
silicon tetraoxide)

- --- ,~--".-.~- ~ - --- ' 'A

t~zZI ____ ____________ __ ______ - ~ ~~frye
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