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Preface

The Niobium 2001 Symposium took place in a very special year, for
two memorable reasons: first, 2001 marked the 200*" anniversary of nio-
bium, which was discovered in 1801 by the British chemist, Charles
Hatchett; and second, it had been twenty years since the last Sympo-
sium, Niobium 81, which was held in San Francisco, California in 1981.

Although niobium was discovered 200 years ago, it was only after
the development-of large deposits in Canada and Brazil in the mid-1950s
that it took its rightful place,both in industry and history.

After the emerging and dynamic markets of the 1960’s and 1970’ s,
a long period of stabilisation occurred in the 1980 s. it is self evident that
the growth in new products, coupled with a strong global economy, influ-
enced the niobium market in the last decade. However, today we see the
possibility of a second period stability in the demand for niobium.

The major niobium producers in Brazil and Canada have been prin-
cipally responsible for making niobium readily available and for guaran-
teeing stability of supply in the market. These niobium producers: Anglo
American of South America Ltda. (“Mineracéo Catalao”) , Cambior, Inc.
and Companhia Brasileira de Metalurgia e Mineracao( “CBMM”) provid-
ed substantial support for this Symposium, as did Metallurg, Inc. and
Nissho Iwai Corporation. For this, we thank them.

Some 20 years ago Niobium 81 brought together the leading lights
in our industry, presenting cutting edge science and state of the art tech-
nologies for niobium. Topics ranged from production to commercial appli-

cations. However,20 years is a long time, and since then new technolo-
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gies and new products have been successfully developed and applied, and the global

market had changed. It continues to change.

The authors of the papers in this book are internationally recognised experts. Their
papers review the latest developments in the science and technology of niobium. Their
contributions are unquestionably the true success of the Symposium, which was more
than the presentation of papers. Informal discussions and lively exchange in ideas were
the rule, rather than the exception. The papers in this book were catalyst for those dis-

cussions and many more which we expect will occur in the future.

To each of the authors, for their time and their scholarship, we send our heartfelt
thanks. Their combined efforts have enabled all of us to better bridge the gap from
1981 to the 21* century.

Similarly, we express our gratitude to all the technical societies which sponsored
Niobium 2001 The Minerals, Metals & Materials Society ( USA ), Associagéo
Brasilera de Metalurgia e Materiais ( Brazil ), Assocoazione Italiana di Metallurgia
(Italy) , The Chinese Society for Metals(China) , The Iron & Steel Society(USA), The
Iron & Steel Institute of Japan(Japan),Canadian Institute of Mining, Metallurgy and
Petroleum(Canada) , Société Francaise de Métallurgie et de Matériaux(France) , Verein

Deutscher Eisenhiietenleute( Germany) .
And finally, a special thanks to all who came from near and far to attend the Sym-
posium, especially at a time when many people around the world were anxious, even

frightened of traveling. You made Niobium 2001 a reality!

The Editorial Committee



B - RIS s

200l A ZER L ST EA200 SRETFERASVW HAHA
BHELAWE . B4, AEMFREEH -BHZLET 1801 FRIAT
R, RARRIA 200 AE XK, E-BLERZERSV T 1981 ££
mABEEMNEA LT EF, EAEH20 HAFT,

RA200 £ C 2 LI, EEE 20 #4 50 £/ F L, T e
EAFMEEHEFENRT RARLUNE, A EEHA L L H53

RTHE0 ML TERWEEHNH IR EZ G, E 80 5
REARKWHEEYH, ERXA.FFENALNAURETNLARE
FREMTE0FHRTHTLET EARW,

ERERMPEAFEREFSTFNIES D, TRATHE LB LK
PHREANERE, HRIEABREHELELE T HREMERA. ©F Anglo
American of South America Ltda(Mineracao Cataldo) .Cambior /2 8 | &
A V8 /» 8 (CBMM) BL & Metallurg 2> &) F2 Nissho Iwai 2 & £ W W
REFBFAXRKRF ORI ESRETEELH, A, AT
FAREORHB!

20 T, E1981 ERBERERASW L HAHENEEAY
FR-ENFALERARTTRNNT AR FREUAREFEAR A
SRFEREESRARWEFERLNA, E2,20 £F@HHEL L
HET EXBE, FEATHFZRAAMBEALER, A, 2R
T HERXETRE, A RFET £,

AFFHEXEZNEYREZFLH LR AN XERRT 4
ARMERRORT A K. BLEF, X B0 XARIE T “2001 4£4% &
REALVWWRAEHA EENATRARBRXKEFEAHAE,
SRERBETR, FRRXBEFE, FFXERFRS LE T HH
BAF, HE FRFARBERREE S W AR

RNECHEBELAES, FHFE BLRYGHEH Y A5
EENER, BREMNAOEESL, B %4 T RN B 1981 £ %



- 10 - e

BN 21 A iR

e A, ?Eﬂ]&%ﬁﬁﬁﬁﬁf‘ 5 XREVNFLR:ZETH. 2B 5HHBF
2 (TMS), B8 & 5 # # % & (Associacdo Brasilera de Metalurgia e Materiais) , &
K F| ¥k A % 2 (Assocoazione taliana di Metallurgia) , 7 & 4 B % 2 (The Chinese So-
ciety for Metals) , % B 4 4 % 4 (The Iron & Steel Society) , B & 484k 2% 4 (The Iron
& Steel Institute of Japan) , In & A K7 & 4 5 F # % 4 (Canadian Institute of Min-
ing, Metallurgy and Petroleum) , i & J5 & # $ % & (Société Francaise de Métallurgie
et de Matériaux) , 78 [& 4k /4 & % 2 (Verein Deutscher Eisenhiietenleute) ,

RE  ERINBRITAERSMZAFHEHNLZTRAR B REXNEFH
B ELSRFFABECEZERHRNATRFRT RS X PN RENKS
52001 £ 4R EH R F AR W F U Ry E I

REZERE



A& & N

ABWCRT EXEHENE 2001 FRERFARY L 80 RREREZFENER
1981~20016F 20 FRATHAS T TWNRANRRATHS L RS ABRM AL, S
RIARE HAR

EESNRAPPEZNSE . BONANVERETRREOBANESENEE
ERERN. PENG TN RSB, 2REEEIN R EN, HITRNSEEE, 1
REESRENESECASEEEN, XORTIONEEEIEEINE 2B,

ABNEBTHRENZR k. £ RAA, ENERAS REE B fEE8 Nk
BESELCT MEMA T BESRAZTEDIE CR TS TINSHESESEE N
ARTAKRAR, AABRBEERRADEBEMN SETIWRASRER / RFAARBM IF 8N
N GEESMB L REERRATIRES BRI H BN &S LEVRERR
EN OB IREANSN. BIORIPABIRF BRSNS EMAN. WWIRNX T RSE
SEAEENE, LUNSENFN FRRALRES,

IX LR RIS SR BYIS RIS BN R SR T W BV AN R AR 7
NEFPE-ENSBRN, WHERNARAHY , TR 2N B BNR T iS58
B ERENEGERANSEEREREZN. 62N SR 5T REMMEXTILEN A
NPT EE KRBT FA.

ADTRPENKREREE BF AE BN OB TURERS LIRENER S
& T, B REBXEROVHR HRE ANERBENSE,

BPABSEREBUTHD:

> 1981~2001 FHHEML RIRABRE

> K LT RIS PED G R 6o

> BAEF TZHERSERES

> R RIEINIA

> TIE NG HTRBINA

> FAENGRTREA

> B RREARTD AR



ot

1981 ~2001 F[EF HRBEARN KR

G. Tither %@ ..................................................................... 1

RH Y REECP) & 8™ 6

Niobec B B8k M4 1™

C. Dufresne, G. Goyette j][]ﬁj( ................................................
L7 CATALAO I #1 [ 9 R BB BRI R AE 2 Nb B F%

H. N. Guimaraes, R. A. Weiss Egﬁ .............................................
*TF CBMM 55 #1% K5 R EF MG # ARAXA S AL HE

T M9+ TH =)

A.l. Filho,B.F.Riffel,C.A.F.Sousa ELPG ooreeerereersnrmsnmsnenennnnen
ST A BRI E M ARG AL & Wi 7E i T R R

J.Eckert, K. Reichert, C. Schnitter, H. Seyeda FERE coeevevenmeienin
P HET AR R R

C.A.F.Sousa BE‘ ...............................................................
[HEL R sl e

S. Sattelberger, G. Lober {@@ ...................................................

BEY  TEMRES EA™

RAEENEITTHEITR

L. Kaufman %@ ..................................................................
ZIUHREGT EHEANTH

E.S.K.Menon,M.G. Mendiratta,D. M. Dimiduk ~ Z&[ «-eereeeeeeenes
PeHIA LS P Ak

H.R.S.Moura Bl‘m‘ ...............................................................
RESHBIRTZ 5MEE

C. C.Wojcik %@ ...............................................................
St AN RS A AR A T R

T.Okada HAS reeeeermmmnir e



<12 - B x

PEAERP RN

SRR SR

D. Proch, P. Schmueser, W. Singer, L. Lilje JEE eerrrerrererere 117
P24k (N Ti) A48 (NbySn ) 8 T4 By i 1 1 ot

H.Krauth FEE <-vveeroeeem e e 132
iR PR A A R oK

B. A. Zeitlin %E@! .................................................................................... 142
A E K m IR A

J.Hebda %@ .......................................................................................... 157
T & 8 (HPS) B AT B9 AT Nb-1% Zr & 4

C. A. Michaluk, L. E. Huber, R. B. Ford %@ ................................................... 172
eI & Y FEHEALTT TH BN

K. Tanabe HZs corremrerrrtioeiein ettt e 177
RGN Y)

D.H.]undtﬂ %@ .................................................................................... 190
AR IR B 3 R 0 B

M. Morishita, M. Onozawa H K creerrrrmiieni i 203
PeTERL A 85 P RO

D.F. Pérsico,B.J. Melody, T. Kinard, L. Mann,J. ]. Beeson,]. Nance JE[E «--cceveveveees 210
RS STEE M LR

R. A. Graham, R. C. Sutherlin %@ ............................................................... 219

CA I - wive i 0V

Sl e i T

L. Meyer @@ ....................................................................................... 231
HRA P 55 DR HY ok 1 R

N. Bannenberg JEE] cevvrner e e 243
7E CSP LA™ Nb e & 8980 ot BE g

K.E. Hensger,G. Flemming ﬁt_g@ .................................................................. 259
RENP YR SREA IR

A.J.DeArdo %@ .................................................................................... 271
PHLBRELH T2

E.].Palmiere,C. M. Sellars #2[H;S. V.Subramanian I -oeovererrearmrinicnene. 314
Rk ELALEL I A 7= 3

L. E. Collins j]ugjq s 330
=5 B A R A A

H-G. Hillenbrand , M. Gras, C. Kalwa ﬁﬁ:@ ...................................................... 340

B TR RS RE LM L™



R. Rittmann, K. Freier {gﬁ@ ........................................................................ 357
LM REMN T

K.Hulka %@, J.M.Gray %@ ............................................................... 368
YETE R 5 B H 48 T A i

Y.-I. Komizo, T. Kushida, K. Miyata, T. Omura H 7~¥§ ....................................... 386
PE G A AR EL T PR AL T X N A

A. Streisselberger,V. Schwinn, R. Hubo f‘ﬁg@ ................................................... 393
PEL R B ERE SR AEIRE MER I8N

]. Patel, C. Klinkenberg, K. Hulka FEEE coevveerer 407
RELFSRE A SRS

B. Engl f%;[iil .......................................................................................... 425
W IF W TZE B0 AR S51ERE

T.M.Osman,C.I.Garcia ZE[E] orerrrerrrereriiettiiiiiiiiiiiiiiiei i 439
Fe7E XU AN TRIP 1 iR A

W.Bleck,A. Frehn,J.Ohlert FEE] cererrrererrertiiiniiiie, 456
GV EEE R N

I. von Hagen, W.Bendick fE[E] cocorreermermenmemme 473
Pe7E 56 B AR o A M A S5 40 40 B

B. Donnay: H. Grober P RRBRE cveere e 488
HRE LRSS SUN—S B FRE B &P N

T.Kimura, Y. Kurebayashi I S P P 503
PETER LN IR

H. de. Boer %@’ H. Masumoto HZX crrerreremm e 513
P SR

G.Tither ZE[E ~-vcerrerrreerrrittni i e 527
B BENLE TR B 1l ) R

E.J].Drewes fE2E; E.F. Walker JE[E treerrermerrrrrreiiiiiiiiiiiiieiane 546
B THEYHZHRHN

J. M. Gray %@ ....................................................................................... 557
WAL A R RN

G. Sedlacek, C. Miiller %@@ ........................................................................ 569
AR A& o BN A R R R

A.D.Batte,P.]. Boothby %@’ A.B. Rothwell ﬂﬂ%j{ .................................... 582

R (Y r g orve i) VAt

TR R A G R A A i A
N.Hiramatsu H 2 cocrereremrmrerme e 603

PEAE B AR SN HRUR A W e
D. Dulieu ﬁ@ ....................................................................................... 611



+ 14 - G x

RATRRNSERESS PN

F. Jeglitsch ﬁﬂﬁ*ﬂ ................................................................................. 628
AWML T LS RN

R. Kirchheiner, P. Woelpert @@ .................................................................. 655
BRHHFEFRERERHH RN A

K. Hayashi,K. Otsuka, K.Itoh H 2’;; ............................................................... 665
RAeFEP RN A

T. Nylén %ﬁ_ ....................................................................................... 669
RETERESEPHEM

S.]. Patel,G. D. Smith %@ ........................................................................ 680

. RERBARFIHH R R
F.Heisterkamp ﬁ@, T. Carneiro %@ ...................................................... 699



% . ﬂ#"g &- f R

1981~2001 FaRMBARANERE

Geoffrey Tither

. Reference Metals Company, Inc.
1000 Old Pond Road, Brideville, PA 15017-0217, U.S.A.

MEAXERTHE205EARTH BEERECUARRAFIAGHEF, F54, %
XEENFTARAALERBESHUPTEN LB oL GRS RULEHU
BRY—BRANR ETHERTEHEFHK. 19811982 £EF AFLE, L
FHE—F RECWEENAAR —NHPHHER B mHARFLR, AE,
BHFE BARAREA AAARREHAHARRREZNE AR ANELD
BRERUMAERELNE RS L, 718 ATk #, AREF I ARA

NERERNRE. XFARALLBLEH HE RFERSE LESELN

1 3|&

RSB IF A Nb’ 81 £ LASEH 20 4
EBERAFMNHAERE T ZMEEN
i

B SRGXFhdE A Rl o d gk MR B Ay
BN, BEEENBRBTERT. B
REEANMMN R ZEARAE ZHRANT#,
RS RN A R HE T L IE S,

B RAE 1981 ERTE £ TR B T 74E
ASREFZRA. Fian,20 e 70 FRMEE
I thae R AR A= TR IE T, HE
XZRELTF ERRMM . A THREETRK
Rk, KR B RBUS AL, AMMTC £88
BARBREFZFHATREETHRM,

TE20FHHELTHHB, BT ER
HARTEWE 1. 0 FRFLER T EE
T, AR TEFERRBIIHE.

! [+]
T T

FXHMHRERE WRHERBES A
BuEa N2t @B ERA, “SI2FEN7
FREVE, RRBIERBEETM—TTFH
Ho

2 ERHtRINER L

51981 FMER—FB, BEETELSA, B
MEEETHAN CBMM, BLENR EH R L&
HEEHSHAETRE

Jig b ,CBMM A 8] FFRAL FE 7 Araxa
WX KRR AR PR AT, IR KH
Syt R 4R, 1981 4, CBMM BUE TR& 4
B RO K A SR AR TR
iR vER Bk AE 7= Re . BL7E, CBMM H3k B4
PERRA B9ERT= 5, R A AL . H S R
MR A TFREPAEFRAELSRE BESE
URFHELERMELEW(EER LD,

CBMM FRIGH F4E — A BN 2.5% ~



