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Under a contract from the University of California Lawrence Liversore Lab-
oratary, Hagnetic Corporacion of fnmerica has uaderzalien a program to carry
out 2 preliminary assessment of the feasibility of scaling up the laboratory
teckaiques of making filanentary IEJSn supzreonductors using powder metal-
lurgy to comzercial fabrication process. The purpose of the effort is
divided into two tasks. The first one is to demonstrate that sintered
nicbium rods infiltrated with tin can be reducad in arza of approxinmactely

4 . .
10", The second task pertzins to the extrusion by conventional mamner 2
copper billet containing several sintered rcds each encapsulated in tantalum.
The ultimate poal of the project is to establish optimal processing para-
meters that are suitable for the production of long lengths of fully

stabilized, large current and high field conductors.

The report describes in detail all the efforts MCA has carried out inr the

- next section titled Experiments and Results. The first part of the section
deals with procurement of materials, finding vendor facilities for powder
compaction, sintering and infiltration. The behavior of different grades
of powders is also described. Under subheading of Task A, efforts to pro-
duce single core wire are reported, Task B details the work urndertaken to
conventionally extrude a 2" diameter billet. Based on the results of all
the trials, tentative conclusions are drawn and are summavized in the last

section,
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Two batchas of uninbium pewder with particle size rangus of ~200 +3725 mesh
aad ~100 +200 pesh vere purchased from Tel=dyne Wah Chang Albany (TWCA).
“wo similar lots were also obrfained frox Kewecki Beryleo Induscries (KBI).

The chenical analyses of the powder teceived from each source is shown in

Table ] and Table 2 respectively.

Initially, six rods neasuring 0.6" diameter z 4.5” long were made by iso~

statically cocpacting the powder in Latex noulds at Thermoelectron Corpora-
tion, Walirhan, Yassachusetts. A hydrostatic prassurz of 30,000 psi was em-
aloyed. Four of the six rods were compacted from -100 +200 mesh THCA pow-

der, ona {roa -200 +525 nash THCA powder and onz from -200 +325 mesh KBL

powder. The RBI powder was nuch harder to compact than the other. Pres-
sures up to 40,000 psi did not result in rods with adequate green strength
required for leter handling. The powder with smaller particle size was
slightly better than the larger size powder although bath batches ware from
the same source. The higher oxygen and hydrogen contents in the KBI gzades
are believed to be primarily responsible for the powder hardness and thus
poor compactability. However, an interesting feature of the KBI powder is

that it yielded straighter rods than its counterpart.

Sintering operation was carried out at Centorr Associates in Suncook, New

Hampshire, Modificaticzs have been done on an existing shop furnace to

facilitzte borh sintering and tin infiltracion of single compacts in the

game furmace system. An overall view of the furnace is shown in Figure 1. (:4f~“*
St st
A total of & rvods vere sintered in a vacuua of about 5 % 10"5 rm of Hg for

Iamhase e el

15 ninutes at 2260 to 2280°C. The infiltration was dena by dipping cach
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DESCRIPTION Colunrbiun Pouder
DIMENSIONS ~ serimvmevmmes

SPECIFICATIONS  ~m—mmmmm e

THE TEST REPORT FOLLOWS:

\.'r\[t‘ AUIAT h/

1~ I
AW 1\3.\4;/1’._-._/ Al

PO, BOE A
ALDALY, OHEGGH 62028
{S03) D521 TV A (5100 595 05723

DATE
DAL SHIPPED
QUANTITY SHIPPED

31-17-77
Ref. P/L #1
hs Listed

PHODUCTION OHDER N §380)
Eskns Lot To. gpoogsy

CHEMICAL ANALYSIS I PP

Al
C
Cr
Cu
Te
H
nf
N
Hi
0
' Si
Ta
Ti
W
Zr

Item 1:
Ttem 2:

1 can, 5.14
1 can, §.94

<20 <70
<30 <30
<20 <20
<40 <40
<50 <50

6 10
<50 <50

25 33
€20 <20
390 G50
<50 <50
764 790
40 <40
330 330
<100 <100

TABLE 1
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aip Magnetic Corp. Of America sw Magnetic Corp. of Axmerica
1 179 Bear 1iill Road "10 179 Bear HilL Road
Walthan, & 02152 soe Yaltham, MA 02154
< Waing
ROZR MO, [%H SHIFELD YN .
GROZR SO DAY JHIRPLD VL y CUsL 0. :_‘__61-29
2 27/77 PS Zone 2 COD $569.1% P .

78122 1/21/ v ' > B KL Hemac:zalam)
. ——
.;.n QUANTIY UNT BESCRIPHION f"] couEst T 2ma

Correzt P/LE 43747 Dated 1/10/77-Correct Description and
2ddition of Aralysis

. Niobium Powder Hetallurgical Grade

1| 5 1bs] Loti WCR-264CD  200/325

5 Ihs, Lot#uce~300CD  100/200

Tantalum Tubing Annealed

1} 1.306 1bs 1 Pc. 2Ft. Loty 439 0.540" 0.D. x .055" Wall x 24" Lonc
ANALYSIS
WCB~300CD 1ot 439
» 10 ppm  Cr <10 pom C 15 ppm r <5 ppn
D, 825 ta (<10 0 75 Ca 45
My 10 Na <10 N 10 . Na HD

Al <19 H <5 " Al <5
o 9 Mo <10 Nb <25 Mo %5
e W <10 TE <5 Ca <5
- 50 zr <10 Fe {5 Zr 45
i <10 Mg <10 ¥n <5 Co ND(S
61 <o B <19 Si <5 Mg <5

: Co <10 sn  ND<5 B {5
Cu 10 Ni <5 W ND{25

-
I
<<
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RERER

Attachmentis) 4% Complete

1. Raw Malsntls
We certity that the raw matzrinls usad for the items listed conform 1o uotr/commercial specifications.

-

2. Praduet
We certify thot the items Bnted conlorm to yeze,'commercinl spacificntions and 1o your order.

3. Suiteble enrlancs of complianzs 16 your reguincments s available in our filis,

TABLE 2
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oo Magnetic Corp. of America sw» Magnetic Corp. of hmerica
0 172 Bear Lill Road ‘70 179 pear Hill Road
Waltham, Mk 02154 vomt Yaltham, MA 02154
L [
L I A
OKDIR MO, DAz SHIPPED ViA ] Cust.iro. r 6129
7 e} - yEE e - f
78122 1/27/77 UPS Zone 2 COD $569.18 gJ\‘f\- . Hemacualam)
e T
A ousnmiy uxp DESCRIFHION 5 couezy [} pPEPAID
Correczt P/LE 43747 Dated 1/10/77~Correct Description and
rddition of Analysis
. Niobium Powder HMetallurgical Grads
1 \5 1bs ] Lotd WCR~360CD 200/325
2 5 Ibs | Lot#HCB-300CD 1007200
Tantalum Tubing Annesled
1 1.36 1bs. 1 Pc. 2 Ft. Loti 439 0.540" 0.D. % .085" Wall x 24" Long
ANALYSIS
WCe~-300Co ) Lot 439
C 10 ppm  Cr <10 ppm C .15 ppm Cx <5 ppm
0> 825 Ca <10 o] 75 Ca <5
P 10 Na <10 N 10 . Na ND
12 20 Al <10 H <5 Toal <5
M Q . .
ira 290 Mo <1 Nb <25 Mo X5
s <10 W <1Q Ti <5 Cu <5
o 50 Zr <10 Fe <5 Zxr <5
n <10 Mg <10 Mn <5 Co ND<5
1 <1a B <19 Ssi <5 Mg <5
bn T <10 Co <10 Sn  ND<S B <5
¥ <10 Cu 10 Ni <'5 W NDL25
RIECEIVED
ALL IR T
Attachmentis) -:i Complete

1. Ruw Materials
\We certify that the raw matsrials used for the items listed conform Yo yeiz/commerciat spacifications.

-
2. Produat ) .
We certify thot she items listed conlorm to pesir'commercial spacifications and 1o your order.
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rod ia a 700°C colisn tin bath for about 2 plautes. To ascure complete

zeaation, the furuzee was baek-{illed with setrered helive to a pres-

suve of 2 psig. ‘The first two sinteriay rung were made to get the Centorr
hssuclates' personnsl acquaintad with the technique. . As a resull, those
two rods were not considerad to be suitable for further processing. PRe-

cords of each run are kept on sheets, one of which is shown in Table 3,

Two move rods were siaterad at 2260°C for 15 minvtes acd infiltrated with
tin in exactly the same manner as above. Sactioas from top apd botiom of
each rod were prepared for vetallograghic exaaination. Szall amounts af
Mbbsu5 wara observad in the tin phase. The veight ¥ and valume V of each
rod are zeasured. The voluze fraction of tin is calculated using the
foroule

Vg - ¥

Volume Fraction of Tin = T ~ 1)
b ™ Ysn

vhere ¥, and g, 28 the snecific gravities of niobium and tin vespectivaly.
ie
ips . 3 —_
Specific gravity values of 8.54 gm/cm3 aad 7.3 gofem” are taken for uniobium
and tin respectively. For the two rods, the calculated volume fractiors of

tin are 14% and 15%.

One rod vas machined to 0.41" diameter, clad in 0.54" 0.4, and 0.065" thick
tantalum tube with a copper sleeve on the outside. The copper sleeve had

2 0.92" x 0.92" square cross Qection with a 0.625" hole drilled in the cen~
ter, The assembly was sent to Lawrence Berkeley Laboratory where it was cold—
worked by roll-forming in squace grooves. The final rolling pass resulted

in approximately 0.25" diaceter round cross section. The rods were then
swaged to 0,222" digmster. Due to the severity of rolling, the outer copper

had slit at some places along cha leagth of the rod.  Upon metullegraphic

N AAAC Tt GEHQHA QN
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Powder-— Hegh:
Source:
Batch lo,:
Compaction- Pressurat
Yould:
Bod Dianater:
Green Density:
Sinterinz- Tize: T_-
Tervoe:a:u:a:!j
Vacuuwl ‘
Max. Power:
Yerp. of Rods before éipping:
Infilsrotion- Temperature!
Tipe: -
Backfilling:
Tin Vol. Fraction:
Cladding~ Core Diameter:

Compents:

Diffusion Barrier:

Quter Sheath:

TABLE 3

N.— MAGRATIC CORGORATIIN



exzaninazion, ous: crack extended to rhe ¢ o berrier. A micrograph
of the ceniei cuse iy showa in Figure 2, The interconnected network

P

of tin is seen as tha dark phase. The rods were wire drawn at MCA at

15% reduction schadule. After the second die, ths rods started to show ev-
idapce of internal breaking of the sintered core. Further drwwing led
to fractures with cup and cone configuration, When the rod diameter

was 0,134", the copper was removed. Extensive internal factures 0.25"

apart were observed within the tantalunm clad which remained continuous,

The second infiltrated rod was slightly zround to 0.6" diameter and it was
clad with 0.621" i.d. and 0.068" thick rantalum tube. The cuter sheath

was 0.626" i.d. and 1.054" o.d. copper tube. The assembly was swaged to
approximately 0,9" diamster. The compact was further swaged in a four-

jaw swaging machine at the University of Wisconsin, Madison. The die

schedule that was followed is shown in Table 4. The final swaging pass was
through 0.308" die. Sections were cut for merallographic study. A typical
cross section ig shown in Figure 3. As expacted, the cross sections indicated
a uniform reduction without any twisting of the core matrix unlike in the

case of rods reduced by a two-jaw swager. UWnen the rod was later subjected

to wire drawing through a 0.289" die, it exhibited internal fracture at

3 places. More fractures appeared following the next pass through 0.267" die.
As shown in Figure 4, the core seems to fail first with pores developing

in the center, The easily flowing tin occupies the enlarging pores. As

the pores become larger and larger, tensile instability sets in leading to
fracture. The prime reason was considered to be a lack of ductility in

the sintered cores.
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2)

4)

5)

6)

8)

0.84Q"
0.750"
0.710"
D.675"
0.640"
0.600"

0.570"

TALLE TV

TABLE &

9)
10)
11)
12)
13)
14)
15)

16)

0.675"
0.450"
0.425"
0.392"
0.362"
0.340"
0.334"

0.308"
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i ideretion uwlothe 3op Cunde Lo produce a tolal
of § rods. To increcse Uhe tin content, the rods had been coopoetod ab
25,008 yail. Fur 3 rods, thae sinteriaz deeatien fu fnereased irom 15 to 30
nimgtes in order to Improve the ductility, Usdortuvmately, cucessive oyt~
gaslag Irom the Durnace and the rraphile tin crueible caused & pucr vacuun
in the loq 10 woce range foo the Jiesl run. sor the decond beteh the

-1
vacoun s i the wid 10 rore rcange,  The tin impregaalion vas dooe ac
A00"C 1 avold nay forzation of intermets 5 between niobiom snd tic.

Top seciinna of 3L the rods asd boltom sectlons of two rods were mounted
i

for netnllopranhy. Avpieal wiccograph io chodn in Pigure 5. Tin velime

fractions varied batween about 167 uad The reason for this varlatien

in the tia coatent iu not koown at this time.

A 2" dismetar x 6.5” long, PDOF copper extrusion billet was desizned as shoun
in Vigure 6. Yoles wers drilled in the billet and reamed to 0.506" diameter.
The infiltrated rods were machined to 0.461" dismerer. The tantalum tube
required to clad each rod is shown along with lids ia Figure 7. The lids
were pachinad out of Nb-45% Ti alloy rod. Prior to assembly, the rods, tubes
and 1ids were acidicly cleaned. The rod assemblies were evacuated and
electron-beam welded at both ends at Thermoelectron Corporation, Waltham,

The copper billet and owwmad che welded rod composites are shown in Figure
B. Following insertion of cleaned elements, the extrusion ecanm was evacuated

and clectron-hean welded to the lid.

The billet was extruded ro 0.245" dicmater rod at tuclear Merals Inc.,

Na MATKE 11 COMSCRAT Oy
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Concari, Mugspchugaits,  Oiher extvesion datnils aee follows: linex
ead billen prewent ~ one foung t3 415°C; wpaszt lead = 220 tons) running lond

n varied around 180 toas; extousion speed = 23 ipn.

Thiere was Severe intormal and exteonal fractezing observed in tha 105" long
as exiruded rod. Some tin had cope out and got smearsd on the surface,
Vigual ¢xanination indicated that the tin had escaped at several places in-

cludinyg the trassition points whare the elements started and endsad.

Three mzrallographic sections were cut 44", 47" and 105" from the leading
end, Evcensive elegent breakinyg uzs observed. It can be easily seen from
the photunmicrographs in Figures 9 and 10 that the sintered cores did not have
enouzh dectility. It is believed that Iractures in the ccres lad to the
ruptuze of tontalun barrier sheath leading to direct contact of core material
with the conper matrix, At the places of most severe (emage tha cracks had
eztended to the surface. Primarily, two types of surface cracks were ob~
served. An arrowvhead type extending only approximately one sixth of rod
civcutference might have been caused by internal fracture of one or two

core elements at one point. The second type of cracks running perpendicular

to the rod length were probably a result of two or more cores breaking inside.

There are several important features to be observed in the micrographs,
One is the fact that in spite of the internal and exrernal cracking, a con-
siderable amount of rin had remained in the sintered cores, The other note~
vorthy feature is the non-mixing of tin into copper matrix where the tantalun
sheath had ruptured. & microprobe examination at the interphase of copper

N

and sintered core will be necessary to analyze the composition of various

phasas that tay have formed during extrysion,
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and Qnfitoirated cores. §

those attained durting pr

avious research work

i CONGLA TGS

der buth the tasky did not prove o he successicl,
arg to be the lack of ductility 1o the sinterad
fie area reductlons actieved 50 fac are for below

at Lewrencs Derlizley Leborctory.

Starting at a 0.16" dizmeter, the cores ware reduced to 0.095" dizneter, i.e.,
reduction ratio of 710, Unfortunately, the vacuwn during siatering in
the present work was poor. In spite of the failures, certain Inoortant
ohserations ean bz viewed a3 encouraging. Coldworking sin coce com-
posites in a fovr-jaw swagizg pachine resulted in a vniforn raduction with
ro twicting ol the nioblum patriz. This type of swaging becunes nseful to
iintered cores beiore they are put In a multicors sxtrusion bille:

sume tin rensinad in the

coatazinate ¢oppzr vhere

[
Lo

it appzarc that whea the
some tantalun rupture at

in the catriz.

Ductility is extremely de
in niobiua and on the rou

turn fupctions of sinteri

e H-core cstvision,
in d¢id nor

it came in contact with the latter. Therciore,
ductility problem of the rods is solved, even with

the ends of the billet, the tin can be retaingd

pendent on the amount of interstitial impurities

ndness of the pores. These conditions are in

ng temperature, time and vacuun:. A quick and

quantitative verification of the ductility is the microhardness of the

niobium matrixz. Microhar

graphic specinens already
discussions with tha Berk
2200

toer ranpe at

nznt of epough dustility

~ 2300°C For one hour would be cssential

dness m2asurenaents will be made on all metallo-

believed from

-b

cut from infiltrated rods. It is

cley group that a vacuun sinteriag in the 10
far achieve-

in the 0.5%" dianeter rods,  The latest bateh of
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NOTICE

“This report was prepured 4y @n account of work
sponisored by the Limited States Government,
Neither the United Sttes nor the United Staies
Depariment of Energy, nor a0y of their employees,
por any of their contraetors. suhcontraciors, of
their employees, makes any warraniy. CRPILSS DF
imphid, oF ussumes any fegal ubihty o respon-
sibility for the uccuracy. comgleteness or
usefuiness of any information, apparitus. product
or process disclosed. or represents that its use
would ot infringe privaely-on ped nghi.”
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