1 quAKED TANTALUM POADER AND METHOD OF: USI NG SAME
WO 93/03191 PCT/US92/06262

10

15

20

25

30

FLAKED TANTALUM POWDER AND METHOD OF USING SAME
CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of Ser. No.

462,806, Jan. 10, 1990, which is a division of Ser. No.
209,746, Jun. 4, 1988, now U.S. Patent No. 4,940,490,
which is a continuation-in-part of Ser. No. 126,706, Nov.
30, 1987, now abandoned.

FIELD OF I ION
The invention relates to flaked tantalum powders often
used for electrical capacitors and methods for using such
powders to make low density pellets used for making
capacitors. More particularly, the invention relates to
flaked tantalum powders, having a specified aspect ratio,
which when agglomerated provide the required good
processing properties, e.g., flowability, high green
strength and pressability. These flaked tantalum powders
can also make capacitors having low leakage and high
breakdown voltages.

OF N
Tantalum capacitors, made from tantalum powder, have been
a major contributor to the miniaturization of electronic
circuits and have made possible the application of such
circuits in extreme environments. Tantalum capacitors
typically are manufactured by compressing agglomerated
tantalum powder to form a pellet, sintering the pellet in
a furnace to form a porous tantalum body (electrode), and
then subjecting the porous body to anodization in a
suitable electrolyte to form a continuous dielectric
oxide film on the sintered body.

This Sheet Has Been Repjgocq THIS SHEET HAS BEEN l

LT




Desctiption The invention relates to flaked t ant al um powders of - ﬁen
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onerated provide the required good processing
owabi l'ity, high green strength and pressability. Thesé’

Development of powders suitable for making tantalum
capacitors has resulted from efforts by both capacitor
producers and tantalum processors to delineate the

characteristics required for tantalum powder in order forz
it to best serve in the production of quality capacitors.

Such characteristics include specific surface area,
,:purlty, shrlnkage, pressablllty, green strength, and
iflowablllty

First of all, the powder should provide an adequate

electrode surface area when formed into a porous body and

sintered. The pfV/g of tantalum cépacitors is

proportional to the specific surface area of the sintered

porous body produced by sintering a tantalum powder
pellet; the greater the specific surface area after
éintering, the greater the pfV/g. The specific surface
area of tantalum powder is related to the maximum utv/g
attainable in the sintered porous body. '

Purity of the powder is an important consideration.
Metallic and non-metallic contamination tends to degrade

the dielectric oxide film in tantalum capacitors. While

high sintering temperatures serve to remove some volatile

contaminants high temperatures tend to shrink the porous
body reducing its net specific surface area and thus the

capacitance of the resulting capacitor. Minimizing the

loss of specific surface area under sintering conditions,

i.e., shrinkage, is necessary in order to produce high
ufV/g tantalum capacitors.

Flowability of the tantalum powder and green strength
(mechanical strength of pressed.unsintered powder
pellets) are also important characteristics for the

capacitor producer in order to provide efficient

production. The flowability of the agglomerated tantalum

powder is essential to proper operation of automatic
pellet presses. Sufficient green strength permits
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ders tan al so nake capacitors having | ow | eakage and hi gh breakdown

voltages Tant al um capaci tors, made from tantal um powder, have beens9v0262
maj or contributor toYh®/ 8l at uri zation of electronic circuits and RV 6
nmade- possi bl e the applica- tion of such circuits in extrene environments.
Tantal um capacitors typically are nmanufactured by conpressing aggl onerated
tantarﬁh1pomder to forma pellet, sinter- ing the gellet in a furnace to
form a porous tantalum body (el ectrode), and the sdbjecting the porous body

to ano- o ) . . _handling and transport of a pressed product, e.g.,
T o pellet, without excessive breakage.

_ ifA'ﬁéeiieﬁ;i as the term is used herein, is a poroﬁs mass
"5 ~or body . comprlsed of tantalum particles. Green strength
:”_1§“a measure of a pellet’s mechanical strength. The term
-r\'presaability' describes the ability of a tantalum powder
to be pressed lnto a pellet Tantalum powder that forms
._”pellets that retaln their shape and have sufficient green
10 _strength to withstand ordinary processing/manufacturing
conditions without significant breakage have good
pressability. .

Currently, tantalum powders suitable for use in high

15 performance capacitors are produced by several methods.
One powder production method involves chemical reduction,
e.g., sodium reduction of potassium fluorotantalate,
K;TaF,. In another method, powder is produced by
hydriding a melted (typically arc melted or electron beam

20 melted) tantalum ingot, milling the hydrided chips, and
dehydriding.
As discussed above, the ufV/g of a tantalum pellet is a
function of the specific surface area of the sintered

25 powder. Greater net surface area can be achieved, of
course, by increasing the quantity (grams) of powder per
pellet; but, cost and size considerations have dictated
that development be focused on means to increase the
specific surface area of tantalum powder.

30
One of the methods proposed for increasing the specific
surface area of tantalum powder is flattening the powder
particles into a flake shape.

35 Efforts to increase specific surface area by making
thinner tantalum flakes have been hindered by concomitant
loss of processing characteristics, for example, very
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Hi zatiofi in a suitable el ectrolyte to forma continuous dielectric oxide . <

Il mon the sintered body. Devel opnment of powders suitable for naking
anta- | um capacitor swoess/o3esiul ted fromefforts by both capac- itor PCT/US92/062¢
br oducers and tantal um processors to delineate the characteristics '
required for tantalum powder in order for it to best serve in the -
pr oduction of quality capacitors. Such characteri sths I ncl ude specific "
surface area, puri- ty, shrinkage, pressability, gréen strength, and

lowabi I - ity. = .. (yi5 tantalum Flake would bé ‘éxpected’ to have poor flow

characteristics}-pbéi’prééééﬁilitffiiéd green strength
and low forﬁing voltages. Thinner flakes are desirable
_ howevef;ibecausé'théy“éould maké less expensive low
. 5 density pelleté"whiéﬁ céuld be ‘used to make capacitors
having high'bféakdbwﬁ'ﬁoiﬁagégQEEd'iq&“leakage losses.

OBJECTS’ AND SUMMARY OF* THE INVENTION
It ‘is an object of this invention to provide a method for
.10 making a fractured flake téntalﬁm'pdeer having BET
surface area and mean particle size represented by a
range of aspect ratios (D/T) of about 2 to about 50.
. It is another object of this invention to provide a ~
15 fractured flake tantalum powder with a BET surface area
greater than 0.7 m?/g and a mean particle size in a range
selected to yield an aspect ratio (D/T) that has powder
properties suitable for use in economical high speed
processes for the manufacture of tantalum capacitors;
20 e.g., an aspect ratio in the range of about 2 to 50.

It is another object of this invention to provide an
agglomerate of flaked tantalum powder that has good
flowability and pressability characteristics.

25
It is another object of this invention to provide low
density flaked tantalum pellets having high green

strength.

30 It is another object of this invention to provide low
density flaked tantalum pellets -having reduced
sensitivity to sintering temperaturxes, i.e., pellets that
can be sintered over a wide range of temperatures,
relative to the prior art, to form an electrode useful in

35 a tantalum capacitor.
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Fifs{ of all, the powder should provide an adequate electrode surface area

when formed into a Wég%l Bpdy and sintered. The [err]fV/g of tantayise2/06262
capacitors is pro- poitional to the specific surface area of the sintered

po-. rous body produced by sintering a tantal um powder pel -

A 5
It is another object of this 1nventlon to provide a
"tantalum electrode hav1ng reduced sensitivity to forming

voltages,‘l €., dielectric oxides can be formed on the
electrodes over a range of_voltagee:

s . B s o N

' It is another object of thls 1nventlon to provide a
tantalum electrode having low leakage and high breakdown
voltages.

10C The present 1nvent10n prov1des a method for making flaked
tantalum bowder that is flowable and pressable when
agglomerated, comprlslng the steps of:
preparing tantalum flake powder;
reducing the flake size until the powder has a mean
15 particle size in the range of about 2 to about 55
micrometers and BET surface area in the range of about
0.5 to about 5.0 m?/g and
selecting said mean particle size and BET
surface area so that the flakes have an aspect ratio
20 (D/T) in the range of about 2 to about 50.

The present invention also provides a fractured flake
tantalum powder comprised of flakes having a mean
particle size in the range of 2 to 55 micrometers and a

25 BET surface area greater than about 0.7 m?*/g and an aspect
ratio between about 2 and about 50.

The present invention also provides an agglomerate of the
above-described flaked tantalum powder having improved

30 flowability and pressability characteristics. The
agglomerated flaked tantalum powder of this invention may
be prepared by any conventional method for preparing
agglomerates such as, for example, by heating the
tantalum flake, described in the preceding paragraphs, to

35 a temperature of about 1300 to 1600°C in an inert
atmosphere or under vacuum for a period of about 30 to &0
minutes and crushing the resulting product to a size in
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the greater the specific surface area after sintering,

the [err]fv/g. The specific surface area of tan- talum powder
the maxi mum-[err]fV/ gdsy@hdabl e in the sintered porous body.
the powder is an inportant consideration. Metallic and non-netallic
contam nation tends to de-
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S -the range of about 4p mesh (0 01:_1nch screen opening) to

The p%é%ént”infentlenﬂalse provides low density pellets

5 . prepared from the flaked tantalum powder and/or
T -agglomerate descrlbed 1n the precedlng paragraphs.

The present invention also provides a Capacitor electrode

formed from the pellets descrlbed 1n the preceding

-10 naragranhs In general the capacxtors are prepared by
' 51nter1ng the pellets desc*lbed above and ancdizing the

sintered pellets.

E ESCRIP N _OQOF DRAWIN

15

Other details, objects and advantages of the invention

_and methods for making and using the same will become
apparent . from the following detailed description and

accompanying Figures. A legend at the bottom of the
20 Scanning Electron Micrograph (SEM) Figures gives the
voltage, magnification e.g., 400X, and a reference scale

in micrometers.

Figure 1 is a SEM at a magnification 1000X, of a prior

25 art ingot-derived flaked tantalum powder having a Scott

Density of 13.4 g/in’;

Figure 2 igs a SEM at a magnification of 1000X, of an

ingot-derived flaked tantalum powder having a Scott

30 Density of 59.8 g/in’ prepared in accordance with the

present invention;

'Figure 3 is a SEM at a magnification of 1000X, of a prior

art flaked tantalum powder produced in accordance with

35 Example II, specimen H of 'U.S. Patent No.

3,647,415 Yano,

et al., and which is an exaﬁple of a tantalum flake that

is not produced in accordance with the teachings of that
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grade.the dielectric oxide filmin tantalum capacitors. Wile high

sintering tenperatures serve to renove sone volatile contam nants high

t enper at'ures tend t ovQMesioBle1t he porous body reducing its net specifPET/LS92/06262
surface area and thus the capacitance of the resulting capacitor.

M nimzing the | oss of specific surface area under sin- tering conditions,

i.e., shrinkage, is necessary in order to produce high [err]fV/g tantal um
capaci tors. Flowability of the tantal um powder®and green strength

(rmechani cal strength ofﬂg ggged unS|ntered

’ Flgure 4 1s a SEM at a magnlflcatlon of 1000X, of a
flaked tantalum powder produced by subjecting the flake
5 of F;gure 3 to the process of the present invention;
- Figure 5 1s a SEM at a magnlflcatlon of 1000X, of a prior
' art flaked tantalum powder produced in accordance with
Example I, specxmen C, of the U.S. Patent No. 3,647,415
10 and which is represehtati?e of tantalum flake included
within the teaching of that patent;
. too0
Figure 6 is a SEM at a magnification of 586X, of a flaked
tantalum powder produced by subjecting the flake of
15 Figure 5 to the process of the invention;

Figure 7 is a SEM at a magnification of 1000X, of a
flaked tantalum powder produced in accordance with the
invention, and similar to that shown in Figures 2,4 and

20 except that the particles are smaller and about one-half
thickness; and

Figure 8 is a graph showing the particle size
distribution of the flaked tantalum powders shown in
25 Figures 3 to €.

ILED IPT r INVENTION

Flaked tantalum powder may be prepared by deforming or

30 flattening a granular tantalum powder. It will be
appreciated by those skilled in the art that this
deformation may be accomplished by conventional
mechanical techniques using a ball mill, rod mill, roll
mill or the like. The flaked tantalum powder of the

35 present invention can be prepared from such
conventionally prepared flaked tantalum powder by
reducing the size of the flake particles until the mean
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powder pellets) are also inportant characteristics forthe capacitor _
producer in order to provide efficient produc- tion. The flowability of the

aggl onerated tantal um pow der is essential to proper operation of .
aggomat ic pellet pr&%gé’.‘m%ffi cient green strength pernits handl i n§CH1F92/06262
transport of a pressed product, e.g., pellet, wthout ex- cessive breakage.
A 'pellet', as the termis used herein, is a porous mass or body conprised -
of tantalumparticles. Geen strength is a neasurg of a pellet's nechani cal

strengt h. S _
particle size is in the preferred range of about 2 to

about 45 micrometers preferably about 3 to about 20
' micrometers and BET surface area is in the range of about
0.5 to abbuf's.d'nﬁ/g}féreferably, about 0.5 to about 5.0
5 m?/g. The size reduction process may be aided by
embrittling the conventional flake by techniques such as
hydriding, 6xidizipg;.coo;ipg to low temperatures, or the

like, to enhance breakage when reducing the flake
particle size by mechanical meanS;EEEE_EE_E£B§Qi29+—QE>

1ODASE§gr size reduction processes. The mean particle size
/ and BET surface area are related, as hereinafter

described, and that relationship can be expressed as a

value, i.e., aspect ratio (D/T). Surprisingly, the BET

surface area may exceed 0.7 up to 5.0 m?/g and is
15 preferrably inthe range of about 0.5 ﬁo about 1.5 m?/g
! without loss of the desired properties as long as mean
} particle size is adjusted to maintain the aspect ratio
(D/T) in the range of about 2 to about 50 more
preferrably, about 5 to about 20.

In the present invention flakes are reduced in size
without substantial tapering of the flakes peripheral
edges. Consequently, in one embodiment the flaked
tantalum powder of the invention is characterized by

25 flakes of substantially uniform thickness from edge to
edge which are described herein as "fractured flake".
Thickness may be related to BET nitrogen surface area
values which are typically in the range of about 0.5 to
about 1.5 m?*/g. It should be kept in mind, however, that

3 the desired flake properties can also be achieved with
substantially thinner flakes (higher BET nitrogen surface
areas, e.g., greater that 1.5) if the mean particle size
is adjusted to maintain an aspect ratio at less than
about 50. Aspect ratios in the range of about 5 to about

35 20 being preferred.

Aspect ratios ‘D/T’ of flaked tantalum powders can be
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The term ' pressability' describes the ability of a tantalum powder to be
pressed into a peIIeRv ?ﬂggtun1pomderthat forms pellets that retainp¢&heisbros262
shape and have suff|C|e d en strength to withstand ordinary

processi'ng/ manu- facturing conditions wthout significant breakage have

good ppegsability. - Currently, tantal um powders suitable for use in high

performance capacitors are produced by several neth- ods. One powder
producti-on met hod invol ves chenical reduction, e.g., sodiumreduction of
pot assium fluoro- _calculated. from, their mean Dartlcle size in micrometers
SR _;Tmand BET (nlcrogen) surface area in m?/g-in accordance with
IR _'“ R the follow1ng formula~ wx o copET
T T T p/T = (R) (MPS) (BET) .. .:° -
57 where._K _=.2, a comstant; -

.....

MPS - mean particle, size in

__"mie?ometers, and _ e L
S o - BET = B?T surface area (nitrogen).
The technlcues for measurlng MPS and BET are described in

10 greater detail below.

Comparison of Figuree 1 through 9 illustrates that the
flaﬁed tantalum poﬁder of the present invention is
comprieed of subsﬁantially smaller particles than the

15 prior art flakes. The prior art tantalum flake shown in
Figure 1 was prepared from classified 20 x 44 micrometer
ingot-derived (elecﬁron beam melted) tantalum chips.; The

- chips were degassed in a vacuum furnace to remove |

hydrogen and sieved through a 325 mesh screen. The

20 resulting material was then milled in a vibrating ball
mill for 10 hours to flatten the chips into flake. This
flake was acid leached_first in a HCl/HNO; mixture and
then in HF to remove metallic impurities. The resulting:
flake which had a Scott density of 10.8 g/in’ was heat

25 treated at 16000 C for 30 minutes to produce an
agglomerated material which was then jaw crushed to 40
mesh sized agglomerates having a Scott density of 13.4

g/in?.

30 The flaked tantalum powder of the current invention shown
in Figure 2 was prepared from ingot-derived (electron
beam melted) 325 mesh tantalum chips. The chips were
degassed in a vacuum furnace to remove hydrogen and
sieved through a 325 mesh screen. The resulting

35 material was milled 1n a v1brat1ng ball mill for 10 hours
to flatren the chips 1nto flake. This flake was acid
leached first in a HCl/HNO, mixture and then in HF to
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t ant al ate, Klerr]TaF[err]. In another nethod powder is pro- duced by

hydriding a nelted (typically arc nelted or
WO 93/03191
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10

remove'méﬁél‘ib"iﬁﬁufiiieé The" *esultlng flake had a

=.BET™ ‘nitrogen Surface area valie of 0. 38 m?’/g and a Scott

den51ty in the range-of 10 to i5.2° g/ln This flake was
hydrided’ and subjected to cold isostatic pre551ng at
30,000 psi to break the flake into smaller Dleces which

- ‘after  préssing are in the form of a solid bar. The solid
bar was jaw cruShed to 60 mesh produc1ng flakes having a
BET: nltrogen sur;ace area value of 0.54 m*/g and Scott

W
density of ‘598 g/1n

Comparison of the flaked tantalum powder shown in Figures
1 (prior art) and 2 (invention) demonstrates that the
flake of  this invention is comprised of substantially

smaller flake particles.

' The prior art flaked tantalum powder shown in Figure 3

was made from -60 mesh sodium reduced tantalum powder.
The powder was deformed to flake shape by milling in a
vibratory ball mill for ten hours. The ball milled
flakes were acid leached to remove metallic impurities
using 15% HCl and 2% HF. This method corresponds to the
procedure described in United States Patent No. 3,647,415
for preparing Specimen H in Example II. The Scott

7 .
/I o

density of the resultant flake was 12.54 g/in® and 90% of .

the flakes had no dimension larger than 126 micrometers

as shown in Table 1.

The flaked tantalum powder of this invention shown in
Figure 4 was made from -60 mesh sodium reduced tantalum
powder. The powder was deformed to flake shape by
milling in a vibratory ball mill for ten hours. The ball
milled flake was acid leached to remove metallic
impurities using 15% HCl and 2% HF. The flake was then
heated in a closed vessel until the flake reached about
8500 C. Then, however, the heated tantalum flake was
hydrided by'allowing'it to cool to room temperature in

the vessel while a positive hydrogen pressure of +5 psi
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el.ectton beamnelted) tantalumingot, mlling the hydrid- ed ch

dehydri di ng. As di scussed above, the [er?] fVvig gf a tantal umpf)eP?:g?LS%/M"G’
a function of the sp¥@P#0%urface area of the sintered powder. Greater net
surface area can be achi eved, of course, by increasing the quantity (gramns)

of powder per pellet; but, cost and size considerations have dictated that

devel opnent be focused on mneans to |ncre
ase the speci
tantalun1pomder pecific surface area of

.was. malncalned . The hydrlded flake was reduced in size

—_——re o A=
o S ATl s e

SLITO

. by, Nllllng\theqflake material - in a_Vortec Ml impact mlll,

. _available.from.Vortec. Products Co., Long Beach

ﬂ{ Q) 'Callforn:.a .U.S.A., operating at 10,000 rpm. The Wi
(. S . resultant flake had a Scott. den31ty of 21.45 g/in’ and

S abeut 90% of the flakes had no dimension greater than

'.:La§PuE 37 micrometers..

e . -

The pflor art flaked tantalum powder shown in Figure 5
10 ,was made from -60 mesh sodium reduced tantalum powder.

" This powder had an absorbed hydrogen content of about 125
ppm. The powder Wwas deformed to flake shape by milling
in a vibratory ball mill for six hours. Then the ball

_ _milled flake was acid leached to remove impurities using
15 15% HCl and 2% HF. The resultant flake had a Scott pye
density of 12.7 g/in® and about 90% of the flakes had no
dimension greater than about 131.8 micrometers. This
method corresponds to the procedure described in United
States Patent No. 3,647,415 for preparing Specimen C in

20 Example I.

The laked tantalum powder of this invention shown in
Figqure & was made from -60 mesh sodium reduced tantalum
powder. The powder was deformed to flake shape by
25 milling in a vibratory ball mill for six hours. The ball
milled flake was acid leached to remove metallic
impurities using 15% HCl and 2% HF. The flake was then
heated in a closed vessel until the flake reached about
8500 C. Then, however, the heated flake was hydrided by
a\y 30 allowing it to cool to room temperature in the vessel
] while a positive hydrogen pressu-s of +5 psi was
maintained. The hydrided flake v * reduced in gize by
milling the flake material in a Vortec M1 impact mill
operating at 12,500 rpm. The resultant flake had a Scott
35 density of 28.30 g/in3 and about 90% of the flakes had no

dimension greater than about 23.2 micrometers.
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One of -t he met hods proposed for increasing the specific surface area of
tantalun1pomder Is flattening the powder particles into a flake shape.

Efforts to increase sweebfosmisurface area by making thinner tantal un?ﬂ/axseyoszsv
have been hi ndered by concom itant |oss of processing characteristics, for
exanple, very thin tantalumfl ake woul d be expected to have poor flow
characteristics, poor pressability, low green strength and | ow form ng

vol tages. Thinner flakes are desirable however, beéduse they coul d nake

| ess ex- o " SURPEY . .
The flaked tantalum powder of this invention shown in

SLe T .« Figure 7 was made’ from 100 mesh’ sodlum reduced tantalum
" powder. The powder was deformed- to flake shane by
milling in an”organic solvent’ u51ng a Model 15S attritor
5 ball mill manufactured by Union Process Inc., Akron Ohio,
USA," for 16 hours to a BET nitrogen surface area greater
than about 1.0 m?/gm indicating a thin flake. The ball
milled flake was acid leached to remove impurities using
15% HCl and 2% HF. - The leached flake was then heated in
10 a closed vessel until the flake temperature reached about
850 °C, then cooled to room temperature and
S hydrided/embrittled under hydrogen +5 psi. The hydrided
ﬁ)fWQT;/,/'- flake was further reduced in size by milling the flake
material in a Vortec Ml impact mill operating at 15,000
15 to 20,000 RPM. Higher RPMs are effective for fracturing’\
thinner embrittled flake to achieve the aspect ratios inéi

the desired range.

It is apparent from Figures 8 and 9 and the Granulometer
20 data in Table 1 that the particle size of the flake of
this invention is substantially smaller than the particle
size of the flake of the prior art. It also appears that
the particle size distribution of the flaked powder of
the invention is narrower than the particle size
25 distribution of the flake of the prior art.

The mean particle size, BET nitrogen surface area and
Scott density of the above-mentioned flaked powders may
‘be measured as described below.

30
Mean Particle Size
The mean particle size distribufion of samples of flaked
tantalum powder are decermined using a MICROTRAC II®
particle size analyzer available from the Leeds &

35 Northrup unit of General Signal Corporation, U.S.A. This
igs an apparatus designed to measure the size of particles

suspended in a liquid via scactered light and laser
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pensﬁle Iow density pellets which could be used to nmake capacitors having
hi gh br eakdown voltages and | ow | eakage | osses. DE 3 840 361 di ?HR%@?/% 6
a flaked tantal um povmes/odiavi ng a Scott density of greater than 1 262
8g/in[err] (1.1 g/cnferr]) and a nmethod of making this flaked powder by
reduci, nq fl ake size. US 4 740 238 discloses an ingot derived unaggl om
er at ed tant al um powder including a platelet tantalym powder having FSSS of
| ess than 2 nicroneters. The
. optical methods:.: Particles between 0.34 and 60
. .. ..:micrometers’are measured by the amount’of scattered laser
ma D0 ..z - lightand particles:betwéen 0.12°and 034 by the amount

of-scattered monochromatic:light,: impinging on a

5 photodetector array..- By means of+a self-contained

oo~ et

computer, the apparatus determines the distribution of
mean particle sizes. The Operator's.- Manual for the
MICROTRAC II® further.describes the measurement method.

10 The sample numbers appearing in Table 1 "(F3 through F6)
correspond to the flakes shown in Figures 3 through §.
The measurements presented in Table 1 were made on a

. Granulometer as indicated in the footnote. The results

' . ~ of the Granulometer particle size distribution are set

15 forth in Table I and are graphed in Figure 8. In Figure
8, the solid lines reference the flaked tantalum powder
of the subject invention shown in Figures 4 and 6 and the
dotted lines reference the prior art flaked tantalum .
powder shown in Figures 3 and 5. '

20
A review of the data in Table 1 reveals that the particle
size of the flakes of the present invention are’
substantially smaller than those of the prior art flakes,
which is consistent with comparative screen distribution

25 measurements. Further, the curves of Figures 8 and 9
show that the particle size distribution of the flakes of
the present invention are much narrower than those of the

prior art flakes.

30 BET Nitrogen Surface Area
The BET nitrogen surface area of flaked tantalum powder
samples can be measured with a MONOSORB® Surface Area
Analyzer available from QUANTACHROME Corporation,
Syosset, N.Y., U.S.A.. This is an apparatus designed to
35 measure the quantity_of adsorbate nitrogen gas adsorbed
on a solid surface by sensing the change in thermal

conductivity of a flowing mixture of adsorbate and inert

This Sheet Has Been Replaced




pl at él et powder can be nmixed with a granul ar powder and they can be

aggl oner at ed separately or as a mx- ture. The powders are used in

capaci tors: |t W emmosodj ect of this invention to provide a net Wﬁ"?%"rz’“’é’
making a fractured fl ake tantal um powder having BET surface area and nean
particle size represented by a range of aspect ratios (D/T) of about 2 to 7
about 50. It is another object of this |nvent£9n to provide a frac-
tured flake tantal um powder with a BET surface area

carrier.gas such as: helium...-The methods and procedures

'-forzggkinggphese;measurementsaare:deécribed in the

-.-~- '-'in;t%.?.c.ti?ﬁ:ﬂé!mali for: the: MONOSORB® apparatus. All BET
":_isﬁ%ggce_a;ea;measurements:referenced herein were made
.zﬁﬁ—?igh gi;;oéenﬁadsorba;e.gas;:;w'

" . - . Sy
. SN EL . Tus - .-

Scott Dengity: - aEi

_Scott density-is determined with an apparatus comprised

of 'a powder flowmeter funnel, a density cup and stand for

10 the funnel and cup available as a set from Alcan Aluminum
Corp., Elizabeth, N.J., U.S.A. The measurement is made
by pouring a flake sample through the funnel into the cup
(one-cubic-inch nickel plated) until the sample

L completely fills and overflows the periphery of the cup.

15 Then the sample is leveled-off by means of a spatula,
without jarring, so that the sample is flush with the to§
of the cup. The leveled sample is transferred to a
balance and weighed to the nearest 0.1 gram. The Scott
density is the weight per cubic inch of the sample.
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4._gfe3ier than 0. 7n2/g and a nean particle size in a range selected to
yield an aspect.rati gud b¥/d319f hat has powder PCT/US92/06262

R - DU : FS
RS S A : (pPrior (Prior
o ... Sample No, . - . - Art) F4 Art) F6
. Screen Distribution I '
. - (% Sample retained)
ig°° ' B
Sow ¥ 0¥ %325 - 61.40 3.34 €7.88 1.59
o . .. .-%--325/500 : . 13.08 < 4.19 8.45 1.24
o o $ -500 , 25.52 92.47 23.67 97.17
15 Scott Density
(g/in?) - 12.54  21.45 12.70 28.30
Granulometer Summary+-
20
" (D) 10%* - 33.5 6.7 41.6 4.6
) (D) 50%** 83.5 17.4 83.2 11.1
{D) 90%**+ 126.5 37.0 130.8 23.2
25 + Ag measured on Compégnie Industrielle Des Laser,
Cilas Alcatel Granulometer Model 715.
*  Length in micrometers that is greater than the
measured diameter of the smallest 10 percent by volume
30 of the particles in the sample.
*+*L,ength in micrometers that is greater than the
measured diameter of the smallest 50 percent in volume
of the particles in the sample.
35 '

**+Length in micrometers that is greater than the
measured diameter of the smallest 890 percent by volume
of the particles in the sample.
40 . - Agglomeration
The flaked tantalum powders are agglomerated in any
conventional manner in order to provide a product which
ig suitable for subsequent formation into pellets from
45 which capacitor electrodes can be fabricated. Typically,
agglomeration involves heét treatment of the flake in a
vacuum or inert atmosphere at temperatures in the range
of about 1300 to 1600¢ C for periods of time ranging from
about 30 to 60 minutes. The specific agglomeration

50 technique utilized herein is described below.
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properties suitable for use in econom cal high speed processes for the

manuf acture of tantalum capacitors; e.g., an aspect ratio in the range of-

t her obj ect of this invention to provi deP@rrus92/06262

about 2 to 50.

aggl onerate of fl akec}v?g?l/t%g'lgum powder that has good flowability and
pressability characteristics. It is another object of this invention to ., T
provide | ow density flaked tantalum pellets having high green st.rength.
It is another object of this invention to provide 116w :

n

10

15

20

25

30

35

Agglomerates were made utilizing the flakes shown iq
Figures 3, 4, 5 and 6. The flakes of Figures 3, 4, 5 and
6 were indiv*dually heat treated under vacuum at 14400 C
For 30 m;nutes and jaw crushed to -40 mesh. The flakes
were doped with 100 _ppm phosphorus and then subjected to
a second heat treatment at 15000 C for 30 minutes and jaw
crushed to -40 mesh. The resulting flakes were

‘deoxidized by blending with 2.5% Mg powder and heatlng

under +3 psi Argon pressure to temperature of 9500 C for
320 minutes. The resulting agglomerates were acid
leached, to remove MgO and excess Mg, using 15% HNO, and

then rinsed and dried.

Failure to flow is very detrimental since it isg
impractical to commercially press pellets from

agglomerates that do not flow.
P Fabri ion and h rength

An agglomerated flaked tantalum powder is compressed in a
conventional pellet press without the aid of binders
using an imbedded tantalum wire. Two samples of a
tantalum powder, one weighing 1.29 g and the other
weighing 1.33 g are separately introduced into a die of a
pellet pressg having a diameter of 0.250 inch. The press
is set up to press a pellet having a length of 0.330
inch. Utilizing the above weights and lengths an
approximate green density of 5.0 g/cc is achieved.

The flaked tantalum powder shown in Figqure 7 was
agglomerated and pressed into pellets under conditions
similar to those described above. The resulting pellets
had a crnish strength greater than 50 at 5.0 DPE.

Although we have set forth certain present preferred

embodiments of our flaked tantalum powder and methods of
making same, it should be distinctly understood that our
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densi ty“fl aked tantal um pellets having reduced sensitiv- ity to sintering

tenperatures, i.e., pao®iSidhat can be sin- tered over a wide range RIT/US92/06262
tenperatures, relative to the prior art, to forman electrode useful in a
tantal um ca- pacitor. It is another object of this invention to provide

a tan-_{alum el ectrode having reduced sensitivity to form ng voltages,
i . e, ididelectric oxides can be formed on the el ectrblles over a range of

vol t ages. It is another object of this, i,nv%ntLon to 1g)rovi de.a tan:
invention is not limited thereto but may be variously

embodied within the scope of the following claims.
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aI um eI ect rz | ow | eakage and hi gh br eakdowihisggl ;ﬁ
present I nve , ﬂmjjﬁ” EM’ t hod for mak- ing fla q{lmeﬂgb er

that is flowabl ecand | e when aggl oner at ed, st eps
of;, - preparing tantalum'fl ake powder; furt he SI ze of
the fl aked powder by fracturing w thout substanti al taper| n t he
periph- 2\ eral edges, until the powder has a nmean particle
WO 93/03191 REPLACEMENT SHEET 1 PCT/US92/06262
We Claim:
18

1. A method for making flaked tantalum pewder that is
flowable and pressable when agglomerated, comprising the
steps of : preparing tantalum flake powder; fracturing the
flake to a reduced size without substantial tapering of the
peripheral edges thereof and until the powders has a mean
particle size in the range of about 2 to about 55

. micrometers and BET surface area in the range of about 0.5
' to about 5.0 m?/g; and selecting mean particle size and BET
surface area so that the reduced size flakes have an aspect

ratio (D/T) in the range of about 2 to about 50.

2. The method of claim 1,.wherein the BET surface
area of the reduced size flakes is greater than 0.70 m?/g.

3. The method of claims 1 or 2, wherein the flake
size is reduced until the mean particle size is less than

about 45 micrometers.

4. The method of claims 1 or 2, wherein the flake
size is in the range of about 5 to about 20 micrometers.

S. The method of claim 4, wherein the flake is
prepared by a chemical reduction process.

6. The method of claim 4, wherein the flake is ingot
derived.

7. The method of claim 1, wherein the aspect ratio
(D/T) is in the range of about 5 to about 20.

8. The method of claim 1, wherein the BET surface
area of the reduced size flake is in the range of about 0.5
to about 1.5 m?’/g and the mean particle is in the range of.
about 5 to about 20 micrometers.

S. The method of claim 4, wherein at least about 90%
of the reduced gize flakes have no dimension greater than
about 25 micrometers.

10. The method of 'claim 1 or 2, further comprising
the step of embrittlement of the flaked tantalum powder

prior to the size reduction step.
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=5| ze in the rang |u|| LI " Illﬂ’laneters and BET surface area i'n the
range of 0.7 to sel ecting said nean particle size and

BET surface area so that the reduced flakes have an aspect ratio
T) in the range of about 2 to 50 wherein the as- pect ratio is equal
to (K)(MPS)(BET) and #oesniadol REPLACEMENT SHEET 2 PCT/US92/06262
£ 19

g

'11. The method of claim 4, further comprising the
step of embrittlement of the flaked tantalum powder prior
to the size reduction step.

12. The method of claim 10, further comprising the
step of agglbmerating the reduced size flake.

" 13. A low density pellet prepared from the reduced
size flake of claim 4.

14. A Capacitor prepared from the pellet of claim 13,

15. A flaked tantalum powder comprised of reduced
size flakes, without substantial taperihg of the peripheral
edges thereof and having a mean particle size in the range
of about 2 to about 55 micrometers and a BET surface area
greater than about 0.7 m?*/g; and an aspect ratio between

about 2 and about 50.
16. The flaked tantalum powder of claim 15 wherein

the tantalum is chemically reduced tantalum.

17. The flaked tanta‘un powder of claim 15 wherein
the tantalum is ingot derlved tantalum.

18. The flaked tantalum powder of claim 15 wherein
the mean particle size of the reduced size flake is less
than about 45 micrometers.

) 19. The flaked tantalum powder of claim 15, wherein
the mean particle size of the reduced size flake is less
than about 45 micrometers.

20. The flaked tantalum powder of claim 15, wherein
the mean particle size of the reduced size flake is in the
range of about S5 to about 20 micrometers.

21. The flaked tantalum powder of claim 20 wherein
the BET surface area of the reduced size flake is in the
range of about 0.5 to about 1.5 m*/g.

22. The flaked tantalum powder of claim 21 wherein
the aspect ration (D/T) of the reduced size flake is in the
range of about 5 to about 20.

23. The flaked tantalum powder of clalm 21, wherein
the aspect ratio (D/T) of the reduced size flake is in the

range of about 5 to about 20.
24. An electrode having low leakage and a high
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Soesges B0 o T I - .
5 -2, MPS equals nean particle size in mcroneters and BET equal s

BET surface area (nitrogen) in nferr]/ g. The present invention
al so provides a flake tanta-
S WO 93/03191 REPLACEMENT SHEET 3 PCT/US92/06262

breakdown voltage prepared with the ?owder of claim 15,

* C L M § *
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| um powder consisting of reduced sized flakes without substantial tapering

of the peripheral edges, thereof having a neans particle size in the range

of 22to 55 m - croneters and a BET surface area in the range of O. 1 o CT/US92/06262
mMerr]/g to 5.0 nferwdY¥/03He nmean particle size and BET sur- face area

bei ng sel ected so that the reduced flakes, havg<4an aspect ratio (D/T) in
the'range of 2-50, wherein the aspect ratio is equal to (K)(MS)(BET),

where K equals 2, MPS equals neans particlesjige | n microme- ters and BET
equal s the BET surface area (N trogen), Lftional Tantalum Flake

1000 X Magnification

FIG. 2

laced Fractured Tantalum Flake
eet Has Been Rep 000X Mognificqﬁon
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nerr/g. An aggl onerate of the above-described flaked tan- talum

powder has inproved flowability and pressability characteristics. The

fl aked tantal um powd ks in- vention nmay be aggl onerated by a .
conventi onal nethod %?gé/ro%%gri ng aggl omerates such as, for exam pmequb§92’°6262
heating.the tantalum fl ake, described in the pc2/seding paragraphs, to a

t enpekatiure of about 1300 to 1600[err]C in an inert atnosphere or under

vacuum for a period of about 30 to 60 m nutes and crushing the re-
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éuLLing:procuct to a size in the range of about 40 nmesh (0.015 inch screen

opening).to 60 nmesh (0.0098 inch screen opening). The present invention
al so.provides |ow density pel- lets prepared fromthe flaked tantalum
powdet and/or aggl omewawa/odmsscri bed in the precedi ng paragraphs. PEH{4/S92/06262

present_invention also provides a capacitor el ecé,r%de formed fromthe
pel I'etgs;;ﬁjescri bed in the pre- ceding paragraphs. '( general the capacitors
are prée- pared by sintering the pellets described above and an-

—

e.aM
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odi zi nb the sintered pellets. O her details, objects and advant ages of
the inven- tion and nethods for naking and using the sanme wl|
' : PCT/US92/06262
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become apparent fromthe foll ow ng detail ed description and acconpanyi ng

_ gUres A | egend at the bottom of the Scanning Electron M crograph (SEM
s'gures gives the volt gnlflcatlon e.g., 400X, and a referencecsamsye/ns262
:n i eroneters. OS%?GG?‘ is a SEM at a magni fication 1000X, of in-

got -dri,ved fl aked tantal um powder havi ng a Scott Den- sity of 8.18 X
10[errlgfrr[err] (13.4 g/|n[err]) made in accorda@éﬁ‘wth DE 3 840 361.

PARTICLE SIZE DISTRIBUTION

|00}

©
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T

-.4
¢

DIFFERENTIAL VOLUME IN %
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Flgure 2'ls a SEM at a nagnlflcatlon of 1000X, of an ingot-

drived fl aked

tantal um powder having a Scott Density of 3.65 x 10[err]g/nferr] (59.8

glin[err]) prepared in ac- cordance with DE 3 840 361.
SEM at a magnification of 1000X, of a prior art flaked tant

Figure 3is a

produced in accord- ance with Exanple II, speci men H of U. SqiggigiﬁigéﬂTSHﬁET

3,647,415 Yano &t al
i s produced in accordance with the teachings of that patent;

-

laced

i

., and which is an exanple of a tan- taljumpflake that
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FLAKED TANTALUM POWDER AND METHOD OF USING SAME
CROSS-REFERENCE TO LATED APPL TIONS

This application is a continuation-in-part of Ser. No.

462,806, Jan. 10, 1990, which is a division

of Ser. No.

209,746, Jun. 4, 1988, now U.S. Patent No. 4,940,490,

which is a continuation-in-part of Ser. No.
30, 1987, now abandoned. |

' ' - EIELD OF INVENTION

126,706, Nov.

" The invention relates to flaked tantalum powders often
used for electrical capacitors and methods for using such
powders to make low density pellets used for making
capacitors. More particularly, the invention relates to

flaked tantalum powders, having a specified

aspect ratio,

which when agglomerated provide the required good
processing propertles, e.g., flowability, high green
strength and pressability. These flaked tantalum powders

can also make capacitors having low leakage
breakdown voltages.

BACKGRO 9) I

and high

Tantalum capacitors, made from tantalum powder, have been
a major contributor to the miniaturization of electronic
circuits and have made possible the application of such

circuits in extreme environments. Tantalum

capacitors

? typically are manufactured by compressing agglomerated

tantalum powder to form a pellet, sintering

the pellet in

a furnace to form a porous tantalum body (electrocde}, and
then subjecting the porous body to anodization in a
suitable electrolyte to form a continuocus dielectric

oxide film on the sintered body.



Fi,.-bur-e 4 is a SEMgt. RedtBAHL K fagegn of 1000X, of a flaked tant
pr.oduced by subjec"ﬁﬂﬁS s coul 1B f Figure 3 to a process descrjiged in DE-3
840 361; Fi gu_ralj “Il m] mt‘a magni fi cati on of 1000X, of la |prz @rJdAd tivys
fl aked tantal um po

of the U.S. Patent No. 3,647,415 and whi%h is representative of| tanrarum
flake included within the teaching of that pate

. nt;. . Fi qur
a magni f i caDey®loPmentoRE Fowdems, 8 el SUAeRRS p’r%’gﬁ%g‘b‘“by

accord- ance with Exanple 1, dpeci nen C,

is a SEM at

subj ecting th@acitors has resulted from efforts by both capacitor

producers and tantalum processors to -delineate the

‘characteristics required for tantalum powder in order for
_it to best serve in the production of guality capacitors.

Such characteristics include specific surface area,
purity, shrinkage, pressability, green strength, and
flowability. '

First of all, the powder should provide an adequate
electrode surface area when formed into a porous body and
sintered. The pfV/g of tantalum capacitors is
proportional to the specific surface area of the sintered
porous body produced by sinterihg a tantalum powder
pellet; the greater the specific surface.area after
sintéring,-the greater the pfV/g. The specific surface
area of tantalum powder is related to the maximum pfV/g
attainable in the sintered porous body.

Purity of the powder is an important consideration. _
Metallic and non-metallic contamination tends to degrade
the dielectric oxide film in tantalum capacitors. While
high sintering temperatures serve to remove some volatile
contaminants high temperatures tend to shrink the porous
body reducing its net specific surface area and thus the
capacitance of the resulting capacitor. Minimizing the
loss of specific surface area under sintering conditioms,
i.e., shrinkage, is necessary in order to produce high
pfV/g tantalum capacitors.

Flowability of the tantalum powder and green strength
(mechanical strength of pressed unsintered powder
pellets) are also important characteristics for the
capacitor producer in order to provide efficient
production. The flowability of the agglomerated tantalum
powder is essential to proper operation of automatic
pellet presses. Sufficient green strength permits



s

flake of Figure 5 to a descrlbed i n DE 3 840 361. -
SENIat a nagn|Tm$%¥¢ - of a flaked tantal um powder |ptoduced
accor dance mnth and similar. to that shown in Fi uﬁé%JéN4W3hd

6 except that t e smal l er and about one-half thi ¢kness.
Fl aked tantalun1po er may be prepared By de- forn1ng or flagtening a

granul ar tantal um powder. It will be appreciated t os itLled in the.
art that thpandbing-and transport of pgressed pr h %ﬁ,

pellet, without excessive breakage.

A ‘pellet’, as the term is used herein, is a porous mass
or body comprised of tantalum particles. Green strength
is a measure of a pellet’s mechanical strength. The term
+pressability’ describes the ability of a tantalum powder
to be pressed into a pellet. Tantalum powder that forms
pellets that retain their shape and have sufficient green
strengﬁh to withstand ordinary processing/manufacturing
conditions without significant breakage have good
pressability.

Currently, tantalum powders suitable for use in high
performance capacitors are produced by several methods.
One powder production method involves chemical reduction,
e.g., sodium reduction of potassium fluorotantalate,
K,TaF,. In another method, powder is produced by
hydriding a melted (typically arc melted or electron beam
melted) tantalum ingot, milling the hydrided chips, and
dehydriding.

As discussed above, the pfV/g of a tantalum pellet is a
function of the specific surface area of the sintered
powder. Greater net surface area can be achieved, of
course, by increasing the gquantity -(grams) of powder per
pellet; but, cost and size considerations have dictated
that development be focused on means to increase the
specific surface area of tantalum powder.

One of the methods proposed for increasing the specific
surface area of tantalum powder is flattening the powder
particles into a flake shape.

Efforts to increase specific surface area by making
thinner tantalum flakes have been hindered by concomitant
loss of processing characteristics, for example, very
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thin tantalum flake would be expected to have poor flow
characteristics, poor pressability, low green strength

and low forming voltages. Thinner flakes are desirable
however, because they could make less expensive low
density pellets which could be used to make capacitors
having high breakdown voltages and low leakage losses.

OBJECTS AND SUMMARY OF TEE INVENTION
It is an object of this invention to provide a method for

making a fractured flake tantalum powder having BET
surface area and mean particle size represented by a
range of aspect ratios (D/T) of about 2 to about 50.

It is another object of this invention to provide a
fractured flake tantalum powder with a BET surface area
greater than 0.7 m?’/g and a mean particle size in a range
selected to yield an aspect ratio (D/T) that has powder
properties suitable for use in economical high speed
processes for the manufacture of tantalum capacitors;
e.g., an aspect ratio in the range of about 2 to 50.

It is another object of this invention to provide an
agglomerate of flaked tantalum powder that has good
flowability and pressability characteristics.

It is another object of this invention to provide low
density flaked tantalum pellets having high green
strength.

It is another object of this invention to provide low
density flaked tantalum pellets having reduced
sensitivity to sintering temperatures, i.e., pellets that
can be sintered over a wide range of temperatures,
relative to the prior art, to form an electrode useful in
a tantalum capacitor.
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t echni ques usi ng a ce acedrod mll, roll mll or the

f4 aked tantalunlpoﬁm ent |nven- tion can be prepargd éﬁd¥&$ﬁ ul
convent i onal | y prep \‘gmt al um powder by reducing thg gi I3
fl ake particles unt|I

about 2 to about 45 n1croneters preferablg about 3 to about 2Q mi croneters
and BET surface area is in the range of about 0.5 to about 5.
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ticle size is in the preferrledrange of..

preferably. ahouls Girotenimhiedt Goffehid/ invdheisnzeor paovtidenapr ocess may
be ai ded by erifidiin G NG GAMVENH Q94 ebhEE B¥nsitivity to forming

voltages, i.e., dielectric oxides can be Lo*med on the
electrodes over a range of voltages.

It is another object of this invention to provide a
tantalum electrode having low leakage and high breakdown
voltages. ' '

The present invention provides a method for making flaked
tantalum powder that is flowable and pressable when
agglomerated, comprising the steps of:

preparing tantalum flake powder;

reducing the flake size until the powder has a mean
particle size in the range of about 2 to about 55
micrometers and BET surface area in the range of about
0.5 to about 5.0 m?/g and |

selecting said mean particle size and BET

surface area so that the flakes have an aspéct ratio
(D/T) in the range of about 2 to about 50.

The present invention also provides a fractured flake
tantalum powder comprised of flakes having a mean
particle size in the range of 2 to 55 micrometers and a
BET surface area greater than about 0.7 m?/g and an aspect
ratio between about 2 and about 50.

The present invention also provides an agglomerate of the
above-described flaked tantalum powder having improved
flowability and pressability characteristics. The
agglomerated flaked tantalum powder of this invention may
be prepared by any conventional method for preparing
agglomerates such as, for example, by heating the
tantalum flake, described in the'preceding paragraphs, to

a temperature of about 1300 to 1600°C in an inert

atmosphere or under vacuum for a period of about 30 to 60
minutes and crushing the resulting product to a size in
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The present invention also provides low density pellets
prepared from the flaked tantalum powder and/or
agglomerate described in the preceding paragraphs.

The present invention also provides a capacitor electrode
formed from-the'pellets described in the preceding
paragraphs. In general the capacitors are prepared by
sintering the pellets described above and anodizing the
sintered pellets. |

BRIEF DESCRIPTION OF THE DRAWINGS

Other details, objects and advantages of the invention
and methods for making and using the same will become
apparent from the following detailed description and
accompanying Figures. A legend'at the bottom of the
Scanning Electron Micrograph (SEM) Figures gives the
voltage, magnification e.g., 400X, and a reference scale
in micrometers.

Figure 1 is a SEM at a magnification 1000X, of a prior
art ingot-derived flaked tantalum powder having a Scott
Density of 13.4 g/in®;

Figure 2 is a SEM at a magnification of 1000X, of an
ingot-derived flaked tantalum powder having a Scott
Density of 59.8 g/in’ prepared in accordance with the
present invention;

Figure 3 is a SEM at a magnification of 1000X, of a prior
art flaked tantalum powder produced in accordance with
Example II, specimen H of U.S. Patent No. 3,647,415 Yano,

et .al., and which is an example of a tantalum flake that

is not produced in accordance with the teachings of that

.
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Figure 4 is a SEM at a magnification of 1000X, of a
flaked tantalum powder produced by subjecting the flake
of Figure 3 to the process of the present invention;

Figure 5 is a SEM at a magnification of 1000X, of a prioxr
art flaked tantalum powder produced in accordance with
Example I, specimen C, of the U.S. Patent No. 3,647,415
and which is representative of tantalum flake included
within the teaching of that patent;

Figure 6 is a SEM at a magnification of 500X, of a flaked
tantalum powder produced by subjecting the flake of
Figure 5 to the process of the invention;

Figure 7 is a SEM at a magnification of 1000X, of a
flaked tantalum powder produced in accordance with the
invention, and similar to that shown in Figures 2,4 and .
except that the particles are smaller and about one-half
thickness; and

Figure 8 is a graph showing the particle size
distribution of the flaked tantalum powders shown in
Figures 3 to 6.

DETAILED DESCRIPTION OF THE TINVENTION

Flaked tantalum powder may be prepared by deforming or
flattening a granular tantalum powder. It will be
appreciated by those skilled in the art that this
deformation may be accomplished by conventional
mechanical techniques using a ball mill, rod mill, roll
mill or the like. The flaked tantalum powder of the
present invention can be prepared from such
conventionally prepared flaked tantalum powder by
reducing the size of the flake particles until the mean
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~ues which are typically in the range of about 0.5 to about 1.5 =r2]ng oy s
shoul d be kept in mnd, however. that the desired flake propertjep Can a
be achi eved with sub- stantially thinner flakes (higher BET nitfo

surface ar- eas, e.g., greater that 1.5) i the mean particle sfze is

adj usted to naintain an aspect ratio at less than about
particle size is in the preferred range of about 2 to
about 45 micrometers preferably about 3 to about 20
micrometers and BET surface area is in the range of about
0.5 to about 5.0 nﬁ/g,'preferably, about 0.5 to about 5.0
m?/g. The size reduction process may be aided by
embrittling the conventional flake by technigues such as
hydriding, oxidizing, cooling to low temperatures, or the
like, to enhance breakage when reducing the flake
particle size by mechanical means such as crushing, or
other size reduction processes. The mean particle size
and BET surface area are related, as hereinafter
described, and that relationship can be expressed as a
value, i.e., aspect ratio (D/T). Surprisingly, the BET
surface area may exceed 0.7 up to 5.0 m?’/g and is
preferrably inthe range of about 0.5 to about 1.5 m?/g
without loss of the desired properties as long as mean
particle size is adjusted to maintain the aspect ratio
(D/T) in the range of about 2 to about 50 more
preferrably, about 5 to about 20.

In the present invention flakes are reduced in size
without substantial tapering of the flakes peripheral
edges. Consequently, in one embodiment the flaked
tantalum powder of'the.inventidn is characterized by
flakes of substantially uniform thickness from edge to
edge which are described herein as "fractured flake".
Thickness may be related to BET nitrogen surface area
values which are typically in the range of about 0.5 to
about 1.5 m?/g. It should be kept in mind, however, that
the desired flake properties can also be achieved with
subétantially thinner flakes (higher BET nitrogen surface
areas, e.g., greater that 1.5) if the mean particle size

. is adjusted to maintain an aspect ratio at less than
about 50. Aspect ratios in the range of about 5 to about
20 being preferred.

Aspect ratios 'D/T’' of flaked tantalum powders can be
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Aspect ratios 'DT of flaked tantal um powders can be cal cul 4t ¢

nmean particle size in microme- ters and BET (nitrogen) surfage aﬁé&Jmm Ty,
mMerr]/g in accord- ance with the follomnng formul a:

e

calculated from their mean particle size in micro
.and BET (nitrogen) surface area in m?’/g in accordance with
the following formula: :

D/T = (K) (MPS) (BET)

where: K = 2, a constant;
MPS = mean particle size in
micrometers; and _ '

BET = BET surface area (nitrogen).

The techniques for measuring MPS and BET are described in
greater detail below.

Comparison of Figures 1 through 9 illustrates that the
flaked tantalum powder of the present invention is
comprised of substantially smaller particles than the -
prior art flakes. The prior art tantalum flake shown in
Figure 1 was prepared from classified 20 x 44 micrometer
ingot-derived (electron beam melted) tantalum chips. Theé
chips were degassed in a vacuum furnace to remove
hydrogen and sieved through a 325 mesh screen. The
resulting material was then milled in a vibrating ball
mill for 10 hours to flatten the chips into flake. This
flake was acid leached first in a HC1/HNO, mixture and

then in BHF to remove metallic'impurities. The resulting
flake which had a Scott density of 10.8 g/in’ was heat
treated at 16002 C for 30 minutes to produce an
agglomerated material which was then jaw crushed to 40
mesh sized agglomerates having a Scott density of 13.4
g/in’.

The flaked tantalum powder of the current invention shown
in Figure 2 was prepared from ingot-derived.(electroh
beam melted) 325 mesh tantalum chips. The chips were
degassed in a vacuum furnace to remove hydrogen and
sieved through a 325 mesh screeﬁ. The resulting
material was milled in a wvibrating ball mill for 10 hours
to flatten the chips into flake. This flake was acid
leached first in a HC1l/HNO, mixture and then in HF to
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remove metallic 1mpur1t1es The resulting flake had a
BET nitrogen surface area value of 0.38 m?/g and a Scott
density in the range of 10 to 15.2 g/in®. This flake was
hydrided and subjected to cold isostatic pressing at

30, 000 psi to break the flake into smaller pieces which
after pressing are in the form of a solid bar. The solid
bar was jaw crushed to 60 mesh producing flakes having a
BET nitrogen surface area value of 0.54 m?/g and Scott
density of 59.8 g/in®.

Comparison of the flaked tantalum powder shown in Figures
1 (prior art) and 2 (invention) demonstrates that the
flake of this invention is comprised of substantially
smaller flake particles.

The prior art flaked tantalum powder shown in Figure 3
was made from -60 mesh sodium reduced tantalum powder.
The powder was deformed to flake'shape by milling in a
vibratory ball mill for ten hours. The ball milled
flakes were acid leached to remove metallic impurities
using 15% HCl and 2% HF. This method corresponds to the
procedure described in United States Patent No. 3,647,415
for preparing Specimen H in Example II. The Scott
density of the resultant flake was 12.54 g/in® and 90% of
the flakes had no dimension larger than 126 micrometers
'as shown in Table 1.

The flaked tantalum powder of this invention.shown in
Figure 4 was made from -60 mesh sodium reduced tantalum
powder. The powder was deformed to flake shape by
milling in a vibratory ball mill for ten hours. The ball
milled flake was acid leached to remove metallic
impurities using 15% HCl and 2% HF. The flake was then
heated in a closed vessel until.the flake reached about
850 C. Then, however, the heated tantalum flake was
hydrided by ailowing it to cool to room temperature in
the vessel while a positive hydrogen pressure of +5 psi
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t ant al.um powder of the tion is conprised of substlarjtiZVIJAN 194/
smal l er particles than rt flakes. The prior art tjagtal um fl ake
shown in Figure 1 was prepared fromclassi¥ied 20 x 44 mcrongter 1n-

got -derived (el ectron beam nel ted) tantalum chips. The chips Were degassed
in a vacuum fwashawentainatye Thalrhydrided glakedwasr 58gRCRA32E AB3R

screen. The uo nilling the flake.material in a Vortec Ml impact mill,
available from Vortec Products Co., Long Beach
California, U.S.A., operating at 10,000 rpm. The
resultant flake had a Scott density of 21.45 g/in’ and

about 90% of the flakes had no dimension greater than
about 37 micrometers.

The prior art flaked tantalum powder shown in Figure 5
was made from -60 mesh sodium reduced tantalum powder.
This powder had an absorbed hydrogen content of about 125
prm. The powder was deformed to flake shape by milling
in a vibratory ball mill for six hours. Then the ball
milled flake was acid leached to remove impurities using
15% HCl and 2% HF. The resultant flake had a Scott
density of 12.7 g/in® and about 90% of the flakes had no
dimension greater than about 131.8 micrometers. This
method corresponds to the procedure described in United
States Patent No. 3,647,415 for preparing Specimen C in
Example I.

The.flaked tantalum powder of this invention shown in
Figure 6 was made from -60 mesh sodium reduced tantalum
powder. The powder was deformed to flake shape by
milling in a vibratory ball mill for six hours. The ball
milled flake'was_acid leached to remove metallic
impurities using 15% HCl and 2% HF. The flake was then
heated in a closed vessel until the flake reached about
8500 C. Then, however, the heated flake was hydrided by
allowing it to cool to room temperature in the vessel
while a positive hydrogen pressure of +5 psi was
maintained. The hydrided flake was reduced in size by
milling the flake material in a Vortec M1l impact mill
operating at 12,500 rpm. The resultant flake had a Scott
density of 28.30 g/in3 and about 90% of the flakes had no
dimension greater than about 23.2 micrometers.
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o/ erc] (108
30 minutes to [produce an
sh sized—
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Figurd ® Whakesaé aptahuropondsh shddam reBugede tangad um
The powder was deformed to flake shape by

C for
whi ch was then jaw

powder.
milling in an organic solvent using a Model 158 attritor
ball mill manufactured by Union Process Inc., Akron Ohio,
USA, for 16 hours to a BET nitrogen surface area greater
The ball

milled flake was acid leached to remove imputities using
15% HCl1l and 2% HF.
a closed vessel until the flake temperature reached about

than about 1.0 m’/gm indicating a thin flake.
The leached flake was then heated in

850 °C, then cooled to room temperature and
hydrided/embrittled under hydrogen +5 psi. The.hydrided
flake was further reduced in size by milling the flake
material in a Vortec Ml impact mill operating at 15,000
to 20,000 RPM.
thinner embrittled flake to achieve the aspect ratios in
the desired range.

Higher RPMs are effective for fracturing

It is apparent from Figures 8 and 9 and the Granulometer
data in Table 1 that the particle size of the flake of
this invention is substantially smaller than the particle
size of the flake of the prior art. It also appears that
the particle size distribution of the flaked powder of
the invention is narrower than the particle size

distribution of the flake of the prior art.

The mean particle size, BET nitrogen surface area and
Scott density of the above-mentioned flaked powders may
be measured as described below.

Mean Particle Size _

The mean particle size distribution of samples of flaked
tantalum powder are determined using a MICROTRAC II®
particle size analyzer available from the Leeds & .
Northrup unit of General Signal Corporation, U.S.A. This
is an apparatus designed to measure the size of particles
suspended in a liquid via scatctered light and laser

This Sheet Has Been Replaced

A




Jo=

prepared fromingot-derived (el ectron beam nelted) 325 nesh f{ a prgFﬁ {
~The chips were degassed in a vacuum furnace to renove hydrog¢ i e W8 odeiod

27 JAN 199/

.\.-

13

e

optical methods. Particles between 0.34 and 60

micrometers are measured by the amount of scattered laser
light and particles between 0.12 and 0.34 Dby the amoun:
of scattered monochromatic light, impinging on a
photodetector array. By means of a self-contained
computer, the apparatus determines the distribution of
mean particle sizes. The Operator's Manual for the
MICROTRAC II® further describes the measurement method.

The sample numbers appearing in Table 1 (F3 through F6)
correspond to the flakes shown in Figures 3 through 6.
The measurements presented in Table 1 were made on a
Granulometer.as indicated in the footnote. The results
of the Granulometer particle size distribution are set
forth in Table I and are graphed in Figure 8. 1In Figure
8, the solid lines reference the flaked tantalum powder
of the subject invention shown in Figures 4 and 6 and the
dotted lines reference the prior art flaked tantalum
powder shown in Figures 3 and 5

A review of the data in Table 1 reveals that the particle
size of the flakes of the present invention are
substantially smaller than those of the prior art £flakes,
‘which is consistent with comparative screen distribution
measurements. Further, the curves of Figures 8 and 9
show that the particle size distribution of the flakes of
the present invention are much narrower than those of the
prior art flakes. '

BET Nitrogen Surface Area _

The BET nitrogen surface area of flaked tantalum powder
samples can be measured with a.MONOSORB® Surface Area
Analyzer available from QUANTACHROME Corporationm,
Syosset, N.Y., U.S.A.. This is an apparatus designed to
measure the quantity of adsorbate nitrogen gas adsorbed
on a solid surface by sensing the change in thermal

conductivity of a flowing mixture of adsorbate and inert
-\
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Vvibrating ball mll for 10 hours to flatten the chips into fl Frs

¥l ake was acid |l eached first in a HC/HNJ err] mxture and theén |§:? %p
renove netallic inmpurities. The resulting flake has a BET nitfoge &A— >
face area value of 0.38nferr]/g and a Scott density in the rapgeQf. 6.11 x...
10[err] g/mM&rr] to 9.28 x 10[err] g/mMerr] (10 to 15.2 g/|n[§rr]) Thi s
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fl ake was hydrided and subjected to col difso-

carrier gas such as helium. The methods and procedures
for making these measurements are described in the
instruction manual for the MONOSORB® apparatus. All BE*
surface area measurements referenced herein were made
with nitrogen adsorbate gas.

Scott Density :

Scott density is determined with an apparatus comprised
of a powder flowmeter funnel, a density cup and stand for
the funnel and cup available as a set from Alcan Aluminum
Corp., Elizabeth, N.J., U.S.A. The measurement is made
by pouring a flake sample through the funnel into the cup
(one-cubic-inch nickel plated) until the sample
completely fills and overflows the periphery of the cup.
Then the sample is leveled-off by means of a spatula, '
without jarring, so that the sample is flush with the top
of the cup. The leveled sample is transferred to a
balance and weighed to the nearest 0.1 gram. The Scott
density is the weight per cubic inch of the sample.
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static pressing at 2.11 x 10[err] kg/nferr] (S0,000.psi) to bre
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into small er pieces which after pressing are in the formof a spl|d bar. h.
The solid bar was jaw crushed to 60 nmesh producing flakes having p BT A . g
nitrogen sur- face area value of 0.54 nR/g and Scott density off 3{ 65 X i
10[err] g/nferr] (59.8 g/inferr]). . ¥Re prior art flaked tantaﬂmﬁﬂﬁﬁﬂkﬁ~umj
shown in Fig- ure 3 was made from -60 nesh sodi umreduced tantar | um
powder. The powder was defornmed to flake shape by mlling in a V|bratory . ~
ball m Il for ten hours. The ball . TABLE T
F3 . ' FS
(Prior (Prior
Sample No. Art) F4 Art) F6
Screen Distribution
(% Sample retained)
% +325 61.40 3.34 67.88 .59
% -325/500 13.08 4.18 8.45 1.24
% -500 25.52 92.47 23.67 97.17
Scott Density.
(g/in®) | 12.54 21.45 ©12.70  28.30
Granulometer Summary+
(D) 10%~* 33.5 6.7 41.6 4.6
(D) 50%** 83.5 17.4 93.2 11.1
(D) SO%*** 126.5 37.0 130.8 23.2

+ As measured on Compagnie Industrielle Des Las
Cilas Alcatel Granulometer Model 715.

er,

* Length in micrometers that is greater than the

measured diameter of the smallest 10 percent by
of the particles in the sample.

volume

**Length in micrometers that is greater than the

measured diameter of the smallest 50 percent in
of the particles in the sample.

volume

***Length in micrometers that is greater than the

measured diameter of the smallest 90 percent by
of the particles in the sample.

Agglomeration

The flaked tantalum powders are agglomerated in any

volume

conventional manner in order to provide a product which

is suitable for subsequent formation into pellets from

which capacitor electrodes can be fabricated. Typi
agglomeration involves heat treatment of the flake

cally,
in a

vacuum or inert atmosphere at temperatufes in the range
of about 1300 to 16000 C for periods of time ranging from

about 30 to 60 minutes.. The specific .agglomeration
technique utilized herein is described below.
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mlled fl akes were acid | eached to renove netallic im puriti REPLACEh 59
HCl and 2% HF. This nethod corre- sponds to the procedure des r|b
.United States Pat- ent No. 3,647,415 for preparlng Speci nen Hli ESQJAHa
11. The Scott density of the resultant fl ake was 7.66 x 10[erﬁ] errl .. ...
(12.54 g/in3) and 90% of the flakes had rg di nen- 5|on | ar ger : than 126 |
m croneters. ~© The fl aked tantal um powder shown in Figure 4 was—rage—ftemm—-
-60 nesh Sodlgﬁl@ﬁ@&g@@st&@&&|uﬁbEOWQﬂaliﬂﬁg[nhﬂkflakﬁs(ﬂﬁqwnﬂkntC)flake
shape by ntl s

Flgures 3, 4, 5 and 6. The flakes of Figures 3, 4, 5 and

6 were individually heat treated under vacuum at 14400 C

for 30 minutes and jaw crushed to -40 mesh. The flakes

were doped with 100 ppm phosphorus and then subjected to

a second heat treatment at 15000 C for 30 minutes and jaw

crushed to -40 mesh. The resulting flakes were
deoxidized by.blending with 2.5% Mg powder and heating
under +3 psi Argon pressure to temperature of 9500 C for
320 minutes. The resulting agglomerates were acid
leached, to resmove MgO and excess Mg, using 15% HNO; and
then rinsed and dried.

Failure to flow is very detrimental since it is
impractical to commercially press pellets from

agglomerates that do not flow.

Pellet Fabrication andiCrush Strength

An agglomerated flaked tantalum powder is compressed in a
conventional pellet press without the aid of binders

' using an imbedded tantalum wire. Two samples of a
tantalum powder, one weighing 1.29 g and the other
weighing 1.33 g are separately introduced into a die of a
pellet press having a diameter of 0.250 inch. The press
is set up to press a pellet having a length of 0.330
inch. Utilizing the above weights and lengths an
approximate green density of 5.0 g/cc is achieved.

The flaked tantalum powder shown in Figufe 7 was
agglomerated and pressed into pellets under conditions
similar to those described above. The resulting pellets
had a crush strength greater than 50 at 5.0 DP.

Although we have set forth certain present preferred
embodiments of our flaked tantalum powder and methods of
making same, it should be distinctly understood that our
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1. A method for making flaked tantalum powder that
is flowable and pressable when agglomerated, comprising
the steps of:

preparing tantalum flake powder;

reducing the flake size until the powder has a mean
particle size in the range of about 2 to about 55
micrometers and BET surface area in the range of about
0.5 to about 5.0 m?’/g; and
" selecting said mean particle size and BET surface
area so that the reduced size flakes have an aspect ratio
(D/T) in the range of about 2 to about 50.

2. The method of claim 1, wherein the BET surface
area of the reduced size flakes is greater than 0.70 m?/g.

3. The method of claims 1 or 2, wherein the flake
size is reduced until the mean partlcle size is less than
about 45 micrometers.

4. The method of claims 1 or 2, wherein the flake
size is reduced until the mean particle size is in the
range of about 5 to about 20 micrometers.

5. The method of claim 4, wherein the flake is
prepared by a chemical reduction process.

6. The method of claim 4, wherein the flake is
ingot deriwved. _

7. The method of claim 1, wherein the aspect ratio
(D/T) is in the range of about 5 to about 20.

8. The method of claim 1, wherein the BET surface
area of thelreduced size flake is in the range of about
0.5 to about 1.5 m?/g and the mean particle size is in the

" range of about 5 to about 20 micrometers.

9. The method of claim 4, wherein at least about
90% of the reduced size flakes have no dimension greater
than about 25 micrometers. '

10. The method of claim 1 or 2, further comprising
the step of embrittlement of the flaked tantalum powder
prior to the size reduction step.
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California, U S. A, operating at 10,0 L& i
Scott -density of 1.31 x 10[err] g/rr[e I@g’/jﬂmy]) and _about, 90% Ot ;
the flakes had no dimension greater than &bob .27 JAthegy, |
prior art flaked tantalum powder shown.in Fig- ure 5 "was from-60 mesp :
sodi um reduced tanta- |um powder. This powder had an abSor ed hydro
content of about 125 ppm The powder was deforned to flake-shape_n1~gLL%éggj
:n ahvidbratory bal 11 frhef fetBbd Beucsaifhan tfhetmid dondeikfdpkshavas acie-
eached to

step of embrittlement of the flaked tantalum powder prior
to the size reduction step.

12. The method of claim 10, further comprising the
step of agglomerating the reduced size £flake.

13. A low density pellet prepared from the reduced
size flake of claim 4. '

14. A capacitor prepared from the pellet of claim
13. ' |

15. A flaked tantalum powder comprised of £flakes
having a mean particle size in the range of about 2 to
about 55 micrometers and a BET surface areé greater than
about 0.7 m?*/g; and an aspect ratio between about 2 and
about 50.

~ 16. The flaked tantalum powder of claim 15 wherein
the tantalum is chemically reduced tantalum.

17. The flaked tantalum powder of claim 15 wherein
the tantalum is ingot derived tantalum.

18. The flaked tantalum powder of claim 15 wherein
the mean particle size of the reduced size flake is less
than about 45 micrometers. _

18. The flaked tantalum powder of claim 16, wherein
the mean particle size of the reduced size flake is less
than about 45 micrometers.

20. The flaked tantalum powder of claim 15, wherein
the mean particle size of the reduced size flake is in
the range of about 5 to about 20 micrometers.
| 21. The flaked:tantalum powder of claim 20 wherein
the BET surface area of the reduced size flake is in the
range of about 0.5 to about 1.5 m?/g. |

22. The flaked tantalum powder of claim 21 wherein
the aspect ratio (D/T) of the reduced size flake is in
the range of about 5 to about 20. |

23. The flaked tantalum pdwder of claim 21, wherein
the aspect ration (D/T) of the reduced size flake is in
the range of about 5 to about 20.

24. An electrode having low leakage and a high
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a vibratory ball mll for six hours. The ball mlled flake was acid | eached -
to renove netallic inpurities using 15%"' HCl and 2% HF. The fl ake was then
RHeated in a closed vessel until the flake reached about 850[err]C. Then,
however, the heated flake was hydrided by allow ing it to cool to ¥oon1'
'tenperature in the vessel while a positive hydrogen pressure of 3515
kg/merr] (+5 psi) was maintai ned. The hyqrided flake reduced in size by
mll- ing the flake material in a Vortec M inpact m|| operat- ing at
12,500 rpm The resultant flake has a Scott den- - o

FLAKED TANTALUM POWDER AND METHOD OF USING SAME

ABSTRAC

An improved flaked tantalum powder and process for
making the flaked powder are disclosed. The pbwder is
characterized by having a mean particle size in the range
of about 2 to about 55 micrometers and a BET surface area
in the range of about 0.5 to about 5.0 m?’/g. Preferably, the
mean particle size and BET surface area are selected so
that the flakes have an aspect ratio (D/T) in the range of
about 2 to about 50. Agglomerates of the flaked tantalum
powder, provide improved flowability, green stréngth and
pressing charactistics compared to conventional flaked
tantalum powders. The improved flaked tantalum powder can
be made by preparing a flaked tantalum and then reducing
the £flake size until such mean particle size and BET
surface areas are achieved such that the flakes have an

aspect ratio (D/T) in the range of about 2 to about 50.

FIGURE 7.
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FLAKED TANTALUM POWDER AND METHOD OF USING SAME |

Description

The invention relates to flaked tantalum powders of-
ten used for electrical capacitors and methods for using
such powders to make low density pellets used for mak-
ing capacitors. More particularly, the invention relates to
flaked tantalum powders, having a specified aspect ra-
tio, which when agglomerated provide the required good
processing properties, e.g.. flowability, high green:
strength and pressability. These flaked tantaium pow-
ders can alsoc make capacitors having low leakage and
high breakdown volitages. |

Tantalum capacitors, made from tantalum powder,
have been a major contributor to the miniaturization of
electronic circuits and have made possible the applica-
tion of such circuits in extreme environments. Tantalum
capacitors typically are manufactured by compressing
agglomerated tantalum powder to form a pellet, sinter-
ing the pellet in a furnace to form a porous tantalum body

‘(electrode), and the subjecting the porous body to ano-
dization in a suitable electrolyte to form a continuous
dielectric oxide film on the sintered body.

Development of powders suitable for making tanta-
lum capacitors has resulted from efforts by both capac-
itor producers and tantalum processors to delineate the
characteristics required for tantalum powder in order for
it to best serve in the production of quality capacitors.

- Such characteristics include specific surface area, puri-
ty, shrinkage, pressability, green strength, and flowabil-
ity.

| First of all, the powder should provide an adequate
electrode surface area when formed into a porous body
and sintered. The ufV/g of tantalum capacitors is pro-
portional to the specific surface area of the sintered po-
- rous body produced by sintering a tantalum powder pel-
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nmeasdred with a MONO- SORB[err] Surface Area Anal yzer availabjejfrom QU
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procedures for naking letiehe greater the specific surface area after sintering,
the greater the ufv/g. The specific surface area of tan-
talum powder is related to the maximum ufV/g attainable
in the sintered porous body.

Purity of the powder is an important consideration.
Metallic and non-metallic contamination tends to de-
grade the dielectric oxide film in tantalum capacitors.
While high sintering temperatures serve to remove

- some volatile contaminants high temperatures tend to
shrink the porous body reducing its net specific surface
area and thus the capacitance of the resulting capacitor.
Minimizing the loss of specific surface area under sin-
tering conditions, i.e., shrinkage, is necessary in order
to produce high pfV/g tantalum capacitors.

Flowability of the tantalum powder and green
strength (mechanical strength of pressed unsintered
powder pellets) are also important characteristics for the
capacitor producer in order to provide efficient produc-
tion. The flowability of the agglomerated tantalum pow-
der is essential to proper operation of automatic peliet
presses. Sufficient green strength permits handling and
transport of a pressed product, e.g., pellet, without ex-
cessive breakage. | -

A 'pellet’, as the term is used herein. is @ porous
mass or body comprised of tantalum particles. Green
strength is a measure of a pellet's mechanical strength.
' The term 'pressability’ describes the ability of a tantalum
powder ‘o be pressed into a peliet. Tantalum powder that
forms pellets that retain their shape and have sufficient .
green strength to withstand ordinary processing/manu-
facturing condmons without sngnmcant breakage have
good pressability. _ '

Currently, tantalum powders suitable for use in hxgh
performance capacitors are produced by several meth-
ods. One powder production methcd involves chemical
reduction, e.g., sodium reduction of potassium flucro-
tantalate, KyTaF,. In another method. powder is pro-
duced by hydriding a melted (typically arc melted or
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electron beam melted) tantalum ingot, milling the hydrid-
ed chips, and dehydriding.

As discussed above, the ufV/g of a tantalum pellet
is a function of the specific surface area of the sintered
powder. Greater net surface area can be achieved, of
course, by increasing the quantity (grams) of powder per
pellet; but, cost and size considerations have dictated
that development be focused on means to increase the
specific surface area of tantalum powder.

One of the methods proposed for increasing the

. specific surface area of tantalum powder is flattening the

powder particles into a flake shape.

Efforts to increase specific surface area by making
thinner tantalum flakes have been hindered by concom-
itant loss of processing characteristics, for example,
very thin tantalum flake would be expected to have poor

flow characteristics, poor pressability, low green

strength and low forming voltages. Thinner flakes are
desirable however, because they could make less ex-
pensive low density pellets which could be used to make
capacitors having high breakdown voitages and low
leakage losses.

DE 3 840 361 discloses a flaked tantalum powder
having a Scott density of greater than 18g/in3 (1.1g/cm?)
and a method of making this flaked powder by reducing
flake size. _ '-

US 4 740 238 discloses an ingot derived unaggiom-
erated tantalum powder including a platelet tantalum
powder having FSSS of less than 2 micrometers. The
platelet powder can be mixed with a granular powder
and they can be agglomerated separately or as a mix-
ture. The powders are used in capacitors.

It is an object of this invention to provide a method
for making a fractured flake tantalum powder having
BET surface area and mean particle size represented
by a range of aspect ratios (D/T) of about 2 to about 50.

It is another object of this invention to provide a frac-
tured flake tantalum powder with a BET surface area
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selected to yield an aspect ratio (D/T) that has powder -
properties suitable for use in economical high speed
processes for the manufacture of tantalum capacitors;

e.g.. an aspect ratio in the range of about 2 to 50.
It 1s ancther object of this invention to provide an

agglomerate of flaked tantalum powder that has good
flowability and pressability charactenstics.

It 1s another object of this invention to provide low
density flaked tantalum peillets having high green
strength.

It is another object of this invention to provide low
density flaked tantalum pellets having reduced sensitiv-
ity to sintering temperatures, i.e., pellets that can be sin-
tered over a wide range of temperatures, relative to the
prior art, to form an electrode useful in a tantalum ca-
pacitor.

It is another object of this invention to provide a tan-
talum electrode having reduced sensitivity to forming
voltages, i.e., dielectric oxides can be formed on the
electrodes over a range of voltages.

It is another object of this invention to provide a tan-
talum electrode having low leakage and high breakdown
voltages. -

~ The present invention provides a method for mak-
ing flaked tantalum powder that is flowable and pressa-
ble when agglomerated, comprising the steps of;

preparing tantalum ﬂake powder;

further reducing the size of the flaked powder by
fracturing without substantial tapering of the periph-
eral edges, until the powder has a mean particle
size in the range of 2 to 55 micrometers and BET
surface area in the range of 0.7 to 5.0 m?/g; and
selecting said mean particle size and BET surface
area so that the reduced flakes have an aspect ratio
(D/T) in the range of about 2 to 50 wherein the as-
pect ratio is equal to (K)(MPS)(BET) and K equals,
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2, MPS equals mean particle size in micrometers—
and BET equals BET surface area (nitrogen) in m2/

g.

The present invention also provides a flake tanta-
lum powder consisting of reduced sized flakes without
substantial tapering of the peripheral edges, thereof
having a means particle size in the range of 2 to 55 mi- -
crometers and a BET surface area in the range of 0.7
m2/g to 5.0 m2/g, the mean particle size and BET sur-
face area being selected so that the reduced flakes,
have an aspect ratio (D/T) in the range of 2-50, wherein
the aspect ratio is equal to (K}MPS)(BET), where K
equals 2, MPS equals means particle size in microme-
ters and BET equals the BET surface area (Nitrogen) in
m2/g.

An agglomerate of the above-described flaked tan-
talum powder has improved flowability and pressability
characteristics. The flaked tantalum powder of this in-
vention may be agglomerated by any conventional
method for preparing agglomerates such as, for exam-
ple, by heating the tantalum flake, described in the pre-
ceding paragraphs, to a temperature of about 1300 to
1600°C in an inert atmosphere or under vacuum for a

period of about 30 to 60 minutes and crushing the re-
sulting precuct 10 a size in the range of about 40 mesh

(0.015 inch screen opening) to 60 mesh (0.0098 inch
screen opening). .

The present invention also provides low density pel-
lets prepared from the flaked tantalum powder and/or
agglomerate described in the preceding paragraphs.

The present invention also provides a capacitor
electrode formed from the pellets described in the pre-
ceding paragraphs. In general the capacitors are pre-
pared by sintering the pellets described above and an-
odizing the sintered pellets.

Other details, objects and advantages of the inven-
tion and methods for making and using the same will
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become apparent from the following detailed description
and accompanying Figures. A legend at the bottom of
the Scanning Electron Micrograph (SEM) Figures gives
the voltage. magnification e.g., 400X, and a reference
scale in micrometers.

Figure 1 is @ SEM at a magnification 100X, of in-
got-drived flaked tantalum powder having a Scott Den-
sity of 8.18 x 105¢/m2 (13.4 g/in3) made in accordance
with DE 3 840 361.

Figure 2 is a SEM at a magnification of 1000X, of
an ingot-drived flaked tantalum powder having a Scott
Density of 3.65 x 105g/m3 (59.8 ¢/in3) prepared in ac-
cordance with DE 3 840 361.

Figure 3 is a SEM at a magnification of 1000X ofa
prior art flaked tantalum powder produced in accord-
ance with Example 1, specimen H of U.S. Patent No.
3,647,415 Yano et al., and which is an example of a tan-
talum flake that is produced in accordance with the
teachings of that patent;

Figure 4 is a SEM at a magnification of 1000X, of a
flaked tantalum powder produced by subjecting the
flake of Figure 3to a process described in DE 3 840 361;

Figure 5 is a SEM at a magnification of 1000X, of a
prior art flaked tantalum powder produced in accord-
ance with Example |, specimen C, of the U.S. Patent

- No. 3,647,415 and which is representative of tantalum
flake included within the teaching of that patent;

Figure 6 is a SEM at a magnification of 1000X, of a
flaked tantalum powder produced by subjecting the
flake of Figure 5to a process described in DE 3840 361.

" Figure 7 is a SEM at a magnification of 1000X, of a
flaked tantalum powder produced in accordance with
the invention, and similar to that shown in Figures 2,4
and 6 except that the particles are smaller and about -
one-half thickness. '

Flaked tantalum powder may be prepared by de-
forming or flattening a granular tantalum powder. It will

. be appreciated by those skilled in the art that this defor-



eration technique utilized herein is described bel ow. Ag{| RERIASEMENReSHEET
made utilizing the flakes shown in Figures 3,4,5 and 6. The 1| gkes—of-
Figures 3,4,5 and 6 were individually heat treated under vac u'mat\g jA 4002
1440[err] C for 30 mnutes and jaw crushed to -40 nmesh The fl akds re’ doped
wi th 100 ppm phosphorus and then subjected to a second heat {reatment—at
1500[err] C for 30 mnutes and jaw crushed to -40 nesh. the re¢sult- ing

L rgrer e, deoni shafdnthial) S0 Ucibriblibh8a ) dBnb8HHB HleBRERITD e
ical techniques using a ball mill, rod mill, roll mill or the
like. The flaked tantalum powder of the present inven-
tion can be prepared from such conventionally prepared
flaked tantalum powder by reducing the size of the flake
particles until the mean particle size is in the preferred

range of about 2 to about 45 micrometers preferably
about 3 to about 20 micrometers and BET surface area

is in the range of about 0.5 toabout 5.0 me/g, preferably,
about 0.5 to about 5.0 m2/g. The size reduction process
may be aided by embrittling the conventional flake by
techniques such as hydriding, oxidizing, cooling to low
temperatures, or the like, to enhance breakage when
reducing the flake particle size by mechanical means’
such as crushing, or other size reduction processes.
The mean particle size and BET surface area are relat-
ed, as hereinafter described, and that relationship can
be expressed as a value, i.e., aspect ratio (D/T). Sur-
prisingly, the BET surface area may exceed 0.7 up to
5.0 m2/g and is preferrably inthe range of about 0.5to
about 1.5 m%/g without loss of the desired properties as
long as mean particle size is adjusted to maintain the
aspect ratio (D/T) in the range of about 2 to about 50
more preferrably, about 5 to about 20.

In the present invention flakes are reduced in size
without_ substantial tapering of the flakes peripheral edg-
es. Consequently, in one embodiment the flaked tanta-
lum powder of the invention is characterized by flakes
of substantially uniform thickness from edge to edge
which are described herein as “fractured flake". Thick-
ness may be related to BET nitrogen surface area val-
ues which are typically in the range of about 0.5 to about
1.5 m2/g. It should be kept in mind, however. that the
desired flake properties can also be achieved with sub-
stantially thinner flakes (higher BET nitrogen surface ar-
eas, e.g., greater that 1.5) if the mean particle size is
adjusted to maintain an aspect ratio at less than about
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50. Aspect ratios in the range of about 5 to about 20
being preferred.

Aspect ratios 'D/T' of flaked tantalum powders can
be calculated from their mean particle size in microme-
ters and BET (nitrogen) surface area in m2/g in accord-
ance with the following formula:

- (K) (MPS) (BET)

where: k = 2, a constant;

MPS = means particle size in micrometers; and
BET = BET surface area (nitrogen).

The techniques for measuring MPS and BET are de-
scribed in greater detail below.

Comparison of Figures 1 through: 7 illustrates that
the flaked tantalum powder of the present invention is -
comprised of substantially smaller particles than the pri-
or art flakes. The prior art tantalum flake shown in Figure
1 was prepared from classified 20 x 44 micrometer in-
got-derived (electron beam melted) tantalum chips. The
chips were degassed in a vacuum furnace to remove
hydrogen and sieved through a 325 mesh screen. The

- resulting material was then milled in a vibrating ball mill
for 10 hours to flatten the chips into flake. This flake was
acid leached first in a HCI/HNO5 mixture and then in HF
to remove metallic impurities. The resulting flake which
had a Scott density of 6.58 x 105 g/m3 (10.8 g/in3) was
heat treated at 1600°C for 30 minutes to produce an ag-
glomerated material which was then jaw crushed to 40
mesh sized agglomerates having a Scott densnty cf3.18
x 105 gim3 (13.4 g/ind).

The flaked tantalum powder shown in Figure 2 was
prepared from ingot-derived (electron beam melted)
325 mesh tantalum chips. The chips were degassed in
a vacuum furnace to remove hydrogen and sieved
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achi eved. milled in a vibrating ball mill for 10 hours to flatten the
chips into flake. This flake was acid leached first in a
HCI/HNO4 mixture and then in HF to remove metallic
impurities. The resulting flake has a BET nitrogen sur-
face area value of 0.38m?2/g and a Scott density in the
range of 6.11 x 105 g/m3 t0 9.28 x 105 g/m3 (10 to 15.2
| ¢/in3). This flake was hydrided and subjected to cold iso-
static pressing at 2.11 x 107 kg/m? (30,000 psi) to break
the flake into smaller pieces which after pressing are in
the form of a solid bar. The solid bar was jaw crushed
to 60 mesh producing flakes having a BET nitrogen sur-
face area value of 0.54 m2/g and Scott density of 3.65
X 108 g/m?2 (59.8 g/fin3). |

The prior art flaked tantalum powder shown in Fig-
ure 3 was made from -60 mesh sodium reduced tanta- -
lum powder. The powder was deformed to flake shape
by milling in a vibratory ball mill for ten hours. The ball
milled flakes were acid leached to remove metallic im-
purities using 15% HCI and 2% HF. This method corre-
sponds to the procedure described in United States Pat-
ent No. 3,647,415 for preparing Specimen H in Example
Il. The Scott density of the resultant flake was 7.66 x 105
g/m3 (12.54 ¢/in3) and 90% of the flakes had no dimen-
sion larger than 126 micrometers. _

The flaked tantalum powder shown in Figure 4 was
made from -60 mesh sodium reduced tantalum powder.
The powder was deformed to flake shape by milling in
a vibratory ball mill for ten hours. The ball milled flake
was acid leached to remove metallic impurities using
15% HCI and 2% HF. The flake was then heated in a
closed vessel until the flake reached about 850°C.
Then, however, the heated tantalum flake was hydrided
by allowing it to cool to room temperature in the vessel
while a positive hydrogen pressure of 3515 kg/m2 (+5
psi) was maintained. The hydrided flake was reduced in
size by milling the flake material in a Vortec M1 impact
mill, available from Vortec Products Co., Long Beach
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California, U.S.A., operating at 10,000 rpm. Thé TesUIF
ant flake had a Scott density of 1.31 x 108 g/m3 (21.45
¢/ind) and about 90% of the flakes had no dimension
greater than about 37 micrometers.

The prior art flaked tantalum powder shown in Fig-
ure 5 was made from -60 mesh sodium reduced tanta-
lum powder. This powder had an absorbed hydrogen
content of about 125 ppm. The powder was deformed
to flake shape by milling in a vibratory ball mill for six

hours. Then the ball milled flake was acid leached to.
remcve impurities using 15% HCI and 2% HF. The re-

sultant flake had a Scott density of 7.75 x 105 g¢/m3 (12.7
g/in%) and about 90% of the flakes had no dimension
greater than about 131.8 micrometers. This method cor-
responds to the procedure described in United States
Patent No. 3.647,415 for preparing Specimen C in Ex-
ample I.

The flaked tantalum powder shown in Figure 6 was
made from -60 mesh sodium reduced tantalum powder.
The powder was deformed to flake shape by milling in’
a vibratory ball mill for six hours. The ball milled flake
was acid leached to remove metallic impurities using
15% HCI and 2% HF. The flake was then heated in a

~ closed vessel until the flake reached about 850°C.
Then, however, the heated flake was hydrided by allow-
ing it to cool to room temperature in the vessel while a
positive hydrogen pressure of 3515 kg/m? (+5 psi) was
maintained. The hydrided flake reduced in size by mill-
ing the flake material in a Vortec M1 impact mill operat-
ing at 12,500 rpm. The resultant flake has a Scott den-
sity of 1.73 x 108 g/m? (28.30 g/in%) and about 90% of -
the flakes had no dimension greater than about 23.2 mi-
crometers. _

- The flaked tantalum powder of this invention shown
in Figure 7 was made from 100 mesh sodium reduced
tantalum powder. The powder was deformed to flake
shape by milling in an organic solvent using a Model 15S
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attritor ball mill manufactured by Union Process Inc.,
Akron Ohio, U.S.A., for 16 hours to a BET nitrogen sur-
face area greater than about 1.0 m2/gm indicating a thin
flake. The ball milling flake was acid leached to remove
impurities using 15% HCl and 2% HF. The leached flake
was then heated in a closed vessel until the flake tem-
perature reached about 850°C, then cooled to room
temperature and hydrided/embrittied under hydrogen
3515 kg/m3 (+5 psi). The hydrided flake was further re-
duced in size by milling the flake material in a Vortex M1
impact mill operating at 15,000 to 20,000 RPM. Higher
RPMs are effective for fracturing thinner embrittied flake
to achieve the aspect ratios in the desired range.

The mean particle size, BET nitrogen surface area
and Scott density of the above-mentioned flaked pow-
ders may be measured as described below. |

Mean Particle Size

The mean particle size distribution of samples of
flaked tantalum powder are determined using a MICRO-
TRAC 1i® particle size analyzer available from the
Leeds & Northrup unit of General Signal Corporation,
U.S.A. This is an apparatus designed to measure the
size of particles suspended in a liquid via scattered light
and laser optical methods. Particles between 0.34 and

60 micrometers are measured by the amount of scat-

tered laser light and particles between 0.12 and 0.34 by
the amount of scattered monochromatic light, impinging
on a photodetector array. By means of a self-contained
computer, the apparatus determines the distribution of
mean particle sizes. The Operator's Manual for the Mi-
CROTRAC 1i® further describes the measurement
method.
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BET Nitrogen Surface Area

The BET nitrogen surface area of flaked tantalum
powder samples can be measured with a MONO-
SORB® Surface Area Analyzer available from QUAN-
TACHROME Corporation, Syosset, N.Y., U.S.A.. This is
an apparatus designed to measure the quantity of ad-
sorbate nitrogen gas absorbed on a solid surface by
sensing the change in thermal conductivity of a flowing
mixture of adsorbate and inert carrier gas such as heli-
um. The methods and procedures for making these
measurements are described in the instruction manual
for the MONOSORB® apparatus. All BET surface area
measurements referenced herein were made with nitro-
gen adsorbate gas. |

Scott Density

Scott density is determined with an apparatus com-
prised of a powder flowmeter funnel, a density cup and
stand for the funnel and cup available as a set from Al-
can Aluminum Corp., Elizabeth, N.J., U.S.A. The meas-
urement is made by pouring a flake sample through the
funnel into the cup {one-cubic-inch nickel plated) until
the sample completely fills and overflows the periphery
of the cup. Then the sample is leveled-off by means of
a spatula, without jarring, so that the sample is flush with
the top of the cup. The leveled sample is transferred to
a balance and weighed to the nearest 0.1 gram. The
Scott density is the weight per cubic inch of the sample.

Agglomeration

The flaked tantalum powders are agglomerated in

~ any conventional manner in order to provide a product

which is suitable for subsequent formation into pellets
from which capacitor electrodes can be fabricated. Typ-
ically, agglomeration involves heat treatment of the flake
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'in a vacuum or inert atmosphere at temperatulﬁsw’n-the_—

range of about 1300 to 1600°C for periods of time rang-

ing from about 30 to 60 minutes. The specific agglom-

eration technique utilized herein is described below.
Agglomerates were made utilizing the flakes shown

in Figures 3,4,5 and 6. The flakes of Figures 3,4,5and

6 were individually heat treated under vacuum at
1440°C for 30 minutes and jaw crushed to -40 mesh.
The flakes were doped with 100 ppm phosphorus and
then subjected to a second heat treatment at 1500°C

for 30 minutes and jaw crushed to -40 mesh. the result-

ing flakes were deoxidized by blending with 2.5% Mg
powder and heating under 2109 kg/m? (+3 psi) Argon
pressure to temperature of 950°C for 320 minutes. The
resulting agglomerates were acid leached, to remove
MgO and excess Mg, using 15% HNO, and then rinsed

and dried.

Failure to flow is very detrimental since it is imprac-
tical to commercially press pellets from agglomerates

that do not flow.

Pellet Fabrication and Crush Strength

An agglomerated flaked tantalum powder is com-
aressed in a conventional pellet press without the aid of
binders using an imbedded tantalum wire. Two samples
of a tantalum powder, one weighing 1.29 g and the other
weighing 1.33 g are separately introduced into a die of
a pellet press having a diameter of 6.35 x 10-3m (0.250
inch). The press is set up to press a pellet having a
length of 8.30 x 10-3m (0.330) inch. Utilizing the above

~ weights and lengths an approximate green densuty of

5.0 g/cc is achieved.

The flaked tantalum powder shown in Figure 7 was
agglomerated and pressed into pellets under conditions
similar to those described above. The resuiting pellets
had a crush strength greater than 50 at 5.0 DP.




a nmean particle si Z_tLC)_Lz_l_O_SS—m—GI—GHEters and a BET} iirr) ACEnBNe SSHEET

in.the range of 0.70 nierr]/g to 5.0 nferr]/g; and

sel ecting said nean Whlsﬁhec,tlfbsg ¢ BET sur- face arpajsqo that 293
t he reduced fl akes ha spect ratio in the range of hbdud Q’Mt‘o
50 where- in t 0 (D)4 s equal to (K (MPS

(BET) and K equal s 2, equals t he nean particle size in
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ferred embodiments of our flaked tantalum powder and
methods of making same, it should be distinctly under-
stood that our invention is not limited thereto.

Claims

1. A method for making flaked tantalum powder that
is flowable and pressable when agglomerated com-
prising the steps of:

/- .
_ preparing tantalum flake powder;
H“\“c‘ m‘“ “‘,“ “l‘s‘ “ ‘“‘ further reducing the size of the flaked powder

by fracturing without substantial tapering of the
peripheral edges of the flakes until powder has
a mean particle size of 2 to 55 micrometers, and
a BET surface area in the range of 0.70 m%/g
to 5.0 m%/g; and

selecting said mean particle size and BET sur-
face area so that the reduced flakes have an
aspect ratio in the range of about 2 to 50 where-
in the aspect ratio (D/T) is equal to (K) (MPS)
(BET) and K equals 2, MPS equals the mean
particle size in micrometers and BET equals the
BET surface area (Nitrogen) in m2/g.

2. The method of daim 1, wherein the flake is pre-

pared by a chemical reduction process.

3. The method of claim 1, wherein the flake is ingot
derived..

4. The method of claim 1, 2 or 3 wherein said asbect

ratio (D/T) is in the range of 5 to 20.

S. The method of claims 1, 2 or 3 wherein the mean |
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2. The net hod of cl am ake is pre- p'ared by a chem cal
reducti on process. . 3. Kfﬂl&e {pod of claim1, wherein the flake is ingot

derived. 4. The netho eplaaedor 3 wherein said asgeg
(D'T) is in the range Wﬂf EPLACENIENT %PECT
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particle size is 3 to 20 micrometers.

6. The method of any one of the preceding claims, fur-
ther comprising the step of embrittiement of the
flaked tantalum powder prior to fracturing the flake.

7. The method of claim 6, further comprising the step
of agglomerating the reduced size flake.

8. A flaked tantalum powder consisting of reduced
sized flakes without substantial tapering of the pe-
ripheral edges thereof having a mean particle size
of 2 to 55 micrometers and a BET surface area in
the range of 0.70 m2/g to 5.0 m2/g, the mean particle -
size and BET surface area being selected so that
the reduced flakes have an aspect ratio in the range
of 2 to 50, wherein the aspect ratio (D/T) is equal to
(K) (MPS) (BET), where K equals 2, MPS equals
the mean particle size in micrometers, and BET
equals the BET surface area (nitrogen) in m2/g.

9. A flaked tantalum powder according to claim 9
wherein the tantalum is chemically reduced tanta-
lum.

10. A flaked tantalum powder according to claim 9
wherein the tantalum is ingot derived tantalum.

11. A flaked tantalum powder according to any one of
' claims 8-10 wherein saxd aspect ratiois in the range
of § to 20.

12. A flaked tantalum powder according to any one of
claims 8-10 wherein the mean particle size is 3-20
micrometers.
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powder prior to fracturing the fl ake.
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13. Alow density pe’lle’t”pr'epared from the reduced size
flake of any one of ¢laims 8-12. '

14. A capacitor prepared from the pellet of claim 13.
15. An electrode having low leakage and a high break-

down voltage prepared with the powder of any one
of claims 8-12.
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FLAKED TANTALUM POWDER AND METHOD OF USING SAME

ABSTRACT

An improved flaked tantalum powder and process for
making the flaked powder are disclosed. The powder is
characterized by having a mean particle size in the range
of about 2 to about 55 micrometers and a BET surface area
in the range of about 0.5 to about 5.0 m*/g. Preferably, the
mean particle size and BET surface 'area are selected so
that the flakes have an aspect ratio (D/T) in the range of
about 2 to about 50. Agglomerates of the flaked tantalum
powder, provide improved flowability, green strength and
pressing charactistics compared to conventional flaked
tantalum powders. The improved flaked tantalum powder can
be made by preparing a flaked tantalum and then reducing
the flake size until such mean particle size and BET
surface areas are achieved such that the flakes have an
aspect ratio (D/T) in the range of about 2 to about 50.

FIGURE 7.
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FIG 2

Fractured Tantalum Flake
000X Magnification
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Although we have set forth certain present pre-
terred embodiments of our flaked tantalum powder and
methods of making same, it should be distinctly under-
stood that our invention is not limited thereto.
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Claims

1. A method for making flaked tantalum powder that
is flowable and pressable when agglomerated com-
prising the steps of:

preparing tantalum flake powder,;

further reducing the size of the flaked powder
by fracturing without substantial tapering of the
peripheral edges of the flakes until powder has
a mean particle size of 2 to 55 micrometers, and
a BET surface area in the range of 0.70 m?/g
to 5.0 m%/g; and

selecting said mean particle size and BET sur-
face area so that the reduced flakes have an
aspect ratio in the range of about 2 to 50 where-
in the aspect ratio (D/T) is equal to (K) (MPS)
(BET) and K equals 2, MPS equals the mean
particle size in micrometers and BET equals the
BET surface area (Nitrogen) in m2/g.

2. The method of claim 1, wherein the flake is pre-
pared by a chemical reduction process.

3. The method of claim 1, wherein the flake is ingot
derived.

4. The method of claim 1, 2 or 3 wherein said aspect
ratio (D/T) is in the range of 5 to 20.

5. The method of claims 1, 2 or 3 wherein the mean
particle size is 3 to 20 micrometers.

6. The method of any one of the preceding claims, fur-

ther comprising the step of embrittiement of the
flaked iantaium powder prior to fracturing the flake.

-
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The method of claim 6, further comprising the step
of agglomerating the reduced size flake.
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A flaked tantalum powder consisting of reduced
sized flakes without substantial tapering of the pe-
ripheral edges thereof having a mean particle size
of 2 to 55 micrometers and a BET surface area in
the range of 0.70 m2/g to 5.0 m2/g, the mean particle
size and BET surface area being selected so that
the reduced flakes have an aspect ratio in the range
of 2 to 80, wherein the aspect ratio (D/T) is equal to
(K) (MPS) (BET), where K equals 2, MPS equals
the mean particle size in micrometers, and BET
equals the BET surface area (nitrogen) in m2/g.

A flaked tantalum powder according to claim 9
wherein the tantalum is chemically reduced tanta-
lum.

A flaked tantalum powder according to claim 9
wherein the tantalum is ingot derived tantalum.

A flaked tantalum powder according to any one of
claims 8-10 wherein said aspect ratio is in the range
of 5 to 20. |

A flaked tantalum powder according to any one of
claims 8-10 wherein the mean particle size is 3-20
micrometers.

A low density pellet prepared from the reduced size
flake of any one of claims 8-12.

A capacitor prepared from the pellet of claim 13.

An electrode having low leakage and a high break-

down voitage prepared with the powder of any one
of claims 8-12.



