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A SURVEY OF METHODS FOR COATING POWDER PARTICLES
WITH RESULTS OF SOME EXPLORATORY EXPERIMENTS

%

Marija H. Fukarova

ABSTRACT
. Coated powders have been found to provide advantages in a growing

variety of applications. A literature survey has been conducted to
assess the current state of the art. From the available methods
described, a few have been selected for experimental investigation
of their suitability for laboratory scale operation. The results of

these preliminary experiments are described with particular reference

to the influence of particle size.

\
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I. INTRODUCTION

A. Uses and Applications-of Coated Powders

The technology of powders is one of the oldest known to man. The
ancient arts of pottery glézing and glass making depended on the use
of ceramic powders. In thé_last fifty years the technology of metal
powders has evolved to a high degree of sophisticatiom.

Now engineers concerned with nuclear physics, gas turbines and
aerospace applications are confronted with design deman&s which led to
a new technology. This is the field of coated powders in which a core
powder is sheathed.with some other material. Coated powders are
becoming imporfant in the field of powder metallurgy because they
protect the substrate particles from‘each other, which is important
in producing_ﬁégneticvmaterials; they permit improvements in the pressing
operation by acting as lubricants or binders; and they modify the
interaction properties of the base particles. It is now known that a
wide.variety of materials can be deposited on many different types of

metal and ceramic powder bases.

‘B. Literature_Survéy of Available Methods

B. Meddings and his workersl coﬁsidered'three basic methods of
preparation: |
A) Vapour Phase Deposition
B) Liquid Phase Deposition

C) Solid Phase Deposition



A. The vapour phase deposition may be used for:

1) Element deposition

2) Compound deposition

1) Eleménts might be deposited onto solid surfaces from the
vapour phaée by any one of three general types of reaction:

i) thermal decomposition

ii) displacement reactions

iii) ‘hydrogen reduction

i) Thefmal'decpmposition is one of fhe oldér methods, and has Been
used ;6 deposit metals from the vapour phase, for example, nickel ffom
nickél carbonylg |

Ni(CO), > Ni + 4CO

In this process nickei carbonyl was led info toweis packed with nickel
shot and then heated above 330°F. The nickel éarbonyl vapour decbmﬁosed
into carbon moﬁoxide and metallic nickel which deposited.upon the shot
in the.tower. |

ii) Displacement reactions. In this method the contact of the

metal-bearing vapoﬁr with the base material results in the base material
displaéing the metal from the vapour. So, the metal deposits upon the
base material surface while the displaced base material in the vapour

is 3wept away in:the gaé stfeam. ‘These réactiéns are carried out at
temperatures high enough thaf diffusion takes place at the base material

surface,; which is necessary for the reaction to occur.

iii) Hydrogen reduction. This method is of wide application because

of the»ready availability of many halides and their volatility. Hydrogen



and the metal halide vépour are mixed at the surféce of the material
to be ébated and at a temperature at which the réduction reaction
can occur. By this method it is possible to use more than one metal
halide vapour simultaneously and thus debosit metal alloys upon the
substrate material,

2) Compound deposition. In the previous section on displacement

reactions it was pointed out that by virtue of the surface diffusion
reactions involved the coatings so deposited were effectiveiy alloy
coatings. By deposition of metals at higﬁ temperatures either by
thermal dec0mpbsi£ion or hydrogen reduction onto graphite sﬁffaces the
metal carbides may also.be produced. By simila;.methodsvit is possibie
to produce ul;ra—fine silica powder, alumina, beryllia and so on.

The overall chemical reactioﬁs occurting during vapour phase

deposition are usually simple as the foilowing examples show:

'2AsH3 > 2As + 3H2

WCl6 > W+ 3C12

WCl6 + 2Fe -+ W+ 2FeCl3
WCl6 + 3H2 + W + 6HCL
The vapour deposition method includes all volatile metal compounds
which can be thermally decomposed to yield metal, like the hydrides,
‘ halides, carbonyls and some organo-metallic compounds. So, in 1951
E. J. Cline and J. Wulff2 coated various ceramic powders using vapour-

deposition of molybdenum, iron and nickel. They wanted to obtain a

complete film of metal around each individual ceramic powder particle
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which might:lead to improved physical properties of the sintered ceramic
.body. In order to obtain a uniform deposii on tﬁe cerémic grains in
this case it was essential that the particles be in constant movement.
OthefWise‘the'deposited metal would cause the charge to be sintered
together. Attempts to coat grains of (-325) meéh in the same

apparatus were not successful because of the difficulty‘in obtaining
sufficient enoﬁgh gas flow to fiuidize the mass of'particles.

Howevér H. Lamp_hey3 in 1963 published a study in which he described
the deposifion.of a variety of coatings.on a number éf submicroﬁ-siée |
substrate powders. Alumina powder was coated with 257 by weight of
nickel by stirring it in a sufficient amount of 10-20% nickel chloride
solgtion, adding NAOH solutioé to precipitate nickel‘hydroxide onto
the alumina particles and then filtering, washing,»drying and heating‘
the.prdductvin hydrogen to reduce the oxide to metallic nickel. "The
ifiqal powdef showed that the‘alumina was véry unevenly coated. The
nickel'appeéred as litfle balls of metal on the sufface.of the alumina.
Similar resﬁlts were obtained whgn iron, molybdenum, copper, silver
and other metals Qere déposited on the alumina by chémical precipitétion
and reductioﬁ. There gppeared to be something péculiar about the

- alumina suffécé to broduce these results, and it was conclﬁded that
qhemical pregipitétion from solution was unlikely to give smooth,
continuous cdatings on submicron—size powders. Using vapour pléting
.with a,fluidized Bed of powder the substrate wasbcoated smoothly and
continuously even ﬁith particles near to 0.05u in average diameter.
Alumina boﬁdgrs were coated successfully with different metals like

molybdenum, silicon and tungsten.



It waé discovered4_5 that if the exposed surfaces of copper powder
bcbntained sﬁéll amounts (0.25-1.0%) of metal more electropositive than
copper and having a melting point between 200° and 500°C, the pdwder
kept its‘lﬁster longer than it would_be if such metal was absent.

That is probably because of the protection from oxidation. 1In this
group of metals bélongs: zinc, lead, cadmium, bismuth and tin. It
is possible to obtain the desiréd‘results by heatiﬁg copper powder
to a temperatute well below its melting point (1083°C) in contact with
the added metal in powder form. The reactién takes place readily
and rapidly if the temperature is above the melting point of the
alloying metal and it is possible that surface alloying oécurs.
The surface of the copper particles had to be clean and reasonabiy free
from oxide film. Also, B. G. Cooke and W. W.vCaster6—7 described a very
suitable apparatus for coating finely divided materials by condensation
of metal frdm thé vapor to. the solid state. Small mica particles weré
coated with‘alumihum in vacuum, using a }ibrator ﬁechanism to agitate or
stir the mica‘powder, or by shaking a feservoir_of powder to cause
the powder particleé ﬁo fall.in a chamber in which éluminum is evaporated.

The combinatidn of vapour deposition and fluidized-bed technologies
hés made évailablé a widé-vérie;y 6f coated powaérs._ H. J. Oxley and
M. J. Blocher8 in 1959 publisﬁed an article which described the bésic
equipment required for the fiuidized;process for coéting particles with
metal or ceramic films. The procedure appears éimple nét only ip
principle, butvin préctice;

Vaﬁoﬁr—pﬁase transpért has begn adapted by>J. Hanak9

to the preparation of a superconducting compound.l”For example;‘Nb3Sn‘



was déposited on the surface of solid substrates (nickel) by simultaneéus
reduction of gaseous chlorides of niobium and tin.

In 1961 Meddings et al.10 described a;process which is convenient
for coating fine nickel "seed" pbwder by £he hydrogen reduction of
ammdniacal»solutions'of nickel and ammonium sulfate. .This process
was uneconomically slow without seed. It appeéred necéssary to find
a catalyst which would promote nucleation. It seems that this method
_ would not even be convenient fof'laboratory quantitie83 But they have
shown'that-iroﬁ powder ﬁas very effective -in promoting_the hydrogen
reduction of nickel from soiution and there was no probiem in
precipitating nickel on the iron 5qrface. They have had the same
results when bdwders of copper and aluminum were used ;s substrate core
materials.. That was not the case with oxide cores;v Typical of
tﬁe problem with these core powders has been alumiﬁé (A1203), pdséibly
because of the fine submicron sizes of the powder in the range of
0.75—1.5ﬁ.  In.their study they discussed the possibility of cbéting
the hard coﬁpounds formed by the combination of many.metals with the
elements of atomic number five, éix and seven. It was thought that
metallic boridés, carbides and nitrides might be "cemented" by a suitable
ductilé mefal for combinations such as cobalt/tungsten carbide,rnickell
tifanium carbide and nickel/titanium boride. One of the most unusual
applications'of the Sherritt10 me;hod of producing nickel-coated powders

has been the preparation of nickel-coated gléss.



In 1965 Landsberg et al.ll investigated two methods fqr»applying
coatings of tungsten or molybdenum to powders of magnesia, aluminia,
zirconia, zi#cbnium carbide and zirconium boride having irregular
shapes. 1In one case coatings were applied by the vapour phase
reduction of metal chlorides and in the other method a two step
process was uséd in which a metal oxide was applied to the fluidized
particles and then.reduced subsequent1y by hydrogen. In both methods
the particles éonstituted a fluidized-bed. The authqrs have sho&n that
coatings of tungsten or molybdenum coﬁld be applied by both methods,
but the second was better. The coatings were perfectiy uniform and
dense.

Metallic-coated nuclear fuel particles permit fabrication of improved

fuel elements as shown by H. J. Oxléy et al.12—13'

They obtained a
uniform coatihg'of metallic tungsten on uranium dioxide pbwders that‘
solved many problems like loss of fission products, fuéién at the
element centre énd so on, which resulted from operation at high
temperatures and high power generation rafes. Excellent uniformity of
coverage was obtéined'when the hydrogen rédﬁction of tungsten hexacloride
in a fluidized-bed takeé,place at about 400°C and if mechanical vibration

has assured good mixing of micron—sized U0, powder in the fluidized-bed.

2
A chemiéal_vapor deposition process was used to coat large
quantities of small parts like fasteners, bolts and nuts in a rotary
chamber furnace. 4 "A silicide coating composed of chromium-titanium-

silicon was obtained by hydrogen reduction of the respective vapour-phase

‘metal chloridés._ These coatings exhibited controlled thickness, uniform



composition and minimal reaction wiﬁh the substfate. The méthod could
be used for coating various small parts and the coafings could be
deposited on several substrate materials. A similar apparétué was used
at Battelle15 for coating pellets with chromium films.

B. Liquid Phase Deposition

Electrolysis can be used to deposit metals.upon electrically
conductive powders by special techniques. For nickel and a few other
metals like gold, silver and copper, it is possible to carry out what
is kﬁown'as, "elecfroless plating'. This method ﬁses a suitable buffered
solution which-is:mixéd with a feducting'solution to ¢ause‘depdsition‘
of the metal. An important poiht is that the_powders must not react
. with any compohents of the solutions.

Itlis also bossible to obtain‘coatings of mefalé upon powders
from solution By causing a metal—containing ébmpound.to nucleate and
.{pfécipitété'updn the substrate powder. The precipitate mass can tﬁen 3
be filtered off and .the metal-containing coating then converted to.

: mefal by some means such as reduction in a furnace. '

In 1973,'B. C. Rao et al.16 successfully coated.metalvcoré partiéles
by.a chemical reduction pfocess,employingan ammoniacal solution and
a strong'reducér which caused precipitation of the métal ions on the mefél
powdgf'éubstrate., In their system; sodium hypophosphite was employed
és a reduCingvagent. " Nickel, cobalt and nickel-cobalt coatings on
tﬁngsten carBidé'pdwder and ironipowder were studied to éfaluate the
effect of variou$ parameters 6n.the respective coatiﬁgs. By electroless -
plating, a variety of.substrate'powdefs can be coated with the use of a

'suitable.réduéing agent. Typical metals that can be deposited by
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electroless plating include: Nickel,16 cobalt.16
Ideal composite powders were not readiiy obtained becaﬁse it is
difficult to avoid some agglomeration of the core particles and
deviatioﬁs in individual particles from the average composition of
a powder batch. Metallographic studies showed that most of the substrate
pérticies were encased in a shell of the metal coating.’
The possibility of using electrophoreticvdeposition on powders
is yet unknown but it has been shown to be a;usefui cﬁating method
for the deposition of metal, oxide and carbide powder coats on parts
made of metal or graphite.l7-18
The application of fluidized bed cathodes to electrowinning of
. metal ions from éolutions has been studied by D. S. Flett:lg'—20 to
produce copper from dump.leaching of copper ores.: Essentially the
electrode consisted of a bed of conducting particles supported by a
sintered glass frit through which the electrolyte flows to fluidize
the bed. In this system, there is an anode which‘ié carriéd by the
bﬁng iﬁsertéd at the other end of the fluidizing tube.‘ Tﬁe obser?ationé
showed that when:a bed of conducting particlés is fluidizedbby an
upward flow of electrolyte the bed_éan function as an électrode. .This
type of electrode configuration is called plane paféllel because
the direction of electrolyte flow is parallel to the d£rection of
current flow. Othe; designs are possible, for e#ample, a side by side
configuration, where both electrodes are flhidized and separated byva
membrane. The membrane served hot only to separéte anolyte from catholyte

but also provided support for the bed. The current feeder was usually

a metal mesh or a series of parallel metal rods inserted into the bed.
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In this configuration the current flow iéApgrpendicﬁiar to the
electrolyte flow. -In another)inveétigation, solid copper, coppef-coafed
glass or copﬁer—coated polystYrene spheres were used as conducting

beads and ﬁhe eieétrolyte wés m—ﬁitro beﬁzene sulfonic acid and
‘sulfuric acid‘.21 lThe particle-size ofvthese glass énd polystyron spheres was

450-520p.
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II. EXPLORATORY EXPERIMENTAL PROCEDURES AND PROCESS VARIABLES

The objective of this study was to find a method which would be
convenient for coating substrate powder particles of different shapes and
sizes.

A. Vapour Depoéition

The folldwing is a description of the first attempt to put a
coating on powder particles.

A bell jaf:was placed on a base plate containing a vacuum connection.
Also,vsupportéd upon the base weré electrodes which wérevconnected to
a source of electric current to heat a tungstep wire which was suspended
between  the :electrodes. A small amount of tin poﬁder was placed
in the coils df the tungsten wire, and when the electric current was
passed through the W wire, the tin;po&defvwas vapo?ized. The substrate
powder was placed in a tray on the base plate. During the experiment,
approximately 6 volts, and 35 amperes were passed through the ;ungsten
resistance wiré for a périod of 3 minutes,_using_é &acuum of,l‘()_3 mm Hg.
- The powder was vibrated by a.vibfétor mechanism. The substfate powdef
in this experiment was -400 mesh niobium powder.

Observing the behavior‘of the'powder'particleé it was noted that
the vibrator mechanism choseq did nof provide adequate agitation.
For this reason the tin precipitétéd only on one surfaéé of the powder
particles in the form of small balls;. This may beISeén in Fig; 1.
Efforts to find a better way for vibrating were unsuécessful‘in the

limited time. available.
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B. Fluidized-Bed Electrode

Having in regard the low melting point of tin, one possible dbating
system is the use of eléctrolysis in conjunction with a fluidized bed.
The problem is to agitaﬁe the p;wder particles sufficiently to make
a suspension in which €ach particle is surrounded.bﬁ electrolyte.

The idea was based on the references (21—22)'where the authors
very succeésfully obtained copper from copper ores by an electrolytic
process with fluidized-bed electrodes.

The fluidized-bed sef—up consisted of a Buchnér type 60C funnel
connected to a masterflex pump and a masterflex flow gohtroller in
order to obéerve the.agita;ion of powder particles. 1In the first
attempt cbpper'powder with a particle-size between'74—44u was used.

The result was good. It was pqssible to see motion of each particle
in the’suSpension,

The requirements for a good fluidized system afe: low particle
density, moderate particle size, particle shape approximately spheric
and high fluid density,Ibutbunfortunately these properties are also the
same which create difficulties in fluidizing a bed of irregularly Shapgd,
very small particle~size powder. Experiments With-éopper.powder ﬁaving a
particle—size less than 374 were also frigd. The results were unsatisfact;ry‘
because the gravity of the particles was so sﬁall thét it was impossible
to get ﬁropef fluidization. All the powder was carfied by the fiowing
solution out of the fluidizing tube independent of'thé velocity of
flqw. An attempt was made to improve the'éppératﬁs to keep the powder

in a constant volume of fluid. On the top of the fluidizing tube another
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porous filter.(M) was instailed to prevent the powder particles from
passing through. Soon after electrolyte floﬁ ﬁas initiated the pressure
in the volume between the two porous_discs rose to a point that caused
breakage éf the glass tube. The reason for the pressure build up was
the plugging of'the upper porous filter, and good flow was no longer
possible. |

C. Simple Agitation

The possibility of using a fluidized-bed electrode for coating
fine powders (F400 mesh) seemed unpromising, so it was decided to try
stirring the powder.

1. Experimental Apparatus

Oﬂ the bottom of a beaker was placed a copper plate cathode’and
above it an;énode of tin. In the middle of the.beakef’was‘Placed B
a variable speed propeller. The beaker was placed on a hot-plate
and the electrodes were connected to a D.C. power supply;

. 2. Preparation of Plating Solution

The composition of the electrolyte was a follows:

i. Sodium stannate e e e 150 g/1
ii. Sodium hydroxide . e e 15 g/1

iii. Sodium acetate e e 22.5 g/1
iv. 100 vol. hydrogen peroxide or h

sodium perborate e e 2 g/l

Two thirds of a 1000 ml beaker was filled with water, placed on a
hot-plate and heated to 60-70°C. Then the sodium stannate was slowly

added while stirring until all was dissolved. deidm Hydroxide was
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added in the same way aﬁd wﬁen if was completely dissolved the sodium
acétate was édded. When the iast component was complétely dissolved,
the balance of water was added.to briné thé bathfﬁo the proper
-céncentratiOn._ The solﬁtion isvfeady for use aftef'fhe sodium
perborate is‘added.> However, before it is done, the tin and "free
caustic soda" content should be checked. An important parameter is

the témperatﬁre of the bath. Tt should be betweenv60—70°C for this bath.

With this apparatus and this solﬁtion the first experimen; was an

attempt to coat atomized copper péwder. The particle-size was (—200+325.
mesh); and total weighﬁ of powder was 2 g, while the teﬁperature of

the éolufion-was betweeﬁ 65-75°C. During the experiment the voltagé
was 5.5-6.5 and the copper cathode current density was 0.08vA/cm2. The
period of time.for coating the copper powder particles was iS minutes.
The result of this experiment was a uniform coat on‘each atomized
copper powder particle. It seems that the agitation of the powder'

was sufficient'to coat each particle. The thickness from pa;ticle

to particle was differeht. Such varying.thickness-ffom‘particle to
‘particle Aepends on the charge per unit volume on each particie. It
can be seen from Fig. 2, that smaller‘particles haveva thickef.layer

of tin, whic¢ch means that smallef'partic1ES have a léfgér charge per
unit yolume.

The secbnd exberiment was done under the same qonditions as the

firsﬁ, except that the period of time for coating was reduced to 10
minutes and ;he substrate powder particles were niobium, which differed

~markedly in shape from the atomized copper; as may be seen by comparing
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vFig. 3 'with Fig. 2. The particle-size was between 44 and 77ﬁ.

Figure 4 shows the result of coating the niobium powder with tin. ‘ ..
Each particle is coated with tin but only as uniformly as uneven
particle sﬁffaces allow. Also, it is possible to see the same effect
of the:éﬁaller particles. They are coated with a thicker layer of
tin, as explained above.

It was interesting to determine the‘effect of using a fihef
powder. The experiment was repeated uéing =400 mésh'niobium powder.
The result was the same as with the previous experiment, where the
particlé;sizé was ‘between 44 and 74 microns. Figure 5 shows that
eéch particle is coated with tin and the thickness of ‘the coating

‘increases as the particle size decreases.
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IIT. CONCLUSIONS

From tﬁe review of the literature and ‘the experiﬁental results
reported ih the present paper we can arrive at the following conclusions:

1. iIhe fluidized-bed method for electrolytically coatiﬁg any kind
‘of substrate powder was adequate for particle-sizes between 74-44y.
For pdwders with pafticle—sizes less than 37u it wés'impossib1e to
get proper fluidization because of plugging of the upper porous filter
in the fluidized-bed set-up. |

2. Stirring, as a method for electrolytically coating powder,
gave good results for atomized powders with particle-sizes between
74 and 44y as shown in Fig. 2. Using niobium pow&er whose particle
shapes are irregular and particle sizes are in the 74 to 441y range
it canvbe.seen[that each particle is sheathed in a shell with different
thickness. It seems that particle sﬁapesvate important in obtainipg.
uniform coa;ihgs. Also, this method is as good for finer powder
(-400 mesh) with irregular sﬁape as in the case when the particle-
size was between (-200 + 325.meéh). For submicron ﬁéwder ﬁhe stirring
method doesn't work very well. |

3. FrOmvthe experimental results it was clear.that the thickness
of the coating on powder containing a range of particle-sizes increésed
.as'the pérticle size decreased. |

4. From fﬁe review of the literature it was found that vapouf
plating with a fluidized-bed of powdér can give smoothly énd continﬁously
coated substrate ppwder even with particles near.to 0.05u in averagé"

diameter.



-18-

- ACKNOWLEDGEMENTS

The author ié deeply grateful to Dr. Milton R. Piékus for his
valuable guidanée throughout the projecf. Heartfelt gratitudes are
due to Mr.. John Klein and-Mr. John Holthuis for their great assistance
invthe prepération of the'samplés. Also many thanks to Mr. George
Gofdon for his‘assistance during the work on the fluidized bed. ‘Thanks
are also due to Prof. Y. W. Evans for his discussiohs'on fluidize&
fluidized-bed electrodes.

This projeét was undertaken under auspices of the U. S. Atomic
Energy Commission through the Inorganic Materials Research Division

of the Lawrence Berkeley Laboratory, University of California, Berkeley.



10.
11.
12.
13.
14.
15,
16.

17.

18.

Q030420060698

~-19-

REFERENCES

'B.'Meddings, H.R. Huffman and V.N. Mackiw, New Types of Metal Powders,

H.H. Hausner, Editor, (Gordan and Breach, 1964) p. 28-44.

{

J.E. Gline and John Wulff, J. Electrochem. Soc. 98, (10) 385-7 (1951).

H. Lamprey, Ultrafine Particles, John Wiley and Son, 1963, p.514-29.

J.D. Shaw, G. Roch and W.N. Revock, U.S.P. 2,286,237,»June 16, 1942.
J.E. Drapeau and C. Rogers, U.S.P;'2,294,895;'Sept. 8, 1942.

G. B. Cooké, U.S.Pat., 2,374,331, April 24, 1945.

W. W. Castor, U.S.Pat., 2;398,517, April 16, 1946.

J.H.'Oxley and J.M. Blocher, Jf., Battelle Technical Review,

July 1959.

J.J. Hanak, Superconductors, Met. Soc. Conf. 19, 161-71 (1963).

B. Meddings, W. Kunda and V.N. Mackiw, Powder Metallurgy, 775-798,

1961.

A. Landsberg, T.T. Campbell and F.E. Block, J. of Metals, pﬁ. 850,
Aug. 1965.

J.H. Oxley, J.F. Hannah and J.M. Blocher, Jr., Ind. and Eng.
Chemistry, 59, (11) 1391 (1959).

J.H. Oxley,.Réactor Materials, 6, (2) 1-14 (1963).

C.L. Yaws and G.F. Wakefield, Ceramic Bulletin, 59,(11) 857 (1972).

Reactor Materials, Vol, 6 No.l Feb. 1963, p. 31.

B.V. Rao, et al., Trans. Ind. Inst. Met., p. 1-5, Feb. 1973.
C.P. Gutierrez, Y.R. Mosley and T.C. Wallace, Jr. of the Electro-
chemical Society, 109, (10) 923, (1962).

G. W. Cunnihgham,»Reactor Materials, 6, (1) 1-18 (1963).



-20~

19. D.S. Flett, Chemistry and Industry, March 1971, p. 300.
20. D.S. Fieﬁt, Chemistry and Industry, Dec. 1972, p. 983.

21. J.R. Backhurst, et al., J. Electrochem. Soc. 116, (11) 1600 (1969).



Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

-21-

FIGURE CAPTIONS

Scanning Electron Micrograph of -400 mesh niobium powder

with an evaporated tin coating.

Cross section of
electrolytically
Cross section of
Cross section of
coated with tin.
Cross section of

coated with tin.

1000x.

-200+325 mesh atomized copper powder
coated with tin. 400x.
-200+325 mesh niobium powder. 400x.

-200-325 mesh niobium powder electrolytically
400x.

=400 mesh niobium powder electrolytically

1000x.
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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