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"PROPERTIES OF FERROMAGNETIC MATERIALS INSIDE THE MATRIX
OF ANODIZED AIUMINIUM COATS™,

E (Contraot Fusber: DA-91-591-EU0- 2044).

-~ SUMMARY -

Anodic osatings have peouliw etructural, electrical and mechanical
characteristios. In coatings obtained with acid electrolytes, a porows
honeyocomb structure develops that if filled with dyes are of use for
ornamental or identification purposes.

Pores could be filled with semi-—conducting, fluorescent or magnetic
materials, possibly giving place to new apnlications for aluminium.

If ferromagnetic materials were impregnated inside the pores, a pa~
rallel array of magnetic tiny rods oould be obtained that in reason

to its partiocular geometry, ocould deocome close in nature to the so-ealled
BSD or elongated single domain particles. It perhaps should give place

to a peculiur magnetic behaviour and perhaps to a material for magnetio
memories or other related devices. The preliminar study of such a possi-
bility is the main odbjetive of the present worke

. Impregnation with solids has a number of limjtations because of the small
| diesmeter of pores, in the order of 100 to 300 A. A technique has been de~
veloped by the author doing possible an impregnation more sasy and xepid Phan
Jaes the classical ones, where the solid is formed only inside the pores.
. For ferromagnetio materials use hae been made of solutions of organioc or
inorganio salts that by thermal demolition ocan give place, theoretioaly,
to ferromagnetioc oxi‘el, carbides or free metals.

Unfortunately anodie coatings are very sensible to heat treatments, decau-
se of therma)l shocks and develop, above 1008C, crazes and fisures deterio-
rating the samples. Some thermal treatment was oerried out til near the
melting point of aluminium (7208C) and while it was observed that magmetio
susceptibility increased with temperat.re treatment no ferromagnetic phase
was deteciec. Heat trcatment s1ith reducing atmospheres, that oould develop
such phases to lower temperatures, havg been not carried til present.

Other exporiences were carried out by ueing Kani en solutions (Rremner
prcoess for electroless nickel plating) with no positive resulis with the
propletary solutioms used. Thsmal descomposition of niockel ocarbonyls was mot
possible to be done because difficulties of proourement and transport regu- i

. lations for this type of coumpounds.

‘ miconducting subatances such as Cull, which impart and eleotriocal osmductive
charucter to the oth otherwise very high isolant nature of such coatings.

Prom previous experience of the author, coatings were Wtod with me~ é
{
In these corc!tions they oan be platei Ly using ¢ suituble mickel Path.. ]

Two differeat types of nickel films were obtained, depsmding if elestrode~
position is done with or without s paint diaphregm Jged cut on the smodie
coating. In the later oase, with no diaphragm, nicksl is depemited em the
anodic coating as a normsl niokel film, with so soarce adhesence that is
very easy detached. N§ nickel is deposited inside the povese
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In the cese that a diaphragm is used, a dark-grey nlickel film is obtained
whioh looks as forming a continocus deposit from the top of the coating

to the underlaying sluminium. Unfortunately it has been demostirated, that
when the entire coating is removed from the aluminium support, two diffe~
rent layers are obtained s One, the noarest to the top, contains preocticaly
all the riated niockel and a seccnd one with very few traces of nickel at
ally being this a symptom that nickel deposits rather between the anodio
coating and the paint film than inside the pores.

The magnetic behaviour of nickel films as plated on copper, brass or oa
conductive coatings was studied by doing use of a coarse version of a Neu-
gebauer torsiongmagnetometer, whereby determinations on Ms, magnetic aniso-
tropy and Curie Points were made. No fundamental differences weres found bet—
ween the studied samples.

In order to determinate values for Hc and Br of such films, an oscillation
magnetometer was developed and hysteresis loops of smeveral samples were ob—
tained by this way. The distorted and out of value loops obtained are a
oclear symptom of the limitations of the measuring method or that a more so—
rhisticated theoretiocal treatment is required in order this type of ins-
tallation ocan be used for such purpose.

On the light of the results obtained ur to present, the future work is
being directed to ingist in to find a suitable and reliable way to impreg-—
nate the pores with nickel or other ferromagnetic metals, by using metal
electroless plating processes such 3f the Brenner or by thermal reduction
under controlled atmosphere of suitable organic or inorganic salts. ’
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In+tzrc tuction.

Detailei stuly of the structure of ancdic
carried out by several workers (1,2,3,4,%)
Hunter and Robinson (6), has shown that in
containing sulfuric, phosghoric, oxalic or
appreciably attack the forming oxide), the

coatings on aluminium
and srecially by Keller,
anodizing electrolytes
chromic acids (which
amount of oxide formed

is usually a function of current und time eni, that because of a
process of simultuaneous formation and solution of the coating, a
cellular coating, with cack cell having at its center a pore, a few
Angstroms in diameier, is always produced (Fig. 1).

Fige1. 8Sochemntical view of structural ocells in anodized coatings. (6).

The existance of such pores in the ocoating has made possible to dye
the coats with iifferent colours and to give, in conjunction with other
physioal oharacteristios of the coat ( hardness, atrassion resistancs,
higk adhesion etc.) a wide range of ormamental appliocations for alumi~
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njum anc some of its more im:rortant aulloyse.

Keller and ad. (6) have been able to confirm qualitatively with the use
of electron microsco.e and special r-vlica techniques, that each oell is
a8 hexagonal prism with an souerical shared bise containing a central star—
scared pore which does not penctrate the full lenght of the prism.

In other bhand, quantitative measurements curried out by the same workers,
about cell dimersions as arfected by different orerating oconditions of ano—
dizing with several electrolytes, establiched that cell size and barrier
thickness are primerely a direct function of the forming voltage, and that
pore diameter is only a function of the electrolyte and independient of
avplied voltage. In table I are given the obtained values for wall thickness
and pore diameters with different electrolytus.

"Table 1, Pore diameter and Wall thickness of oxide goat .
Blectrolyte ! Pore Diameter ’ ¥all thickness

| Angstrom Units. Angstrom Units. i

i J
)

4% Phosphoric Acid, 75%F. i 330 10,0 '

2% Oxalic Acid, 759F. 5 170 9,7 !

3% Chromic Acid, 100¢F, 240 10,9

15% Sulfuric Acid, SOOF 120 8,0

From these studivs Keller and ad. werc: able to draw out a working piocture
of the structure of the -modic coat as snown in fig. 1 b, which gives dimer-
sions for a coat obtained at 120 volts, with u 4% phosphoric acid electroly-
te. From this model the cell size und the por¢ volume per cent of any par—
ticular coat can be calculated by the exvrerionss

Cell size = C = 2W.E4 P and Pore Volume in $ = V = 78,5 P2703

where W is the wall thickness in i/volts units ror each particular electro—
lyte, B the forminz voltage and P the pore diameter (assumed to be oircular).
It is olear from the above exrressions that rore volume decreases with inores
sing forming voltaZe as it can be meen in fig. 2.

MO ine ¥9LT008, v,
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Pig.2. Relation between pore volume and forming voltage. (A) Phosphoric
Acid.(B)Sulfuric Acid.(6). ’
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It is interesting to notice that the bottom layer or blocking barrier,
follows for thickness tihe snme rule with applied voltage as the wall thiqk-
rnesg of the cell, In both cases, it has been found that a superior limit of
14 A per volt eximte, the actusl limit being less by a factor depending om
the nature of the electirolyte.

Although the chemical nature of the znodic ooating is rather ocomplex amd
amorphous, it is known that is mainly ocomposed of aluminium oxide whioch fi-
nal crystal structure depends on the anodizing variables, the metal 1iself
and the post—treatments after anodizinge.

It is well known that the physioal characteristios of anodic coatings
are unique when properly obtained. Apart from hardness and high abrasive
resistanoce, they present an hlgh eleotrical isolant character, with resis—
tivities in the range of 10" - 10" Ohms.cm and breakdown voltages in the
order of 40-50 volts/micron. Pullen (7) nas found that breackdown voltages
for coats 5-10 microns thick, follow a lineal law, while in thinner ocoatings
an exponential law is dominant.

The particular disposition of pores, in a parallel array, vertically die-
posed to the metal-base, in the same fashion as an honeycomb struoture,
the existance of a thin blocking barrier at the bottom of the coat, and the
possibility to change , within certain limits, the parameters of the oell,
makes this type of structure a very interesting one to study its behaviour
when the pores are filled with different materials other than dyes as usmal-
ly is made.

For instance, the author lLas been able to discover that the highly eleo—
+rical isolant characteristic of the ocoating, dissapears when the pores are
filled with substances like copper and silver sulphides. Fig. 3 shows the
current—voltage curves for coats impregnated "in situ" with CuS by ussing
different concentrations of copper sulfate solutions, and posteriously trea—
ted under the action of gaseous sulfhidric acid. The oonduotivity is no 1i-
neal depending on polarity. Direct and reverse values are given.
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Fig. 3. Current-voltage curves for anodic coatings impregnated with
CuS. Direct (anodic coat positive) and reverse ocurrents.

Posterior studics shown that only a few ocompounds are able to impart this
oonductive character to the coat. The differences to CuS YJeing of oourse
oconsiderable as shown in fig. 4.



The rectifying character found for CuS and Ag8 impregnations inoreases
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Fig. 4. Coniucivities for different compounds impregnating an anodie

coating. Note change of scale for CuS. Values for AgS are near—
ly a third of CuS ones.

after a previous electrical forming treatment as shown in fig. 5, the chan—
ge from A to B taking normally place with a sharp burst.
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Fig. 5. Rectitying effect anu formation process for an amodic coating

impresnated with CuS. (Higher conduotivity for impregnated ocoat
as positive).
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Pig. 6 is a record obtained on u mi..imreter low speed Blliot recomdes
for a ooating impregnated with AgS8. Or ‘v ricshtyside a current-voltage
curve has been traced until 120 volts, 1r both direciions, without breack-
dawn,. .

The high oonductance imparted by this way tu anodic ocoatings, makes it
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*ige 6. D.C. direct and reverrv vilues for an anouic coating im-
pregnated with AgS. On tne rignt sice, current-voituge curvess

nossible to electroplate, from suitable tuths, nickel, coprer, silver, eto,
on tii» coate The plate so obtained is nurm.liy very little adhersnt and oan
be easily detached, being this one 2 0ou @-t.0d to obtain foils of metals

On the ocontrary, if eleotrodbositiur 1.kes plice through a suitable dia—

‘phragm, as fcr istance, by lying puisn: or yelitin on the unodic coat, she
“metal is deposited inside the vores, resultings a nickel coat with & very high

adhesion. In both oases, the conauciivity o the resulting ocoats is similap
to that one of the bulk deposited metal, it is totally electronic in charss~
ter, the rect.fying effects being removede.

The performance of these oomplex coats, abrief rusumeé of it has besn gi-
ven here, opens new fields of possible applications to anodiged aluminium,
the following being the most important:

1. frintod cirouits for heavy—duiy moving contactse. Fig. 7 sbows a ssmple
that has been working for more than five millions of aycles without
uppreciable deterioration.

2. Iry olootﬂb capaocitors of aluminium. Some work is now being done in
. this sense ( 8).

3. A printing method, without ink, bty using suit: .o ‘Llectrosemsitive o
pexr. Printing stencils to be prepared by photosctohing the ecaduetive
coat. At parts where nickel, or copper, is removed, the amodic costimg
remains with ita very high isolant charaoter,

4. Rleotroluainesocent panels by impregnating the pores with smitable e~
“riﬂl'o
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Iuminesoent pictures by using the "Fotoanodizado™ Process (9) or other

similar and by impregnating the remaining empty pores with flucresoeant
materiale. Piotures glow very bright when under ultra-violet light.

Perromagnetic panels by impregnating the ooat with sagnetic materinls.
Because of the srcciagl estruoture and disposition of pores, tiny rods

Fig. 7. Heavy—iuty print<a circuit done on an anodic coating impreg-
~nated with CuS and el: ctrode~osited nickel.

of ferromsgnetic materiais coul.: be obtained in a parallel array within
the matrix of the oxide cont, which because dimensions, colud bring elon-
gated single domain purticles, that ss a conjunt should be responsible
for high coercitve vilues nnJ squsre hysteresis loops, The main objetive
of present contiract, is to study themse possibilities.
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Part I -, Anodizing proocedure.

Anodizing, as nearly all the electrochemical prooesses is subjet to a
series of variables like temperature, time, voltage, ourrent density, que~
lity of metal, type of electrolyte, eto. that it is very importamnt to keep
all these variable within tight limites always that reproduocible results m
required. .

An anodizing installation , able to keep unier ocontrol the above varisbles
has been built for this purpose. The cell unr«d can hold any type of aocid elev -
trolyte and can be maintained within plus minus 0,5¢C by using s thermostatic
bath with a sensitive merocury relay who commands the heating aad ooou.lc -
tem. Details of the amodizing installation can he seen in fig. 8

Fig. 8. General view of installation use: for the work under this eon=-
tract. On right side, the unou.zing installation. Left side, Vew-
sion magnetometer. Center, oven uni auziliar equipment. :

A is the heating bath, B the mercury relay, C the solenoid valve oom

the flow of cold water, D a heat eschanger znot visible)to be losded with
ice when required and B the stirrer oonnected to the shaft of the motow
a flexible plastic sleeve closed at bottom with an small rod of gheilis.
agitation is also provided.

Bxperience gained with this installation stablished that for amed 4
peratures between 15 to 25°C and anodizing surfaces not greater s 3 i
if proper setting of mereury relay is secured, s thermal equilitriup 1a’
ohed where temperature variations in the electrolyte remaims withia pl
nus 0,59C, specially after anodising two or three dusmy samples.

In order to keep the time of anodizing within the required valuwes a
switch F has been incorporated, who at the end of anodisimg lights &
and excites & bdell.
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Control de ourrent density iz seocured by recording current on a low speed
Bliot recorder G, which gives also a permanent information of the exaot

time spent in ariodizing each sample.

The quality of metal used has been 99,95% aluminium in plates of 100 x 50
mm. 0,8 mm thick. Also rods of 5 mm diameter, of a lower quality has been
used.

The squences of anodizing are summarized in tadle II,

Table II.- Operative seguen

£ odiz !
St Operation Progedure _Produot Remarks. !
1 Degreasing Vapour Triohloroetilen -
2 Cleaning Blectrolytioc Nag PO, Warm solution.
3 Rinsing Dip R\mning water Cold.
4 | ¥eutralizing| Dip 7% 90,H, Cold.
5 Rinsing Dip As in 3
6 Conditioning| Electrolytio PO Hy ,N-Butanol 600C.
7 Rinsing Dip As in 3.
8 | Activation Immersion CrO;, PO, H, 80¢C, 10~20 min.
9 Rinsing Dip As in 3.
10 | Anodizing Electrslytic 15% 90,H, 18-22eC.
11 Rinsing Dip As in 3.
12 Reutralizing| Dip 10Q4H, OB Cold.
13 Rinsing Dip As in 3.
14 Conditioning| Dip 5% NaCl Cold.
15 Rinsing Dip As in 3.
16 Drying Oven Dry air 1 hour at 1500C.

In our anodizing procedure several special steps haes been aided to secu~
re the best absorbing preoperties and a reproductible structure. Step 5, is
& short eleotrobrightening treatment to remove the distorted surface layer
of metal, always present from previous manufacturing processes. Step 7 is re-
quired to remove the pasivation left by the conditioning step. Other ocomditio~
ning treatment is given at step 14 in order to remove
substance left in the pores by the anodising proocess.
treatment in absence of humidity, is given to improve
the anodic coating and to promote its orystalisation.

During the time covered by this report, only anodised sanples in 15% sul-

any loose amorphous -
Finally, step 16, heat
the absortion power of

furio Acid have been prepared. Anodising voltages normally used has been 10 -
11 volts D.C. , temperatures from 18 to 220C and an atandard time of 45 minu~
tes of treatment. The characteristios of cell siructure obtained in these ano-
diaing oonditions, are aproximately, acoording the model of Keller and ad.,
the following:

Pore diameter............ 120 ‘

Separation between pores. 180

Barrier lay®ereccscsssnces 80 i.

Pore Volume cecesescesese 10-208

Total thickness (45min.). 10-15 microns.

With such structural dimensions it is theoreticaly possible, by impregnating
the full lenght of each pore of the oocating with a ferromegnetio material, to
obtain a parsllel array of numerous rods, aproaching the ideal cbaracteristiocs
of elongated single domain particles, with lenght to diameter ratios near 1000
where very partioular magnetic behaviour oould be spected;

g b
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Part II —-. Impregnation Prooedure.

Several methods can be used to impregnate ihe oxide matrix with magnetis
materials. The fundamental problem is the diffioulty, because of the vawy
small diameter of pores, of puiting any type of solid substances inside them.

To be succesfull it is neccesary to f£ill before the pores with a liquid
substance by immersing the anodised sample into a true solutiom. Tham eash
pore performs as a chemist tube of assay where, hydrolisis, thermal desoom—
position or chemical reactions, does it possible the formation of & molid
substance #in situ*. Details for a very suitable method for impreguaiticm
have been given by the author(9).

Unfortunatelly not all possible solutions are suitable for this purpose,
because of attacking the coat or because ip reason of causes not yet good
understood they are unable to enter the pores, and if the impregnation with

ferromsgnetic substances is contemplated only a few possibilities can be
considered.

Despite these iimitations, neveral ways can be used, at least theoretiocely,
to achieve the purpose, as for instance, the thermal descomposition of metal
nitrates, nitrites, formiates, oxalates, ferrioyanides or other organiec metal-
lic oompounds as acetylacetonates and oarbonyls. Tg. 9 is a oolleotion of
anodised aluminium rods containing iron ferricyanide obtained in situ by im~
prognating the ooat with & mixture of solutions of amonium ferrous oitrate
and sodium ferricyanide, that after exposure to light and "development™with
water, has been treated at different temperatures for two hours. This type of
solution was selected because the amount of solid substance laid into the
pores oan be easily controlled with time exposure to light and because the
final product of descomposition, at least when in bulk form, is oonstituted
by a mixture of ferromagnetic oxides and cardbides.

Pig. 9. Anodized aluminium rods imp.egnated with iron ferricyanide, e~
ted to different temperatures for two hours. The two fipst reds,
are dare aluminium and plain snodised sluminiwm, respectively.

-
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The rods were meusured by a Gu, metbod in s magnetic balanoce at laboratory
of Magnetism, Madrid University. Fig. 10 gives an idea about the variation
of magmetioc susceptibility wiil. temnerature of treatment. Fo traces of ferro-

magnetiam was detected.
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Pig. 10, Vari-tion ol nmienetic susce tiuility witl. temperature treat-
¥ J

ment for swrples of 1. Dt

Fig. 11 gives information atout the v.riation of suscertibility with applied

m.me-i: 'ield for the sample treated at 5009C,
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Pig. lle Lincarity of suscentibility with apliel field for a sample

treated at 500@C,

Unfortunately, heat trentmenis on wnodized aluminjum samples san not be

greater that T7009C beosuse of the melting point of the metal support.
treatments above 2000C (400¢C by t:king specinl care to avoid thermal

develops cruzes ani fisures on the coat, deteriorating the mample. By this
reason, zones of temperature wiere ferromagnetism could develops have been 308
reached. It remains to check if longer time of treatment or treatment in » yedw
oing atmosphere, as with pure hydrogen could bring out ferromsgretio phases.

BRSSP N———

Reliable installation for heat trestment under pure hydarogen Las besn not W
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Beoause of these limitations, the impregnation with free ferromegnetioc
materials was considere” advisable. For the purpose three diffcrunt methods
can be theoreticaly useds Chenioczl reduction of niokel by the Prenner prooess
(Eanigen) 3 direct electrodeposition or reduction of nickel oarbonyls at low
temperature. The last process being discarded temporaly by diffioultlies to
adquire and transgort the proper pro.ucts. Preliminar work done with the Bren—
ner Processhas given ultil present negative resulis, at least for the high
pH propletary solutions used.

From early experience, electrodenosition of nickel was considered the most
feasible for the means at hand. But in order to be able to obtain an elecirg-
deposit on anodized aluminium it is required to make before electricaly
oonductive enough the coating. This can be done, as said before, by impreg-
nating the pores with a conductive substanoce, such as OuS or AgS, the only
compounds tha* betwe.. about other t.ent: sulphides, oxides and free metals
tried, are able to imrart this property 1o the anodic coate.

When a fresh znociized sample is immersed in n wurm solution of coprer sul-
fate or nitrate, for a few minutes, p rt of solution enters the pores. If then
the sample is rinsed in clean water and immcrsed again in a weak solution of
sodium or amonium sulphide, formution of conper sulphide tzkee place inside
the pores and eventually on the tor surfice ¢ the coat, as shown in fig.12b,
because some of co:r;er sulfate solution 1is not waslied out ty the rinsing
and remains on the coat. It izkes abcut 30 cycles sialler to this ore 1o ob—
tein, with this classical way, a full imuresnation.

Po I ing Sebelange- !
Al
a » < d

v
Fig. 12. Scleratlic process of semi-~cecnductor impregnation in an
anodi s ccate:

The method developed ty the author (9) coes that impregsncii-r. takes pluce

‘'only inside the pores, as in fig. 12 c. In this oczse, the rinsing step is

eliminated and the surpluss solutiorn 1is removei by wiring with & clean cloth.
By this way only 4 to 8 cycles are re uired to obtain a full impregnation.

It bas been found experientaly thit in the {former came the exterior layoer
of copper sulphide really exist, bec:.use hign oonductivity ie obtuined when
two electrodes are anpplied on the im-:egnuted coate In the seconu case, the |
high isolant chiracter of the coat, remzins after the ilmpregnution. Of course, |
in both ocases, Zood conductivity, if tite prcper polarity 1s used, rositiva '
for the coat), is obtrinel when the conductivity is measured through the impre:
Batad coaty being the negutive electrouc connected to the bare maetali-~baae.

These resulis seem to oconfirm that the process of conduotion takes ;l:ce
only via the barriur layer existing on the boitom of the ooat,near to the
metul~base, well by tunnelling, by holes existing in the oont, or beonuse
jonic diffusion of ocoprer lons, On the contrary, transversal oonduction trrougk

i e ¢ gt ot L g g ~.f'<'»‘>ﬁ« R R O )
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the walle of each cell the thicknese is great enough to allow any iype of
oonduction.

The ideal impregnation for our purpose is schematired at fig. 12d. This
can be achieved by controlled impre;nation of the coatye in such a way that
the semi-conductor only covers the wall and bottom of the pore.

Unfortunately during the levelopment of this work, it has been disocovered
that not all the impregnations done with CuS8 are conductives. Sometimes a
&reen variety is obtained which is not conduotive at alls All the effort
Jevoted 10 clear this problem has given til present no definite information.
By this reason inpregnation by chemical reduction in situ of silver nitrate
w; th reducing agents has been experimented. The better results obtained have
been after exposing the gult impregnating the cost to the light aotion and u-
sing a mixture of methol-hyriroquinone as the agent to produce the reduastion.
Plain metallic silver impregnations have been obtained in this way dut always
with very low conductivity, similar to the other impregnants used other th.un
CuS or AgS (see fig. 4).

Finally, the behaviour of these different types of impregnation (uulphi-
des, oxides, frec metals etc) to taermal treatment is rather oomplex. While
for CuS first a lecrease in conduotivity takes place until about 4008C to
increase afterwards as shown in fige. 13, where, for purposes of comparation
conductivity of empty anodic coat is also plotted, in PbS or NiS, conduoti~
vity increases _r-dualy with temperature in a reversible process as shown
in flgu 140
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Fig. 13. Conductivity in function of temperatu:e for a sample of anodic
coust impregnated with CuS. The behaviour of a blank anodic ooa-
ting is also nlotted.
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In other series of experiments with metal silver imprenating the ocoat,
an irreversible change to hixhor oconductivity takes place when sazples ,
are treated at 500¢C for two hours.

From the above results, it is evident that a more intensive ressaroch
on this subjet is required before definite oonclusions can be drawm omt
from such a ocomplex bel.aviour. :
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Fig. 14. Conductivity in function of temperature for a sample T
of anodic coating impregnated with NiS (Reversidle pro—
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Part III -, Rlectro—plating Procedure.

Information has been given in Part II about the steps required for
effeotive electroplating on an anodic ooating. It remain to be disoussed
if plating action can take place ineide the pores of such a coat.

The possibility of electro~deposition of nickel in marrow orevices or
slots and the mjcrothrowing power of nickel plating solutions has been
studied by Garmon & Leidiheiser(10) and they found that metal deposited
in small-scale recesses is, in contrast to that deposited in large soale-
recesses, virtualy uniform in thickness over the profile. Of course the
semaller recesses studied by these authors were crevices 0,08 mm wide
and 8 mm deep, i.6. with a lenght diameter ratio about 100 in place of
1000 as in the praement ocase and with a very big differencs in diameter,
whioh does it difficult to ascertain if the results of these workers oould
be applied to a porous anodic coating.

In any case, when samples impregnated with CuS are immersed in am high
nickel ocloride nickel bath, a layer of nickel is obtained on the surfaoce
of the ooat, normally requiring a working voltage of about 8 volts, if
a normal nickel ooat is desired. It was oomprobated , by doing the eleo~
tro—deposition in a Hull cell (see below), that for this working voltage
the ourrent density used is similar to that in use for nickel plating on
oclean bare metals. Lower ourrent densities generaly deposits visible
ooats of nickel til a value about 0.05 Amp/sq.im. where no visible niokel
is deteoted, but the sample shows a feeble ferromagnetism.

It wan also found that electro-deposition can take place if done through
a ooat of paint, applied on the impregnated ocating by silk mcreen. After
removing the coat of paint with 2 solvent, a surface with a grey—dark oo-—
lour of high conductivityand ferromagnetic in character is obtained. Che—
miocal and thermo-magnetic analysis shown that the substance in the pores
was mainly free metallic nickel,

Photographic gelatine has been used also as diaplrugm witi: similar re-
sults. In connection with these type of diaphragms attached to the ocoa-
ting, Sato (11) in Japan, has been able, while studying the mechanism of
the permeation of ions tarough paint films, to find that ions actively
diffus through paint films themselves rather than through possible pin-holes
in the paint.

The behaviour of both types of nickel films on the impregnated coats( the
obtained directly without and with diaphragm) is quite different mot omly
in oolour or aspect, if not in adhesiom. While the nickel obtained without
diaphraga is quite easmy to detach, the dark nickel obtained under a paiat
diaphrage only can be removed if the entire anodic ocoating where is suppor—
ted is removed from aluminium.

In other hand, when both types of nicksl coats are immersed in s solutiam
of sodium ocyanide , the film obtained direotly loss its oonduotive chareser

when measured through the anodic coating. On the contrary, the dark one demt
loss at all this metallio oharactere

It is apparent that in the last case nickel has entered the pores with &
osrtain oontinuity through the full lemght of them. If this type of cost ia

Him
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now attaoked by nitric acid, the nickel dissolves and the anodic oesat
remains unochanged and recovers the original high electric isolant nature.

That things are no so simple as here assumed is demostrated by the
faot that in all the tentatives done to detach this oomposite coatingw
from the aluminium support, always W types of layers are obtained, dark
in aspeot the one nearest to the top of the coating , where practiocaly
all the deposited mickel is present, and a oclear one mainly formed by alu-
minium oxide with feeble or nothing of ferromagnetism where nickel is pirao~
tioaly absent. These faotors point to suposse that when nickel is deposi-

ted through a diaphragm a layer of nickel develops between the anodio ocoea~—
ting and the paint, rather iLun inside the pores.

The oomparative stuiy of both types of nickel films was considered of
interest. To acomplish that samples were anodigzed, impregnated with CuS
in the ususl way and partially oovered as shown in fig. 15, with white
paint by silk screen. After electro—deposition on this samples, the paint
is removed, and samples cutt out in pieces of 10 x 20 mm.

Fig. 15. Samples of anodiszed aluminium, impregnated witl CuS and
partialy ocovered with a paint diaphragm ready for nickel

electrodeposition. The clearer sample has been already
eleotroplated.

Apart of the normal plating procedures carried out in a oclassioal eleo-

troplating bath, two other special electroplating cells has been used in
oconneotion with this work.

One, the Bull cell (12), beocause of the non-parallel disposition of both
electrodes, fig. 16 a, presenis on the surface of the oathode & oontinuous
spectrum of current densities that gives place 10 an electro-plated film
with deoreasing thickness, whereby a oollection of films with different thigh~
ness obtained under the same operating oconditions ocan be by this way secumibd.

The visual examination of samples plated in this way, provides direot in~
formation about the influence of current density, bath oomposition and yressmt
impurities in the electrolyte on the final nature of the film. To avoid die~

torted values due to edge effeocts, only the central zone ABCD must be oomsi~
dered, fig. 16 b.

In our actual work, the plated samples at the Hull oell were properly divided
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Pig. 16, Geometry of Hull cell. Preparation of samples.

strips were used for magnetio determinations and the side~band squares,
top and bottom, used for thickness determinations, when possible, the ave—

rage value taken as the irue thickness of the correspomdent etrip in the
central band.

While this procedure has given very good results when plating niocksl em
copper or brass, eleciroplating on conductive anodic occatings was in geme~
ral iregular or defiocient , because of surface differemoes in the condme~
tivity imparted by the impregnating process with CuS. The most impartamt
facte detected in conneotion with this case were that film adhesion deeres~
ses with ourrent demsity and that those arvas where no niockel oould be
tected by the naked eye, sometimes a feeble ferromagnetimm is presemst,
the late a symptom that some niockel has been electrodeposited insids the

pores of the anodic coating. Chemical ara.ysis of these areas detsoted tweoes
of nickel.

‘

Other type of elecirolytic oell umed is shown at fig. 17. This cell wms

Fig. 17. Nleotroplating oell %o obtain olrewlar spete of miehel
films on ancdic ooatings and for ewrvent polasisatim -
studies.
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done to be able to plate nickel films as mmall ciroular spots on the
conduotive anodio coatings and to study current polarisation ourves of
these ocomplex systems. Also has been used to draw out ourrent-~voltage
ourves by using meroury as a full "adaptable™ eleatrode.
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Part IV -. Thicknees measurements.

Always it has been possible use has bean made of an electroetchimg method
(Kokour Thickness Meter)to measure thickness of obtaimed films. This ins~
trument gives acourate results, if proper care is takemn, down to 0,1 miorons.
Results obtained by this method were eventualy ohecksd out by direot weight
daterminations or with and electromagnetic method also available (Dermitron
Thickness Meter). Both methods, while working well for films deposited on
copper or brass give more or less erratic results for films of nickel depo-

. sited on oonduotive anodic coatings, wnich until present only ocan be measu-
red by detacking the entire anodic coating from the aluminium suppart or
by detaching the nickel film deposited on the anodic surface. In this late
case , the film is transplanted to a calibrated mica sheet and measured me—
chanicaly with a CSIP Universal Measuring Machine for films thickness down
to 0,5 miocrons as maximum.

Measurement below O,] microns, has been attempted on behalf of a Talysurf
Profilometer, that in reason of possesing sensitivity enough to measurs va-
riations of an order of 0,01 microns, is of socarce use if the suport is not
flat enough to avoid misinformetion draw out from the inherent roughness cof
the sample, as is here normaly tiie case. By this reason, with this method on-
ly in a few occasions it has been able to give definite information for thiok-
ness below 0,1 microna. In fig. 25 a profil of nickel film obtained with and
without diaphrugm is given.

In other hand, other procedures for thickness determinations in the range
of a few hundred of stroms, as X~raye diffration or X-ray fluoresoence
spectrometric method:n%n) wore positively not available to the author,

This problem presented a serious limftation for the present work, until
it was found ‘hat such thickness could be estimated, within a reasomabdble
aocuracy by doing use of Hull equations (12),

D=1i( 5,1019 - 5,2401 log.L) ( for a 250 c.0. oell),
where D and i are current demsity and total current respeotively and L the
distance from the particular point to the side of maximum C.D. Thickness
is obtained by Paraday Law, assuming absence of ocathodic polarizatiom.

always that the cell constanis and the total ocurrent density on ths sample
were known and better if the thicker side of plated sample has thicimess
enough to be determinated experimentaly to be used as a reference thickness.
Witn this method it has been possible to eatimate thiockmess down to 500 A
as shown in fiao 18.

The particular values of current density far each strip has besn obtained
from the above Hull equations for the particular cell used, as showm in tadble
III, fig. 19.

Theoreticaly there is not limitation for the estimation of thimner films

th od and Y, i eater oell able to plate longsr samples
e hu il Bt e tntl o e L Patuation of thickncss fron thisk P4t
to the thinnest ones could be obtained simultaneously by this way. As lest

this method looks as a suitable tool when no other are availables
Unfortunately, the above method has been used omly with suscess fer aiekel




on oopper or brass. Its possible application to films deposited en ocon-
ductive anodioc coatings has been not possible until present because of
the limitations above stated. .
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Piz. 18. Bxperimental values and stimated ones for thiokmess of
plated samples on copper in a Hull cell.
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Pig. 19. Table III. Current demsity vzliues obtained from Hull
equations for a Hull oell of 250 c.c.

For the purpose of measuring thickness of anodio ocoatings, it was necoe~-
asary to detach the anodic coatings from the aluminium supports. Several
tentatives were made to solve away the metal, but the solutioms used attao—
ked the film or the compound under the film, After several trials the better
method found for this particular case was, firsi to mechaniocaly detach am
small part of the coat leaving the alumirium free and by immersing the sample
in a solution of merouric okloride where and small drop of mercury metal is
present. The detaching process takes a certain amount of time but finaly the
anodic coat is freed, the aluminium beimg not totally attacked when the ooat
can be extracted by using a mica support. After carefully washing, the oea
can be dryed and ready to thickness measurement, done mechaniocaly on the
universal measuring Machine.

gy
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Part V-. Magnetic Measurements.

Use of installations existing at Laboratory of Magnetims, Madrid Univer-
sity or built by the author at Marooni Bspafiola,S.A. lLaborateries has been
made in order to study the magnetic behaviour of samples of ancdised alu-
minium impregnated with magnetio materials.

Pirst it was necessary io check the possible presence of ferromgnetie
impurities in the aluminium stook used for this work. Ar improved medel

of Curie—Cheneveau magnetic balance (14) was used for this purpose. Pig.20
shows curves obtained for selected samples of aluminium as compared with
an standard solution of 15§ nickel chloride. WNo traces of ferromagnetism
ware deteoted in the samples studied by this method or in other ohecked
with a sensitive torsion magnetometier, lately found a more rapid and suita—
ble method for this purpose.

In part II, detaila were given about the magnetic behaviour of anodioc
coatings impregnated with salts of iron, nickel or cobalt after desoompo—
sition in air under heat treatment. A guy method was used for these stu-
dies, but development of any ferromagnetic phase, as a result of thermal
treatment could not be detected.

It was found lately that for feeble ferromagnetic materials, the availa-
ble Guy balance was not enough sensitive and oonetruction of a Sucksmith
balance (15) was considered advisable for these type of materials where a
wide variety in magnetic character could be spected. Unfortunately, after
several attempts with different rings and materials, the method was dis~
oarded as unsuitable , mainly because or the aystem had not sensitivity
enough to detect minute traces of ferromagnetism, or when sensible for this
it was not possible to keep centered the sample in the gap when sustantial
ferromagnetism was present. Both pole pleces and field mapping meet olose—
1y the requirements for the isodynamic gap required with such a type of mag-
netio balance , but the rroblem was mainly oonoerned with the shape and sise
of the samples.
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Fig.20. Calibration ourve for a 15% solution of C1Ni, G20 and
dispersed values for a lot of blank samples“of aluminium( @)
as measured on a Curie~Cheneveau balance.
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A coarse version of Neugebauer torsion magnetometer (16)was them buils -
and tryed with success. Nickel filme electrodeposited on ocopper, brass
and made—conductive anodic coatings in the range of 5 to 10 microns were
first studied by ueins a rather strong phosphor bronse ribdbon (0,06 .06
100 mm. long).

A difficulty with this installation was an hysteresis effeot related with
the sense of measurement. Results obtained when inoreasing the magnetio
field dont fit-with thoss obtained by retourning to zero field. Waile part
of these variations can be attributed to inexperience in measurement o to
the special character of some studied films, the faot is that for any type
or nickel stucied, on aifferent substrates, with different torsion wires
and better measuring experience , the effect more or less always remains
oresent in general in the form as shtow in fig. 21 obtained with a sample
of 16 microns nickel film on ocopper. Although this hysteresis effect ocan
perhups have other signification that one of a mechaniocal charaoter, ne
further encuiries were made about it because it was found that curves od~
tained by increasing the magnetic field gave always the values for Ms, ima—
nation at saturation, in close accordunce with the accepted ones in the
literature. By this reason, all the values obtained in this work has been
irawn out from the intial ourves, as supposed is done by other workers.

As a representative example of results, fig.22 shows a oollection of

-’-\\ b
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Fige2l. Hysteresis effect found by measuring at the torsion mag-
netomer, a) increasing field. b) decreasing field.

curves as obtained for nickel films of different thiclimess plated om ocopper
(A) and made-conductive anodic coating. Curve (B) is for an snodio ocoating .
where nickel is assumed lying inside the pores. Curve (C) is the same sample
before removing a 10 miorons nickel film deposited on the opossite face of
theanodized sample.

Bec.:use the thickness of nickel deposited ineside the pores ocan mot be eax~
periuzentaly determinated, its "magnetic" thickness was estimated by asmming
508 emu to b the actual value of imanation at saturation of such a film.

A thiockness of about 2 microns was so obtained. It was lately ocomprobated,
when the anocic coating was removed from the aluminium support that two esat:
could be distinguished, one mainly of nickel with a thicness of about 2 mi-
crons and a olear coating, mainly constituted by the oxide of aluminiwm me~
trix, about 6 microns thick. The fact demoatrates that the film is depesi~
taed mainly on the top of the surfaoce of the ooating. That this is the case
at least for the areas near the edges of junotion for sones plated with and
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without ilapragm is demostruted by the profils obtained for these areas

Fige 22. Ma metic curves obtained for nickel films on different supportis
wit:n the iorsion mas,"netometers

with tle Tulysurf Preiilometer. In fi,-. 23, the left side correspond to
to nickel film aepo: itei on the =nouic coat, the right side to nickel

1epo ited through the jain' iiaphragme. The rrofil was tak-n after removing
the :»aint 4nd t4e jump corresnonds exactly to the paint-non—paint junotion.

Notice thne gre' *o:r rugcosttr of Uilr ohtalnea under painte
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Fig. 23. Taiysuri profil of a raint - ron-paint junction as obtained
for two films of pluted nickel on an anodic coating with e
a partial Jianhragm.

In order to obtuin mo.e accur:-te information abou: these films, supposed
to be inside the pores, furtner improviments were made on the torsiom mag-
netom--ter. A new torr on heaa and thinner torsion wires were used, the ao~

. tuul one t~ing of tugsten 0,0026 mm. diumeter, sensitive enough to niockel
films telow 500 A thLick for the area of samples used (2 8Qe0m/} e

In figje 24 curves are given as obtzined with this new magnetometer for
the same samples siuuled before (fige 22)s In fige 2% & representative
5 collection of ‘:urves is giver for nickel deposited iu .radualy decreasing
A thickness on a copwrr foil irn a Hull cell,

The .ern: ¢ vi:y obisined with this improved magnetometer present im other
hing d4iffi-ultisr of mo-cupsment -wd it has been found neceasary and advisa—
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ble to increase the moment of inerce of the torsion system by adding
suitable loads and by providing it with a proper damping. With these
modifications, measurement are done with lese
difficulty and greater aocouraoce.

With the experience gained, provisions are
now taken to build up a new magnéetometer. This
will us~ a better electiromagnet and shall be
provided with air evacuation in order to improve
conditions of measurement with temperature varia-
tion. The new installation‘ will use the faocilitie
of Laboratory of Magnetism, Madrid Universty.

24
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Pinally, it has been found that “he torsion
magnetometer is a good instrument for Curie Points
determination. Fig. 26 shows the thermomagnetic
b@._, curves obtained by this method with several repre

sentative samples. By the experience obtained, the
author is of opinion that the method, when properl
developed, could become and excellent device to
study with accuracy the "tails" of thermomagnetic
curves, near the Curie Point, always difficult to
p. measure.
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While with the torsion magnetometer, information
about Ms, magnetio anysotropy and Curie Points ha-
ve been obtained for the nickel films under. study,
H, Oe. in order to have a full idea about the magnetio
behaviour of theme films, additional information

Fig.24. m’z::zg ;‘;:v::m;;e. about the Ho (coercitive force) and Br (remanence)
is also required.

of fig. 22 with the
new magnetometer.

[ ]
. » ‘\ \

10 = l%.t,o e “r—.
19 2 1960 A
IS a 1400.5 RN ‘
13 2 1060 A N
16 2 160 A v

| ]

»|

Sese

. fose Sane
Hy e

Fig,25. Magnetio curves for nickel films obtained in a Full cell i
in gradualy decreasins thickness (oopper support). :

) Determination of Ho and Br can be secu.ed through a B-l tracer like the eleo-
: tronic one developed by Crittenden and ad. (17)if semnsitive emough for the ve~
ry small amounts of ferromagnetio material present in each sample. Unfortwme~
tely the B-H tracer being developed at Laboratory of Magnetism, Madrid Unives~
sity that the author nad in mind to use tc maigure the samples, has met w .
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til present to the sensibility required for this partieular ocase, because
of several difficulties with the cirouitry and excitatiom eoils geometry
arising when sreater semsitivity is forced out. At present the tracer works
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Fig. % . Thermomagnenc ourves as obtained in the torsion mag—
netometer, adzptated for this purpose. (niokol £ilms).

quite well for amounts of nickel about 100 times greater than the normaly
contalned in the actual samples.

In order to by—pase this difficulty, a search in the literature gave as
result, that desplte several excellent methods were available, the fea-
sible ones were out of author vossibilities or not fitted for the size and
shape of samples. In these circunstances a method, early used at laboratery
of Maimetism of Madr:d for other purposes, was considered worth to be tried.

The method is based on the variation of natural frequency of torsiom om=
cillations wher. the ferromagnetic sample is suspended from a torsiom 'nn
in an homogenous masnetio field, fig. 27.

Y x
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Fig. 27. Equations for intensity of hauum for an M
nagnetometer. , e
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In this way v:lues for the instant imanation for each value of magnetis
field fron zero to saturation ca: be theoretioaly obtained by knowing in
each case the values for both periods and the external magnetioc field.

The method, of course, must meet several operating conditions. In first
place a field as uniform as possible and same size and placement of sam—
ple is required. Second, the starting oscillation must be made from the
sarme amplitude as poesible. Third, the angles of oscillation must be keept
between reasonable small values and fourth, the system must be capable to
keep itself oscillating for ‘ime enough to provide for several determina~
tions within the same stroke. Unfortunate.y , conditions 2 and 4 are diffi-
cult to be meet for different values of the field, specially if samples axre
substantialy ferromagnetic. The better results have been obtained with a

- combination of proper selection of torsion wire, additional inertia and a

suitable slight damping.

EBlectrical pulses as obtained from a cadmium sulphide photocell has been
found tha most suitable and acouracy method to determinate period values.
TLese pulses can be sent to an oscilloscopy, reocorder or electronic time—
counter, whereby the value of semi-periods is obtained. We have used for
this purpose an transistorized Admiral time—counter with good resulis, dus
a Hewlett~Packard 523B is also suitable for period measurement.

Details of oscillation magnetometer are given in figs. 28, 29, and 30.

Ll |
PFig. 28. Occillation magnetometer. Fromt view.
A light beam is reflected from the mirror attached to the milhtt: m

and gives slectiric pulses when passing for and back the osll, eneugh
type of cell, to feed the counter without any amplifiocatiom required.
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In order to secure snarp .nd clean pulses, free of light modulatiom or .
spureous signals a series of precautions were taken. Light beam, after chan-
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Fig. 29. Oscillation magnetometer, Plant view,
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Fig. 0. Oscillation magnetometer. Electrical oirouit.

neled through slits and lens, impinges on a oylindriocal aerylic

lens, being by this way sharply fooused on the cell active surface.
Pole plece faces, sample holder and any other objet adble to refleot
light was painted with dull black paint. Moreover the componeats of

the el-otrical circuit, including the cell were optiocal and eleotriealy
soreened.

Several attemptes were made to seleot the most guitable sample Meldsr
for the type of samples in study (strips 20 + 10 . 0,8 mm). The fimal .

solution was to use a moul ed epoxy piece, where samples and mirref een
be mutually positioned at rights angles at will.
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At figs. 31, 32 and 33 results obtained with representative samples by
plosting oscillation fregquencies against applied field can be seen.

Fig. 31l. Hysteresis loop obtained with the oscillaiion
magnetometer. 10 microns Nickel film supported
on mios.(Obtained en an anodic coating).

—

NiLON
COPPER

Fig. 32. Same as in fig. 31 for a nickel film plated on
oopper foil (8 microns).

In fig. 32, curve A shows the effect of the applied field on the oscilla~
tion periods (frequency) of a blank sample (copper foli, plus epoxy support
and mirror, the effect being fundamentaly due to the epoxy support.

Sterd wedhbirapiions WA b ua)ion Wema bt ibhed wad

Unfortunately, values for intensity of imasnation J as obtained from
equation 1 (£1g27), with the experimental valuem of period, the hyste—
resis loops then obtained look quite distorted and the values are far
of the habitual ones. See figs. 34, 15, 36 in compa ration with figs.
31, 32 and 33.
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Seversl modfications to the equation 1 have been worked out witheut -
success., It is evident that because oscillations angles are grestex s

Ni<AlsOyAl ‘ - 1
' v

Fig. 33. Same as fig. 31 for anickel film deposited inside
the anodic coating ( 2 microns).

than reasonsably allowed ( at least 3O#C each side of oentral point) and
the inherent difficulties to ascertain the true value of internal field
in the sample, because of its size and shape, that the method is not wvery
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Figs. 34 and 35. Hycteresis loops as obtained from oscillation magneto—
. meter experimental values and calculated acoording
ejuation 1 of £ig. 27, for samples of fig. 31 and 32,

suitable for this pur:ose or at least requires other different treatment
that the autnor has been uns!le to find until the present. The main failw-
re is perhupsic assume and uniform value for J and H in every part of the
semaple, when this one is changing for and back oonstantly its positiom ia
the oonstant magnetic field where it is placed. Peshaps the method oan de
. good there where the magnetic field is always keep oonstant, as for insicnse
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in determinations of Curie Points or magnetio anysotropies oconatantis, The
change of this late magr.ituce was studied by Zijlstra (18) by doing uese
of a similar improved device where oscillations were keept live eleotri-
cally on behalf of a feedback system.

Of course, it has been observed that distorsion becomes less noticeable
when the ferromagnetic sampleis weack, as for instance in the case of very
thin films and possibly the method is to be usefull in the determinatiom
of strong super—paramagnetic structures where the influence of applied
field is less noticeable.

t £ ¢t

T sy

e

Fig. 36« The same as fig. 34 for sample studied in
fig. 23,

As far as determination of Ho and Br values is concerned it remains
to find a suituble method, and because of the diffioculties found til
present and the small possibility that the B-H electronic tracer reach
in a near future to the sensibility required, a new revision of revelant
technical literature is now being doney in order to fird the most suita—
ble method for this particular work.
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Part VI -. Conolusions.

From the work developed til present the following conclusions can be mades

Anodic coatings can be made highly conduotive by proper ilprom)ion
with copper or silver sulphide. No other compound from about thgrty
tried/\b% £ble to impart substantialy this propferty to the ooce-—
ting

The above resylis cont'irm that acid eleotrolyte anodic ocoatings 'hilo
in part porous, have and internal barrier layer at the bottom of’ th
ooating,p between the a.luminium bau a.nd tho poroun part. )

"'l'he barrier layer can be made conductivo probably in rouon of one or
a combination of tke following processes s(3) By tunn effect, if
the barrier is thin enough for the voltage appliod'(,’() sleotrolytis
diffusion of copper or silver ioms under the actfoan of an electrioc fiold'

nd (8) By a doping action tsking place at the barrier during the impregna-

4e

5e

6.

Te

ting proocess. R

The made conductive ccatings oan be plated with ferromagnetic mate~
rials, like nickel, well direotly on the surface of the coat or imsidse
the coat by plating under a paint diaphargme In the first case no aiaksl
is deposited inside the pores, the electrical comnection with the alumi-
nium support being dome through the conductive CuB lying inside the pores
This connection is interrupted, recovering the anodic coating its erigina
high isolant character, when the plated sample is immersed in a solution
of sodium ocianyde.

When nickel is plated under a paint diaphragm it takes place mot totaly
inside the pores as first assumed. Only a short part of the length eof the
pores, near the tor of coating, are quite filled with niokel. Of ocurse,
that some nickel is deposited through the entire length of the pores, °
reaching the barrier layer, is demosirated because immersion of sample ‘
in a solution of sodium cyanide dont destroys the high metallioc comduoti-
ve ckaracter th:t anocio coating §ot after eleotrodeposition. The proose: :
of layer growing 1ooks as taking place in both ways: Niokel grows dowm
towards the barrier layer and up through the paint ooat. It is perhaps
possible that with a greatuvr time for plating, nickel oould reach the
bottom of the pores.

For any of both types of nickel , the magnetic behaviour was Sound Swe~
tantialy the same, at least for the magnetic magnitudes studied , Ry .
netic enisotropy and Curie Points. Values for Ho and Br has beem ntf§
tained because the required installation was not availabdle.

A A P, S ot A e

As 2 result of these studies it has been found that impregmatioca with
nickel by electrodeposition must be disocarded by other more suitadlp
method.

The best alternatives are the impregnation with aielpel ircn e debalt
by electroless process now available (19) or by thewmml reduction Wnfad
oontrolled atmosphere of organic or inorganio salta.
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AENEX 1 o
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hd (to Pin.l Technioal Report, Contract DA-91-591-B0C-=2044)
Personnel utilized during the reporting period..... Prinoipal Inves 0.
2 Collaborators o
engineering studemty gwest:
4 Assistants.
Bumber of hours expended dur’ng this pericd (Aprox.)..... 960 (PI),
300 (¢
400 (A).
Numbar of MANKOUIr'Ss eescsossnossssssssscscssssscsasone 1-660 (‘mﬁ). -
: FNo importani property has been adquired for the
. development of the work involved in this Contract.
4 Main elements and installations used have been
through the facilities given, without charge, by
Marconi Espafiola, S.A. and Faculty of Sciences,
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