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'REACTIONS BETWEEN METALLIC IRON AND COBALT OXIDE-UEARING.
- SODTIUM DISILICATE GLAGS '

Marcus P. Borom, Jumés A. Longwell, and Joseph A. Pask
Inorganic Materials Research Division, Lawrcncc Radintion Laboratory
and Department of Mineral Technology, College of Lngineering,
University of California, Berkeley, Culifornia
ABSTRACT

Electrochemical reactions are shown to be initiated at a glas:

metal interface if thermodyhamig.equilibrium, representod‘by saturation
of the glass with the low valence oxide of the subsfrate meful,‘is nét
present. In the systems iron-sodium disilicate glass with and wilhout
cobal§<oxiae, oxidatioﬁ of the metal occurred with an ad@ition of
ﬁpmospheric oxygen to the glass if heatings were m#de ih platinum
crucibles. Such gains in weight weré not realized if_heatingg werae made
in alumina crucibles. FWith glassés containiﬁg ions of cobalt, whouc
potential for okidation is lower than that of iron, eléctrochemicul
reactions éccurrea resulting in oxidation of iron at the interface und

reduction of metallic ions in the glass with the formation of dendrites.

This work was done under the auspices of the U. 5. Atomic lnergy
Commission. ' ' -

At the time this work was done the writers were, respeclively,
research assistant, laboratory technician, and professor of ceramic
engincering, Department of Mineral Technology, College of Engincering,
and Inorganic Materials Research Division, lLawrence Radiation Laboratory.
M. P. Borom is now associated with the Metallurgy & Cerwmics Laborulory,
Resenrch and Development Center, General Llectric Company, Sehencetady,
New York; J. A. Longwell, with Research & Development Departmeni-
Fairchild Semiconductor, Palo Alto, California.
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o it iget?

The composition of a precipitating dendrite in all cases was found to
Le in Uhermodynamic equilibrium with the wdjoining glass. A galvanic _ T e

cell of "iron--glass--glass with cobalt oxide--cobalt” illustrated

the electrochemical nature of the reactions by oxidation of iron at the >
iron-giass interface and reduction of.cobalt ibns at the cob@lt—glass
intefface,%o.form dendrites. In all cases fulfillment of-local cieﬁtro—
neutrality was lérgely satisfiéd by moyemenﬁ of the highly mcbilc
sodiuﬁ ions; which generally resulted in an uphill composition gradicnf
jfor sodium becguse of the establishment of an electrochemical potentiul
' gradient.
o
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I. INTRODUCTION
Recent studies have supported the theory that chemical bonding
occufs:betweenva glass and métal when thermodynamic equilibrium
relative.to the low valent oxide of the metal is preéent at tre inter-

1-3 . . S s - ' A . L
face. This requirement is exemplified by a condition wherein boti

phases at the interface are saturated with.the.metal‘oxidg{ The i
addition ﬁo the glass of oxides of metals whose bouentiu}svfof bx&thiun
are lower than that of the base metal (e.g., cobalt oxide in an enamcl
to be applied to iron) was shown by Borom and Pask to lead to the
oxidation of the base metal, afterisolutibn of the gurface oxjids, thi:
tending to maintain"the glass at the interface saturated with th; Dt
metal oxide.3 The complexity of thebglass-compositions studied in il
previous work, however;'permitted only d qualitative discussion of the
interfacial reactions.in glass-metal systems. This report prescnits tho
résults'of a more quantiﬁatiﬁe and definitive study of the. eleclro-
chemistrykof a model glass-metal System, i.e., iron and sodium
disilicate’giaés containing cobalt oxide.

II. EXPERIMENTAL PROCEDURE

A. Glass Preparation:
Blocks of sodium disilicate glass from the Philadelphia Guurtz
Co. were heated for 6 hrs at approximately 1350°C in & platinun

crucible: The glass was cast in 3/4 in. diam graphite molds, anncalod,

- and sectioned into 1/2 in. lengths. Additional glass cylinders wore

similarly prepared from a mixture of crushed sodium disilicate gloss
andf00203. ‘Chemical analyses of these two glass compositioris showed

respectively 67.5% 5i0,-32.5% Na,0 (glass A) and 4.8% CoO=-sh.2%
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8102-31.0% Na,O (glass B).

B. Thermogravimetric Analyses

Glass—ﬁetal composites were prepared by placing one.of the glass
-disks én a 3/4% in. diam by 1/8 in. thick Armco iron disk and placing
the ﬁnit'in an appropriate crucible (iron disk down). Prior to
assembling the/composite, the Armco iron disks had been given a high

5

metallurgical polish, heated in a vacuum of 2 X 107 torr for 20 min
at 950°C and oxidized for 10 min at 950°C in flowing argon saturated

with water vaporbat 25°C. The thickness of the oxide coating was

‘calculated from weight gain measurements to be of the order of 2u. The

iron éurface wasvoxidized to insure wetting of the.disk by the glass.
B§th reérystallized alumina and platinum crucibles were used

in the thermogravimetric measuremeﬁté..vComposites placed in these

'.éruéibles were lowered under a vacuum of 5 x 10—h torr int§ the hot

zone of a controlled atmosphere, resistance-heated vertical tube

furnace and held for 1-1/2 min. at temperature. Purified argon was then

introduced to avpressure of 1 atm and the sample was held iﬁ the hot
zoné for anéﬁher 841/2 min. to insure complete sealing vathe iron
-, disk ih:the érucible by the glass._ | |
After seaiing,vthé specimen'was transferred to a thermobalancc
_éapable:5f>§etecfing Weight éhaﬁges of o:s'mg. The'experiments were
conductéd in air étva ﬁumber éf coﬁstaﬁf £empefatufes-énd Qarious

times as indicated in Table I.

C. Galvanic Cell Experiment
In order‘to demonstrate the galvanic or electrochemical naturc

"of some of these reactions, a composite arrangement of unoxidized
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.Fe and Co disks and cylinders of glasses A and B was placed in a
platinum crucible, as shown in Fig. 1. To insure a good external
electrical circuit, the two metal disks were connected by spot welding
a platinum strip betﬁeep them. This specimen was sealed under vacuwui
at 950°C'as previéusly discussed and the heating wasbcontinuéd under
a:fléwing atmosphere of pgrified argon for 3 hrs. |

D. . Electron Microprobe Analyses

Each of the above-mentioned specimens after heating was sectioned
pérpendicularly to the surface of the metal disk. The cross sections
were given a high metallurgical pélish, and a coating of graphite was
vapor-deposited on fhe surface to make it conductive and suitable for
electron migroprobe analysis. The édncéntfation distribulions in”the
glass perpendicular to ﬁhe glass—métal interface ﬁere deterﬁined by
méans of_an ARL* eiectron microprobe. The~analytical.techniquekin—

Qolved scanning a 2u diam beam parallel to the interface at 96u/min and

.making a 20 sec. integrated count of the Ka radjiation of Na, Si, Fe, and

Co. A concentration-vs-distance profile was constructed by'taking a

number of such measurements at known distances from the interface. Due

.to the wave length limitations of the spectrometers it was necessary to -

generate the profile by first simultaneously analyzing for Na, Si, and
Fe and then repeating the steps and analyzing for Na, Si, and Co.
Calibration curves for analysis of 5i0;, FeO, and. Co0 in the

unknown glass were constructed from a selection of chemically analyzed

.*.Manufactured by Appliéd Research Laboratory
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standard glasses.. Only qualitative information was gained from the
:sédiuﬁ.couhts; however, a confidenéé of *1-2% in the determination of
‘the other oxide componenté permitted ﬁhé detgrmination of”NaZO by
differénce. The metallic dendrites precipitated from glass B during the
;experiments were found, by microprobe spectrai‘scanning, to contain
only Fe and/or Co. The actual compositions were analyzed with the
. microprobe using Fe and Co as standards. vIﬁ was predicted and found
 that, ﬁith appropriate dead timé-and'background corrections, the in-
fensity of,i—radiétibn from the metallic'particles was a linear function
.6f'the_perceﬁt of the element presént. Percent Fe and Co determined by
separate measurements on.the.varibus dendrites added to 100% * 0.5%.
vIn determining the concentration profile in the glaéé, specific attéﬂ—
tion was given to analysis of ﬁhe glass compositions adjacent-t§
analyzéd dendrites. Tgis.information was used in ﬁhe calculétion of
an equilibrium constant.

The solubility‘of ferrous -oxide in sodium disilicate glass at
iQSOOC'is given.by phase-diégramsvovaarter and Iﬁrahimy tb be approxi- .
‘mately_hé wt%, but no information is available oh the solubility of |
v, €00 iﬁ'this-glass.' In order to-determine this value, ﬁ diffusion
fcouple was prépared-from a aisk éf Co metal whiéh had been oxidized
 ﬁo’a ﬁhickﬁeséuqflépprCXimately 36u (15 min. in airv5t lOOo°C)'and a
'cylinder.bf SOdiﬁm disilicate glass. X-réy analysis showed the oxidé
to be predominantly CoO.‘ The couple was given a diffusion anneal of -
‘iO min. at 950°C and,the profile and interfacial concentration of CoO.
‘in the.glass was aetermined by microprobe analysis as descriﬁed earlier.

‘During the anneal the glass did not dissolve all of the oxide so that

2
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the 1nterfac1al concentration of Co0 1opresents tho soiubility limit at

950°C, which was found to be app)OXdeteJy 25 wt%b Co0.

III. RE SSULTS AND DISCUSDION

.y .. . . 3 - -

It was pointed out in previous studies 2 that a driving force for
reactions exists in a glass-metal system if thermodynanic equilibriun
"is not present. These reactions are initiated at the base metal-gluis

interface. In the system iron-glass-air if the glass at the inleriac.

is not saturated with ferrdus oxide, then 1t attempts to reach 1h1g

condition either by (a) ox1dat10n of the iron by atmosphor c nxygcn

‘which results in=a"weight increase of the assembly, or (b) by a redox

type of reaction of an electrochemical nature between the iron and some

constituent in the glass that has a lower oxidation potential, with no

- weight increase,.

A. - Glass~Metal Interfacial.Reactions
'The experimental conditions for the'thermogravimetric expefimcnt;

are indicated in Table I. In general, those runs conducted in platinum

_crucibles showed an appreciable gain, as seen in Fig. 2, with glass A

in each case showing'a slightly higher'rate»of weight gain. Those runs

'conducted in alumina érucibles, with both glasses,-showed no nct change

in weight indicating no reaction with atmospherlc oxygen. IExamination
of the concentration profileo for the prerlmenbs with glass B in

alumina crucibles (Figs. 3 and 4), however, demonstrates that the tolal

iron oxide content of the glass has increased with time. This increase

is the resu]t of 1nternal redox reactlons of an electrochemical natuxc

arising fromsthe demand for equilibrium within the-system. These
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‘reactions are associated with the appearance of dendrites.
Of the diffusion profiles shown in Figs. 3 and ‘4 the 10 min.
speéimen (Fig. 3) most closely approximates a typical profile for

L < .6 L . . '
ferrous oxide dissolution; but even in this short time the small amount

of oxide on the iron surface had been completely dissolved and sufficient

diffusion had oécurred to drép thé iron oxide content of the glass at
the interface>fr6m the saturated value of LZ%;tovabout 28%. -Also, the
béginning of'electrochemical interactions 5etwéen the iron substrate
and the cdbalt.ions in the glass was iﬁdicated by the éppearance éf
'smal; dendrites in the diffusion zone.

After dissolution of the iroﬁ oxide, ironbcontinuesvto enter the

glass by the followihg electrochémicai reaction steps

vAFe(substrate) > Fe2+(glass'1).+ 2e” . (1a)

and '
2¢~ + Fe™" (glass II) ~ Fe(alloy) ' (1b)
2e” + 002.+ (glass II) > Co(alloy) A R (1c)

'resulting-in the coupled reaction

2+

Fe(substrate) + xFe (11) + (1 ~ x)Co2+(II) >

F82+(I) + FeXCo _X(alloy) (14d)

wherein glass I is iﬁ contact with the base irén'and glass IT is at

the sité of the Fe-Co alloy déndrite formation. This reaétion depends
on the substrate having a higher poﬁential for bxidation than the metai_
“being reduced from its ionic state in the.glass. The meéhanism inveolves
a transéort of electrons from the iron substrate (as Fee+ enters the

glass structure) to the ions in the glass whenever a proper combination

”

P




of conductive path and nucleation site is available. The conductive
path in this case is probably provided by the dendrites themselves,
although the.possibility of some semicondﬁctive mechanism 1in {he glass
close to the interface due to theApresence of iron oxide cannot be
discounted entirely. If a glass initially containing no iron ions is
placed on a clean iron substrate, the very first iron enters the glass
by a redox reaction, gnd the reduced cobalt precipitates out on the
substrate iron éné alloys with the iron.3
The material transport phenomena associated with these reactions

can be observed in Figs. 3 and h.. All the iron which has been intr67
duced as a glass oxide component (with the exception of the initial
thin oxide iayer on the substrate) must be accounted for by the amount

~of cobalt which has been precipitated as dendrites since there was no -
atmospheric oxidation as indicated by no gain in weight or'heating..
The boundafy conditions in this case are.an infinite supply of substrate
metallic iron and & finite supbly of cébalt ions in tﬁe glass. Since
the oxygen content of the glass remains constanf, an adjusfment of the:
cation distribution must dccurvloéally to méintain electroneutrality.

- As poéitions occupied by'either Fe2+ and Co2+ within the iron diffusion
zone‘adjacent to the subsﬁrate metal or by Co2+ beyond the diffusién

ii’z‘one are vacated by.dendrite formation, they are filled by advancing.
.cations'from the interface zone with the reéult thqt the Vadancy flux
toward the base metal frees a position at the interface fér the in-
c_’oming'Fez+ formed By reaction (la). The vacancies moving toward the
ﬁase metal are equivalent to'moving'neéafive "holes", and the electrons

released at the base metal move through the dendrites (ahd possibly



the transition-ion rich gléss) to the'precipitaﬁing site. The circuit
is thus completéd. The decrease in Co2+ Qontent in the bulk glass due
vﬁoth to ‘diffusion toward the inférface and to precipitatioh of dendrites
and-the introductioﬁ of Fe2+ at the interface are thus counﬁeracted by
the diffusion of the highly mobile sodium ions from the glass-metal
interface (as seen in Figs. 3 and 4). This uphill dlfonlOD of Na'
with respect to its concentration grad1ent and in all probabllnty also’
w1fh respect to its activity’ gradlent satisfies the need for malntnlnlng
local éleétronéutrality throughbut the‘glass. Such uphill diffusion
of Na can be explained on the basis that in the presence of an
electrlcal potential gradlent the dlffu51on flux of an ion must involve
consideration of both the chemical and electrlcal potentlal.gradlents
accordingkto anvexpression7 similar to.
. C, Su. : : ‘

Ji”“Diﬁ%%“DingF% | o Qe

ﬁhere

—2* = chemical potential gradient for species i

§Q—_= electrical potential gradient

. 6x
Ji = diffusion flux
Di = diffusion coefficient
Z. = valence
Ci = concentration
F o= Faraday constant
R = gas constant

T = absolute temperature



In this case a negative electrical potential gradient is supplied by

“reaction (1d) of sufficient magnitude to predominate in equation (le)

ﬁith the result that the sodium diffuses-away from the‘substrate-glass
interface. Such reactionsvwouid terminate with dépletion'of either
Co2+ in the glass or complete oxidation of the base iron. At this
point_the whole system would move to&ards equilibrium by elimination of
ail concentration gradients by'diffusion.

The experihents conducted in platinum-crucibles showed not only
weight gains but also extensive reaction and decomposition of both

glasses A and B at the platinum;glass—air contact circle. The principal

compounds formed were identified by x-ray diffraction as Nap;SiO3 and

its hydrates. The mechanism responsible for this reaction is illustrated

by the diagram in Fig. 5. The platinum crucible acts as & path for

electrons from the iron to theicontact circle where the half-cell

reaction for formation of 02— anions from oxygen in air takes place.

+
As iron gives up electrons, Fe2 enters the glass displacing an adjoining
cation which displacés a cation in turn until the surface anion is

balanced. This displacement is accomplished principally by Na+

)becausé,of its high mobility. Earlier discussions in regard to uphill

diffu;ion of Na+valso apply here. As a cohsequence_the glass at the ‘
c0ntacﬁ_éircle becomes sufficiéntly enriched in Na0 to form the
metasilicates. The lower gain in weight with glass B is éttributed to
the concurrent electrochemical feaction (1d) which lessens the need

for atmospheric oxidation.
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B. Dendrites
- In the absence of the availability of 6xygen but with a supply Ps
of Co?+’and Fe2+ in'the glass, the mechanisﬁ for introducing. sadditional
iron into the glass at the interface is the precipitation of dendrites
of Co or Co~Fe alloys by means of reaction (1d). Dendrites thus appear
in glass B in regions that are both energetically favorable and
accessible to available electrons. The dendrites appear initiélly at’
or near the iron surface gnd with time exiend considerably beyond the
limit of Fef+'diffuéi§n into the glass.‘ This extension was not observed
in the previdus study with a more complex glass indicating, as expected,
that the nature of the glass structure is critical. In the case of fhe
gé]vanic cell (Fig. 1), the dendrites appéaf at the cobalt metal surface
but not along the platlnum strlp in contact with glass B, 1lluotrat1ng
the nece551ty for both nucleation s1tes and available electrons.
In analyzing the'compos1t10n of a dendrite and its adjacent glass,
one obtains a measuré of the equilibrium whichlis established at the
cathode of the cell described by reaction (1d). The equilibrium at the
cathode is regulated by a balance between equations (1b) and (1c) which
" yieldé
| Fe(alloy) + Coo'(IT) = Fe° (II) + Co(alloy) (2a)
| The equilibriﬁm constant for Eq. (2a) may be given'in tefﬁs of the
activitiesAof the individuai species as ' . : w
o . &g 2+

K = &co(alloy) (11) ' (2v)
€4 fpe(alioy) " 2co 2 (11)
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If an equilibrium is established at the cathode, it is apparent from

rélation (2b) that the composition of the alloy precipitated from the
. glass will be determined by the ratio of iron and cobait ions in the

glass at the dendrite site.

The ifon content of the dendrites of the 9-hr thermogravimetric
specimen as aAfﬁnction of the aistance from fhe interface is shown in
fig. 6 with the balance of the composition being cobalf. Taﬁle II liéﬁs
thése data and the data fof glass compositions at corresponding dis- |
téncés, taken from Fig. 4, and the calculated equilibrium constants
for redox reaction (2a) as given by Eq. (2b). For these calculations
fhe activities of the various species were considered to be proportional
to their respective weight fractions in the dendrites and the adjacent
glass, respectively. From these values the equiiibrium constant is then
éalculaﬁed to be 127 ¢ 11. The imﬁediate establishment of électro»
chemical equilibrium at aﬁy point between the dendrite alléy and the
adjaéent glass is indicated by the fairly constant values for the

.equilibrium constant (Table II).

T?e jalﬁe of Keq at 950°C for reaction (2a).based on the thermo-
~;dyhamiévfunctions given in Lewis andvRandall8 for the elements énd the
~oxides is 46 (Table II footnote). The difference between this value

and ﬁhe calculated experimentgl value of 12T‘is not critical, particular-
ly on the basis of further interpretations. The use of weight fraction
as a measure of the activity values for the alloy serve as first-order
‘approximations since Fe and Co héve similar atomic weiéhts and since

the Fe-Co alloy'system is almost ideél;g There is, unfortunatély, no

' data for the activity coefficients of thevcomponentsvof the glass
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expressed as oxides. As a further approximation, howevér,'it can be
assumed that the activities of the iron and cobalt oxides in the glass
are proportlonal to the fraction of the oxide preaent in terms of the
oxide in the glass at saturation (25% CoO and L2% FeO in sodium disili-
qate).‘ The equilibrium constant is then calculated to be 76. TFurther-.
more; the théoretical value.of 46 was based -on solid oxides and did not
consider any differencesvin the free energy of mixing of.the oxides in
the glass. On the basis of relativevsolubilities of iron and cobaltl
oxides in sodium disilicate gléss and the higher heat of fusion of
cobalt oxide, one would predicﬁ the free energy of mixing of iron

oxide in sodium disilicate glass to be mqre negative than that of
cobalt oxide.‘ Application of such a corréction would result in a
theoretlcal value higher than k6.

A K of 76 requires that the standard free energy for the reaction
be —lO 560 cal/mole or 1,280 more negatlve than the theoretlcal value
of —9280 cal/mole for Eq. (1d). This difference could easily be
‘ac00unted for by thg‘above complicating factors.

C. Galvanic Cell Reactions

The éoncentration distributions shown in Fig. 7 were determined
by microprobe analysis of a éross section of the galvanic cell shown
in Fig. 1. Not shown by the graph is the existence of dendrites
growing from the cobalt—glass interface (Flg 8). The chcentration
profiles are due to the electrolytic process in which the iron base

- . 2+ ' . 2+ _'
metal supplies Fe to the glass while Co ions are reduced to
dendrites according to the electrochemical reaction

Fe(substrate) + C02+(II) -+ Fe2+(l)>+ Co(dendrite) (3)
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The material balance is simplified since no metallic precipitates can -
occur in the iron diffusion zone and those in the cobalt side of the
céll are cobalt. On a molar basis, [Fe2+] introduced = [2Na+] (iron
s?de) displaced = [2Na+] (cobalt side) enriched = [C02+] precipitated.
This material balance is unaffected by the interdiffusion occurring at
the liquid junction interface.between the cobalt-free and cobalt-bearing
sodium.disiiicate glasses. The needed transfer of electrons from the “
iron to;the cobalt disk to complete the circuit was achieved by the
ekternal connector between the disks. The external circuit is necessary
since-eleqtronic'conductivity through sodium disilicate glass; as
indicated by the fhe}mogravimetric experiments, is négligible or non--
existent.

.Of particular interest is the achievement of a material balance
with.the nonexistence of either a Naj;0 or SiOp gradienf over a distance
of more than li,OOOu within'glass A. This fact suggests a mechanism
of "domino-like" masé transport which results from the shorting of the
galvanic.céll and associated establishment of an electrical potential

gradient.

. V It should also be noted that the specific data in Fig. 7 do not

»

sﬁow an'exaqt balance between the loss in Co2+ and the gain in Fe2+

in thé glass ér between the loss in Na+ in glass A and the gain in glass
AB, In actuality, suéh balancés do exist on an integrated basis. An
aébreciéble_amount of convection observed in the cross section of the
spécimeﬁ.at the iron end accounts for this unbalance. A composition

treverse at another point would thus show a reverse unbalaﬁce.
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The maximum concentration of iron which can be introduced under . ‘

/

fhese #onditions; i.e., without addition of oxygen, is limited to the- T. .
e@uivalent concentration of sodium available.for displacement. Satura-
tion of the glass with respect to iron ogide at the glass-iron interface
thus ca; never be échieved b& this cell; likewise, with respect to
cobalt oxide at the glass-cobalt interface. As a result, chemical
bonding did not occur at either glass-metal interface and no adherence

was observed. This fact is particularly interesting in view of the

extensive dendrite formation in the cobalt-bearing glass.

IV. CONCLUSIONS

Tt has been shown that reactions may occur in glass containing
;reducible oxides-metal systems that are not at equilibrium; which are
galvénic 6r electrochemical in nature and thus réquire both electronic
and ionic transport mechanisms. The principal points are:

(1) When an electronic path is provided, rééctions at the base
metal;glass interface are coupled_witﬁ éther reactions occurring
elsewhere, e.g., absorption of atmospheric oxygen or formation of
metallic dendrites.

(2) The formation of dendrites is associated with the establish-
ment of a galvanic circuit wherein electrons released at the base
metal by‘formatioﬁ of metallic ions tra?el by way of the dendrite to
the siﬁe where the iow oxidation potential ions are being précipitated,
ahd thérreturn currént is provided by the vacancy flux, or movement .
6f negative "holes", towérd the base metal as the cations,&ove toward

ﬁhe precipitating site. Dietzello was one of the first who proposed
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a theory of adherence involving galvanic reactions at the interface,
but the.proposed celi reactions réquifed atmospheric oxygen which in
this study with sodium disilicate glass was found not to be the case.

(3) An sdjustment of charges and an electrovalent balance is
maintained over relatively long distances by electroiytic traﬁsport

~of catidns, principally the highly mobile sodium ions. In all of the
.cases studied, Na+ diffusion occurred against both sodigm concentratiéh
xand chemical potential gfadients. These uphill diffusion gradiénts
were caused by the eiectrochemical potential gradient imposed by
reaction_(ld) which resulted in a lowering of the free energy for the
éntiré system. | |

(4) Thé composition of the dendrites that precipitated was that
"required for thermodynamic eqﬁilibrium with the adjoining glass, and
fhe equilibrium qonstant was independént of the distance. from the
metal surface. The glasses at the dendrite surfaces, however,vwere
not saturated with respect to either oxide.

(S)VIn the'experiments on the galvanic cell the glass compositioﬂ
at either interface did not reach saturation with respect to the

e COrrééponding metal oxide, and glass-metal adherencé was therefore
'poorvat both interfaces. The p?esence of dendrites at the cobalt
3iﬁterfé9e:did ndt.pfoduCe adhereﬁce.

(6) Saturation of the glass atvthe glass—metal substratevinterf
face with the oxide of the metal can be achieved only by-solﬁtion
of an 6xide.formed by preoxidation ofvthe metal. The concentration
6f the cations at the interface can be Sﬁbsequently maintained by

means of redox reactions of an electrochemical nature between the
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substrate metal and atmospheric oxygen or cations, in the glass, of

metals whose potentials for oxidation are lower than that of the sub-

strate metal, resulting in dendrites. In the systems reported here the

latter mechanism was dominant.
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Table I, Experimental Conditions for

Thermogravimetric Experiments in Air

-20-

g
Net wt,

_ "Crucible Change, Temp. ,
Substrate Glass used Time Material mgm. °C
Fe disk A 3 hrs Pt 65 300
with about B " " 50 "
2u oxide A " " - 70 1000
layer B " " 63 "

" A 3 hrs Al,04 0 950
B 10 min " 0 "
B 9 hrs " 0 "
B 24 hrs " 0 "
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Table II, Calculation of Ke T

"
Distance vCo Fe FeO Co0
u wt% wt% wt% wt% K

100 24 76 - 20,5 / 0.05 130
200 39 ‘61 18.5 0.1 118
400 60 | 40 15.6 0.2 117
600 79 21 13.5 0.4 . 127
800 - -89 11 1.4 0.8 115
100 % 6 9.2 L1 131
1200 96 4 6.9 L4 118
1400 8 2 ' 1.7 138

e
- L)
[¢4]

mamerpaca.

127 average®

T Data taken from curves of wt% Fe (in dendrites) and wt7 oxides

(in glass) vs distance after heating at 950°C for 9 hrs,

0 + Co

| 0. 947 Fe + QoO 'Fé0‘947

: ~
- &012230:[( = '9280; Keq = 46

*With no corrections; value of 76 with correction for saturation

. contents of the oxides in the glass, N




Fig. 1.
Fig. 2.
Fig. 3.‘
Fig- h‘é
Fig. 5.
Fig. 6.
Fig. 7.
yfig. 8.

_po.

FIGURE CAPTIONS
Schematic cross section of-galvanic'cell.
Weight gain vs time for glass-iron composites heated in Pt
crucibles. A = sodium disilicate glass with iron disk;

B = A plus 4.8% CoO with iron disk; Blank = sodium disilicate

~glass. Weight loss during the initial minutes is due to

Qegassing of the glass.

Diffusion profiles of glass B-iron composite heated at
950°C in an Al,03 crucible for 10 min.

Diffusion profiles of glass B-ifbn composite heated at
950°C in an Al,;03 crucible for 9 hrs.

Mechanism for ﬁhé reaction occurring at the platinum-glass-—
air contact.circle.

Tron content of dendrites vs distance from blass B-iron
interface for specimen in Fig. 3b; the balance of compositibn
is Co. !
Diffusibn profile of the galvanic cell sketched in Fig. 1
after 3 hrs at 950°C.

Dendrites growing from the cobalt-glass interface of the

galvanic cell shown in Fig. 1 after 3 hrs at 950°C.
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Fig. 3

- 38 T T T T T T T T T T T T T T — T
| gqp N\ Origindl SiOp w0 500,
A
FeO A
a

L\ ___Original Na0 w/0 .

- 30 -
Naz0 °
[ )

L o6} i
o
| N
(=] A
z
(-3
-2 22k ]
=
r 18 1

| _ Original CoOw/0o N __
- 4 ToO0 N

FeO

=~ 0 b ] A { L | )\ 1 I L. L -

0 2 4 6 8 10 12 14 16 18

Distance from interface (microns X 107)
MUB-12172



FeO

Wt %

Wt % COO;

281

24

20

~

-26-:

&
/;\x‘
[ ]
T T T T T T T T T T T T T
Original CoO wt %
o = 0 W
1 1 D e ¥ 69
20 24 28 32
. . . —2)
Distance from interface (microns X 10
MuB-10044
>

Fig. 4 .



4

_27-

$0p+2e-=0%"
0%+2Na"=Na,0
(in glass) o

Platinum

k. Glass = crucible

| '2e'++Fe2+

I_ Fe | |
MUB-10041

Fig,' 5



% Fe

Wt.

- -28-

”
100 T e L
O ] | 1 ] 1 L ) L 4 ! ] b
(O 400 800 200 1600 2000 2400 2800 3200
Distance from interface ()
MUB 10040
Fig, 6
0



iy

CoO

FeO';

Wt %

2

Wt %

T

20

4

62

58

-~ W% Si0p"

A

-29-

LA B E DR B B B Bk B T T T T T | T =T T T — T T
34 : S i fw——oql
Original Na,0 -Glass A Na, O N '-o_’_,o/'”"_c
————————— ;(F—-“—/ — &) ] . A
i o/"/o = Original NapO - Glass B
30 ‘ ' -
Original Si0p-GlassA - ’ §
269 . 7]
. Original Eo_z_:iliss_B____ A N ~ A N
7AY [A) LA Ay Lol A gAY \
. A
221 —
- Gloss A "Glass B S v g -
18 FeO -
" Original CoO
141 11,000 ——0C00 .
0.
Mo T o
= . O (ol o] a_0
1ol— A A b_/‘ | ! . . N 1 . o 1 )
-0 8 70 50 40, 30 20 10 -0
) _ ' : o : -2,
Distance from Fe Distance from Glass B-Co interface  (p X 10 )
Glass A interface -
(p % 1072)

MU B 10045

- Fig. 7



1t

-30-

Aty

£
&
pe

R

ZN-5758



e

~Bhom

This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness, )
or usefulness of the information contained in this
report, or that the use of any information, appa-_
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
‘this report. »

As used in the above, "person acting on behalf of the
Commission™ includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access

"to, any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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