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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS
STANDARD REFERENCE MATERIAL 1010a
(ANSI and ISO TEST CHART No 2)
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This paper jives a uriefl description of the
nanuiaciuring technology oif silvering suspensions
to be used in vhe electroiccimical indusiry and
electronics.

The silvering suspensions arc blends of metal
silver and silver oxide powders Tinely dispersed in
baliiny; varnish. Some of them to be used in elecironics
coniain even meial gold, plaiinum and palladium,

These coavings are well solderable, They are applied
as pastes to ceramic paris by vrusih and baked at
temperatures ranging from 760 to 800°C,

First of agll precious metals and oxides powders
are prepared tc ve blendea with adiiesive components
and varnisn afierwvardc,

‘“he preccious metal powder is usually made by
reduction in a varm solution of a reducing agents
in enamelled, glasc or ceramiec vessels with agitators
or by precipitation in a lye, The slurry so obtained
is 0 be wasined and drieda aiv 60 to §00C, The dry
precious netal powder tihen is ready to be blended
wiih admixtures and varnish to foim a paste.

Adiniegive admixiures are made of pulverized
lead glassce, bismutn viioxide and cadmiwa boratc.

Varnish componentc are made by using appropriate
tainners n cold oy warm siate in enameclled vessels.
Tney must be viscous and must add jood application
propertics to the blend,

“"ine recipes vor rinal silvering blends must
be adhcred to very carclfully aind testing must be
cairicd out during the entire process. The final
products must be tveosted for precious metal content
and application prepertics.

All residucs and wastes musi be collected,
reworked and used in the production process again,

The productiion shop end laberatories must be
provided with Lume hoods and effcctive ventilation
system to protect the persounel againsi harmful
and unpleasant volatiles and fuses rom the. organic
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thinners. The peirsonnel must be well trained .
and skilled and ouifiiied wiih proper proiective
aidse.

All the piroduction equipment such as eleciric
motors in mills and exhausters, chanber driers,
agitators, ctce are io he of explosionproof design.

The productiion and storajge areas in total
for the yearly production or about 1000 kg of
silvering suspension amount io approximately 400 sqeme
Yearly conswzpiion oi waier and eleciric power is
abpout 500 1 and 30 000 kWh respectively.
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Liain raw matcriuls required

for ihe production of silvering

suspensions and pasics

.iain phases of the manulacturing
tecimoloyy

Produciion of 1
silver powder

Produciion ol cilver o:ide
Proauction ol rine _old powder
Producvion ol adhesive admizziures
Produciion o varnish coniponenihs
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Processing of silvesr auad other
precious aetal residucs
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Procduction control and lavoratories
Produciion equipnienti
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INTRODUCTORY NOTS

Jaged upon tae interest o a company in India
passed over vo the Uiliv=-Csechoslovakia Joinl Programme
for Internaitional Co-operation in iite Field ol Ceramics,
Building Lateriels and lon-metallic minerals Based
Industries by tne UiDO Vienna industrial Inquiry
Service, Industrial Information Seciion, ithe manufacturing
technolojy of silvesring suspensions for electrotechiinical
indusitiy and electronics vas investigaved.

Silvering suspensions to be applied in the
indugiries ol elecirotiecimics and electronics are
blends of fine metal silves powder and silver o:zides
dispersed in valking vernisiie 'Whe suspensions contain
varicus adni:z:tiures to dnprove ithe properiies and
adiiegivity of tue silver coaitiugs. Thney can be gpplied
cither by brusi painting or by sillk-screen piinting.
Some or ihe solutions Jor elecironics contain also
finely dispeiscd platinum ox old powder, Such
solutions ase then saade into pasies.

These suspensions arce applied to zcceramic producis
to form silver coatlings aliter baking in electricallyo
heated kilng a% temperaiures ranging ifyrem 760 to 800%C,

Iroduciion os she precious nmetal suspensions is
divided inso seveiral paases and aay be aefined no
a laige seale leboiavory aaw’acture, All the metal
powdcrs can be ilade by tiie producer cicept Tor platinum
metal powder and palladiwi whici siould be purciiased
ready nade,

It i essentizl Yo keep accursicly to the
presceribed technology and recipes, The proditction
giop itsell should e equipped wiilh precise device
Tor perfeet dognse of naverials and provided with o
Jaboratory vo cieck vie quality ot wvaw materials,
semi-producis wnd inal producis,

Phe prodauction ghop cquipiuent gionld necessarily
be supplemesnved with jood cansier systom o provide
?or a perfech air excuange In the production premises
necause or naimiCul vapours and dust accompanying the
manusacviuwdn; process,




A1) the personnel must be skilled and well
conversant with the’work hasards and operation
of thé machinery and cquipiienie. Tuey must wear
protective dresses and aildse
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DEPFLIT10L O Pa0DUCTS

Silveriy;; suspensions ior clecirotecinics and
elecironics oe¢ suspensions o1 finely dispcrved metal
silver, silver oxide or thcir mixiure in & varnisn
component, ne suspeusions coutain various admixiures
vinich influence the properiies aud adnesivity ox
the gilver coavings, They cau be applied by brusih
or by silk-gcreen priniling. Silvering suspensions
ror miniaiure circuiis in clecironics contain also
a ccrbain progortiun of dispersed platimui metalse
Some apcc’al pcns‘ons contain Iinely reduced
metal gold ﬁnd adnixiures in tue varnish coiponent.
All tuc metal coahing suspensious for elecironics
are supplied in tlie rYorm ol pasies io pe applied
vy s;lk-scruun printing sevaod.

All %the susnensiong are used Lo form vaked silver
coatings on ceramic producis,

Tae coatings are well solderable by solders
used Tor soldering silver layers on ceramics io
lend [vod au‘0°1vity 10 a visque.

pggic types o pilvering susoensions

—pmage—

a) Silver suspension lor Lie ilvering of capacitors
to be anplled by brush - vaking tempcrature
being 750 to 8OOOC,

b) quVu;¢nb pagies Tor el¢cironics - baking tempe~
rature veing 760 to LLOYC,

¢c) Gold pagies {ov elect:oulcs -~ vaking temperature
being 760 to 300°¢C,
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BRIEF DESCRIPLION OF LU UMACTURTIG WECHIOLOGY
OF SILVERIEG SUSPUENIIONS

All @he types of silvering suspensions are
made by dispersion oi very fine powder substances
oi precious metals and admixiurcs in varinish
components,

Eain_raw materials reguired For tiae_produciion

.

of silvering suspengions and pasies

Chemically pure silver niirate (AQKOB),
palladiwm powdexr (Pd), piavimun powder (Pi),
chemically pure poiasn lre (kUil), cihemically pure
soda lyc (LiaOil), chemically pure arzaonia (HH4OH),
chenically purc nicric acid (JLU3), cnenically
pure aydrocinloric acid {(1iCl), commercially pure
hydrogen peroxide (5202), coimiercially pure sodium
carioiate (Ha2603), comaercially pure . lucosc,
commercially purc organic solvenis, comwmercially
pure plasiicizers, comercially pure polysiyrene,
comucrcially puce methylalconol, comueirciully pure
etiylalconol, cormercially pure ninium (Pb304),
commercially pure voric acid (53303). silica (5102),
commlerciglly pure vismicu wrioxide (31203), deminera-
lized ox disiilled viaver,clemn seiwvice water,

Ladn_paases_os_bie siaau.sc.uring becanolosy

a) Proparation of aectal silver powder (ig)

b) Prepuraiion o gilver oxide powdor (ugeo)

¢) Prepuration o gold powder Tor special compounds
d) Prepuacation oi adiesive adiixiures

e) Preparavioi oy voinisih componentia

T) Blendin; and dispersing in varnish componenis in
compliance wivii tiae recipes for the individual
nrodiic v




fine plavioua powders, plavinum and palladium
are Lo b2 nuicaased.

Production o’ Jine meval silver novder (As

Silver powder 1o nade by reducing silver nitrate
in a soluvion of reduction a_enise -

. The reduciion vakes place in wvarm staie in about
100 1 enanmelled, ;lass oix ceramic vecscls piovided
with aglvators. When vhe mosher 1liquor has been
separated ivhce slurry of iihie reduced silver is to be
vasiiecd by decanvaiion or vy wasniug in a laboratory
filier press by ieans of demineralized or distilled
vaver., The siickenced slurry is to be diried in a chamber
drier ai G0°C iewmperalurc aiter tihe washing process.
Tae dry silver powder is used vhen for the preparation
ol various blends,

froduction ol silver oxidce

oilver oxide is wmade vy precipilation of silver
aitrate solution (n04) Ly meuns or lye (XOIl, HaOil).
Precipitated silver oxide (agpU) is o be washed
by decantiy; or in a lavoratory Ifiltexr presc by me@ng
oi denmincralivel waver,

e thickened slurry ic %o be driced in a chamber
drier ai 00 to 209C tomperaiuie afier the washing
process. Silver content (Ap) in the dry substance
of silves oxide (3320) is to be determined analytically.

Produciion_of line pold_powder

PMine jold poveer is made by reducing auric
cinloride solutlon by means o. reducing agents. Thae
glurry oi ine rinely reduced old so oblained is to
be wvashed by édecanling with denineralized water Fivst,
then with alcoilol and diicd arieivairds., The dry
subsiance is used for waking o pasle,

Produciion oi gdhesive_adnixtuics

Adiicsive components arc formed by casily :
meltable lecad ;lesses, bisuuth trioxide (Bi,0,) and
cadmiun borate, All tne componenis are to bg ased




e

in very rTine particle sices,

Lead glasses arce made by melting of batlcnes
in a crucible furnace., Vien the glass has been melted
it is to be finely sround in laboratory porcelain millse.
Cadnium borate is made by ine precipitation of borax
solutvion by ucans oi cadmium chloride. The precipitate
so formed is to Ye washed, dried and pulverized. Pure
ismauth trioxide (31203) is to be purchasede.

Productiion or varnisin compoueilts
§ %4

he varnish componcants of various compounds
form tne coating propertics ol the suspensions,
Varnisiies are made by solving variougs varnishing
coulpoitents in appropriate thimners., Vairnishes are
produced either in cold or wairm siatc in glass or
enamelled vescels,

Varnisines should be ingpecied for viscosity,
drying time and application niroperiies,

lanufaclure of Tinal producls

decipes ore speciried For vie individnal
proiucis, veponding on vie site ol tne production
tue individual componenis are ito ove weigned for
the charges accordin; tvo the specified recipes
accuravClye.

flomogenioaivion and dispersion of the individual
caarges depend on the caaracver of the suspension
and tiley are uade in lavoralory porcelain mills or
in suall threc-cylinder avtrition millg.

rlake gcilver i 1o vbe ground in a suall vivbrating
mill before dispersion, uvery charge must ve tesied
vefore tie dispevcion -pirocens in conpleteds It is
to be tested Joxr applicaiion properivies and precious
netals conveni, Wne reguirea final pioperties of
the products uire o ve adjusied ai'ter the testing
ir avcessary. Final piroducis are Lo be checked again
for ihe contenl or precious smevals and requived
applicaiion properivics, The producis are packed in
tigntly clozed bottles or crucivles and despatched,




Processing; of silver ciud otlier pirecious

neval regidies

Various regiducs contvaining silver and oither
precious metels Jall ol during the piroduciion processe
Sucih residucs are 1o ve collecied separat2ly and
reworked into preeious neials, ‘Pie residues containing
precious izevals are vo be incincrated ond faired first,
The silver esidies aie o be smelied with admixtures
aiver ihe Fivinge “ne metal silvexr ¢hen is to be
scparcted Irom e slag, purified and used in the
produciion process againe Tiac residues of the other
precious metals are to be processed by wei separation
metvhod,

esver

Various wastes occur in u.ie production. Iirs
of all inerc axe various solutions of soluble salis
\KEO3, a 03, Lig0q) waich are discharged into
riveTs aviter awving been diluted.

Out ol _jaseous wasives voluaviles of various
organnic chinners such as ocsmonia (Uii3), nitrogen
oxidegs and acid vapours arc cxnoled into open air,

The produciion guop lhevelore must be provided
witn Dwae noods and efYecvive esdiausting equipment,
There nust e due ailr cxenhcuge arransed in such
shops, Zhe produciion slop personncl nust be skilled
and ouivlitted wiih necegsary provective aids.

A

Produciion contvrol and lavoravoirics

hie envire production oy seiti-products and final
proGucts musi ve carerully cnecked by ckilled workerse.
For he coniurol purposes the production shop musi
be equipped with a lavoratvory wiere the quality of
rav waterials, scui-productc and iinal products igs
{vo ve inspectled,

Apart from a cuurent analytical cquipment the
labvoratory must be cquipped with omall electric
baking furnacece and & device for tine tvesting of
productis applicavion.

r



Produciion cguinnacni

The produciion of tne silvering suspensions
may be characierized as a large laborabtory production
process Irom wnich also ihe caaracter of the equipnent
ensucs. Below mentioned arc some pieces ol equipment
beiny generally used in such a production process:

Large fwae hoods witih elfTicient exhausters,
equipueni for dispersion in small porcelain mills,
electric chamber drier of cxplosionproof design
witih a theimoslai, laboraiory washing 7ilter press,

50 to 100 1 vessels witn agitators, precise itechnical
balances, small thiec-cylinder atiPrition mill for the
produciion of pastes, cquipment for making demineralized
or disvilled water, small crucible melting furnace,
incinerator furnace roi’ the incineration of residues,
laborgvory mufifle kilns, cquipmeni for the testing of
painting materials, small silk-scicen printing machine,
current ;lass and poicelain disies, ectce
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IV, ORIFTWATION DATA OIf PRODUCTION SIOP SQUARE AREAS,
ERERGY Ai:D VATBR COUSULPTION i H

The required exicnt of production bLeing unknowm

apprcxiiaie data are given as an example of a yearly
production of 1000 kj; of silvering suspensions.

‘Produciion and storajc areas

1.
2.

3.

Production oqe &TCA PIOPET seecssses 250 SQele

aaw raterial, semi-products
and products storage Sge area e.eee 60 Sqem.

Separate storage ol combusiibles i
SQe ATCO e evvcvveccccvoncvoconrocce 20 8qelile

40 Laboratories E(e BI'CO oceesvvcvcoes 80 Bq.m.
Enevy yearly consumpiion max. per hou
l. Elcctric rower oeeee 30U 000 KWL coeeeeee 25 kW

24

3.

4.

City gas of
15000 kd/cuente
calorific value eeee 3 000 Cuelle eeeoe 15 Clli,

Clean seivice
viater PR 500 cuein.

Demineiralized .
watewr cece 40 cuente
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The drief descripiion o3 the manulacturing
tecmolosy of silvering suspensious Tor the eleciro-
tecnnical inductiry and clectronics gives a sumaerized
view on the production piocess, types of raw materials
required, condivions and cquipment needed foxr the
produciion,

‘“higs production oeing oi the laboratory nature
deserves creav carce aud precision from all the
persomiel, The worlkers must be skilled in handling
with chemicagls and in operaiving the machinery and
cquipnent. back of skill may cuuse losses in
production since precious metals arc processed into
tie reguirved form or metal powrder suspensions and
careless naudling wiih nalerials may cause serious
wounds to ihe persomnel due to ihe chemicals liberaving
narnful vapours and dusi. iirotective dresses aud aids

~are to be issued to tae vorkers to prevent health

hazacds.

Laboravoriecs sivuated av itie producvion shop
should cunable an eificient inapeeiion of the entire
produciion procens i, ce 10 ciicck the quality of raw
mateiials, seni-producis as well oo of The final
products wervore despaten Lo cusionnrs,
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The rav maverials used in the production process
are raiher expensive and, ucnce, all residues and
wastes chould be processed to cnable their re-using
in tihe production aind avoid losses and to p.event -
air and vaier pallution,







