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ГАВЗТиЛСТVi

This paper ¿jives a brief description of the 
manufacturing technology of silvering suspensions 
to be used in the electrotechnical industry and 
electronics*

The silvering suspensions are blends of metal 
silver and silver oxide powders finely dispersed in 
baking vaniisli. Some of them to be used in electronics 
contain even metal gold, platinum and palladium*
These coatings are well solderable* They are applied 
as pastes to ceramic parts by brush and baked at 
temperatures ranging from 760 to 800°C*

First of all precious metals and oxides powders 
are prepared to be blended with adhesive components 
and varnish afterwords.

The precious nietal powder is usually made by 
reduction in a warm solution of a reducing agents 
in enamelled, glass or ceramic vessels with agitators 
or by precipitation in a lye. The slurry so obtained 
is to be washed and dried at 60 to 8O0C. The dry 
precious metal powder then is ready to be blended 
with admixtures and varnish to form a paste*

Adhesive admixtures are made of pulverised 
lead glasses, bismuth trioxide and cadmium borate*

Varnish components are made by using appropriate 
thinners In cold or warm slate in enamelled vessels* 
Tney must be viscous and must add good application 
properties to tlxe blend*

The recipes for final silvering blonds must 
be adhered to very carefully and testing must be 
carried out during the entire proceed. The final 
products must be tested for prociouo metal content 
and application properties*

All residues and wastes must be collected, 
reworked and used in the production process again*

The production shop and laboratories must be 
provided with fume hoods and effective ventilation 
system to protect the personnel against harmful 
and unpleasant volatiles and fumes from the organic
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thinners. The personnel must be well trained 
and skilled and outfitted with proper protective 
aids.

All the production equipment such as electric 
motors in mills and exhausters, clumber driers, 
agitators, etc. are to be of explosionproof design.

The production and storage areas in total 
for the yearly production of about 1000 kg of 
silvering suspension amount to approximately 400 sq.m. 
Yearly consumption of'water and electric power is 
about 500 1 and 30 000 kWh respectively.
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i. INTRODUCTORY 1TOT.S

Based upon the interest of a company in India 
passed over to the UI: IhU-C r.e c ho s lo vakia Joint Programme 
for international Co-operation in the Field of Ceramics, 
Building Laterials and llon-mctallic ilineralo Based 
Industries by the UlilBO Vienna Industrial Inquiry 
Service, Industrial Information Section, the manufacturing 
technology of silvcx*ing suspensions for olcctroteclmical 
indust xy and electronics was investigated.

Silvering suspensions to be applied in the 
industries of elcctroteclinics and electronics are 
blends of fine metal silver powder and silver oxides 
dispersed in baking varnish, The suspensions contain 
various admixtures to improve the properties and 
adhecivity of the silver coatings. They can be applied 
cither by brush painting or by silk-screen printing.
Волге of Hue solutions for electronics contain also 
finely dispersed platinum or gold powder, 'ouch 
solutions arc then made into pastes.

These suspensions are applied to ceramic products 
to form silver coatings after baking in electrically 
heated kilns at temperatures ranging from 760 to 800°C.

Production of the precious metal suspensions is 
divided into several phases ami may bo defined as 
a largo .scale laboratory manufacture. All the metal 
powders can be made by the producer except for platinum 
metal powder aud palladium which should bo purchased 
ready made.

It is essential to keep accurately to the 
prescribed^technology and recipes. The production 
shop itself should be equipped with precise device 
for perfect dosage of materials and provided with a 
laboratory to chock the quality ox’ raw materials, 
semi-products and final products.

Tie production shop equipment should necessarily 
be supplemented with good exhauster system to provide 
fox* a perfect air exchange in the production premises 
because of harmful vapours and dust accompanying the 
manufacturing process.



All the personnel Munì» be skilled and well 
conversant with the*work hazards and operation 
of thè machinery and equipment* 'J?iiey must wear 
protective dresses and aids*



ii. Diramo!; oì' products

Silvering suspensions for electrotechnics and 
electronics are suspensions of finely dispersed metal 
silver, silver oxide or their mixture in a varnish 
component• file suspensions contain various admixtures 
which influence the properties and adiieoivity of 
the silver coalings. They can be applied by bz*ush 
or by silk-screen printing, Silvering suspensions 
for miniature circuits in electronics contain also 
a certain proportion of dispensed platinum metals.
Some special suspensions contain finely reduced 
metal gold and admixtures in the varnish component.
All the metal coating suspensions for electronics 
are supplied in the form of pastes to be applied 
by silk-screen printing metnod.

All the suspensions are used to form baked silver 
coatings on ceramic products.

Trio coatings are well solderable by solders 
used for soldering silver layers on ceramics to 
lend good auhesivity to a bisque.

Basic types of silver in;: suspensions
a) Silver suspension fox* the silvering of capacitors 

to be applied by brush - baking temperature 
being 7G0 to bOO°C.

b) Silvering pastes for electronics - baking tempe­
ratine being 760 to o00°C,

c) Sold pastes for electronics - baking temperature 
being 7C0 to 000°C.



III. Bi-HKF DbGCdlPilOI: OP ILUnJPACi'Uiilj ¿G I’iiCHiiOLOGi 
01' SILVIiiHEG S US PjjI<3 IOKG

All the types of silveriny suspensions are 
made by dispersion oi very fine powder substances 
oi precious metals and admixtures in varnish 
components.

llain_rq.y/ materials required Por tae production 
or_silyeriii^ sns2ensiqns..yjd pastes

Chemically pure silver nitrate (AyhO^), 
palladium powder (Pd), platinum powder (Pt), 
chemically pure potash lye (hull), chemically pure 
soda lye (iiaOli), chemically pure ammonia (lhl̂ Oii), 
chemically pure nitric acid (*h.û ), chemically 
pure hydrochloric acid (uGl), commercially pure 
hydroyon peroxide (u^O,,), commercially pure sodium 
carbonate (lia^GO^), commercially pure yluaose, 
commercially pure organic solvents, co;nmercially 
pure plasticisers, commercially pure polystyrene, 
commercially pure motiiylalcoiiol, commercially pure 
othylalcohol, commercially pure minium (Pb^O^), 
commercially pure boric acid , silica (SiO^),
conmiercially pure bismuth trioxide (bi^O^), deminera­
lised or distilled water,clean service water.

a) Preparation oi’ metal silver powder (Ay)
b) Preparation oh silver oxide powder (n^^)
c) Preparation oi yolu powder Cor special compounds
d) Preparation oi adhesive admixtures
e) Preparation oi varnish components
f.) blend in,; and dinpersiny in varnish components in 

compliance with tno recipes i’or the individual 
products



Pine platinum powders, platinum and palladium 
are to be purchased*

IVoduction ol" fino .metal silver powder
Silver powder is made by reducing silver nitrate 

in a solution of reduction agents*
. 'fhc reduction takes i>lace in warm state in about 

100 1 enamelled, glass or ceramic vessels provided 
with agitators* :./hen the mother liquor lias been 
separated the slurry of the reduced silver is to be 
washed by decantation or by washing in a laboratory 
filter press by ¡.leans of demineralised or distilled 
water* xlie thickened slurry is to bo dried in a chamber 
drier at G0°G temperaLure after the washing process*
The dry silver powder is used then for the preparation 
of various blends.

Production of silver o;:ido
Silver o;:ide is made by precipitation of silver 

nitrate solution (AgiiO-j) by means of lye (KOII, liaOfi)• 
Precipitated silver o::xdo (.»g2b) is to be washed 
by decanting or in a laboratory filter press by means 
of demineralised water*

The thickened slurry ie to 
drier at GO to 80°C temperature 
process. Silver content (Ag) in 
of silver oxide (Ag.>G)’ is to be

be dried in a chamber 
after the washing 
the dry substance 
determined analytically*

Pine gold powder is made by reducing auric 
chloride solution by means of reducing agents. The 
slurry of the finely reduced gold so obtained is to 
be washed by decanting with demineralised water first, 
then with alcohol and dried afterwards* The dry 
substance is used for making a paste*

¿^2ii22ii2’2-2£_22al2£i-2..£2Gi2iiU:L,2£
Adhesive components ore formed by easily 

meltable lead glasses, bismuth trioxide (BipO.,) and 
cadmium borate* All tne components ore to be ased



Lead glasses are made by melting of batches 
in a crucible furnace, ’./hen the class lias been melted 
it is to be finely ¿round in laboratory porcelain mills 
Cadmium borate is made by the precipitation of borax 
solution by moans of cadmium chloride, i’he precipitate 
so formed is to be washed, dried and pulverized* Pure 
bismuth trio::ide (iiî Ô ) is to be purchased.

Proauc tion of varnish components
'file varnish components of various compounds 

form tiie coating properties of the suspensions* 
Varnishes are made by solving various varnishing 
components in appropriate thinners. Varnishes are 
produced eitiier in cold or warm state in ¿lass or 
enamelled vessels.

Varnishes should bo inspected for viscosity, 
drying time and application properties.

in very fine particle sices.

Lianufac lurcof final proauc Is
hoexpoa are specified for the individual 

products. Depending on the sice of the production 
the individual components are to be weighed for 
the chorees according to the specified recipes 
accurately.

homogenisation and dispel';;ion of the individual 
charges depend on the c uarac tor of the suspension 
and they are made in laboratory porcelain mills or 
in small throe— cylinder attrition mills.

flake silver is to be ¿round in a small vibrating 
mill before dispersion. Jvcry charge must be tested 
before the dispersion, prososs is completed. It is 
to be tested for application properties and precious 
metals content, fhc required final properties of 
the products are to be adjusted after the testing 
if necessary* ^inal products are to be chocked again 
fox’ the content of precious metals and required 
application properties, 'fho products are packed in 
tightly closed bottles or crucibles and despatched*



ibrocessing^of silver 
no'оai residues

and other orocious

Various i*caidues containing silver and other 
precious metals Tall off during the production process# 
Such residues arc to be collected separately and 
reworked into precious no tills. The residues containing 
precious metals are to be incinerated cud fired first. 
The silver residues arc to be smelted with admixtures 
after the firing. The metal silver then is to be 
separated from inc slag, purified and used in the 
production process again. The residues of the other 
precious netals arc to bo processed by wet.separation 
method.

bastes
Various wastes occur in tue production. First 

of all there are various solutions of soluble salts 
(KhO-j, 17a. ;03, üll/ÿïüj) which are discharged into 
rivers after huvïng been diluted.

Out of gaseous wastes volatiles of various 
organic tiiinncrs such as ammonia (ITirj), nitrogen 
oxides and acid vapours are exhaled into open air.

The production shop therefore must be provided 
witii fume hoods and effective exhausting equipment# 
There must be* due air exchange arranged in such 
shops. The production shop personnel must be skilled 
and outfitted with necessary protective aids.

The entire production of semi-products and final 
products must bo carefully chocked by skilled workers. 
For he control purposes the production shop must 
be equipped with a laboratory whore the quality of 
raw materials, semi-productc and final products is 
to bo inspected.

Apart from a current analytical equipment the 
laboratory must bo equipped with small electric 
baking furnaces arid a device for the testing of 
products application.
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Production og»ipmcnt
The production oi* the silvering suspensions 

may bo characterised as a large laboratory production 
process iron which also the character of the equipment 
ensues# Below mentioned arc some pieces of equipment 
being generally used in such a production pi’ocessi

Largo fume hoods with efficient exhausters, 
equipment for dispersion in small porcelain mills, 
electric chamber drier of cxplosionproof design 
with a thermostat, laboratory washing filter press,
50 to 100 1 vessels with agitators, precise technical 
balances, small three-cylinder attrition mill for the 
production of pastes, equipment for mailing demineralized 
or distilled water, small crucible melting furnace, 
incinerator furnace for the incineration of residues, 
laboratory muffle kilns, equipment for the testing of 
painting materials, small silk-screen printing machine, 
current glass and porcelain dishes, etc#
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IV. ORIEITTAÏIOil DATA Oii PRODUCTION SHOP SQUARE AREAS, 
EK ERG ï AIID WATER COIÎSÜLIPTION

9

The required extent of production being unknown 
apprcxiiaate data ure given as an example of a yearly 
production of 1000 kg of silvering suspensions.
Production and storage area3
1. Production sq. area proper •••••••• 250 sq.m.
2. Raw material, semi-products

and products storage sq. area •••• 60 sq.m.
3. Separate storage of combustibles

sq. area •••••••..... ••••••••••••• 20 sq.m.
4. Laboratories sq. area •••••••••••• 00 sq.m.

i?jin.e,rh2r yearly consumption max. per liou
1. Electric power •••• 30 000 kV/li •••••••• 25 kV/
2. City gas of 

15000 kJ/cu.n.
calorific value •••• 3 000 cu.m. ••••« 15 cu.m.

3. Clean service
water .... 500 cu.m. .

4. Demineralised
water •••• 40 cu.m.
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V. yXHAL kOTL

The bri ci’ description of the manufacturing 
tec'inology of silvering suspensions for the electro­
technical industry and electronics gives & oummeriacd 
view on the production process, types of raw materials 
required, conditions and equipment needed for the 
production*

‘¿'his production being of the laboratory nature 
deserves great care said precision from all the 
personnel* The workers must be skilled in handling 
with chemicals and in operating the machinery and 
equipment. Lack of skill i.iay cause losses in 
production since precious metals arc processed into 
the required form of metal powder suspensions and 
careless handling with materials may cause serious 
wounds to the personnel due to the chemicals liberating 
harmful vapours and dust* Protective dresses and aids 
arc to be issued to the workers to prevent health 
hazards.

Laboratories! situated at the production shop 
should enable an efficient inspection of the entire 
production process i. c, to check the quality of raw 
materials, semi-products as well as of tho final 
products before despatch to customers*

The raw materials used in the production process 
are rather expensive and, hence, all residues and 
wastes should bo processed to enable their re-using 
in the production and avoid losses and to prevent 
air and water pollution*




