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T.R.B. MEMORANDUM NO. 275

UNCLASSIFIED

THE PREFARATICON CF CARBOW RESIN FIIMS FOR PRINTED
WIRING RESIESTCRS

SUMIARY

Diffioulty has been experienced in obtaining resistance film sheet
material from regsistor manufacturers for printed circuit application., A
survey has been made of the problems involved in producing the required
resistor sheet in the laboratory, and the memorandum outlines methods and
materials required to carry out further experimental work,

1, INTRODUCTION

The use of carbon or graphite, in powdered cr ocolloidal form with a
synthetic resin binder, as a resistance element for volume control tracks
is common practice in the radic industry. The use of such track material
as the resistcr element for printed circuit techniques has been proposed in
Teclmical Note No, 43 - Aspect Ratio Resistors for Deposited and Printed
Circuits. Vhen uniformly coated sheets are used in this way, or when the
resigstors are sprayed in position an a printed panel, a suitable resistor
varnish is required, Most gommericel organisetions making carbon film
potentiometers have developed their varnishes over a number of years and
can prepare mixtures that are practically repsatable. Their formulae are
the result of considerable experience and it is evident that there are many
variables, not only in the ingredients, but alst due to the atmospheric
conditions under which the mixtures are prepared and methods of application
of the film, A number of formulae that have been developed are given in
the Section 2 of this Memorandum, The third part of the Memorandum
discusses some methcds of applying the varnishes, The electrical
characteristics are not discussed since they are similar tc those of the
carbcn film volume centrols,

2, RESISTOR PAINT FORMUIAE AND SPECIFICAT ION

The synthetic resin used as a binding m~dium for the cunductive parts
of the mixture can be cbtained preparcd in the form of an cil bound varnish
or as a pure oil free regin varnish., These varnishes can be diluted with
sclvents so that the conductive particles can be dispersed by ball milling.
Alternatively the conductive porticn can be obtained as a dispersicn in the
solvent ready for diluting the symethic r.sin.

2,1 0il based synthetic resin varnish

Since the commeroial synthetic resin lacquers are not normally supplied
to a rigid specification, it is found thet the composition varies
considerably from batch to batch, In ordur to reduce the variables in the
process it is advisable to have the binder made up toc a gpecification. 4
typical formulation for an oil based resin has been recommended and the
details are given below: -

Parts by weight

Resin - 1 Pare Phenolie, oil reactive heat
hardening resol. 100
Resin ~ 2 Modified phenolic resin consisting

of Resin/Glycerol Esters modified
with a diphenylolpropane formalde-~

hyde resol, 100

Drying 0%1s  Tung oil (China wood oil) 200
Driers Cobalt Nophenate 5
Lead oxide 12

Solvents Xylene 500
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The binding medium is prepared by dissolving the pure resin in the
drying oil at about 200°C., The lead oxide is added as a thin oil bound
paste at 24,0%C and dissolved, The modified resin is then added at the
same temperature. About 100 parts of high conductivity acetylene black
is ground into the binding medium with a ball mill, adding the sclvent as
required. The mixture requires about 48 hcurs milling, The liquid
driers (cobalt naphenate) is added during this stage, The resistor paint
can be applied by one of the methods described in Section 3 and the
completed resistcr should be stoved at about 150°%. A protective varnish
ccating of the same composition as the binding medium should be applied to
the exposed surface of the resistors,

2.2 0il free synthetic resin varnish

The comparatively new, oil-free compound resin, Araldite, can be used
as a binding medium for s resistance paint. Carbon black, powdered
graphite or colloidal graphite are ground into the resin in the usual way.
The composition of the varnish depends cn the method of applying the film
to the insulating surface., A typical formula for spraying is as follows: -

Araldite resin 985 E approx. 350 parts bywight
Carben black 10-200 parts

The following Solvents are required:

Diacetcne alcohol L20 parts
Toluene or Xylene . 120 parts
Methyl or Zthyl Acetate 60 ports

The quantities and sclvents for application by rollers vary
considerably from the above.

‘In the case of steel rollers the reccommended varniéh is approximtely:

500 parts (wt) Aralditec 985E

560 parts Methyl or Ethyl Acetate
85 parts Tcluene

82 garts Diacetcne aleohol,

The suggested frormulac for synthetic rubber rcliers is approximtely:

555 parts by weight Araldite 985
385 parts by weight Diacetcne aleohcl
60 parts by weight Methyl Ethyl ketone.

The suggested formulae f-r application by gelatine rollers is
approximately:

700 parts by weight Aranldite Resin 985E

115 parts by weight .Tetrahydrcnaphthalene
(Tetraline)

115 parts vy weight Xylene

70 parts by weight Diacetone aleohol

In ench case the required quantity cf cenductive media must be added
and dispersed in the varnish in a ball milling or a collecidal griner,
The completed resistor film has to be stoved at between 160°C for 40 to 80
minutes.

2,3 Colloidal graphite dispersions

Resistance films have alss been prepared satisfactorily from colloidal
graphite dispersed in the fcllowing sclvents and added in suitable
proportions to the appropricte synthetic resine.

-0




Dispersim medium Synthetic Resgin

Acetone Ethyl Cellulose
Naphtha Pelystyrenae

Water Creacls

Xylena Phenol Formaldehyde
Benzene Silicone Resin
Gomplex sclvent Ethoxylene Resin

Stoving temperature and time depends on the synethic resin that has
been used, Similar synt ctic resins have been used in both Germany and
America for the production of carbon film type resistors and vcolume
controls. Scme typical formuloe are given below and these have been
abstracted from the references given.

2.4 Pormulae for Carbon-resin Resistor films used in Germany and U.S.A.

2,4.1 “"Sator" volume Centrol Tracks {sse B.T.0.S. Report No, 567)

1.2 kg. Carbon black and 2.6 kg. Bakelite lacquer (German No. 362)
dissclved in 980 cc cof equal parts of ethyl alecohol and benzene, The
whcle was grcocund in a percelain ball mill with silica balls for 200 hours,
The mixture was modified by adding bakelite lacquer and sclvent until the
required value was cbtained. It is neceussary ts ball mill after each
addition, The resistance elements were stocved at 180%C for 3 hours,

2,4.,2 MFreh," Velume Seontrsl Tracks (B, I.0.S. 567)

50 grams <f carbon black tc 500 grams Bakelite varnish for 1 megohm
element.

The mixture was passed twice thrcugh a colloidal grinder, once 2t
20 minutes per li‘re, then at 4O minute per litre, Stoving was also
carried out in tws speraticns, once at 90C for two hours then at 130-140°C
for LO minutes.

2,4,3 N.B.S. Resistor Paint Formulae N.B.S. Circular 468

. . ! i Stoving |
R ,rThlckness Pigment : Binder Solvent ; Temp, |

| !

1000 | .003 in. | 385 Graphite |, 6273 Silicone i 215%

2000 .003 in. | %4 Carbon Black ; 7073 S8ilicene i 275¢ !
27,5 Graphite i resin ’ . |
5000 | .003 17} Carbon . 71, Gilicone 275°c |
195 Graphite | resin ‘ .
25000 .003 12,5 Carbon | 177 Phenslic | 337 Xylere | 175C !
38;’» Graphito ) ) o :
25K tc| 0015 to | 7+ Carbon 72 Silicone | 217 Benzine 275%C |

5X 003. black resin i
50K to| .001 tr | 11% Carbon Black) 66% Tihyl | 505 ]
1 meg.!| .00L ’ 2% Graphite | Celiulcse , ‘
¥ v ! h

Ball milling of mixture is nucezssary ond should be earried cut for at
least 72 hours,

3. APPLICATION OF RESTSTCY TATHTS

Therez are twe principal metiods :f applying synthetic resin £ilms to
insulating materials suitable for recistor depositicn, These methods are;
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(a) Spray coating by means of compressed air Jet,
(b) Printing, including roller and capillary costing methcds,

3.1 Spray coating resistur paint

The applicaticn of resictor kain" by means nf a spray gun is the
methed most commonly used commereiallv and tho following are among the
factors wiiich have t- be taken intc agecunt b asgist in cbtaining a
repeatatle £ilm,

(1) The distance ~f the gun fr.om the insulating miterial,
§2 The speed of travel of the base tutorial relative to the gun,
The air pressure applied v the jun 2nd the cpening .0 the

c.ntrellable jet,

The size of the fixed jot.

The shape of the jet of paint,

The positicn of the resistor area roelative to the line normal
to the axis - the jet,

The viscosity -1 the wvaint,

The temperature f the paint,

The temerature o the 2dr and the insul:ting bas-z.

The humidity; <f the atmosphure thr ugh which the pain

The number of ceats of paint 2pyplicd over tm aren,

The luovel of the paint mixturce in the spray gun ceintainer and
how leng the peint has boeon there,
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Variaticns in the compcelition and the constituents ot the paint

itself and steving time and temrerature provide ot lesst s many variablos, but
these would be commin t-" mﬂrwr methede ~f o vlie tion, Scvoml of the
factirs 1isted can be sutomntiealily ¢ nir- .d and the tucinijue has been so
well develcped by the mduwr;‘ thot stwmdsrd doviati-ns of the crder 3 57
have been schizved in jroduction (s apvendix 1), Spray guns arce arranged
"t fixed distances fr-p the work anl 0 panels to be s;,ra’y-;d, r4ss8 by 2t

nstant specd.  The siray guns =re ant m tically switehod on Just bofara

v

tne work passes in front, The tosition £ the resistor 2r a relative t-
the line normal t- the ixis ¢ the jet intr duces -vwint n
attituie fact r and in s-m: cngoz it iz ne sy te en
laying -ut the rwvi-t r pancl. J4hen An ensywo d mEang this attitul
factor is nct 3 impr rtant 2o when the as.uct L
3.2 Frintine rezistor ink

frintine 1 varnishies fromor v 13-rs ig als. - -oLit oot tlished
C”IT"C‘I‘Ci&:L 'r'acticu_: Swemed goap v e ormer intorlesving oL vor ore
both coat-d in this nanmer,  Steel, ruvber and relatine r-il.ors wre usced and
formulae f‘or suitable varnishzs are ilet d on weetirn 2, anthoor pothod is
the capillary coatins usced nos v oniercind vilume 2 nfrels, Thsoenrd

-1
material passes wnder the nd of o 0% cnydillary sytbon and o {iln of
carben and regin is drowm sut over thoe card. The clearance betoeen the
syrbon and the card duterpines the: thiciness 07 the lgg 51t3d tilm, It is
usual t~ maint-in this t.nee ernstan’ and 5. Sttain the reguired
resistance range by th: o ozitin - the binder and condusting pignent.
Tc depesit separate resist ors 2 numbor 0 capillary stoncil peng such ne
the largest Uno type could Lo used,

4.

The desigr <f o suit-bic grinting rachine tu cot ocards say six inches
¢r ore wide wuld entail o considerable apownt of development work, but a
machine to depnsit seoparate resist-rs using steneil pens could be mnd
comparatively simply,

The factors affecting the ability t- regoat results or2 not sc
numersus 2s those invilved in thoe spraying opernticn and it has been
noticed that the tilims deposited in this manner «re nere unifeorm in
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appearance, The accurngy of the m.thod logmds on the design of the
printing machine and the wniformity o7 b rosictance sixture,  The
bumidity, temperature and attifudo v.oturs are not so important as in the
spraying method. The rcller printing methed nocessitates covoring one

or both sides of the shect with resiztancs ink and then reanving this from
parts cf the sheet by light sand blasting, scrateh brushing, or by
chumical means, thus forming the aspest ratio resistors.

2
r
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4, CONCIUSIONS

To undertake the preparotion of curbun regin filiee on insolding

panels several courscs of acticn are possible, The 0il based resins

require considerably more appor-tus and offort to prepare than the o1l {rec
resins, Commercially available varnizhes cruld L0 asoa :

L0 Lhe o

-

based varnish hag any particulsar merit, othoewiso 16 is
laboratory work should be confined to the

1T free rozins,

The apparatus required ror sproving voel (vl
cumbersome and complex to o erate bub it ods
results, The efi'crt invelved is not eenzider-3 jus
comparative simplicity ond clean ~poretion of o prir
development effort vould Lo roquired for the
printing machine thon for the erecti-p of
cansgidered that greater contr.l over s
capili~ry or rollicr printing machine,
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APPENDIX 1

SELECTION TOLERANCE ON SERAYED VOIUME CONTROL
TRACKS

Pt g

Some variable rosist ors were roguirce ! v use g pro-seb controls in
an equipment where space wis linited, The trcks "row eongercinl
miniature potentiovmeters were cbain-d Uor ascaably dircetly on to 2
terminal panel. Since 1t was mown tnat the paticular manmgzetura used
an automatic spray plant, the fracks wore meawsured n orecelpt to zscertadin
the distribution of the reeistance values, The nopinad tolerance:
given as + 2G5,

Mg

The first batch was of 51 gamples <f - nominal 25,000 whins, The
average resistance value of the zam les rec:ived was 24,2 ohms, The

standard devisticn Trem this was C,548K ~hms or 2,67, Th i
resistance value was 22.6K to 25,4 or rrom 6,677 too+ 4,900

¢ range in
. the average.

The seccnd bateh censisted o 80 sarpl-z o f 2gain » nuninal 25K
chms 1nd thiz time the averaee valu. w.s 25,5 ~hms, ko soandard
deviation wes 1.683K rhms or 6,67 ani the rosistance ronge {rom 22,28 to
28,2 % or =13.2% to +10,€7,

-

The third batch vas of 2 hundred samiles of 1CC0 ohms nominnad
resistance and tho average cume cut & QL0 hms, Th. standard deviaticn
frem this value was 76.05 chms cr 8,347 The resi tanes ranecs in this
case was fr.m 700 chms tu 1100 ~tmo rr o ren =23.27 t0 +20,67 . the
average.,  These tracks were from - minicture :
was smaller than the carlier bateh

r irpetor and the area
=3, The results from the hree batebues

are illustrated in Fisure 1 attached,
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Several shects ot v.lume <onbr 1 vy osen-
PN 3 §

i viain .
M

c.ated by o eapeillary motho lws
vy tho methzd deseribd in T W,

Six samyles crch ons inch saace . thie wo
was 574 chms and stani:rd Awcvinti-n e 5.8 “n nin.
inch square the averps recistansoe e 5,75K ohms anl th
Jeviatiin was 3.5 . Eleven sarpl.s - .ch quaricy inch sy
reasured, the average rasictames LUTE rhme and deviction o

Bightcon resi~mrs of vari s as_cet rabics were oo
stand~rd deviaticon from o the pean s s 3Are was |l
resistors of one inch gpurs nowin.t vaoe. OOV
SOK per sguare, devi.tlon fr mNocinll v 13040

bt ]
mean ms 9.3 "acmdng 100K sy
PR AUV (O Ation freou

quarter inch saw r -

neminal and awver sge rooaistarcs wee ,.67° Gonsiderably mer
ba reauir 4t en e cal Lxanin YL
results indies - ovhr vialee
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APPENDIX

APPARATUS RVQUIRED FOR PREFAR ING CARBON PIGMENTED

RESIN VARNISHES

The following lists show the minimum equipment required t5 commence
experimental work on making carbon resin resistors,

Equipment fcr cil free resin varnish

Ball mill or cclloidal grinder for mixing resins and pigment (~bout
1 litre capacity).

Drying oven for stoving prepared sheet (thermsstat contral uy
to 350%C.

Filters for removing insoluble matter

Electri¢ stirring apparatus

Solvent for keeping apparatus clean

Resins and Sclvents.

4dditicnal eguipment for preparing ©il based synthetic resin varnish

Sand bath heater tc raisec temperature to BOOCC.
Metal kettles for cuooking resins in oil
Grinding machine for powdering rcsins

Resins, oils, driers, and solvents.

Conducting materials

Acetylene or carbomn black (Shawinigan Chemicals T:%4.)
Powdered graphite - Messrs., Multiple Acting ¥lux Litd,
Colloidal graphite dispersed in solvents (ichesens Colloids Ltdy)

Labcratory apparatus

Weighing machine and weights, messuring flasks
Spatulas, stirring rcds =2nd asscri:d beakers
Filters, filter papers and stands
Thermcmeters up to 400T

Clean and drying cloths

Screw top jars (Kilner) for mixtures
Dessicatcrs and crucibles for irying powders

The apparatus required for the avglication of the resisiance film
is listed below.

Spray gun applicaticn (special r om and oxhaust fans regiired)

Dry compressed air supply and pressure zuntrol

Spray gun with feed pipes

Asgortment of fixed Jjuts for gun

Liquid conteiners for spray guns

Mctor driven turntablc tc held maksed weork

Electrical controlled air valves for cmtrslling compressed air,

Printing method (can be operatzd in normnl labcratory)

Motor driven or hapd cperated printing machine t2 ke developed,
using capillary tubing or rollers.

15t Jume, 1950

S.No F391.
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