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T.R.E. IECRAIDUM NO. 27.

UNCIASSI )

THE PREFARATION OF CARBOW h.STI F IIS FOR PRINTED
WIRIN( RESISTORS

Difficulty has been experienced in obtaining resistance film sheet
material from resistor 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. INTRODUCTDN

The use of carbon or graphite, in powdered or colloidal form with a
synthetic resin binder, as a resistance element for volume control tracks
is common practice in the radio industry. The use of such track material
as the resistor element for printed circuit techniques has been proposed in
Technical Note No. 43 - Aspect Ratio Resistors for Deposited and Printed
Circuits. T/hbn uniformly coated sheets are used in this way, or when the
resistors are sprayed in position on a printed panel, a suitable resistor
varnish is required. Most qomi rical organisations making carbon film
potentiometers have developed their varnishes over a number of years and
can prepare mixtures that are practically repeatable. Their formulae are
the result of considerable experience and it is evident that there are many
variables, not only in the ingredients, but also 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 methods of applying the varnishes. The electrical
characteristics are not discussed since they are similar to those of the
carbon film volume controls.

2. RESISTOR PAINT FORIUlAE AND SPEOIFICATION

The synthetic resin used as a binding mdium for the c nductive parts
of the mixture can be obtained prepared in the form of an oil bound varnish
or as a pure oil free resin varnish. These varnishes can be diluted with
solvents so that the conductive particles can be dispersed by ball milling.
Alternatively the conductive portion can be obtained as a dispersion in the
solvent ready for diluting the synethic r.:sin.

2.1 Oil based s3mthetic resin varnish

Since the commeroial synthetLo resin lacquers are not normally supplied
to a rigid specification, it is found that the composition varies
considerably from batch to batch. In order to reduce the variables in the
process it is advisable to have the binder nzde up to a specification. A
typical formulation for an oil based resin has been recommended and the
details are given below:-

Parts by weight

Resin - 1 Pure Phenolic, oil reactive heat
hardening resol. 100

Resin - 2 Modified phenolic resin consisting
of ResirVGlycerol Esters modified
with a diphenylolpropane firmalde-
hyde resol. 100

Drying O Is Tung oil (China wood oil) 200

Driers Cobalt X.phenate 5
Lead oxide 12

Solvents Xylene 500



The binding medium is prepared by dissolving the pure resin in the
drying oil at about 2 00Ct. The lead oxide is added as a thin oil bound
paste at 240cO and diasolved. The modified resin is then added at the

same temperature. About 100 parts of high ccnductivity acetylene black

is ground into the binding medium with a ball mill, adding the solvent 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 resistor should be stoved at about 150Cb. A protective varnish
coating of the same composition as the binding medium should be applied to
the exposed surface of the resistors.

2.2 Oil free synthetic resin varnish

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

Araldite resin 985 E approx. 350 parts bywvight
Carbon black 10-200 parts

The following Solvents are required:

Diacetone alcohol 420 parts
Toluene or Xylene 120 parts
Methyl or Ethyl Acetate 60 parts

The quantities and solvents for applicatin by rollers vary
considerably from the above.

In the case of steel rollers the recommended varnish is approximately:

500 parts (wt) Araldite 985E
560 parts Methyl br Ethyl Acetate
85 parts Toluene
82 .Prts Diacetcne alcohol.

The suggested formulae for synthetic rubber rollers is approximtely:

555 parts by weight Araldite 985E
385 parts by w::eight Diacetone alcohol

60 parts by weight Methyl Ethyl ketone.

The suggested formulae f-.r application by gelatine rollers is
approxian tely:

700 parts by weight Araldite 'Resin 985E
115 parts by ,,eight Tetrahydronaphthalene

(Tetraline)
115 parts by weight Xylene
70 parts by weight Diacetone alcohol

In each case the required quantity of conductive media must be added
and dispersed in the varnish in a ball milling or a colloidal griner.
The completed resistor film has to be stavoed at between 1600 C for 40 to 80
minutes.

2.3 Colloidal graphite dispersions

Resistance films have also been prepared satisfactorily from colloidal
graphite dispersed in the fcllowing solvents and added in suitable
proportions to the appropriate synthetic resins.
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Dispersio medium Synthetic ROsin

: Acetone Ethyl Cellulose
:Naphtha T Iolystyrene

',7at er Cresols

Xylene Pheol Fcrmaldehyde
13 ncnc Silicone "Resin

Com lx solvent Ethoxylene Resin

Stoving temperature and tixre depend,; on the synethic resin that has
been used. Similar synt etic resins have boon used in both Germany and
America for the production of carbon film type resistors and volume
controls. Some typical formulae are given below and these have been
abstracted from the references given.

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

2.4.1 "Sator" volume Control Tracks (see B.I.O.S. Report No. 567)

1.2 kg. Carbon black and 2.6 kg. Bakelite lacquer (German No. 362)
dissolved in 980 cc of equal parts of ethyl alcohol and benzene. The
whole was ground in a porcelain ball mill with silica balls for 200 hours.
The mixture was modified by adding bakelite lacquer and solvent until the
required value was obtained. It is necesry to ball mill after each
addition. The resistance elements were stcved at 180C f.)r 3 hzurs.

2.4.2 "Preh." Volume Cntrol Tracks (B. I.0.S. 567)

50 grams of carbon black to 5CO grams Bakelite varnish for 1 megohm
element.

The mixture was pissed twice through a colloidal grinder, once at
20 minutes per liltre, then at 40 minute per litre. Stoving was also
carried out in two operations, once at 90t for two hours then at 130-140t

for 40 minutes.

2.4.3 N.B.S. Resistor Paint Formulae N.B.S. Circular 468

I ; Stoving j
R ThicknessI Pigment Binder Solvent Temp.

1000 .003 in. 38;4 Graphite 62Z4 Silicone 275oC
2000 .003 in. 35 Carbon Black 70" Siliccne 275-C,

27', Graphite resin
5000 .003 4%o Carbon 77, ,lilicone 275)C

19 Graphite rosin
25000 .003 121 jarbon I17,r Phenolic 33.Xse:" e 175 C

381 Graphit-
25K to 0015 to 7 Carbon 7 2 Silicone 21L. I3uzme 275%C
50K 003. black r e sn

50K to .001 to 11% Carbon Blacki 661 hy 50C
1 meg. .004 2.4 Graphite Cellulose

Ball milling c." rixture is nce'ssor mnd shbuld be carried :ut fci at
least 72 hours.

3. APPLICATION OF RESIST(,? PADUTS

There are two principal ret:o,h -f arplying synthetic resin films to
insulating materials suitablt for re-istor detoositicn, These methods are:
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(a) Spray coating by means of compressud air jet.

(b) Printing, including roller and capillary coating methods.

3.1 Spray coating resisto.r paint

The application f* resisto,-r 1,-ijnt by means -of a spray gun is the
method most commonnly used comme-rial1 v nd tI oi follo:wing ire amo--.ng the
factors wIich have to- be taken into :ic.,ount t- !Assist in obtaining a
repeatable f ilm.

(1) The distance -f thu Eun fr-r, tike insulating Ma'terial.

2 h speed of' travel of. thke bqse on~ i utlative to, the- gu.
3 The air &resosur< a.rlited -!: thi ;wi and the f-jsening X the

e-ntrolable jut.
S4) The size o-f the fxdjet.
5) Th e shape oif the iet -f paint.

(6) The positio-n o" the r it r ara relativu t- the line ora
to the axis -f the- Jet.

(7) The viscosity ofthe, pnirt.
(8) The tfprtr t tle' ant,
(9) The2 tem.,:erattru - the air and thc insul tino bA S.

S10) The humiditoI -f the atmfsph- r,- thr ueh .-.hich VP paint ass
11) The nuinb r of coats o~f p iint 'pidoe the area7.

(12) The le vel o.f the tcaint riixtur e, in thc spray gun co-ntaine.r and~
ho, w longj thu jp!int h- : ' nthrS

Vairiations in th, aoesiin 3n the co-nstitue nts X tlhe- paint
itself and stovinpe timre -in3 ter1-eraituro pr-vid E: .t lcest %s inany vairiabl~s but
these wo,,;uldl be cotuac.,n t -thr r .ho -f ri -t n. v~l the
factors listed can be aiu tox -ticalhy c !i-r-. -,-d ond tP' tt c'r-i:,ue h)as zen s,
wrell develcped by the inrdostry tha t stt ndo r;! 9vvinti-ns c the o-rrder .. 5"
have been achiaved in ,r -uct~i n (o~ S re- ) i). ray to uns rc arrano-C!
a t fixed distanc es fr-r- th- ' :,rl.aI!'Ppatl t7o be ,1 r-ss byj ;t
c , nstant sFpeed. Th-- s-. rav gn-ns '.rc aet to "Icey s -xic dn just be ,fr
the Y.-rk Lassaes in frcnt. )a sitin r t!-e res'--t,:r ar a relative. t,
thte line nf-rmral t- th.e i th, jet intn do-ces -- rAo can L -ei- 'in
attitui-e fact- riand i, s-: s it i.- t,, iro rr t ~ i r .4~
laying out thte re-sist-r -ihenm 'in enr vd n~ean- r i ui this ettl
facto.r is not s- nor'- rtint -'-- ;e( n tl ~c rdic m-t, is~ use-d.

3.2 Frintin-, ro,tor inl]

Printinn-.T V orn-1 L, --I f r t rn -2]rs is 1 -i otbuhe
contoecir irn..ec -taoio d oc t r *nt-rl,-vIt.: . 'or 7.re

bcth coa-t-:dj in this aarr. St 1ol ru 1' a I r Jati-eri> r r used and3
formiulae for suitableu -vrnishies ,.r -n eot4-an 2. -,,n +,:--~ho is
the capillary coa-tin:: ulsoc o-- o -r V-171 C A ' i r -nr!oIts. .!P 0-rd
mte-rial passes under 'n,.-d of , ' bc. iliary syihlnnd ' Il o f
carbo,-n -atnd resin is dr-tn ,.ut -ove~r t h'-, -ir The claac eoenthe
sypbon and the c-rd :1otofc t h n 'i eE-Sited, Jio ti
usual t'- mraintAn thIsis n 1 me-,nstl-, i'nd t .itain th. reo uired.
resistance range by th ,O~f~t 0 thL binder -ind con-dulting pigr.ent.
To deposit separate rusist., Os numb cailar stencil Leuns such ais
the large~st Unn typt- coul-d Le uskl.

The dIesigr. c-f a sutb ot-te p intiwn t~ oco'at oards say six inches
or re idew' ld ntal acanj hr h amunt -f development work, bLuta

machine to deposit seaaeroni-- r using stencil pens could b, od
comparatively simply,

The factors affecting the ability t-. rep oat reselts a r-a not sc.
numerous as thosu involvud in th-e- sprayinf- operation -and3 it has be-en
noticed that the films deposited in this manner ore mere uniform in



appearance. The accuracy of th(.. ; ho6 . fa n. th' d Eoign (A' tho
printing machine Rnd the un~fifr.mity *v Vnvio"tancc :nixturc. The
humidity, temnpera3turet and attitu-oi, ot, r *qro wn' s,,- important as in th o
spraying method. The rclLer prinl-in6 Jinthn-3 ntocessitab:te- roc-eing one
ur both sides of the sheut with ri ,itruice ink and then reiirving this from.
parts of the sheet by light sanf' blasting, scratch brushing, o r by
chemical means, thus forming the aspeot r-itin resisto:rs.

4. CONCLUSIONS

To undertal e thc- prc~v'ir ~tion fof c xrtur. rosiin fibre o t n 113 t ixg
panels several ccurs..s ..f aetia --re- Tlo,.,-£ oil b .7c r.:,,ns
require considerably mor-e appar-tuz aind ': p r,?p-ire taaj'.U tho Ai. free
resins. Cormoocially A~vailarblec wirniohL-s niri usdt- .V'IiA
based v'irnish has any particula-r ni rit, is-a'2~
laboratcry vmrk shosuld bc c-nfined to t;' I

The apparatus eqiedPortrroL'g1
cumbersome and co mplu:x t-- baaf it i-. t- :l jIocibicj
results. The efifcrt ~nev.dis not- a :r r.ti j f tho
cos-.rarative sixnlicity a ndclen'eot'n apr)i: r. -Thne rc
developmecnt eff,.r3 ;-nul 1:.-, rrdCr~. ei~ -. ,
printing vachino tha n far the ora tl r!.aooa lr A
c-znsidered thait Lrcea-t(,r contr .1 x, r isjaa.zo :lIP Yt'y;'r.
capill:ry or rc,1llcr prirtto mohu~

A JT'~ V. R. CON-7AY

Numbercd pages:8

Dravwing No: PTR i/6

1st June, 1950

S.No.F391.
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SELMTICNT TOLERANCE ON SIRAYK) VOILUME CONTROL
TRACKIS

Some vari-ible rci',t,.rs were rir- UeasCu-'tcrrl in
an equipment wht~ru space wis lii~tA. 11,ti ck r,,, r . ..o. eer cLa I
miniature p:stenti.aat-.rs -wtro 'btain -I t' t' a! :anbly dl1ructly cn t:-- a
terminal panel. S ince: it a-ans 7ncwn t trl t thiL . :r t icul-ar mn, i'aotur(.7 usod

an automratic spray plant, thu t-ricks -;.' o, !7,-jur'2d cn rceiei. tc. a-scertain
the distributia.n L f the. res.otanuce vaib:o . '21 _ =Amnal t lr-nc -,t
given as + 2V,'%

The first batch ','rs f' 51 sart j ;f A . n.cicinal 25,GCG 'h-jns. The
avrage resistance viluu of the2-- m n'! c r, iv s '4 .21 Aims. The
standard deviaticrn fran- this a-s(_.5481'. Lhr r 2.67~. Thc rango ini
res is tance value was 22.61' tc, 25. _4 r r -c66 tol + ,.' f the ,ver as,-.

The seccnd9 batch ccnsist%-. " r_, 13 f %ag _.in in tmina1 2.5K
ohs nd this timne thu w-v:r-i;7 vc'u6 3'ais. 7CC - a -.rn .1a r 1

deviati,-n v;-as 1.6831: ehr.s -r 6. -n, h r -sipanc-_ rnge, fr-_r 22.2KI to
28.2 K cr -13.2a;" to +10.6-,

The third b',-tch was :_11'. hunirA '; TI 1GCO ohm~s normi i
resistance and havrrecarntu cut t' Ql, hr,-; Th.. tncrI ev;Aicn
frcm this value was 76.05 .'Thins orc.37 r"h,; tnc ranjc73 in this
case was fra-n 700 -hins t-,- 11C" 'm ho'r -23.Z. tr. +2.6-' c th,
avcerage. These, tracks i.~cf-' iiJt~ t-r ~rai ~ rea
vras smaller than th rlier batc-js. Th - "tsfrom aC. hroe ba.tcl tS
are illustrated in 7i-ire 1 attaohd.

-6-l



SEILCTS11 'C4 '12C4 SC1TI21! iUlAAR { C01IJ'ED

Six :iamuls w~ch cri., inch scl tru .. . 1:. t vr' f. r- c~~i
was 574 ohmns and stnnirl FUv:!iotn i.~ n Iln'. :n. 1 h
inch 3-.1ii-re the wvr ig - r,-cin-tn , '.7 , IhmS -tl t",., t 1;

*ievid~iLn 7ms 135 . Eloven sarpl 1 . ch qu'artr inch wr, cr .
measured, the awrage resistanco i 7K hnis 7nd -.m-tn s 15-T%.

Eight,=n resi- is va r r lb~cs wt~rc ::cisur -1,h

stanl~rl d vitin 'r 'M thx T i2 ,ur -%vr-s 1

resist~rs Af ons On& a junri nw v~l KU.- er vqiire
OM~ ja-r sqjuire, luvi .1 1-n Ar in 1, Zin.1 w> n 3.4 '. Dnviti ci fr-. th-

mumc -mas 9.3. To~n r w04 >rs -C nci. .rl CL: jT 'n&c t
quirter inch sou, ris. v .xr n' rusl: t!,f. ; -K, io~iir '~.bcth
ncininal, !mil -iver g r .1st c.- m*j nic'bl .7o s > i,;

be roanir d t. crr ut a u rr wt tWI 1"!~. aubn. tl., but Own,~

reu' iiic-t th t rr.' n A, 1. pm - n~ t; v. 1 u a rnvui y.as
D'i~lll n hy cI
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AP~PENDIX31

APPAR~ATUS RIQUIRED FOR PREPARING CARBON PIGE1WTED

The following lists show the rninimur'.equipment required to commence

Drying oven for stoving prepired shout (thermostat c-,ntrcl uL)
to 350CC.

Filters for remroving insoluble matter
Electri , stirring appa-ratus
Solvent forkepn pariucln
Resins and Solvents.

, ,aitional equipment for preparing oil based synthetic resin varnish

Sand bath heater to raise temperature to 3000C.
lY!etal kettles fo:r c,-oking resins in l
Grinding machine fsr powdering rCsins
Resins, oils, driers, and solvents.

c onducting mater ials

Acetylene or carb :-n black (shawiin igan Chemicals Ltd.)
Powdered graphite - Messrs. Hiultiple Actingr Flux Ltd.
Colloidal graphite dispecrsed- in solvents (AchescnsClcist)

Laboratory apparatus

Weighing machine and weights, meas3uring flasks
Spatulas, stirring rods and asr ekr
Filters, filter papers and stands
Thermometers up to 400crC
Clean and drying cloths
Screw tfoc jars (Kilner) f-:r mrixtures
flessicators and crucibles for Irying powders

The aplparatus require d for the aeloain f the resista-nce filn,
is listed below.

Spray gun applicatirn (special r -p an.- e.xhaust fans required)

*Dry c-ompressedl air supply andi przssure ountrol
Spray gun with feed pipes
Assortment of fixyed jets for gun
Liquid containers f-:r spray guns
Notor driven turntable3 to hold maksed work
Electrical controlled air valves fo-r controlIling compressed iir.

Printing method (can be operate-d in norrmal 2aboratiry)

Notor driven or hand coperated printing maichine to, be developed,
us ing capillary tubing or rollers.

1st June. 1950
S.No.F391.
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