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ELECTRICAL AND ELECTRONIC COMPONENTS 

MADE OF A POLYAMIDECOMPOSITION 

The present invention relates to electrical and 

electronic components made of a polyamide composition with 

an improved stability under soldering conditions. 

The introduction of the surface mounting tech-

10 nique {SMT} makes it possible to put a large number of 

components on a circuit board, which is necessary partly 

because of the recent progress in the field of 

miniaturization and the improved performance of various 

apparatuses, and partly to ensure a further improvement in 

15 productivity. In the older techniques used for soldering 

components on a printed circuit board, pins attached to 

the components are pushed through holes in the circuit 

board. The ends of the pins are then brought into contact 

with a liquid solder, so that they become fixed in their 

20 position after cooling. In this method, the components 

themselves are not exposed to the high temperatures 

involved in the soldering process. In the surface mounting 

technique, on the other hand, the components are indeed 

exposed to these high temperatures. 

25 This means that only poly~ers which have a 

melting temperature well above the temperature involved in 

the soldering operation, e.g. above 265°C, can be 

considered for use. This rules out some conventional 

plastics such as nylon-6, nylon-6,6, polyethylene tereph-

30 thalate and polybutylene terephthalate. The problem with 

high-melting polymers such as polyphenylene sulphide {PPS) 

and aromatic polyamides, on the other hand, is that their 

mechanical characteristics or processing properties have 

certain limitations. 
35 However, polytetramethyleneadipamide, an 

aliphatic polyamide-4,6 with a melting point of about 

290°C, is much better in this respect, for it can be 
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processed even if, it has a very small. w.all ·thickness, and 
. .. . . . : ·.. ~-. _. . ., ·.·; . . . . . . ·.. . :·_:·.:::,·.--~-

it exhibit~· .gop~:l.:: ~~9ha,~ic;al_ .pro.pet:ties. No problems are 

encountered when electrical and electronic components made 

of. this polyamide:-4,6 .~r.e inco:r;ppra~ed in circuits 

5 .· dir.~c.tly after pr~dll,Ction1 .. i.e.: ,Aµ, tp~· ·"c1ry-.as,....moulded" 

st.a.te, .. wit.~ the. ai.d .o.f the s,urf~c:e .. ~9u~tinq. ~ephnique. 

How~ve.r '··· blis~t:ers .,~;~:n ,forltl on th~, _polya~.ide component in a 

number of .c:ase~: d,ur:.!ng :@;O.lde.r inc;i. w].-th, the surfS:ce moun~ing 

.· .. t~c}l;ni,q\le :i~. _the poly~m,ige: COD\Po..~ent:: ~s been in. contact 
10 with atm:osp~eric a.ir .fo.r a .fair-ly long .time ~o that it has . . .. . . ...... .. . ... ,. . . ·. . . ··. ·' .. . ·.. . 

absqrbed. SOllle-moi:st~rE! ... from ... ~ t, .. es.pec;_i~l~y unqer tropical 

~onditi()n,. ~his. i~ ~1:tribut;~d t9. the hi,.gh moisture . 
. · . .. . ., ·- . ..• '· ·:. . . .. ~. '-.·· .- . . . . - -

absorption,.cap,acity; of nylpi;t~4 ,6, i~ turn caused by the 
. . . .. .. . ' :· .. ·· ... :. . . . . . .· 

lar'.ge. ,numb~r of, amid' ·9:t;Ot.J.P~ in tlle .Polya,mide. T.o improve 
15 the situation, vai:ious attempts have been .made to . .. . . .- . . . . . -~ ·' .. . -

,i11t~oduce. a degree Qf hycirophobic cl>,ar.acter by admixing a 
. . .· . . ... . - : . . : . 

:polyphenylene s,ulp}lide ()r an a~o,~tic ,POJ~este:c (see JP-A-
3-26.3, 461, JP~A...,.4-292,655 and JP~l\-5-239.,344)4!. !J.owever, 

- • • • .. • .. • • ·.: -~ •• • • ~ • ' • • d • • : • • • • •• • • • : .;. • • 

although this redµ.ces the. moistur.e ... uptake, ~t does not - . . . . . . . ·-· . .. . . . . . . 

29 .·.completely suppre~,s the blister f.ormation am~. it. has an 

advers~ effect on the .mechanical a~d pi;oces.sing 

characteristics of the materi.al •... .. . ·. . -~ - . . 

The .aim of th~ prese.:ii.t invention therefore is to 

p.rovide an .. elect.rical or .. elect:conic com~onent that is made 
25 of.· a linear polyamide anc;l which. il:l free from t.he problems 

mentionedabc:>ve. 

Quite sur.prisingly, .. it .. has nc:>w been fqund that, 
·. . . . .. ·· . . . 

when only·. a .sma_~l. J1umber. o~ rep~~t.in_g un.i ~s b~seQ either 
on 1, 4-cyclohexanedisarboxylic 8:(,:,i~ a11(i. ~n aliphatic 

30 diam.ine or on 1-, 4-cyclohex~nediamine, anp. a:q aliphatic 

dicarboxyl.ic. acid are. incorpora~ed into t.he chain of an 
·,, . ' . . -: . .· .· . .. . 

aliphatic polyamide, there is a,~reat itnprovement in the 

SMT solder.ing proper~ies of electrical, and electronic 

components made from polyamide compqsitio~.s with this 

35 polyamide., wit}l;out the mechanical .and processing charac-
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teristics being impaired. 
It is also surprising that ·not only aliphatic 

polyamide-4,6 becomes easier to apply in this way but also 
any other linear polyamide whose melting point is raised 

5 sufficient·ly through incorporation of chain units based on 

1,4-cyclohexanedicarboxylic acid or on 1,4-

cyclohexanediamine to enable the material to withstand the 
SMT temperature, exhibits less blister formation. Such a 

polyamide is polyamide-6,6, for example. It should be 
10 added that the copolyamide formed between nylon-6,6 and 

hexamethyl-1,4-cyclohexyldiamide is known from an article 
published in J. Pol. Sc. A-1, ~ (1970) 3089-3111. 

The polyamide composition for ·making electrical 

and electronic compo~ents according to the present 
15 invention contains a polyamide, 99-60% of whose main chain 

consists of units derived from aliphatic dicarboxylic 

acids and diamines or a,<.U-amino acids, and is charac­

terized in that 1-40% of the number of chain units is 

derived from 1,4-cyclohexanedicarboxylic acid and an 
20 aliphatic diamine, or else from 1,4-cyclohexanediamine and 

an aliphatic dicarboxylic acid. 
Suitable aliphatic dicarboxylic acids are exemp­

lified by dicatboxylic acids containing 1-16 and more 
preferably 2-10 methyl groups in the chain, most 

25 preferably adipic acid. The alkyl groups are preferably 

linear ones, but they can have a limited branching if e.g. 

the crystallization behaviour is not impaired by it too 

much. 
Suitable aliphatic diamines are e.g. diamines 

30 with 2-16 and preferably 4-10 methyl groups in the chain, 
the most preferred compounds being 2-methylpentanediamine, 
1,4-tetramethylenediamine and 1,6-hexamethylenediamine. 

Suitable a,IA>-amino acids are exemplified by 
those having 4-12 carbon atoms, such as 6-aminocaproic 

35 acid, 11-aminoundecanoic acid and 12-aminododecanoic acid. 
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The main chain is preferably-built up predomi­

nantly of tetramethyleneadipamide:or hexamethylene­

adipamide units and units der.iv.ed f,rom pyrrolidone,. 6-

aminocaproic acid o:r: £-caprolacta~, amin:oundecanoic acid 

5 or 12-aminododecanoic acid, or f-rom a:·coriil:itnation-thereof. 

The proportion of chain ti.nits<derived either 

from 1,4-cyclohexanedicarboxylic acid and an aliphatic 

diamirie or -- from 1, 4'""'.cyclohexanediamine and:;a:n- aliphatic 

dicarboxylic acid is at least 1%~-and at _most_ 40% of the 

10 total number of_ chain units. -I( their proportion -is less 

than l'-, the effect on· blistering-_ is -too small;. while if 

it is over 40%, the crystallization behaviour is impaired 

to such an-extentthat processing,·e.g. by injection 

moulding, becomes- virtually impo-ssible, and the melting 

15 -point may rise too much. However:,. this last disadvantage 

can be remedied by the incorpora:tion. of Units -of a third 

polyamide that generally has a lower melting.point. 

The· most -preferi:ed proportion to: be incorporated 

has to be established ,in each indiv,idual cas_e. Th.e 

20 prefer:ced proportion-will generally be 2;:-30% ~nd most 

preferably 7-25% for units der_i:Ved tram_ l_:, 4.-c:ycl;ohexane­

dicarboxylic acid- or -1, 4-cyclohexaned:iam,i_ne. The aliphatic 

diamine or dicarboxylic ac-id is generally ~he': .s~me ·as that 

in the re.peating units from which the main chain i.s 

2s· essentially {Rade-up. 

- The copolyamide to be used for maki:ng the elec­

trical or electronic components accor(Ung t.o_ the ,invention 

can be prepared by the conventional methods of 

copolyc.ondensation. In the.se method_s, a two-stage process 

30 is generally used, the first st.~ge of which .i_s the 

polycondensation of the startiJlg dicarboxylic acids and 

diamines and, i.f desi:ced, amino acids or lactams at an 

elevated pressure and at a temperature -Qf about 200-2ao 0 c, 

possibly i_n the presence of a polycondensation catalyst. 

35 If desired, the mon9mers·can be used in ·the _form of the 
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co~responding nylon salts. The pressure is generally kept 

between approximately i-2 MPa, and the water formed in the 

polycondensation is removed. After a reaction time of o.s-
3 h, the pressure is released and the temperature is 

5 raised, so that the resulting low-molecular copolyamide 

remains in the melt. The condensation of the melt is then 
completed over a period of 2-5 h under vacuum at a 

temperature above the melting point of the copolyamide, if 

desired under a nitrogen blanket. 

10 This post-condensation is generally conducted 

over a long enough period to obtain a copolyamide with a 

sufficiently high molecular weight for the injection 

moulding of electrical and electronic components. In this 

case, it is generally desirable to reach a viscosity 

15 number {VN) of at least 150 ml/g, more preferably at least 

170 ml/g and most preferably 200 ml/g. This ensures that 

the viscosity number of the processed component is at 

least 90 ml/g, more preferably at least 120 ml/g and most 

preferably at least 140 ml/g. The viscosity number is 

20 determined by the method specified in International 

Standard ISO No. 307, using a solution of 0.5 g of the 

sample in 100 ml of a 90 wt-% formic acid solution. The 

post-condensation can also be ca~ried out in the solid 

phase, instead of in the melt phase as above, using an 

25 inert gas atmosphere, if desired under vacuum and/or in 

the presence of water vapour. The required period for the 

post-condensation then varies from about 5 to about 60 h, 
depending on the requi:ced viscosity number. The duration 

of post-condensation in this case also depends on the 

30 temperature, which is between about 200°C and at a value 

about 10°C below the melting point of the copolyamide. The 

required reaction time also depends on any catalyst that 

might be present. Suitable conventional polycondensation 

catalysts are e.g. phosphoric acid, boric acid, triphenyl 

35 phosphite and substituted phenyl phosphites. 
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The copolyamid• can also b~ ~r~par~d from the 

.individual hOll\9'.'.'""POlyamiqes whic}l a~e. obtained by. reacting 

in· each ca:se one pia1t1in.t:t cand ... one dic:~;?oxyl~c aci~ in a 

polycondensation r:eactic.)n •. Mixi,~g :th~ }1omo-polyamides in 

5 t)le melt.· gives. a __ block,.-.c:opolyami'.cie o:r: a rap.dom copoly­

amide, depending on. t·he duration· .of, tbe· mi,xiµ.g process. 

When· low-molecular homo-copolyam:ldes a:re used,. it is best 

to-: subject the comp~osition obtai·ned after ·,th~. mixing ope::c­

ation in the m:elt to. a ·post-conQ~qsa:ti.c;>n ,step in the solid 

10 .phase.: Th:is is pr:eferably car·ried out-. in, an inert gas 

atmosphere (i .-e. :in the absence of oxygen-) at. a reduced 

pressure •. 
·Howeve:r.; this method qf>preparing. :the 

copolyamide. has. the disadvant~ge that, in a ~umt>er . of 

15 .cases,_ the ·homo:-:7polya~ide base.c},;o~ the 1; 4-:cyclohexane­

di.ca.rbox·yl ic acid has ~ very_ 'high ll,lelti,ng point,.· so that 

processin.g with a :.standard appa~.atµs can. cause problems .. . . . ' .. ··. 

for mixing in· the melt state. It,-~y ._thez::efc;,re be 

desirable. to ,start '-nstead with the :monomer.s of the 

20 polyamide .. based on_. t:he 1,4-cyclqhexan~dicarboxylic acid or 

1,4-cyclo}lexan.ediamine and the qther.homo-polyamide. 

_If desired,. the polyam_ide c~mposition can also 

contain the customa~Y additives no~1!1al:~Y used.with 

polyamides, e.g. stabi_lizers, C?lourp.?ts, processi.ng aids 

25 (e.g. te.leaseagen-ts),, flame retarder_s, fillers and 

.. reinf·orc:ing. materials S'!lCh as gla.ss· ~ibres •. The latter 

are generally. used in. an amount of 10::-.!?0 wt-'\, based on 

the total composition. To incx:;ease>t-he cUmensional 

stability. of the electrical or el_ectron~c c_omponents, a 

30 combination of a mineral .filler an? a fibrous reinforcing 

agent . i.s used in many cases. 

The elect I ica_l or elect,ronic componc:m~s 

according to the invention are pr.e:par_ed from the above 

compositions with th~_.aid of the,customary techniques, 

35 e.g. by· injection mpulding. 
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The following examples serve to explain the 

invention in more detail without limiting its scope. 

Example I 
Preparation of a copolymer of polyamide-4,6 and 

cyclohexanedicarboxylic acid. 

The following chemicals were used for the preparation: 

cyclohexanedicarboxylic acid1 > with a els/trans ratio 

of 80:20, made by the Eastman Company 

adipic acid made by Aldrich 

diaminobutane in the form of an aqueous approximately 

80 wt-% solution, made by Koey, JP. 

These chemicals were used without any further 

purification. 

15 363.62 g of the diaminobutane solution (81.70 

wt-% in water), 400.0 g of adipic acid and 100 g of 

cyclohexanedicarboxylic acid were dissolved in 584.42 g of 

demineralized water in a 2.4-litre reactor under a 

nitrogen atmosphere. When all the sol-ids had dissolved, 

20 the reactor was slowly heated to 165°C, while keeping the 

pressure in it at 0.2 MPa. Water was distilled off between 

120 and 165°C. As soon as 589.67 ml of water had been 

collected, the reactor was closed, and the temperature of 

the reaction mixture was raised to 205°C and kept at this 

25 value and at a pressux:e of 1.2 MPa for 30 min .. The 

contents of the reactor were then flashed into a receiving 

vessel that was kept under a nitrogen atmosphere. 

The prepolymer obtained in this process was 

ground and then subjected to post-condensation for 48 h at 

30 250°C in an atmosphere consisting of a 25:75 mixture of 

steam and nitrogen .. The resulting white post-condensate 

had a viscosity number (VN) of 248 ml/g, measured on a 

solution of 0.5 g in 100 ml of 90 wt-% formic acid at 25°C 

as described in International Standard ISO No. 307. The 

35 material obtained had a melting point of 314-316°C. 
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The other compositions inv:olved in the Examples 
were synthesized,,.in the same way, but wit·h different 

ratios between the adipic acid and the cyclohexanedi­

carboxyl ic acid, as well as with different p~ost-condensa-

In the case of the poly:a-mide~6-,6- copolyamide, 

thef .:diaminobutane was· replaced ·by . d-iaminohexane·. 

A small ·(about 1 wt-\) excess .of. diamine was 

present in all the preparation~. 

1). ·Comp·ositions .made .with either 100\ trans. or 10096 cis 

instead .of the ·80/2;0 .cis/ttans 

cyclohexanedicatboxylic acid,exhibit corresponding 
properties. 

Example·· II· : 

Copolyami:des with various compositions :w.ere 

prepared· by us,i0ng the· :me.thod desct-ibed i-n Example I• 

·These materials were ma.de into test .specimens 

20 (ISO R 527~- type·.iA) by .injection moulding, and several of 

their charac-teristics;:were determined. Theinject1.on 

moulding was carr:ied o.ut with the aid of a 22-Jl!lll Arburg 

Allrounder appai:atus, operating_ wit,h a ~ixed temp~_rature 

of 325°C<over the ·~cyli:nder ~nd cooling at the feed 

25 section. The tempera:ture of the d_ie _and the melt were 120 

· and about' 330°C, respectively. 
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Mechanical properties 

Tensile tests Polyamide- Copolyamide-4,6 

(ISO R 537) 4,6 ... (80:20, see 
Example 1) 

5 Modulus of elasti- 3102 3603 

city, MPa 

Tensile strength, 83 103 

MP a 

Elongation at 33 11 

10 break, % 

It is surprising that the copolyamide had a 

considerably higher modulus of elasticity, because 

differential scanning calorimetry (DSC) indicated a lower 

15 crystallinity and a lower heat of melting for it than for 

the polyamide-4,6 homopolymer, so that a lower rigidity 

would be expected for the copolyamide. 

The infrared solder resistance was determined by 

exposing the small test plates to a certain temperature 

20 for a certain time (temperature/time profile). The 

temperature of the specimen was raised ~rom room tempera­

ture to the test temperature in about 200 sec, then held 

at this highest value for about 25-50 sec, and then cooled 

to room temperature in the course of about 60 sec. 

25 Fig. 1 shows some typical examples of such 

temperature profiles, which are representative of the 

practical conditions occurring during infrared soldering. 

The test specimens subjected to this test immediately 

after injection moulding showed no blister formation at 

30 temperatures of up to 275°C. 

Table 1 shows the results obtained for test 
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specimens (UL 94, VB 0.8 mm) after· .-co:ndl~tioning at 35°c 
and at a relative humidity of 90~ until equilibrium had 
been reached. · 

"rtfs· intetesting to note that.the copolyamide 
·. 5 compositions did ;not show a significantly lower water 

uptake th".l:ri _;the.'. tlC?1nO~J?O l yami de· a?ld . yet oI11 y_ star: t ed 
exhibiting blis1:er: formation at a 2Q-:-30°C h;gher: 
temperature. 

_10 Table 1 

(CHDC = cyclQbexanedicar:boxylfc: .~C:iQ) 

Composit;ion -1'1<?. i .•. t\l;r e, 
uptake 
{~t96] -

Polyami-de-4 ,.6._. --8 •. 4 -

~ ·. . 

B~iste,r:i,~g: __ .... -.. YJscosity 
temperature, number: of the 
oc ·specimen 

240 170 

·1s : ao·:20-mixtu'i:e'· 9.:i 210 . :.208. 

20 

. of poi yami d.eL .- --

4, 6 and CHDC ·-· i.' 

Same 9.0 

Polyamide-4,6 a.2 
with glass 
fibre 

Polyamide-:-4,6 
./ CHDC wit}l 

glass fibre 

Note 

9.1 

: ·,· ·. 

260 147 

220 ·. 99. 

.:·. 

99 

"Polyainide:4,6 with glass. fibre" wa.s a po_lyamide-4,6 
composition containing.JO ¥t-% of glass fibres an~ 25 
wt-:' of a flame r:etar:der (a 3:1_mixture of poly-

30 bromostyrene and antimony trioxide} 
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"Polyamide-4,6 / CHDC with glass fibre" was a 
material with the same composition but prepared from 

an 80:20 copolyamide mixture with cyclohexanedi­

carboxylic acid. 

Table 2 presents more data on different compositions of 

copolyamides. the blistering onset temperatures are given 

for conditioned test specimens. 

10 Table 2 

Composition Moisture Viscosity Melting Blistering 

uptake number of temperature temperature 

specimen 

15 4.6/CHD [wt%] [°CJ [oC] 

95/5 9.2 246 299 260 

90/10 9.2 252 305 265 

80/20 8.9 165 324 270 

80/20+5Cl 8.5 170 321 270 

20 80/20+10Cl 9.5 256 316 270 

6.6 CHD 

95/5 266 

90/10 274 

80/20 287 

25 70/30 5.1 298 250 

60/40 5.1 307 250 
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80/20+5Cl means a composition in which-20,(wt) of the 

adipicacid is :ceplacing-.by cyclohexanedica:cboxylic acid 

and 5% (wt) of caprol·actam ·is copolymerised •· 

Fi:om the data of Table 2 one may also conclude 

5 that the copolyamides of polyamide 6. 6 in which at leas·t 

20wt% of the adipicacid has been replaced by 

cyclohexanedica:cboxylicacid-has a melting temperature that 

is sufficiAntly high for use·in·SMT applications and an 

improved blistering behaviour compared to polyamide 4.6. 
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CLAIMS 

Electrical or electronic component made from a 

polyamide composition, the main chain of the 

polyamide essentially consisting of units derived 

from aliphatic dicarboxylic acids and diamines or 

a,w-amino acids, characterized in that from 1 to 

about 40% of the number of chain units are derived 

from 1,4-cyclohexanedicarboxylic acid and an 

aliphatic diamine, or from 1,4-cyclohexyanediamine 

and an aliphatic dicarboxylic acid. 

Electrical or electronic component according to Claim 

1, characterized in that the aliph3tic dicarboxylic 

acids contain 2-16 methyl groups, and the aliphatic 

diamines contain 4-16 methyl groups. 

Electrical or electronic component according to Claim 

l or 2, characterized in that 2-30% of the number of 

chain units are derived from 1,4-cyclohexane­

dicarboxylic acid or 1,4-cyclohexanediamine. 

Electrical or electronic component according to Claim 

3, characterized in that 7-25% of the number of chain 

units are derived from 1,4-cyclohexanedicarboxylic 

acid or l,4-cyclohexanediamine. 

Electrical or electronic component according to one 

of the preceding claims, characterized in that the 

aliphatic dicarboxylic acid is adipic acid, and the 

aliphatic diamine is 1,6-hexamethylenediamine or 1,4-

tetramethylenediamine, or a mixture thereof. 

Electrical or electronic component according to Claim 

S, characterized in that units derived from an a,(&)­

amino acid are also present in it. 

Electrical or electronic component according to Claim 

6, characterized in that the a,w-amino acid is chosen 

from a group comprising 6-aminocaproic acid, 11-

aminoundecanoic acid and 12-aminododecanoic acid. 

l llllll lllll1 llltl 1\111111111 
* C L M S * 
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8. Electrical or electi:on.ic component accoi:ding to one 
of Claims 1-7, characterized in that the viscosity 
number of the copolyamide in the component is at 
least 90 ml/g, as determined.·on a s:olu.tion of o.s g 
in 100 ml of 909o'formic acid at 25°C by the method 

9. 

described in ISO 307. · > : 

·Electrical or electronic coni.po:nel1t. ac;_cording to Claim 
8·, characterized in that th;e v;iscosi t:Y number of the 
copolyamide is at least l.20:·m];/g. : . 

10 10~ Copolyamide essentially consisting of:. chain units 
derived from 1,4-tettamethylenediamine and adipic 
acid,- characterized in that i-~4096 of the chain units 
are dei:ived from 1,4-tetramethylenedlamine and 1,4-
cyclohexanedicarboxylic acid,:~r from adipic acid and 

15 1,4-cyclohexyldiamine. 
11. Electrical or electi:onic.component as. specified in 

the Description and the Examples. 

-~ .. 

'· ; 
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