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A study was made of the thermal stability of epoxy compounds which were unfilled or 
contained metallic fillers such as aluminium dust, aluminium flakes, powdered bronze, 
powdered brass and silver flakes. The properties of the compounds were modified by the 
use of various hardeners. 

The intensive development of the electronics industry has led to the need to manu- 
facture various special-purpose materials, and polymer compounds play an important 
role among them. 

Such materials include conductive and non-conductive adhesives, used among other 
things for cementing semiconductor structures with base. 

Most recently manufactured adhesives contain epoxy resins as a polymer matrix. 
These resins exhibit a considerable adhesion to metal Surfaces. These adhesives should 
also be characterized by high purity, high thermal resistance and stability of the 
electric characteristics at elevated temperatures [ 1 ]. 

The thermal stability of epoxy compounds depend primarily on the chemical 
structure of the epoxy resin and on the type of hardener [2]. Depending on the types 
of resin and hardener, the glass transition temperatures of the epoxy compounds used 
vary within the range 100-270 ~ [4]. 

The thermal stability of typical epoxy resins made from bisphenol A, constituting 
80 to 90% of the world production of epoxy resin, can be increased by the use of 
ring compounds as curing agents,, for example aromatic amines and anhydrides [3], 
novolaks [4], bismaleimides, e.g. di-(pomaleimidophenyl) methane [5], as well as 
imidazole derivatives [6, 7], which improve the homogeneity of the structure of  the 
hardened composition [8]. 

Experimental 

Liquid epoxy resin with an epoxy equivalent weight of 180 was used for tests, 
together with the following hardeners: p,p'-diaminodiphenylmethane (AR), adducts 
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of p,p <hammod=phenylmethane with epoxy resin with an epoxy equivalent weight of 
182, with different amine to resin molar ratios (AAR), diaminodiphenylsulphone (SF), 
adducts of BF 3 with benzylamine (KBF-1 and KBF-2), hexahydrophthalic anhydride 
(HHP) and series of imidazoles: 2-methylimidazole (MI), 2-ethanol-2-methylimidazole 
(EMI), l-allyl-2-methylimidazole (TL), l-ethyl-~-cyano-2-methylimidazole (PAC) and 
the potassium salt of 1-/~-carboxylethyl-2-methylimidazolic acid (IK). 

The effect of the type of hardener on the thermal resistance of the composition was 
studied. The effect of metallic filler added in an amount of 70% was also determined, 
using aluminium powder and flakes, powdered brass and bronze, and silver flakes. 
The thermal stabilities of the compositions were determined with a dynamic method 
(heating rate 6 deg/min), using a MOM, Budapest (Hungary) derivatograph. 

Results and discussion 

Tests on unfilled epoxide compositions 

The thermal stabilities of the tested compositions were determined on the basis 
of the temperature of commencement of rapid decomposition of the epoxy composi- 
tion. The epoxy compositions used as adhesives in electronics should be applied at 
temperatures where there is no decomposition of the binding agent and hence no 
evolution of volatile products of macromolecular chain degradation, and at tem- 
peratures at which the thin layer of adhesive on the metal surface does not deteriorate 
and maintains its physical and mechanical properties. 

Examinations on unfilled epoxy compositions showed that most of them exhibited 
short-term thermal resistance at 220-250 ~ (Figs 1 and 2). The mass losses of the 
tested compositions did not exceed 1.5% at these temperatures, whereas rapid decom- 
position commenced above 250 ~ Compositions containing imidazole derivates, 
excluding the MI derivate, undergo a mass loss of 1.5% or less below 300 ~ (Fig. 2). 
The compositions hardened with PAC, EMI and TL imidazole derivatives achieve .the 
maximum thermal decomposition rate at 420-440 ~ . The composition hardened with 
2-methylimidazole MI had a markedly lower thermal resistance than those of com- 
positions hardened with typical hardeners such as aromatic amines and sulphone. 

From the above examinations it appears that the use of imidazole derivatives as 
hardeners for epoxy compositions leeds to an improvement of the short-term thermal 
resistance by about 50 ~ compared with typical, currently used hardeners. 

Examinations of  metal-filled epoxy compositions 

Two methods were used to test epoxy compositions containing 70% powdered 
metallic fillers: studies of the effect of the metallic filler type on the thermal resistance 
of the composition, and more extensive studies of the influence of the hardener type 
on the thermal properties of compositions containing a particular type of metallic 
filler. For the majority of tested compositions the temperatures of commencement 
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Fig. 1 TG curves of unfil led epoxy compositions. 1 - AAR, 2 - SF, 3 - AR 
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F~.  2 TG and DTA curves of unfil led epoxy compositions hardened wi th  imidazole derivatives 
1 -- PAC, 2 - -  EMI, 3 -  T L , 4 - -  MI 

o f  rapid t he rma l  d e c o m p o s i t i o n  o f  t he  f i l led  c o m p o u n d s  were  a p p r o x i m a t e l y  the  

same and d id  no t  depend  on  the  t y p e  o f  f i l l e r  used (Fig. 3). On the  o t h e r  hand,  the  

t y p e  o f  the  hardener  had a substant ia l  in f luence on  the  course o f  t he rma l  decom-  

pos i t i on  o f  c o m p o s i t i o n s  con ta in ing  one  t y p e  o f  f i l l e r  (Fig. 4). Depend ing  on  the  t y p e  
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Fig. 3 TG curves of epoxy compositions hardened with amine (SF) and containing different 
metallic fillers: 2 - unfilled, 12 - aluminium dust, 22 -a lumin ium flakes, 32 -powdered  
bronze 
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FiB. 4 T G  curves of epoxy compositions filled with powdered bronze: 31 - A A R ,  32 - -  SF, 

11 - A R ,  34 - -  K B F - 1 , 3 5  - -  KBF-2  

of hardener, at 250 ~ these compounds exhibit mass losses ranging from 0.8 to 2.0%, in 
the following sequence: 

SF < AR < KBF-2 < AAR < KBF-1 

If the electric characteristics are considered (the lowest resistance), the compositions 
with silver proved to be most interesting. Figure 5 shows the thermogravimetric 
curves of the compositions exhibiting the best of the remaining properties, such as 
electrical properties, adhesion to metal surfaces, the quality of the joint, lack of 
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Fig. 5 TG curves of epoxy compositions filled with silver flakes: 41 - KBF-1, 42 - KBF-2, 
43 - HHP, 44 - IK, 45 - PAC 

blistering and mechanical strength. The effect of the hardener on the course of  thermal 

decomposit ion, both wi th in  the range f rom 200 ~ to 300 ~ and above 300 ~ , is clearly 
visible. 

Conclusions 

The thermal stabilities of epoxy compositions, both wi th  and w i thou t  metall ic 

fil lers, in the form of powder of  flakes, depends pr imari ly on the type of  hardener 

used. Of the tested compositions wi th di f ferent hardeners, both f i l led and unfi l led, 

the composit ions containing imidazole derivatives showed the best thermal resistance. 
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Zu$ammanfa~ncj -- Es wurde die thermische Stabilit~it ungefiillter und gefiillter Epoxidkomposi- 
tionen untersucht. AIs metallische FiJIIstoffe wurden Aluminiumpulver und -flocken, Messing- und 
Bronzpulver sowie Silberflocken eingesetzt. Die Eigenschaften dieser Kompositionen wurden mit 
verschiedenen Hilrtern modifiziert. 
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Pe310Me - VI3yqeHa TepMOyCTO~qHBOCTb 3ROKCH~HblX CMO]I 6e3 HanoJ1HHTe/1R 14 C MeTaJ1TIHqec- 

KHMH HanonHHTe.IlflMH TeKHMHt KaK a.rlIOMHHHeBaR nblftbt aJllOMHHHeBble 14 cepe6pRHHble BOnOC- 

KH, a TaKx<e nOpOLUKH 6pOH3bt 14 .rlaTVHH. HCNOIlb3OBaHMe pa3,qH~HblX OTBep/~HTege~l Bbl3blBaNO 

H3MeHeHHe CBO~CTB 3rlOKCH~HblX coe,g, HHeHI4Vl. 
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