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The rtuitability of Araldite, an indigenous thermosetting epoxy re&, as an optical cement in 
place of Canada Baleam and also as a general purpose adhesive for bonding glass to metal 
joints in optiml instruments, has been determined under lahoratory conditions. 

Araldite is a thermosetting epoxy resin marketea by M/s CIBA of 1n.dia Ltd. It is . 
available both as a viscous liquid and as paste. The liquid is almost colourless and the 
paste has a light bluish tinge. The hardener used with araldite is also supplied either in 
liquid form or in paste and is light yellowish-green. 

Araldite and the hardener are mixed in definite proportio~is (e.g. 100 parts of Araldite 
AY103 and 8 to 9 parts of hardener HY951 by weight). The mixture has been tried as 
an optical cement and also as a general purpose adhesive for bonding glass to metal joints 
in optical instruments. The present report describes the behaviour of the material under 
laboratory conditions. The report is given in two parts : Part I-Araldite as an optical 
cement and Part 11-Araldite as a general purpose adhesive. 

A R A L D i T E  A S  A N  O P T I C A L  C E M E N T  

An optical cement should broadly fulfil the qualitative requirements melztioned in ' 
Appendix 1. 

Test Pieces 
.4 number of lens doublets (approx. 2.6  cm. dia.) and glass strips (microscope 

of assorted sizes were used as test pieces for trials. 

The liquid Araldite AY103 was mixed wit) the liquid Hardener HY951 in the p r G A  
tion 100 : 8 to 9 parts by weight and immediately used to cement the test pieces. after 
cementing, the test pieces were cured for one hour a t  100°C in an electric oven. 
Appendix 2 givds the various conditions under which curing can be done. 

A few small blocks/discs, (rectangular and circular) were also made of the materia],' 
cured and afterwards polished in an optical polishing machine. 

A small quantity of the mixture was also kept in a watch glass covered with a glass 
plate at room temperature (22°C) to check its pot-life or shelf life. 

Tests and Results 

Test pieces were subjected to the various tests mentioned below and observatims made. 
The climatic tests were largely based on the Indian Standard Specification No. IS : 23521 
1963. 
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Colozsr : A visual examination was made of the polished bIocks of different thick- 
nesses and oementad doublets. The blocks ap'peared light yellow in wlour. No colour 
was noticed in the cemented doublets. 

WAVELENGTH IN MICRONS - 
Fig. 1-Tran~mission characterietics of Araldite vsfCellulosc Caprate and Canada Balsaln for two samples. 
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l'ramission : Araldite discs of 2mm. thickness (when polished) were made and 
trafismission in white light was measured with a Baldwin photometer. 81% tansmidon 
(average of 5 readings) was observed. 

Two doublets, one cemented with Canada Balsam and the other with Araldite 
were tested by Baldwin photometer. 90% transmission was observed in berth the doub- 
lets. . . 

Dlicrosoope slides of 1 mm. thick each were cemented and transrpission c&raeraoteristics 
measyred in the range of 0-4-2.0 microns by spectrophotometer. The cbaxacteristic 
curves of Araldite in comparison with Canada Balsam and Cellulose Caprate are shown in 
Fig 1. Transmission is found to be very low in the infra-red region. 

Refractive index : Abbe's refractometer was used to determine refractive index which 
- was found to be 1.5798 (average of 15 readings) a t  31°C dispersion n r r ,  = 0.17376 

(average of 16 readings). - 
P1uorescence and phosphorescence-: Cemented doublets and polished blocks were ex- 

posed to ultra-violet light in a dark room. Cemented blocks did but double'ts did not exhi- 
bit fluorescence. No phosphorescence was observed in any case. 

Homogeneity, strak'and shrinkage : Polished discs of 2-4 mm. thickneds were viewed 
through microscope and hished doublets through strain viewer, They were observed to 
be homogeneous. No strain or shrinkage was noticed. - .  - .  

Resistance to extreme coldldry, heat/thermal sh,ock : The cemented doublets %!ere sub- 
jected to (i) extreme cold a t  -40°C for 4 hours, (ii) dry heat a t  75°C for 16 hours in an eler- 
tric oven, and (iii) extreme cold (-40°C) and dry heat (75°C) alternatively for 3 hours 
each. No deterioration was observed in either case. 

Resistance to moisture, UV radiation, and damp heat : The doublets were (i) immersed 
in water for several days, (ii) exposed to ultraviolet light for 100 hours and (iii) exposed to 
55°C and 95-100% RH for 24 hours. This cycle was repeated 20 times. No deterioration 
was observed in either case, 

*. 
Resistance tofungus growth : Araldite (paste and liquid) was smeared on petri dishes, 

cured and inoculated with fungal spores. Dishes were kept in humid atmosphere for one 
week. Empty dishes as control samples were. kept separately under similar conditions. 
No fungus growth was observed on Araldite although the oontrol samples showed profuse 
growth. 

Ageng : Doublets were kept in a room for approximately one year. No deterioration 
or chemical instability was observed. 

Adhesive strength : Cemented doublets were dropped from a height of 180 cm. onto 
a cemented floor for a number of times. Adhesion was found to be satisfactory as joints 
were not affected though glass was found cracked/chipped off. 

Chemical inertness : The cement was put on different materials such as pfastic, rubber 
hylam, copper, brass, aluminium, iron and glass. No deterioration was observed a t  the 
contact surfaces. 

Applicability : The cement was prepared and surfaces bonded and cured as per ingtruc- 
tions contained in Appendix 2. The cement was easy to apply. Once cured, firring 
could not be done. Careful jigging was essential while curing. 



D e c m t i n g  < The jointed doublets did not decement when heated a t  200°C) for 
6 hours or immersed for aeveral days in nitro-benzol, trichloroethylene, acetone, cresol. 
phenol, petrol, spirit, benzene, xylene, conc. HCZ, H2S04 and HNO,. 

The method of separation by using epoxy resin remover (for details see Appendix 3) 
did not give consistent results in the sense that the time of separation was varying. Even . 
otherwise, the use of conc. HNO, was not desirable as i t  affects glass. 

Under advice froni M/s CIBA of India LM., the hardener HY930 was used in place of 
HY951 and cemented doublets were heated to 200°C for several hours. One doublet 
separated after 6 hours. Two others did not disengage even after 16 hours. Brown 
lines appeared in one of these showing charring. 

Stwage life : A small quantity of mixture, when kept on watch glass under ambient 
conditions, hardened after 18 hours showing that storage life was very limited. However, 
the raw, materials-Araldite and hardener-though stored for 18 months did not show 
any sign of det,erioration. 

A R A L D I T E  A S  A G E N E R A L - P U R P O S E  A D H E S I V E  

The bondifig property of Araldite is well-known"4 and has also been established here 
under "Araldite as an Opticle Cement". Twymapa5 has described Araldite as a good 
synthetic resin adhesive for bonding metals, glass and other mataials. However, a report 
came to our notice that sealed optical ifistruments using Araldite to join glass to mekal 
parts, showed fogging when the instruments were tested under dry heat conditions. The 
hygroscopic property, if any, of Araldite was, therefore, investigated by conducting the 
following tests : 

Tests and Results 
Two tests were carried out as detailed below and observations made : 

Test No. 1 : Small quantifies of Araldite with hardener in specified proportions were 
weighed in watch glasses and cured a t  100°C for 1-3 hours, weighed when cooled, and 
thw left in ambient conditions for a period of 16-40 hours and re-weighed. They were 
again heated for 1 hour at 100°C, weighed when cooled and kept in ambient conditions for 
16-40 hours and re-weighed. This cycle was repeated -several times. A loss in weight 
was observed after every heating and a gain in weight when left in ambient conditions. 
The loss or gain was 0.15 to 0.25 per cent. 

Test No. 2 : Observations were also made with small b ra~s  tubes (2-5 cm. in. dia. 
and 6-10 cm. ill length), smeared with a small portior? of the cement on their inner walls and 
sealed at both ends with glass plates using Araldite mixture The cement was cured before 
the tubes were sealed and observations madc'after keeping the sealed tubes in an electric 
oven at 100°C for 1 hour and also at 70°C for several hours. Empty sealed tubes were 
used as control samples. 

Fogging was observed on the glass plates wher; the tubes were he'ated and taken out of 
the oven. No fogging was observed on the controls showing that fogging was not due to 
any other extraneous matter. 

(Note :-All tubes and sealing glass plates were dried by heating before use. Both liquid 
and paatc Araldite were used in the experiments). 

Y I S C U S S I O N  

From the results given above, i t  may be stated that Araldite AY103 (mixed with harden- 
er HY96l) is a good optical cement, but that i t  stands a t  a disadvantage in comparison 



' with theqtrsditionsl ceAent, Canada B a h ,  from the pint uLvied @ - w n & .  
Decemeating of araldited parts is rather uncertain.. The lirrJhd p%-life of A~'t&te  
wkes its use somewhat inconvenient in that optical parts being eemnted have g& to.& 
trued and. air bubbles removed before the cement becomes cure$/hardened. In %his 
colPhection it is mentioned that natural resins are also being tried as a substitute for Canada 
Balsam. Srivastavaa has reported encdaraging results with fresh exudation of Boswdlia 
serrata Roxb. (fam. Bvrseraceae), a species growing wild in hotter parts ofIndia. 

Aialdite is hygroscopic to a little extent and is, therefore, not suitable for use as a 
bopdhig medium in a sealed optical i~strument in as much as the moisture absorbed a t  a 
lower temperature is released at  a higher temperature. .Its bonding property is, however,' 
excellent and the material can otherwise be used as a general puqose adhesive for bonding 
glass to metal parts. . ' 

C O N C L U S I O N  
Araldite, thougha good optical cement, is not comparable to Canada Balsam because 

its decementing is mther unoertair.. It is not'condderedbuitabl6 as a banding material in a 
sealed optical instrument as it is hygroscopic and therefore causes fogging by releasing mois- 
ture at  a, higher temperature. However, it is a good general purpose adhesive fox banding 
glass to metal parts. 
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QUALITATIVE REQUlBEMENTS OF AN OPTICAL CEMENT ' . 

(i) Should be almost colourless. 
(ii) Should have visible light transmission comparable to that through optical glass. 

(iii) Bhould have low dispersion and refractive index near to that of glass, i.e. between 
1-51 and 1-58. - 

(ivj Should have good adhesion to glass to withstand normal mechhical shocks. 
(v) Should be chemically stable and inert b glass. 
(vi) Should be homogeneous and freo from strain after curing, 

. 
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. (vii) Should have no fluorescence. 
fviii) Phould not support fungus growth. 

. 
(ix) Cemented parts should not deteriorate under varying conditions of tempemtW6: 

and humidity between -40°C and +75"C and upto 100% RH. 
(x) Should be resistant to uItra-violet radiation. 
(xi) Should be non-toxic and otherwise easy to handle. 

- (xii) Cementing technique should not be complicated and permit truing operations. 
(xiii-) Decemen ting should not be very di$cult. [Apparently this requirement is somewhat 

in conflict with the requirement at  (iv). What is desired is that a good compromise 
should exist between these two requirements]. 

(xiv) The raw material and cemented parts should not deteriorate in storage. 

APPENDIX 2 
INSTRUCTIONS FOR PROCESSING ARALDITE 
(Supplied by Messrs CIBA of India Ltd., Bombay) 

Prooesshg 
Surface preparation : The components to be banded should be cleaned of dirt, grease. 

oil, etc. adhering to the surface. 

Mixing #Resin and Hardener 
h n ~ a  RATIOS PABTS BY WEIQBP 

BPakdite AY103 100 100 
Hardener HY951 8-9 - 
Hardener HY930 - 9-10 

Pot-lifeofthe Mixtures - 

The useable life (pot life) of the mixtures a t  aO°C ahd 30°C is as follows : 
AT zO0c -. AT 30°C 

Araldite AY103 I Hardener HY 951 3 hr. 2 &. 
Araldite AY103 / Hardener HY 930 26 hr. . 1) hr. 

The hardener should not bebused more than recommended. t . - 
The resin-hardener mixing ratio can also be determined volumetrically.. At 20°C, 

the specific gravity of Araldite AY103 is 1 15 and of Hardeners HY951 and HY930 is 
about 1. 

Cwhg 
The following Table gives minimum curing time at  given temperatures based on the 

mixing ratios recommended. , 

TEMPERAT~E HARDENEB HY951 HARDENEB HY930, 

(."'J) (OF) 
- : 2 4 h i q  20 68 36 hr. 

- 40 104 14 hr. 14 hr. 
70 158 3 hr. 2 hr. 

100 212 . 1 hr. 1 hr. 
' 130 266 4 hr. g hr. 

150 302 20 min.. 20 min. 
180 356 . 10 min. 10 mi%. k 



INSTRUCTIQNS FOR DECEMENTING BY USINGEPOXY RESIN REMOVER 

[Supplied by the Defence Research Laboratory (Materials), Gwalior] 

Apparatus Required 

400 ml. resistant glass beakers (number as required basis) ; watch gl.lrtsrsee to cover 
the above. 

Reagents Required 

(i) Epoxy resin remover. 

(ii) Concentrated nitric acid (chemically pure grade). 

(iii) Acetone (chemically pure grade). 
- 

Facilities Required 
ir 

/ 

(i) Fume cupboard with good ventilation arrangement or a suitable hood that is 
designed and built to serve the same purpose. 

(ii) Rubber gloves. 
I 

(iii) Mask for protection against acid and corrosive fumes. 

Precautians to Observed 
\ 

(i) All the operatioas should be carried out in a fume cupboard or in a suitable hood 
that is designed and built to serve the same purpose. 

(ii) The operator should wear gloves while handling epoxy resin remover. Any 
accidental spillage of epoxy resin remover should be treated by washing with a reasonably 
large quantity of rectified spirit. Wash the gloves with plenty of water immediately ' 
after use, every time they are used. 

(iii) The operator should not allow the acid to come into contact with skin. Any 
accidental contact should be treated by washing with copious quantities of water. Under 
no ~ircumstanoes should the acid be allowed to spurt on to the person of the operator. 

(iv) The operator should wear the mask while handling the reagents. 

(v) The bottle containing epoxy resin remover should not be kept open and s o  attempt 
s h o u l ~  made by any one to inhale or smell thia reagent, 



&, the l4 assembly ( d e  b i  joining with curing t$pe of h d d i t e  or any si&r 
e p w  resin), that has to be dismantled, in a glass beaker. Pour epoxy resin remover 
into the beaker to immm %hi leks assembly 'completely. ^Cover the beaker with a watch 
glass and set aside a t  room temperature for 48 hours. Pour out major portion of epoxy 
resin remover into another beaker and wash the lens assembly with sctetcvne to free it 
from adhering epoxy resin remover. W a ~ h  with water and drain off as much water as 
possible. Pour concentrated nitric acid to immerse the lew assembly, cover with a watch 
glass and keep aside at  room temperature for 72 hoirrs. Pour out major portion of nitric 
mid into another beaker and wash the nitric aoid adhering to the lens assembly with water. 
Wash with a little acetone and repeat treatment with epoxy resin remover for 72 hours. 
Follow this treatment, ifnecessary, (i.e. if the lens components do not open up by that time) 
with nitric acid for a further period of 72 hours. 

When the lens components open up they are washed with water and finally with acetone 
and allowed to dry at  room temperature for about half an hour and then taken into use. 
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