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THERMOSETTING EPOXY RESINS FOR LACQUER PRODUCTS
WITH HIGH SOLIDS CONTENT

Tadeusz Audykowski, Rolf Schmid
CIBA-GEIGY, Basel, Switzerland

1. Introduction r_,5_

Legal restrictions connected with the protection of environment
and increasing difficulties with the energy have presented new problems
for the paints and lacquers industry, These two factors will exert,
no doubt, also a large influence upon the development of new techniques
in the production of coating materials. New methods of depositing
lacquer products, for instance the powder spraying or electrophoresis,
cannot satisfy all the requirements of industrial consumers. This fact
was clearly established in many publications and in many discussions.
In effect, the need arose to develop yet other types of lacquers
which would not contain much of harmful substances and would not

contaminate the environment,

Among new solutions, <ood prospects of development are

anticipated for products with a high solids content, the so-called

e e e s

Y"high solids". A number of factors contribute to an increasing interest
in this type of lacquer products. The basic '"high solids'" can be
developed utilizing the known raw materials and without the necessity
of incurring high expenses for the research studies. These products

can be deposited by means of existing application facilities

avoiding thus the need for unpopular new investments, Because of
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reduced emission of solvents, the '"high solids' products possess

real ecological advantages. At the same time they enable to obtain
thicker coatings, hence an intensification of production,

A number of recent publications /1=9/ contain a review of
the state of art of the technology of "high solids" products and
describe various aspects and problems of their application. The
majority of newly used adhesives are based on combinations of
polyester or acrylic resins with functional hydroxyl groups - with
amine resins, lately, an increasing interest has also been shown

in two=component "high solids" products, based on new polyurethane

compositions and intended for application in the auto industry /10/.

In addition to their high resistance to atmospheric conditions,
the products of this type enable also to make real savings in the
consumption of energy since they crosslink at low temperatures,
This is of high importance since, in addition to the protection
of environmment, it is very desirable to reduce the consumption of
energy when crosslinking the coatings.

The "high solids" products based on epoxy resins are still
in the developmental stage (2, 9). Although the epoxy systems are
generally characterized by the large variability of the resin/
hardener combinations and offer larger possibilities than the other
groups of polymers, the introduction of "high solids" products
to practical applications has been delayed by certain side factors.
Fxperiments have shown that one of the main obstacles to broader

application of these products is a high reactivity of components,

[6i
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requiring the necessity of use of facilities for spraying
two-component systems. This article will describe two selected
new "high solids" products formulated on epoxy base, Results of
our investigations indicate the possibility of application of
these systems in the formulation of compositions for the base
and interlayer coatings in the auto industry, and for deposition

by the coil=-coating method.

2. New epoxy products of "high solids" type

The systems described here have been chosen as a result of
many tries, which took also into consideration the requirements of
the protection of environment and saving of energy. General
properties of these systems, as well as those of the resins and

hardeners used, are presented in Table 1,
Composition: epoxy resin/ acid dianhydride

Epoxy resins crosslinked with various monoanhydrides play
an important role in applications for electrotechnical industry
/11, 17/, However, the long time required for hardening, losses
resulting through evaporation and mediocre properties of coatings
prevented their use in the area of protective coatings.,

As a result of broad research work carried out in the last
years a new dianhydride, based on modified trimellitic anhydride

(Table 1), can be recommended as a hardener for coatings, This

compound easily dissolves in cheap organic solvents, and mixes
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well with various resins used in the technology of protective
coatings, It shows also a high reactivity in relation to epoxy
oligomers of different chemical structure /12/ (Table 3), whereas
the obtained coatings possess good general characteristics. When
this hardener is applied in combination with certain selected
cycloaliphatic or heterocyclic epoxy resins based on 5,5-dimethyl-
hydantoin, one obtains resins with high resistance to the action

of atmospheric conditions /12/. The mechanism of hardening of epoxy
resins with acid anhydrides was explained in 1956 /13/.

All the reaction steps following each other in the process
of crosslinking, i.e., formation of monoesters, diesters and
esterification, occur as a result of the simple mechanism of
addition. For this reason no side products are formed during the
reaction, And just because of this feature the hardening with
anhydrides is advantageous in application to protective coatings,
since in this area one can anticipate stricter and stricter legal
requirements relative to the reduction of the emission of
contaminants.

The composition "high solids'" 1821/XB 288, proposed by us,
fulfills these reruirements, When the coating is heat-set under
the recommended conditions, it is only the =olvent that evaporizes
but there ic no loss of coat-forming components (the coefficient
of by-products ie O %). All other "high solids" systems in
which crosslinking occurs as a result of the reaction of

polycondensation, i.e. combination of polyester or acrylic resins

> RIS




with amine resins, lose more or less of volatile components

arising from the coat-forming substances during the process

of heating. The losses amount to 5=20 %, depending on the initial

materials. These volatile components may be sometimes more toxic
than the solvents, and they may cause real problems in the drying
booth during heat setting and increase the costs of obtaining

the coating. In cases where the protection of enviromment is very
important, it is always necessary to evaluate critically the
composition of volatile byproducts. The obtained value of O %

for byproducts coefficient during the crosslinking of our system
is rather unexpected, since the resin used is a mixture of
low=viscosity epoxy oligomers., Such selection of resin was dictated
by assumption of obtaining the product with a high content of
nonvolatile substances at viscosities suitable for use.

High reactivity of the components of resin with the XB 2883
dianhydride, enhanced through such accelerators as dimethyleneglycol
sulfide or tin octoate, plays a positive role in prevention of the
volatilization of epoxy oligomers. A high reactivity in situ
on the base is necessary to obtain well crosslinked network
of the polymer, ensuring good properties of the coat. Results of
investigation of chemical and mechanical properties of the coatings
obtained from the compositions proposed by us are preéented in
Table 2.

These results indicate that the system crosslinked with

dianhydride with the addition of 1-2% dimethyleneglycol sulfide
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as an accelerator, even at low temperatures of heat setting provides
coatings with very good mechanical properties and also good chemical
resistance. Tin octoate proves to be an even better accelerator
(Table 3).

Good properties of coatings enable us to recommend the appli-
cation of these products for internal and external coating of metal
containers, for coil coating, and for other industrial uses.

A shortcoming of this system, i.e. limited time of the suitability
for use (1-7 days), can be easily circumvented, if it 1s necessary,
by the use of suitable dosing pumps and by supplyihg premixed

product to rollers or spray guns.
Composition: epoxy resin / BF3 complex - amine

Since the proposed=byeus "high solids'" system consisting of
epoxy resin hardened with XB 2883 dianhydride has a limited shelf
life, we began studies to develop slower reacting compositions,
based on BFB-amine complexes, Similarly to the case of anhydrides,
the BFB-amine complexes have also found only a limited application
in the field of protective coatings. On the whole, they are used
as slowly-reacting hardeners for gluing of mica in the production
of laminates /14/.

The mechaniem of crosslinking with BFB-amine complexes was
the subject of more studies and discussions than in the care of
other hardeners. At present, it ie considered that the dissociation

theory is obsolete., More recently postulated view is that BF_,-amine




are polymeriz-tion catalysts and act as Bronsted acids /15/. In the

initial phase a weak bond is formed between hydrogen of the amine
and oxygen of the epoxy group with a partial positive charge at

the oxygen of the epoxy group.

R ' CH R @ o
' /1" © ) /1.
rsB'T"H"""‘D ——DF3B° N'H---o
]
H CH-R' H CH-R’
<+ —-——~——initiaticecR— — —— =
The chain grows as below, and as the temperature increases ’<78

a pont is reached at which this chain growth reaction will be

sufficiently fast to effect crosslinking of the coating.
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In our investigations we used a new ligquid compound based
on a complex of a heterocyclic amine with BF3 and designated as
1772. This compound is interesting as a hardener for the products
of "high esolids" type intended for various applications,
We examined 14 liquid epoxy resins and low=~viscosity
oliromers, and we selected the CY 182 resin as the most suitable one.

It follows from Tabhle 2 that mechanical properties of coatings i
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from the CY 182/1772 comnosition are comparable to those of the
composition crosslinked with dianhydride, except for the resistance
to the action of acids, which is lower. The advantages of the

CY 182/1772 composition are: a higher content of nonvolatile
substances and a higher period of suitability for use (shelf 1life).
Properties of these coatings indicate that this system may be applied
for coating of containers, for applications by the coil=-coating

method, and for base and interlayer coats,

Thermoanalytical studies

Thermoanalytical studies enable to obtain valuable information
pertaining to the mechanism of crosslinking of coatings, their
thermal resistance, thermal durability (glass temperature Tg)’ and
decomposition of the volymer, We examined 211 the compositions

Takle %) by the method of thermogravimetric analysis (TGA),

rate of vaporization (DTG), differential thermal analysis (DTA),
thermomechanical analysis (TMS), and torsional oecillation analvsis
(T3SA).

The course of hardening of coatings i1s characterized ty
two processec: vaporization of the solvent and a reaction which
leads to crosslinking. Depending on the type of solvent and the
mechanism of crosslinking these two processes may superimpose on
each other, In this case, estimation of TGA results is unreal.

However, simultaneous recording of the weight change (TGA), rate

of vaporization (DTG) and differential thermal analysis (DTA)

i




enables an independent clarification of both processes.

Figure 1 presents combined results of thermal analyses

PP

of Composition I without an accelerator (rate of heating § - uo/min).

The first DTG peak (QBOC) corresponds to evaporation of the solvent,

As the temperature increases, the sample undergoes hardening without

any weight change, One more exothermic vpeak (13200) occurs when we

BT ke AR PO

change to DTA., This temperature, at which the reaction proceeds

at the highest rate, is taken as a measure of the reactivity of the

composition, When the temperature is increased further, the sample ']
begins to decompose, which is denoted by a distinct peak (37OOC)

of the DTG analysis. On further increase of the temperature (488°¢)

L il g adde. W

the tar remaining after the pyrolysis of sample begins to be oxidized.
The temperature of decomposition reflects the thermal stability of
the polyvmer, whereas the amount of tar residue is connected with
resietance to creevping currents, important in electrical applica-
tionse (Figure 1),

An addition of accelerator increases distinctly reactivity
of the compnosition., The addition of accelerator A(diethyleneglycol
eulfide) gives in effect the DTA peak at a temperature about 500C

lower than in the case of the composition without accelerator

(Table 3). The vaporization peak is lowered by about BOOC. A vart
of solvent becomes "squeezed out' during the reaction of cross-
linking, and the remaining part is retained in the croseslinked

cysetem, In effect, coatings with an added accelerator contain small

amounts of volatile substances,




The accelerator B (tin octoate) enhances the reactivity of

composition even more than does the accelerator A,

In composition 1I, after evaporation of solvent the catalytic

hardening proceeds in two stages. Here also the more reactive

composition II C is characterized by a smaller content of volatile

substances. Thie is an important advantage of our new "high solids"

systems, Other products of thie type ~ products based on polyester

resine crosslinked with hexamethoxymethylomelamine and conventional

epoxy-urea~formaldehyde systems (III and IV) - contain 23% and 60%

of volatile substances, correspondingly. The activation energy of

vaporization EAe and of reaction EAC have been defined by J.H. Fynn

and L.A. Wall /16/ as:

where ﬁ = rate of heating.
As an example, Figure 2 shows the activation graph with

coordinates of the rate of heating and the temperature of maximal

vaporization or the temperature of maximal reactivity, for compo-

Large activation energies are typical for systems hardened

%
b sition I, The results are entered in Table 3,
b
[

catalytically without accelerators. Rather large activation energies

are also obtained for composition I hardened with dianhydride and

accelerator B. Such systems crosslink fast at high temperatures
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and slowly at lower temperatures. This fact provides, in effect,

products with relatively long period of suitability for use (shelf

life, pot life). It follows also from Figure 2 that "vaporizatior" ‘69
and "crosslinking" are separate processes for composition I (continuous
lines) in the whole range of temperatures, whereas the addition of
accelerator B moves these processes closer to each other (interrupted
lines).

Table 5 shows that both compositions I and II possess high
decomposition temperatures. Thus our new compositions have better
thermal stabilities than the '"high solids" systems on the basis of
polyester resin (6MMM) and conventional epoxy-urea systems, i.e.
compositions III and IV. As follows from Table 5, changes in condi-
tions of crosslinking have no effect on thermal resistance,

Table 6 shows the glass temperatures, Tg. For compositions
I and II they lie around 80-100°¢. Crosslinking at 220°C raises Tg
by 15-2000. The addition of accelerator A reduces Tg considerabdbly,
presumably because of its plasticizing effect and/or destabilizing
effect by the retained solvents, On the other hand, the composition
of high reactivity (with accelerator P) shows a small increase

o)
of Tg (7°C).

Evaluation of suitability of the new lacquer materials for coating

the automobiles and for deposition by the coil-coating method

The automobile industry has often been the initiator in

development of new concepts and the driving force for their realization.
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At present, the auto industry in many countries is interested in the
introduction of new coat-forming materials, not contaminating the
atmosphere and containing but little of harmful substances. The energy
saving acquires also a larger and larger importance.

Farlier investigations indicated that our new adhesives
could be useful for applications in the auto industry. Hence we
examined these products in the base paints. Zinc chromate was used
as anticorrosion pigment., Table 7 shows properties of liquid bases
and of the coatings from them, The obtained results indicate that
mechanical properties of coatings from our new epoxy adhesives are %Ck)

higher than the properties of standard materials. The contents of

N——

nonvolatile substances in the material for application is 75-78 %,

enabling to reduce considerably the emission of solvent. No byproducts 1

of reaction are evolved during the crosslinking of composition I. ;

The system crosslinked with dianhydride XB 2883 enables also to save |

energy, since it can be hardened in the time of 10 = 20 minutes at 1

the temperature of 90°C, without worsening the mechanical and j
!

anticorrosion properties of the coating.

Both compositions deposited on bonderized steel give excellent
protection after 240-hours action of saline chamber., Nearly the same

pood results are obtainable on steel plates, After 500 hours! stay

in humidity chamber, simulating tropical conditions, only small

bubbles appear on the base from nonbonderized steel, Good adhesion

O,

properties and resistance to rusting and blistering were obtained

also in testing of coatings after immersion in water, although the




coating crosslinked with BF3 gives a somewhat poorer performance.

The second stage of our examination comprised checking the f
suitability of these products to deposition on alodinized atuminum
plates by the coil=-coating method. Very good results were obtained
(Table 8), particularly a large resistance to deformations
(T-Bend 2), very good adhesion, resistance to the action of MEK
and corrosion, confirming the high quality of new products,

In general, it can be stated that the two new epoxy

compositions are suitable for obtaining the base and interlayer
coatings for the auto industry, and for deposition by the method |
of coil=coating. Their main advantage is a smaller content of

solvent and of volatile byproducts. The epoxy composition crosslinked 9

with dianhydride enables also to attain a considerable saving of

energy necessary for crosslinking.

The authors wish to thank the management of the branch of é
Plastics and Additives Division of Ciba-Geigy company for permission

to publish this article, and to thank Dr., U, Kreibich, Dr. A, Schmitter,

F. Gutekunst and W, Schneider for assistance and cooperation,
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Table 1. General properties of new epoxy compositions

Key:

of "high solids" type

] Rodaai tywiy ‘zf;h - u:-;;‘ tywhe |Uriirdmes
I wtwasdzuces XB 2083 CY 183 3772
! 3
T T 7 ' dwuglicydy-| , 2
4 skbud chemiczny: | modyfiko- | modyfiko- | lowy estdr
wany, alifs- | wany bez- | kwasu BF, (amins
| tyczny ester | wodnik t6j-! h h
| glicydylowy | litowy I droftal
! 7' wego o
T 2 3 4 5
Wis-nobels /7
Lephose, 25°C, m Pas /7—% 180 1600—2500| 450—550 [ 15000
Zawusriosd substancyi nse-
lowny.h, v /B 100 7012 100 100
Kolor (Gardner) / ’ w 6—7 2-3 16—17
Liczba epoksydowa row’kg 59 — 6,3 -—
Cigzar rownowatnikowy / 170 358 (250) 159 —_
Udzat w Yy W micsza-
nigic 100 104 100 4
Zawarwi¢ substancii nie-
lomych pray stosowaniu 5—80, 78—91%
Praydatnodé do stosowsnis
«ni, /8 JrIE ) 0—~120 2%
Pole.ing warunki wypsls- |20 min . w90—140 Club | 30 min. 170C lub
wa / 2 min. 250°C 2 min. 250°C
Wapolczyanik p tow
ubocnych, % £ 24 0 1’ 3—6
Pole.ane aastosowsnic 2 B | grunty i micdzywarswy | grunty i miedzywarstwy
persemysiows | samocho- | pesemysiows | samochio-
H dows, coil coating, ma- | dowe, coll conting, me-
I lowenis opekowas lowsnie opahewnd

1 - Type of resin and hardener; 2 - Resin 1821;

3 - Hardener XB 2883; 4 - Resin CY 182; 5 - Hardener
1772; 6 - Chemical composition; 7 - Modified Aliphatic
glycldyl ester; 8 - Modified Trimellitic Anhydride;

9 - Diglycidyl ester of tetrahydrophthalic acid; 10 - BF3
complex (heterocyclicamine); 11 - Property;

12 - Viscosity, 25°C, m Pas; 13 - Content of nonvolatiles,
%; 14 ~ Color (Gardner); 15 - Epoxy number, row/kh;

16 - Equivalent weight; 17 - Welght part in mixture;

18 - Content of nonvolatiles at application Pot 1life (days);
19 - Recommended heating conditions; 20 - By-products
coefficlent, %#; 21 - Recommended applicatlon; 22 - at;

23 - or; 24 - Base and interlayer coatings, industrial and
automoblle, coll coating, palnting of containers




Table 2

Properties of new epoxy compositions of "high solids" type
and proverties of their coatings

(coatings of thickness 10
an applicator on clean aluminum tapes of thickness 0.3 mm)

pm - in nondried state - deposited with

Hardened with

Dianhydride Amine complex
XB 2883 ZBF3 1772

Composition
of tested product

Resin 1821 100 Resin CY182. 100
Butyl octane 17 Butyl octane 10
FC430(10%) 0.5 Si840(60%) 0.5
Catalyst 1354 3.4 Hardener 1772 4

HB 2883 104

1 2 3

Properties
Content of solids

at application, % 30 min1aC ; et |
Conditions of crosslinking )
Initial viscosity at 25°C | 111 m P [ g
Viscosity after 6 hours: 5 mPm 8 weekssomm|
Byproducts coefficient, % 0 32
Spreading/wetting very good very good
Color of coating clear, colorless Cclear
Mechanical durability very good very good
Adhesiveness, net 1 mm Gio G0

according DIN 53 151
Bending (1 mm 180°) sustains sustains at TFS
Impact direct/reverse (cm,kg) 160/160 180/180

Resistance to acetone

Resistance to sterilization

(1 hour/120°)

Resistance to 2% acetic acid

(6 hours/96°)

Resistance to 5% H3P°q

T-Bend (on 0.7 mm alodinized
aluminum plates

sustains 20 passes 2 hours

sustains sustains at TP
and TFS
sustains breaks down

L4, weeks at 25°C 7 daye

l 11T po 2 min) 1 T (3 min./250 C)

1T ’po 2 min 230 O 1 T (3 min. /250°C)

TE—




Table 3. Results of the crosslinking of various coating
compositions (rate of heating = 4°C/min)

2.
'T..dpamu aniec  DTA — sicciowanie 6/ TGA

TG
Zoslaw 3 .
E, Eg Lowne -
powhikiay $ ; u,:; ToTmas kc‘: 5 & tose
23 (__ (Cy JPabiianl % smolowa
=\ moal ) ( mol ) (%)
7 110 14,5 147 14,2 14,4 18
g AT e 15,9 98 15,9 5.1 18
1|2
:
E B 80 19,5 88 19,3 5,0 21
B
S: c| o2 159 10513 | 308 40 35 . '
1 3 -1
|
3 D 90 18,8 125/149 20,1 11,8 36
m - 115/1%0 16,9 -— - 23,1 22
v -— 90/12% 138 — -_ 59,9 %
3
; Key: 1 - Coating composition; 2 - TG = vaporilzation;
' 3 - DTA — crosslinking; 4 - TGA; 5 - Volatile %;
6 - Tar residue (%); 7 - Accelerator; 8 - Catalyst




Table U4 2
AT v Salad
i . I
, H ‘ Z.ovia 1920 Vb atdszacs XB 23 ';
A —l;m.:‘l:.'kl' utwardcaz XH Inad
! . /0 o
1 2 | prevspicazacz Uedwucnydenoghkol A
5? ; ! 1] D 2ywica 1321 0 utwardzace XB 2wa3 -
- Przyspicszace okto ovny =]
z_/ < 2ywica 1%2 1732 f-
i 2 E 8] 2ywica 182 - kompleks BE, — umina aro-
matvezna 7
n Ciekly poliester - Cibamin M 100 <
v Araldite 6097 + Cibamin H 33
peaywpiemece kwas p-roluencsulionowy 7

1 - Coating composition; 2 - Composition; 3 - Resin 1821 +

Key:
hardener XB 2883; 4 - Resin 1821 + hardener XB 2883
accelerator thiodiethyleneglycol (A); 5 - Resin 1821 +
hardener XB 2883 accelerator tin octoate; 6 - Resin 182 +
1772; 7 - Resin 182 + BF3 aromatic amine complex; 8 - Liquid
polyester + Cibamin M 100; 9 - Araldite 6097 + Cibamin H 53
accelerator p-toluenesulfonic acid
Table 5 /] TGA: Tempaenws reshinds T4 w °C
3 Warunki
M“"“ 20 min. 2 min. 30 min,
Zestaw 150° 250°C 120°C
iWh kowy \
“ - 370 370 —
V P | A 378 375 378
i piesaacz| B 3 - 360 339
U | Kewt-| € 30 380%) =
macs| D 7, ] %) -
m |- 38 ) -
v [ = T 200733 p
* crosslinking 10 min at 200°C
TGA = thermogravimetric analyslis
Key: 1 - TGA: Decomposition temperature Td in oC; 2 - Coating

composition; 3 - Hardening conditions; 4 - accelerator;
5 <« catalyst
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Table 6

Key:

composition; 3 - Hardening conditions; 4 - Accelerator;
5 = Catalyst

/ TSA: Tempetatury ssszklenis Tg w *°C

(TMS):
Warunki
2 sieciowania 1 b 150°C 1 b 150°C 15 min, 220°
Zeslaw +15 min. 220°C
powlokowy
- . 96 (58—90) | 102 (75—108) { 111 (63—146)
U s | A 33 (@62 | 69 B1—72) | 73 (52—79)
picszacz|{ B 93 (36—98) 110 (6—124) | 118 (61—125),
1 | Kaali-| € 83 (64—9%) | — (57—81). | 98 (64—92)
wmoes] D - — —
[T - 14 (29 3 (—3—239) 1 (—5—am)
v -~ 9 (00—133) | 138 (137——147)] 146 (133—152)]

1 - TSA: Glass temperature Tg in

°p (TMS):; 2 - Coating




Table 7

Properties of base painte on new epoxy compositions

Composition Resin 1821
of adhesive Hardener Resin CY 182
XB 2883 Hardener 1772
Catalyst
tin octoate
1 2 3
Ratio vpiement/adhesive
Content of pipment in dry 5351465 57:4
coating 579,
Content of zinc chromate f % 20%
Content of solids at the ‘ ” 785%
viscosity of application 75,5%
Initial v%scosity at application 7. thixotropy
FL, 20°C 4l
Viscosity after 7+ hours 63 thixotropy
Viecosity after 24 hours T e thixotropy
Heating conditions 20 min. 175°C
Average thickness of dry coat 4555 um
Suitability for polishing good good
on on
. . bonder steel bogger g?eel
Mechanical properties 125 plates 125 plates
Impact, cmkg, direct >140 ;1 140 180 180
Prese according to Erichsen (mm) o pa 0.8 a9
Adhesiveness (DJN 53151) - 195 G oo /
Hardnesse (Persoz)
Saline chamber (ASTM BR117) excellent very excellent good
240 hours good
Spreading of rust
(DIN 53 167) Ri0 Ri0 | it ' Rit
Degree of rusting %”ﬁgm = <025mm ilﬁm'
(DIN 53 210) g | i P
Degree of blistering(DIN63209) !
Tecst for tropical conditions
(SK DIN 500 17) 500 hours 500 hours
Spreading of rust(DIN53167) omm | 0mnm
Degree of rusting(DIN 5321) Ri0 Ri0 J ﬂ;? <%g“
Degree of blistering(DIN53209) Tk | Mok | mis | muaen |
Reslistance to water after immersion
(Ford FLPM=EU=BI) 480 hours 480 hours
Loss of adhesiveness(DIN53151) , G Gu Gw o
De . b ave | ook | o7 éﬂk}
gree of blistering . ove | g | mre | e

b
a)base coat;

Loss of gloss

b)with top layer,hét 30min/130°C
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Table 8

Suitability of new epoxy compositions as bases for coil-coating

Paint components

Resin CY 182
Hardener 1772

Resin 1821
Hardener XB 2883
Catalyst tin octoate

Parameters of 3 qun s bmind | 3nun 3 min
crosslinking 1250° 250 4250° | p250° [ n2sp;
Thickness of dry coat, pm ( ol el wl ol x
Elasticity by T-Bend method T ZT’ O

(ECCA method)

Adhesiveness after stamping
(pressing) 4 mm with
Erichsen apparatus

Test for MEK rubbing

Resistance to salty fog
(ASTM B117, 1000 hours)

Category I
(without loss of adhesiveness)

200 %

no trace of corrosion, no blisters

Base: ¢.7 mm Aluman plates, subjected to action of Alodine 1200

W bt an R RS o b it
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Figure 1. Thermal analysis of composition I (without accelerator)
Key: 1 - Simultaneous TGA, DTG, DTA (rate of heating B = EOC/min);
2 - Time; 3 - Exothermicy; 4 - Endothermic
-




Figure 2.

Key:

o Jemperatura maksymalrego
Paronanie Torsmax ¢ Skorelowond

ag saybhodé ogrzewana B, -

ATA ® Temperatura maksymaine/

reaktywnosel Iy max

AR skoelowang szybkes

o\ ogreewnia B . 3

bz proyspreszocza < =

— m e zprzyspieszaczem fb

- szybkosc agrzewanig w{Cimin]
P ok e ¥

Segbhosc ograewania f3
S =

22 24 26 28 30
o . - ——t v =
e w0 e e d0 60 40 I&9]

Activation graph of composition I

1 - Rate of heating B; 2 - o Temperature of maximal evaporation
Torg max @nd correlated rate of heating B8; 3 - o Temperature of

maximal reactivity TDTA ma x and correlated rate of heating B8;

y - without accelerator; 5 - --- with accelerator B;
6 - B = rate of heating °C/min
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DISTRIBUTION LIST

' DISTRIBUTION DIRECT TO RECIPIENT

i
|
5
;g
1
3
:

ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE
A205 DMATC 1 E053 AF/INAKA 1
A210 DMAAC 2 EOl17 AF/RDXTR-W 1
B344 DIA/RDS-3C 9 E403 AFSC/INA 1l ‘
c043 USAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS 1 E408 AFWL 1
Cc510 AIR MOBILITY R&D 1 E410 ADTC 1
LAB/FI0
C513 PICATINNY ARSENAL 1 FTD
c535 AVIATION SYS COMD l CCN 1
c591 FSTC 5 ASD/FTD/ NIIS 3 ‘
C619 MIA REDSTONE 1 NIA/PHS 1
D008 NISC 1 NIIS 2
#1300 USAICE (USAREUR) 1
p0o05 DOE 1l
P050 CIA/CRB/.ADD/SD 2 :
NAVORDSTA (50L) 1
NASA/NST-44 1
} AFIT/LD 1
| IL.ILL/Code 1.-389 1
: NSA/1213/rDL 2
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