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WATER-BASED SHELLAC COATINGS — PART L

Lac-Tung Oil-Phenolic Resin

Introduction .

One of the major problems cur-
rentlv under intensive research and
development in the surface coating
industry is the elimination or re-
duction in the use of organic sol-
vents. In recent years, a great deal
of interest is being shown in stov-
ing finishes which are partly or
completely thinned with water.
These water-thinned finishes have
added advantages over the conven-
tional systems. In these finishes,
the risk of fire and the pollution of
atmosphere by the toxic vapours of
the solvents is completely elimi-
nated. These water-thinned finish-
es® produce hard, smooth and glos-
sy films on stoving and in general
performance they compare quite
favourably with solvent systems.

Water-thinned . coatings are es-
sentially of two types, one in
which the media is dispersed in
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Incerperation of suitable proportions of water-soluble tung oil and
water-soluble phenolic resin into ammoniacal solution of shellac pro-
duces a water-based varnish suitable for coating on metal surface. The
best performance is obtained when 14 pts of phenolic resin and 57 pts.
of tung oil are incorporated to 29 prs. of shellac. This varnish remains
clear on dilution with water and the films produced after baking at
159°C for 30 minutes are hard, smooth, glossy and highly flexible. Their
resistance to water, chemicals and solvents is very good. In conjunction
with red oxide of iron, it produces a haking type of primer which shows
excellent adhesion and flexibility and possesses satisfactory resistance
ta corrosion.

In view of its excellent anticorrosive properties and baking schedule
normally practised in the industry, the use of this primer for coating
of ferrous metals is indicated.

water and the other where the me-
dia iv soluble in water. The first
type is commonly known as ‘emul-
sion type’ and the other as ‘water-
soluble type’.

In  water-soluble systems, the
vehicle exists as clear liquid and
remains clear* even when diluted
with water. In these finishes the
media consists of some water-
soluble resin, water-soluble oil etc.
Watzr-soluble resins used for such
coatings are usually of low mole-
cular weight. As these water-solu-
ble finishes do not contain any
wetting agent, emulsifier, stabilizer
etc.,, they show good resistance to
water and other chemicals,

Water-solubility of resins is nor--
mallv achieved by introducing more
polar groups into the molecule
which makes the resins water-
soluble on their own rights; or by
introducing a carboxyl group in the

molecule which, when treated with
an alkali, solubilises the resin. Dry-
ing oils are normally made watar-
soluble by the maleinization pro-
cess ie. by adding maleic anhyd-
ride at t-e double bond and neu-
tralising the iatroduced carboxyl
grouns in the oil with an alkali.

A good number of synthetic re-
sins and drying oils have already
been exploited in the manufacture
of these finishes in the more ad-
vanced countries. In our country
however, these water-thinned
finishes are almost in their infancy.

So far, among natural resins,
only shellac has been used in the
production of water-soluble lacqu-
ers and primers., Chemical struc-
ture of this natural resin shows a
close parlance with the structure
and mechanism of ths present day
water-soluble resins®. Owing to the
presence of one free carboxyl
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group in the molecule, it dissolves
freely in aqueous alkalis to form
clear solutions®. These aqueous
varnishes do not adhere well on
metals but when blended with
water-soluble drying oils such as
linsecd* and tung oils?, they form
highly adherent, hard, smooth and

glossy films on various substrates.

In order to further improve up-
on the properties of thess varnish-
es, 1t was thought to incorporate
5 curing agent — a thermosetting
resin in the above varnish composi-
tions. These thermosetting resins
by virtue of forming a cross-linked
structure with the functional
groups of the same or other resins
show much improved performance
in regard to water, chemical, sol-
vent and mechanical resistant pro-
perties.

Water-soluble thermosetting re-
sins such as ureas, phenolics and
melamine are the most widely used
curing resins®, These resins because
of their poor film forming characte-
ristics. are” normally used in con-
junction with a good film former.

In the pressnt work, lac-drying
oil varnish has been used as the
film formér while phenolic resin is
used as the curing agent.

Modified phenolic alcohols with
little or no condensation are gene-
rally used for curing purposes. To
obtain water-soluble products, the
functionality of phenol is reduced
by blocking off the ortho- or para-
position with alkyl group and then
reacting with formaldehyde at 30°-
60°C under alkaline conditions.

This dimethylol p-alkyl phenol
reacts with drying oils to form a

condensation product as shown be-
low.
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In the above reaction, one me-
thylol group is left free which can
be further reacted with the car-
boxyl or hydroxyl of lac. Kumar’
has recently observed on the basis
of his experiments on lac-urea and
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However this does not score out
the possibility of reaction of the

CHQOI'-I }1‘
; \I _—0-—CH

R \/ — CHz et CH

|

R;
Experimental

Agueous lac-tung oil-phenolic re-
sin varnishes were prepared by
hlending together water-soluble lac,
tung oil and phenolic resins in ap-
propriate proportions. It has .been
tound that incorporation of pheno-
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iac-melamine resin varnishes that it
is the carboxyl group of lac which
is more reactive than OH groups
and therefore we may have the fol-
lowing type of reaction product.
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methylol groups with the hydroxyl
of lac as shown below :
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lic resin into lac-tung oil varnishes
resulted in clear homogeneous
blends which could be further di-
tutad with water. A little propor-
tion (5%) of organic solvents such
as butyl cellosolve (on wt. of var-
nish) or alcohol was also added to
reduce viscosity and increase com-
patibility of the resin. These var-

OH oH nishes: were then studied for their
/l\ LRI HOH,C /I\CHon viscosity and solid content.
| |+ 2HCHO —> | s s oy A B
Nt N Visposity, was determined by Tio.
| | 4 Ford cup and the solid content
iy R by evaporating the solvent at

p-alkyl phenol Dimétﬁylol S-alkyi phenol 105°C to constant weight. It was



TABLE 1

Composition of the varnishes : (Calculated on solid basis)

Water-soluble

Compo- phenolic resin Water-soluble oil Water-soluble lac
sition mo. w. in gms. (%) w. in gms. %) w in gms, %)
1. 19.8 17.50 50.0 44.2 43 38.50
25 20.0 17.70 43.0 38.6 50 44.30
3. 15.0 14.01 60.0 57.0 30 28.51
4 10.0 5.01 '32.0 65.0 60 30.01
5 15.0 7.26 132.0 63.0 60 29.00
G 20.0 12.00 66.5 40.0 80 48.00
7. 50.0 100.00 =3 — = —
8 — - 50.0 100.0 — —
= — — — 50 100.00

* With p-tert butyl phenolic resin

noted that after standing for some
weeks, the viscosity of these blends
was reduced but the film proper-
tizs did not change.
Water-soluble lac solution used
in the preparation of above var-
nishes was prepared by dissolving
ammoniated lac in warm water.
Maleinised tung oil was prepared

acid or anhydride at 80°C for 2
hours. The product so obtained
was washed thoroughly with water
and then dissolved in requisite
amount of ammonia to givz a clear
solution.

Water-soluble phenclic resin was
prepared by reacting 100 parts phe-
nol, 120 parts foermalin and 3 gms.

3

minimum quantity of water) for
20-30 minutes. The product was
then cooled and diluted with water
to 25% solids. The pH of the solu-
tion was -maintained at:Z.5-8. -

Film properties-

These water-thinned varnishes
produced hard, smooth and glossy
flm on various substrates when
applied by flowing procsss. They
showed excellent flexibility and
good adhesion on metals and other
iike substrates,

Both baked as well as air-dried
ilms (in the presence of cobalt as
drier! were studied. But since air-
dried films did not show any ap-
preciable improvement in the film
nroperties over the parent lac, fur-
ther experiments were restricted to
the baked films only. Different
schedules of time and temperature
of baking were studied and it was
found that baking at 150°-160°C
for 30 minutes s:rves the best.
Baking of the film for less time did
not give adequate resistance to
water and chemicals. Also baking
for prolonged period made the film

by reacting tung oil with maleic of sodium hydroxide (dissolved in darker and comparatively brittle.
TABLE 2
Characteristics of lac - tung oil - phenolic resin varnishes
(stoving type)
Drying time Stoving schedule
o
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8= &5 s S EENal DT & & et 5eQ & & B
1. 15 >7 days 150 30 700 no cracks zood 25 30.0
2. 15 >7 days 150 30 500 fine cracks not good 45 32.0
3. 15 >7 days 150 39 900 no cracks very good 65. 32.5
4. 17 >7 days 150 30 1100 no cracks very good 75 33.0
5 17 >7 days 160 40 900 no cracks vary good 24 30.0
6. 4 20 hrs. 150 30 500 cracks very bad 90 30.0
7. — — —_ - — — — 50.0
8. 8 48 hrs. 150 30 100 fine cracks not good 65 30.0
9. 0.66 1 hr. 150 30 800 fine cracks not good 23 24.0




Film properties such as hardness,
flexibility and resistance to water,
chemicals etc. were determined and
it was ncted that varnishes con-
taining more of oil showed better
flexibility but poor hardness.

As regards solvents and chemi-
cal resistant properties, composi-
tions containing more of phenolic
resin gave better performance.

In view of good adhesien, excel-
lent flexibility and satisfactory sol-
vent and chemical rasistant proper-
ties, these varnishes were evaluat-
ed as vehicle for inhibitive prim-
ers.

Red oxide primers
Red oxide primers were prepar-

zd by grinding together appropri-
dte proportion of the varnish and

red oxide of iron (35% P.V.C) in
a ball mill for 18-20 hrs. The pri-
mers so obtained could be applied
satisfactorily by any of the conven-
tional techniques viz. brushing,
aipping or spraying.

These coated panels air-dried
rapidly and could be baked after a
flash  off period of 5-7 minutes.
The films so obtained possessed a
typical matt-primer finish.

These coated panels were stud-
ied for their water, solvent and
rorrosion resistant properties as
specified under IS:101-1961. It
was noted that baked films show-
«d excellent resistance to water and
did not show any blushing or lift-
ing of the film when immersed in
water continuously for 15 days.
They also showed good resistance
to various sclvents and chemicals.

TABLE 3

These baked films showed excell-
ent wetting and hold out to various
tvpes of top coats such as synthe-
tic enamels, nitro-cellulose lacquers
and oil paints and did not show
any tendency to bleed into any of
these finish coats or to lift. These
finish coats could be applied immeg-
diately after baking of the primer
coat.

Corrosion resistant properties of
these primers were studied by salt
droplet test. Mild steel panels
passivated by dipping for one mi-
nute in 50% phosphoric acid, were
coated with the primers by all the
three conventional methods viz.,
by 4dipping, spraying and brushing.
One set was allowed to air-dry for
24 hrs. when on some of them
nitrocellulose: and synthetic ena-
mel fHnishing coats were applied.

Solvent and chemical resistant properties of lac - tung oil - phenolic
resin varnishes (stoving type) — resistance to —

o
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113 NE 48 NE NE NE NE NE NE
24 NE 72 NFE NE NE NE NE NE
3 NE 48 (FS.) NE NE NE NE NE NE
4. NE 48 (F.S.) NE NE NE NE NF NE
5. NE 12 NE NE NE NE NE NE
6 NE 12 B (72 hrs.)) B (72 hrs) B (72 hrs) NE NE NE
7 = —
8. B(6) S.B.(2) ES. 2/3/9 BQ@) F.S. (2/3/%9 NE
9 NE F.S. (6) NE B (2 days) NE F.R. FR(#) NE
(40 rubs)
N.B. F.S. — Film softens
NE — No effect
FR — Film removed
B — Blushing
SB — Slight blush



TABLE 4

Air-drying properties of lac - tung oil - phenolic resin varnishes
in presence of cobalt acetate as drier
: s
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1. 6 72 400 cracks vet good 30 15
23 6 72 4100 fine cracks gcod 30 20
3. 6 48 400 no cracks very good 60 30
4 2 24 1000 no cracks very good 60 40
5. 2 24-48 500 no cracks aood 30 20
6 1.5 15 200 cracks not good 20 20
Expt. nos. Resistance to 10% acid. hydre- Spirit (dipped)

10% acid sulphuric

chloric initial

initial soften-

(hrs.) blushing time ing time

(hrs.) {minutes)
1 8 8 30
2 8 8 30
3. 10 8 30.
4; 15 15. 60.
5. 15 15 60
6. 8 8 10

TABLE 5

Characteristics of red oxide primer

Primer no. 1
(baking type)
{containing varnish
no. 3)

Primer no. 2
(baking type)
(containing varnish
no. 4)

Primer no. 3
(air-drying type)
using catalyst
(containing varnish
no. 4)

i. Drying time (hard dry)

%)

X W
W N W

Consistency (No. 4 Ford cup
at 22°C)

Finish

Colour

Scratch hardness (gms)

Flexibility and adhesion
(after 48 hours)

Protection against corrosion

{a) jar sulphur dioxide exposure

(b) salt ‘droplet test (4 days)

Weight of 10 litres of the
product

Film thickness (mils)

With 1% detergent solution
1ubbed upto 2000 times

150°C at 30 mts.

29 sec

egg shell

That of red oxide
1400

no cracks

(good adhesion)

satisfactory (96 hrs.)
satisfactory (96 hrs.)

13.61 kg.
2 mil

nothing happened

150°C (30 mts.)

28 secs.

egg shell

that of red oxide
1500

no cracks

(v. good adhesion)

satisfactory (96 hrs.)
satisfactory (96 hrs.)

13.13 kg.
2 mil

nothing happened

48 hrs. at room temp.

25 sec.

egg shell

that of red oxide
900

no cracks

(good adhesion)

satisfactory (72 hrs.)

13.35 ksg.
2 mil.

satisfactory




Another set was baked after a
flash off period of 7 minutes at
150°C for 30 mits. and to few of
these industrial enamel of the bak-
ing type was applied and again
baked at the same temperature.

Air-dried films after 7 days and
the baked ones after 24 hours were
subjectad to salt droplet test for
4 days (as specified by IS: 101-
1961) This exposure did not pro-
duce any rust spots on baked pa-
nels however, a few rust spots were
cseen on the air-dried panels. The
primers coated, were also subject-
ed to sulphur dioxide exposure
test. No corrosion could be noti-
ced upto 4 days.

The films werz next subjected to
impact resistance test (of the falling
tlock type). No flaking off of the
srimer film was noticed in both the
omuositions. Natural weathering
experiments ware also conducted.
Mild stzel panels 10” x 12” coated
with the primer and baked were
exposed for three months on the
roof of the laboratory. At the end

of three months, all the panels
carrying finish coats and the pa-
nels containing primer alone re-
mained perfectly unaffected.

Conclusions

Incorporation of water-soluble
phenolic resin into aqueous lac-
tung oil varnishes results in consi-
derable improvement in the proper-
ties of the baked film. As the
quantity of the phenolic resin in
the above composition increases,
hardness and solvent and weather
resistant properties show an in-
creasing trend but flexibility dete-
riorates. On the other hand, if the
phenolic resin content is reduced
beyond a certain limit, the films
did not show adequate resistance
to solvents and chemicals. With all
these considerations, the composi-
tion containing about 14% of the
phenclic resin is considered to be
the best. This composition pro-
duces hard, smooth and glossy
films on baking, which shows good
adhesion and flexibility and poss-

esses good resistance to water,

chemicals and solvents etc.

In conjunction with red oxide as
pigment, it produces a baking type
of primer which can be applied by
any of the conventional techniques
viz. by brush, dip or spray, to pro-
duce a fine matt finish. These
primers show good wetting and
hold out to top coats.
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