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aAbout forty-thousand years ago, water—soluble vehicles
zooued into prominence'with cave-decorating eraze that
swept parts of Europe. 8ince that tiue, meny kinds of
water—thinned.coatings have been used; but durable indusgt-
rial types of today have come into existence only within

our present generation.

The critical shortage of hydrocarbon solwents during the
word war II spuret development of water~based industrial
finishes in Europe. In the Unites States, the impetus was
provided by postwér needs for automation of finishing

rethods and elimination of £ire and health hazards.’

The most rapide commercial adoption of water-based
systems has been in continental Furope, where complete
dipping of objects as large as auto bodies has becore
almost as common place as flow coating of small items.

Fronm the practical as well as the theoretical point of
view, epoxy resins have not been described among the ﬁater-
soluble industrial vehicles. This ié attributed to the

~ high functionality of the resin. However, epoxy resins
can be water—solubilized by first reducing its functionality.
The main technique adapted for this reason is through

-~
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partial or comjlete esterification with mono basic acids.

The produced, epoxy ester are then subjected to either
maleinization in case of completely defunctionalized epoxy
esters or reaction with polybasic acid or anhydride in ecase
of partial ester. The highly hydrophilic resins produced
were then neutralized with organic volatile amine to produce

the water—-dilutable awnine salt.

As has been mentioned above, the esterificetion concept
constitute a main rule in the conversion of epoxy resin
into the water—soluble forr. For this reason, attention
was directed towards the esterification of epoxy resins and
algso towards the various parameters affecting the formation

of epoxy esters.

The forumation of fatty acid esters is among the major
outlets of epoxy_resins. Thege possess most of the merits
of the pure epoxy resins to a useful degree and in addition
have the advantages of solubility in hydrocarbons and the

ability to cure by air-drying or low temperature stoving.

The chemistry involved in the esterification of epoxy
resins has been described in many papers and includes the

following reactions:

1- Carboxyl/hydroxy esterification

2~ Carboxyl/epoxide

3- Bpoxy/hydroxide etherification

4— Reaction occurred with the unsaturated fatty acid .
centers.
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The reaction between epoxy and hydroxy groups has been
proved to take place to a much greater extent during the
esterification with fatty acids thaun usually encountered
especially wher using high nolecular weight epoxy resins.
This is attributed to the increased epoxy content of the
base resin and thus resulting in lowering the epoxy content
and consequently more water of esterificetion evalved taan

expected for reactions 1 and 2.

Por simpelicity,the epoxy resin molecule can bg repre-

sent¢d by

and reactions 1 and 2 can be illustrated by the following

series of equationsg:
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In the above reactions, the epoxy group is considered
as equivalent to two hydroxyl groups.

The relative order of reactivity towards esterifica-
tion of the epexy and hydroxyl groups in the epoxy resin
was a matter of interest especislly in view of the possible
preferential reaction of one type of grouping as might
results in the formation of different type of products.

2 studied the course of esterifica—

Coldblatt et.al.l”
~tion énd came to the concluded that epoxy and hydroxyl groups
react in asccordance with the relative number present. Cocne-
gsequently no significant differences in properties of epoxy

esters obtained if mixed fatty acids are used.

The evolution of more water than expected for the
esterification of both the epoxy and hydroﬁyl groups with
the mono basic fatty acids can be explained by etherifica-
tion of the epnxy groupes with the hydroxyl groups which

proceeds as follows:
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Disappearsnce of epoxy groups in this way means that
for short-oil esters less fatty acids is able to react addi-
tively and conscquantly more has %o esterify with hydroxyl
groups with liberation of water. This etherification reac-
tion leads to higher molecular weight branched structures,
higher ester viscosities and higher possibility of gelatian

during esterification.

During the course of esterification of high nolecular
weight epoxy resins, Lany trails atterpted were failed in
preparing linseed oil and dehydrated castor oil fatty acid
esters due to premature gelation. For this reason it was
felt of interest to forward the investigation towards dec-

reasing the degree of etherification and cooking tiues.

The esterification was carried out quite siuply by
heating the epoxy resin with the fatty acids together under
an inert gas blanket at 240°C. The progress of the reaction
was Ffollowed by deterwining the acidity of samples removed
periodically fror the reaction mixture at different inter—
vals. In order to carry out the esterification in a precise
and quantitative nanner, stearic acid was used at the
begining before perforning the trails on conmercial oil

fatty acids, for two reasonss

1= To elirinate any side chain reactions of the fatty

acid skeletan since it contains na unsaguration




center, and

2—- it can be ppoduced in a relatively pure grade.

BEsterification in AbPsence of Cagtalyst:

In order to prove that the presence of catalyst is
effective in the esterification of epoxy resins with fatty
aclids, blank experinents were perforred in which esterifi-
cation was conducted for various periods of tire but in

absence of any added materials.

Attention was then directed towards the use of alka-
line materials of similar nature to that use by Van Westrenen
21;_02.12?0

The catalysts studied ares

Lithiun hydroxide

Zinc oxide

godiuw carbonate

Lead monoxide (Litharge)
Barium hydroxide
Calciun hydroxide

The catalyst concentration is the another parameter
studied and the concentration rasnge investigated included:

0.125 grau elewent/100 grak epoxy resin
0.250 gran eleuent/100 gran epoxy resin
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0.375 grax elerent /100 gral epoxy resin
0,500 grar elenent/100 grai epoxy resin.

It is noteworthy to mention that within each set of
experinents, a blank experinent was conducted under sirilar

experinental conditions,

The tine-tenperature prograne for such epoxy/stearic

acid esters are graphed in Figure (1)

Following ve successful preparation of stearic esters
of epoxy resin, the work was extended to include the esters

of olgic acid.

The arount of fatty acids required to the complete
esterification of the epoxy resin can be conpubted fron the
epoxy resin characteristics. For this reason, the constants
of the resin were first determined according to well-known
standard methods. The results obtained are given in
Table (4).

Table 4t Characteristics of Epoxy Resin

Epoxy equivalent (epoxy groups/100 gm) Q.22
Boftening temperature °C 20~75
Colour (Gardner) 40% solution in akyl alcohol 6
Hydroxyl content (OH/100 gn) 0.28
Bpicific Gravity 1,193%8

Epoxy equivalent (gu/wmole of epoxy) 526
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The ester equivelent weight whica is defined as the
grars required Lo conplete esterification (eopplete defun~
ctionalization) of one gran nole of a monobasic acid, ca:n
be calculated frowr both epoxy and hydroxyl equivalents as

exarplified below.

The total hydroxyl equivalents of the epoxy resin

used is equal toi

2 x 022 + 0,28 = 0,72
This neans that:
each 100 graus of resin contains 0.72 hydroxy groups.
X grazs of reain containg 1.0 hydroxy groups.

100 X 1.0 _ 339 gu

X =
0.72

Thus 139 gm of the epoxy resin is required to esterify

one n.ole of nonobasic acid, such value is teruned “ester

-

equivalent weight®.

-

On the bases described before, the equivalents of the
materials studied are given in Table (5).
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Table 5: Bquivalent Weight (in gr) of Epoxy Resin and
Fatty ACidB .

Ester equivalent

(wt. gn)
Epoxy resin 139
Stearic acid 284
Oleic acid 282
Linseed oil fatty acids (LOFA) 280
Dehydrated castor oil fatty acids 284

To show the effect of the type and concentration upon
the esterificatim rate, the following paraneters were stu-
died.

A- Effect of the type of catglysts

Fror prelininary experiuents, it was shown that 0.125
catalyst equivalent/l00 gm epoxy resins (based on netal
basis) is the most effective catalyst concentration taking
into consideration the economic point of view. A set of
experirents was performed for the esterification and diffe-
ring in the type of catalyst present. In order to show

such effect a blank experiLent was included.

The course of esterification for each type of catalyst
was followed and the data obtained are reeorded in Figure
@).
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The figure cleariy indicate that the addition of the
catalyst prowotes esterification at the expense of ethers-
fication and hence duces viscosity. Also reduction of
the acid value of the product and the cooking tine is awong
the observations noticed from the figure. According to the
previous study, the catalyst investigated can be arranged on

order of reactivity in the following Table (6).

Table 63 Esterification catalysts

Highly effective catalysts Lithium hydroxide,
Zinc oxid & sodiunm carbo-
nate

loderately effective cata- Lead oxide

lyst

Less effective catalysts Bariun & calciun hydro-
xides.

B~ Effect of catalyst concentrations:

From the above paragraph, the inportance of using a -
catalyst in the esterification of epoxy resins was shown.
Experiments were then perforred to define the most suitable
catalyst concentration for producing the highest yield of
epoxy esters. DBased on four suitable concentrations of
catalysts, experiments were performed under identical con-

ditions.

The results are represented graphically in figure
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(2a&"B)far 0.125,|0.25C, 0.375 and 0.500 equivalent retal
per 100 g epoxy resin respectively. These figures show
the effect of catalyst concentration on the rate of esteri-
fication. I% can he seen frow these figures that similar
behaviour with respect to the catalyst reactivity are obge-
rved. Thus indicafing that lithium gnd zine catalyst are

the wnost reactive. | Also the increase in the anount of cata-

lyst leads to a slight increase on the rate of esterifica~

tion than would be expected.

As it is plausible that the concentration of the cata-
1yst plays a role in the efficiency of esterification,
the work was extended to employ zinc or lithiun catalyst
(0.25 elenent eq./100 gn epoxy resin) in the
reaction for oleic or linseed oil fatty acids as the wono-
basic acid. The results obtained one represented in figure

(3).

It can clearly seen from the figure thatincreasing the
unsaturation of the mono basic acid leads to enhance the
rate of estaérification. This conclusion ig in agreenent
with the theoretical basis since the relative reactivity

values of the unsaturated fatty acids are in the order;83=

Stearic £ Oleic ¢ Linoleic ¢ Linolenic acids < Elestearic acid

o 1 ¢ 20 : 40 : 80’
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Laleinized Fpoxy/Fatty Acid Isterss

The sane technique adapted for water—solubilization
of unsaturated oils was also applied for the completely
defunctionalized epoxy esters. The tern Laleinization is
frequently used for the reaction of ralsic anhydride with
the unsaturated centers of the fatty chaint The Lost inte—
resting feature of raleinization is that one has a sicple

process for adding acidic groups in the molecule.

The addition of raleic anhydride to the oil portion
of the epoxy ester nolecule depends upon the type of unsa-
turation present. The following equations illustrates the
possible reaction mechanisms for both the conjugated and
noaconjugated systens:

~CH = CH-CH = CH - -Maleinizabion . _ oy oy _ oo om

| N /
CH — CH
co o
\\0/

-CH

]

CH-CH,~6# = cH - Mstelndgation = . o0 0 o\ o0

|

CH - CO_

i 0

CHE—CO"

‘Moreover in the later case, the reaction occurs at

200~250°C which is relatively high as compared with that
required for conjugated fatty acids (8000). The maleinization
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is carried out vnder nitrogen atmosphere and continuous
stirring.

- In order to explore any advantage performances of wale-
inized epoxy esters over ualeinzed oils, comparitive study
between themn and other raleinized linseed and dehydra-

ted castor adducté was introduced.

The reaction completion was perforied through the
anilic acid nurber and unreacted achydride content deter—
rirations. - It is noteworthy to rentiom that, all acidity
deternination of the maleinized adducts depends on the
anilic acid nurber method. This method is preferable than

the conventional following reasonss

1- The maleic adduct is not conpletely hydrolyzuble.

2—- The presence of any water traces interfers in the deter-
mination. o

3~ The possible formation of semi-esters of the dicarboxy-—
lic acid with alcohols present in the solvent and in the
presence of alkali which acts as catalystlw.

4— The formation of strong type of hydrogen bonding if non=-

aqueous solvents are used185.

-

Preliminary trials were carried out to estimate the
optinun maleic aphydride needed to provide water solubility
for both L.0s and L.0/D.C.0. at nmixture. 15% K.A. seened
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to be the nost suitable anhydride ratios There is a great
tendency for gelation when D.C.0. is naleiniged. This is
recently attributed to the residual hydroxyl groups left
after the dehydration of castor oil, —Phis-possibility is
elitdnated by replacing the hydroxyl groupsby chloride

groupalss .

Three different oil formulations were prepared and were
ihcluded anong other formulations for the sake of compari-
son. These formulation are given in Table (7).

Table 73 15% Maleinized Oil Formulations

0il Corposgi—~ Anilic¢ | Unreacted
tion Terp.| Acid No. Tipe |Solubi-
1.0 D.G.0. ° | ng KOH/g | mg KOH/g | min. | lity
100 Q0 250 80 8 180 Bol.
70 30 200 | 85 10 45 | 8ol.
60 40 200 75 3 45 Sol.
| | (gel upt
jon ¢cool+
ing)

It can be concluded from the data in table (7) that
the incorporation of D.C.0. leade to reduction in both the
-reaction time and temperature. IV would be expected that

forulations based on high D.C.0. .percentage (over 40%)
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tend to converted to gel upon cooling. Moreover, the
colour of the adduct tends to be paler as the percent of
D.C.0. increases. This is attributed for the presence of
linolenic acid in linseeed o0il which responsible for the

yellowing.

For the forgoing reasons,only the 15% rgleinized L.O.
and 15% maleinized LsO./D.C.0. (70:30 by wt.)were employed.

After the preparation of raleinized oils and assesa-
ting their suitability as a water-~binedrs for paints,
attention was drawn towards the adaptation of this techuni-
que for maleinization of cowpletely defunctionalization
epoxy resin. The maleinization was carriedout after the
coupletion of the esterification of epoxy resin with fatty
acids in the manner described before, and using the sane

apparatus assembly used.

The parsmeters affecting the maleinjzation of epoxy

esters of linseed oil fatty acids are discussed separatelys

1-~ BEffect of Maleic Anhydride Concentration and Temperatures

Three sec¢ts of experinents were conducted for the
purpese of proving the effect of tenmperature and maleic
anhydride ratio on the production of stable and water—
soluble adducts. Each set consists of three runs belonging

to 10, 15 and 20% by weight nmaleic anhydride. The
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temperatures investigated were 220, 200 and 15OOCa The

results obtained are collected in Table (8).

Table 8: Maleinization of Epoxy Esters of Linseed 0il
Fatty Acids.

Aﬁ;;:;zde Tg§P° soi1 o ?§r9a°ted Gel formation
% (zg KoH/g) (™6 KOH/8)
10 220 e — Irzediately
10 200 — —— After 15 ninutes
10 150 - — After 30 minutes
15 220 —— ar—— Izncdiately
15 200 — — After 15 ninutes
15 150 47 14 —
20 220 _— — Inmediately
20 200 e —y After 15 minutes
20 150 100 56 After 40 minutes

The above data clearly illustrates, the effect of both
anhydride coucentration and temperature in pronotion of
gelation. Thus increasing the anhydride percentage or the
reaction temperature lead to high possibility of gelation.
This conclusion is in agreerxent with the previous observa~
tion and is analogous to the theoretical considerations.

These findings alsoc indicate the unsuitability of this




type of epoxy rosins in producing water—scluble epoxy esters.
As a Latter of fact low rolecular weight epoxy resins (370)

gave proiising results in producing water soluble varnishe3186.

However, it was thought of interest to incorporate cils
in the reaction mixture just prior to the raleinizetion
would expect to eli;dnate the possibility of gelation and
thus produces adducts of suitable viscosities. For this
purpose, a definite amount of linseed 0il was added after
the couplete esterification of epoxy resins followed by the
usual addition of maleic anhydride. These studicg are
gathered in Teble (9).

Table 9% Maleinized Epoxy Ester/Linseed 0il Adduct.

Adduct couposition Anilic - Unrea-~-

% : Tgmp. ;g Egg/s cggd Pinme Solubi~
L.O. ggggg N.A. ¢ KOH/g lity
24 56 20 200 = —— ¢ 1 hr Sol.
32 48 20 200 = -— <« 1 hr Sol.
33 49 18 200  30% 3 2 hrs Sol.
33 49 18 180  75% 9 1 hr 8ol.
40 40 20 180 86 20 1 hr Sol.
34 51 15 150 89 12 1 hr 8ol.
42,5 42,5 15 150 65 10 2% hrs insol.
24 56 20 150 83 30 2 hrs ‘insol.
32 48 20 150 81 4% 3 hrs Sol.

% Gel upon cooling,
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Frox the -hove daba it cau be concluded the followings

l- The addition of linseed oil in an arount to 24 percent
of the reaction mixture or higher eliminates the possi-
bility of gelation, when perforued at tewperatures less
than 20000, or at short maleinization periods.

2= Within the experimental linits tested, it seems that
the shorter the naleinization period is, the better
results obtained. This is achieved by using higher ter-
perature; and 200°C seems to be the optimun maleiniza—

tion tempergture.

Fror the above record of experiments, 15% maleic
anhydride adducts were prepared st 200°¢C in which drying
0il was incorporated in mixture prior to naleinization.
Their characteristics were deternmined and are given in
Table (10).

Table 10: Maleinized Epoxy Ester/Drying Oil Adduct 15%
' Mzleic Anhydride

Adduct composition Anilic Unrea- .1
% Temp A-Nc ted Time SOlublf-
o ’ m§ Lg lity
L.O. D.C.0e Epoxy lk.A. C KOH/g EKOH/g
Ester

57 — 28 15| 200 85 5 1 hr* sol.
64  —— 21 151200 40 10 1p hr  sol.
68 -— 17 15| 200 75 8 1% hr sol.
43 21 21 151200 65 10 % hr  Sol.

% Gel upon cooling
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An ipportant finding derived from the above study is
the deviation of the acid value of the naleic asdduct from
the theoretical values. This deviation can be shown from

the following Table (11).

Table 113 Acid Value of the Maleic Adducts

Experi- Theore-

mental  tical - %
Acidity Acidity ioss

Lig rg
KOH/g  KOH/g

15% raleic adduct of 28% epoxy 90 173 48
ester

15% maleic adduct of 21% epoxy 85 173 51
ester

15%naleic adduct of 17% epoxy . 83 173 52
ester

15% maleic adduct of 21% epoxy 75 173 52

ester containting 21% D.C.0.

The conclusion drawn from the data given in Table (11)
clearly illustrates the dependance of the acid value of the

adducts on the amount of o0il incroporated in the resin.

The loss of acidity during maleinization is very impor—
tant both fundamentally snd economically since it night
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reguire the usc of a aigh proportion of maleic ahhydride
to engure its solubility, thus the reactivety of the mole-

cule being unduedy reduced.

There are several suggestions and explanations for
this loss of acidity. The probable explanation of this
loss of acidity rests upon the fact that the adducts exhi-
bit higher viscosities and gel-like appersnce. In addition,
¢arbon dioxide gas was detected during the naleinization
reactions. For these reasons, the following series of
reactions are suggested to explain the phenomena of logt

aciditys
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~CE~CZ = Ci~CH-
h /

N
CH-——?H
|
co ¢Co
AN

/ .
0 (umaleic adduct)
+

R=CH = CH-CH,~CH = CH-R

~CH-CE = CH~CH=-

AN s
CH — ?H
|
c['o COOH

R~CH = CH~CH-CH = CHR

i heat

~CH=CH = CH-CH=
] /S
?H — CH,
?0 . + 002
R—CH = CH-CH-CH = CH-R

Where R = CH3(0H2)4 & R= -(CHz)? ~COOH

The work carried-out recently Ghanem_gﬁ.gi.la? on the
maleinjzation of drying oils proved that the acidity of the
adducts equal to the anilic acid number plus twice the

acidity due to carbon dioxide evolution.
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Another obgervation seen fror the above data is the
presence of dehydrated castor oil aLong the oil portion
used for the modification of epoxy esters leads to the
forration of higher visgcosity products and higher acidity
logs. This is explained on the bases that the residual
hydroxyl groups present condensed with the anhydride groups
leading o the “ormation of products girmilar to the alkyds

in nature, thus reduces potentially the carboxylic groups-

Water—goluble Epoxy-dodified Alkyd Resin

Alkyd resins are used extensively in protective and
decorative coatings ard as a vehicle in gutomotive and
industrial finishes, water—thinned paints lacguers, enauels
and as a grinding vehicle. They are also used in asdhesives,
inkg and in various compositians containing rubber. This
wide usage range has resulted from the various desirable
propexties of the resins such as good colour retention,
toughness, heat: reslstance, resistance to weathe: exposure,
flexibility and ease of application. Xor these reasons, it
has been though desirable to provide a water—soluble resgin
which combizes the useful advantages of both alkyd and epoxy
resins. A further desirable characteristic is tha% it becomes
hydrophobic upon curing, that is, its resistance to watexr
absorption is substantially increased after being cured.

Because of the high functionality characteristics of
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both epoxy and a’kyd resius, Lost previous atterphs to com-
bine the two iaterials resulted in gelation before low acid

values could be reached.

Epoxy-modified water—soluble alkyds have improved film
forming properties, adhesion qualeties over unmodified alkyd
resins. Also, they maintain their.stabilities during cycles
of freezing and thawing.

Solvent type alkyds are ordinarily prepared by thp
reaction of a polybasic acid or anhydride with a polyhydric
alcohol to an acid nurber below 15 mg KOH. At the begining
cf the reaction, the acid value is relatively high. Aas
the reaction proceeds, the acid value falls until the reac~
tion reaches completion when the acid value is at its

piniour value.

However, it is believed that the most common method of
the production of water—soluble alkyds consists in interrup-
ting the esterification reaction at some intermediste acid
number, say in the range of 30 to 80 mg KOH during the cook.
The resultant high acid value alkyds will becone water—
soluble upon blending with amuonia or some derived volatile
arine (i.e. triethylamine) to produce a loosely reacted

anine—alkyd polymer soluble in water.

Buch high acid value alkyds exhibit properties similar
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to low -~c¢id valv. -lkyise. Lowever, there is a relation—
ship between the acid nurber and stability and solubility,
if the acid value is too high, i.e. above 80, the alkyds
tends to be unstable and cannot be stored for periods suffi-
cient for commercial use. On the other hand, if the acid
value is too low, i.c. below 25, the resin is very diffi~

cult to sclubilize by treatment with a base.

The technigue adapted in this work for solubilizing

the epoxy resins consists ofs

Stage As Involvesthe preparation of partial esters of epoxy

resins with nmonobagic acids.

The term defunctionalization was given for this step.
The technique involves foruation of a partial ester of the
epoxy resin with the fatty acid desired, through both the
epoxy amd hydroxyl groups present. The resultant product
having a hydroxyl functionality between 1 and 4.

Btage B: Involvesthe addition of the alkyd ingredlents and
cooking was continued to the desired acid value. In this
stage, the epoxy resin partial ester is introduced alkyd

resins.

Stage C+ Involves the neviralization of the modified alkyd

resin with a base to obtaine the final water—-solubl resin.
The weight of anine necessary to neutralize the acidity
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of a high acid alkyd resin can be conputed from the follewing

189

equatio :

V. - Walkyd Dﬂﬂ Eamine
aiine 56,100

Where:
Warine is the weight of arine,

AN acid value of the alkyd,
Walkyd is the weight of alkyd; and
E is tue equevalent weight of the anine.

Besic Formulationsg:

Carothers equation relating the functionality of the
alkyd systems to the extent of the reaction as the degree
of polyrerization is expressed as:

2 x 100
average functionalgy

= % of reaction at gelation

The average functiolality can be calculated as follows:

- 20otal functiomality
nuxber of moles

The formulsztions of the epoxy modified alkyd were based
on the constants nethod rather than the Carothers's method.
The former was proved to be nore precise and can be applied

to the water—-soluble systerns.
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Four differ:znt tydes of epoxy” nodified alkyd resins
were formulated. These resins correspond to 0, 10, 20 and
30% excess hydroxyl content. These fornulations were computed
according to average functionality method and are given from
Tables (13 to 20). Table (21) illustrates the collective
constants drawn fron the previous tables.

Table 13t Formulation of 30% Excess Hydroxyl Epoxy Modified
Alkyd (Whole CheXge)s

C-orge Break Down
¥ B CH CN eg ¥ %
Lpoxy resin 160 130 1e23 === l.23 6 0.205
LFA 525 280 1.87 1l.87 === 1 1.870
Glycerol 316 30,7 1029 =—— 10.29 3 3.430
P.A. 515 74.1 6,95 6.95 == 2  3.4Y5
1516  20.34 8.82 11.52 3.980

Water loss - 72

14k

= /€)= 11.52/8.82 = 1.3 = 30% excess —OH
K = n /e, = 8.980/8.82 = 1.018

w

- -ePA. X 6.
Y=l - 1--—§EE§-9-= 1-0.043= 0.957 = 95.7%

. _56.1 x %A x 1000 _ 56100 x 8.82 _
Acid vslue wt of charge 1444 = 2

I.A.Ve 342

extend of reaction




Table 143 Forrulation of 307 Frcess Hydroxyl Epoxy Modie
— fied Alikyd.

Chenge Bregk Down
; W MI‘ e, €, eq F R,
Def. epoxy ester 387 557 0,69 ——  0.69 3 0.230
LFA 283 280 1.0 1.0 — 1 1.000
G- 30 30.7 9.80 —— 9.80 3 3,264
Polo 515 74.1 6.95 6495 -— 2 3.475
1lags 18.44 7.95 10.49 ;3;;
Water loss - 72
1424

R = eB/eA = 10s49/7.95 = 1.51 = 31% excess -CH

K= EOIBA = 709?1/?095 = 1.00

e
- P‘A. x 9 F = - --—25——2 - - =
Y =1 g iy 1 TS 1=0.045 = 0.955 = 95,5%

I.LQVO-—- '% l x"—é—x——];—' ,‘““- * ZP% l%‘ = 315

wt o cazmge

Peel point = ﬂ%—@ = 84,1 %

evtont o reaction




=120~

e —

Table 158 Pormulation of 27% Rxcess Hydroxyl Epoxy Modified
Alkyd (Whole Charge)

Charge Break Dcan
W B e, e, eq B Ly
Epoxy resin 160 130 l.23 == l.23 6 0,205
LFA 525 280  1.87 1.87 — 1 1,870 -
G. 287  30.7 9.354 — 9354 3 3,118
P.A. 516 74,1 6.050 6,95 ~—— 2 3,475
1487 19.404 8.82 10.584 8.668
Water loss - 72
1415

R = egfe, = 10.584/8.82 = 1.2 = 20% excess —CH

K= no/eA = 8,668/8.82 = 0.98

e .
P} 6,2 -
Y= e =1 - BpER = 10045 = 0,955 = 95.5%

O

55.1 x° 5e) 5, 82 x 2
5.1 x A x 1000 _ 55.1 : 53§%T5Lm000 309

v. et X2 . OO0
LedoVeou= Wu C. caargh ™=

oS

39 =60 _ 289 .
Pael poiny = A = 552 - 828 %

extent of reaction
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Table 163 Portulation of 20% Excess Hydroxyl Epoxy Medified

Alkyd
(Charge _ Break Down
w pr: e, e, ex 7 Eo
Def.epoxy egter 287 557 0,69 —emm 0,69 3 0,230
LPA 283 280 1,00 1,00 == 1 1.000
G. 272 30,7 8485 ~—— 8.85 3 2.950
P.Ae 515 74,1 6,95 6495 =—— 2 3.475
| T 17.60 7.95 Q.58 74655
Water loss - 72
1385

R = °B/9A = 9,54/7.95 = 1.2 = 20% excess —CH

K = nofe, = 7.655/7:95 = 0.9

Y o= e -6-192-%-9- = 1= 6-%%- = 1~0.046 = 0.954 = 95,4%

- =]
ToA Ves 2ol x A x 1000 26e) x 7,95 x 1000 _ 34

wt o0f chargs 1235
_ 324 ~6C 254 .
Psel point h R = XER T 81.5%

extent of reaction
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Table 173 PFortulation of 10% Fxcess Hydroxyl Epoxy noditiod

Alkyd (Whole Charge de

Charge Bresk Down'*‘ '
o W E © ey, °p ¥ =,
Epoxy resin 160 120 1.23 = le23 & 0.205
LEA 525 280 1.87 187 = 1.870
G. 260 30,7 8.472 —=~ 8.472 3 2.824
P.A. 515 7a. 6,95 6.95 —— 2 3.875
3460 17.522 8.82 9.702 m

Water less- 72

1.z88

R = °B/°A. = 9.702/8.82 = 1.1 = 10% excess -OH

= K‘O/BA. = 8.374/8.82 = 0.95

v = 829529 . 1 8222 L 10,085 =

1LhE8 1288
La.e PehERBEEI0R w35
P _ j H - 60 _29%
gel point - B REH

extent of reaction

955 = 95.5%

= 0.8% = 83.1%
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meble 18¢ Pormulation of 1.0% Fxcess Hydroxyl Epoxy Modified

Al kyd
Charga Brzeck Down
ﬁﬂ#"'é By EA €q 7 mo_
Daf., evewy asher 387 557 070 === 0.7 % 0.23
LFA 283 280 1.0 | 1.0 == 1 1.00
R 247 30,7 8.045 -—— 8,045 3 2.681
P.hAe . 515 4.1 6.9 6.95 - 2 3.475
| 1472 16.795 7.95 B.785  7.3%5
Water loss - 72
1760

R = eB/eA = 8,715/7+95 = 1.1 = 10% excess ~CH

K = B/e,= 7.385/795 = 0.93
)

4

¥ o 1-8:952 9 o 1e $B29% = 1-0.046 = 0.954 = 95.4%

520 )
, 56.1 ¥ 7.95 x 1000
T-4-Fe = R 2R o aBr B TSR = Z28
‘ L3690 -
_Z28 - 60 _ 288 _
Peel point T = 3m T 8L.7 %

extant of reaction
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Water loss - 72

R

——

130l

eB/eA = ?ﬁ = 1.0

€ L.

E = mo/e& = 8.08/8.82 = 0.916

= O% excess —~0OH

Pable 193 Rerrulation of 0% Excess Hydroxy Epoxy Modified
Alkyd (Whole Charge)
Chares Bpegk Down
5 E ©n s Sz P T
Epoxy »esin 160 170 1.723 23 6 0.205
LFA 825 280 L.27 1l.87 1 1.890
G. 233 30,7 7.59 ~— 7.59 2.530
Peho 515  7%.1 6.95 6.95 2 3.475
1423 17.64 8.82 8.82 8,030

Y 1- 82222 2 %25 = 1-0.046 = 0.95% = 95.4%

laAnT':o=

Péel point

sxtent of

56.1 y. 8
l

L]
-
7

reachion

AL

82 x 1000
TS L = 364

A0

2% . 0.835 =

364

83.5%
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Table 20: Fortulation of 0% Rxness Hydroxyl Epoxy Medified

Alkyd.

Charge Presx Drwn
st T ec QA eB E - mol
Def. Fpovy saeser 387 E5? 0,70 ——— 0.70 3 0,230
LFA ' 283 280 1.0 1O == 1 1.000
G 225 30.7 702_5 ————— 70?.5 3 20416
P.L. 515 744!1 6.95 6.95 ——— 2 30“[‘75
5 1403 15,90 7.95 7.95 7120

Water loss - 72

33%6

R = eB/eA = -1"25-- = 1.0 = 0% excess ~CH
7ozl
K = mo/eA = 7,121/7.95 = 0.9 = 9C%

3. 8295 x 9 _ 3. 83227 - 1-0.046 = 95.4%

1235 3375

>
i

ToAeVe = £6.1 x 7:95 x 1000 3%%
1336

_ 33360 _, 273
Pgel point = 355 333 = 082 = 82%
extent of reaction
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Tgble 21t Alkyd Consbants of Various Water—Soluble Epoxy
podified Ailyd Pormulations. ' :

g A -l - v - y --1
T Charge based on Charge besed on

Fxceas epoITy resin epoxy ester

- H -

19 v Pg?l X Y 2001,

20% 11,018 95.7 824 1.00 95.5 84,1

20% !0.980 95.5 82.8 0.% 95 .4 81.6

10% |0.950 95.5 83.1 0.9%3  95.4 81,7
0% ]0.916  95.4 835 0.90  95.4 82,0
Evaluation

Representative sarples of the prepared water-soluble

varnishes, covering a wide range of renin types and thelr

rode of forrabtion, were selected and evaluated as #ehieles

for pain.ts.

Mhe evaluations were conducted according to

well~lmown intermational standard speaifications. These

saLDles are listed in Mable 22 togeiher with theinr Lain

_eonpegitiona-
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Pable 223 List of Varnishes Evaluated

's§§?le Conposition
I 1.5% Moleinized Linseed oil.
1T 1°% Meleinized linseed/D.C. oils (70330 by wt.)
IIX 15% Mezleinized linseed oil/epoxy ester (3:1 by wt.)
I7  15% Maleinized linseed 0il/D.C.0./epoxy ester
(2313l by wt.) '
v 30% Excess~OH epoxy modified alkyd resin based on
T.FA mede by fatty acid method. _
VI 20% Excess—OH epoxy nodified alkyd resin based on

1.7 nade by fatty acid wethod.

VII. 1.0% Execess~0H epoxy Lodified elkyd resin based on
TRPA made by fatty acld nethod. '

I1X 0% Fxrcess~OH epoxy modified alkyd resin based on
LFA made by fabty acid method.

b4 20% Excess—-0H epoxy rodified elkyd resin based
on I A produced by ponoglyceride rethod.

hA 30% Bxcess-U1 epoxy rodified glkyd resin based
on Iw0./DC.0, (L1 Ty wh.) produced by
nonoglvaaride method.

XI 30% Fxoess~Jd epoxy rodified alkyd resin based

01 DeCeilnds produced by ronoglyceride webthod.

mhe percent coLpositiions of the resin ernloyed are
given in Table 2%, There corposition perceniagcs were
corputed from the data given frow the alkyd resin consvant

calculgtbions and the charged weightse.
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Pable 233 Percentage CoLposition of the Resins
Ingredient I_ T IIITIv V VIVII I X X XI
Pefunctionglized
Tpoxy Resin 2] 21 26 26 27 27 25 25 25
Y¥.0. 85 60 o4 43 20 10
L.0.F.A. 20 20 20 20
D.C.O. 25 21 10 20
Glycerol 20 19 17 16 20 20 20
Phthalic Anhy- 35 35 36 37 35 35 35
dride

Maleic Anhydride 15 15 15 15

The seleated varmishes wers in the fort of agueocus asolu-

ticns.Their corposition forrules are given in Tsble 24,

Mable 2t: Varnish Corpositions
Percent Ccrposition
Ingredient — - o
Yaleinized adduct | Epoxy-modefied allkyd
1 o e
Resin %0 Z0
AEL.‘hydroxida
or triethyl - +ill pH 8 till pd 8

aring

Water 5 i

Tthanol 15 x5
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The selected resin forrulations were tested for the

following vehicle proparties?

A~ Colour and vigcosity reagurerents of the resin gsolutiont

The selected resin solutiomswere subjechted to colour rea~
surensv+ using the colour coLparator adapted by Gardner. On
the other hand the vigcosity of there solutions was Eeasured by
ueing Ford Cup No. 4 and is expressed in seconds. The results

obtained are shown in Table 25.

Pable 253 Vehicle Characteristics.

Resin cononr {Gardrex)at 1%  Viscosity (second)at 2Z0%
No. . s80lld content solid content '
I 14 - 15 60 |
I 12 - 13 40
IIT 16 17 _ 90
o 16 - 17 210
v 14 - 15 4G
Vi 14 - 15 40
VII 14 ~ )5 LY
IX . 4~ 35 1e
X 4 - 15 175
X i - 15 120

-

XL 13 - 14 70
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Tt can be clearly shown froL the data given in Tabls 25
that resins containing the dehydrated fatty acid es the rain
or partial congtituent of the oil-poxtion exhibit paler
colourslthan others. This is ettributed to the absence of
1inoleris acid which has an influential effect upon the

yellewing tendencies.

B- Parsreters affecting the viscosity of the soluticngs

The aqueous solutions of the neutralized resing are
viscous and gel~like rLaterials. Therefore, theirrease of
application is not practical end hence alcohols are introduced
into the'formulations to reduce this viscosity to the work-
able lirits. They also juprcve the transperancy of the
gsolutions and preven®s foaning. For there reasons, it was
thought of interst to extend the work for further investiga-

tior to show the parareters affecting the viscosity flecua~

i-The effent of the solid conten® on the viscosity.

Tn nrder tn show the effest of solid con%er® cn the
varnishes's viscosity, a known weigh® cf the reein was nsutra~
Lized with the suisable base till pH 8 reached. 2he neui-
ralized rLass was then thinned with water/alﬁchol rixhure of-
definite retio until 50% resin content by weight »meachsd.
mhe viscosity was theu neasured using FordCup No. 4 as

described in the experirental section.
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More water/alcohol diluent was added to edjust the solid
contents to 40, 30, 20 avd 10% and the corr@soondlng visvosl+y
of each was Leasured. The data cbtained was graphicelly rep-—

recented in figure (4).

Tt can be concluded frou figure 4 that increasing the
alcohol percent leads to Loxe reduction in viscosity. It is
slso concluded that at low solid contents, the viaéosiﬁy was
slightly affected by the alcohol percentage. As a Latter
fact, the viscosity of these resins at 5% solid op less is
the sare. Also there is a sudden drop in the visgosity

reduction curve st solid content between 20=-30%.

Another irportant finding noticed frow the reduction
curve is that resins containing the epoxy esters exhibit
highest viscosities. This is beleives. that such resins are
of higher rolecular weight than the others. Exception from_
this generalization was observed for resins containing the
dehyirated castor fatty chain. This is attributed to.the pre=
gsence of the regidial hydroxyl groups which are hydropﬁiiic

in nature.

It is also noteworthy to rention that the 50 % £olids show
higher viscosities which were difficult to measurs. For
this reason, viscosity Leasurerents were perforred fim=% on

707 solid snd ne% S50% solids aa planned.
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Fig.(4): Effect of Solid Content on the viscosity of
the Varnish,
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ii~ The effect of ethyl elcohol on the reduction of visco:itys

As has been pointed vefore, the inportance of thé presence
of ethanol arong the diluent congtituents is shown. Eor this
réagon, set of experirents werse perforred in which Z0% agueous
solutions of the resins werse +treated with a definite alcoholf
ratio and the corresponding viscosities were reagsured. The
" resins selected were those corresponding to 30% excess hyd-—
roxyl contents (V, 1%, X and XI). The data obtained are

plotted in figure 5.

girilar behaviour to those of the previous ikeu, was
also regarding the effect of alcohol on the viscosity reduction.
A1l the viscosity of resins tested greatly affected by the
presence of ethanol. These obgervations are in agreeLent with

the previous work of Ghanen & Naser(18?>.

Their work mainly
conrered with 20% naleic adduct of linseed oil and linseed/ ‘

D.C. oil rmixture (60340 by weight).

454~ The effent of pH of the vayaish solution on the vigcositys

Another set of experirents was conducted +n gshow the effect
of pH on the viscosity of the vehicle. For this reason, 30%‘ |
resin soluticom were prepared according 5o the rethod deécribgd.
before snd. She pH values were reasured using a pH neter.

The resins employed in this study are 30% excess hydroxyl epoxy
nodified alkyd resin based on L..0./DeC.0. (X} and 15% raleic
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Fig.(5): Effect of Alcohol on the Varnish’s Viscosity,
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adduct of epoxy esters Lodified by L.0./D.C.0. (IV)s Then
pore triethylarine wes adled in case of (¥) and apronium -
hydroﬁyﬂesolutioniz;caaacf(IV) with inediate neasuremeﬁt

of 4. The regults obtained are graphically represented in

figure 6.

Frow figure 6, it can clearly seen that the pH of the
pediur hes substantial effect on their viscosities, As the
PH increases, the viscosity of the varnish decreases. The
epoxy rodified alkyd type of resin responge sharply to PH
variations where as the raleinized type of resin response

gently.

l= Drying Characteristicss

7 Filrs of the 30% resin solutions were applied over
ilass penels (5 x L5 cr®) end placed in a well ventillasted
sabinet and checked every 6 hours for dxnving. the results

sbtainec are given in Table 26.




Viscosity (min)

6F o— 3kexcess OH(LO,DCO)
! o— LO-DCO-Epoxy ester /M A
A |
2}
- teee
O. ! 1 L i N S |
70 78 86 94 102 110

Fig.(6): Effect of pH on Varnish’'s Viscosity.
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Table 263 Drying @Gharacteristics Without Driers.

Resing No. Touch Dry (hrs.) Hard Dxy {hrsf)i
XL 24 » 24
I on > 24
1T o >4
v o >
v 24 > 24
VI 48 > 48
vII 48 > 48
Ix 18 > 48
b 48 > 48
X 72 > 72
XI 72 > 92

Tt can be clearly shewn frown the data given in-tﬁble
26 that the drying tires of the epoxy nodified alkyds are
rors than 24 hours, which is not practical. For this rea-
gon, 1t was felt desirable to extend the work *o include
the affect of the presence of certain water-soluble ralts.
The salts selected =g driers are Langanese, cobalt and leead
acetates. For prelelinary trials. they are used in rrountg

0% 0.00.% bhesed on retal resin.
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Table 27: Drying Characteristics Including Driers.

Resin No. Pouch Dry (hArs.) Hard Dry (hes.)
I | 18 %
X 18 | 2,
111 18 21
I 18 oh
v 12 24
VI 12 ol
VII 12 ot
11X 12 24
X 12 ol
X 12 24
X1 18 24

(with elight

Lackmess)

The wos% irportant finding drswn fron the data given
in %able 27 is that the presence of driers is inportant in
improving the drying of the filus.

D- Driers Effech:

After the svecessful eshtiration of the role ol cata—~
lyst on the drying of the water—-soluble vehicles. atten~—.

+ion was directed Sowamds the deterrination of the Log%’
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suitable cabalysts concentrations. For this reason, a
uniforrn filt thickness coat was applied over (10 % 15 cm?)
glass panels vaing the apimner ccater type. The resin
gselected for this study was resin () based on epoxy modi-
fied glkvéa of 5.06/D.5.0. (L2l by weight). The £iln thick-
ness ¢t the coats was 20 (Jl). {(after the f£ilr had been

stoved for 2 hours in a well-ventillated drying oven at 150°0),
the hardness was heasured using the Rocker Hardrness Pendulum
(Persoz type). The results obtained are shown in Table 28,

It should be noted that each reading represents the Lean

value of three readings.

Table 283 Effect of Drier Concentration upon Filn Hardness.

“Catalyss concentratié;ﬂ_ Hariness in Seconds
Percent metal/resin Mn Cobalt Lend
acetate acetate acetabe
0.0L 165 140 ~ 120
0.02 180 165 a0
0.0% 195 180 155
0.04 poute pptn. 7 pptn.

Tt can be clearly seen fron the data given in table 28
that the Langsness drier is the rost effective cabtalyseb.

On +the other hend, lead acetate driers is the le~nt effactive
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one, A&lso haj:d.ness of the dried filus increased by increa-—
sing the drierx concentretions. Higher catalyst concentra-—
tion , higher than 0.03% wetal/resin,causés resin percipi-
taticn.

pAfter detverrining the most effective catslyst concen—
tration (0.03% netal/resin), the work was extended to include
catalysts corkinabione ?ilps of uniforn thickness 20 ( J.l.)
were pt-epared using the same apparatus. In this c#se, more
+than drier are present. The hardness values of the d.ried.
filrs were taken as an indication of the function of ‘the
catalyst. The results obtained are given in Table 29, |

Table 29: The Effect of Catalyst Combination on Hardness
of Dried Filrs.

Cabtalyst Concentration ratio Haxdness
ccrbination % metal/resin seconds
Mo s Co 122 '160 :‘
Mn ¢ Pb sl 16eQ
¥n $ Co ¢ Pb lalsl 195
Mn ¢ Co 231 180
Nn s Pb 231 - 175

The rost jnportant conclusion drawn frow the above

astudy is that the nanpsnese acetate drier as effactive
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catalyst as any other cotalyst corbination. For this rea~
gon, ranganese acetate was used as the driers exployed in
further £ilm evaluation. 0.03% noncentration (metaj./;-esj.n)

was the optimum concentration used.

B- Hardness & CGloss Measuxorenhas

Filre of uniforrn thickness (20 J.l) were applied over
(10 x 15 cu?) glass panels and allowed to dry at 150°¢ for
two hours before Leasurenents conducted. The regults obtai=
ned é::e given in Table 30, and represented in figure 7.

Table 303 Gloss and Hardness Measurerents

Pssin No. Gloss % Hardneas (seconds)
I | 100 - 80
II 100 50
III 1.00 95
I 100 60
v 100 230
VI 95 270
VII 95 230
IX 95 230
< | 100 210
b 100 195

XI 100 130
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Fig.(7): Graphic Represintation of the Hardness of the Dry Films

(20 ) Versus Type of Resins
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The conclusions drew froL. the data of table 30 indi~
cate that all filns pCiIessd high glossSe Also the presence
of the epOXY ester in the resin foruulation jrproves the
hardness of the aried filus. The presence of dehydrated
castor oil fetty chain reduces the hardness considerably

due to %their tackness properties.

The dependance of filc hardness On the curing of the
resin can be j1lustrated by allowing the filns to be baked
for two hours but at various tipe intervalse The results

obtained are given in Mable 31 and represented in fiure 8.

Table 31: Effect of Terperature on Filr Hardness Baked
for 2 hours.

Perperature Oc Harxrdness (qeconds)

100 %0
125 1.05

150 1.95
175 285
200 %00

——

T+ is notoworthy %0 reption that the resin empolyed

was resin X and the £ilp thickness was 20 )1.

It can he concluded frou the data of +table 31 that

the hsrdnsss € the filns increased by increasing the
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the baking temperaturs. T+ should alse noticed that this
possibility of the yellewing tendency is lncreased hy inc—

reasing the stoving tempersture.

From figure 7, the following generalizations were

noticed.

1~ Formulations based on epoxy Lodified alkyds prepared
by fatty acid rsethod show better film hardness than
these rade by glycerolysis rethod.

2— Poruulstions containing triglycerides show slightly lower
£iln hardness than theae containing no glycerides
molecules.

3— The addition of epoxy esters t£o0 the oill systerLs gnaat;y
izproves the hardness of the dried filus. ’

4— Formulations containing dehydrated castor fatty chain

show lower harduess values than others.

F— Wnter, Alkali and Acid Resistances

Filus of the various resin forrulations were applied
over (5 x 15 cu?) glass panels. The filus wers allowed
to dry ab gir for 7 days or ab 1590 for two hours. ”The
edges of both set of panels were sealed by dipping in hot
molten paraffin wax. The dried panels were then irmeraed
in the tgst solution for the specified period of tjmb.

The pesults obbtained are given in table 32.
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Table 321 Water, Alkzii -nd Acid. Resistance Measgrenents.

Resin Water Resistance  Alkall Resistance Acid Resigbance

No. Aip dry Stoved Aip dxy Stoved Air dry Stoved
I b P D E 3 E,
11 P E, P E, F E,
III P Ey P B, E, E,
v P B, ? T, B, E,
VI F By F By E, E,
VII F Ty F B E, Ey
ITX i F, ) By B, By
IY ¥ 3 7 By By Ey
X P T, F E, B, B,
XI F By F E. By E,

sing of the gbove data was conducted according %o

the FTollewing:?

Ex . excellent; alrost no change

m
L 1]
L))
o}
Q
o

no gignificant change

=
e
=
)
(v
L
wh

slightly affected, end

o)
(-1 )

o

0

o)

B
we

alnost corplete failure.,

In order to examine the extent after which the f£ilm
bpeak down; to show how far the f£ikm with-gtand ~arious

cherical and physical effects, haked and air dried filns




were subjected to wat
This nethod provide = ouan’

degree of effectivness towards the atb

=14l

s
-4

Ioa

tacking reagenbe

results obtained are given in Table 33.

Table 333

Degree of Effectivness towards Water,
Anids Solntions.

er. alkali end acid resistance tests.
tative nLean for estimating'thé'

The

Alkali and

Resin Water Rasistance

Alkali Resistance

Acid Resistaiic_e- |

No. Air dry Btoved Air dry Stoved Air dry Stoved
: <2hms 10days <2hrs  1day <10hrs 25 days
II <2 hrs 12 days <2 hrs ) day <10 hrs 25 days
InT <2 hws 14 days <2 hrs 2 days 8 Rry 25 g.aj_s
IV <2 hrs 35 days <2 hrs 5 dsys 28 day 43 deys
v <10 hrs »60 days <3 hrs 13 days >60 days>60 days
VI <10 hrs 60 deys <3 hrs 13 days 60 days»60 fiajs‘
VII < 1O hrs >60 days «2 hrs 10 days 15 d.ays 760 d&ys
I7% <10 hrs 360 deys <2 hra 10 deys 15 daym>€0 days
I¥ < 10 hrs >80 days <« 3 hrs 13 days >60 days>60 days
X £ 10 hrs »0 days < 3 hrs 1% days >60 days»60 &ays
X1 60 dayn <3 hrs 13 daya >60 days>60 days

< 10 hrs.

The conclusiona

ares

1.- The presence Of epoxy ester improves cons

waler, alkali end acid resistances.

id.efably the

drawn £rot the dats given in Table 33




i, YT

g~ Maleinized epoxy este’s systen lies between the naleic

cized oils and epesy-moiified alkyds with respect to

their water, alkall and acid resistancese.

G- Flexibili*r and Adhesion ile asurenentss

—ijue wers applied over (5 x 15 cm?)‘tin.plates by

brushing. Two sets of panels were prepared; the first

dried upon alr exposure for 7 days: the second were gtoved

fop 2hours at 15000. The test papels were subject to the

flexibility snd adhesion bending a ,apparatus over 3 nm

rod digmeter.

411 films exanined pass successfuly the test-




