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Specific infomation pertaining to research work
on the "bleeding® effect of certain pigments proved
very diffieult to obtain. The historical bsckgroung
of this thesis, therefore, will Rave to be confined to
s general description of previous work obtained from
correspondence with A.F. Brown, General Manager of the
Piguent Division of the Tmperial Color and Paper CoXpe,
G.0s Sward of the N¥ational Paint ﬁmﬁﬂ and Laoquer
Association, and Z.% Allen, Technical Director of
Kiebs Pignent znd Color Curp. The bleeding of a pige
ment like Para Red in a vehicle such as linseed oil or
petroleum thinners is fundamentally due to the faect
that Para Red is soluble in such mediums. ¥For one
reason or another, a great deal of work has been done
with protecting agents. It is perfeetly feasible to
coat the surface of pigments, so that they will wet
differently end grind differently, but to date none of
these agents have shown promise to prevent solubility
of & pigment. The present method used to prevent bleed-
ing is to coat the bleeder layer with a coat of dewaxed
shellac before applying the final finish .



The problem, essentially, is to conceive of a treat-
ment which such a pigment could be given that will render
it insoluble in those mediums in whieh it bleeds, without
¢hanging its characteristics in some other respect or
making 1t so costly to mamufscture that it would be ime
praciteal,

By OF PIGHENT DESCRIPTIVE MATERIALS ;
Toluidine Red, Para Red, and Tungstate Victoria Blue
Pignent were taken as good examples of bleeding pigments,
The formulas for these pigments are as followss

1. Toluidine Red ﬁ“uﬁc by coupling meta-nitro-pars
toluidine with beta napthol

CH,

O‘“* Zoluidine red
s
-

2. Para Red is made by coupling para nitro-aniline
with beta napthoel

e |
¥,

3« Tungstate Vietoria Blue is made by the precipi-
tation of Victoria Blue with tungstic aeld
e(.!4- ’ {ma ’l

o
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In an aqueous medium, numerous investigators seem to
be more or less agreed on the general principles underiying
the reactions of urea and formaldehyde. In general, the
resulting condensation ;roduct is dependent upons

1. the catalyst employed inecluding the Py of the sole
ution as a catalytic Sactor,

2+ the molecular retio of the rescting components.

3. the time and temperature of the reaction.
¥ith ome mole of urea and ome mole of fomaldehyde
in the presence of hydroxyl foms, 'Wonomethylel ures is

formed.
" e
CH,6 + ¢ = & — c= o
Nl ;x,, {monomethylol urea)

When an excess of fommaldehyde (i.e. one mole of ures

and two moles fommaldehyde) is dmployed, demethylolurea is
formed,

i, iR ¥
cCH.9 + =0 — g = 8
Qz Q&ﬁr (demethylolurea)
In the presence of dilute acids, a vhite smorphous
Precipitate is formed,

H
BH, ¥
f s / \
azﬂ s g = o + o — 0§ = ¢ ent-ﬁ x@ﬂ
l T
Wi, ¥

(Methylenurea)
or sccording to Hbizer (4) 'm}o -; ?zt 0, mt—»?:ﬁ + H.O
| ;

N, X = o,
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The mechanism of reaetion has had many interpreters.
‘There appear to be two possible mechanism by which the fimal
snd produet from the reaction of one mole of urea and two
moles of formealdehyde is obtained.

l. Gondensation thru the demethylolurea intermediate

2. Polymerization thru the demethylolures compound

There are two very distinet types of reactions. In a
polymerization reaction the reactants are generally marked
by a large degree of unsaturation and the resulting more
saturated polymer is a multiple of the initisl reactants,
in other words the percentage composition remains unaltered.
In condensation resctions, om the other hand, the final
product is no longer a multiple of the monomer and in order
to obtain the formula of the fimal condemsate it is neces-
sary to subtract the sum of the simple compounds which have
been liberated duiing the condensation.

N = cmem e, WHCH , B
|

¢=0 -mMo—Cc-90 .m0 ¢-@
( |

N = cH, e, WHOH , o
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The hypothesic is advanced by Redfarm {5) that resin

| formation tekes plnce seeosding to the polymerization of
dimethylol ures ze a satureated ohsin,
= m @ &a ea a aa =
—!—&‘—! ! L' ! r—a—-x~
0 o o

Thir appears to be guite improbable because sush struce
ture indicates linesr pﬂwﬂ'whieh' according to resin
theory would be m best non-sonvertible resin. The case,
however, fs that urea formaldehyde polymers aafiaitazy bew
heve like throe dimensionsl units beeause irreversible gel
structure is obteined on continued heating. Celation is
not sceounted for unless it is shown that eress lirkages
sseur by the reaction of additional moleeculoe to tie in at
some other place 'bam:n the linear polymers,

If the resulting molecules wers ol dimethylolurea
{p¥setBle vhen starting with one mole of mren ané two moles
of formaidehyde) instend of an woual Tumber of molecules of
dimetkylolures npd momomothylel ures (possilie when etarting
with two moles of urer and thres moles of formsldehyde),
the chance probability of reaocting molsoulas in the three
dimensionsl space appears to be highly in favor of the first
strueturs shown., Sines monomethylolures ham thres reactive
hyédrogen atoms and ome veestive Mydromvl group, it avnears
that, even if momomethylol ures alone wers involved without
any molecules of dimethylol urea, it should still be possible
t® form cross linkages between linesr structures and aceount

for best convertibility, As dimethylolurea is generally

R R R R R
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‘prevamt with monomethylolures this greatly increases ths
ehances of fomming complex stwmctures snd axpediating hent
convertibility.

It is not yet universally ¥newm ihat urea formal dehrde
coating compeaitions are eszentislly polymeriging rather
than oxidizing resims, although this point has besn ofton
eephast zed. Mors vessnt dissovaries, however; have shown
that by the intrednction of speeial seidie eatalyste, these
urea formaldshyde resins may be renderved not nerely convere
tible at a mmch lower temperature than they have previously
been baked, but alse may be mades to dry in a few hours to
elear, transparent, glossy, hard, glasslike finishes, resdy
to sand i{f necsssary.

ince urea formaldshyde resins set essentially by poly-
nerigation rather tham by mere evaporation of solvents and
certainly not by oxidatiom, in general, the higher the baking
within limite, the betler are the Fasulis. The setting also
depends on the Py of the system -~ i.e., the effedt of pig-
ments, plastiecizers, and solvents used in the formulation,
In order to ensure hardness from lower temperature bakes,
the system should be slightly acidie.

The effect of the aeidiiy or alkalinity of the pigments,
2% measured by the change in the hydrogen ion concentration
because of tihe pignents, upon the results obtained in coating
¢ompositions containing urea formaldehyde resins has not
been completely studbed. Ecough is known, however, to pere
mit the gemeralization that those pignents or pigment com-
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binations, which canse u Py below 7, inoresse the reactivity
,“& deerease the lime mecessary for conversion from sol te
gel, & coaversion for m{m uren formaldehyde resins are
veus® or pigment combinations, the

noted; conveiesiy,
Pp'e of vhich are sbove 7 have a taondency to lower the re-
setivity and lengthen the time necussary for conversion of
the uree formaldehyde component.

During earliest stnges of ures Formaldahyde conden-
sation the products are soluble in water or in the formalin
solution employed. The resetion product is at hat stage,
therefors, a hydrephilie collold, ®n further condensation,
kgwwar,. the hydrephilis becomes a hydrophobic and henee is
inua&uw?m?mw; There 1s a tmw Zor ures resins
in lower stages of eondensation 1o become converted gradually
and spontaneously o0 u more highly condensed substance, 80
that & product which st one time is soluble i a given
Rediwm wili ilaler be found insviubie, to impyove the solu-
Bility of well sondeused urea resius in orgunic solvens and
also to preveat the pregress of further condensation after
appilcation, one development of masufacture comprises re-
acting urea and formaldehyds in the presence of an snlcdhol
with the object of having the alechol unite in the resin and
confer selubility and stadility.

In addition te the.gpconomic sapects of the mum
mechanicsl @iffienliies arese, ne is that the resin coat-
ing applied to the pigment might have to be of sheh magnie-
tude that the properties of the system would be unduly
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altered. ivother is that organie Plgnents of this sort will
‘not stand high eats without doeampoaition, or st lesst loss
of brillisnecy,

There are two obwious methods er attucking this problem.
“ne is to precipitate the piguent initially in the presence
of the resin medivm and then exryy out the process of file
tration, drying, and grinding. The other is to apply the
resin conting to the pigment i:artiexn after they have pas-
sed thma the production treatment. Zince it wes believed
that emough infomation might be obtained from resu)ting
observations to tel) wether or not the fidea waa worthwhile,
the latter procedure was ghosen becanse of 1ts grester adapte
ability te isberetory fucilities, financinl regsonrces, and
information on the subject,

A stendard test as to whether or not o pigment bleeds
iz to simply put one grom of drxy eolow inte 100 ce of sol-
vent, sosk fuu dwenly Jowr beurs, chaking scencicnslly, then
Tilter snd observe vhether or not the filtrate 13 stained,

& 8light atnin doce not neeescarily weem thet the color will
blesd sufficiently to canse trouble, VYhere the stain is not
vary promounced, befor rejecting the color, 1t ie well to
nake ¥p a mwall smount of leequer und then stripe with white,
The firet thing dene wes to setually teet the Toluidine red,
pars red, snd tungetate blus plgnents for bleeding by means
of thke solvent methed, Then panels were eoated with laequers
containing the respective Flgeents.  ftep they had dried

& fow stripes of o white lacquer were applied. The bleeding
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‘ becsme apparent within o fev mirutes after applisstion,
The lagperz used were sy Avy lsgrquers of the fole
lowing compositiont

Clesr lsmeguer
Total Colids bt 55 4
Velstila Thinnars 784

0¥

S0lid Matter
M troceliullulons 347
Srnthetic Resins 169

Fhellss 1a%
ster Oun R2%
Castor 041 —i4%

190%

Volztile atdiey

Bityl aleshol 20%

Iatyl ceetate 10%

Ethyl scetate 108

dreyl acetate 205

Tolaol . 5]

100% :

The white lacquer was prepared from the slear lacquer
by using Titanium Dioxide ss the pigment.

48 a srecsution the lateouer applicstions were allowed
to dry for st lesgt siz hours before any attempt aas made
te atripe them with the white lacquer, |

It was thought advisslle to detemmine how high » temper

NN,
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ature the piguents alght Ye vaised to withoul ehanging theiy
. Propexiies in BIFWaY o mwvﬁingky. ssmples wers snclogsed
1a pleces of {uia glase tuping snd by using the Thisle Tube
epparatus the temperature was vained to 200 & with #HO APpEYe
ent affeet om the nigaonta. This temperature 1imit was set
theve-vpor te apply te all further experiments carried out.

Jurther tests were conducted as to the solubility of
the various pipments 17 dlfferent medivms. The results ave
tobulated belows

Iv-. Solubilitiss in H,0

P.Re - Practicully insoluble
Tele = Qlightly scluble
ToBs » Slightdy seliuble

IX« Golubilities in u-lmtyl acetnte
ZeRe » Ounite sululis
Talls = . *
Tolle = L #

13Ty Golubilities iu Teluel
ZeRe = mite wolubls
TsRe ~ Not as soluvie as 22Rey Dut still quite soluble
T.B. ~ doma ay TeRa

V. Selubilities in Formulir
PaRe = Fructicaliy inseluble
TeRe = Practieally immeluble
TeBs = Tory eoludle

Vo Solubdilities im 1 ¥ Raom
PeRe « Joluble




TeRe = soluble
T.Be - wolullc

In attempting to evolve a suitshle protective
resin costing several resins were prepared. Urea for-
maldehyde, bedause of ite insolubility in most organie
solvents and becsuse of its solubility in water and
aleochole seemed the most promising of these. There were
numbrous "failures® in so far as applicability of some
of these resins were concerned, either becsuse of the
rigidity of the cooled resins, their brittieness or
extireme hardness, or because of their discolored appear=-
ance.

A flexible alkyd resin was prepared by mixing 20
grams of glycuol, 25 grsms of pthalie anhydride, 10 grams
of ethylene glycol, and twenty grams of suceinic acid
together, T i» mixture was heated to & temperature of
190 to 200 0. 9mall mmounts were removed from time th
time with the spatula to obserfe whether the mixture would
solidify upen cooling to give the desired product. When
the resin had beem heated suffieiently it was poured inte
& beaker, Small portions were mixed with sample of the
different pigunents and these were allowed ceol; they hard-
ened. The resin upon Being tested proved to be soluble
in the lacquer solvents and as s result the bleeding of
the pigments was not checked.

In addition a phenal formaldehyd compound was fomed
by mixing 10 parts of phenol with 7.5 parts of erdinary
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formelin and = Yittle smmonia. This mixture was heated
at 80-90 € under a reflux condenser. After the resine-

' ification had occurred, the water liberated from the for-
maldehyde solution was boiled off. Thhs substance sltered
eongiderably in fusing point when drying and in doing so
it became less soluble and less fusidle. This resin also
proved to have little effect as far as prevention of
bleeding was concerned,

& Turfural resin also was tried. A solution of 3.5
parts of WadH (28.57) was heated to the bdoiling point
under a reflux condenser. ™me part of a mixture of egual
volumes of furjural and scetone was added slowly over a
fifteen minute period. The boiling was a'utimul fifteen
minutes after this sddition, The resin was washed while

it was still hot with water scidified with HC1 and the
resin was ¥hay fodall, T.is caupound proved to be soluble
in water and organie solvents as well and consequently

it proved to be a failure as regards protective effect on
pigment particles.

Several preparations for urea fomaldehyde resins
were employed. Some of these were disearded because the
end product was undesirable and others becsuse of their
instability.

1+ The ratio of the reactants was 50 parts of urea to

120 parts of formalin., mpe formalin was first heated from

20 to nem«-v-ammmmmmatum
then added. It was then heated to boiling and ss soon as

G
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the ebullition started the heat was removed. Since the
reaction is exothemmic it is not necessary to use addition-
" a8l heat. The wrea i» added 10 perts at a time until it
has all been added. The resulting liguid is thin and
colorless and upon cooling it sets to a stiff gell. Upen
standing it synerizes. |

2+ mother preparation using 15 parts pthaliec anhydride
15 parts of urea and 6 parts of 40% formaldehyde was car-
ried out. This mixture was beiled from twenty to thirty
minutes. A white precipitate formed the final end produet
upon standing for a few hours. »

Je A glass like product was obiained by mixing 100 g.
of 30% fomalin, 20 g. of urea, and a few ce of dilute HC
and then heating the mixture at 100 ¢ for awhile. Upon
@o0ling, the liquid set %o a gel and gradually hardened.

4. Urea (10 parts) and 60 parts fermslin were refluxed
fuf 16-60 numtu. This gave a syrupy produet which was
@iluted with an equal volume of ascetone or some furfural.
A lacquer was prepared by mixing this with nitrocelulese.

8. Another urea formaldehyde conting composition was
obtained by refluxing 30 parts urea with 100 parts formal-
dehyde. After sbout 15 minutes, 5 parts of borie seid
dissolved in & 1ittle water, were added. On standing in
the cold for several hours, two layers were found to S€p-
arate. The upper one was renoved and the gel forming
lower layer was washed repeatedly with water and them dis-
solved in a non aqueoun solvent such as acetone.
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In spplying the resins to the pigments two procedures
were open. me wa® to precipitate the resin on the pig-
ment by having the pigment present im the reaction flask.
The other was to prepare the resin and then ndd the pig-
ment, thoroughly wetting the particles with the resin sole
ution. ¥o noticeabls difference was observed in the effect
on the properties of the pigments by these twe procedures
excepting in the case of the tungstate dlue. Because of
its selubility in fommaldehyde the nresence of the tung-
state blue in the resetion flask is dissdvantageous.

After the pigments and resin solution had been thor-
Sughly mixed together they were allowed to stand for sev-
eral hours until the mixture had gelled. This was then
dried, ground with s mortar and pestle and subjected to
the aforementioned tests for bleeding. Although it was
evident from the stert that in grinding the pignent-resin
Precipitate the resin costing mmst be bemoved from some
of the pigment particles, it was difficudt to believe
that the urea fommesldchyde was mot ecoating & majority of
the pigment particles. Aecording to the resulte of the
bleeding tests, however, the plguents were not made any
Hmore insoluble then they had been originally,
| The idea suggested iteelf that perhaps the use of a
I#mar (heat hardensble) forming a harder coating than
the air dry lacquer formerly used might be employed. It
was also decided to write to gertein companies for sny
information they cared to give out concerning work they
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might have done on ‘hxmw The results were rather
discouraging. * sample of a resin (heat havdensble) was
m:ftm from the Bakelite Corporation, however. This
resin, XL 8778, and s Bakelite solven, %5305, were used
in preparing a lascouer which although far from a perfected
produet, still served its purpose. This lacouer wae used
with untreated pigments to mske up pin@t& lasquers.

The epplicstions were bsked for ferty minutes at 110 €.
n being striped the pignents bled. The next step was to
take some vesin treated pigrent and uee that with some
of the heat hardenable lacquer. In this way it was be-
lieved that the heat absorbed would not only harden the
lacquer film but it would slso aid the polymerisdtion of
the urea formsldehyde and make the protective particle
¢oating tougher. Vhen thies coating was tested for bleed-
ing the improvement wes very noticeable.

Up to this time preparatiom #i Tor ures fomaldehyde
wae used. It is suggeated by Mlis (1) that the gelatin-
izntion of the water soluble condensation product which
forms an intemediate stage in the recin comdensation is
aceelerated by the addition of electrolytes. There s one
group of electrolytes that rapidly converts the imitis)
soludle produet into hardened inmsoluble recins. Gewerally
kmnt the smmonium selts comprise this group. sAnother
division conatining the mimersl aeid salts of the metale,
exerts no hardening action but it does sccelerate gelatin-
izatien,
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It wae found thet a higher ratic of formaldehyde to
ures yielded ciesver geis, a slightly aeidic medium also
heloed elarity of the vissous selution, snd MN,C1 sseelere
ated the gelation. It was alse obmerved that 4f the resin
solution was kept in air tight bottle 1t sould be kept for
quite & long period of time in & stable fomm. 4 reproduce
idle ures formaldehyde resin was finally evolved. This
w88 prepared in the following memers

10 parts of urea were added to 60 parte of 37 fore
malin and a few ce of dilute N0l. The mixture was refluxed
et 100 ¢ from 15-€0 minutes. The resin solution was made
2% in concentration of ¥i,C1 and the mixture silowed to
®0ol in s sirtight flask. Semples of it were allowed to
@6l and tested for selubility im crgsuie sdvemts. The
Tesin proved to be insoluble in the commen erganic solventse
This prepercilin wes wee? throughout the balance of the
*ork on the urea Tommsldehyde protective umu.

The more work that was done on the problem the more
1t seeded that the essential m«ﬁoz. snd #8111 19, how
to ceat the pignent particle completely with = hard, in-
soluble, incomputible conting, The ides of spreying s
pigment-resin solution mixture into & current of hot gns
ssened 1o have the highest predability of imsuring the
complete conting of the pipnent particle. To this wey
the solvent would be evaporated snd the conted partisles
deposited. A simple spparatus was arranged to attempt to
Sarry this process out on & smsll seale.
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The alr bath conetfsted of a metsl ean, The ides was
te M;at the 8ir te She point where the shasber would te
&t the tsmpereture desived, by heating the bottom of the
baths. 2%t thie polot the atomiser wne inserted and the
pigmenteroein selution Mn was sprayed inte the chame
bere  Tung were mide at mhm ranging from 119
te 150 ¢ wpaced at fntervels of 10 C» The temperatuve
®es capable of boling contrelled within 8 . Al though wmsll
 #mounte of pigment particles were found fn the bottim of
the chamber, the appereins on the whole proved to ¥e a
Tallure. The sir presmre of 10 Ibs. wes net kigh enough
i3 give & fine sprey of the suspensisn ssd mest of the
Bpray merely deposited 1teelf on the side of the shasber
SProsite the atomiver, Thic wss tested for bleeding sleng
®ith the restidue st the bottom and beth of the seaples
Pled in BTEIE WESE. Tha stemisger, {tself £12 met prove
entirely satisfectory.
It 1o regretisble thet time did net pesmit further
Gevelupnent end experimentation with the spray apparstos
becsuse spray driers heve alresdy proven thelr worth in
industry. There is oo resses te Mim that the pigeente
Tesln selution eould not be sprayed with o sultable steme
‘izer to give dropletr of falrly refulsr size. 2 lover
bofling sslvent ¢ould Ve used in e place of water aﬁ
this would sccelerate the rate of drying of the resin
eoating on the piguent particles.
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Regulation of the rsectors involved would assuvre s
fiur preduct consisting of the unaglommerated pigment
partickes. ‘
The most importsent direct result from this work was
the illustration that the bBleeding could be prevented to
& gconsiderable extent, without covering the bleeding layer
with o coasting similar to shellae before striping with
white. This wae done by using a ures fomaldehyde conted
pigment with s heat hardenable lsequer. This proves that
the urea formaldehyde sctually had a protecting a&fmt
on the piguent but that it was necessary to harden or
“eure® the resin in order to derive the maximum benefit
from its spplication.
The seoumulsted observations and relults point to
the two methods of appromch suggested in the beginning
of this article. 4 summery of the requirements for the
protective coating might make them clearer.
1. The protective coating must completely cover the
pPigment particle.
Ze This eoating must be inslouble in the lacquer solvents.
Js It must aleo be ineompatible with the revins used
in the lagquer to pwevent its solution by them.
. 4s Tt must be easily sppliseble.
The first of thess requirements is perhape the most
important at the present stage. (me way to assure the
complete wetting of the pigment by the resin is to actually
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Precipitste the piguent in the presence of the resin solue
tion at the start. Another is the spray drier method.
fme difficulty in this method might be that the resultant
particles would be so fine it would be difficult to have
them settle to the bottom of the chamber.

It is obvious why the coating must be insoluble in
solvents. Ures fommaldehyde is particularly outstanding
in this respect. It should slse be incompatible with the
other resins used in the lacquers or else the purpose of
the protective coating would be defeated by its solutien
in the lacquer resins.

The last requirement is an economical as well as a
- Mechanical necessity. The ures formaldehyde is fairly
theep to mamufacture and can be used in a form that permits
of esasy spplication. The concentration of the urea for-
Maldehyde in its solutions can be easlly controlled and
Yaried. In addition the solutions are unifoms and stable.

In emelusion, it is only fitting to say that it is
the hope of the suthor that this work has opened the way
for a solution of the problem of bleeding pigments and
that it indicates increased use of urea formaldshyde, not
only in lacquers, but in the field of coated pignents,

The author wishes to acknowledge and thank Messers
A«Fs Brown, Imperisl Coloyr Works, Glens Falls, N.Y. for
his cooperation in supplying sample pignents, and willism
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Wright, United Lacquer Co., linden, ¥.J. for his technicsl
advice and his assistance in obiaining laequers. Thanks
are uiu due to Mr. C.F. Grief, Bakelite Corporation for
the resin pamples he wae instrumental in obtaining for this
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