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It is only in the last .»core of years that the significance of

ent/binder relationship has found widespread recognitlon in the paint
us‘t,ry a ) More and more the formulator is making use of the concepts

;pigment volume rather than relylng- on the older methods of formulation
B! 17 by weight relationships. It has been deternined that substltutions
) “a falnt formulation purely on the welght basis do not fill the expected
‘ rements and it is only within very recent times that the recognition
e value of a moTe accurate knowledge of pigment/binder relationships

sthrown considerable light on the mechanics of paint system substitutions,

PYGMENT-VOLUME-CONCENTRATION

P.v.C. = {VOLUME OF OPAQUE PIGMENTS + EXTENDEKS) - ¥ 100
(VOLUME OF OPAQUE PIGMENTS + EXTENDERS) +
(VOLUME. OF NON-VOLATILE VEHICLE SOLIDS)

EXAMPLE: ' ' :’— ~~~~~~ -
| |
P,V.C. = 10+gs+ is = X 100 |  VOLATILES |
- . ( ) 100 | )
= 35X 100 RESINS
1o AND
or
= 35% ‘ ILS
35
EXTENDERS
10
o LOPAQUE PIGME

Figure 1
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The concépt of "pigment i’plume 'cénc‘:.enti‘at;ion“ bas found almost
versal acceptance in the paint iA:ndvus.try.‘ As ;illustrated in Figure l
me'plgment volume concentration, or in short PVC of a palnt is the volu-
ric percentage of . pigment. present, in the total solids of a p«int system,

-excludes all vola'c:.les from the calculation.' The PVC then, represents

-the-,-volumetric percentage of pigments present in the dry p_-aint film aftgr
thinner has volatilized. The axjnou.nt of thinner present is imma'l;eri;xl
om the standpoint of PVC énd is mainly éresen’: to obtain ﬂhe proper
a:l.ntmg consistency for the paint. |

If a series of painvs containing the sam? "onstltuents are made
mth 1ncreas:.ng values of PVC, ground to the sane cispersion, and ‘such
actors as moisture permenbility, rusting, blistering and gioss dgtémined
on’-the dried samples, ths typizal .=sults obtained «s.. be represented by

curves of Figure 2,

Figure 2
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As the figure illustrates, a wore or less sharp break occurs in

‘o'f" 1;,he curves at a PVC of about 48% for the specific combibation of
eﬁts and binders éh'o’v'm. The permeability of the samples of PVC above
5% rises very sharply; indicatihg & porous film: The rusting character-
tf s rise commensurately, the region of PVC's below 43% showing good
_t\'prevenﬁive qualities while above this point; the panels failed very
bidly, as might be expected from the permeability data. The blistering,
-:t.ﬁe other hand, is ver¥ bad at low PVC; improving with higher -concen-
onis of pigment; The gloss curve too, runs somewhat parallel to the

jstering curve, showing high gloss characteristics for paint films of

It is obvious from Figure 2 that the breaks in the permeability,
sting, tlisterinz and gloss curves all occur at a more or less definite
t, about 43% PVC for the pigment/binder combinntion shown, This point
be designated as the critical piguent volume cohcentration, or in short,
, for the pig'menc/bi_nder‘aystem_involvéd‘(a) (3)(2) me cPVC is the trans-
tional pbint .s;bov-e or below which substantial diffe;'ences in the appearance
1 behavior of a paint film will be encountereds From Figure 2 it is bbvi-
u?!" ihat éifferent characteristics con be imparted to a paint -containing the
Jame constituents by formulating above of bel(-)w the CPVC.

Factors Influencing CPVC

If the CPVC of several series of samples is determined using the
_~me pigment but varlous binders, it would appear that 1dent.1cal values of
cIF’VC- should result. Thig is not the case! As Figure 3 shows, the perme~

Pﬂity curve — which is the more direct means of measuring the pigment
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- sharply at a PVC of about 26% in the case of the formulation involving
ase btitanium dioxide and raw linseed oil, while the use of the same

nt and bodied linseed 0il causes the break in the curve to advimce ‘to
qut 38% I?VC. A chax;ge in the critical pigment volume f:oncentra;ion of
z';'lO,"«'a has taken place by brep‘slacing raw linseed 0il by bodied linseed'oil. )
i 4'1;_ow, a mixture o.f equal parts of the same raw and bodied linseed oils is
edm the formulation involving the seme pigment, a value of CPVC‘practi-'
1y identical with thaf of the bodied linseed oil alone results instend
gof.n value lying somewhere between the two as might have b_een -expéct.ed_'..

'“:;'is brought. out graphically in curve "GY of Figure 3.

Hoisture Permeability
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That this change in CPVC through the use of differing binders is

limited tG the use of 'i‘162 pigmént al‘one is shown in Figure 4. Here a
ibrous magnesium sillcate plgment has been used with the seme raw and

ied linseed oils and a comblnation of equal parts of the two as abovea

| very 51m11ar pattern results. The general values of CPVG have, however,
advanced to a-higher reglon, namely 4lp and 46%, and the differences ‘between
Fihe two types of oil have been reduced to about 57. Mt here ngain; the raw
inaeed oil glveo the lower va_'Lue of CPVC th.l‘-" the nudied l:nseed oil and
formulation us:.ng the combination of the two iies at substantially the

3 ame value as that for the bodied linseed 0il alonn.

loisture Permeability
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From the ‘.bcwe it is ‘.pparent that not only the type and general
ackmg chhmcteristlcs of the pxgment but thelr physical relatlonahlps '
to. various vehlcles play maJor pe-.rt in the determnatlon of t.he CI‘lth&l
. pig;nent volume concentmtion of a plgment/bmder system. | T

.

That other factors than the above have an influence on CPVC is

s dzspersed in a series of blnders consistlng of increasing amounts oi‘
nsaed fatby acldq in oJ.kalJ. rei‘med lmseed 01.1.. Curve "A" represents
: e moxsture permeabllity of the TlOa plgment in alkal:. refined linseed
alone ' "B" t.he same mth l of the fatty D.CZLd, "C" 2% and "D" 5% of

'he fat.ty acld present in t.he dlspersmn on the bas:.s of plgment volume.

Foisture Permeability
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Figure 5§

illustrated in Flgure 5. Here, the same anatase TiO2 pigment es used ubove
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Tt is obvious that the CPVC hus shifted a total of 7% from 36%

' CPVC for the .combination involving anatase Til0z and alkali refined linseed
oj:ll alone, to 43% for the samples to which 2% and Sﬁ';.of the linseed fatty
c_id'have been added. The 1% added linseed fatty acid .curve bréaks at an

' rmedinte point, namelj 59%. Changing the‘ surface characteristics has
caused o change in the packing of the pigment particles. I£ is particu-

1y interesting to note that the vbreaks in the 2% znd 5% curves are
procticelly coincidental, indicating that no additioncl advantage hos been )
E ‘achieved by the addition of more than 2% linseed fatty ecid for the pigment/
: bh:"x'der system involved, |

The explanzx,tioh‘ for this can probably be most seftisi‘actorily found
1 the fact that a selective adso,rptio-n from solution detérminati01_1<5) re-
ed that the titaniwl;t dioxide involved in the fomuiation adsorbed 2.1%

f the linseed fatty acid upon its surface. Below this quantity, sll the
gourface requirements of the pigment with regord to the. acid are not filled,
ring intermediate values of CPVC, while above this, the material is

eI_‘ely in excess; 2.1% being sufficient to completely covg;r the surface of

s pignment, - |

Another factor .found to influence the critical pigment volume
neentrantion was.the degz_‘ee to which the pigment in the paint was dispersed,
oorly growund paint_results in a lower CPVC than a well ground one. Fig-
e 6 shows the results obtained by grinding an anatase Ti0p, in bodied lin-
eed 0ll to vorious Hegman Grind. Gage vzlues, It can be seen that although

he differences in CPVC with various grinds are relatively smnll, a definite

Togression occurs with increased fineness of griad,
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Moisture Permeability
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Figure 6

1. The fundamental packing characteristics of the pigment.
2, The type of binder employed,
8. The types and emounts of agents present,

4, The fineness of grind of the system.
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CPVC and Dispersion

A survey of the above factors seems to yield only one common besis
uﬁon which these changes in CPVC can be plnped; the degree of dispersion or
gg;omemtion. .Another factor supporting this is that an exemination of the
;;ints resulting from each ofb the above combinations of pigments and bindefs
reveals in the case of similar systems, that that system showing the lower
QgVC also shows -:r'nore thixotropiec effect while conversely that system with
higher CPVC is d;écidedly "smoother" in its texture. This undoubtedly results
differing diegrees‘ of agglomeration or dispersion of the pigments in the
yarious binders involved.

To agcertein the validity of this conclusion, a number of "agglom-
rate size” dete;'minations were made by one of the well known settling
ﬁhods,(7) A niumber of preliminary runs clearly.indicated that the pigment
ﬁfticles particéipating in an individual agglomerate show a decided rigidit.y
gand resistance t_,é_J being disperséd into the 1iquid medium uged as the dilution
v ’uid, particulaély if non—-polér solvents a¥'e employed. for this purpose.
.n_,,tl.l_e gourse of-the sedimentat‘ion investigations, no instance was .qoted
'é::e agglomerated systems showed 8 tenden_QJ'I to disperse in the solvent
lquid, and conversely no dispersed system showed the tendency to ngglomer-
It is of cc;\ixfse necessary to uge sélventa compatible with the vehicle
employed—in the paint,

The sedimentation determinetion clearly indicated the GPVC of &
Eijven system to be o function of the degree of agglomeration or dispersion
"in which the system exists. A highly disperse system shows high CFVC, a
'pOOI‘ly disperse system shows low CPVC in relation to the furdamental packing

huructeristiag of the pigment.
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- Figure 7
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Flgure 7 shows ‘the values obtained for the sedimentation curves of

oo n

B oW

ﬁhe same anatase TiOz in rdw linseed oll, bodied linseed oil, alkali refined ‘
nseed Oll and nlkali refined lmseed 0il with 2% by volume of plgment lin-
Seed fatty acids added as well as mognesium siliccte in raw and bodied 1in-
Beed oils, The curves for 'coth of the above pigments dlspersed ina mix’c.ure
°Ir 'étlual parts of raw and bodied l).nseed oil is also included. The degree
‘t 51' dispers:,qn in both c;:aes, as determined by the sedimentation curves, is
8lmost identical with that of the bodied linseed oils alone. This clesarly
®Xplains the reason for finding the seme volues of CPVC for the pigments
?ispersed in bodied linseed oil nlone and in the 1:1 combination: both

8ystems shaw the same degree of dispersion of the pigment incorporated in
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The ordinate of Figure 7 represents the weight per cent of pig-

g . 8) . . ,
pen't sedimented based on a probability scale,( ) while the abscissa carries

R, -

actor (d;-d) of Stokes'Law. Because of the oil incorporated in the pores

particles is taken for d,.

A comparison of ‘Pigure 7 with the Figvres 3, 4 and 5 clearly

The basis for this calculation is Stokes'Law, which states:
p=1/_9nn -kx1/Yt

2t (dl‘dz)g
= diemeter of Aparticles; h = distance of fall; t = time of fail;
. = viscosity of liquid; dy and d, = specific gravity of eolid and

liquid; g = gravity constant. ‘
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The Critical Pigmg- nt _Volume Conéent;'atioh Cell

A cleor understanding of the intrinsic dependency of CPVC upon

relative degree of dispersion or agglomeration ]._.e.ads to the conclusion
thc';t the éritical pigment volume concentration is determined by the packing
acteristics of the pigment particles in reletion to the binder employed
the system. The CPVC is that point in'a pigmént/vehiéle system at vhich
;: su.fficient binder is pre_s.ent to completely fill the voids left between
plgment particles incorporc.ted in the film after volatlllzatlon of all
inner. It represents the densest packing of the plgment particles com-
Esm*ate with the degree of dlspersmn,of the system. .

If the above conclusions are correct, and the z2gglomerates

sess the rigidity indicated in the sedimentation‘d_et.erminations , @ pack-
systen of pigments commensurate with thet obtained in e dried peint film
t'mld be produceable by‘other methods, . One of the most obvious and simple
'}'s_ would be to measure the volume of ;1 pigment pus.'te ceke after all excess

3 qﬁid has been removed by filtration, By determining the ratio of the vol-
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of the male section "A" of vhich .o

glass or metal fritted porous plate "B"

has beeh firmly attached. The femzle
section is constricted shortly above

the ground glass portion to a marrow

opening around which a calibration
mark "D" has been placed.

The methed of meking a determina+

tion consists of diluting the paint to

be tested in equal part with 2 high
boiling nzphtha or other suitable 501~
vent ond trensferring a meesured volume
of this into the top of the CPVC cell

by mecns of a calibrated syrihge. A

vecuum is gpplied to the bottom of the
CPVC - Cell cell end all excess liquid filtered out,
- Figure 8 ‘ The filtration cen essily be observed

tﬁrough the glass walls of the cell. After oll excese 1liquid has been re—

th 4 measured volume of water introduced from a burette or measunng

Pipette, Knowing the total volume of the cell from & previous cclibrat:.on,
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mean difference between the two methods runs zbout + 2%, well within -

limits of experimentol error, Some of the results es spplicable to

Table I
QPVC

Titanium Dioxide in: Draw--down ) Ce}l
Raw Linseed 0il 26% R7%
Bodied Linseed 0il - 38% - 38%
Raw + Bodied Linseed Oil 39% 38%
Alkeli Refined Linseed 0il 363 35%
Alkeli Refined Linseed Oii
+ 2% Linseed Fatty Acids 43% 43%
Magnesium Silicate in:
Raw Linseed 0il 0% . «~ 39%
Bodied Linseed 011 - 464 a7
Raw + Bodied Linseed 0il 488 463

. Plgment/ Binder Kelationships

The recogmtmn af the physical mean:l.ng of CPVC es belng that
nt at which just sui‘flcient binder is present to completely flll the
vDids left be tween “the partlcles of a p*gment/bmder system, lecds to a '
-.necessarv change J,n the concepts of plgment/blnder relationships. Until
tthe present the binder in a peint system has been classified into two
8energl types, namely the "bound" oil znd "free" 0il. The bound oil has

v Benerally been considered to consist of an envelope of molecules firmly

.'_adsorbed to the surface of the pigment particles from thé vehicle end
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‘physically, be identified with the pigment. These molecules of binder

hre removed from the surface of the piguent only through considerable effort

can- consequently be -regarded as being truly "bound" to the pigm‘éﬁt by
mng phys'icOuchemicai forces.: The gquantity of. such Binder firmly adsorbed
the solid particlés can vary between low values of less than 1% to well
above 104 61‘ pigment volume, depending upon the type of wehicle employed in
system énd the surface characteristics and area of the pigments. Some

Fiyplcal values are: anatase Ti0, in raw linseed oil - 2.5%; in bodied linseed
typ 2

4,8%; in alkyd varnish - 10.3%; magnes:.um silicate in raw l:.nseed oil-
2;0%' in bodied linseed 0il - 3.1%; in alkyd varnish - 5.0% of oil, by

1gm nt volume adsorbed. '

The free binder has been considered to be all the rest of the oil
sent in the paint system at the formulated PVC. It is that oil which is
'sily removable from the system in the wet state by such simple methods as
Fration and can consequently be i'egarded as being truly "free."

With the concept of CPVC this "free" portion of the blnder must be
bdlv:.ded into two major parts, namely I that. portlon which is requlred to
B { I the interstices between the pigment particles when these are at thelr

| est degree of packmg commensurate with the:.r d:.spers:.on and IT, that
rtion of the binder wh:.ch is in excess of this amount to the formula-

The first of this o0il can be regarded as being "interstitial" -
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Pigment/Binder Relationship$

-
o .
o 3
= 3+
A oy
[9] %
3 3
8 © ﬁ
[+ %) (o}
(]

[ PVC —>y= Excess 01l &y<—Interstitial 0il —>1< Bound >

/ 0il

_,5_,__,_______Total Free Binder —— >

Permeability

"}

\ i \
0% Pigment Volumetric % Pigrent > 100% Pigment
100% Binder «s=Volumetric ¢ Binder (% Binder
- Figure 9 . )

if a pemeabllity vs. PVC curve is determined for a ga.ven pigment/

nder system, the results can be represented by a typ).oa.x. graph as in
Figure 9 and as prevmusly described in Flgures 3, 4 and 5. The sharp bresk
in tha permeabllity represents the CPVC, or that ratio of pigment to total
solids where just sufficient binder is present to gJ',ve o continuous solid/
i;quid phase after all thinner has volatilized, The PVC of the paint is
determined by the formulation, while the bound oil can be eviluated by an
dswption determination; Mathematically, the system can be defined by

the simple relation: |

Totel Volume = PVC + Excess 0il + Interstitisl- . 0il + Bound 04l

and: Excess 0il + Interstitial 0il = Total Free Binder
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Phere agglomerated systems are encountered as for instance is
tbe pronounced case for Ti0p in raw linseed o0il, it is necessary to sub-
jvide the interstitisl binder into two further groups, namely:
intra—-agglomernte oil, and 2. extra—agglomerhte oil. i‘he first répre-
g"ents that binder which is present inside the pores of the individual ag-
‘plomeratiss, while the second is that which fills the spaces between them, or:
Interstitial 011 = Intra-Agglomerate 01l + Extra-Agglomerate Oil.

An evaluation of these two terms can be made with the assumption
‘that the particles participating in an sgglomerate are at their densest
c}e.;gree of packing. Consequently, in an isc;lated agglomerate the sane '
ent/vehicle ratio would exist as is obtained by a CPVC determination
on a monq—diaberse system of the ssme pigment. The aﬁ.thmetical difference
etween the CBVC of the mono-disperse system and that of the agglomerated
systen thefx i'épresents the extra—agglomerate oil, and the differerice between
s and the interstitial oil is the intraaagélomerate 0il. These rela-
tions are répresented in graphical form in Figure 10, where the remainder

- the values conforn to those of Figure 9,

From Figure 10, it can easily be percelved that the extrc—agglom—
emte oll represents the difference in efflclency of packing between an

agg].omeranted and = completely dispersed pigment system. For the 1atter,

A consideration of these factors immediztely raises the question,

"Mhich portion of the vehicle is responsible for the wide divergence of

lgment Packing bshevior?” By the use of various vehicles and egents the

Same pigment system cen be induced to give high or low values of CPVC,
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Pigment/Binder Relationships
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Figure 10

The answer can readily be found through the use of the CPVC cell.
is possible to ¢ ompigtely subatitute the total free binder of a paint

{fystem by a solvent and still retain the same packing characteristics as

foharacterize the original paint. The interstitial . binder and excess

. er consequently must be congsidered to play only a mipor role in the
blishment of the CPVG; while the bound ojl is the main factor in
'étermining this value. |

The vehicle substitutions were curried out by diluting the origi-
T} beint in equal part by volume with naphtha or other suitable solvent

3 centrifuging out the pigment. The supernatant liguid is decanted end

Placed with the same volume of golvent, The pigment is then redispersed
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to the solvent by rigorous sheking, and repetitions of this whole proce-
dure made until only traces of binder can be detected in the solutions,

A CPVC determinaﬁon, by means of the CPVC cell, is then carried out on
is dispersion, while another is made on the original peint. The results
obteined by these two methods check well within experimental error for
systems exhibiting both highly agglomerated s well as highly dispersed

; 's._tates. | .

That the cdsorbed or bound 0il is not removed from the surface
f pigment particles by simple dilution of this type has been pointed cut
by previous acuthors ,(5) and hes been further éorroborated in -the course of

: hxis investigation.

Conclusions
The CPVG (Criticel Pigment Volume Concentration) of & peini system
i3 the transitional point above or below which substantial differences
in the appearence and behavior of a peint. £ilm will be encountered,
It is that point in a pigment/vehicle system at which just sufficient
binder is present to completely 'i‘ill the voids left between the
ﬁigment particles incorporated in the film after volatiliz-ation of
thinner. It represents the densest degree of packing of the pi.g*—
ment paft.icles commensurate with the degree of the dispersion of
-the systgm.
The CPVC is influenced, among other factors, by:

8. The fundnmental packing characteristics of the pigment
or combination of pigments involved,

b. . The type of binder employed.

€. The types and amounts of special agents present.

d. The fineness of grind of the system, 0007-SWP-044741
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The CPVC is determined by the degree of'dispersio'n of the :pig'ment, in
the binder in combination with the fundamental packihg characﬁéfistics
. _‘of vth;e pigment particles. An agglomerated system of piéinents S:hov}é
low 6PVC‘while a highly dispersed syétem of ﬂie'samé pigments shows
high CPVG. '

In the concepts of pigmen't/binde.r relatiohéhips a number "-of new terms
have been intioduced to characterize the physiéai reiations between
pigments and thiélesl The Bﬁund 0il is tﬁat ﬁortion of the vehicle
firmly adsorbed to the surface of the pigments, .The Interstitial
0il is that péftion of the binder required to £111 the iﬁterétices
between the 'pig‘mehi’. i)értiéles when tﬁese are ét théir densé‘ét degree
of packing comﬁénsﬁraﬁé with their dispersibn. The Excess Oil is
that portion of the binder in excess of izhe Interstitial Si3 pius
‘the Bound 0il.

In egglomerated systems, the interstiﬁial 0il is subdivided
into two further paftS; The Iﬁfrg~Agglomerate 0il is that po¥tion
of the binder present inside the indiv:l:'dual agglomerﬁ&si ’i’he
Extra-Agglomerate 01l is that portion of the Binder filling the
spaces between the agglomerétes wﬁen these are close bagked;

_me Bound 0il1 df a paint system cha.racterizéé the degree of ag-
glomeration or dispersion, and consequentij the CPVC of the system,
A CPVC Cell was developed to determine-the CFVC of a baint systen

on e single sample in the wet state.

A}
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