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INTERTM REPORT
FORMULATION OF FIAT PAINTS

A. INTRODUCTION
1. Objective

(a) The major purpose of the work reported here was to
provide a body of quantitative information on the formulation of
flat paints and rapld methods for screening evaluation of new pig-
ment candidates prior to more detalled study by experienced formu-
lators. |

2. Importance

(a) PFlat paints are possibly the largest single end use
of white pigments. They are complex systems. No single general
detalled explanation of their theory and performance is found in
the literature although there is an abundance of rarrow studies of
specific aspects and eompqsitions. These were mostly written prior
to common use of Kubelké Munk scattering coeffilcients. A typileal
literature reference is "Fundamentals of Formulating Flat Finishes"

(1) which contains a number of formulations but not a single film

measurement or other literature reference. A single ccherent
study was requlred to reveal inherent advantages of new pigment
types with a minimum of formulation study for each candidate.
3. Background
| (a) ’Report'WP—ESIs63-12 by the writer was an initial

brief, uneducated step towards the objective. Our own understanding
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and methods have since been improved and tested in use. Reference
willl be made in the body of the report to pertinent lilterature.
B. SUMMARY
1. Work Done
{a) A coherent body of information has been assembled
using a single alkyd flat vehicle,,RQQOO'TiOQ, and caleium carbonate
extenders. The majJor formulation variables covered were TiOp con-’
centratlion, extender particle size and total pigment concentration.
The effects of these on the following film properties
were determined: Ti02 hiding efficiency
Total £ilm hiding
Film porosity
Gloss.
(b) New laboratory methods of preparing paints on a
miniature scale {13 cec or less) and accurately determining the

important propertles were devised. Sultable equipment was acquired

and personnel trained in these methods.

2. Important Results

(a) An improved quantitative understandiné of conventional
flat palnt systems has'beeh-butlined,

(b) The information has been useful in the»evaluation of
new plgment candidates.

C. CONCLUSIONS AND RECOMMENDATIONS

(a) Large improvements in flat paints are possible.
(b) Extenslon of this study to include the finer points

of formulation and performance would be useful.
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(c) The information should generally apply to latex type
and other extended systems but the study should be repeated for
latex paints.

D. PLANS FOR FUTURE WORK

(a) Repeat on a limited basis for a typical latex vehicle.
(b) Carry out a similar study on a radically different
type of extended pigment now under study.

E. DISCUSSION

1. General Applicability of Study

Most flat paints are used on interior surfaces. Interior

semigloss paints and some exterior paints employ extenders and the.

et

general considerations developed in this report might be pertinent.
They might also apply to any plgmented system containing extenders
or an exﬁender~1ike component such as paper. ‘

2. Elat'Paints - Function and Properties

A flat paint is designed to provide an adherent film of
unlform colof and low gloss over a base of different and uneven
color, gloss and porosity. In addition, it is expected to be stable
Iin storage, easlly applied, dry rapidly, allow working with the |
applicator for some time after the film has been applied without
change of color or gloss 1n the dried film, show little color or
hiding change during the drying process, fill minor cracks and sur-
face imperfections, have low odor, be resistant to various stains

and water spotting, easily cleaned, scuff resistant, maintain its
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properties on aging, provide a base for repalnting and be low in
cost. |
3. Glossary
"‘(a) PVC, pigment volume concentration, is the volume of
pigment (TiO2, extender or any inert insoluble component) divided
by the volume of the pigment plus the volume of the binder or film
forming components. |
(b)' CPVC, critical pigment volume concentration. As the
PVC of a film 1s 1ncreased, lts properties show a gradual change
until the solid inert particles attaln a certain packing density
and the void spaces are exactly filled with the available binder.
Increased pigment beycn@ this point results in film volds and abrupt
changes 1in f;lm properties. This is the CPVC. The CPVC is deter-
mined by the size, shape and size distribution of the solids,
thelr surface area and the degree of dispersion and wetting of the
- solids by the binder. A complete discussion can be found in
Paint Flow and Pigment Dispersion (2).
| (¢) "Free"TiOp PVC. This is the volume of TiO, divided
by the volume of Ti02 plus the volume of binder in the dry f£ilm.
(d) % voids. The volume of connected air voids in the
dry film divided by the total film volume (air volds plus film
solids volume).
(e) Sy. This is a measure of the scattering value of
a unit weight (or volume) of Ti02. It 1s defined here as the
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Kubelka~Munk scattering value, Sx as determined from Ross curves
in report fTw~8-2-6h, of the film when spread at such thickness
that an area of 25 cm? contains 0.03 gs Ti0p. This 1s equivalent
to a spreading rate of 2 1bs Ti0o/814 sq. ft. or 12 gs/m2 or a Ti0p
thickness of 0.113 mlls. Unless otherwise noted this value is for
£1lms oiled with NyJjol. | |

(£) 81 mi1. This is the scattering value for a f£ilm
having a one mil thickness of dry film solids. The actual film
| may be thicker if 1t contains air voids.

(g) Crowding refers to the decrease in TiOp sﬁacing when
a coarse extender replaces binder in a constant volume of pa;nt film.

(h) Window effect. This is a coined term to suggest
the fact that light passes directly (without scattering) thr§ugh'
large transparén% areas of a film which may be extender particles,
unpligmented vehlele, or air voids, with a consequent apparent loss
of TiOp efficiency.

(1) Scattering is the "reflection” of light by refraction
and diffraction. ,

(J) Hiding is the oﬁscuring of a background by scattering
and absorption of light.
F. QOVERALL EXPERIMENTAL PLAN

1. Experimental_Bléeks

a. TiO2 without extender in both alkyd flat and alkyd

gloss vehlcles,
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(b) Paints at 65 PVC with a single extender (Camel~White)
and “free" Ti02 varied from 10 to 40 PVC.

(¢c) Paints with free TiOp PVC of 30, Camel-White and total
PVC varied from 45 to 75.

(d) Repeat of C series with each of three extenders of
the same composition but increasing size. “

(e) Repeat of C but 25 wt. % of the Camel-White replaced
by Celite 281.

(f) Paintswith extremely large particle size extender
(glass beads) to develop window theory.

(g) sStain, scrub, and mar resistance of selected paints.

(h) Testing predictive ability and utility against a
commercial flat.

G. RESULTS

1. Ti0o Without Extenders. Table I and Chart #1

This familiar chart shows the decrease 1In Tl1Oo efficlency
as the PVC increases and a makimum hiding for a constant film thick-
ness at about 30 PVC. The absolute values depend upon how well
the vehicle wets and dlisperses the TiOo and the size, shape and
erystal structure of the T10p. It 1s élso shown that a gloss
vehicle reduces flocculation and results in an Sy curve parallel
to the flat vehicle but about 25% higher.

A1l films In this report, unless noted otherwlse, were
dried by placing on horlzontal aluminum shelves with alr circulating
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at 35-40°C. When thick wet films of a flat vehicle with R-900 dry
slowly at room temperature Sy is lower than those with the more
rapid dry as shown by Table 1C. The films at .004" show nearly
the same value as the‘répid dry but at .006" the values are lower
than the rapld dry except at the highest concentrations where values
close to the average for rapld dry are obtained. All this is indi-
cative of a time dependent flocculation most noticeable with low
concentration, thick wet films and slow drying.

It 1is noted that the Sy curve 1s nearly straight between
10 and 40 PVC. éonsidering the Ti02 to be perfectly spaéed in a
simple cublc array and expressing the Interparticle distance as a

fraction of the TiOs diameter, we find:

PVC Fraction
1 3.45
2 1.19
10 0.74
20 0.38
40 0.10
52.4 0.00

A plot of the fraction va. Sy 18 nearly a straight line with only

a slight decrease in 8y at 10 to 15 PVC. Steig (3) considered
rhombohedral packing the closest packing of spheres. In this case,
when the spheres touch the fraction is 0.0 and the PVC 74. The

fraction is 1.0 at 9.25 PVC. It is assumed that, since the diameter
of Ti02 particles are about one half the wavelength of green light,
scattering will reach a maximum at a fraction of 1 or from 5 to 10

PVC., Accurate measurements are dirfficult below 10 PVC.
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2. Constant PVC Extended Paints. Variable Free TiO, PVC

Table IIA shows that the Sy in a 60 PVC palnt extended with
finekparticle size grcund’naturalycalcium carbonate corresponds to
the Sy of TiOg alone in the vehicle but averages slightly higher.

The slight difference may be due to several factors. As indicated
by the Sy 0/D the films contain air spaces which could allow greater
separation of the TiOp in effect a lower PVC. Part of the air might
be in closed pores resulting in Ti02-alr interface and lncreased
hiding. The fine extender may hinder flocculation of the Ti0». The

- extender contributes a very small amount of scattering in the olled
film. In any case the difference is small and possibly within
experimental error.

Table IIB and Chart 2 show results at 65 PVC with two
vehicles. Again the S, values parallel and.are slightly higher than
T10o withoutvextendér but the gloss vehicle which gave a marked
increase in Sy for Ti02 alone glves nearly identical values in
these flats except for a definite Gecrease in Sx 0/D at the highest
Ti0p with the flat vehicle. These fllms are all above the CPVC where
part of the TiOp is not wetted even by the gloss vehlcle. M
_ Chart 3 and Table IIB show'ﬁhe expected higher gloss and
with the gloss vehicle; The PVC curve on this chart shows the packing
relationship of the extender and TiOp assuming that both pack to

. 50% voids. A sharp breask in this curve is observed at 30 PVC and

a break upwards in the gloss curves 18 seen at the same point. At
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40 PVC free TiOp, the volume of TiOp plus the volds between the Ti0,
particles exceeds the voild volume between the extender particles

and the spacing of the extender would increase and result in higher
gloss. A better than 50% packing for the extender or g poorer
packing for the Ti02 would account for the break at 30 PVC free TiO2.

3. Constant (30 PVC) Free TiOo PVC. Total PVC Varied From

~(> _With Each of Five Extender Particle Sizes

Table III gilves weight.and volume information on films.
Pable IV characterizes fhe extenders. Table V .gives measurements
on films. Photos 1, 2, and 3 show the extenders at 1100X.

(a) B8y Oiled (Chart 4)

From Chart 1, the Sy at 30 PVC free TiOp is 2.14. With

Camel-White a value of about 2.22 1is observed on Chart 2 up to 65
PVC. Reasons for this slightly higher value are given in G-2 above.
These data are for single determinations and the accuracy seems to
be about + 0.05 Sy units. The Sy olled (except for D) remains
fairly constant up to about 65 PVC which is near the CPVC for these
caléium carbonates.

The decrease in Sy with increase in extender size is
thought to be due to the window effect (see glossary). Part of the
minor variations observed may be caused by factors discussed in G-2.
A quantitative examination of the window effect 1s treated separately
in this report. Table VI giVes the decrease in scattering due to -
window effect as a % of the value obtalned with the finest extender.
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Above 65 PVC, Sy increases most rapidly with the finest
extender and less rapldly for coarser extenders while the largest
extender shows a continuous decrease from 45 to 75 PVC. This sharp
rise at high PVC with fine extenders 1s explained by the fact that"
the films now contain air voids and the Ti02 is in effect dispersed
in a mixture of vehicle and olling agent (Nujol), the free TiOp PVC
in effect belng lowered and the Sy therefore increasing. Consider se:
A at 75 PVC. -This film contalns 14% air voids reducing the effective
free Ti02 PVC from 30 to 20.3 which from Chart 1 would have a 2.8 .
Sy compared to the actual 2.73. This effecf decreases with increasing
parficle size because the air void size also increases and rather
than dispersing the Ti02 the air voids start to act as windows in
the same manner as the large transparent extender particles.

(b) Sy _Dry (Chart 5)

At the CPVC a sharp increase in Sy results from the forma-

tion of Tiog;air interface. The break polnts on these curves are:

E at 60 PVC; A, B, & C at 65 PVC; D at 7O PVC. Below these points
small varlation from Sy olled are due to a slight amount of film
porosity before the definite break and élso to experimental érrors.
Above the CFVC both dry hiding and % voids (Chart 7) increase rapidly.
It is also noted that the rate of lincrease of dry hidlng is greater
the smaller the extender particle slze. Stelg (4) observed this rate
increase and also found that the greater percentage of prime_pigment

present, the greater the rate of hiding power increase. He found
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a straight line relationship between dry hiding and the "porosity

index" which 1s defined as the ratic of air volds to the total of

vehicle plus air volds. In thils report, % voids means % of air voids
in the total volume of dry film. Stelg’s index is calculated from
the PVC and the CPVC, but the latter is difficult to determine accu-
rately on the actual film. One method 1s to measure the cake volume
of the filtered palnt. 011 absorption tests are only a rough gulde.
Sharp changes in the hidlng power and gloss curves are 3lso a guide.-
In this report, drect measurement of open pore ailr voids was made.
The obJect of the game 1s to obtailn dry hiding without

inereasing porosity or adversély affecting gloss and other proper-

ties. The followlng table shows how the various extenders perform.

Extender (Table IIT) A B c D E
Paint PVC , 75 75 5 75 75
CPVC (by dry Sy inflec.) 652 65 65 70 60
APVC _ 10 10 10 5 15
Sy Dry 4,43  3.16 3.04 2.21 L4.27
Sw 0il 2.73 2.26 1.99 1.58 2.65
ASy ' 1.70 .90  1.05 .63 1.62
% Voids 13.7 11.4 15,4 144 27.8
ASy x 100/% Voids 12.4 7.9 6.8 L.y 5.9
Sy dry x 100/% Volds 32.4 27.7 19.7 15.3 15.3
Gloss-85° 20.9 7.0 5.8 4.4 5.0

It can be seen that the best hiding/void ratio is obtained
with the finest extender, but this 1s at the expense of 85° gloss,
increased stain retention and poorer scrub resistance. Addition
of cellite decreases gloss but increases volds drastically. Additiona.
discussion of the balancing of properties will be found in later

sections.
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(e) 8y 11 Otled (Chart 6)

This demonstrates the obvious; at a constant free Ti02
PVC and constant dry film thickness hiding power drops continuously
with increasing PVC since the extender volume is increasing and the
volume>of TiO2 1s decreasing.

(a) 81 m11 Dry (Chart 7)

This shows that at constant free TiOp PVC the increase in

dry hiding obtained by raising the PVC is counteracted by the de-
creased Ti0p so that an advantage results only with the finest
extender. The results are the same when celite is added to decrease
the gloss and, as was shown in G-3-b, celite increases film volds
drastically. |

The general coincldence of curves B & C in spite of the
appreclable size difference appears to be related to a better packing
for B as shown by decreased % voids although the given particle size
distribution ylelds no clue to explain a better packing.

(¢) S, 0/D (Chart 8)

High values are subject to an error of +5%. This ratlo 1s
commonly used as a rough measure of film integrity. TFew commerciai
paints have a value below T70%.

(£) 2 Volds-Actual (Chart 9)

It can be seen that the % voids are similar for the smalles
and largest extender. B extender (Camel Tex) shows the best packing
while the celite 18 very poor due to its irregular shape. Poor

packing means that the CPVC 1s decreased.
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(2) % Voids-Calculated (Chart 10)

A famlily of curves Is glven showing the % volds-PVC rela~-
tion 1f it is assumed that the total pigment packs to percentages
from 40 to 65% of the theoretical maximum. It can be seen thatkthe 4
actual curves closely parallel the calculated curves. Maximﬁm
packling values are accurately determined by this chart.

(h) # Voids for Various Extender Packings (Chart 11)

In this chart the voids have been calculated for 30 PVC
T10, paints assuming that the Ti0p plus vehicle phase behaves as
pure vehicle. This 1ls perhaps more informative than chart 10.
Under these circumstances the A extender shows near zero voids at

65 PVC paint (50 PVC extender) and the extender packing appears to

be 50%. At 75 PVC paint the actual volds correspond to 55% extender

packing. This might bé expected because caplllary forces could be

greater in the more porous high PVC films. However, chart 10 shows
that the combined extender and TiOs maintain a constant packing.
This can be rationalized by noting that the ratios of extender to

Ti02 volumes are 1.85 at 55 PVC and 6.0 at 75 PVC. A large volume
of TiO2 at the low PVC packs between the extender voids and compen-

sates for the poorer packing of the extender.

(1) Gloss-60° & 85° (Charts 12 & 13)

These have been plotted on a log chart to show small
differences at low gloss values. Incidentally, it is noted that
the curves are nearly straight lines on elther side of the CPVC.
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The most interesting observation 1s that the gloss actually
increases slightly above the CPVC. This is probably due to expansion
of the TiO2-vehicle phase by alr which would tend to decrease the
depth of the valley between protruding large extender particles.

H. DETAILED EVALUATION | |

Sectlon G covered the basic properties. Certain signifi-
cant end use tests are more laborious and less exact. Some of these,
but not all (see E~é), have been made on four formulations as shown
in Table VII. These weré:repeat’paints.

The results are summarized as follows (see photos 4 & 5):

1. Scrub Resistance is proportional to the 8x O/D as expected
because this ratio is a measure of the completeness of pigment '
coverage by the binder.

2. ReSistance to_soluble stains is least for the fine extenders

presumably because of the finer pore size and greater capillarity.
Pore volume does not dominate.

3. Resistance to removal of olly, pigmented stains by wiping

is least for large particle size extenders. In all cases these
require a-detérgeht fluild and a coarse scrubbing brush or cloth for

satisfactory removal.

4. @loss increase on rubbing is greatest with the fine extender
even with celite added to decrease the inltial gloss.
If one attempts to reduce the poor integrity of the celite
dulled film by reducing the PVC, much of the 1 mil dry hiding
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advantage is lost and the disadvantage of higher porosity and smaller
pores persists down to 50-55 PVC. At this point, the 1 mil hiding
advantage 15 regained but the cost increases sharply due fo higher
Ti02 and dry hinder content. |

For these and other reasons the general practice is to
compromise cost and each aspect of performance. The formulation
then becomes more complex. An example of such compromise i1s given
in the next sectilon.

I. BSAMPLE FORMULATION

The label analysis of a high quallty commercial flat
"enamel" gave the following composition in terms of volume percent
of a dry film. - |

Total PVC

~ Binder
CaCo03
CaS0y *
Si0p *¥
Ti0p
"Free” Ti0o

PVC

{ ) N &
WO W~ O

e & & .

DWW & &SOWw

w o
VIO,

* Fine particle size extender ~2p or less.,
*% Presumably a dlatomaceous earth-like Celite.

The charts were examined and two formulations were chosen
to yield average properties that would closely duplicate the
commercial product. These are shown in Table VIIT. The result is
very close. Increaslng the T10s content would bring it even closer
to the commercial product. The assumption 1s made that the‘averaging

would be correct within the aceuracy of the testing methods.
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J. VEHICLES
1. Flat Vehicle -~ Contains 0.264 ce solids (1.05 Sp.Gr.)

per cc of vehicle. ' ADM 3025-P-U0 -~ 380 gs.

Naptha - T0 cc
Drier Mix* - 16.3 cc
* Q4% Pb - 8.1 gms
6% Co - 3.25 gms
Antiskin Agent - 5.0 gms
Naptha ~ 50.0 gms
2. @loss Vehicle - Contains 0.413 cc solids (1.05 Sp.Gr.)

per cec of vehlele. Aroplaz 2502 - 550 gms
Naptha - 126 gms
Drier Mix* - 7.3 gms
Soya Leecithin -~ 3.0 gms

* 249 Pb - 24.6 gms
6% Co ~ 13.2 gms
- ASA -~ 6,0 gms

3. Red 0il for % voids determination.
100 cec Nujol
4 cc 3-in-1 lubricating oil
0.1 gm oil soluble red A dye
K. METHODS

1. Paint Formulation is calculated on the basis of 100 cc

of dry paint film solids. From these the volume of vehicle and grans
of pigments reqpired for 13 ce of paint are calculated. Significant
volﬁme relationships and the specific gravity and wt.% Ti0o in the
dry f£ilm are tabulated.

2. Paint Preparation. The required ingredients are measurec

into a glass vial about 2.5" high x 1 1/8" diém. with an internal

volume of 35 cc and roughly mixed with a stainless spatula and
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additional naptha added to obtain a normal paint consistency. Ten
¢c of 4 mm Pyrex beads are added and the vials closed with a flat
polyethylene cap. Two vials are clamped in a Spex Industries Model
8000 mill and shaken for 10 min. Enamels are mixed for 30 minutes.
3. Film Application. Films are applied to a Morest hiding

power chart form 09 using a 4 or 6 mil clearance x 3 inch wide Bird
applicator and a Gardnf.mechanical drive. A Bird applicator with

6 mil clearance and 1 i/2 inches width is used by hand to make two
drawdowns on a sheet of 2 mil Mylar® 5 3/4" x 10". In general, the
test accuracy is such that only a 4 mil f£ilm on paper and one of
thé‘6vm11 films on Mylar is required. These are driled on a horizon-
tal position in the laboratory without controlled temperature or
humidity. Dbying can be accelerated as discussed in the report

and in certaln cases drastically affects the results.

g 'Film Measurements. (a) Scattering Values. Reflectance
on the hiding power chart is measured with a Gardner automatilc ‘
reflectometer over the two blaék and two white areas. A brass tem-
plate 1 3/8" x 2 3/4" and a knife 1s used to cut out a plece of the
lower white section (between the two blacks). This has an area of
25 em®. A coating of Nujol is brushed on the remaining film and
allowed to penetrate for 30 minutes. Reflectance is measured on thé
top white and two black sections. Reflectances ére averaged giving
Ro & Ry. Sx values are read from the curves in Ross! report

PTW-8-2-64. A reading of the reflectance of the white portion of
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the card is made once for each series. The white cut out is weighed,

the paint and lacquer is stripped wilth acetone, and the paper dried

at room temperature for 10 minutes and weighed again. The card

lacquer weight 1s also determined by removal with acetone and then
the paint welght caleulated. When a new vehlcle batch 1s used the
paint removed 1is ashed and % T10p 1s determined and checked against

the calculated value.
= 5, x3
" ES paint X wt. % Ti0p in ary fiim

Sx x 8p. Gr. of paint film x 0.0635

8 = :
1 mil - gm paint

5. % Voids and Gloss - (a) % Voids. A rectangular piece

is cut from the drawdoWn on Mylar® using the same template. This

is weighed and then painted with red oil (7-3) and allowed to stand
for 1/2 hr. The excess oll is removed with a flat rubber squeegee.
The surface is wiped to a uniform sheen using the forefinger and
repeatedly wiping the finger on filter paper. The underside 1s wiped
clean with filter paper and the specimen weighed. The film and oil

_are.removed with acetone and the‘Mylér weighed. The weight of

paint and absorbed oll are calculated. The volume of voids = gms

oil absorbed % 0.882 = cc oil.

% Volds = | cc oll _ x 100
gms paint/Sp.Gr. paint + cc oll

This test 1s most accurate when a blank is run on a nonporous film

having about the same degree of surface roughness since the wiping
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leaves a small amount of surface oll behind the irregularities. It

has been found to be more reliable than measurements with a dial
% micrometer because in the thickness measurement ﬁh,e film is com-
pressed, weighing 1s more sensitive than the dial which must be
estimated below 0.1 mil, the area measured by the dial is a small
proportion of the whole. Roughness probably results in a greater
errorwlth thlckness measurement than the weighing.

(b) Gloss. 60° and 85° gloss were measured on the
Mylar® before the void determination.
L. DISCUSSION OF WINDOW EFWECT

W. D. Ross has considered the theoretical aspects of the
window effect and proposed the equation F = 3/2 + 2 PSD where F is
the ratio by’Whigh the apparent scattering of the paint surrounding‘
the extender 1s lowéred, P is the volume fraction of extender in thé
film, D is the extender diasmeter in microns, and 8 1s the scattering'
in reciprocal microns of the paint surrounding the extender. Accord-
ing to chart 1, Sy at 30 PVC TiOp is 2.14 making S (Ross) = EE%E
0.178. 8y pjp for the Ti02 alone is 5.72, then Sy = 2.14F and
Sy mi1 = 5-72 x F x (1-P).

PVC F Calculated Actual
T 20 100 20 10u =TS e T~ TANS Yo TREN-TV RS To T}
| Sy S1 mi1 Sw S1mi11

4y .952  .798 2.04 1.71  4.34 3.64 2.21 1.99 4.62 4,16
50 .937 745 2.01 1.59 3.8 3.03 2.15 1.88 L4.10 3.57
55 .922 702 1.97 1.50 3.39 2.58 2.26 1.85 3.87 3.17
60 .907 .660 1.94 1.41 2.96 2,15 2.2 1.71 3.39 2.59
65 894 627 1.91 1.34 2.56 1,79 2.24 1.70 2.98 2.26
70 .880 .595 1.89 1.27 2.16 1.4 2.46 1.65 2.82 1.88
75 .867 .567 1.86 1.21 1.77 1.16 2.73 1.58 2.60 1.51
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These calculated values for 2u extender show only a slight continuous
decrease 1in Sy. The actual increase has been expiained in this
report as due to expansion of the film with increased PVC and conse-
quent effectivevdecrease of the TiOo Pvt. The Sy calculated for the
10 extender is uniformly about 0.3 unit too low and the caleulated
‘81 mi1 value .for 104 1s about 0.45 unit low. If 0.6 unit 1s added
to the calculated 8y 49 and the Sw'caiculated from this, the values
increase above 55 PVC for the 2u extender and show good agreement
with the actual results;

At 65 PVC and 30 PVC free TiOp the dependence of S, on
particle size of the extender is accuraﬁelyngiven by the empirical
equations: |

F = 5y ; . and Sy = F x Sy(2)

where D 18 the extender dlameter in microns and Sy(2) is the

determined value for a 2 micron extender particle.

D P 8y _Cale. Actual Act.-Calc.
2 1.0 2.2 2.24 0.0
7.5 0.820 1.84 1.93 + .07
10 0.785 1.76 1.70 - .06
30 0.640 1.44 1.56 - .12
4o 0.603 1.35 1.32 + .03
%% The 30 and 40 micron paints were made with Flex-O-Lite glass beads.

Other properties of these paints were:
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30w 4o
Sy - oll 1.56 1.32
Sy - dry 1.62 1.52
'Sl mi1 - oil 2.13 1.80
81 mii - 4dry 2.22 2.08
s 870 %6.5 8.0
Gloss - 60° 3.4 3.4
Gloss - 85° 2.4 2.3
% Volds 12 14,7

(1) 0. E. Paukner, Fundamentals of Formulating Flat Finishes,
Paint Industry, Feb. (1962).

(2) T. C. Patton, Paint Flow & Pigment Dispersion, Wiley (1964).

(3) F. B. Steilg, Jr., Official Digest PFederation of Societies
for Paint Technology, June 1959.

(%) P. B. Steig, Jr., Official Digest Federation of Societies
for Paint Technology, July 1961.
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 _TABLE T
710, ONLY

A - Flat Vehicle

BYC-R-900 10 15 20 25 30 35 ko

Wt. % Ti05 in Film 3 5 6
- Sp.Gr Film
SW - .004™

SW - Av,

S-1 mil-.bou"
S-1 mil-.006"

1.87

41,8 5¢ 2 2.7
00 2.31
11 1.58
19 1.85 = 1.47
15 1.53
61 5.59
84 5.23

WO U~ W~y
HW W

£ ) L ] - - L ] .
VW ~JOINO
Ul OO =00

LI I

©1.86

5.79

Ww WWWwiHo |

0

1

2

222 2
2

4

I

(C R0, B LY CF NS TR

e d *

B - GlOss_Vehiclé .
SW - 004" 4,06  3.59  3.21  2.81
SW - .006" 3,65 3.44  2.98  2.82

SW - Av. ~ 3.86 3.52  3.10  2.82

€ = Flat Vehicle - Room Temperature Dry

i SW - .004" | 2017 2.7 2.57  2.19
a SW - 006" 200 2.07  1.98 1,95

~
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TABLE II

" CONSTANT PVC EXTENDED PAINTS
VARIABLE FREE Ti0p PVC
Free ™op BVC . 10 15 20 .25 30 35 40
| 6.17  8.75 11.65 15.0  18.85

3w |

Ti02 PVC . 3.9 , 85 23,
Extender PVC - 61.1 58.83 56.25 53.35 5-0.,0 46,15 0 41,
Wt % Ti02 in Pigment 8.85 14,0 19.5. 25,4 31.8 . 38.9 46,
t.% T102 in Film 7.35 1l.7 16.3° - 21.3 26.8 32.9 39.6.
- Sp. Gr. of Film 2.18 2.47

2.22 2,26  2.30. 2.35 2.m
A - 60 PYC, R-900, Camel White '

. Ranid Dry
- Flat Vehiclg“- _
0lled SW - .004" 3,43 2.86  2.64  2.26
Olled SW - Av. ) o 3.49 ' 2.82 2.61 . 2.29 ‘ ) ,
SW Enamel-Table IA - 3.59 3.20 2.78 ‘2.53 2.15 ©1.86 1.53
sx o/D - 91,0 92,3 942 98.5 |

B - 65 PVC, R-900, Camel White
_Room Temperature Dry

Flat Veh:!.c]_.e

‘Oiled SW - .004 5,17 . 3.32 3.08 - 2.58 2.40 1.94 1.76
| 1,41 1.82  2.39 - 2.70  3.20  3.24  3.62
sz B3 - 85.8" 88.8  88.5 89.8 88.8  88.8  83.0
. Voids 5.3 4.1 5.0 . b.0 6.1 2.7 5.4
Gloss ~ 85° 12,9 12.9 13.3  15.1 .16.4  20.3  25.9
Gloss Vehicle c
giied s - .o0u" 3.84 - 3.40  2.96  2.56  2.27  2.06  1.84
© 1.30 1.86 2.30 2.65 3.70  3.i5  3.79
staly 87.0  92.7 90.0  90.3  8B.0  88.8  90.0
% Voids © 355 2.7 T3.0 0 3.2 2.0 1.7 2.7
Gloss ~ 60° 4.9 5.3 5.4 6.5 6.7  ° 8.4 9.4
Gloss -~ 85° o 22.2 18.9 20.7 22.0 23.5 25.1 32.6
Enamel-Table IA 3.86 - 3.52 '3.10  2.82 -
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| TABLE IV
EXTENDER PROPERTIES

s - ~ Camel  Camel - Cemel  #10 Celite
___Extender . - _White  _Tex Carb  White = _#281

Info From Supplier -
"ASTM SSD (u diam.) 2.0 B0 7.5 5+

‘Coarseness o ) 10 30 - Ly : 4y
Distribution |

~ % Finer than u ' 100-15 99~30 99.5-44 99-40 2
98-10 92-20 97-40 86-30 - '
72=5 . 86-15 89-30 - 68-20 to
4o~2 76~10 . 78=-20 - . 4010
v 54-5 70-15 - - 26-6 . 12

28-2 "~ 58-10 20-4
- 4o-5 . lk-2 o w
~19=-2 ' A

011 Absorption 15 1 .13 79

Our Testing

Specific Surface m2/g - 3.1 2.3 2.1 <1 2.0
Median @ by wt. B ‘ 10.0
- from microscope ' : .
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TABLE VIII-

MATCH OF COMMERCIAL FLAT

COmmerc;1a1 . o o R

. Flat #36 #14 _Av.

o L ’ : ‘ . Camel VWhite _ 5T

. ..BXtender a ‘ _ % Celite Camel Tex = _#36

CPYC - 59,3 . 55 70 62,5
PVC.Free T10,  33.2 " 30 S T30 30

Gloss = 609 4.1 5.6 . - . 4,8 5.2

.85, . 6.2 53 6.2 5.7

SW-o011 2.13 2,22 2,14  2.18 _3 1
SV - Dry BRI 2,36 2.52 2,44
S1 mgy 041 3.18 3.7 2.45  3.12
Sy miy Doy  3.81 5,02 2.88 3.45
sx o/p - | f»  83.8 ..  ob.2 . 851 89.6
o %'?oids’_  "';_  7.8 . 3.5 C - 5.0 o k3o
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