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The Sherwin-Williams Company, in
an effort to analyze mill vates, found
serious variations in the results ob-
tained with the Hegman fineness of
grind gauge. These variations were
such that it was deemed necessary to
investigate the entire grind test proce-
dure in ovder to gain morve accurate
results. 1

This article ceals with the investiga-
tion and the results together with a
description of the modified test proce-
dure. This modified method provides
visual standards which can be used
to identify grind patterns and which,
il used properly, will bring fineness
gauge results into closer agreement.
Since this type of gauge has wide use
in the paint industry, it is possible
that others are also unaware of these
variations and are operating under the
same serious disadvantage that has
existed in this company.

The Hegman Gauge represents an
improved fineness of grind gauge. His-
torically, this gauge is the development
that rvesulted in a simple and rapid
method for judging dispersion quality.
Earlier methods were subjected to all
the possible errors than can exist when
standard materials must he combined
under exact conditions.

The earliest method for inspecting
dispersion quality, and which is still
much in use, involved the art of
knifing out. a thin film and examining
it for guédlity of particle fineness. This
reguired long experience in order to
Jpredict final product quality with any
degree of accuracy. More important
than this, however, is the fact that
accurate agreement between testers is
a matter of luck rather than skill.

In order to assist such testers in
determining and standardizing quality,
the North Standards were developed
(2). These are actual pigment disper-
sions which cover a brnad range of
grind quality. To ditferent portions of
a high quality dispersion .of zinc oxide
in linseed oil are added varying grades
of Aloxite abrasive. This produces six

standard samples which indicate a
graduated fineness of a grind. A
sample is checked by knifing it out

(1) This article is based on the work and
peointecd to
committee
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Iag‘a'mst the selected standard on a
glass plate and comparing visually.

With the idea of producing more
accurate comparisons, the St. Louis
Paint and Varnish Production Club in-
troduced the St. Louis Fineness Gauge
(3) for use with the North Standards.
They also added two more coarse stand-
ards to the North Sevies in order to
extend the range. The gauge is a steel
plate containing an inclined depression
0.005 inches deep at one end and zero
inches at the other. The paint to be
tested and the standard are placed side
by side in the deep end, and a knife is
drawn over the specimens to form a
wedge of paint. By viewing the gauge in
propev light at an oblique angle, coarse
particles can be seen brealking through
the smooth film surface. This gives an
accurate comparison with the North
Standards

The Hegman Grind Gauge (1) wus
developed, and it eliminated this de-
pendence on standard samples. The
fundamental feature is a wedge shaped
channel Y%” wide, ranging from zero to
5” long, which is cut in a hardened tool
steel block. (See Figure L) A linear
scale is etched alongside the channel. It
begins with zero where the channel
is*.004 inches deep and progresses in
equal divisions to 8 where the channel
is zero inches deep. The gauge has
been made with multiple channels hut
recent models ol the Hegman have only
one. The side by side channels per-
mit visual comparison of two samples
in the same view. Although Lhis has
some advantages, it appears simpler
and just as effective to evaluate sam-
ples by means of numerical designa-
tions.

(3) Scientific Section Circular No. 7L,
420-1934) ; National Paint, Varnish and Lac-
quer Association, Ine.

(1) I, W delg, Drugs, Qils and Painls
31, 138 (193
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Originally, the channel was two
inches long, but, in more recent models
a 3 inch length has hecome more popu-
lar. The longer channzl seems to give

greater ease in reading. The actual
calibration of the five inch channel is:
Hegman Depth of Distancz
Designation Channel from 0
1) 0.0040” 0"
- 0.0035™ i
. 0.0030” 1 '/. ”
3 0.0025" 1 'A ”
[ 0.0026"
3 0.0015~
G 1.o01n”
T 0.0005"
b1 1.0000"

The Federation of Paint and Varnish
Production Clubs has recommended a
modification of thls gauge (5}, It em-
ploys two 4" x 3" grooves side hy side
One is calibrated in Hegman divisions
of 8, while the other is scaled in Produc-
tion Club units of 0 through 10. This
gauge {as with the Hegman) has, as
a part of the tesL equipment, a hard-
ened tool straight ecdged scraper for
spreading the paint sample in the chan-
nel to provide the wedge for viewing

Although these various modifications
are available, their hasic value lies in
the development of a wedge ol paint
in a calibrated channel as the principal
of the test. Since the gauges are
basically the same, they are subject
to the same variahles, and, although
this article deals with the Hegman
gauge, it should be of interest to all
fineness of grind gauge users.

The method of gauge use is hest
described by quoting the test proce-
dure. Again, specific gauges and or-
ganizations have variations in methods,
hut the basic procedure is the same.
Since it was the starting point for
this investigation, the Sherwin-Wil-
liams' test method will be quoted.

"With the gauge lying fat, a sufli-
cient amount of material to he tested
is put in the deep end (0-Hegman) of
the channel so it will overflow slightly.
With the scraper held perpendicular
hetween the thumb and index finger
with both hands, it is drawn down the
channel using firm pressure. The gauge
is then immediately held at such an
angle as to get good light reflectance
(grazing incidence). It is rvead at that
point where many particles appear on
the surface of the film in the channel,

disregarding isolated or occasional
(5  Official  Digest: 283, 375 (1M8)
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particles in the deeper end of the
channel. Viscous pastes should bhe re-
duced with solvent to a flowing con-
sistency before testing.”

Figure II shows the draw-down being
made (using a modified gauge with a
two inch channel width), while Figure
IIT illustrates a gauge user inspecting
the paint wedge film surface.

Fig. !l

The simplicity of the equipment and
the procedure makes this an ideal test
method. Perhaps it is this simplicity
that has lead to a false sense of faith
in test results. The method is so free
of complications that results can be
readily accepted without question. The
one possible point that seems open to
question is the actual end point desig-
nation, because this can be affected by
an individual's interpretation. How-
ever, with the above quoted procedure,
allowance has been made for this varia-
tion cdue to interpretation. It has been
understood that the grind should bhe
designated only in whole units and then
always to the next lowest numerical
designation. For example, a sample
read 5% or one read at 5% would hoth
be reported at 5. This method of des-
ignation was felt to compensate for
minor disagreements and it seemed
like it should be satisfactory as a tol-
erance.

On the face of it, there is no reason
why such a method should not be com-
pletely satisfactory. It was accepted
as such, and results were not ques-
tioned. However, this investigation
brought to light errorvs, mostly of omis-
sion, that proved to have serious effects
on gauge results. Since they came
as such a surprise to experienced in-
dividuals, it is felt that there might
he many others handling their grind
tests in the same manner that has
been routine here. If this is so. they
are probably suffering from the same
serious variations and should he able
to take advantage of these corrective
measules.

The test method was brought under
critical examination through obser-
vations made during an investigation
of mill production rates. It was found,
especially with a high quality disper-
sion, that accurate grind designation
was a vigid requirement if maximum
production rates were to be main-
tained. Under normal practices, it was
possible that two identical batches
could, and would, be designated as 6H
dispersions, but one would have twice

June 22, 1950

the output rate as the other. The only
variable was the dispersion; hoth would
he in the 6H range, but the high output
batch tended toward a 6 designation,
while the other tended toward a 7.
Obviously, it was advantageous to cou-
rect this, because, as long as specifica-
tions were being met, maximum pro-
duction should he obtained.

Immediate steps were taken to rem-
edy this situation, but this brought to
light serious uncontrolled variahles that
existed within the gauge reading proce-
dure. It was impossible, under the
conditions of the test method, to call
grinds with the accuracy required.
Furthermore, as will he shown later,
the startling fact was uncovered that
various testers could interpret an iden-
tical pattern anywhere from 8 to 2.
As can he imagined, the investigation
proceeded rapidly.

It should be mentioned, since it was
another factor that tended to empha-
size the variations, that within the
Sherwin-Williams Company there is
a modified Hegman gauge in use. It
cdiffers from the standard model in that
the channel is 2” x 5 instead of %" X
53” (shown in Figure II). This gauge
was introduced primarily to check
sample cleanliness. The larger area
gave a better sample vepresentation,
and, since dirt particles arve usually
widely scattered, a move accurate in-
dication of the concentration was
shown. It is logical that such a gauge
would come to be used for grind des-
ignations, because one draw-down
then served two purposes. However, it
was early in the life of the 2 inch
channel when it became appavent that
identical samples would be given a
poorer grind designation on the wide
channel than on the narrow., It was
necessary that this he corrected if
they were to be interchangeable.

As the investigation got under way,
preliminary worlk indicated that two
main problems exisited, and, as points
came up, the following study outline
developed:

I. The effects of various physical con-
ditions involved with the technique
of sample and gauge handling.

A. Method of sampling
B. Sample conditions
1. Viscosity
2. Type of liquids involved
3. Pigment concentration
C. Draw-down conditions
1. Speed of scraper blade
2. Angle of scraper blade
D. Time lapse between completion
R of draw-down and actual reading.
E. Viewing the gauge
1. Light source
2. Angle of viewing
F. Gauge block and blade wear
IL. The variation due to dilferences in

grind pattern interpretation when
selecting a designating line
The original assumption was that

the mechanics of gauge usage would
provide the field in which major cor-
rections could be made. This proved
to be false, hecause the variation in
interpretation was startling. However,
assuming that interpretation of grind
patterns can be rigidly controlled, tech-
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nique of gauge usage assumes great
importance. No effort will he made
to single out any one point as heing
the most important. The value of each
is dependent on the allowable varia-
tions in all the others, and each must
he handled corvectly if the complete
test is to be satisfactory.

In the interest of simplification, the
points will he discussed as they appear
in the ahove outline.

A. Method of Sampling

It is ohvious that no test method is
satisfactory unless the vreported re-
sults indicate a true picture f[or every
portion of the batch or lot. This means
that a submitted sample must be
truly representative of the entire hatch.
The general methods tor tank sampling
in the paint industry leave much to be
desired and do not conform with ac-
cepted sampling procedures. Sampling
procedure was bheyond the scope of
this investigation and is mentioned here
only to accentuate the fact that a
perfect test means nothing if it is per-
formed on an unrepresentative sample.

B. Sample Conditions

Sample conditions assume particular
importance where paste products are
concerned. Specifications for any
product are basecd on the finished ma-
terial, and control tests during pro-
duction must be handled in such a
manner that the results indicate final
conditions. In paint testing, compli-
cations arvise on this point, because
samples ave often partially completed
products whose charactevistics differ
from the final material. A tester must
worlk with samples varying in con-
sistency from the final recduced product
hack through heavy pastes. It is im-
portant that the physical properties of
these pastes do not affect gauge read-
ings in some manner which would
produce apparent results not in agree-
ment with actual final results.

It was found that the critical vari-
able in sample conditions was pigment
concentration, Gauge readings will
vary with pigment concentration; the
higher concentrations for any one paste
will show the poorer grinds. For this
reason, pastes or samples at other than
their final reduction should be reduced
in such a manner that they may he
tested at pigment concentrations
closely approximating that of the final
product.

There had been some belief that vis-
cosity and volatility of liquids had a
noticable effect on grind readings, but
this was found to be of rather minor
importance when considered after the
other variables were controlled. It
has heen concluded that viscosity et-
fects have been confused with pigment
concentration effects. For example,
compare a heavy paste that has been
reduced with a solvent against the
same paste reduced with varnish.
Normally, the solvent reduction will
read slightly poorer in grind. There is
logic to the conclusion that solvent
evaporation and thin body accounts for
this cdifference. However, because of
the consistency effects of the two re-
ducers, the solvent reduction reaches
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test consistency at a much higher pig-
ment concentration than does the
varnish reduction; consequently, the
poover reading,

Assuming proper pigment concentra-
tion, it is impossible to vary the vis-
cosity sufficiently to atfect the gauge
reading.

In making the statement that liquid
volatility is not critical in grind read-
ing, it should be remembered that this
investigation uses the original test
method as a reference point. Extreme
conditions can markeadly affect gauge
readings, but, within the normal limits
of the procedure, volatility has no ap-
parent effect. Kvaporation rates are
intimately tied in with the time lapse
netween completion of draw-down and
the actual reading, and a fuller ex-
planation is made there. The point is
that the normal time lapse is shoct
enough to eliminate any reading varia-
tion due to volatile solvents in all but
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highly pigmented lacquers. In these
few exceptional cases, it is wise to ve-
duce test samples with some less vola-
tile liquid to slow down initial evapo-
vation rates.

Concern over pigment concentration
will occur only when the sample repre-
Sents a paste product. It has been
found that the safest method to test
such a sample is to reduce with for-
mula specified liquids in the same
proportions used in the actual batch
let-down. The varnish should be the
same material. The remaining liquids
can be combined in amount and a
formula thinner., proportional to this
total amount, used. [For example:

Beduction

Pasta — 50 Gallons

Varnish — 30 Gallons

Thinners — 8 Gallons] Combine to
Driers — 2 Gallons| 10 gallons of

one thinnar
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The sample amounts of paste and
varnish can be visual estimates, but
it is wise to measuve the smaller
amounts of thinner. Such a sample
reduction, even with estimated
amounts, will always be close enough
to actual pigment concentration to
eliminate any gauge variation on this
point,

C. Draw-down Conditions

It was found that these conditians
were not critical. Blade speed and blade
angle to block surface were varied
over a wide range with no apparent
effect on grind reading.

D. Time Lapse Between Completion of
Draw-.-down and Actual Reading
This is an important variable which

is directly related to drying character-

istics. This ties it closely to solvent
volatility, and it is only past per-
formance that leads to the earlier

statement that volatility, in general, is
not important. As a general rule, it
was found that no grind change oc-
curred within the first ten seconds.
Since a separate survey, made on many
gauge users, indicated that the aver-
age time lapse was ¢ Lo 6 seconds,
drying characteristics had little effect
on gauge readings. It is for this reason
that the statement has been made that
solvent volatility is not critical.

The actual findings were that in
grinds of 6H and poorer, little or no
change was noted during the first 30
seconds. For grinds of TH and better,
it was possible to note significant
changes starting about 10 seconds after
draw-down completion. It is advisable
to malke the veading as rvapidly as pos-
sible, because there will always he a
tew exceptional cases where change
will start almost immediately. For
this reason, it is recommended that at
least three separate draw-downs he
made for each sample. The first allows
tor proper alignment of a good light
source and a preliminary study ol the
grind pattern to understand whal must
be looked fou with its particular type.
With this information, the succeeding
draw-downs can be made rapidly, and

reading time can be kept within 3
seconds. Under no conditions should a
reading be used when the time lapse

is more than 10 seconds.

E. Yiewing the Gauge

As such, the light source does little
to vary gauge readings. The impor-
tance of the light lies in the speed with
which the pattern can be picked out.
It has a direct effect on the reading
time lapse and, as such, an indirect
effect on gauge veading. The bhest
light is that which the individual can
use to most vapidly piclk out the grind
patiern. The consensus seems to in-
dicate diffused light is preferred over
direct. Natural light on a cloudy day
ov light received through windows from
tne shady side of the bhuilding seems

Ratio Sample Reduction

3 parts I3 pint paste in piat can
3 pares Add % pint varnigh

1 part Add ' ounce thinner
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Fig. 111

.
hest. Divect ov hright light allows ton
much glave, and the gauge veader tends
to miss a portion of the pattern that
will be clear in move subduad light,

The angle of viewing the gauge is
tmportant. In this company, where a
gauge with a 2” wide channel is also
in use, the importance is magnified.
The test method specifies that Che
grind should be called at that point
where the particles ave fvst sufficiently
concentrated to form a straight line
across the gauge. It must he remem-
bered that, when viewecd at an angle,
the tester cloes not actually see a 4"
width, The apparent width to his eye
can vary from zero to Y.~ depending
on the angle between the line of vision
and the surtace of the block., As this
appavent width nacvows, the actual
concentration of particles remains the
same. The result is that the smaller
the angle, the more concentrated ap-
pear the pacticles, because the same
number is viewed in a {appacently)
narvower area. Akt small angles, the
tendency is thus to find the specifiac
concentration at a lower grind than
at larger viewing angles.

As tar as this point of reading is con-
cerned, the angle of viewing needs only
be the same to permit duplication of
readings.  After many telals, it ap-
peared to he 2asisv to picle out the
paitern at a viewinz angle of ahout
23' feom the block's sucface, Conse-
quencly. the recommeandation is that
the viewing angle should be condined
within 207 to 30 from the olane of
the gauge suvface. (Figure III.}

There was serious considavation givan
L0 the possidility of making up a gaugs
reading apparaius which would con-
tam a gaugs 2quioned wiin a  fsad
hight source and a fxad sighiing sta-
dion. This would maka 1t possipla o
nrovide a2 gaugs whose pa:cia would
ne immediataly visinla and cih would
always be viawad from an axace angla.
This idea was snelvad in napes that

vasulis would he ohtained
ttnout it and only i proof 13 onhcained
ihat ihe emant i3

nacassary will

F. Gauge B8lock and Blade Wear

Discrepancies were noted in gauge
reacdings that could only be charged
to instrument variation. A prelimi-
nary investigation proved that blade
wear rather than block wear was
causing the trouhle.

During any draw-down, the portion
ol the scraping edge traveling over
the channel is subject to less wear than
that portion having metal to metal
contact. It is a Clact that the bhlade
can drift laterally in successive Ctests.
This results in increasing the portion
of the scraping edge subject to bloclk
contact during the draw-down. How-
ever, the tester's tendency is to center
the blade, and this causes scrapev
blaces to wear faster at the ends than
the middle. Bventually, the wear is
enough to allow the center portion to
dip into the channel, veducing the paint
flm thickness and allowing an ap-
parent grind veading which is poover
than actual. Because of this wear,
blades have heen found which have
caused grinds to bhe lowered a full Hag-
man division

AL present, chere is not enough
knowledge concerning the vate ol waar
to predict when a scraper blade should
ne replaced. The simplest vecommenda-
tion is to Ic2ep a master blade on hand
ta check those in rvegular use. Any
such blade snhould he used spavingly
to orevent wear Based on only scat-
tered indormation, the cautious path
would be quarterly checks for gaugsas
moregular use

A5 was stated 2arlier, thase machan-
ical conditions seemad 0 of2r tha most
onporcuniiy for improvament in  ac-
curacy of rasults. Howawvar, the and-
ings to data nad not oarad a satisfac-
ory answay {0 the degr2e of variaiion
tnat was known o axist. In special
cases, thesa could accoun:
tons un o ' Ha
only through a stracer

for vavia-
man nuz
3

ot imaaung-
ina mMmasgina
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tion could they he chavged with the
wide spread disagreement. The investi-
gation then turned to interpretation
ol the grvind pattern.

The problem was to find out just
how much variation existed when the
only condition that could change was
the tester. In other words, how would
everyone read the identical grind pat-
tern. Several methods for veproducing
the grind pattern were tried. Although
it has an obvieus disadvantage, the
decision was made that drawn repro-
ductions would be the most satisfac-
tory tor the intformation desived.

Once this was decided, reproduction
ot grind patterns at "28,” '"“tH,” "6H,"”
and "TH" were made for both the %~
and the 2" channels. Copies were sent
to approximately 130 gauge users with
instructions to marlk the print at that
point they would use to designate the
erind, Figures [Va and [Vbh show why
the vesults weve startling. These repce-
sent the samples sent out as a "LH"
dispevsion. The crosshatched length
shows the rangs over which this pat-
ternt was read. Line A-A vepcesents
the optimum grind designating line as
estanlished hy the distrioution curve of
testars. This cuvve is shown in Figure
V. The graph is a plot of the number
of sample readers against theiv gvind
designations with the cuvves being
smoothed from the actual data to give
a clearer indication of the trend., Since
Figure IVa consists of an exact re-
production of a Y% “ section of Figure
[Wh, tha2 distribution curve gives
graphic proof that the 2” saction will
produca lowsar raadings than a %
‘nen the same matarial is tastad.

The degrze of variation was tne
samae on the other disoersion vaproduc-
tons.

2n, wa major poing fov
The results
a rigid de-
aospearance

Hava, o
rmmeadiat v
dictated the nac
scrintion of zvin

L |
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in order to restrict the variations that
grew from unrestricted interpretation.

After several attempts at written de-
scription, it became apparent that this
was the wrong approach. For con-
sistent interpretation, all gauge users
must have the same visual picture of
a given grind, Photographs would be
the ideal solution, but they were not
satisfactory. The decision was made to
employ drawn standards similar to
Figure IV. They were made up to
cover the whole gauge range, and each
was given the grind designation that
was indicated from the results of the
survey. With these hound in booklet
form, it is possible for all testers to
have the same visual pictures of
various grinds and so make it possible
to bring them in closer agreement on
results.

These standards,” combined with the
revised test procedure, comprise the
altered test method. Based on this
the standards

which follows
used as oan

It is impractical to show
here. However, Figure IV.
the  basic  pattern, can  be
exumple,

28

work, the test procedure has become—
1. Sample to be tested must be rep-
resentative of the batch under con-
sideration.
2. Prepare sample for testing.
(a) If the sample represents a final
reduced product, use it directly
for the test.

If the sample is a paste paint
or pigmented base, reduce it
approximately as it would be
for application and use. Reduc-
tions should be made with ma-
terials equivalent to those used
in the actual letdown. Use the
same varnish as specified by’
the formula., The remaining
liquids should be considered as
all thinner and that propor-
tionate volume used.

3. Check draw-down blade edge for
nicks or uneven wear. This can be
done by placing the blade edge on
the block’s level surface and sight-
ing through the contact line against
good light.

4. Lay the gauge on a flat surface and
wipe clean with a lint free cloth.

Put a sufficient amount of material
to be tested in the deep end of the
slot so it slightly overflows the slot.

6. Using the draw-down blade, draw
the material down the length of the
slot. The blade should be held with
the thumb and index finger of each
hand. Its position throughout the
draw-down is perpendicular to the
block’s surface and at right angles
to the slot's length. Pressure should
be firm enough to clean the level
surface of the bhlock. (See Figure
II.)
Read grind
Figure IIL)
(a} View the gauge from the side
so the line of vision is at right
angles to the slot’s long dimen-
sion.

Hold the gauge in such a light

{h)

[}

immediately, (See

(h)
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source that the pattern is
veadily visible.

fc) For actual reading. the angle
hetween the surface of the
block and the line of vision
should be no more than 30°
nor less than 20°

(d) Interpret pattern and desig-
nated grind.

8. Starting at Step Four, repeat the
above procedure, with a new poc-
tion of the sample, uniil three
readings are obtained. The drst
draw-cdown and reading is prelimi-
nary in ovderv to establish ideal con-
ditions and to indicate type of grind
pattern. With this lnowledge, the
second and thivd readings can be
macde with a minimum time lapse
between completion of draw-down
and the actual reading No read-
ing should be considered for the ve-
ported grind when this time lapse
exceeds 10 seconds. Average the
last two readings for the veported
grind.

Methad for laterpreting Grind Pattera

L. Inspect the initial draw-down tov

the type of grind pattern and the

approximate gvind.

Checle this pattern against the vis-

ual standavds, and select the one

that most nearly matches it.

3 Using this standacd, detevmine
which imaginacy line will he used
on this particular pattern,

Lk Oun the successive draw-downs,
select the end-point line according
to Ltem 3.

5. Average the last two readings.

6. Report the grind to the next lowest
Y ol a Hegman division. Example:
fa) Belween 6H and 6L H—-Grind

is 66

th) Al 8H—CGCrind is 6H

(e} At 6HE—Crind is 6'2H

The visual standards plus this test
methad, although not perfect, otfer the
opportunity for a duplication of re-
sults which has not been possihle heve-
tofore. Pin-point accuracy on selection
of designating lines is not expected
and was not the aim of the committee.

Grind pattern appearance can vary too

much for such a goal to he practical,

and the method is issued with the hopes
that veacding tolerances can he reduced
to % of a Hegman civision

o
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