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ABSTRACT

The object of this thesis is to investigate the use of
smoothness and elongation test results as criterion for evaluating
the printinz quality of paper. The relationship oi smoothness and
printing quality has been known for many years and in all previous
worx it has been shown to be influential to printing quality. The
relationship of elongation and printing quglity has never been
investigated. The experimental procedure consisted of testing
the paper samples for smoothness and elongation, and determining
the printing quality of the different papers with the I. G. T.
Printability Tester. The results of the analysis of the experi-
mental data can be used to indicate good or poor printing

quality of paper.



"A STUDY OF A METECGD I'C PREDICT PRINTING (UALITY CF PAPER
BY MEANS OF SMOOTHNESS AND ELONGATION TEST RESULTS"

INTRODUCTION

In the past thirty years sreat technical advancements have
been made in the manufacture and printing of paper. However,
the develooment of evaluating techniques to determine paper
printability and printing quality have not kept pace with other
developments in the industry(l). This is due to the complexity
of the printing operation, lack of suitable definition of
printability and printing quality, and the lack of instrumen-
tation to measure the printing aspects of paper(2).

The printing of paper involves three systems: (a) paper,
(b) ink, and (c) the printing press(3). Each of these three
systems is made up of many variables which affect each system
and the other systewms because they are interrelating during
the printing process. The fcollowing diagram illustrates the
interrelationshin of the three systems during the printing

operation:
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The gzoal of any methoa of evaluation is to be able to
determine before printing how paper will print or the paper's
printability and print quality. The evaluation method should
be short, simple, and give fast results which can be used to
evaluate paper's printing proverties in the paper mill and
print shopo.

Printability and printing quality are two terms which are
often confused. Printability means the combination of strength
properties, ink receptivity, and runability which enable the
paper to withstand the tensions of the printingz press and to
have hizh printing quality(s, 7, 8). Printing quality is the
evaluation of the reproduction of the original copy Jjudged by
its general appearance, gloss, finish and contrast of printed
and unprinted arcas, uniformity of solid and halftone areas,

tone value and printing fidelity(3, 5, 38, 1, 21).



HISTCRY -~ METHCDS OFEVALUATICN

Most of the important work done in developing methods of
evaluation has been carried on in the last fifteen years.

Three schools of thought have developed as to the basis for
testing paper to determine its printing quality. The first
one believes that any evaluation technigue should be based on
instrument testing of the papver after it is printed(3, 1);
while the other sroup bases their methods on testing the
paper before it is printed(10, 9, 2, 4, 1). The third group
believes it should be based on both types of tests.

Methods used in the past to test printed pawver for print-
ins quaiity have seen the wide use of the proof press utiliging
letterpress and gravure printing proceéses(l, 13, 4, 15), ink
setting time using the printing gage to obtain a visual value
for printing quality(6), drawdown to simulate printing pressures
in which paper is characterized as it would appear during the
printing overation(l?7), and actual observaticn of the printing
operation by high speed motion pictures and microeopic analysis
of the printed paver(l3?, a, (). All these methods have one
big drawback which is the lack of an unbiased evaluation of
the results of the tests to give a value which can accurately
determine the printing quality of the paper. In the use of
proof press methods, human evaluation is widely used and much
work has been done to alleviate this human factor and give
reproducible results(1ld, 15).

Those who favor testing the paver before printing have

investigated all the physical broperties of paper which could

igt



possibly have any iniluence on printing quality to determine
if they could be used to evaluate paper's printing character-
istics. Cf all the properties, tests showed that smoothness
was the most impcrtant factor for paper in printing. Com-
pressibility was found to be influential to printing, but
measurement of this property is very difficult. Softness was
found to be a factor. Ink receptivity was found, also, to be
a factor of printing quality. Press speed is influential.
Stiffness has no correlation.

Cf all the studies carried out on the physical properties
of pa.er, those directed to investigating the rheoiogy of
paper seem to be the mcst promising for the development of a
method evaluating printing cquality(23). This work involves
the study of tensile and elongation properties of paver. So
far paper rheology relative to printing guality has not been
investigatec, but work done to date has brought to light what
actually hapvens during tensile and elongation tests. This
is a significant step toward developing a printing evaluation
method because it has revealed that the present tensile
instruments and elongation testers are inaccurate and incapable
of giving revroduciuvle results, because of the present jaw
design which allows slippaze of the paper during the test.

The paper expands during the test; and the time-load factor
is not analogous to that ¢t actual use.

The evaluation wmethods developed to date have had partial
success in evaluating saper printing quality, but they all
lack the ability to zive results which can correlate papers'

—5=



physical properties and printed paper characteristics with
printing quality to the satisfacticn of the papermaker and of
the printer. The reascn for this is that our present under-
standing of paper anc the printing operation is in its infancy.
The answer to the problem lies in the field of paper rheology.
Future research in this area will evéntually unlock the
essential factors that govern printing quality in paper.

Unce these ractors are found, instruments can be designed to
evaluate them; and, thus, determine the printing quality of

the tested paper.



HISTCRY - SMOCTHNESS AND ELCNGATICN TEST DEVELOPMENT

Whenever smoothness has been investigated to find out
whether or not it correlates with printing cuality, the results
have shown that it is the moct influential factor affecting
printing quality cf pa-er(2l, 22, 23). "

Smoocthness has been called several names such as: surtace
coniizuration anc roughness in an atvempt to use a more mean-
inziul term(20). Tnis has ccme about because oi the lack of
understanding of Just what smoothness is and how it affects
printing. Smoothness of paper deals primarily with all the
deviations in height, depth, and width of surface imperfec-
tions; and the freqguency and distribution pattern of these
variations. The frecuency and distribution pattern of the
surface variaticns is very important, because a paver with
numerous small deviations orints better than a paper with a
few large deviations when both of these papers have the same
smoothness.

There are three variations inherent in paper which affect
smoothness., 'These are coating patterns, interfiber voids, felt
anc wire marks.

Smoothness instruments use five different principles to
the surface configuration of paper; they are as follows::

l. air-leak instruments
. optical contact
. 1ink-cil transfer and coverage

surface-profile measurement
subjective evaluation of magnifiec surifaces

Ui o



The air-lcakaize instruments now in use throughout the paper
industry are the Bekk, Burley, and Burley $PS, Scheffield,
Bentsen, and the Williams. These instruments are limited by
ong important factor and that is their inability to duplicate
paperpress conditions. In the first place, they all work
under a static pressure condition which allows the paper to
come to equilibrium with the pressure by ccecmpressing. #sctually,
in printing the pressure in dynamic; and the paver does not
have a chance tc¢ come tc equilibrium. Also, in printing there
is an ink film which makes contact with the surface of the
pa.er and printing plate. This is not taken intc account in
any smoothness tester.

There is only one optical ccntact area instrument in use
in the industry at the present. This is the Chapman Smoothness
Tester(l0). Thic instrument ccmes the closest to simulating
actual printing conditicns on all the present testers. Here
the paper is subjectzd to considerable pressure which, due to
the static conciticns, leads to compressiblility of the paver
and increases the smocthness results.

The printing smoothnéss is that fraction of the surface
that can be brousht into contact with a smooth surface pressed
against 1t under pressures ccmparable tc printing pressures.
The amcunt of centaict 1s measur:d by the amcunt of light
reflected bacxk from the zlass surface which the pa.er is
pressed azainst. 1In areas where the pé er dcesn't make ccntact
with the zlass, the lizht is bent away xc¢m the norral and is
nct reccriecd by a systew utilizin: 2 vhotoelectric cell.

— -



Therefore, high reflectance alonji the normal indicaves a

smooth suriace wwhile low reflectance indicates a rough sheet.

zlass (Light reflected back
from surface imperfec-
tion will not follow

the normal; therefore,

5. o R S e L s - Daper

glass

the instrument records only the light that ccmes within
40 degrees of either side the normal.)

This instrument suffers frcm one big disadvantage, which
I have explained earlier, static equilibrium under pressure.
The inventor notec this and nointed out that to correct the
instrumrent wceuld be toe costly.

Ink-0il transfer and coverage techniques have developed
to vi.vally evaluate the surface of paper in attempt to
determine smoothness. These tests utilize proof press
techniques, Hull draw-downs and wipes, and nip-0il separating
apparatus; but they have one big drawback which is the inability
to give results that can be used tc evaluate smoothness or as
mentioned earlier, printinz quality.

ourface profile instruments have been desigzned in an
attem>t to measure the zctual surface deviaticns cf pacer.
Those in use today are the Brush Surface Analyzer and the
rrotficorder. These types of instruments show great promise

because they can investigate the entire surface of sheet,

-G
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where else other testers measure only a small fraction of the
sheet.

oubjective evaluation of the surface of paper with the
aid of magnification has seen the use of various photographic
techniques to visually examine ané evaluate the printed and
unprinted paper suriace.

The prime value of any smoothness instrument is to predict
and rank paper surfaces' effect on printing fidelity. This is
essential because printing is affected by the individual
imperfections and not instrument averages. Future developments
should be designed to create a smocthness tester which will
test paver under the conditions found in printing.

The prime object of this thesis is to determine whether a
combination of smoothness and elongation test results can give
an accurate correlation with printinzg quality. Research in
elongation's influence on printing quality is nonexistant; but
within the last twenty years, fudies and experiments to
investigate paper rheological properties have brought to light
many interesting facts abcut paper which have promise as being
the key to the whole evaluation problem(23). By using elonga-
tion as a factor in ccnnection with smoothness, this thesis
hopes to show that rheology can solve evaluation problems.

Rheological studies have brcocught out one factor which
for many years ~as suspected but never proved. This is the
fact that our present tensile and elcngation testing equip-
ment is not adeguate to measure these proberties because the

instruments fail to take into account the fact that paper

-10-
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expands uncer tensiciui. The present design of the Jjaws in the
tensile tester allow slipeagse oif the paver. The stress,
loading, shear, and strain of the paper is not apwvlied uniform-
ily; while the time relationship is not even taken into account.
Besides this the testers do not simulate actual printing or
other actual conditions of .use(Gront, Rancee, Gibbon,
Farebrother, Bteenberg, Fvarsson) (23).

Future rheologicusl studies into the structure of papers
and their relation to the stress, strain, and time factors
involved when paper is printed, will give the basic knowledge
from which it will be pcssible to design instruments to

evaluate printing quality oi psper.
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AP RaIMENTAL DuSIGN

rurnose

The literature survey has shown that smoothness has a
definite correlation with printing quality and that the influence
of elonjiation has never been evaluated.

Therefore, the purpose of this thesis is toc evaluate the
use oI smoothness and elongation test data in predicting print-
ing gualicy of pa er before printing.

General Design

The general design of the’experimental procedure is to test
the samvles of paper (various coated and uncoated sheets) for
smoothness on the Gurley HSPS Tester and elongaticn on the Testing
Machines Tensile Tester.

To determine the applicability of the results in predicting
printing quality, the I. G. T. Printability Tester was utilized
to evaluate the ovrintin., quélity of the sample papers. This
envolved an adaptation of the I. G. T. smoothness test in which
a 20mr half-tcne screen containing a 10, 50, 70, and 90 per cent
etch is used instead oi the usual 10Omm solid dics. The samples
are tested at various printing vressures by means of adjusting
the printing apparatus (2.5kg/cm2, 5.0 kg/cm2, 10.0 kg/cmg,

20.0 kg/cma, and 40 kg/cm2). The evaluation is based upon the
minimum printins pressure required to reproduce the 10, 50, 70,
and S0 per cenfetch screens. The minimum printing pressure for

each sample is computed. The rating as to good or poor printing

—1l—



quality is based on the sum of the printing vressures. The
minimum total is four times the minimum pressure which is
2.5 kg/cm2 or 10.0 pouints. The maximum would be four times
40 kg/cm2 or a total of 180 poinus. Good printing quality
lies from 10-75 voints while 75-130 pdints for poor printing
quality.

In actual practice two changes were necessary for
efficiency. - the first was the change to the Bekk smoothness
tester. This was facilitated by the high results caused by an
0oil spot which appeared on the sample. The second change developed
in the determination ¢f orinting guality of the paper samvles
when it was noticed that the 90 per cent etch screen failed to
be produde on all of the camples because of filling-in of the
screen. This also changed the rating system becausc there are
three total orinting prissures instead of fcur. Thus the good
printing quality was between 7.5 and 50 ocints and the pcor
printiny quality from 51-120 pcints. For the analysis of the
smoothness and €longaticn test results data of the best of the
good orintin- quality papers and of the worst of the voor

printiny quality papers was utilized.

Materials and Equipment

The fcllowing materials and equipment were used in the
experimental investization of the thesis:

liaterials

1. TFifty seven samples of coated and uncoated

papers from Allied Paper Corporation.
2. TI. P. I. Black Letterpress No. 2 ink.

-15-



Equipnent

l. Gurley S. P. 5. Tester

Bekk Smoothness Tester.

I. G. T. Inking Apparatus

I. Go. T. rrinting Apparatus

I. G. Te Ink Pipette

20mm. Printing disc with half-tone screens of 10,
50, 79, and 90 per cent etch

O\ FHW
L] L] L] [ ]

Bxperimental Procedure

All of the testing carried out under Tappi standard condi-
ticns of constant humnidity and tewmperature.

The samples of paper are first tested for smoothness with
the Bekk Smoothness Tester following the procedure set down in
T 47Csm-48 with the following changes:

l. The sample is not cut into 2 x 2 inch test samples,
Instead the 11 x 3% sheets were used in the test.

. The smoothnezs is taken only on the felt sice of

the sample.

The smocthness determinations were made covering

the majority of the test sample. The average value

is determined and recorded.

4, The 1/10 positicn was used when the smoothness was
cver 100 sec. Lthe result is then multiplied by ten
tc cenvert it to an "O" position reading. This was
done to decrease tne time of the test.

o

W
.

The paper samples were then testea for elongation
on the Testinz Machines Tensile Tecter elongation
testin.; apparatus. This apparatus measures elongation
and per cent elongation. ®longation is measured in
machine and cross direction. The sample size is
10 x ¥ inches. ZFYour samples were tecsted in the machine
direction anc¢ one sample tested in the cross direction
(due tc small samvle size). The per cent elongation
an. the tensile results were alsc reccrded.

The I. G. T. Printability tester was used to evaluate the
printing quality of the paper samples. <The samples were cut

into 1 x 10 inch strips in the machine direction. <+here



were five samples cut fcr each make of paper. The procedure
for inking the I. G. T. Inking Apparatus was to apply an
initial O.4cm® of No. 2 ink and allow it to distribute for
ten minutes (soft rubber roles were used). After five apolica-
tions to the half-tone disc O.lcm? of ink was added to the
inking apparatus and allowed to distribute for two minutes
before additional use. The I. G. T. ink pipette was used to
rieasure out ithe exact quanities of ink.

The procedur- to vrint the samvles was & follows:

l. Attach the pendulum drive to the I. G. T. Printing
Apparatus if it is not already on the machine.

2. Attach sawmple with felt side up.
3. Raise the pendulum into test position.

4, Adjust the printing pressure with the printing
disc axle in the forward position.

5. Put the printing disc axle in the rearward position.

. Apply the printing disc to the axle and put it in the
forward position

7. Print the sample.

8. Repeat steps 1-7 at the various printing pressures.

The procedure for rating the printing quality of the
printed paper samples is as follows:

Fach printed sample is evaluated by the use cof a
mazpnifing glass to determine the minimum pressure required to
reproduce the various etches. The sum of the minimum printing
pressures of the three etches is recorded. Since five different
printing pressures vere use¢ on each ¢f the thrce etches, the

rating ol gcod or ocor printin; gquality of this total.is used.

-17-



A voint systenm based on the multiplication of the printing
ressure by three (the number of etches) was used to rate the
good or poor printing quality papers. The range in points
lay from 7.5 to 120, so 20U was chosen as the division point
between good or poor »rinting quality.

2.5 x 3=-- 7.5
>

X 3-- 15
10 Z== 30 GOCD
15 3== 45

X

X
20 X 3== 50
49 x 3=-=120 POCR

The sum of points for good printing quality is between 7.5

and 60, while poor printing quality is from 51 to 120. (NOTE:
Some samples failed to reproduce the 50 and/or 70 per cent etch
screens. In this case a poor rating was automatically givén.

These were then the worst of the poor printing quality papers.

-18-



PRESERTATICN CF RESULTS

Table I shows the results of the smoothness, elongatioﬁ,
and I. Go T. printinz pressure tests on the fifty seven samples
of coated and uncoated papers,

Table II presents the analysis of the results of the
initial smoothness, elongation, and I. G. T. printing pressure
tests. This data was based on the results of Table I for the
eleven best ¢f the good printing gquality papers and the ten
worst of the poor printinz guality papers. Thus it is possible
to examine both extremes of printing quality to ascertain the
the establishment of any trends which could be used to evaluate

printing quality of paper.



TABL® I - INITIAL RESULTS
MD=ELONCATION

|

GRADE SMOOTHNESS  VALUE
CELIUCLOSS OFFSET ENAYEL BLUE-WHT 804 1,329,86 0,033
OME, TTME CARBON 9F 62,02 0,033
BCYCLOPEDIA BRITANT'ICA 304 66423 0,020
TUINPAQUE 20# 102,77 0,011
WET STREMGTH MAP FAPER A1# 55,58 06199
CLOSSOMFR E.F,. 35# 88419 0,028
RUFF YORTHRRNOK LENGER 2L# 27,05 0,095
WHIFE “MORTHBROO¥ IFDGER 32# 26,1 0,119
WHTTE “ORTHRRONK LENCER 2L# 19,33  0.132
BLUE=YHITE NORTHIRONK TUPLICATOR 20# 104,03 0.00
COLDEMROD MORTHBROOK BOND 16# 7L .39 0.016
BLUE=WHITE MNORTHRRONK MINMEO 20# 21.68 0,023
BUFF NORTHBROOK BOND 16# L3.66 0,027
GREEN NORTHBROOK BOND 16# 28,70 0,051
CANARY MORTH3ROO¥ BOND 16# L9 .65 0.0L2
PINK NORTHBROOK BOND 16# 32,59 0,016
BLUE=WHITE NORTHBROOK BOND 16# 28,17 0,0L0
BLUE MORTHBROOK 2u# 31,60 0.057
TRITHEHUE TINTS MINT SO# 56490 0,0L9
ERITHEHUE TINTS OCHRE 50# 38,46 0,0L5
ERITHEHUE TINTS BSEICE 50# 38.2L 0,030
CELLUFOLD OQFFSET ENAMEL C2S 80# 578,21 0,058
CELLUGLOSS OFFSET ENAMEL C2S 70# 530445 0,041
CELLUFRINT ENAMEL C2S 80# 1,075.93 0,035
IMPERIAL OFFSET ENAMEL C2S TO# 1,03L453 0,071
IMPERIAL ENAMEL C2S 80# 88l ,01 0.035
VELOUR OFFSET ENAMEL C2S 80# 786.2L 0,062
VELOUR ENAMEL C2S 80# 131,71 0,038
CELLUFOLD LITHO C2S T70# 368441 0,047
MONARCH LTITHO C1S 60# 839,24 0,036
CRLLUCUARD OFFSET ENAMEL 65# 522491 0,052
EXCEIGLOSS OFFSET EMAMEL C2S 70# L71.36 0,050
EXCELITH LITHO C1S 60# 6754145 0,056
COMET FNAMEL C2SGREEN 70# A57.88 0,055
COMET ENAMEL C2S CANARY 80# 557,18 0,0L6
COMET TVAVTL C2S GOLNENROD 80# 368422 0,032
COMET ENAMEL C2S INDIA 70# 573.09 04059
LITHOBUL¥ OFFSET FOR OFFSET 50# 6.39 0,056
CUSTOM OFFSET 50# = 21.0L 0,0L8

Z

0,008
0,050
0,005
0,003
0,049
0,007
0,023
0,029
0,033
0.010
0.00L
0,008
0,007
0,012
0,010
0,00L

10,010

0,01l
0,012
0,011
0,007
0,01l
0,010
0,009
0,019
0,009
0.015
0,009
0,012
0,009
0,012
0,012
0.01L
0,01L
0,011
0,008
0,015
0,01k
0,012

T
18,90

7485

7435

8607
28,59

6.75
18,45
20,80
17,60

9470
13.61

9,02
]_]..31
12,02
11.L5
11,31
13,78
10,98
10,70
11,.L5

10,75

21,06

15,90
11,70

18.10

13.16
15,60
1,10
18,50
12,70
16,50
13,71
12,60
13,30
14,57
13,50
13,10
12,30
15,70

CD=-ELONGATION
VALUE 4 T

06117 0,029 10,30
0,096 0,028 Le30
0,081 0,020 LLO
0,000 0,000 3,65
06218 0,054 12,45
0,150 0,037 Le37
0,189 0,047 11,60
0,212 0,053 12,40
0,193 0,048 8.80
0,052 0,013 520
0,088 0,022 6450
0,091 0,022 5,00
06225 0,056 643k
0.123  0.033 6465
0,112 0,024 6418
0,008 0,002 6434
00210 0,052 6,15
0,069 0,017 5.80
0,112 0,028 6,17
0,057 0,014 Le96
0,067 0,017 5452
0,152 0,038 10,70
0,080 0,020 5450
0,000  0.000 7420
0,087 0,022 6430
0,067 0,017 6 .60
0.140 0,035 10,70
0.143 0,036 7490
0,151 0,038 6.20
00113 0,033 6490
0,091 0,022 7L0
0,110 0,027 8490
0.800 0,200 9430
0.,0L8 0,012 7«60
0,077 0,019 8430
0,010 0,002 5.70
0,075 0,019 8.50
0,090 0,022 9.80
0,107 0.027 7470

I.G.T. FRINTING PRESSURE

-

10% 50% 704  TOTAL
5.0 10,0 20,0 35.0
2.5 20,0 20,0 L2.5
L0.0 10,0 10.0 60,0
10,0 20,0 20,0 50,0
20,0 10,0 20,0 50,0
10,0 20,0 20,0 5040
-—== 20,0 20.0 -
10,0 20,0 20,0 5040
L0,0 LO.,0 L0,O 120,0
5.0 10,0 13,0 2540
10,0 20,0 L40.O 7040
10,0 10,0 L0.O 9040
10,0 20,0 20,0 5060
20,0 L0,0 L0,0 100,0
10,0 40,0 LO,O 90,0
10,0 20,0 L0.0O 7060
10,0 L0.,O L0,O 90,0
10.0 LO0,0 L0.O 9040
10,0 LO.,0 L0.O 9040
20,0 LO,0 L0O,0 100,0
10,0 20,0 20,0 50,0
20,0 20,0 20,0 60,0
5.0 20,0 20,0 L5.0
20,0 20,0 L0,O 8040
5.0 10,0 20,0 35,0
5.0 20,0 20,0 L5.0
5.0 10,0 10.0 25,0
5.0 20,0 20,0 L5.0
10,0 20,0 L40.0 7040
5.0 10,0 20,0 35,0
10,0 L0.0 L0.0O 9040
5.0 20,0 20,0 L5.0
20,0 LO,0 LO.0 1000
2.5 20,0 20,0 L2.5
5.0 20,0 20,0 L5.0
10,0 20,0 20,0 50,0
10,0 20,0 L0,O 70,0
20,0 L0,0 L0O,0 100,0
20,0



"
TABLE I. - INITIAL RESULTS

MD=ELONGATION CD=ELONGATION I.CeTe PRINTING PRESSURE

GRADE SMOOTHNESS  VALUE % T VALUIE % T 10 505  70% TOTAL
ALL STAR OFFSET RLUE WHITE 50# 27.23 0.041 0,010 13,24 0,222 0,055 7.06 2040 LOLO o= m——e-
SOLAR OFFSET WOVE 50# 38617 0.039 0,009 10,16 0,087 0,013 6,60 20,0 LO,O 10,0 100,0
TYPOBULK EGGSHELL 50# 9400 0.036 0,009 14,90 0,090 0,022 760 LOO =ce=  ccoe ceeea
CLIMAX E.,F. SO# 113,.7L 0.0L6 0,011 10,82 0,084 0,021 8,00 20,0 LO.O L0.0 100,0
CLIMAX EGCSHELL S0# 92,48 0.0k2 0,010 9,70 0,101 0,025 6616 U000 ==== = —ce= amea-
SOLAR E.F. 50# 180.LL 0,031 0,010 8415 0,045 0,011 5,12 10,0 LO0.,O LO.,O0 90,0
SOLAR EGCSHELL 50# 8,92 0.033 0,008 8.20 0,093 0,023 Le78 LOe0 ====  ccoc aaa-a
THINAQUE 30# 73.11 0,029 0,007 8.7L 0,081 0,020 Le52 20,0 ===  ecca c-ee-
TMPERIAL BIRLE E.F. 30# 165,12 0,001 0,0002 L.58 0,060 0,015 2.56 L0,0 L0.O L0,0 120,0
BRITISH OFAQUE E.F. 30¢ 102,59 0.001  0,0002 3456 0,033 0,008 2,91 10,0 L0.O L0.0 90,0
ERITHEHUE TINTS SKY BLUE 50# L1.13 0,033 0,008 12,73 0,080 0,020 6,03 LO0.0 LO.O L0.0 120,0
ERITHEHUE TINTS (.ORAL 50# 36,00 0,021 0,005 13.k6 0,117 0,029 6650 L0e0 ====  ecce cmee-
ERITHEHUE TINTS FORSYTHIA 50# L7.82 0.041 0,010 12,03 0,086 0,021 5.80 L0OL,O 40,0 L0sO 120,0



TABLE II - ANALYSIS OF INITIAL RESULTS

GRADE SM X MDE SM X CDE MDE X CDE SM X MDE X CDE SM X MDE SM X CDE MDE X CDE SM X MDE X CDE
PP PP PP PP
GO™D PRINTING QUALITY PAPERS: (x 10‘3) (X 1o'h) (X 10~2)
ONE TIVME CARBON 2,04 SR 3,168 1,97 0,04800 0,1L0 0,745 Lie6L
CELLUGLOSS OFFSET ENAMEL C2S 21,75 L2ohk 3,280 1.39 0.48300 0,943 06716 3,90
IMPERTAL OFFSET ENAMEL C2S 73634 89,56 6180 £ L0 2,095L0 2,559 1,770 18,30
IMPRRIAL ENAMEL C2S 29454 59.2L 2,350 2,80 0.,65600 1,316 04522 L.5Sh
YELNIIR OFFSET EVAMEL C2S L1.87 110,07 8.680 6 .64 1.,67500 L.LO3 3,360 26,60
VELOUR ENAMEL C2S 1,37 £1,50 5.430 2.35 0.36L00 1,347 1,200 5¢22
MOVARCH LITHO C1S 30,20 9l R0 L ,070 3.41 0.,86290 2,709 1,620 9474
EXCELCLOSS OFFSET ENAMEL C2S 23457 51.80 5.500 2.59 0.524,00 1,151 1,220 5.76
COMET ENAMEL C2S GREEN 36,20 31,60 2.6L0 1,74 085200 0.7LL 0,621 L 409
COMET ENAMEL C2S CANARY 25.63 L2490 3,540 1,97 0.,57000 0,953 0.787 Lo38
CELLUGLESS OFFSET ENAMEL B-W L3,88 115.L0 3.860 5.13 0.,97500 L ,616 1,103 14,70
POOR PRINTING QUALITY PAPERS: (x 1073) (x 10-h) (x 1072)
BUFF NORTHBROOK LEDGER 2457 5.12: 18,000 06470 0,02140  0,0427 1,500 3.917
CUSTOM OFFSET 0.91 2.25 5.130 0,108 0.,00758 0,0188 9,000 0,090
ALL STAR OFFSET BLUE=WHITE 1.12 6,05 9,100 0,248 0.00933  0,050L 0.760 2,070
TYPOBULK EGCSHELL 0632 0.81 3,240 0,029 0,00270  0,0068 04270 0.2L2
CLIMAX EGGSHELL 3,88 9.34 L4240 0,392 0.,03230 0,0786 04350 36,270
SOLAR EGGSHELL 0.30 0.83 30,100 0.027 0.,00247  0.0069 0,250 0.233
THINAQUE 2.2 5492 24350 0,172 0.00201  0,04L1 0,200 1.430
"IMPERIAL BIBLE E.F. 0.17 9.91 0,006 0,010 0.,00138 8,.,2583 0,000 C.083
ERITHEHUE TINTS CORAL 0.76 Ll22 2,660 0,096 0.00630 00,0352 04220 0.789

ERITHEHUE TINTS SKY BLUE 1.35 3.28 2.6L0 0,109 0.01120 0,0273 0,220 0,908



GRADE

GO PRINTING QUALITY PAPERS:

ONE TIME CARBON

CELITGLOSS OFFSET FNAMEL C2S
IMPERIAL OFFSET EMNAMEL C2S
I“PFRIAL ENAMEL C2S

VELOUR OFFSET ENAMEL C2S
VELOUR ENAMEL C2S

MONARCH LITHO C1S

EXCELCLOSS OFFSET EMNAMEL C2S
COMET ENAMEL C2S GREEN
COMET ENAMEL C2S CANARY
CELLUGLOSS OFFSET ENAMEL B=W

POOR FRINTINC QUALITY FAPERS:

BUFF NORTHBROOK LEDGER
CUSTOM OFFSET

AIL STAR OFFSET BLUE-WHITE
TYPOBULK EGCSHELL

CLIMAX EG"SHELL

SOLAR EG{SHELL

THINAQUE

TMPERIAL BIBLE E.F.
ERITHEHUE TINTS CORAL
ERITHEHUE TINTS SKY BLUE

PP

TABIE II - ANALYSIS OF INITIAL RESULTS (CONTINUED)

PP

PP

SM X MDE SM X CDF FNE X CNE SM X MDE X rTE

204830
2 0%9
01477
1.523
0.597
2 0714'9
1,159
1.909
1,174
1,755
0.798

L6 4690
131,870
107.1L0
3704370

304930
140,540

L9.,580
127,370
158,730

886890

7e1L2
1.060
06359
0,760
0.226
0,733
04369
06869
1.3LL
1,0L9
0.225

234430
53.330
2L 4750
7L9.380
12,80
114,750
20,270
12,110
284,430
364590

143L1.5
13,7195
546634l
19,1L8.9
2,880.2
8,28743
8,595 5
£,181.8
16,09845
12,711.9
94067 ol

6,66647
2433942
1,318.6
3570347
2,830,2
3,98647
5,106l
200,000,0

h,511.3 :

L,5L5.5

PP

21,57
32,37
Sel7
21.63
3.77
19,15
10426
17637
2L L3
22,8l
6,82

2,533.19
1,111.11

183,87
1,137.93

306,12
L,L77.61

679467
1,212,21
1,252,.61
1,100,492

PP
CDE

FP
MDE

1,287.9 85649
1,097.6  562.6

L92.9 Lo2.3
1,285.7 67146

40342 1.8
97242 30947
900.0 v !Ll.9
77247 8854k
97803 ;’:’:lol’.
1,060.6 29942
1,263.2 63L.9

2,500,0 1,121,5
2492648  5L0,5
3,333e3 1,33343
2,852,1 1,188,2

36,0360 1,129,0

L1379 1,L81.5

120,000,0 2,000,0

5,71ke3 1,025.6
3,636.L 1,500,0

FP
5K

0,0685
0.0085
0,003L
0.,0051
0,0318
0.1040
0e0L17
68,0955
0,06i16
0,0808
042630

LLko
54700
L L10
13,0L0
1,298
13,450
1.6L41. "
0,727
34330
2,920

MDE
PP

CDE sk
PP PP

(X 10~4)(x 107

Te76 2,26 14471
9,11 1.78 11,790
20,30 L,90 29,560
7.78 14,90 19.6LO
2L .80 56400 31.L50
8.4l 31,60 9,590
10,30 32,30 23,980
11,10 2440 10.L480
12,90 11,30 15,480
10.12 17,10 12,380
9.u3 32,80 37,400
(X 1074) (x 107%)
7.92 15,80 0,225
L ,00 8,92 0,175
. 342 18,50 0,227
3.00 7.50 0,088
3450 842 0.771
2+15 7¢75 0,07k
2.2 6667 0,609
0,08 5.00 1,376
1,75 19480 64300
2.75 6.67 003)-13 )



DISCUSSION OF RESULTS

The results of the analysis of the  initial results of
Table II show that in four cases the printing quality can be
evaluated by the use of smoothness, elonzaticn, and I. G. T.
printing pressure tests results,

The first and most significant correlation of printing
quality and the data in Table II is the calculation of smooth-
ness x machine direction elonsaticn x cross direction elonga-
ticn. Papers with zcod printing guality gave results which
were always larger than 1.0 while napers of poor printing
quality zave figures which were always swaller than 1.0.
this is significan¢ because a control test utilizing three
sinple and fast tests may be possible after further work to
incure that the vtefore mentioned calculation holds true for
all typed of paver.

Lhree wmore appiarent correlaticns are also brought to
lizht by Table II. The difference between these three
calculations and the first calculation is that I. G. T.
printing pressure test results is utilized in the calculation.

These three calculations are:

(a) (b) (c)
_PP PP PP
SN x 1DE S x CDE ST x NDE X CDE

with (a) good vrinting quality pavers give a figure which
is always bzlowx 20.0, and poor printing quality papers give a

figure which is always larger than %0.0.

-20-



wWith (b) zood printing papers give a figure which lies
below 10.0, and poor printing quality papers give a result
which always above 10.0.

With (c¢) good printing quality papers give a figure which
is always below 50.0, and poor printing quality papers give a
fizure which is larger than 50.0.

1he ovrevicus four cases of correlaticn have occured under
the experimental conditions of this thesis and cover the samples
listed on Table I.

Future work in the use of the four calculations to evaluate
printing cquality of paper should cover an extremely wide
selection of samoles tc insure their applicability to all
papers.

In the literature survey the deficiences of the elonga-
tion test and the inability of present smoothness testing
instruments to simulate printing conditiocns was thoroughly
discussed. These deficiences should be overccme in the design
of new testing equipment. With the aid of new instruments, a
better understanding of paper and printing will be possible,

and thus printings quality will be further understood.

=21~ |



CCNCLUGLICUNS

Under the conditions of this experiment, the following
conclusions can be made cocncerning the experimental work
resulting from the investigation of smoothness and elongation
test results.s

In four cases smoothness and elongation test results
definitely ccrrelate ..ith printing quality.

The experimental wcrk of this thesis supports all previous
work which found thalt smoothness was influential to printing
gquality.

This thesis has found that elongation definitely contributes
to printing quality cof paper. This prescnts the question of
the influence of ccher rheological propcrties of paper on
Drinting quality. TFurther studies into the rheological
properties ¢f pa .er hold the key to the uncerstanding of paper
ané printing. «ith this knowledge it will be possible to

understand and evaluatve printinz quality of paper.

Lo L bt

June 10, 1951 William R. Castle
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