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ABSTRACT 

Flexographic printing is a direct printing from the plate to the 

paper. This process has been growing during the last few years, 

especially in the newspaper area. One of the problems in the industry 

today, however, is the lack of good paper specifications for the 

flexographic printing process. The objective of this project was to 

gather samples of good flexographic newsprint, and to test them for 

paper properties in order to determine a set of paper specifications 

for flexographic newsprint. Also, lithographic (the predominant 

printing process in the newspaper industry> newsprint samples were 

gathered in order to compare between the flexographic specifications 

and a set of lithographic specifications. 

These papers were tested and specifications were designed from the 

data, and comparisons were made between the two types of newsprints. 

The paper properties which seemed to differ the most beween the 

lithographic newsprint and the flexographic newsprint, and appear to 

be the best judge of a good flexographic paper are: smoothness, 

brightness, opacity, and strength properties. Further work should be 

done in this area with more time and more equipment. 



IBTRODUCTICD' 

The use of flexographic printing has grown in the past few 

years and is now a major printing process. 

This project was designed to develop paper specifications for 

the paper which is used in flexographic printing. Flexography 

began as a printing process which was called "aniline" printing. 

It was given this name because the ink which was originally used 

for the printing was made mostly from aniline dyes. In 1952 1 

after a vote taken by most of the aniline printing industry, the 

name was changed to 11 flexography" printing <now commonly termed 

11 f lexo11 > • 

This printing process was originally developed for the 

packaging industry, especially flexible packaging such as 

cellophane. It has grown since its beginning use in the flexible 

packaging, and is currently being used on paperboard and 

corrugated boxes, label release paper, and just recently in 

newsprint. It is predicted that in the near future flexography 

will be commonly used for printing newspaper inserts, low budget 

magazines, and even for feature publications; and that by 1990 

flexography will be the dominant relief process, representing 

about 18 percent of all the printing production. This can be 

seen in Table #1. Cl> 
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Table #1: Distribution by Process 

Printing. Publishing. and Packaging 
<not including instant and in-plant printing> 

1982 1985 

Letterpress 15'X. 12% 
Flexography 14 15 
Lithography 44 46 
Gravure 18 20 
Screen Printing and other Processes 6 7 

2 

1990 

5% 
18 
47-43 
21-25 

9 

This thesis project wished to further the developments which 

have occurred during the past few years - especially in the area 

of newsprint paper requirements for flexographic printing. 
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TBBORBTICAL DISCUSSIOB 

THE PRINTING PROCESS 

Flexography is a relief printing process <printing from a 

raised surface<2>> and is a branch of the letterpress area of 

printing. It is one of the least expensive and one of the 

simplest of all the printing processes. And, until recently, the 

quality of the printing was not considered suitable for many 

purposes. 

The process uses rubber or photopolymer printing plates and 

water- or solvent-based inks. The recent use of these precision 

photopolymer printing plates has produced good quality printing, 

which correlates with the demand for good quality printing. 

THE FLEXOGRAPHIC PRESS 

In its simplest form, the flexographic printing press is made 

of four basic parts: 1) a fountain roll, 2> an ink transfer 

roll, 3) plate cylinder, and 4) impression cylinder. These are 

seen below in figure #1. <3> 

The impression roll<H> is a smooth metal roll which is used 

to support the paper web<G> against the printing plate<F). The 

printing plate cylinder<E> is also made of smooth metal. It 

holds the plate and rotates it to collect ink and transfer the 

i~k to the web. The ink transfer roll<D> is a smooth or 
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G WEB TRAVEL 

FIGURE 1 

engraved, metal or rubber roll; and it transfers ink from the 

fountain roll to the plate. The fountain roll(C) is almost 

always a rubber roll which collects ink<B> from the ink fountain 

to give it to the transfer roll. The ink fountain<A> is a metal 

pan filled with ink that stays at a level touching the fountain 

roller; from there it will be trantderred onto the r ·est 01' the 

press. 

PRiliTI•G QUALITIES 

The special paper requirements for flexographic printing are 

very few, according to Bureau<4>. The process is adaptable to a 

wide variety of papers'and paperboards. These papers include: 

newsprint, coated offset paper, synthetic papers, and clay filled 
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paper and board. Flexography can print on DOre substrates than 

any other process. The advantages that have been seen in using 

flexographic printing for newsprint according to Rendulic(5) are: 

*No ink rub off with water based ink 
*Reduced start-up waste 
*Ability to print on lower basis weights 
*Environmentally safe with water-based inks 
*Consistent quality 
*Vibrant process color reproduction 
*Lower press operating costs 

-Fewer web breaks 
-Reduced utilities 
-Cleaner pressroom 
-Lower press maintenance 

Xany sources have suggested that the following properties are 

the most important when considering substrate for the 

flexographic process: smoothness, density, ink receptiv~ty, 

uniform roll structure and sheet formation, low surface dust, 

good surface strength, and low water absorption rate (for 

water-based ink>. These properties seem to correlate with the 

demands known for the flexo process; however, many of the demands 

of the flexo process are still to be determined. 

Some of the problems which are seen during the printing 

process include: plate "fill-in" on the printing press which can 

be eliminated by decreasing the surface dust, print mottle which 

can be eliminated by decreasing the water absorption rate, show­

through which can be eliminated by using water-base ink, and 

sheet uniformity which must be eliminated at the paper machine by 

careful observation of the paper web. 
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TESTING 

In the printing process the tests which are commonly run on 

paper to determine its characteristics include the following: 

*Smoothness 
*Basis Weight 
*Tear 
*Burst 
*Ink Hold-Out/Absorption 
*Density/Bulk 
*Porosity 

These tests help to determine whether the paper will perform well 

on the printing press, and also to determine the printing process 

with which it will work best. The tests above are also common to 

the flexography printing process. 
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BXPBRIIIBffAL PROCBDURBS 

INITIAL SET-UP 

For the testing of the paper samples, various paper and 

printing companies were contacted, and samples of their 

flexographic printing newsprint paper were gathered. These 

samples contained newsprint which prints very well on 

flexographic printing presses. These samples were gathered from: 

Great Northern Paper, Co. 
The Chicago Tribune 
The Portland Evening Express (courtesy of Xotter Printing 

Press Co.> 
Southeastern Commercial Printing, Corp. (for the Greater 

Buffalo Press> 
Kruger, Inc. 

Paper samples were also gathered of lithographic printing 

newsprint. These samples were gathered to use as a standard to 

compare to the flexographic specifications. These paper samples 

were supplied by: 

The Kalamazoo Gazette 
The Western Herald 
Great •orthern Paper, Co. 

LABORATORY PROCEDURES 

All of the newsprint samples were tested using the TAPPI 

standard paper testing methods; and those used are listed in the 

appendices. The follo~ing tests were performed: 

*Smoothness 
*Wax Pick 
*Brightness 



*Opacity 
*Gloss 
*Basia Weight 
*Caliper 
*Density 
*Xullen (burst> 
*Tensile 
*Tear 
*Fold 

8 

These paper samples were also obeerved for general trends among 

the newsprints for the different printing processes, such as 

formation. 
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RBSULTS 

TESTING DATA 

This test data has been analyzed statistically to determine 

the mean, the standard deviations, the variance, the median, and 

the mode of each procedure. These values are shown in Table #2 

and Table #3 on the next page. This data is from the 

flexographic newsprint and the lithographic newsprint. Showing 

both sets of data allows for comparison between the two types of 

printing requirements. All of the raw data is also given, in the 

appendices. 

Table #2: Paper Test Results For Flexo 

-,aper Property mean std.dev. variance :median mode 
--------------------------------------------------------------------------

~rightness 58.44 1.21 1.46 58.57 58.57 
()pacity 87.63 2.80 7.82 89.02 90.27 
3moothness (10 kgf/cm2> 5.36 0.19 0.03 5.34 5.34 

- ..3:moothness (20 kgf/om2) 4.21 0.08 0.01 4.21 4.21 
Gloss 10.31 1. 18 1.39 11. 11 11. 11 
iax Pick 8.73 1.57 2.48 9.00 9.00 

_:aliper 2.85 0.26 0.07 2.90 2.90 
Mullen (burst> 9.61 3.22 10.35 10.35 10.35 
Tensile (md) 3.86 0.86 0.74 3.54 3.54 
rensile <cd> 1.38 0.45 0.20 1. 53 1. 53 

-rear (md) 19.48 2.76 0.47 20.00 20.00 
Tear <od> 28.76 7.00 3.08 28.00 28.32 
:i'old (md) 6.07 5.53 30.57 5.71 5. 71 
4'old (cd> 43.67 26.68 711. 73 58.62 58.62 
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Table #3: Paper Test Results For Lithe 

I._ 

Paper Property mean std.dev. variance :median :mode 
-----------------------·---------------------------------------------------

. Brightness 57.42 1.60 2.55 57.43 56.30 
Opacity 91.38 l. 42 2.02 91.38 90.38 
Smoothness (10 kgf/om2> 4.83 0.06 0.00 4.84 4.79 
Smoothness (20 kgf/cm2> 3.72 0.36 0.13 3.72 3.72 
Gloss 11.08 1.60 2.58 11.14 11. 14 
Wax Pick 8.49 0.71 0.50 8.50 8.00 
Caliper 3.16 0.00 0.00 3.16 3.16 
Xullen <burst> 7.77 2.38 5.68 7.96 6.27 
Tensile (md) 2.Q4 0.88 0.78 2.94 2.06 
Tensile Cod) 1.16 0.12 0.09 1.16 1. 04 
Tear (md) 17.36 0.88 0.05 4.34 4.19 
Tear Cod> 23.00 2.96 0.55 5.78 5.25 
Fold (md) 3.53 1. 48 2.20 3.68 2.63 
Fold Cod) 16.54 9.12 83.20 17.75 11.30 
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DISCUSSIOB OF RBSULTS 

DESIGNING OF SPECIFICATIONS 

The paper specifications for flexography were designed based 

on the test results from the laboratory. These specifications 

are the average values(+/- the standard deviations> of the paper 

being used and, unfortunately, cannot represent all flexographic 

newsprint used in the industry. However, these numbers are the 

values which, based on this testing, are suggested as 

flexographic newsprint specifications. These specifications have 

been designed to lower the costs for the paper producer and for 

the printer. The bases for this are: 

*The paper producer can now base their paper properties on a 

set of specifications because they know what the printer 

needs for flexography. 

*Both the printer and the papermaker will have less 

complaint rolls of paper from the printer due to the 

problem that the paper will not print well on the 

flexographic printing presses. 

*The printer can now base their paper purchases on a set of 

specifications, helping to avoid the purchase of the wrong 

paper for their presses. 

The following tab~e, Table #4, is a list of the designed 

specifications for flexographic newsprint. Also, Table #5 is a 

list of designed paper specifications for lithographic newsprint. 
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Table #4: Designed Flexographic Bewsprint Paper Specifications 

Brightness 

Opacity 

Smoothness (10/20 kgf/cm2) 

Gloss 

Wax Pick 

Caliper 

Mullen (burst) 

Tensile <Instron) (md/cd) 

Tear Cmd/cd) 

57.0 - 59.5% 

85.0 - 90.0% 

5.0-5.5/4.0-4.5 microns 

9.5 11.5% 

7 - 9 

2.5 - 3.0 mils 

6.5 - 12.5 psi 

3. 0-4. 5/1. 0-2. 0 

17-22/23-33 gf 

Table #5: Designed Lithographic Bewsprint Paper Specifications 

Brightness 

Opacity 

Smoothness (10/20 kgf/cm2) 

Gloss 

Wax Pick 

Caliper 

Mullen (burst) 

Tensile <Instron> Cmd/cd) 

Tear (md/cd) 

55.8 - 59.0% 

90.0 - 93.0% 

4.75-5.0/3.4-4.1 microns 

7.5 - 12.7% 

7 - 9 

3.0 - 3.25 mils 

5.4 - 10.2 psi 

2. 0-4. 0/1. 0-1. 3 

16.5-18.25/20-26 gf 
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These two specifications lists were both derived the same way 

(from the paper t4~sting results), and are shown together for the 

purpose of compar:ing lithographic newsprint to flexographic 

newsprint to deteirmine if there are any differences between the 

two papers. 

COMPARISON OF SPECIFICATIONS 

When comparing these two lists of specifications, a few 

differences can be seen. These differences include: 

*The brightness of the flexographic specs is a little higher 

than that needed for the lithographic paper. 

*The opacity c,f the lithographic is considerably higher than 

that needed for tl~e flexographic newsprint. This due to the 

types of inks used in each process - the lithography process uses 

oil-based inks which tend to have a greater effect on the 

opaqueness a sheet of paper if the paper is not high in opacity. 

The flexography pr.ocess uses water- and alcohol-based inks which 

dry more rapidly and do not need the higher opacity in the paper 

sheet. 

*The smoothness of the flexographic newsprint is also 

lower than that of the lithographic paper. This is contradictory 

to what was predicted in the theoretical discussion section. 

The flexography pr.oce~s needs a smooth sheet of paper because of 

the direct printi1~g from the photopoly:mer plate, however the 

lithography procetss also needs a smooth sheet to transfer the ink 
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from a flat metal plate to the paper. The difference in these 

two values represents the difference between the rubber or 

photopolymer plate and the aluminum plate, 

*The gloss of the two papers falls within the same ranges 

however with the paper tested here the lithe -has a much broader 

range to fall between. 

*The wax pick of the two papers was about the same and the 

specifications for the two types of papers is the same. However, 

from the actual paper test results, the flexo paper had a 

slightly higher average than did the lithe paper; and this would 

be expected since the flexo paper comes in direct contact with 

the printing plate and the plate cannot tolerate plate fill-in 

from the paper. 

*The caliper of the flexographic newsprint is slightly lower 

than that of the lithographic newsprint; and this trend is 

probably because of the papers which were tested here. In the 

industry the caliper of newsprint for all processes is within the 

same range of 2.5 to 3.5 mils . Any difference seen here is only 

due to these different newsprints which were tested. 

*The mullen <burst) test showed the flexographic newsprint as 

being higher in burst strength than the lithographic paper. This 

is not a highly reliable test, and this could be used as a 

secondary test after all the other tests have been run, just for 

comparison. But this test should not be used as the basis to 
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throw paper out. 

*The flexographic newsprint showed slightly higher values for 

the tensile <Instron) and for the tear tests, than did the 

lithographic paper. This shows a slightly stronger sheet of 

paper is used for the flexo process than is ~sed for the lithe 

process. 

*The fold test is not included in these specifications 

because it as a very unreliable test, and no set values can be 

placed on each set of newsprint. However, the results in 

Tables #2 and #3 show that the flexographic newsprint bad higher 

average fold values than did the lithographic newsprint, which 

reinforces the statement that the flexographic paper is _generally 

a stronger sheet of paper. 
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COBCLUSIOBS/RBCO)O(BIDATIOIS 

The average values from the testing, and the specifications 

which were derived from them, represent the best conclusions of 

this study. The paper properties which seemed to differ the most 

between the lithographic newsprint and the flexographic 

newsprint, and appeared to be the best judge of a good 

flexographic paper are: slightly lower smoothness, higher 

brightness, lower opacity, and higher strength. 

My overall conclusions from this project include the 

specifications shown in Table #4, and the finding that there is 

not much published information available in this area, 

Further work could be done in this area, and is being done, 

by a few of the flexographic printing companies and by others. 

The companies which I received samples from stated that this is 

an area which needs continued research. This project could be 

furthered with more time and more equipment. 
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APPENOII I: RAIi TEST DATA 

CHICA60 TRIBUNE 
weight bu. wt . brightnns opacity saooth<10) SIOOth(20) gloss caliper aullen 

1.281 U.17 58.5 11., ,.20 ,.ao 8.70 3.00 7.25 
1.325 45.69 sa., 8' .0 ,.oo ,.so 7.80 2.,0 5.50 
1.303 U .93 60.5 "·' 5.05 3.95 7.10 2.,0 8.50 
1.350 '6.55 60.6 "·' 5.10 ,.oo 7.,0 2.50 6.50 

61.0 8'.2 5.,o ,.20 6.80 2.90 7.50 
avenge• 60.9 8'.2 , .,o ,.as ,.oo 3.00 8.25 

,5 _3, g/12 60.5 8' .3 , .,5 '·'° 9.10 2.,0 7.00 
59.0 "·' 5.10 3.95 9.10 3.00 6.75 
60 .1 5.65 , .25 10.,0 3.00 
58., avenge = 8.90 average = 
60 .8 85.91 l average= avenge= 7.30 average = 7.16 psi 

5.71 ,.36 2.90 ails 
avenge= average = 

WIX pict 59 .93 I 8.37 
8 

t.ear(ld) tear(cd) fold(cd) fold(ld) ttnsi11(1d) ttnsil1Ccd) 
,.oo 10.00 53 0 1.,0 0.80 
,.oo 15.00 7' 0 2.25 0.80 
,.oo 13.00 69 IIOl't 3.85 0.80 
, .so 12.00 hold 3.05 0.70 
,.oo 11.00 IVIUgt • 3.20 0.75 
3.50 12.00 67 .0 IYIUgt • 3.50 0.75 
,.oo 10.00 0.0 ,.eo 0.80 
,.oo ,.oo 3.45 0.85 
, .oo 10.00 3.60 
,.oo 9.00 Hinge • 
,.oo IYlngt • 0.78 

IVIUgt • 3.20 
average• 11.10 

,.oo (U plies) 
(U plies) 
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DIRECTORY fro1 6REAT NORTI£RN PAPER 
bu .wt . brightness opuity SIOOth00) SIOOth(20) gloss uliptr 1ullen 
2'.71 60 .0 82.3 S.'5 ,.20 9.20 2.50 7.50 

!2SX38/500) 59 .6 86., 5.50 , .2s 7.90 2.,0 a.so 
H reported 59 ., a,.3 5.'5 , .30 10.80 2.,0 7.00 
by co1pany 59 .5 81.9 , .95 ,.oo 9.60 2.20 10.00 

59 .0 83.2 S.'5 , .30 9.80 2.30 7.00 
59 .2 83.9 5.30 uo JO .SO 2.30 9.25 
60.2 83 .2 s.,o , .2s 8.50 2.30 a.so 
59 .9 82.1 5.35 , .os fl .BO 2.30 8.50 
59., 83 .9 5.10 ,.oo 10.20 2.30 5.50 
59 .6 83.8 10 .20 2.20 7.00 
59 .9 83 .3 nerage = avenge= ,.,o 2.30 6.00 

WIX pick 59., 82 .6 5.3, &.36 2.,0 7.00 
6 59.9 83 .S nerage = 2.20 7.00 

59 ., 83 .9 9.81 2.,0 8.50 
59.9 83 ., 2.30 7. 75 
59 .7 81.6 2.,0 7.75 

7.50 
average= average = average = 

59 .62 I 83.33 I 2.32 ails average= 
7.61 psi 

tear(ld) tear{cdl fold(ld) foldCcd) tensilehdl ttnsile(cd) 
5.00 5.00 5 22 3.85 0.90 
5.00 5.00 6 18 3.15 1.10 
5.00 6.00 0 22 3.00 1.15 
,.so 5.50 0 15 2.80 I.IS 
,.oo 5.50 s 20 3.00 I.IS 
3.SO 5.00 0 28 3.25 1.20 
, .so 5.00 ' 18 3.35 1.10 
,.oo 6.00 2 17 3.35 I.JO 
,.so 6.00 3 32 3.52 1.10 
,.so 5.50 ,s 3.10 1.20 

avenge= 3.20 1. IS 
average= average = 2.78 avenge• 3.15 0.95 

,.'5 S.'5 21 .33 3.30 0.95 
CU plies> CU plies) 3.35 

3.75 average • 
1.09 

average ::1 

3.27 
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EYENIM6 EXPRESS fro■ Portland, Naine 
weight bas. wt . brightness opacity saoothOOl s■ooth(20l gloss caliper 1ullen 

1.33, ,,.oo 55.7 85 .2 5.30 , .oo 12.,0 3.00 , .oo 
1.326 '5.72 55.7 86.9 5.35 ,.os 13.30 3.00 , .so 
1.305 ,5 .00 56.3 85 .0 5.35 3.90 10.,0 2.80 , .so 
1.293 U .S9 56.9 8, .9 S.85 ,.so 10.20 2.80 6.00 
1.310 '5 .17 57.5 85 .1 S.70 '·'° 10 .20 3.00 6.25 
1.327 '5.76 S8.7 85.0 S.70 ,.30 12.90 2.80 7 .SO 
1.33, l6 .00 S8.9 8' .8 5.30 uo 10.90 2.90 5.00 
1.317 '5 .tl S8 .1 8S.2 s.,o ,.20 9.60 2.80 8.00 

58.7 5.05 3.90 11.SO 2.90 9.00 
average= average = 5.30 3.95 12.10 3.00 7.00 

tS .46 g/12 average= 85 .26 I ,.so 3.10 6.50 
57.32 S average= average = 10.20 3.00 7.25 

5.t3 U3 7.25 
wax pick average= average = 5.00 

9 11.12 2.92 1ils 
average= 
6.27 psi 

tear(ld) tear(cd) fold(cd) foldhd) hnsileC1dl tensile<td) 
6.00 7.00 21 3 3.70 1.05 
5.00 6.50 S3 ' 3.80 1.32 
6.00 7.00 28 2 3.70 1.32 
6.00 7.00 S9 0 2.85 1.25 
5.00 7.00 27 0 3.10 0.7S 
6.00 7.50 31 0 3.90 1.28 
,.so 7.00 39 5 3.70 1.35 
,.oo 7.50 60 3.55 1.30 
,.oo 7.00 average= 1.10 
,.so 6.50 average= 2.00 average = 
5.00 7.50 39.75 3.5' average= 
, .oo 6.50 1.91 

average= nerage = 
5.00 7.00 

CU plies) (U plies) 
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GREATER auFFALO PRESS 
weight bas . wt . brightness oi,uity saooth(lOl s1ooth<20l gloss uliper ■ul len 

I .ASS S0.17 57 .2 89 .3 S.00 A.25 11 .70 2.80 10 .00 
I .A66 50.55 57., 89.4 , .ss 3.95 12. 10 2.85 9. 75 · 
I .A37 ,9 .55 57 ., 90 .3 , .9S A.OS 11 .00 2.85 9.25 
I .ASO 50 .00 57 .3 89 .4 5.25 A.35 11. 90 2.85 9.50 
1.46' 50 .48 58 .6 90 .5 A.9S 4.15 12.30 2.90 11. 25 
1.467 50.59 58.2 91.1 5.,5 A.45 10.30 2.90 10 .25 
I .A53 50 .10 59.1 89 .0 s.,s ,.so II . 70 2.85 10 .00 
I .A76 S0 .90 S9 .2 89 .5 s.,o , .'5 11.70 2.80 11.25 

58.S 90 .0 , .10 3.80 12.10 2.85 9.00 
·- average= 58 .1 92 .2 S.10 '-10 11.80 2.8S 9.75 

S0 .29 g/12 57.8 91.2 10.20 10 .25 
58 .0 91.3 uerage = average= 10.30 average = 10 .25 

5.11 , .20 2.85 ails 12 .00 
wax pick average= average= average= 11.00 

II S8.07 S 90.27 S 11 . '2 11. 50 
11.00 
9.75 

10 .50 

average= 
10.35 psi 

Lt1r(ld) teu(cd> fold(cd) fold(ld> hnsilt(1dl t.ensile(cd) 
1.00 7.00 13 8 3.20 1.65 
5.50 7.00 13 12 3.10 1.80 
6.00 8.00 15 ' 3.30 1.80 
6.00 7.00 u 8 3.35 1.80 

: 5.50 7.00 22 ' 3.20 1.85 
7.00 6.00 18 8 3.20 1.75 
1.00 7.00 10 3.25 1.70 
5.50 5.00 average= 3.50 1.60 
6.00 7.00 15.83 average= 
, .oo 7.00 8.'3 average= average = 
,.oo 7.00 3.26 1.7' 
6.00 7.00 

avenge = avenge = 
6.12 6.83 

<U plies) (U plies) 
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GREATER aUFFALO PRESS 
weighl bas . wl . brightness O!)Uity 5l00th(10) s■ooth<20) gloss uliper ■ul len 

I .ASS 50.17 57 .2 89 .3 5.00 A.25 11.70 2.80 10.00 
I .A66 50.55 57., 89 .4 4.85 3.95 12.10 2.85 9.75 · 
I.A31 49 .55 57 .4 90 .3 4.9S A.OS 11.00 2.85 9.25 
I .ASO 50 .00 57 .3 ~-• 5.25 A.35 11. 90 2.85 9.50 
1.464 50 .'8 58.6 90 .5 4.95 us 12.30 2.90 11 .25 
1.467 50.59 58.2 91.1 5.45 4.45 10.30 2.90 10 .25 
1.453 50 .10 59 .1 ~ .O 5.,s , .so 11 .70 2.85 10 .00 
I .A76 50 .90 59 .2 89 .5 5.,o 4.45 11 .70 2.80 11.25 

58.5 90 .0 4.70 3.80 12.10 2.85 9.00 
·- averige = 58 .1 92 .2 5.10 4.10 11.80 2.8S 9.75 

50.29 g/12 57 .8 91.2 10.20 10 .25 
58 .0 91.3 uerage = iverage = 10.30 iilvenge = 10 .25 

5.11 4.20 2.85 ails 12.00 
wax pick iilVtriilge = average= 1venge = 11.00 

11 58.07 l 90 .27 l 11. ,2 11. SO 
11.00 
9.75 

10.50 

iYenge = 
10.35 psi 

ten(ld) teu(cd) fold(cd) fold(ld> tensilt(1d) tensile(cd) 
7.00 7.00 13 8 3.20 1.65 
5.50 7.00 13 12 3.10 1.80 
6.00 8.00 15 ' 3.30 1.80 
6.00 7.00 1, 8 3.35 1.80 
5.50 7.00 22 ' 3.20 1.85 
7.00 6.00 18 8 3.20 1.75 
7.00 7.00 10 3.25 1.70 
5.50 5.00 average= 3.50 1.60 
6.00 7.00 15.83 average= 
6.00 7.00 8.'3 average= average a 

6.00 7.00 3.26 1.7' 
6.00 7.00 

average " average• 
6.12 6.83 

(U pliH) (U plies) 
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KALMAZOO 6AZETTE 
weight bu. wt. brightness opacity saooth(lO> saoot.h( 20 > gloss uliper aullen 

1.398 48 .21 56.S 90.2 , .as ,.oo 13.30 3.20 7.00 
1.391 47 .97 56., 91.2 , .as ,.10 10.20 3. 1S S.50 
1.39' 48.2' 58.0 89.9 4.90 3.95 1,.00 3.0S , .so 
1.,01 '8.31 ss., 90 .3 , .,s 3.75 11.50 3.15 S.75 
1.39S '8.10 SS.2 90.2 4.95 , .10 12.60 3.20 6.60 
1.,02 '8.34 Si.3 90.7 ,.10 3.9S 13.00 3.2S 6.7S 
1.360 '6.90 Si.3 '°·' ,.as 3.95 15.40 3.20 6.75 

\_ 1.,01 '8.52 Si.4 90.7 ,.75 3.90 12.20 3.0S 6.00 
SS.9 90 .6 4.90 ,.os 10.70 3.20 6.00 

,-- Htragt • 57 .8 90 .2 5.05 3.90 11.10 3.15 7.70 
,a .01 g112 SS.2 "·' 5.10 , .15 12.00 3.20 6.50 

57.2 90 .S 11. ,o 3.20 6.00 
5' .9 90.5 averige = avenge = 13.lO 3.10 5.75 

wax pick 56 .0 90 .8 ,.ea 3.98 12.90 3.20 5.25 
8 SS.5 90 .2 10.,0 6.50 

90.3 11.20 average= 5.75 
avenge = 3. 16' ails 

56.30 I average= average= uerage = 
90.38 I 12.27 6.27 psi 

tear Cid) ttar(cd) foldCcd) foldC1d) ttnilthd) ttnsile(cd) 
, .oo 5.00 ,.oo 5.00 2.00 1.10 
, .oo 6.00 12.00 , .oo 1.,0 0.85 
3.50 5.50 18.00 2.00 1.,0 1.25 
,.oo 5.00 6.00 3.00 2.,0 1.10 
5.00 5.50 16.00 ,.oo 2.10 1.10 
,.so 6.00 9.00 ,.oo 1.75 0.95 

•:-' ,.so ,.oo ,.oo 3.00 2.20 1.00 
, .oo 5.00 10.00 ,.oo 2.25 1.05 

12.00 3.00 1.25 1.00 
average • average • 12.00 ,.oo 2.,0 1.05 

, .1, 5.25 3.00 2.00 1.00 
cu plitS) CU plies> average• 2.05 1.00 

11.30 average= 2.,0 
3.73 2.20 average • 

1.04 
IYtragt • 

2.06 
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K-FLEI fro1 KRUGER, INC . 
ttight bu. wt. brightntSs opacity uooth(10) SIOOth(20) gloss caliper 11.11len 

1.399 '8.24 57.2 8' .S 5.25 , .1s 11 . 10 3.20 12.SO 
1.38S 47 .90 57.6 89.6 6.00 4.75 11 .20 3.20 12 .00 
1.409 48 .59 58.8 90 .1 4.95 3.70 12.00 3.2S 14.2S 
1.402 '8.34 58.1 90 .3 S.25 4.00 12.10 2.90 14 .00 
1.409 '8.S9 S7 .3 90.3 5.50 4.25 12.20 3.00 13.2S 
t.42S '9.14 58.1 90.0 S.60 4.'5 11.50 3.05 11.00 
1.390 47.93 58.0 90 .0 5.40 4.25 10.80 3.10 12.7S 
1.399 '8.24 57.S 91.1 S.75 '·'° 11.tO 3.0S 11.00 

59.S 8' .9 5.10 4.10 10.70 3.10 13.SO 
avenge 2 60 .2 91.S S.25 4.15 11.00 3.10 a.so 

48.37 g/12 60.4 90 .6 5.20 4.25 11.20 11.00 
60 .1 90 .3 10.80 avenge = 12.75 

avtragt a avenge a 9.10 3.10 ails It.SO 
wax pict avenge= avenge• 5.39 4.22 12.,0 12 .00 

10 58 .57 S 90 .27 I 12.80 
11.10 average= 
11.10 12.U psi 
11 .70 

avtngt a 

11.34 

11.1llen tear(ld) ttu<cd> fold(cd) fold(1d) \tnsile(ld) ttnsile(cd) 
12.50 5.00 7.00 69 I 4.30 I.SO 
12.00 ,.oo 7.00 30 10 us 1.55 
14.25 ,.oo 7.00 86 , 4.35 1.50 
14.00 S.00 7.00 65 5 ,.20 1.70 
13.25 ,.so 7.00 St ' 4.25 I.SO 
11.00 5.00 7.00 S5 2 , .10 I.SO 
12.7S ,.oo 8.00 55 ' 3.90 1.65 
11.00 ,.so 7.00 58 ,.65 1.30 
13.50 7.00 average a 

8.50 average = 8.00 average a 5.71 Htrlgt • avengt a 

11.00 ,.so 7.00 58.62 ,.31 1.52 
12.7S (U plits) 6.00 
11.50 
12.00 IVengt • 

7.08 
averages (U plits) 
12 . It psi 
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NEVS fro■ 6REAT NORTHERN PAPER 
bas .wt . brighhtn opuily SIOOth(IO) SIOOth(20) gloss Clliptr 1ulltn 

331 56., 90 .0 5.35 ,.20 lUO 2.90 IS .SO 
(2SX38/SOO> S6 .6 90.1 '·'° 3.!0 11.50 3.00 U.75 
u reported 56 .7 8'.2 S.'5 , .2s 13.00 3.10 13.50 
by co1p1ny 56 .8 8' . I 6.05 ,.10 10.,0 3.10 U.2S 

56 .3 !1.8 ,.as 3.80 10.,0 3.10 16.25 
56 .3 87.2 5.15 uo 11.50 3.10 13.00 
56.6 8'.3 5.25 ,.20 11.30 3.00 16.00 
56 .7 8'.3 5.35 , .20 11.30 3.10 15.00 
56 .7 8'.9 5.25 uo 10. 70 3.00 1, . 00 
S6 .S 88.9 , .as 3.80 !.30 3.00 16.00 
56., 90., lUO 3.10 15.25 

WIX pick 56 .S 8' .8 avengt = IYtnge = 11.60 3.10 16.75 
9 56 .6 8'.9 5.2' ,.12 11.10 3.10 IS.SO 

56.8 89., 10.70 3.20 17 .SO 
S6.8 90.2 10.90 3.10 IS.SO 
56 .9 90 .0 3.10 17 .00 
56.6 n., IYtnge: 13.50 
56 .6 89.2 11.11 average a 1S. 75 
56 .S 3.07 ails 1,.00 

average= 
averagt • 8'.62 S aver1gt a 

56.S9 I 15.21 psi 

l.tar(ICI) t11r<cd) fold(ld) fold(cd) l.tnsilt(ld) ttnsilt( cd> 
,.so 7.00 10 ,1 5.85 2.10 
5.50 7.00 23 75 6.10 2.10 
5.00 8.00 1, !7 5.20 2.10 
5.50 6.50 11 127 ,.so 2.10 
5.00 7.00 17 86 5.30 2.00 
5.00 7.50 1' 98 5.60 2.05 
5.00 6.50 28 81 5.85 2.00 
5.50 7.00 1' 99 5.70 2.15 
5.00 6.50 10 1U 6.10 2.10 
,.so 7.00 26 108 5.lO 2.05 
,.so 7.50 63 6.05 2.15 
5.00 7.50 lvtnge • ,.,o 2.10 

16.70 IYtngt: ,.10 
neragt • IYtrlgt: 90:l5 5.80 IYtrlgt : 

5.00 7.08 2.08 
(U pliu) (U plits) IYtrlgt • 

5.'9 
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NORLITE fro1 GREAT NORTHERN PAPER 
bu .wt. brightntss opuHy saooth(IO) saooth(20) gloss ciiliper aullen 
30.81 59.0 87 .9 5.20 ,.2s 9.90 2.90 13.00 

12SX38/500) 58.2 89 .2 5.25 ,.25 9.60 2.90 10. 50 
as reported 59.1 88 .7 5.20 , .25 11.10 2.80 13 .00 
by co1p1ny 58 .8 89 .2 5.,o us 9.60 2.80 11.50 

59 .2 88.6 5.70 ,.'5 11.10 3.00 12 .00 
59 .5 89 .2 5.25 , .30 9.50 2.90 9.75 
58.8 88.t 5.10 us 11.00 2.80 10 .75 
58 .6 88 .7 5.10 ,.20 9.20 2.90 12.00 
59 .2 87., 5.20 , .2s 9.90 2.90 13.00 

.- 59 .0 89.3 S.80 ,.,o 10 .00 2:80 9.25 
58 .6 89 .5 9.60 2.90 11. 50 

HX pick 58 .9 88.9 nerage = nenge = 10.20 2.80 10.75 
9 53 .6 90 .1 5.32 , .26 11.50 2.75 9.50 

59 .0 89 .5 8.40 2.90 12 .25 
60.1 89 .t 2.90 12.75 
59.7 90 ., nenge = 3.00 U.00 

9." 
avenge= nenge = avenge = annge = 

59 .02 l 89 .02 I 2.87 ails 11.59 psi 

teul1d) teulcd) fold(ld) fold(cd) tensi11(1d) t.tnsile(cd) 
5.00 7.00 ' 53 ,.as l.80 
5.00 6.50 3 51 , .20 1.60 
5.00 6.50 11 75 ,.,o l.68 
6.00 6.00 10 100 ,.,o 1.85 
5.00 7.00 ' ,1 ,.ss 1.75 
5.50 7.00 ' 82 , . '5 1.83 
5.00 7.00 ' 91 , .65 1.75 
5.00 6.50 3 36 3.05 1.70 
6.00 7.00 5 33 ,.so l.60 
5.00 8.00 ' 67 , .,o 1.70 
5.50 7.00 7 5.05 l.72 

lYtngt = ,.1s I. 70 
avenge = avenge = lvtnge: 63 .S ,.so 1.75 

5.27 6.8' 6.78 ,.so 1.75 
IU plies) (U plies) 

neragt = lVtngt = 
,.n 1.73 
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WESTERN HERALD 

weight bu. wt . brightntss opacity uooth<lO) nooth<20> gloss clliper 11.11len 
1.,95 51 .21 55.3 ,1., 4.65 3.'5 10.20 3.00 9.00 
l.'95 51. 55 59.0 91.5 4.55 3.50 12.50 2.90 JO.SO 
1.UO ''·" 59., 92.6 5.00 3.75 9.40 3.00 11.00 
1.39' 48.1' 57.7 9' .0 5.20 3.85 10.,0 3.00 9.00 
1.382 47.'6 56.8 93.2 ,.so 3.,o 12.00 3.00 10.00 
1.38, ,1.12 58.0 93 .5 5.00 3.85 8.20 3.40 10.75 
1.,20 48.97 59.9 93 .0 ,.75 3.50 8.40 3.30 8.75 
1.,28 49.2' 59.7 92.5 ,.as 3.55 8.90 3.20 8.75 

57.7 91.8 ,.,o 3.40 3.20 JO.SO 
average= 58.4 91.' average= 3.25 10.00 

'9.27 g/12 59.2 92.3 average = average• 10.00 3.30 9.50 
59.0 92 .1 4.79 3.47 3.30 11.00 
59.S ,1., 3.20 9.50 

WIX pick 59.6 91.7 3.20 9.50 
9 60.0 93.2 3.10 9.00 

57.B 92.7 3.20 7.50 

average= average = average= average= 
58 .56 S 92.3' S 3.16 1ils 9.U psi 

tear(1d) tear(cd) fold(ld) fold(cd> Ltnsilt(ld) ttnsile(cd> 
,.so 6.00 3 37 3.20 1.10 
,.so 7.00 0 33 3.95 1.30 
, .so 6.50 3 2, , .o5 I.IS 
, .so ,.so 0 26 3.80 1.'5 
5.00 , .so 3 16 ,.20 1.20 
,.oo 5.00 • 30 3.'5 1.'5 
,.so 7.00 5 17 ,.20 1.20 

6.50 3 10 3.75 1.27 
,.so 

average = 7.50 avtragt • Henge• IYtragt • average • 
,.so 2.63 24.20 3.825 1.27 

(U plits) 
IYtragt • 

6.30 
cu plits) 
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Appendix I I: TAP]? I Standards Used for Testing 

T-402 Standard Conditioning and Testing Atmospheres for Paper, 
Board, Pulp Handsheets and Related Products 

T-403 Bursting Strength of Paper 

T-410 Gra:m:ma~fe of Paper and Paperboard <Weight Per Unit Area) 

T-411 Thickness (Caliper> of Paper and Paperboard 

T-414 Internal Tearing Resistance of Paper 

T-425 Opacity of Paper 

T-452 Bright11ess of Pulp, Paper, and Paperboard 

T-450 Surface Strength of Paper <Wax Pick Test) 

T-404 Tensile Breaking Properties of Paper and Paperboard 
<Uaing Constant Rate of Blongation Apparatus> 

T-511 Folding Endurance of Paper <XIT Teater> 
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