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NTENSE WET PRESSING OF PRINTING
grades is intended to maximize
the web solids entering the
dryer section. A higher web

solids content after pressing leads to

higher productivity for two reasons:

(a) the web is stronger, which

improves runnability, and (b) less

water needs to be removed in the
dryer section, which increases its
maximum operating speed.

With more intense pressing, there
are concerns that the quality of the
paper will be affected. In a previous
report, we used a combination of
pilot paper machine and laboratory
pressing experiments with hand-
sheets to examine the effect of a
fourth press on the surface and print-
ing properties of newsprint and fine
paper sheets (1). That work was
based on a series of earlier pressing
studies with handsheets on a labora-
tory press (2) and continuous webs
on a pilot paper machine equipped
with a two-nip, three-roll press (3-5).
The main findings of Paprican’s
pressing research to date was sum-
marized in a review article (6).

We have shown that press section
configuration has an effect on the
two-sidedness of roughness and print
quality. Paper tends to be rougher on
the side that contacts the felt in the
last nip. Print quality, as measured by
print density index, is primarily deter-
mined by the structure of the sheet
imparted in the forming section and
the consolidation that takes place in
the calender. However, the first press
can have an effect on the two-sided-
ness in print quality. In a single-felted
first nip, the print density index gen-

erally shows more improvement on
the side adjacent to the felt.

Multinip roll presses are capable
of pressing newsprint to a web solids
content of over 40% at high machine
speeds. Four conventional press nips
are required to reach this web solids
content at machine speeds near 1500
m/min without damaging the web,
and more nips might be needed at
higher speeds. Such a multinip press
section would have a high capital and
operating cost. An alternative solu-
tion would be to apply a high load
with a wide-nip shoe press. Labora-
tory studies (7, 8) have shown the
potential for a pressed sheet dryness
of up to 50%, with Parker Print-Surf
roughness values similar to a sheet
pressed with aTri-Nip press.

In our previous experimental
work (1), the effect of up to four
press nips was simulated by combin-
ing pressing on a pilot paper
machine with off-machine pressing.
In this report, experiments were con-
ducted with a 100% thermomechani-
cal pulp (TMP) newsprint furnish on
a pilot paper machine equipped with
four press nips comprised of aTri-Nip
followed by a fourth press.The effect
of pressing on water removal, dry
paper strength, and print quality as a
function of former type (fourdrinier
or top former) was evaluated by vary-
ing the loading in the first and fourth
press nips. Offset linting measure-
ments from these experiments were
reported in the literature (9). The
experiments with a fine paper fur-
nish are described in a separate

paper (10).

four nips.The design of the former
has the greatest effect on sheet
structure, strength, surface properties,
and print density index. Increasing the
loading of either the first or fourth
press to a critical value increases the
strength of newsprint. Strength will
decrease if the loading is increased
beyond this critical value.The print
density index of the sheet is directly
related to the consolidation of the
sheet in the press section and the
calender.

Application;

Two-sidedness in roughness and print
density can be minimized by the
proper selection and operation of the
former and press sections.

DESCRIPTION OF EXPERIMENTS

Pilot paper machine
The experiments were performed
on a pilot paper machine located in
Beloit’s Research & Development
Center in Rockton, IL. This machine
was equipped with a seven-channel
Concept Il headbox. Two wet ends
were used in the course of these
experiments: a fourdrinier [Fig. 1(a)]
and a BelForm top former
[Fig. 1(b)], which was adapted to the
fourdrinier table in an overnight
changeover. The press section was a
Tri-Nip press followed by a fourth
press (Fig. 2). For this press configu-
ration, the paper contacts two felts
in the first nip, felts on the top side
in nips two and three, and a felt on
the bottom side in the fourth nip, as
shown in Fig. 3.

In the course of these experi-
ments, the loadings in the first and
fourth presses were varied indepen-
dently (Table I) to evaluate the effect
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1.The wet end of the Beloit pilot paper machine was converted from a fourdrinier to a
Bel-Form top former for these experiments.

2.The press section of the pilot machine consisted of a Tri-Nip followed by a fourth
press.
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3.A distorted view of the former and presses, which illustrates the surfaces that con-
tacted the paper.
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of pressing conditions on water
removal, strength, and print quality.
For the zero-loading condition of the
first press, the bottom felt was roped
to avoid contact with the paper. In
effect, the press operated as a Twinver
followed by a third press for this con-
dition.The paper machine was run at
700 m/min using a 100% TMP furnish
prepared by reslushing paper rolls
from several different mills.

Fines distribution
The paper was split into four layers
with the Beloit Sheet Splitter (11).
The fines distribution was measured by
weighing material passing through a
200-mesh screen in the Britt jar.

Drying, calendering, and printing
After the press section, the wet
paper was reeled into rolls.The paper
was subsequently unwound and
dried over a series of 14 steam-heated
dryer cylinders. Dry paper was calen-
dered as a continuous web using
Paprican’s laboratory calender (12)
at nip loads of 20, 40, 60, and 80
kN/m at 50 m/min, with roll temper-
atures of 50°C.

Letterpress printability was deter-
mined by means of proof prints with
the IGT laboratory press using the
solid plate. Print density index, i.e.,
the print density at the maximum of
the ink transfer curve divided by the
amount of ink transferred to the
paper, was determined using the pro-
cedure developed by Paprican (13,
14). Offset linting, measured using a
method developed for the IGT (15,
16), is reported elsewhere (9).

RESULTS
Fines distribution
The fourdrinier paper had a lower
proportion of fines on the bottom
side [Fig. 4(a)]. On switching to the
top former, the fines tended to be
redistributed from the middle of the
sheet to the bottom side, making the
fines distribution profile more uni-
form [Fig. 4(b)]. Unloading the first
press had little effect on the fines dis-
tribution for both the fourdrinier
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4.The top former sheet had more fines in the surface layers than
the fourdrinier sheet. Removing the first double-felted nip did
not change the fines distribution of either the fourdrinier (a) or
the top former sheet (b).

[Fig. 4(a)] and the top former [Fig. 4(b)] sheets. This
could mean that either pressing does not change the dis-
tribution of fines in a paper sheet or that small changes
in the distribution are not detected if the sheet is split
into just four layers.
Water removal
Web solids content after the fourth press was greater for
the top former than the fourdrinier wet end (Fig. 5).
Although the top former sheet had a higher web solids
content at the couch than the fourdrinier sheet, because
of the larger dewatering forces and two-sided dewater-
ing, this alone would not increase the dryness after the
fourth press. The higher web solids content of the top
former sheet was probably related to differences in for-
mation and sheet structure. Increasing the nip load of
either the first or the fourth press, even at high levels of
press loading, led to a significant increase in web solids
for both formers.
Physical properties

The bulk (caliper divided by basis weight) of the dried
paper was reduced by increasing the loading on either
the first or the fourth press (Fig. 6). The uncalendered
top former sheet had a lower bulk than the fourdrinier
sheet, but the fourdrinier sheet was easier to calender.

5. Increasing either the first or the fourth press nip load
increases the solids content of the sheet after the fourth press.
The top former sheet had a higher solids content than the four-
drinier sheet.

NIP LOAD, WEB SOLIDS CONTENT
KN/m AFTER FOURTH PRESS, %
First Fourth Fourdrinier Bel-Form
0 105 40.5 41.8
35 105 425 42.6
70 105 422 441
105 105 41.8 445
50 10 39.0 411
50 50 - 415
50 105 42.3 43.8
50 175 44.8 458
“The second and third press nips were loaded to 70 and 90 kN/m,
respectively.

I. Conditions for pilot paper machine trial*

Apparently the pressure between the two forming fab-
rics of the top former leads to better formation, which
gives a denser sheet. The fiber orientation might also
influence sheet structure; e.g., the tensile strength ratio
was 1.8 for the top former and 2.2 for the fourdrinier.
Calendering, however, eliminated [Fig. 7(a)] or dimin-
ished [Fig. 7(b)] the bulk differences in sheets from the
two formers.
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6.The bulk of the uncalendered sheet decreased with increasing

first () or fourth (b) press nip loading.

Breaking length in the machine
direction generally increases with
first press nip load [Fig. 8(a)]. How-
ever, at the highest first press load-
ing, the strength of the fourdrinier
sheet appeared to diminish.The four-
drinier sheet entered the first press
with a higher moisture content than
the top former sheet, and the
strength drop observed at a nip load
of 100 kN/m might be caused by
incipient crushing in the first nip
(17). The breaking length of paper
from both formers peaked at a
fourth-press nip load of 100 kN/m
and dropped at 175 kN/m [(Fig.
8(b)]. It is not clear whether incipi-
ent crushing could occur with well
dewatered webs in the fourth press,

Fillers, fines, forming sections, presses,
print quality, printing papers.
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7. Calendering reduced the difference in bulk between the four-

drinier and top former sheets.

but it is important to note that press-
ing beyond the optimum nip load
can impair the strength of paper.

The Gurley air resistance of
uncalendered paper increased with
the loading of the fourth press [Fig.
9(a)]. The top former paper had a
higher air resistance than the four-
drinier paper. Furthermore, the air
resistance of calendered paper
increased with the loading of the first
press [Fig. 9(b)]. Both the strength
and air resistance measurements sug-
gest that the top former makes a
more consolidated sheet with better
bonding between fibers.

Surface and printing properties
The top former sheet was rougher
on the bottom side than the top side,
whereas the roughness on both sides
of the fourdrinier sheet was equal
[Fig. 10(a)]. These relationships per-
sist after calendering [Fig. 10(b)].
Increasing the fourth-press nip load
reduced the roughness on both sides

of the uncalendered paper [Fig.
10(a)]. However, for calendered
sheets, increasing the fourth press
load beyond 50 kN/m showed no
further roughness reduction [Fig.
10(b)].

Print density index (PDI) was
higher for the top former sheet than
the fourdrinier on both the top and
bottom sides (Fig. 11). This index
increased on both sides of the paper
with increasing first press nip load
up to 70 kN/m but tended to
decrease at higher nip loads [Fig.
11(a)]. Increasing the fourth press
nip load to 50 kKN/m increased the
print density index (Fig. 11(b)]. For
fourth press nip loads greater than 50
kN/m, the PDI is either the same or
less than the value at 50 kKN/m. Print
density index is sensitive to calender-
ing, and some of the trends in Fig. 11
may be a result of uncontrollable
variations in calendering conditions.
This is supported by the linear rela-
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8.The breaking length of the uncalendered paper generally
increased with first press nip load but dropped for the four-
drinier sheet at the highest load (a).As fourth-press nip load was

increased, the MD breaking length first increased, went through

a maximum, and then decreased (b).

tionship between PDI and bulk
shown in Fig. 12.

The difference in bulk between
each sample is a combination of dif-
ferent pressing conditions and
uncontrolled variations in calender-
ing.This finding is in agreement with
our previous laboratory and pilot
machine experiments (3, 18). Print
density index is related to the final
bulk of the sheet as determined by
the combined effect of consolidation
processes such as pressing and calen-
dering. At the same bulk, the sheet
from the top former always had a
higher PDI than that from the four-
drinier. This appears to be related to
the compaction of the sheet surfaces
caused by the higher drainage forces
in the top former.

SUMMARY
Experiments conducted on a pilot
paper machine with the different wet
ends followed by four press nips
have shown that:

» Former design has the greatest
effect on sheet structure,
strength, surface properties, and
print density index.

« Increased loading of the first or
fourth press will increase the dry
strength of newsprint up to a crit-
ical nip load. If the loading is
increased beyond the critical
load, strength will decrease.

 The felt side of the paper
becomes rougher after a press
nip, with the last nip having the
greatest effect.

« Print density index is augmented
by sheet consolidation in the

9. Gurley air resistance on uncalendered paper increased with
fourth-press nip load (a). Air resistance of calendered paper also
increased with the load of the first press (b).

press section and calender. TJ

McDonald is program manager, mechanical
pulping, and Pikulik is program manager,
papermaking at Paprican, 570 St. Johns Blvd.,
Pointe Claire, PQ HOR 3J9, Canada. Mentele
is a research engineer, and Lange is principal
engineer, PM No. 4 at Beloit Corp., 1165
Prairie Hill Rd., Rockton, IL 61072-1595,

We would like to thank Tom Owston and Steve
Smallwood of Paprican for their expert technical
assistance in this project. We also thank Denis
Cronin, formerly of Beloit Corp., for his organization
of the pilot paper machine trial.

Received for review June 25, 1997.
Accepted Nov. 6, 1997.

Presented at the TAPPI 1997 Engineering/
Papermakers Conference.

VOL. 81: NO. 6 TAPPI JOURNAL 135



PRESSING

10.0 05
@ TS BS )
Fourdrinier m e
95 Topformer » « Felt 04

%

Fourdrinier m e
Topformer » «

90 ’%'\\.'z:
85 k"\'\o
\

PARKER PRINT-SURF
ROUGHNESS S10, um

PRINT DENSITY INDEX, m#(g

80 50 100 150 200 01y 0 40 60 8 100
FOURTH-PRESS NIP LOAD, kN/m FIRST-PRESS NIP LOAD, kN/m
50 = 050
e O TS BS £ (b) TS BS
o5 Fourdrinier w e - 045 Fourdrinier
2 45 é B e
I Topformer % « O 040 Topformer % «
=w =
Zwn - " " — 5
x? 40 P 035
a= &
G5 Z 030
E535 T~ . . o
CQL: 8 E 025 /\'\.
o
30 50 100 150 200 - 020, 50 100 150 200
FOURTH-PRESS NIP LOAD, kN/m FOURTH-PRESS NIP LOAD, kN/m
10. Parker Print-Surf roughness for uncalendered (a) and calen- 11. Print density index increased for the first (a) and fourth (b)
dered (b) paper decreased on both sides of the paper with press nip loads below 50 kN/m.
fourth-press nip load. The top former paper was rougher on the
bottom side, whereas the fourdrinier paper had equal roughness
on both sides.
050 LITERATURE CITED
' 1. McDonald, J. D. and Pikulik, I. I, Tappi
= 0 5 BS J.'74(.9): 159(1991). |
‘= Fourdrinier @ o 2, Plku|lk,.|. I.and McDonald, J. D., Tappi
5 040 N Topformer # & 1. 70(4): 75(1987). o
I-IDJ 3. McDonald, J. D. and Pikulik, 1. 1., Pulp
Z 3 Paper Can. 89(3): T76(1988).
> 4. McDonald, . D. and Pikulik, I. I., Tappi
= 030 ). 72(11): 71(1989).
= 5. McDonald, J. D. and Pikulik, I. 1., Paper
() 025 Tech. Ind. 31(8): 20(1990).
E - 6. Pikulik, I. 1. and McDonald, J. D, “The
o 0.20 influence of pressing on the print
o= quality of newsprint,” TAPPI Newsprint
Forum, TAPPI PRESS, Atlanta, April
0.15 1993,
19 2.0 2.1 2.2 2.3
BULK 3 7. Radtke, M. A., CPPA/TS 1993 Annual
' Meeting Preprints, CPPA, Montreal, p.
cm=/g i ints, C |
A221.

12. Print density index decreased linearly with bulk. At the same bulk, the print density
index of the top former sheet was greater than that of the fourdrinier.

136 TAPPI JOURNAL JUNE 1998



8. Lange, D.V, CPPA/TS 1996 Annual Meeting Preprints, CPPA, Mon-
treal, p. B97.

9. Wood,/.R., McDonald, J. D., Ferry, P, et al., CPPA/TS 1997 Annual
Meeting Preprints, CPPA, Montreal, p. B221.

10. Pikulik, 1. 1., McDonald, J. D., Mentele, C. J., et al., TAPPI J. 81(6):
(1998).

11. Parker, J. and Mih,W. C., Tappi 47(5): 254(1964).

12. Kerekes, R.J. and Pye, I.T., Pulp Paper Can. 75(11):T379(1974).

13. DeGréce, J. H. and Mangin, P.J. in Advances in Printing Science and
Technology (W. H. Banks, Ed.), Pentec Press, London, 1984, Vol.
17,p.312.

14. Mangin, P.J. and DeGrace, J. H., TAPPI 1984 International Printing
and Graphic Arts Conference Proceedings, TAPPI PRESS, Atlanta, p.
153.

15. Mangin, P. . and Dalphond, I. E., Pulp Paper Can. 93(12):
T409(1992).

16. Mangin, P.J. and Dalphond, J. E., Pulp Paper Can. 94(1): 23(1993).

17. Ceckler, W. H., Thompson, E.V,, and Jewett, K. B.,“Wet pressing
behaviour of newsprint and linerboard,” Final report—phase |,
U.S. Department of Energy, Contract DE AC02-78-CS40064,
Washington, May 1984, pp. 29-34.

18. McDonald, J. D,, Twitchen, D. A., Foulger, M. F, et al., Pulp Paper
Can. 97(11): T408(1996).

VOL. 81: NO. 6 TAPPI JOURNAL 137



