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Temperature-gradient Calendering

ABSTRACT

ew calendering techplque, temperature-grads
whnerein the paper web is calendered in 5 sir%gﬁad;?nt s
(ZIOOC) iron rolls. The paper contacts the rolls on]
prief contact, the surface_ fibers are selectively heated
compressed, vyhlle the middle of the webh remains ¢
qurface, printing, and strength properties of labor
calendered newsprint are compared with those of
newsprint. When calendered to the same bulk, the

ndering, is descri
p_formed by two very }Il‘xl)tt)ed,
¥ In the nip, and during this

1, plaglticized, and

00}, resilient, and bulky.
atory tempera.ture-5_a;z'a('i‘:,ie’rll‘1};1 g
conventionally calendered
temperature-gradient

calendered paper is smoother, much glossier, requires less i i
desired print density, and has somewhat higher strength. A cicTE

R. H. Crotogino

Pulp and Paper Research Institute of Canada, 570 St. John's Blvd., Pointe Claire

Quebec, Canada H9R 3J9

For paper calendered in conventional
machine calenders, there exist relation-
ships between the surface properties
and the bulk (thickness divided by basis
weight) that are significantly influenced
not by the calendering conditions but
rather by the furnish properties and by
the large changes in the basis weight.
These relationships, particularly the
ones between smoothness (Bekk) or
roughness (Bendtsen, Sheffield, Parker
Print-Surf) and bulk, have been well
documented (1-5), and they apply also
for supercalendered papers (3, 5).
erelationships between the surface
Properties and the bulk impose serious
limitations on the machine-calendering
Operation. A smooth finish can only be
achieved by calendering the paper to a
lower bulk., When this is done, small-
Scalebasis weight irregularities (forma-
tion) will become bulk variations, which
areseen as print mottle when the paper
Sprinted. If the paper moisture level is
faised to improve the bulk reduction
and the development of the desired
Surface properties, calender blackening
 (the formation of transparent spots)
becomeg 5 problem. To minimize these
paper requiring high finish 18
made from a more expensive,
draining furnish, which m-
formation and aids bulk reduhc
he calender but also lowers the
ine speed and reduces production-

% these
ason for the exlste'}ce(‘i’fas fol-

ips may be explainé
ol‘)lgh ps.':per is not a perfect
.- 402
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elastic solid (6, ?7), it can be assumed
that any compression or shear forces
applied at the surface will be trans-
mitted uniformly throughout its thick-
ness. If there are no major variations in
the rheological properties in the thick-
ness direction, the paper will deform

uniformly throughout its thickness, and
hence the deformation of the surface
fibers will be related to the average
deformation in the bulk of the sheet.
Outside the realm of conventional
calendering practice, it is possible to
alter selectively the rheological proper-
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4. Temperature profiles (shown
passing through calender nip. (a) In

rolls and the paper is gé
the calender s ger

" : b
chematically) through the thickness of a paper we
smachine calenders, the temperature difference between
nerally small, as is the temperature variationthrought[\e
b is compressed, it deforms uniformly throughout its

thickness of the web. e thradlent calendering, the cold web is contacted with the very

thickness. (b) In temperaturg-g
hot calender rolls, causmg.hlgh temperatu
of the web. When the web is compressed,

the cooler fibers in the middle of the web.

re gradients between the surfaces and the middle
the hotter surface fibers are deformed more than
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I. Calendering conditions, phys!

cal and surface properties

§10 -
T 75° Hunter /isual
Sheffield  Print-Surf gloss, efficiency, brightnes
Basis Bulk roughness, roug/;gess, % % %
, , ; € 5
No. of Aﬂ%"/@a‘@m Thickness, . welght, cmilg ml/min
Sample No.o KkN/m 4 um ;
rint
b Conventionally calendered newsp 6.24 6.2 59.0 477
48.7 2.22 266 477 6.6 59.1 484
0 0 g 48.2 2.12 228 4.98 7.6 59.1 488
! 1 18 102 55 1.94 168 4.48 8.6 59.0 479
e 2 35 & 47:5 1.79 136 3.96 10.1 58.9 479
3 3 53 o 47.6 1.70 198 364 1.10 58.8 484
5 2 i 8; 47.8 1.61 94 3.42 12.0 58.8 a7
J = 4 47.8 155 5 = 13.0 58.5 48,
105 1.47 ;
7 6 47.7 int
8 7 Lx & Temperature-gradient calendersed newsprin - e >
111 49.0 2.26 e 5.04 12.9 58.3 475
X 5 5 48.4 e ! 4.38 166 58.1 479
- N ¥ 5 483 1.88 150 J 19.4 57.8 470
2 \ o = 48.1 1.77 122 344 227 57.8 468
4 . ';’g 3? 48.1 1.60 : gg 598 234 57.3 4638
5 1 &5 77 48.0 1.60 o 330 238 57.1 46.2
4 1 100 77 48.7 1.58 ————
7 1
' endered newsprint
Il. Printing and strength properties of cal : i
i Breaking length, retch,
s Burst LD /’rrr,g/e;, km %CD
transfer require- , 3 index, ! cD VD
t- Set: n MD
Sample cBr#J‘;:q at5 o%/mz, rg;arr;,g : r:)rngh off KkPa-m? /g MD CD
5 Conventionally calendered newsp7rmt e o TP o R
it el AR e D0 8 510002 g i wa 538 2.1 139 207
: ' 515 248 0.048 0.118 1.68 464 6. S bl
5 @ e e e 166 446 657 fe o > 1208
T . '99 573 205 0.052 0.153 1.47 420 6.21 P s
e e gy e 0.160 130 365 5.8 s 100
5 P 195 0052 0.193 1.22 360 455 3.28 s 052 e
: 155 585 103 0.054 0.225 1.11 339 412 3. = 0
; 147 580 180 0.052 0.253 1.07 312 359 SO 1. :
: Temperature-gradient calendered newsprint .
66 467 691 535 213 132082
226 513 245 0.050 0.103 1. ! 2
; 202 571 210 0.051 0.163 1.70 472 695 560 2.1 1.3123 3
3 188 550 185 0.050 0.215 157 - 437 647 489 209 1-; 2. e
458177 555, 165 0.049 0.275 1.44 407 623 521 195 g 1
50 8160 520 153 0.053 0.298 1.18 361 547 476 178 1.1 -
6 160 520 158 0.054 0310 1.04 346 546 492 168 u
7 158 548 155 0.053 0.310 1.02 355 532 402 174 086 1

ties of the paper surface and cause
major deviations from the surface prop-
erty/bulk relationships. Kerekes and
Pye (8) demonstrated this with the
temperamre-gradientealendering tech-.
nique. They passed cold paper (23°C) at
2 speed of 336 m/min through a nip
formed by two heated (150°C) calender
rolls and found that, when the web did
not wrap either roll and was therefore
not preheated before entering the nip,
the paper was much glossjer compared
~with paper that had been calendereq to
‘the same thickness using either cold
rolls or using hot rolls with one rol]
pped by the web. Kerekes (9) subse-

: t the heat trang-

8 to the paper in the
ate only the surface of
ore the web reached the
mum compression. Thys,

in temperature-gradient calendering,
only the surface fibers are selectively
heated, softened, and deformed, while
the fibers in the center of the web
remain cold and resilient, The mechan-
ismisillustrated schematically in Fig. 1.

A technique that uses a moisture
gradient to soften selectively the surface
fibers of the baper and to calender it to a
smoother finish with less loss of bulk
was demonstrated by Lyne (10). Water
was sprayed onto a surface of the sheet
immediately before it entered the nip
between two hot (130°C) calender rollg,

€ Spray was positioned go close to the
nip that water did not have time to
ﬁ)netrate the web; o(rilly the surface

10ers were moistene as the

entered the nip, 20er
. Inthis report, the temperature-grad-
lent calendering technique, which has

il, is
now been studied in greater (}iletasg;n’e
presented. Separate lots of t ecalen'
uncalendered newsprint wereb o
dered in a laboratory calenderby ;
ventional calendering and _alsoA); b
Derature-gradientcalendfarmg d this
of sheet bulks was obtained, aison o
served as the basis for compa;'1 oro
surface, printing, and strengt
erties.

Results

. o]y after
Samples were taken immed‘;‘gf?t Jeast
calendering and conditioned < testing:
24 hrat 23°C and 50% RH befgrprintiﬂlg
The physical, surface, an] sIaﬂdI.'
properties are listed in Tab ecan pe &
The two-sidedness of paper perat.'ong'
fected in the calendering g_ die”
particularly with temperatur’
u
BlLLERucht);Elequ 91 gge/-opgypu Jo



oring. However, this was not of
interest in this study. There-
averages of the top-side and
0 side measurements of surface
inting properties are reported.
and parker Print-Surf roughness
he °* ents (11) werelm}?de with a
me ing (a neoprene litho blanket,
sogtsl)::férfhardness) and two levels of
85 re on the land area (1000 kPa for
pressllll 4 2000 kPa for S20). Print tests
10a erformed on a GFL press, using
were goce dure outlined in standards
the S P35:72 and SCAN P35:77 and
SCA ped by Crotogino (5). All printing

ri
i crties are reported as averages of

s ide and bottom-side values. Ink
-sidean ;
theltx?xl')ement, print-through, and set-
reqwe,-e evaluated at a print density of
0.85. The strength properties are also
l'gpe;i in Table IT and were determined
bly cpPA standard methods.

piscussion
Bulk

The bulk of the papers calendered by
the two techniques is s.hown in Fig.2as
o function of the maximum nip load to
which the paper had been subjected.
The bulk values of the temperature-
gradient calendered papers, which were
calendered in a single nip, appear to be
similar to those achieved in multiple
nips by the conventional techniques.
These results indicate clearly, as did
the results of Kerekes and Pye (8), that
single-nip calendering of newsprint is
feasible, in principle, when very hot
calender rolls are used.

For the subsequent discussion of the
surface, printing, and strength proper-
ties, bulk is used, as a basis for com-
parison, to represent the severity of
calendering. This choice was made be-
cause no single calendering parameter
can adequately represent the severity
qualendering, particularly in a com-
parison of two different calendering

hniques. Furthermore, bulk, unlike
10ughness or printability, can be mea-

Sired by 3 simple, well-established

.

Ographs

.

“INing electron micrographs of the
‘, sldes.and cross sections of two
“PI€s, which were calendered to a

53 70 88 105 123
M NIP LOAD, kN/m
land temperature-gradient.

100 pm

3. Scanning electron mi
(bottom photo) et
calendering, (b) t

11:)}:11]( of approximately 1.6 cm3/g with

€ conventional and the temperature-
gradient techniques, are shown in Fig.
3. Thpse pictures of the temperature-
gradient calendered paper appear
smooth and fused, while the surface of
the conventionally calendered paper
shows collapsed and uncollapsed fibers
throughout its structure, and there is
no obvious bulk or density gradient
through the thickness of the sheet. The
cross section of the temperature-gra-
dient calendered paper, on the other
hand, shows completely collapsed fibers
at the surface and uncollapsed fibers in
the middle. This paper is obviously
more dense at the surface than in the
middle.

Surface properties

The average Sheffield roughness of the
samples, when compared at the same
bulk, was the same for both calender-
ing techniques. Hence it is not possible,
using this test, to distinguish between
the two surface textures shown in Fig.
3. This finding confirms the conclusion
reached earlier by the author (5), from
a comparison of machine-ca}endered
and supercalendered newsprints, that
the Sheffield roughness measurement
is unsuitable for the evaluation of dif-
ferent calendering techniques.

The Parker Print-Surf roughness,

shown in Fig. 4, distinguishgzs clearly
between the two calendemng tech-

3

100 uym

graphs of the bottom side (top phot i
of newsprint calendered to a T TphatemRE it oss seotion

emperature-gradient calendering.

bulk of 1.6 cm®g by (a) conventional

niques. At all levels of bulk, the tem-
perature-gradient calendered paper is
smoother (i.e., has a lower roughness)
than the conventionally calendered pa-
per.

The surface property that was most
dramatically influenced by the differ-
ence in calendering techniques was the
75° Hunter gloss, which is shown in
Fig. 5. The temperature-gradient tech-
nique produced a very much higher
gloss than the conventional calendering
technique, indicating that small-scale
roughness was reduced substantially
by the high roll-surface temperatures.
The gloss produced with the tempera-
ture-gradient technique is much higher
than that produced even by supercal-
enders. From Fig. 5 it can be seen that
newsprint that was temperature-gra-
dient calendered to 1.6 em3/g bulk
reached a gloss of 23%. To obtain this
gloss with a supercalender, the news-
print would have to be calendered to a
low bulk of approximately 1.3 em3/g (5).

The visual efficiency measured with
an Elrepho photometer (Filter no. 10)is
shown in Fig. 6. At the same bulk, the
temperature-gradient calendered paper
clearly has a lower visual efficiency.
Some of the difference in visual effi-
ciency can be attributed to the substan-
tially higher gloss of the temperature-
gradient calendered paper (12). Similar
differences were also observed in the

ISO brightness shown in Table I.

BULK, cm®/g

4. Parker Print-Surf roughness (S10).
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6. Visual efficiency as a function of bulk.

VISUAL EFFICIENCY, Elrepho

Printing properties

The ink transfer to the paper from a
plate inked to a level of 5 g/m? is shown
in Fig. 7. Athigh bulk, the temperature-
gradient calendered paper showed a
higher ink transfer than the conven-
tionally calendered paper, but for lower
bulk values, the trend was reversed.
Ink transfer is affected by two factors:
the contact between the paper and the
printing plate, and the ability of the
paper to accept the ink. Uncalendered
paper is very bulky and rough and
makes poor contact with the printing
plate. As the bulk and roughness of the
paper are decreased with calendering,
the contact improves and the ink trans-
fer increases. However, with increased
calendering, the porosity of the surface
and the ability of the surface to accept
ink decrease.

At the same bulk, although the tem-
perature-gradient calendered paper is
smoother than the conventionally calen-
dered paper, it seems that the increase
inink transfer resulting from increased
smoothness (and better contact with the
printing plate) is offset by the decrease
in ink transfer attributed to lower sur-
face porosity. Therefore, for newsprint
with bulk of commercial interest (i.e.,
less than 1.6 em3/g), the temperature-
gradient calendered paper showed a
substantially lower ink transfer.

- The ink requirement for a print den-
3 A7 5, shown in Fig. 8, v
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7. Percent ink as a function of bulk.

INK TRANSFER AT 5 g/m3, %
5

nounced, particularly for gloss. :I‘he
properties of temperature-grgdl.ent
calendered paper are also very similar
to those reported by Lyne (10) for the
moisture-gradient calendered paper.

Strength properties

The tear index, breaking length,
stretch, and burst strength were
reduced as the paper was calendered to
a lower bulk by either of the two calen-
dering methods. At the same bulk, the
reductions in MD tear index, CD break-
ing length, MD stretch, and burst
strength are similar for the two
methods. However, the CD tear index
and the MD breaking length were
higher and the CD stretch slightly lower
for the temperature-gradient calen-
dered paper. With two exceptions, these
findings are in agreement with those of
Kerekes and Pye (8). Kerekes and Pye
found no difference in CD stretch, but
they did find that the burst factor of
their temperature-gradient calendered
papers was somewhat higher than that
of the conventionally calendered paper
at the same sheet thickness.

It may be argued that, for the purpose
gf comparing strength properties, bulk
is not an appropriate basis. Since it is
the printing properties of the newsprint
that are of primary interest, it may be
prefer.able to compare different papers
atequivalent levels of some appropriate
measure of printability rather than at

- thesamelevel of bulk. If we calendered

the newsprint to a desired level of ink
ment, for example, we would
nder it toa much lower bulk
ventional method than we
tel ture-gradient
erties

> m/min at full load. The ¢
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INK REQUIREMENT AT
PRINT DENSITY 0.85, g/m?

-

o
14 15 16 1.7 1.3 i35 2033

BULK, cm3/q 2
8. Ink requirement for a3
0.85.

dered to the same bulk with
tional techniques. The tempergt T
gradient calendered paper wasl‘ar

print density .

to have:

® lower Parker Print-Surf TOUZhnece
® very much higher 75° Huptep g] 3
e lower visual efficiency
® lower ink transfer

® Jower ink requirement
® higher set-off

When the strength propertiesof tem.
perature-gradient calendered pap
were compared with those of cop.
ventionally calendered paper at the
same bulk, the temperature-gradien;
calendered paper was found to have;

® higher CD tear index
® higher MD breaking length
® slightly lower CD stretch

No significant difference was found
for the other strength properties when
compared at the same level of bulk.
However, compared at the same leveldf
ink requirement, all strength properties
were higher for the temperature
gradient calendered paper.

Experimental
Equipment
The experiments were performed 115';{
the Institute’s laboratory calender
This calender had three chrgmlﬂgrf
plated steel rolls, each 200 mm diamee,
and 360 mm wide. Nip loads up gn
kN/m could be applied indepencets
to each nip, and each roll ¢0 i
heated electrically to Surfafg The
peratures in excess opf 200 L iable
center roll was driven by 2 v;oﬂ )
speed drive to a maximum speed 88
alender | it
equipped with an unwind a7 e
Ip stg.nd for continuous web fe:gﬁ';g:
W infrared heater was ">, gy
heat the web when req;llgoﬂ
ender was located in 2 986 relﬁ.
ined at 23°C and 50 A

ade on a fourdr!
irnish containing
% TMP, and 19%se™
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ft pulp, was used. The calenderin
l;,l:s caI;ried outataspeed of 300 m/mig
qnder_the conditions outlined in the
following paragraphs. Before calender-
ing, the paper was conditioned by re-
winding 1t §lowly.
Conventional calendering. For the
simulation of conventional calendering,
the web was preheated by passing it
underneath the infrared heater and
around two calender rolls that were
neated to approximately 70°C and 50°C,
respectively.. The temperature of the
web entering the upper nip was
adjusted to 50 (3)°C by adjusting the
power to the infrared heater. The paper
was calendered only in the upper nip;
the lower nip was not loaded. The web
was calendered by successive passes
through the nip with loads of 18, 35, 53,
88,105, and 123kN/m. After each pass,
samples were taken for testing, and the
remainder of the paper was recondi-
tioned before the next pass by rewind-
ing it slowly.

Temperature-gradient calender-

ing. For the temperature-gradient
calendering, the paper, having a tem-
perature of 23°C, entered the nip be-
tween the top and the center rolls and
was calendered in one pass. The rolls
were heated to a temperature of 210
(£10) °C, and nip loads of 18, 85, 53, 70,
88, and 100 kN/m were applied.
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THE PROBLEM

Severe recovery boiler
inefficiency A pulp mill was
Incurring high operating costs, _
particularly in raw materials Ei
consumption, and suspected T
poor reduction efficiency
in the recovery process.

THE SOLUTION

Analysis of the Kraft
smelt for all four sulfur *
species by a Dionex
lon Chromatograph.”
Comprehensive results were ob-
tained in less than 30 minutes with
virtually no sample preparation,
compared with two days using
traditional methods. They showed
unacceptably high concentrations
of oxidized sulfur, confirming poor
reduction efficiency The speed

of the technique allowed the
recovery boiler superintendent to
use the data generated by the lon
Chromatograph™ to optimize the
boiler reduction efficiency. This
permitted optimization of make-up
chemicals consumption which
translated into significant savings.

THE CAPABILITY

Everywhere today, the pulp and
paper industry is striving for higher
production yields and lower opeirat-
ing costs. lon Chromatography
offers a fast, versatile and cost-

\

=

effective analytical procedure for
measuring a wide variety of key
paper industry ions. In addition to
the sulfur species, these include
hypochlorite, chloride, chlorite,
chlorate, oxalate, carbonate, sodium,
potassium, organic acids, tran-
sition metals, surfactants and
quaternary amines.

The speed of the system
permits rapid trouble-shooting and
monitoring of processes such as
pulping, bleaching, napermaking,
corrosion engineering, steam
and energy production, pollution
control and quality control.

For further information on these
and many other applications,
contact Greg Franklin at

(408) 7370700, Telex: 348347,
Dionex Corporation, 1228 Titan Way,
Sunnyvale, CA 94086, USA.

SERIES 2000i

DIONEX

ION CHROMATOGRAPHS'

THE SOLUTION

See us at the International Sulfite and

TAPPI Pulping Confer
Circle No. 165 on Rea

ences in Toronto.
der Service Card
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