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remperature-gradient calendering 

--ABSTRACT . . 
A new calendering tech!11que, temperature-gradient cal d . . 
wherein_ the paper web 1s calendered in a single nip for~~d ermg, 1s described, 
2100c) iron rolls. The pap~r contacts the rolls only in the ni by two ver_y hot. 
(brief contact, the surface fibers are selectively heated 1 tP'. and durmg this 

d h ·1 th 'ddl f th , Pas 1c1zed and ompresse ' w l e e m1 e o e web remains cool ·1 · ' 
~urface, printing, and strength properties of laborato;yrteesm1 ipeent, tand bulkdY_· The 

d · t d · ra ure-gra 1ent calende:e newsprm are compare with those of conventionally calendered 
newsprmt. When ~alendered to the same bulk, the temperature-gradient 
calendere~ paper 1_s smoother, much glossier, requires less ink to achieve a 
desired prmt density, and has somewhat higher strength . 

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). 

The relationships 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
s~ale basis weight irregularities (for~a­
bon) will become bulk variations, which 
~re seen as print mottle when the pa p~r 
18 ~rinted. If the paper moisture leve_l is 
raised to improve the bulk reductwn 
and the development of the desi:ed 
surface properties, calender blackenmg 
(the formation of transparent spots) 
becomes a problem To minimize the~e 

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 

0 

Machine calendering 

T -T Paper~ Roll 

100 

TEMPERATURE, °C 

200 

KEYWORDS 
Calenders 
Nip 
Temperature gradient 
Surface properties 
Newsprint 
Heating 
Rolls 

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-

Temperature-gradient 
calendering 

TEMPERATURE, °C 

b 

f~ . f' . h lS e ,ects, paper requiring high mis. 
Usually made from a more expens~ve, 
slower draining furnish, which im­
~roves formation and aids bulk redu{~ 
tion in the calender but also lowers .t 

. schematically) through the thickness of a paper web 
1. Temperature profiles (~hownln machine calenders, the temperature difference between 
passing through calender nip.(~) enerally small , as is the temperature variation through t~e 
the calender rolls and the paper is ~eb is compressed, it deforms uniformly thr~ughout its 
thickness of the web. When the di nt calendering the cold web is contacted with the very 
thickness . (b) In tempe~atur~-r~me erature gradie~ts between the surfaces and the middle 
hot calender rolls , causing _h1g P d the hotter surface fibers are deformed more than 
of the web . When the web is compresse ' 

machine speed and reduces prod1~~~~~ 
The reason for the existence J fol­

felationships may be e?'plaine P:~fect 
ows: although paper 1s not a 
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the cooler fibers in the middle of the web. 
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. nd surface properties . onditions, physical a 

Visual 

I. Calendering c StO f 
75

° Hunter 
ISO . Id Print-Sur 

Sheffie hness gloss, efficiency, brightness Basis roughness, roug , % 
% 0 • 

Bulk, Maximum 
Thickness, weight, ml/min µm No. of nip load, cm3/g ----Sample µm g!m2 

nips kN/m 
d newsprint 

6.2 59.0 47.7 

no. 

Conventionally calendere 266 6.24 

6 .6 59.1 48.4 
108 48.7 2.22 228 5.74 

7.6 59.1 48.6 

0 
48.2 2.12 168 4.98 

1 0 
102 

8.6 59.0 47.9 

18 
48.0 1.94 136 4.48 

2 1 
93 

10.1 58.9 47.9 

35 
47.5 1.79 198 3.96 

3 2 
85 

1.10 58.8 48.4 

53 
47.6 

1
-
70 

94 3.64 
4 3 

81 

12.0 58.8 47.6 

70 
47.8 1.61 88 3.42 

5 4 
77 

13.0 58.5 48.0 

88 
47.8 1 ·55 3.15 

6 5 
74 

1 47 74 7 6 105 
70 

47.7 · d d newsprint 8 7 123 
Temperature-gradient calen :;: ... 

6.2 58.9 
49.0 2.26 196 5.04 12.9 58.3 47.S 

0 111 

16.6 58.1 47.9 

1 0 
98 48.4 2.02 150 4.38 

57.8 47.0 

18 

48.3 1.88 122 3.94 19.4 

2 
35 91 

22.7 57.8 46.8 

3 
85 48.1 

1 
·
77 

96 3.44 4 53 

48.1 
1 

·
60 

92 3.38 23.4 57.3 46.8 
70 77 

23.8 57.1 46.2 

5 
88 77 48.0 

1
-
60 

89 3.30 6 1 
48.7 1.58 100 77 7 1 

II. . f calendered newsprint Printing and strength properties o 

Stretch, Breaking length, Ink Tear index, Ink 
Burst transfer require-

Sample Bulk, ment, Print- Set- index, mN•m2/g km % at 5 glm2, 
no. cm3 lg % glm2 through off kPa• m2 lg MD CD MD CD MO CD 

Conventionally calendered newsprint 
2.22 50.5 2.50 1 16 4.67 6.91 0.052 0.110 . 464 6.68 5.35 2.13 1.32 2.07 

5.38 2.11 1.39 2.07 
1.99 

2.48 0048 0.118 1.68 . 
4.81 1.99 1.25 

2 2.12 51.5 
0.054 0.120 1.66 4.46 6.57 3 1.94 54.8 2.25 

. 0 153 1 47 4.20 6.21 1.17 1.68 4.61 1.85 
1.61 

57.3 2.05 0.052 · . 18 
4.20 1.75 1.07 

4 1.79 

0 160 1.30 3.65 5. 5 1.70 58.8 1.93 
0.051 · 0 455 6 1.61 0.92 1.52 3.76 1.79 

1.35 

57.3 1.95 0 052 0.193 1.22 3.6 . 

3.28 1.56 0.83 0.054 0.225 1.11 3.39 4.12 7 1.55 58.5 1.93 
o:052 0.253 1.01 3.12 3.59 8 1.47 58.0 1.80 3.28 1.50 0.82 1.27 
Temperature-gradient calendered newsprint 

5.35 2.13 1.32 2.07 
1 2.26 51.3 2.45 0.050 0.103 1.66 4.67 6.91 
2 2.02 

5.60 2.11 1.33 1.84 
2.10 0.051 0.163 1.70 4.72 6.95 

57.1 
3 1.88 55.0 1.85 

1.84 4.89 2.09 1.12 
0.215 1.57 4.37 6.47 0.050 

4 1.77 55.5 1.65 
5.21 1.95 1.21 1.52 

0.049 0.275 1.44 4.07 6.23 
1.53 0.053 5 1.60 52.0 0.298 1.18 3.61 1.42 1.78 1.10 5.47 4.76 

1.20 
1.58 0.054 0.310 1.04 3.46 5.46 

6 1.60 52.0 
7 1.58 54.8 1.55 4.92 1.68 1.15 

1.34 0.86 
0.053 0.310 1.02 3.55 5.32 4.02 1.74 

ties of the paper surface and cause 
major deviations from the surf ace prop­
erty /bulk relationships. Kerekes and 
Pye (8) demonstrated this with the 
temperature-gradient calendering tech- • 
nique. They passed cold paper (23°C) at 
a 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 glossier compared 
with paper that had been calendered to 
the same thickness using either cold 
rolls or using hot rolls with one roll 
wrapped by the web. Kerekes (9) subse­
quently showed that the heat trans­
ferred from the rolls to the paper in the 
nip could penetrate only the surface of 
the paper before the web reached the 
zone of maximum compression. Thus, 

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
ism is illustrated schematically in Fig. 1. 

A technique that uses a moisture 
gradient to soften selectively the surface 
fibers of the paper 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 rolls. 
The spray was positioned so close to the 
nip that water did not have time to 
penetrate the web; only the surface 
fibers were moistened as the paper 
entered the nip. 

In this report, the temperature-grad­
ient calendering technique, which has 

·1 is . ter deta1 , now been studied m grea f the same 
presented. Separate 1?ts O ere calen· 
uncalendered newsprmt ~ by con· 
dered in a labora~ry calen 

1
:; by teIJl· 

ventronal calendermg and ~ A range 
perature-gradient calend~r1:tand this 
of sheet bulks was obtame ' rison of 
served as the basis for com~h proP­
surface, printing, and stren 
erties. 

Results after 
· ediatelY l!St Samples were taken 1~m dfor atl~ 

calendering and cond1twne test1n8'· 
24 hr at 23°C and 50% RH bef~r~rinti1f The physical, surfa~e, a~Ies I and i 
properties are listed m Ta can be. JI 
The two-sidedness of p3:per operat!0pt 
fected in the calenderm:re-grad1e 
particularly with tempera ,1 
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1.32 2.07 
1.39 2.07 
1.25 1.99 
1.17 1.68 
1.07 1.61 
0.92 1.52 
0.83 1.35 
0.82 1.27 

1.32 2.07 

1.33 1.84 

1.12 1.84 

1.21 

jog. However, this was not of 
clllellder interest in this study. There­
priJ118.r)y averages of the top-side and 
fore, 0\ide measure_ments of surface 
botto~nting properties are reported. 
s.nd P parker Print-Surf roughness 

The ements (11) were made with a 
Jl'les.su~king (a neoprene litho blanket, 
so~t J:ore A hardness) and two levels of 
85 re 00 the land area (1000 kPa for 
pressu d 2000 kPa for S20). Print tests 
S10 an erformed on a GFL press, using 
were ~ocedure outlined in standards 
the ~ p35:72 and SCAN P35:77 and 
sc~ribed by Crotogino (5). All printing 
des rties are reported as averages of 
pro:p-side and bottom-side values. Ink 
the •rement, print-through, and set­
rr{!~re evaluated at a pri~t density of 
0 

85 The strength properties are also t ted in Table II and were determined 
~; CPP A standard methods. 

o1scusslon 
sulk 
The bulk of the papers ca_lendered by 
the two techniques is ~hown i~ Fig. 2 as 
a function of the maximum mp load to 
which the paper had been subjected. 
The bulk values of the temperatute­
gradientcalendered 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 
of calendering, particularly in a com­
parison of two different calendering 
techniques. Furthermore, bulk, unlike 
roughness or printability, can be mea­
sured by a simple well-established 
method. ' 

Mlcrographs 
Scan · l bot nm~ e ectron micrographs of the 
sarn~( sides and cross sections of two 

P es, which were calendered to a 

2.4 

;~f~~!i 
I j I C,,n,.nunnal 

fern I I I I I Pi!:atllre-grad,ent 

8 e Be es 
O 18 35 53 70 88 105 123 

a, Co MAXIMUM NIP LOAD kN/m 
11"eriuo ' l nai and temperature-gradient. 

lpp1JOUrn 
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3. Scanning electron micr h . 
(bottom photo) of ne ~g;ap s of the bottom side (top photo) and the cross section 
calendering (b) tempe;st pnn cad~endered to _a bulk of 1.6 cm3/g by (a) conventional 

' a ure-gra 1ent calendering . 

bulk of approximately 1.6 cm3/g with niques. At all levels of bulk, the tem­
the c?nventional and the temperature- perature-gradient calendered paper is 
gradient techniques, are shown in Fig. smoother (i.e., has a lower roughness) 
3. Th_ese pictures of the temperature- than the conventionally calendered pa­
gradient calendered paper appear per. 
smooth and fused, while the surface of The surface property that was most 
the conventionally calendered paper dramatically influenced by the differ­
shows collapsed and uncollapsed fibers ence in calendering techniques was the 
throughout its structure, and there is 75° Hunter gloss, which is shown in 
no obvious bulk or density gradient Fig. 5. The temperature-gradient tech­
through the thickness of the sheet. The nique produced a very much higher 
cross section of the temperature-gra- gloss than the convention~! calendering 
dient calendered paper, on the other technique, indicating that small-scale 
hand, shows completely collapsed fibers roughness was reduced substantially 
at the surface and uncollapsed fibers in by the high roll-surface temperatures. 
the middle. This paper is obviously The gloss produced with the tempera­
more dense at the surface than in the ture-gradient technique is much higher 
middle. than that produced even by supercal­

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-calendered 
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, distinguish~s clearly 
between the two calendering tech-

u. E 7 
a: ::t. 
~_.: 6 
,0 

~§. 5 
a:~ 
a. w 4 
a:z 
WJ: 
~c., 
a::::> 

o Conventional 
• Temperature gradient 

■ Uncalenderecl 

<( 0 2 
a.a: C._L_L_J~:l;;--=¼-;!;17~2.2-

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 1.4 
BULK, cm3 /g 

4. Parker Print-Surf roughness (S10). 

enders. From Fig. 5 it can be seen that 
newsprint that was temperature-gra­
dient calendered to 1.6 cm3/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 cm3/g (5). 

The visual efficiency measured with 
an Elrepho photometer (Filter no. 10) is 
shown in Fig. 6. At the same bulk, the 
tern perature-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 (1 2). Similar 
differences were also observed in the 
ISO brightness shown in Table I. 

25 
?fl. 

~- 20 
0 
..J 
c., 15 
a: 
w 
~ 10 
:::::, 
J: 5 

o Conventional 
"' Temperature-gradient 

■ Uncalendered 

L-~--L-....L..---L.-'--_.___.,_...__ ..... 
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

BULK, cm3 /g 

5. 75° Hunter gloss as a function of bl11k. 

99 

BILLERUD EXHIBIT 1008-0003



FINISHING & CONVERTING 
0 

'a 59 
~ 
w 
>' 
(.) 
2 
w 58 
~ 
u. 
u. 
w 
...J 
<t 57 
:::> 

0 

4 Temperature-gradient 

□ Uocalendcred 

~ 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

BULK, cm3 /g 
8. Visual efficiency as a function of bulk . 

Printing properties 

The ink transfer to the paper from a 
plate inked to a level of 5 g/ m2 is shown 
in Fig. 7. At high bulk, thetemperature­
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 
in ink 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 cm3/g), the temperature­
gradient calendered paper showed a 
substantially lower ink transfer. 

The ink requirement for a print den­
sity of 0.85, shown in Fig. 8, was consis­
tently lower for the temperature-gra­
dient calendered paper. The difference 
in density or density gradients through 
the thickness of the sheet appears to 
have had no influence on the print­
through. In spite of the lower ink 
requirement, the set-off (Table II) is 
considerably higher for the tempera­
ture-gradient calendered paper than 
for the conventionally calendered paper. 

There are some similarities between 
the temperature-gradient calendered 
paper and the supercalendered paper. 
Supercalendered paper has lower 
Print-Surf roughness, higher gloss, 
lower ink transfer, and lower ink 
requirement than paper that has been 
conventionally calendered to the same 
bulk (5). However, the differences be­
tween temperature-gradient calen­
dered paper and the conventionally 
calendered papers are much more pro-

"cf?- so------------, 

7. Percent ink as a function of bulk. 

nounced, particularly for gloss. ?'he 
properties of temperature-gr~d1_ent 
calendered paper are also very s1m1lar 
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 pa per 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 b~ argued that, for the purpose 
?f comparmg strength properties, bulk 
is not _an_ appropriate basis. Since it is 
the prmtmg P:operti~s of the newsprint 
that are of primary mterest, it may be 
prefer.able to compare different papers 
at equivalent levels of some appropriate 
measure of printability rather than at 
the same le~el of bulk. If we calendered 
the n_ewsprmt to a desired level of ink 
requirement, for example we would 
ha_ve to calender it to a much lower bulk 
usmg the.conventional method than we 
woul~ usmg_ the temperature-gradient 
tech~1que. Smee the strength properties 
cons1?ered here decrease with de­
cre~sm~ bulk, a comparison on the 
basis of mk requirement ,would be ver 
favorable for the temp_erature-gradieJ 
calendere~ paper. This was illust t d 
by Crotogmo (19). ra e 

Concluelone 

It has been shown that in the . f 
calender, the application of m~ 0 a 
te!llperature gradient thro~gshr~~! 
thickness of the paper can lead to 
properties that are distinctly d'fiaper 
from those obtained for pape 1 er1ent r ca en-

• lower Parker Print-Surf roughn 
• very much higher 75° Hunt.er les_q 
• lower visual efficiency g ~ 
• lower ink transfer 
• lower ink requirement 
• higher set-off 

When the strength propertiesofte 
perature-gradient calendered papm-

d . h er were compare wit those of con-
ventionally calendered paper at the 
same bulk, the temperat4re-gradient 
calendered paper was fouqd 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 level of 
ink requirement, all strength properties 
were higher for the temperature· 
gradient calendered paper. 

Experimental 
Equipment 
The experiments were performed using 
the Institute's laboratory calende~ ~: 
This calender had three chromiu 

d' eter plated steel rolls, each 200 mm iam 105 
and 360 mm wide. Nip loads up to tlY 
kN/m could be applied indepen~r be 
to each nip and each roll cou ' f teJJI· 
heated electrically to sur a;~ The 
peratures in excess opf 200 · iable 
center roll was driven by a vrf730 
speed drive to a maximum srede~ was 
m/min at full load. T~e ca e~ wind· 
equipped with an unwmd an eding.! 
up stand for continuous we~ fe talled to 
6-kW infrared heater was in~ d The 

h h equ1re · rY pre eat the web w en r borato 
calender was located in a J: reJsti"e 
maintained at 23°C and 5 
humidity. 

Experimental program . ne,vs· 
U ncalendered western Ca~adiJTlan°chiPde 

d · er " · print, made on a foll;r . rin~g% grot1Ped 
from a furnish contammg . wsch 
wood, 32% TMP, and 19% serni· ~ 

, Jollf11 
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FINISHING & CONVERTING 
kraft pul_p, was used. The calenderin 
.. ,as carried out at a speed of 300 m/ _g 
.. h d't' mm under t e con i ions outlined in th 
following paragraphs. Before calende ~ 
ing, ~he ~aper was conditioned by r~­
windmg it slowly. 

Conv~ntional cal~ndering. For the 
simulation of conventional calenderi 
the web was preheated by passin;~t 
underneath the infrared heater an~ 
around two cal~nder rolls that were 
heated to approximately 70°C and 500c 
respectively_. The temperature of th~ 
web entering the upper nip wa 
adjusted to ~O (±3)°C by adjusting th! 
power to the infrared heater. The paper 
was calend~red only in the upper nip· 
the lower mp was not loaded. The web 
was calendered by successive pass 
through the nip with loads of 18 35 5~s 
88, 105, and 123 kN/m. After ea~h ~as ' 
samp!es were taken for testing, and th~ 
remainder of the paper was recondi­
tion~d before the next pass by rewind­
ing it slowly. 

Temperature-gradient calender- -
ing. Fo~ 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, 35, 53, 70, 
88, and 100 kN/m were applied. 
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THE PROBLEM 
?ev~r~ recoveryfoiler 
!neff1c_1ency. A pulp mill was 
incu_rnng hi~h operating costs, 
particularly 1n raw materials 
consumptio_n, and suspected 
poor reduction efficiency 
1n the recovery process. 

THE SOLUTION 
Analysis of the Kraft 
smelt for all four sulfur 
species by a Dionex 

3 

.-~ Ion Chromatograph.™ 
Comprehensive results were ob­
tained in less than 30 minutes with 
virtually no s?mple 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 Ion 
Chromatograph™ to optimize the 
boiler reduction efficiency This 
permitted optimization of make-up 
chemicals consumption which 
translated into significant savings. 

effective analytical procedure for 
meas~ring a wi~e variety of key 
paper industry ions. In addition to 
the sulfur species, these include 
hypochlorite, chloride, chlorite, 
chlorat_e, oxalate, carbonate, sodium, 
p~~ass1um, 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, bleac_hing, ::iapermaking, 
corrosion engineering, steam 
and energy production, pollution 
control and quality control. 
For further information on these THE CAPABILITY 

Everywhere today, the pulp and and many other applications, 
paper industry is striving for higher contact Greg Franklin at 
production yields and lower operat- (408) 737-0700, Telex: 348347, 
ing costs. Ion Chromatography™ Dionex Corporation, 1228 Titan Way, 
offers a fast, versatile and cost- Sunnyvale, CA 94086, U.S.A. 
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DIONEX. 
ION CHROMATOGRAPHS™ 

THE SOLUTION 
See us at the International Sulfite and 
TAPPI Pulping Conferences in Toronto. 
Circle No. 165 on Reader Service Card 

101 

BILLERUD EXHIBIT 1008-0005


	IMG_5512.pdf
	IMG_5513.pdf
	IMG_5514.pdf
	IMG_5515.pdf
	IMG_5516.pdf



