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ABSTRACT

This senior engineering problem is the study of the mechanism of
blackening and methods of measurement for blackening. The effect of
blackening i1s the loss of color and opacity in the sheet. The loss cf
opacity can result in transparent spots in the sheet. The loss of color
results as a darker sheet. There are 3 major variables which cause
blagkening: moisture content, nip pressures, and roll temperatures. The
increase in any of these variables results in blackening. In this
experiment, the increase of moisture content produced the most significant
blackening. The increase of pressure and increase of temperature produced
slight blackening effects. The most blackened sheet occurred at 10%
moisture, EBBOF, and 9@@ psi. An unblackened sheet resulted at 6%
moisture, ZDQOF, all pressures. Blackening became evident at 8% moisture,
QBBOF. Safte nip loadings would be between 300-60@ psi to prevent
blackening. A safe moisture level would be 6%Z. A safe temperature range
would be 158-175°F. The most valid method of blackening measurement is
with a color meter. The opac:ty measur=ment can alsoc be used, but in this

experiment, blackening was not severe enough to produce widely variable

opacity values.
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INTRODUCTION

Supercalendering is the last process machine which can affect
the quality of the paper. The objective of supercalendering is to
reduce the caliper of the sheet and to improve the smoothness and
gloss of the sheet with the least possible reduction in bulk (1);,
Many variables can cause blackening, such as moisture of the sheet,
temperature of the sheet, and pressure of the nips of the
sup;rcalender (2). Supercalendering is usually used to improve gloss
and smoothness in uncoated and coated high quality printing grades
(3). This senior engineering problem involves the analysis of the
blackening reaction and its effect on the strength and optical
properties of supercalendered groundwood rotogravure paper. The
analysis of different methods of measuring blackening will also be
presented.

PROCEDURE

//My original laboratory plan was to produce rotogravure
newsprint. using 75% groundwood and 25% kraft pulps as my stock. The
groundwocd that [ was going to use was repulped stub rolls from the
Kalamazoo Ga:zette. Then ! decided to use groundwood pulp that was

the same =s used in the Wall Street Journal. This pulp had been run

previousiv on the WMU pilot plant paper machine and was full of

wn

shives and dirt, causing the sneet to br=zy several times during the
run. Therefore, the groundwood pulp that I used was 1088% groundwood

troke from a previous pilot plant machine run. The source of the

original groundwood in this broke is unknown. [ then added 285% kraft
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pulp to the furnish to create a typical newsprint blend. [ prepared

8088 lb. of stock for my machine run. To this stock, I added 1@%
calcined clay, 1% rosin, and 2% alum. The clay was added to produce
a smooth printing surface. The rosin and alum were added for
sizability for ink holdout and to provide good runability on the
machine and supercalender. [ determined a constant basis weight to
run- from the literature of 3@ lb/ream.

I varied the moisture of the sheet on the machine to help induce
blackening in the supercalender. The moistures that I determined
from the literature were 6, 8, 18, 12, and 14%. The machine tenders
at the pilot plant strongly advised against the 12 and 14% moistures,
predicting extremely poor runability on the paper machine and
especially in the supercalender. Therefore, the moistures that I ran
were 6, 8, and 1@% moistures.

For each of these moistures, I planned to run various
temperatures and nip loadings in the supercalender. Originally, I
planned to run temperatures ranging from 1308 to ZBQDF at 1B°F
intervals to induce blackening. Thecse temperatures [ determined from

advised to run only 3

(U]

wn

the literature. In the interest of time, [ wa
temperatures on each moisture content, these itemperatures being 158@,
, and 282 °F. After discussing the plan with pilot plant machine
tenders, it was decided to run these different temperatures on only
cne molsture centent trial. This was due to the fact that the

csupercalender rolls could not be cooled down after the supercalender

was running. Therefore, in the interest of time, the different
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temperatures were only run on the 10% moisture content trial, as I

thought this trial would produce the mest serious blackening
results. The nip pressures that I was going to use criginally were
33, 1492, 288, and 350 kgfcmz, which [ determined from the
literature. The supercalender that [ was planning cn using, the WMU
pilot plant supercalénder. was not able to produce pressures this
high. Mr. Schuster, the pilcot plant director, informed me that
blackening usually Dccurfed on this supercalender at about 728-900
psig. The supercalender could range pressures from {B2-988 psig.
Therefore, I chose 3 pressures that I ran on each moisture trial and
on each temperature trial for the 1@% moisture of 388, 688, and 908
psig.

After I ran these trials, I tested the supercalendered and
unsupercalendered paper for strength and optical properties. The
tests that I performed were grammage, caliper, density, moisture,
tear (MD and CD), Burst, Tensile (MD and CD), HBrightness, Opacity,
Color, Gardner Gloss, and Parker Smoothness. The results from these
tests and graphical representations of the results are presented in

the "RESULTS" section.
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DISCUSSION

Background

Rotogravure Paper

Rotogravure paper 1s the paper used for the rotogravure printing
process (4}, FRotogravure is a subcategory of newsprint (3).
CharactEjistics reguired qf“newsprint are rgnability and printability
£3)-. g;nability requires the sheet to have strength to run through
the printing presses without breaks, and printability reguires the
sheet to have high brightness, whiteness, and smocthness for gocd
appearance and good ink coverage (5). A rotogravure furnish requires
a higher ratio of softwcod fibers to hardwood fibers to provide the
strength of the sheet, but needs encugh hardwood fibers to provide a
smocth and compressible sheet (3). I will be using a groundwood
pulp, which alsoc requires a higher level of softwood fiber in it to
maintain the strength after the grinding process (3). Rotogravure is
usually uncoated but supercalendered toc achieve the smocothnecss
necessary for rotogravure printing (3). Uncoated groundwood-
containing rotogravure paper is usually used for printing.///
Blackening ’

Blackerning i1s defined as the loss of opacity in the sheet during
csupercalendering (2). A4 blackened sheet i1s one that has been cver-
supercalendered (&), Moisture and temperature of the sheet can cause

Blackening as well as the pressure of the nips of the supercalender

s

{2', f critical density of the sheet can be reached, which 1

u

defined as the dencsity of the sheet at which blackening starts (2).
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Moisture

Moisture is ucsed in supercalendering to soften paper fibers,
allowing them to flow (7). {(Flowmobility of the fibers is the glass
transition point of cellulese, hemicellulose, and lignin.) This flow
allows the orientation and displacement of fibers, therefore filling
voids allowing smoothness and gleoss to increase (7). Therefore, the
bul4 of the sheet can be more easily reduced in the nip (1,7).
Reduced bulk improves smoothness and gloss f1). Back and Carlscn
used moisture parameters of 3, 5, and 9% to induce blackening in
their experiment {(2). Blackening occurs at higher mcisture (2).

Deeg recommends a moisture of 8.8-8.5% for a higher nip pressure and
a moisture of 9.@-18.8% for a lower nip pressure for uncoated
groundwood rotogravure paper (7).

Temperature

Heat 1s alsc used during supercalendering to soften paper
fibers, allowing them to flow (1). The temperature can be reduced
with an increase in moisture of the sheet to achieve flowmobility of
the fibers. Toc high of a temperature can result in hot spots on the
csupercalender filliled reolls (7). Ceold or lukewarm temperatures cause

the sheet tgo wrinkle in the supercalender {8). The temperature of

the =zhe=t is obtained bv heating the sur+acez of the supercalender
roils. Schiller recommends csupercalender rolls to be heated to at

o . L .0
lgast 153°F (8). Deeg recommends a temperature range of 183-ZB83°F

*3

{7). Deeg explains that higher running temperatures can be used for

roundwood rotogravure paper due to lower nip pressure

=
jom }
™1
[}
w
r+
m
Q.
(=]
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required. Back and Carlson experimented with temperatures of 68,

122, and 176°F to induce blackening (2). Blackening occurs at higher
temperatures {(2). Steam showers can alsc be used to further heat the
paper and induce moisture, but these shcowers are not recommended for
uncoated paper (8).
Pressure

- Pressure is used in supercalendering to reduce bulk, which
improves smoothness and gloss {(2,7). Pressure on the sheet is
obtained through nip loadings of the supercalender rolls. Schiller
states that excescsive pressure is one of the main causes of
overheating filled rolls (8). He recommends pressures under 14628
pli. Deeg recommends a low nip pressure of 238 daN/a for uncoated
groundwood rotogravure paper (7). Back and Carlson experimented with
pressures of 33, 14@, 280, and 350 kg/cm2 to induce blackening (2).

Blackening occurs at high pressures {2).

Basis weight variation does not seem to be a variable that
directly affects blackening. Its relationship to caliper and density
{inverse bulk) indirectly affects blackening. Bulk is defined as

caliper divided by bacic weight. Caliper variations are affected

variations. Bulk i1s the inverse of

]
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there+gore, the critical density is affected by caliper and basis

w2ight, A supercalender will calender to a2 constant bulk rather thanm
-]
tc & censtant caliper. Thus, caliper and bacsie weight variations

basis weight range used by

enly indirectly affect blackening (1). A
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Back and Carlson was 50-6@ g/m~ to induce blackening (2). The

critical density was determined to be approximately 8.88 g/cm° for
their ranges of parameters (6).

Optical Properties of Unsupercalendered Paper

Supercalendering decreases the surface area of the sheet,

therefore less light can be reflected off the sheet (8). Therefore,
brightness decreases as a result of supercalendering. Opacity
increases as the sheet is supercalendered and then sharply decreases
when the sheet reaches the critical density {(2).

Physical Properties of Unsupercalendered Paper

Strength of the sheet is important for the web to run through
the gravure printing presses without breaks. Tensile and tear are
the primary sheet properties important for the strength of the sheet
{3). Smoothness of the sheet, accomplished by supercalendering, is
important to decrease the void space for better printability (7).
Bulk is important to allow the sheet to be compressible so that the
gravure ink cells can contact mecre surface area (4).

Analysis

The results 1 obtained from the trials was rather
disappointing. A= theory statecs, cpacity should increase before
blackening occurs and then decrease sharply upon its presence. The

ranges of temperatures, moistures, and pressurecs were already too

severe of conditions, thus creating blackening even at the least

=
=

decreasing as more severe supercalender conditions were used, but the

evere conditions. The opacity for supercalender conditions were
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opacity was higher than that of the uncalendered cconditions. The

other disappointment was that some of the results show trends, but
the differences of the actual values for the data were not
significant enough to justify concretely that the trends were due to
blackening severity. The differences in values could very possibly
be due to experimental tecting errcor as well blackening effects. 14
imwe and equipment limitaticons allowed, ! would run a wider range of
moistures, temperatures, and pressures to be sure that the trends

presented are results of blackening. The data obtained for testing

m

of the different trials is presented in Table 1, and selected data is
presented for related trials in Tables 2-%9. Table 2 presents 6%
moisture trial datsz, all trials at 208°F. Table 3 presents 8%
moisture trial data, all trials at QQBDF. Table 4 presents 10%
moisture trial data, all trials at 3@®@psi with varying temperatures.

Table 5 presents 18% moisture trial data, all trials at 488 psi with

18% moisture trial data, all

o
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trials at 988 opsi with varving temperatures., Table 7 presents 1@%
moisturs data, all trials at 1S@°F with varying pressures. Table 8

o2_ .. .
presents 8% moisture data, all trials at 173°F with varying

& ; o
pressures. Tabls 5 presents 18% mcisture data, all trials at 280°F
with varying pressures, Graphical representation cof Tables 2-9 is
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fact that, from the data, moisture appears to have the most

significant effect on blackening. An increase in moisture content
increases blackening. 6% would thus produce the least severe
blackening of all the trials. Severe blackening did not occur during
this trial, even with the high temperature of 200°F and increasing
pressures. The calendering action was a success, as can be seen in
Figures 2-4. The brightness was reduced as supercalendering severity
increased due to the fibers being conformed into a smoother sheet,
thus allewing less light scattering. Color increases slightly at
first due to the initial increase in cpacity. The smoother sheet
causes less light to be scattered, as mentioned earlier, and more
light to be absorbed into the sheet. Thus, the opacity increases
initially which causes an initial increase in color, color being a
function of light absorption. The color then procedes tc decrease
slightly as severity of supercalender increases. The color meter
us2d was a Macbeth system, and seemed to produce less varying results
than the opacity and brightness meters. Thus, the trend in color
results :1s most probably due toc stight blackening rather than
experimental or eguipment errcr. The color loss that was produced
over the range of pressures was very slight, thus csevere blackening
had nct vet occurred, as was chown in the opacity results, The
density results alsc show that supercalendering produced a more
compact sheet as pressures were increased, which 1s a known result of

supercalendering. The density results do show that severe compaction

had not yet occurred, as the results are narrowly varying. It can be
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assumed that the critical density, where severe blackening occurs,

had not yet been reached.

The 8% trial opacity results in Fig. S show no particular
trend. The opacities decrease initially and then increase. This is
probably due to experimental error in the test eguipment, because the
color show trends similar to those for the 6% trial. The color
results, presented in Fig. 7, show more significant variability
between the different pressures than did the 6% color results. The
color values are lower than those for the 6% trial, also. Therefore,
it is evident that a more significant form of blackening resulted for
the B% trial than for the 4% trial. Brightness, presented in Fig.
6, follows the same trend as for the 6%, thus proving that
supercalendering was effective and became more severe with the
increase in pressure. The density results (Fig. 8) follow an
increasing trend with the increase in pressures, with the exception
of trial 11, This value is unusually lower than the other results.
This could be the reason that the opacity results were trendless.
The only explanation possible for this density value is the
possibility of higher nip pressures being exerted on the sheet than
the gauges showed during that run. It is doubtful that experimental

the opacity data shows

u

ue

m

error or equipcment error was the cause bec
unusual values for this run, also.
Figures 29-32 represant data for the 187 moisture trial at a

. a] . . . .
constant temperature of 200°F, therefore this data is comparable to

the data for the 6% and 8% trials. The opacity values shown in Fig.
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29 show a decreasing trend for all pressures. It is safe now to

assume that severe blackening has occur}ed. This is evident in that
there is no initial rise in opacity, but only decreasing values.
Severe blackening has occurred due to the higher moisture content
present. The decrease in opacities is not widely varying for the
different prescsures, therefore, cnce again it is safe to assume that
the. pressure loadings used did not create the severe blackening
conditions. Color values, presented in Fig. 31, follow the
decreacsing trend, proving that increased blackening occurred with
increased pressures. Brightness {Fig. 3@) follows the same trend as
in the previous cacsees, therefore, the different nip loadings did
accomplish increased calendering. The density ( Fig. 32) values
follow an increasing trend for increasing pressures, thus also
proving that increased calendering action took place.

Figures 21-24 represent the 18% moisture trial at constant
temperature of 158°F and varying pressures. Figures 25-28 represent
the 1@% moisture trial at constant temperature of ITSDF and varvying
gressures. The opacity values in Fig. 2! show a slightly increasing
trend, possibly proving that the low temperature was not high enough
to induce severe blackening. The opacity values in Fig. 23 show a
decreasing trend for all pressures, thus proving that severe
slackening had been achieved at this temperaturs. Fig. 22 anrd Fig.
23 back up Fig. 21 in proving that blackening had nct yet been
induced. The celor remains about the same for all oressures, as does

the brightness. The density {Fig. 24) shows that calendering was




Page 8!
accomplished, but not severely. This is because the density values

do not widely vary for increasing pressures. Fig. 26 shows that
brightness follows a decreasing trend, which is expected from this
increasing blackened sheet. Fig. 27 shows that color also decreases,
thus proving, along with opacity results, that blackening had been
inducaed. The density values in Fig. 28 prove that calendering action
was accomplished.

Figures 9-12 represent the 1@% moisture trial at constant
pressure cf 308 psi and varying temperatures. Figures 13-14
represent the 1@8% moisture trial at constant of 688 psi and varvying
temperaturss. Figures 9-12 and Figures 13-16 show no trends for any
test. The values are not widely varying for the different
temperatures. This proves that the temperature range used was not
wide enough or severe enough in combination with the 388 and 688 psi
pressures to induce blackening. The 9@@ psi trial was the most
severe supercalendering trial performed on the 1@% moisture paper and

did provide evidence that some blackening occurred as temperatures

Q.

were increased. This data is presented in Figures 17-28. The

4 g 3 ; o. .

density is questionably lower for the 288 F than for the other
temperatures, thus not +following the increasing trend. This trial

must have been subjected tp either lower temperature or lower nig

w

loading than reccrded. This value is net low due to equipment or

experimental error because the ppacity, bBrightness, and color values

are slightiy off, alse. The opacitv, presented in Fig. 17, shows a




Page 82
decreasing trend for all temperatures. Because of the absence of an

initial rise in opacity, severe blackening has already occurred. The
coler values, presented in Fig. 19, show a decreasing trend, proving
that blackening increased as a function of increasing temperature.
The brightness values remained approximately the same for all
temperatures, thus possibly proving that a near maximum compaction of
fibers had been achieved, due to being exposed to the mest severe
blackening conditions.

As can be seen in Fig. 33, cpacity, in general, is not a good
measure of blackening severity. Opacity was used in this experiment
to determine at what degree blackening was occurring, but it did not
always correlate with the other data. Opacity would probably be a
good measure of blackening if the range of conditions was broader,
thus producing a more noticeable blackening effect. Opacity could
alsc be a valid measure of blackening if a meter that produced less
variable results than the meter used in this experiment were used.
The color meter seemed to produce less varying and therefore mere
accurate data than the opacitv meter, As can be seen in Fig. 35,
coler is a very valid measure of blackening. As discussed :n above

discussion, the most significant cause cf blackening in this

10

cerigent was the increase i1n meisture. Fig. 33 shows wide

wr

olor measurements for different meoisture contents,
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tocllowing this trend. Alsc shown in this graph for each meoisture

content is the initial rise in celor. The brightnecss graphs (Fig.
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34) and the density graphs {(Fig. 34) are presented to prove that the

calendering action was actually accomplished as the severity of
conditions increased. The decreacse in brightness proves that the
sheet became smoother, and the increacse in density proves that the
sheet became lower in caliper {a recult of calendering). Brightness
and dsnsity cannot be ucsed tz measure blackening, but can be used as
a track up to the color and opacity methocds of measurement., These
tests can be used to ensure that calendering i1s being accomplished
and, theretore, blackening is what is being seen in the cpacity and
color measurements.

The strength properties are represented in Tables 18-17,
Graphical representations of the tables are pressnted in Figures 37-
6@. The best that can be said about the strength of a blackened
sheet is that, overall, it decreases with increased calendering.

Experimental error appears to be great in these test values. When

loeking at tensile graphs, most of the graghe are decreasing with

I
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ased calendering severity. This 1s true +for mest of the burst
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N
[/}
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-
n
.

Most of the tear graphc appear to decrease, then increase,
then dscreace again. This proves that upon initial calendering, tear

strength is lost, then is gained again and lost again as calendering

ceverity 1s increased. The tensils and surcst values $cr the most

2 < 3 o } - i
sever=z cCalendering condition of 1@% moisturs, ZB@F {Table 17) would
be expscted to be much lowsr tharn those of the least severe

calendering condition of &% molsture, 288°F. This is opoosite of the

L3

v

data obtained. Therefore, there must be subestantial experimental
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error and equipment error causing these values to be off, or else

actual calendering conditions varied from those recorded. No
conclusions can be made from this data as to whether the blackening
directly affects strength properties.

CONCLUSION AND RECOMMENDATIONS

The data collected proves that blackening increases as moisture,
nip- pressure, and roll temperature increase. In this experiment, the
varying moisture content produced the widest range of blackening
severity. The 1@% moisture content paper supercalendered at 2008°F
and 988 psi produced the most blackened sheet. The 6% moisture
content sheet supercalendered at 200°F showed the least severe
effects of blackening, with virtually no blackening action occuring.
The 8% moisture content sheet supercalendered at 200°F showed signs
of slight blackening. A safe nip loading range would be the 388-608@
psi range to aveid blackening. A safe moisture level to avoid
blackening would be the 6% level. A safe temperature range would be
the 158-175°F range. The most valid measurement of blackening was
the use of the Macbeth color meter. Opacity can be used as a valid
measurement, but in this experiment, the conditions were not severe

enough te produce widely varying opacity results,
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