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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin

HIGH SPEED RUNNABILITY AND BONDING:
EFFECTS OF MEDIUM AND CORRUGATOR CONDITIONS ON BOARD QUALITY

SUMMARY

This project is directed to identifying medium factors which will pro-
mote increases in corrugating speed and improve the quality of corrugated board.
A major part of our current work has been concerned with the evaluation of the
effects of moisture content and temperature during fluting. Optimizing roll
moisture levels and‘corrugating moisture/tgmperature conditions can improve box

plant quality and effect mill savings.

Corrugating trial results on a wide range of mediums have been ana-
lyzed to show a) the effects of medium nip moisture, nip temperature, roll
moisture and speed on ECT, flat crush, pin adhesion and high—loﬁs, b) how medium
nip moisture and temperature are affected by the steam shower andlpreheat con-—
ditions, c¢) how medium propeftieé affect combined board properties and,

(d) medium nip moisture/temperature relationships.

The following results were obtained:

Moisture/temperature/medium results.

l. Roll and nip moisture content are major factors affecting flat
crush. Increasing the roll and nip moisture content significantly
increases flat crush. The nip temperature of the medium has only é
minor effect on flat crush. Effective shéwering equipment on the
corrugator is important to help kegp the medium from bgcoming too

dry. Higher mill moisture target levels could also be beneficial.
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2.

3.

Pin adhesion strengths increase as medium nip moisture and nip tem-
perature lncrease at a given speed. Higher medium moisturgs aid
wettiﬁg and penetration, and higher temperaturesbsﬁould promote
faster gelling of the starch. The analysis does indicate that the

benefits of higher nip moistures reach a maximum at a moisture

somewhat in excess of 10%; beyond that point pin adhesion may

decrease.

Higher pin adhesion'strengths at a given speed are proﬁoted by
rougher, more porous, and more wettable mediums. Greater porosity
and wettabiiity should aid in wetting and penetration of the starch
adhesive. The roughness of the medium, measured by the difference
between soft platen and TAPPI densities, appeargd to significantly
affect adhesion strengths. The rougher the medium, the greater the
pin adhesion strength. These adhesion increases may be due to the
greater surface area of theAroughér mediums. The results also
suggestgd that the effecps of water absorptivity depend sqmewhat on
the medium density, although not in a major way.

Higher nip temperatures and moistures generally decreased high-
lows. Higher temperatures help plasticize the medium ana, pro-
viding the medium is not too dry, promote fluting with less damage
and dimensional instabiiity; Mediums exhibiting higher hot fric-
tion and soft platen caliper and lower MD stretch exhibited more
high-lows at a given speed.

ECT strengths increased as the STFI compression strength and basis
weight of the medium were increased. The results also show that

ECT strengths increased as pin adhesion strengths increased and

[r 3
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9°

10.

high-lows diminished. Thus the higher nip moistures and tem-
peratures which increase adhesion and decrease high-lows should
have a favorable effect on ECT.

However, the effects of changes in adhesion and high-lows were not -
very great unless extremes were present. Past work shows that ECT.
decreases rapidly when glue skips are present or adhesion strengths
are low. Also, fractured flutes are known to reduce ECT.

In general, increasing roll and nip moisture tended to produce
small decreases in single-face flute height.

Nip temperatures increased markedly with increased showering and
were lowered somewhat as medium density increased.

The medium moisture at the entrance to the fluting nip is primarily
dependent on the roll moisture and steam shower conditions as
expected. The medium preheater reduces nip moisture. Medium prop-
erties which affected nip moisture included water drop, density

and porosity.

These results emphasize the importance of effective steam showers
for obtaining high medium temperatures with added moisture to help
soften the medium and promote fluting and bonding.

The regression equations relating board quality to operating fac-
tors and medium properties can be used to assess the effects of
changes in mill target property levels, corrugating practices, and
for trouble-shooting problems. Used in this way the effects of
many combinations of medium properties and corrugator conditions

can be evaluated and optimized.




Project 2696-22 -4- " Report Two

High temperature tensile properties

We also determined the tensile load-elongation properties of mediums

from different sources after exposure to high temperature for short, controlled

periods of time. These conditions simulate the temperature/moisture condition

of the medium in the fluting nip.

At high temperatures the results indicate that

1.

The MD stretch behavior of mediums significantly increases as tem-
perature 1s increased, which favors higher runnability speeds.
However, the amount of stretch increase varies from medium-to-
medium, and the differences are great enough to affect runnability.
For examplé, a green liquor medium exhibited much lower stretch
increases than NSSC and caustic/carbonate mediums. These differ-—
ences in stretch behavior are believed to be affected by the chemi-
cal composition of the medium, i.e., by the lignin and
hemicellulose content. |

Different medium types exhibit approximately equal tensile lossesl
as the test temperature or initial moisture content wére changed.
fhe results indicate that high temperature tensile tests should be
helpful in explaining runnaSility differences anﬂ moisture/
temperature preconditioniﬂg effects on the corrugator. 1In a

current project we are investigating the effects of furnish com-

positién on high temperature medium behavior.

Devron-Hercules Steam Shower

In general the Devron shower results showed no major strength or run-

nability advantages were obtained.




Project 2696-22 -5- , Report Two
INTRODUCTION

This project was directed to identifying medium factors which promote
increases in corrugating speed and improve the quality of corrugated board. It
is part of a long-range plan to improve corrugator runnability. The first phase
of the work was directed to (a) developing a runnability model to relate medium.
properties to strength retention, high-lows and flute fracture and (b) devel-

oping baseline information on the performance of current commercial mediums.

Report One summarized the results from the first phase. The research
showed that critical speeds for high-lows and flute fracture depend on the
following properties: MD tensile, MD stretch, hot friction and caliper.
High-lows decrease as medium friction and thickness decrease, and MD tensile and
stretch increase. Strength retention.and flute fracture are affected in a simi-

lar way by these properties.

The second phase was concerned with the evaluation of the effects of
medium properties, moisture content and temperature during fluting on board
qualities. The board qualities evaluated were adhesion, flute height, high-
lows, flat crush and ECT. Roll moisture levels and corrugating moisture/temper-—
ature conditions can greatly affect board quality. Optimizing these factors can
improve gox quality and effect mill savings. The results obtained in this phase

are summarized in this report.

Currently we are extending this work to include consideration of green
bond development on the single-facer as well as final bond. Emphasis is being

given to the liner and medium properties affecting green and final bond.
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A detailed review of the literature on runnability is contained in
Report One. The literature on corrugator bonding was discussed in Project

2696-24, Reporf One, January 18, 1989.
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MEDIUM SUPPLIERS

To study the effects of initial roll moisture content variations a
number of mills. supplied rolls made at lower. than normal, normal, .and higher.
than normal moisture levels. Mills submitting medium samples are listed in-

Table 1.

. Table 1. List of mills submitting medium rolls.

Moisture Levels

Company Mill Low Normal High
Boise Cascade Corp. Wallula - X X
Great Southern Paper Co. . Cedar Srings X . X X e
Longview Fibre Corp. Longview X X X
Nekoosa Packaging Corp. Big Island X X X . . '
MacMillan Bloedel, Inc. Pine Hill X X X
Stone Container Corp. Hodge X X X
Stone Container Corp. York X X . X

These medium rolls were overwrépped in plastic by the mills. To try
and retain the manufactured moisture content the rolls were not unwrapped until

time of cdrrugéting. Sampies for test purposes were taken at that time.

The roll moisture contents taken during corfugating are shown in

Table 2 under coded identity.

Table 2. Roll moisture contents.

Nominal
Weight, o Moisture Content, 7%
Mill 1b/M sq ft Low Normal High
D 33 4.2 5.6 7.2
1 26 bob 6.0 7.8
K 26 2.6 6.0 .14.3
R 26 5.8 7.6 9.6
" R . 33 = -- 10.8
‘ AC T 26 - 6.8 10.2
AF 26 . == 6.4 11.3 .
AG 26 ' 5.3 7.6 8.1
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MEDIUM- PROPERTIES

The physical characteristics of the mediums submitted for this phase
of .the work are shown in Tables 3 and 4. For each mill the results are shown
separately for the two or three rolls made to different moisture contents. All

test properties were evaluated after TAPPI standard conditioning.

For comparison purposes selected properties of the 26-1b medium rolls
made to "normal" moisture content are illustrated in Fig. 1-5. It should be
kept in mind thag the results for the rolls qué‘at different moisture contents
often exhibit medium prope;ties'which.are.éignificantlynhigher or iower\thaﬁ

obtained with the. "normal" moisture content rolls.

Figure 1 shows that the MD tensile results ranged from a 16w of
37.7 1b for mills AC and R to 49.7 1b for mill AF. The MD stretch values ranged
from 1.08% for mill AF to over 1.6% for mill AG. M}ll K(glso exhibited.a rela—'
tivei? léw stretch leue. In éur rgnnability model high MD tensile gnd stretch
promote better runnability, but stretch is somewhat more important. Thus, the
advantages of a higher MD‘tensile strength can’ be counterbalanced by low MD

stretch.

The hot friction coefficients ranged from about 0.24 for mill AG to
. 0.46 for mill K (Fig. 2). A low coefficient is desirable. Lower runnability
would be expected for mill K medium, which exhibited high friction, low MD

stretch and a relatively high thickness.

The mill R medium exhibited the lowest soft platen caliper, while the
highest soft platenlcalipers were obtained for the»mill K and AF mediums

(Fig. 3). A lower éaliper.Should promote better runnability.




Report Two

Project 2696-22

8L

0°01

VAR
81%6S
9¢°1
L°LE

26°¢
00°¢
1L°9
oL1
9.°8
£°92

€649
k|

8°¢

7761

68°¢

-£0LS

8¢°1

%7°6¢

76°¢
£6.°C
L8°9
SLT
ST'6
1°LT

1649
|

*ST2A9] 2IN3STOW SNOTJIBA JB SpBU sunipaw 103J sarjaadoad 3saf

7°9

1°L

9°L

01

1°L1
% 0
SC°0

% ‘@anysTON 110¥

J9s ‘(6181):doap uwumz
Tu Q01/2°s ‘(4119) K311s5010g

?1TM ‘(3O0H) uwOTIDTIY
_3123 “(30H) uoTiIdT Y

q1 ‘eaoouo)

saydut 9/q1 ‘ysnip 3uTy @O
saydut 9/q1 ‘ysnip 3uTy OW

yosut/qi ‘1418 ad
yout/qr ‘1418 dW

13 bs/q1 33 ‘vial aw
yout/qi ‘3g aw
% ‘4239138 @KW
yout/ql ‘@T1SuUdL K

TTwwi/q1 “(0d1) ‘suaq
TTw-wi/q1 ‘(1ddvl) - “suaqg
TTw ‘(Dd1) z2d1tED

T “(od1) xedried

T ‘(1ddvl) 2edrted

33 bsu/q1 ‘3Iy81om siseg

oy 1108
1TIN

‘¢ 91qEL



-10- - Report .Two

Project 2696-22

08°%
869
ge’l
6°LY

6e°¢
69°C
86°6
L°€6T
9L°T1
8°te

L8L9
a

LY
(A%
XA
VA4S

9t "¢
VAR
18°6
6%¢

86°CI
£ve

£8.9
a

ov

9L°¢
veey
ge’l
L°Le

€9°¢€
wi°Z

61°L

£81
1676
1°9¢

1189
ov

01°%
(448
6¢ "1
9°6¢

09°¢
66°¢
¥1°L
81
90701
L6

6089
ov

T4
91

¢8°¢

89¢9 .

S1°1
8°9%

VA ?
§9°¢
86°¢L
€61

01°01
8°9¢

<089
p|

ve'e
96%9
€0°1
0°9%

av°e
6€°¢
66 °L
61"

96°01

¢°9¢

L1089
p:|

9 ‘21n3sTION T10Y

995 -“(6181) doap aaiepm
T 001/29s ‘(£119) K3i1soaog

231m ‘(30H) VOTIDTIZ
1123 ‘(30H) woTiIdIAY

q1 f‘eraodouo)

sayout 9/q1 ‘ysniy 3ury @D
sayout 9/q1 ‘ysniy Suty QW

yout/qr ‘14rs ad
ydut/qr ‘1418 AW

33 bs/qr 33 ‘vil @i
. yout/q1 ‘33 aW
% ‘Yd19118 @M
yout/ql ‘STTSUSL AW

TTw-wi1/q7 “(0dI1) -suaq
1Tw-w1/q1 ‘(1ddvil) -suaqg
TTe f(0d1) F2drTEd

Tm  ‘(0d1) F2d1iB)

T ‘(14dvl) 1°d11®)

13 bs/ql ‘Iy3189M stseg

*ON 1104
CTITR

*ST9AS] 2JNJSTON SNOTIBA 1B opEW sunTpall 103 sarizadoad 3Isay ‘4 a1qej




Project 2696-22 -11- . . Report Two

MD Tensile and Stretch

55 — _ ‘ 1.8
O MD Tensile® MD Stretch
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Figure 1. MD tensile and stretch results for "normal" moisture
content 26-1b mediums.

HOT Coefficient of Friction
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Figure 2. Hot friction results for '"nmormal" moisture content
26-1b mediums. ‘
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TA’PPI and IPC Soft Platen Caliper

- TAPPI (Hord) & IPC (Soft)
10-
£
. 9
-
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Re
S 8-
@)
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7 ; 3 . | BB 3
3 l: 052
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Mill Code
Figure 3. Caliper results for "normal" moisture content 26-1b
mediums.
CD Ring.Crush and Concora
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Figure 4. Ring crush and Concora results for '"normal" moisture

content 26-1b mediums.




Project 2696-22 -13- Report Two.

Gurley Porosity and Water Absorption (T819)
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Figure 5. Porosity and water absorption results for '"normal”
moisture content mediums.
Concora strengths ranged from 49 1b for mill R to 64 1b for mill I
(Fig. 4). CD ring crush values ranged from about 39 1b for mills AG and R to

about 47 1b for mill K.

Adhesion on the corrugator can be affected by both porosity and water
receptivity. Figure 5 shows Gurley porosity values ranging from 7 sec for AF
to 17 sec for-mill AG. Water absorptivity times ranged from a low of 4 sec for
mill T to 125 sec for mill K. As mentioned previously, the other rolls made to
h;gher or'lower moisture targets often exhibit porosities o; water.absorétivitygﬁ

results which differ from those of the '"normal moisture rollé.
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CORRUGATING CONDITIONS AND RUN DATA

Each medium was corrugated under three sets of corrugating conditions
to vary the moisture and temperature of the medium as i£ entered the fluting nip.
The fluting conditions were: |

a) maximum steam showers and full medium preheat,

b) no steam showers and full preheat,

c) maximum steam showers and half preheat.

During each run the medium moisture content and temperature.wefe‘
measured just before the fluting nip (termed nip moisture and temperature) at
the operating speeds of 200, 400, 600; 800land-1000 fpm. Roll moisture contents
were taken at start and end of the runs. A schematic of the instrumentation

and corrugator arrangements is shown in Fig. 6.

SHOWERS
GAYLORD-REGULAR

TENSION SENSOR \\\ ‘ TENSION SENSOR

PREHEATER

SHOWERS

EXTRA LINER
PREHEATERS

LINER SHOWERS

Figure 6. Instrumentation and corrugator arrangement.




Project 2696-22 -15- . Report Two

Single-faced board samples were taken '‘at each speed and condition,
providing the medium adhered to the liner. The board samples were tested for
pin adhesion, flat crush, high-lows, flute height, and ECT (on dbuble—faced
samples).

The corrugating run data are summarized in the'Abpendix (Table 14-34)

A

for each medium roll.



Project 2696-22 -16- : ‘Report Two
DISCUSSION OF RESULTS
The test results were analyzed to

1. Determine the effects of nip moisture, temperature, roll moisture
and speed on gach of the board properties

2. Relafe performance differences between mediums to thg properties of
the medium and operating conditions

3. Evaluate how nip moisture and temperature are affected by the

shower and preheat conditions

The results should have applications for both mill and box plant.
Some applications could involve mill moisture target levels, medium property

targets, and optimum box plant shower and preheater use to increase quality.

The test results for each board property, pin adhesion, high-lows,
flute height; flat crush and ECT, were statistically related to the following

variables:

l. medium moisture before nip, termed nip moisture,

2. medium temperature before nip, termed nip temperature,
3. medium roll moisture content,

4. speed,

5. selected medium properties.

Nonlinear effects of each variable were allowed for as seemed sta-

tistically necessary; some property interactions were also considered.

The multiple regression equations were then used to predict the

effects of changing the variables such as roll moisture content on each combined
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board property. Arbitrarily seledéedllevels of each variable were used in the
calculations Eo iliustrate effects. Keep in mind that this may result in con-
ditions thch are difficult to achieve on the corrugator. In the illustrations
which follow, the points shown on the graphs are calculated values for the

selected levels of the variables in the regression equation; the actualffit to

the experimental data can be judged from the predicted vs. experimental graphs.

The regression equations can be used to compare the effects of many
combinations of medium properties and operating conditions on the corrugator.
Used in this way the equations can be used to evaluate the potential impact of

mill manufacturing and corrugator operating practices and equipment.
FLAT CRUSH

The best fitting relationship for the composited data is shown in
Table 5. The regression explained about 82% of the variation in flat crush,
which is quite favorable. Figure 7 compares the predicted and observed values

and shows that the regression line gives a good fit to the data.

Figure 8 shows that flat crush reéults increase as roll moisture
increases. At a given roll moisture content higher flat crush strengths are
achieved when the medium moisture entering the nip is high. Thus, effective
steam showers or othe; moisturizing equipment is needed on the corrugator to
obtain the full flat crush potentials of medium; Low roll moisture contents
coupled with inadequate showers can greatly reduce flat crush. These increases
in flat crush with higher nip moisture contents are in accordance with past work
which showed that increasing the niﬁ moisture dgcrease& the elastic stiffness of

the medium and made it easier to form with less damage.
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FLAT CRUSH PREDICTIONS
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Figure 7. Comparison of observed and predicted flat crush
results.

FLAT CR. VS. ROLL AND SHOWER MOISTURE

“ A . 600 fpm, 180 F -

Flat crush, psi

N
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Figure 8. Flat crush increases as roll moisture and nip moisture
increase. (Note: higher or lower nip moistures are
shown as a difference, i.e., nip - roll moisture.)
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Table 5. Flat crush relafionship for composite data.

Regression
Property Coefficient Significance
Speed 0.00168 0.01
Nip moisture 1.57700 0.01
Nip moisture squared -0.04430 0.01
Nip temperature 0.29250 0.01
Nip temperature squared 0.00088 0.01
Roll moisture 1.34800 0.01
Roll moisture squared -0.08540 0.01
Concora 0.55500 0.01
Constant ' -37.52000 -

Note: R squared = 0.82.

At a given roll moisture content flat crush strengths were not greatly
affected by the nip temperature of the medium (see Fig. 9). The highest flat
crush strengths tended to be achieved with nip temperatures in the 155 to 185°F
range; however, the flat crush differences in this range were small. Higher tem-
peratures up to a point would be expected to help plasticize the lignin and

hemicelluloses in medium and help fluting.

Figure 10 shows that flat crush streng;hs slightly increased with
speed ét‘a given roll and nip moisture content. The small increase with speed
is usually obtained in our trials and appears to be due to the fact that
slightly higher nip moisture contents are obtained at higher speed. However, it
is known that decreases in flat crush at higher speed can be obtained as the
fracture speed is approached. Also, if bad high-lows are present, flat crush
variability normally increases and there may be some reduction in average flat
crush. These observations suggest that flat crush strengths should pass through
a maximum with increasing speed; however, when a nonlinear speed term was put
into the regression it was not statistically significant. This may be due to

the fact that samples with visibly fractured flutes were not tested.
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FLAT CRUSH VS. MOISTURE & TEMPERATURE
600 fpm, Roll = Nip Moisture
‘ —8— 200F
—»%— 185F
| —%— 170F
X —— .155F

39

5.
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= 351
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o
-
o
i

33

31 T Ll ] T T T

5 6 7 8 9 10 1
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Figure 9. Flat crush strengths were not greatly affected by nip -

temperatures in the 155 to 185°F range.

FLAT CRUSH VS. SPEED AND MOISTURE
185°F, Roll = Nip Moisture
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Figure 10. Effect of speed and roll moisture on flat crush.
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There were indications that improvements in predictive ability could
be achieved by including MD STFI or possibly MD ring crush in the relationships.
Such improvements may arise because the Concora test does not entirely simulate
the moisture/temperature conditions in the fluting process and uses an A-flute

profile rather than the C-flute profile used in this work.

Briefly summarizing, it appears that medium roll and nip moisture con-
tent are major factors affecting flat crush. Increasing the medium roll and nip
moisture content significantly increases flat crush. The nip temperature of the
medium has less effect on flat crush and a maximum was reached near 185°F.

. Effective showering equipment on the corrugator is important to help keep the
medium from becoming too dry. Higher mill moisture target levels could also be

beneficial.

PIN ADHESION

Several alternative regression equations were developed for pin adhe-
sion. The equation shown in Table 6 was one of the best, considering the sign of
the coefficients, medium properties and R squared. The equation ‘explained 89% of
the variations in pin adhesion and all factors were statistically significant.

Figure 11 shows that the predicted values compare well with the observed values.

Figure 12 shows that higher pin adhesion strengths were achieved as
the nip moisture increased. It appears likely that the increase in adhesion
strength is due to better penetration of the starch at higher moisture contents.
A dry sponge is more difficult to wet than a moist sponge. This analysis does
suggest that the benefits of higher nip moisture reach a maximum in excess of
10%. At very high moisture contents the water in the starch may penetrate too

quickly,. starving the starch for water and reducing adhesion strength. Higher
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Pin Adhesion Predictions
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150"' r o ' ’ ot
o120
e L
=]
» 90
]
s |
o
<
' BO-
>
ke
[+
1] L
D
© 30t
0 1 " " [ A " i " i i A " 1 i n 1
0 30 60 80 " 120 150
Predicted Adhesion, 1b
Figure 11. Observed vs. predicted pin adhesion strengths
are in good agreement.
ADHESION VS. NIP MOISTURE & TEMPERATURE
Nip = Roll Moisture
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Figure 12. Pin adhesion strengths increase as the nip temperature
and moisture content of the medium are increased.
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pin adhesion strengths were also obtained as the nip temperatures.were increased
at a given roll moisture. Higher nip temperatures promote faster gelling of the
starch and hence, higher pin adhesion strengths at high speed. Thus, effective
steam showers combined with higher medium moisture contents (within limits)

should help in obtaining higher adhesion strengths.

Table 6. Pin adhesion relationship for composited data.

Regression
Property Coefficient Significance
Speed/100 -20.137 0.01
(Speed/100) cubed -0.0439 0.01
(Nip Temp./100) squared - ~-10.058 0.01
(Temp./100) x (speed/100) 11.674 ~0.01
Water Penetr./100 -36.314 0.01
(W. Penetr./100) squared x IPC dens. 9.340 0.01
Porosity -0.888 0.01
IPC-TAPPI dens. -251.100 0.01 .
(IPC-TAPPI dens.) squared 185.000 0.01
Nip moisture 4.140 0.01
Nip moisture squared -0.155 0.01
Basis weight , . 3.873 0.01
Constant 110.600 -

Note: R squared = 0.89.

Figure 13 shows that pin adhesion strengths decreased rapidly above
800 fpm for the liner, adhesive and operating conditions employed on our corru-
gator. Above 800 fpm we were not able to supply sufficient heat to the liner
and medium to maintain the high adhesion levels obtained at lower speeds.
Similar shaped curves would be expected to be obtained for other machines and
conditions but shifted laterally or vertically deﬁending on the specific board

materials, adhesive, and corrugating conditions.

The effects of nip temperature and medium porosity are shown in

Fig. l4. Higher pin adhesion strengths were obtained at lower Gurley porosity



Project 2696-22 ' ‘ -24- Report Two

times (more porous mediums) at a given nip temperature. " More penetration would

be expected with the more porous mediums 'and hence, higher adhesion strengths.’

120

.—8— 190 F

PIN ADHESION VS. SPEED & TEMPERATURE

—— 170 F
—=— 150 F

Pin Adhesion, Ib
1]
o

60 A

’ N 40 T T il T T
© 400 500 600 . 700 800 900 1000
Speed, fpm

Figure 13. Pin adhesion strengths decrease as speed increases at
a given nip temperature. High temperatures are needed
for high speed operation.

Another medium factor which appeared to affect adhesion étrengths was
the difference between the soft plateg (IPC) and TAPPI densities. This dif-
ference depends on the roughness of the medium, i.e, the greater ‘the difference
the greater the roughness. Figure 15 shows that the rougher the medium at a
given porosity the higher the pin adhesion strength. : The rougher mediums will
have more surface area and hence, be more receptive to moisture/temperature
transfer in the showers and also provide more surface area for adhesion. This
analysis indicates that roughness effects were non-linear; thus roughness hés a

diminishing effect as the medium becomes smoother.
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EFFECTS OF POROSITY & TEMPERATURE
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Figure 14. Higher pin adhesion strengths are achieved with more
porous mediums at a given nip temperature.

ADHESION VS. POROSITY AND ROUGHNESS
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Figure 15. At a given medium porosity, pin adhesion strengths
increased for the rougher medium.
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Figure 16 shows that pin adhesion strengths decreased as water
penetration times (TAPPI method T819) iﬁcreased, as expectéd. However, the pin
adhesion stfengths were not very sensitive to relatively large changes in the
water drop times. The analysis suggests that the water penetratién effects
depend somewhat on the medium density, although not in a major way. At low
water penetration times density seemed to exert only small effects on adhesion
strength. Curiously, higher densities were slightly favored for tﬁe less wet-
table sheets. The opposite might be expected; therefore, this effect will be

checked in future work on green and final bond strength.

Effects of Water Penetration and Density

115 —8— Density 3.25
—»— Density 3.75
—=— Density 4.25
110
£
c
. 0
‘th 105 o
L
£
©
<C
g =
a
100
95 r — - ,
0 10 20 30 40 50

Water Penetration, sec

Figure 16. Pin adhesion strengths decrease with increasing
water penetration times, T819 Flotation method.

During the development of the above regression model there were also
some indications that porosity effects might also iInteract with sheet density.
We could not clearly determine if this was a real effect or was due to interac-

tions between density, porosity, and water penetration.
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Briefly summarizing, pin adhesion strengths increase as nip moisture
and nip temperature increase at a given speed. Higher medium moiétures may aid
wetting and penetration, and higher temperatures should promote faster gelling of
the starch. More porous and wettable mediums gave higher adhesion strengths.
Also, the roughness of the medium measured by the difference between soft platen
and TAPPI densities appeared to affect adhesion strengths. The rougher the

medium the greater the pin adhesion strength.
HIGH-LOWS

The best fitting relationship for the composited data is shown in
Table 7. The relationship explained about 80% of the variation in high-lows
which is quite good. Figure 17 compares the predicted and observed values and

shows that the regression equation gives a good fit to the data.

Table 7. High-low relationships for composite data.

Regression
Property Coefficient Significance
Speed -0.02540 0.01
Speed squared | 0.000046 0.01
Nip moisture o -4.05200 » 0.01
Nip moisture squared 0.19920 0.01
Nip temperature -0.12230 0.01
Roll moisture 0.47200 0.10
Friction squared 26.48000 0.01
IPC caliper 4.56400 0.01
MD stretch ' -151.73000 ' 0.01
MD stretch squared 49.75000 0.01
Constant 120.15000 0.01

NOTE: R squared = 0.80.
No. of observations = 229.
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Figure 17.
results.

Comparison of observed and predicted high-low

Figure 18 shows that increasing medium nip temperature decreases high-

lows at a given level of nip moisture.

Increasing nip moisture in the range up

to 8% decreased high-lows. Above 87 nip moisture the high-low levels remained

sensibly constant. Higher temperatures help plasticize the medium provided the

sheet is not too dry and hence, promote fluting with less damage and dimensional

instability.

Figure 19 shows that if the medium moisture at the nip is less than

the original roll moisture due to the drying effect of the medium preheater, the

high-lows will be increased at a given roll moisture.

As the amount of steam

showering is increased to raise the medium nip moisture above that of the roll

the high-lows diminish at a given roll moisture content.

When the showers add

2% moisture the high-lows are nearly constant over the range of 5 to 9% roll

moisture, although a shallow minimum in high-lows may occur for roll moistures
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HIGH-LOW VS. NIP MOISTURE & TEMPERATURE

Nip moisture = Roll moisture, 600 fpm S
21 & —8— 150 F

= 170 F
—o— 190 F
<D
i
11 Y Y \J \J T
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Nip Moisture, %

Figure 18. High-lows are decreased as the medium temperature
is increased. Higher medium moistures at the’
fluting nip also decrease high-lows up to about 8%.

HIGH-LOW VS. ROLL & NIP MOISTURE
600 fpm.

-8 =2% ST. Sh.
—¥#— 0% St. Sh.
—%— +2% St. Sh.

21

19 4

-
~
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High—low, %

. 11 — Y
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Roll Moisture, #

Figure 19. When the steam showers add moisture, the high-lows decrease.
The optimum steam shower moisture addition is about 2%
above the roll moisture.
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near 7%. 1f extrapolated to even higher roll moistures or steam additions, the

results suggest that high-lows could increase.

The effects of changes in nip moisture at a given roll moisture con-

tent of 7% are shown in Fig. 20. At a given speed raising the nip moisture

decreases the occurrence of high-lows.

HIGH—-LOWS VS. SPEED AND NIP MOISTURE

Roll Moisture = 7%
27

—&—~ 5% Nip M.
~%— 7% Nip M.
—5— 9% Nip M.
22 A
133
z
877
1
£
2
T
12
7
7 T L] L i L
400 500 600 700 800

Speed, fpm

Figure 20. High-lows vs. speed and nip moisture.

In general, the temperature and moisture results indicate that the sof-
tening effects assoclated with higher medium temperatures and medium moistures

help reduce the occurrence of high-lows.

Higher medium hot friction values increase high-lows at a given speed
(see Fig. 21). The effect of friction is in the expected direction based on our
runnability model. High—-lows generally increase with increasing speed as

discussed in past reports. The runnability model indicates that higher friction
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values and speeds induce higher stresses in the medium, and hence, ‘increase

high-low flute formation.

HIGH-LOWS VS. SPEED AND FRICTION

Nip moisture = Roll Moisture = 7% ,
27 —B— .45 Frict.

—+— .35 Frict
—o— .25 Frict.

7 T
400 500 600 700 800

Speed, fpm

Figure 21. Higher corrugating speeds and medium'friétion
' increase high-lows.

Figure 22 shows that thicker mediums produce more high-lows at a gi?en
MD stretch value. When the MD stretch of the medium is increased, the high-lows
decrease. The rate of decrease in high-low flute formation diminishes as the MD
stretch value increases above about 1.2%. The effects of both factors are in

the expected direction based on our runnability model.

ECT

- The best fitting relationship for the composited data is shown in
Table 8. The regression explained about 787 of the variation in ECT. The step-

wise regression program employed identified the following medium factors as
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having the most influence on ECT: CD STFI compressive strength, pin:adhesion, o .
high-lows and basis wéight in addition to speed. The results suggest:that the:
effects of medium roll moisture, nip moisture and temperature affect ECT pri-
- marily through their influence on adhesion and high—lows.“?oor adhesion or
excessive high-lows are known to affeét ECT so- the résults are .in accord with
experience. Figure 23 compares the predicted and observed ECT values and shows
that a reasonably good fit was obtained to the data. Some further improvements‘

in correlation should be obtained by allowing for the roll-to-roll variations in

llinéfiéTFI strength.

HIGH—LOWS VS. MD STRETCH AND IPC CALIPER

600 fpm
40 T— P —8— 8.5 Coliper
' ) —~#— 7.5 Caliper
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30
e
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0 T L

T T 1

8 1 1.1 1.2 1.3 1.4 1.5
MD Stretch, %

Figure 22. Lower medium caliper and higher MD stretch
decrease high-lows.

Figure 24 shows that ECT strength increases as the STFI strength of

the medium increases as expected. - Increasing pih adhesion strength also
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Figure 23. Comparison of observed and predicted ECT results.

Table ,8. ECT relationship for composite daté.

Regression
Property Coefficient Significance
CD STFI Compression 0.40600 0.01
~ Pin Adhesion 0.02010 0.05
High-low >4 mil ~0.04969 0.01
Speed -0.00088 0.10
Basis Weight "~ 0.56100 0.01

Note: R squared = 0.78.

Number of observations

= 229.
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increased ECT. Low pin adhesion strength is known to reduce ECT, either because

glue skips are present or some of the weaker bonds are not able to resist the

stresses induced during ECT testing.

ECT VS. MEDIUM STFI & PIN ADHESION

600 fpm
47 -—8—- 125 ib Pin

—»#— 100 Ib Pin
- 75 b Pin

46 4

ECT, Ib/in
&

12 " 13 14 15 16 17 - 18

STFI Compression, Ib/in

Figure 24. ECT results increase as medium STFI
compression strength and pin adhesion
increase.

The effects of high-lows on ECT are shown in Fig. 25. It appears that
board exhibiting fairly severe high-lows (25% greater than 4 mil differences)
will give ECT values about 1 1lb/in. lower than would be obtained at a low level
of high-lows, 5%. Flutes that are unbonded in the double—Backing operation are
known to weaken the ability of the board to resist compression stresses in ECT

tests and in a stacking environment.

Increasing corrugating speed in our trials slightly decreased ECT over

the speed range of 400 to 800 fpm (Fig. 26) at a constant pin adhesion. Because
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pin adhesion often decreases at higher speeds, losses in ECT would be expected

if this occurs.

ECT VS. MEDIUM STFI & HIGH-LOWS

600 fpm.
47 —8- 5X High—low
~—#— 15X High—low
—5— 25X High-low
46 1
3
45 4 {
c
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5 444
tt

\
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STFI Compression, 1b/in
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»

Figure 25. ECT results decrease as high-lows increase
at a glven medium STFI compression strength.

It should be noted that board samples with visible fractures were not
tested; boards with fractured flutes or excessive high-lows are known to givé

low ECT values.

Briefly summarizing, the CD STFI compressive strength of the medium is
a major factor affecting ECT for a given set of liners. Corrugating conditions
which result in reduced pin adhesion strength and increased high-lows will

reduce ECT and prevent attaining the full compression potentials of the liners

and medium.
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STFI Compression = 16 Ib/in
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~ Figure 26. Increasing corrugating speed slightly decreases
ECT at constant pin adhesion strength. Decreases
in pin adhesion at high speed would increase the
loss in ECT. :

SINGLE-FACE FLUTE HEIGHT

An analysis of the single-face flute height was carried out which

indicated that the main variables affecting flute height were nip moisture, nip

temperature, corrugator speed,

roll moisture and medium basis weight (or

caliper). Regression analysis explained about 83% of the total variation,

and Fig. 27 shows that good agreement was obtained between predicted and

observed results.

Figure 28 shows that
flute height for a given level

roll moisture and nip moisture

roll moisture and nip moisture

medium temperature had only small effects on
of nip moisture. The separate effects of medium
are shown in Fig. 29. 1In general, increasing

tended to produce modest decreases in single-face
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Figure 27. Comparison of predicted and observed single-face
flute height results.
FLUTE HEIGHT VS. TEMPERATURE & MOISTURE
Nip moisture = Roll moisture, 600 fpm
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Figure 28. Single-face flute height vs. nip

temperature and moisture.
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flute height. It is spéculated that the more moist mediums contract more after

fluting and hence, slightly lower flute heights are obtained.

FLUTE HEIGHT VS. ROLL & NIP AMOISTUREE
600 fpm.

-8~ -2X ST. Sh.
=— 0% St. Sh.
~%— +2% St. Sh.

S. F. Fiute Height, mil

N \'

155

-

5 6 7 8 9
5 : Roll Moisture, %

-4

Figure 29; Increases in medium roll moisture and nip moisture tend
to produce modest decreases in single-face flute height.

NIP MOISTURE/TEMPERATURE vs. OPERATING CONDITIONS

By coding the steamlshower and operating conditions we were able to
relate the medium moisture content and temperature before the fluting nip to
roll moisture, speed; shower conditions and preheat wrap. These éorrelations
were carried out usiﬁg the results for two of the mills, mills D and I. Mill D
submitted 33-1b mediums; mill I sent 26-1b mediums. Good fits to the data were

obtained for both mills (see Table 9).

It was not possible to allow for nonlinear effects in this analysis,
but interactions were considered. An interaction between shower conditions and

speed was significant in the temperature relation.




Project 2696-22 -39- ' Report Two

Table 9. R squared values for nip moisture
and temperature relations.

: R Squared
Mill D Mill I
Nip moisture 0.81 0.90
' Nip temperature 0.97 1 0.96

Figures 30 and 31 show the effects of roll moisture and steam shower
condition on the nip moisture content for Mills D and I mediums, respectively.
As would be expected nip moistures increaséd SCeédily as the'roll moisture
increased er Botﬁ mills. The éhange from no éhower fo full sho&er increased
the nip moisture content by about 1.5% for Mill D and 2+% for Mill I. While
roll moisture has the most effect on nip moisture content, the steam showers can

significantly raise the medium temperature..

NIP vs. ROLL MOISTURE & ST. SHOWER
MILL D, 600 fpm, MAXIMUM PREHEAT

—8— FULL SH.
—t— 0.5 SH.
, —o— NO SH.

i1

10 1

-]
A

NIP MOISTURE, 7%
[}

-

5 e ' 7 L ®
ROLL MOISTURE, ®

[ 2]

Figure 30. Nip moisture content increases as roll moisture and
steam shower condition increase for mill D.
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Figures 32 and 33 show that the nip temperature slight;y decfeases.as
roll moisture increases for the medium from both mills. For a 4% change in
mediuﬁ roll moisture content, the nip temperature decreased about 10°F for
Mill D mediums and by about éO°F for Mill I mediums. Changing from no shower to
full shower increaéed the medium temperature by 35 to 50°F7' Thus, while higher
roll moistures slightly decreased the nip temperature, the steam showers had a

large effect on the nip temperature of the medium.

NIP vs. ROLL MOISTURE & ST. SHOWER - -

MILL 1, 600 fpm, MAXIMUM PREHEAT —o~ FULL SH. -

—— 0.5 SH.
~%— NO SH.

13

NIP MOISTURE, %

[ ]

' ROLL MOISTURE, %

Figure 31. Nip moisture content increases as roll moisture
and steam shower condition increase for Mill I..

Figures 34 and 35 show that increasing the preheater wrap from one-
half to full wrap reduces the nip moisture content by about 1%. To achieve

higher nip moistures at a given roll moisture content it is desirable to make

maximum use of the steam showers.

Figures 36 and 37 show that the nip temperature increases about 5°F as

the preheater wrap is changed from one-half to full. Increasing roll moisture
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NIP TEMP. vs ROLL MOISTURE & ST. SHOWER
‘ MILL D, 600 fpm, MAXIMUM PREHEAT
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Figure 32. Nip temperature decreases slowly with increasing roll
moisture content but increases greatly as the steam
showers are activated.

NIP TEMP. vs ROLL MOISTURE & ST. SHOWER

MILL |, 600 fpm, MAXIMUM PREHEAT
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Figure 33. Nip temperature decreases as roll moisture increases
but increases as the steam showers are activated.
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NIP vs. ROLL MOISTURE & PREHEAT"
MILL D, 600 fprmn, MAXIMUM STEAM SHOWER
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Figure 34. Nip moisture increases as roll moisture increases
and preheat wrap decreases for Mill D mediums.

" NIP vs. ROLL MOISTURE & PREHEAT
MILL 1, 600 fpm, MAXIMUM ST. SHOWER
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Figure 35. Nip moisture increases as roll moisture increases
and preheater wrap decreases for Mill I mediums.
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~ NIP TEMP. vs. ROLL MOISTURE & PREHEAT
MILL D, 600 fpm, MAXIMUM STEAM SHOWER

181 9 —&— FULL PHT.

—— 0.5 PHT
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Figure 36. Nip temperatures increase about 5°F as preheater
: wrap was changed from one-half to full for Mill D
mediums.

NIP TEMP. vs. ROLL MOISTURE, & PREHEAT

: MILL |, 600 fpm, MAXIMUM ST. SHOWER -
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5 8 7 gi 2
ROLL MOISTURE, %

Figure 37. Nip temperature increases by about 5°F as preheater
wrap is changed from one-half to full for Mill I
mediums. o
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had a larger effect on nip temperatures for the 26-1b Mill 1 mediums than fhe
33-1b Mill D mediums. This may be due to the greater density and lower

thickness of the Mill 1 medium.

Analysis of the composited data for all mills gaVe trends similar to
those obtained for Mill D and I. The regression coefficients for the composited
data are shown in Table 10. With regard to medium properties, the nip moisture
contents attained depended on the following properties: water drop, density
(IPC), and porosity. Increasing medium density and water drop tended to reduce
the nip moistures attained for a given roll moisture and shower/preheater con-
dition as would be expected (Fig. 38). The mofe porous sheets tended to attain
lower nip moistures (Fig. 39). However, the nip moisture léevels did not seem to

be very sensitive to small changes in these properties.

~ Increasing medium density tended to lower medium nip temperatures as

expected (Fig. 40).

MOISTURE VS. DENSITY & WATER DROP

—8— W. Drop=5
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Figure 38. Increasing medium density and water drop lowered
nip moisture contents, other factors constant.
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NIP MOISTURE VS. DENSITY & POROSITY
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Figure 39. More porous mediums tended to attain lower nip ‘moisture
contents, other factors constant.

NIP TEMPERATURE VS. MOISTURE & DENSITY
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Figure 40. Higher density mediums gave lower nip temperatures, other
factors constant.
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Table 10. Effects of operating conditions and medium properties
on medium nip moisture and temperature (composited data).

Regression Coefficient

Variable Nip Moisture Nip Temperature
Speed - 0.00311 -0.0576
Preheat Wrap -1.23700 7.0588
Steam Shower Cond. 2.28300 : 5.1920

_ Roll Moisture ‘ 0.75400 ©-1.9910
St. Shower x Speed - . 0.0568
Water Absorptivity -0.0IIIQ -
Porosity ' 0.07250 -
Density (Soft Platen) . -1.70300 =~ -9.6380
Constant ' 6.44000 221.9000

Notes: 1. All variables significant at the 0.0l level or higher. .
2. Coded variables: , S
Preheater wrap: no wrap = 0; full wrap = 1.0.
Steam shower: off = 0; full on = 1.0.

DEVRON-HERCULES STEAM SHOWER

Devron-Hercules constructed a special steam shower to try out on the-
Institute's pilot corrugator. The Devron shower reﬁlaced thevuppér half of our
present main shower (Fig. 41). Basically, the low pressure steam enters a large
cavity and passes into another open space where the steam confacts-the mediuﬁ.'
The steam feeds into the open space throughltwo rows of ﬁoles (orifices), one
row on each end of the top unit. The hinged unit to the left is heated with
steam and is intended to prevent too much loss in sheet temperature before the

medium enters the labyrinth;
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- SUPPLY
STEAM

DEVRON - HERCULES
SHOWER

—————— e e
- i

LOWER STEAM
SHOWERS

MEDIUM

Figure 41. Schematic of Devron-Hercules steam shower.

Iﬁ the initial trials wévobserved that much water in the form of
droplets was carried alo;g the top sufface of the sheet. There were indications
ﬁhat so mucﬁ free water was éfesént th;t it Began to interfere with corrugating.
One of the effects was to lower the draw factor, indicating thé medium was'
stretching more during forming and was approaching a fracture condition at lower
speeds than with our standard main shower. Also, our moisture measurements

became very erratic and often went off scale due to the free water droplets.

Higher medium‘friction‘is obtained‘as moisture increases and water
droélets mighﬁ accentﬁ&te this trend. For this reason a PE slip agent was
applied to the medium in an effort to lowe; friction effects at higher moisture
in all of the following runs. However; the PE agent did not appear to be very
effective under these water conditions. Possibly other agents might be more

effective at such high moisture levels.
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In an attempt to reduce the droplet carryover, a crude scraper blade
was located after the movable temperature chamber. This appeared to remove at
least part of the droplets and improved the moisture measurements. However,

probably a better solution would be needed.

After the initial trials, three mediums were run with the Devron
showers and the results were compared to results obtained with our standard
steam shower arrangément. Table 11 summarizes the. data and Fig. 42-46 compare

the average results. .

The‘medium temperatures achieved with the Devron showers were about
14°F higher than obtained with our regular showers (Fig. 42). Higher moisture
contents were also achieved although these results still may be influencéd by

water droplet carryover.

On the average the high-lows obtained with the Devron shower were
slightly lower than obtained with the regular shower, and the differences became
greater at 800 fpm (Fig. 43). These improvements in high-lows may be due to the

higher témperatﬁre and use of a slip agent.

Single—-face flat crush results obtained.with the Devron shower were
slightly lower than -obtained with the regular showers. waer ECT results wefe?
also obtained with the Devron shower (Fig. 44 andl45). The lower ECT results -
may be due to the decreases in pin adhesion which occurred with the Devron
showef (Fig. 46).: Tﬁe previous analysis of EéT status reporg showed’that lower

pin adhesion strengths tended to decrease ECT.

In general, the Devron shower results showed no major strength or run-

nability advantages were achieved. . The results suggest that moisture levels




Project 2696-22 -49- Report Two
Table 11. Comparison of medium shower type.
Medium 6813 Medium 6781 Medium 6782 Average
Devron- ‘Devron- Devron- Devron-
Showers: Regular Hercules Reqular Hercules Regular Hercules Regular Hercules
Medium Temperature, °F
200 fpm 171 192 198 213 180 198 183 201
400 fpm 175 193 198 207 184 198 186 199
600 fpm 177 195 196 205 186 198 186 199
800 fpm 176 196 193 202 183 195 184 198
av. 175 194 196 207 183 197 185 199
% diff. 11.02 5.35 7.64 7.89
Medium Moisture, %
200 fpm 10.5 12.5 6.4 9.6 9.0 12.4 8.6 11.5
400 fpm 12.2 13.4 7.8 11.8 10.6 14.1 10.2 13.1
600 fpm 12.6 14.2 8.4 12.7 11.7 14.6 10.9 13.8
800 fpm 13.9 15.0 9.1 13.2 12.8 15.0 11.9 14.4
av. 12.3 13.8 7.9 11.8 11.0 14.0 10.4 13.2
diff. 1.48 3.90 3.00 2.79
Medium Draw
200 fpm 1.439 1.438 1.441 1.447 1.441 1.445 1.440 1.443
400 fpm 1.438 1.438 1.445 1.447 1.436 1.446 1.440 1.444
600 fpm 1.437 1.433 1.440 1.443 1.434 1.447 1,437 1.441
800 fpm 1.435 1.432 1.435 1.445 1.428 1.437 1.433 1.438
av. 1.437 1.435 1,440 1.446 1.435 1.444 1.437 1.442
% diff, -0.14 ' 0.36 0.63 0.28
Hi-Los, % > 4 mils
200 fpm 0.2 3.7 9.5 1.4 4.4 1.1 4.7 2.1
400 fpm 2.0 3.2 7.2 3.7 4,2 2.6 4.5 3.2
600 fpm 3.8 8.7 12.0 6.2 12.5 7.8 9.4 7.6
800 fpm 15.1 15.4 31.1 10.5 24.9 18.3 23.7 14.7
av. 5.3 7.8 15.0 5.5 11.5 7.5 10.6 6.9
diff. 2.48 -9.50 -4.05 ~-3.69
Singleface Flute Heights, mils
200 fpm 154.9 155.9 156.7 157.2 155.2 156.7 155.6 156.6
400 fpm 155.1 156.1 157.1 157.1 155.3 158.8 155.8 157.3
600 fpm 155.3 155.7 157.2 156.8 155,2 157.9 155.9 156.8
800 fpm 155.3 155.7 157.0 157.9 154.9 156.6 155.7 156.7
av. 155.2 155.9 157.0 157.3 155.2 157.5 155.8 156.9
% diff, 0.45 0.16 1.51 0.71
Singleface Flat Crush, psi
200 fpm 34.4 35.1 29.6 30.2 40.5 35.5 34.8 33.6
400 fpm 35.4 35.6 30.9 31.6 40.5 36.0 35.6 34.4
600 fpm 36.5 35.1 32.5 33.6 41.8 37.6 36.9 35.4
800 fpm 36.1 34.8 35.4 34.9 43.4 39.2 38.3 36.3
av. . 35.6 35.2 32.1 32.6 41.6 37.1 36.4 34.9
% diff, -1.26 1.48 -10.77 -4.07
Singleface Pin Adhesion,
200 fpm 98 93 104 81 111 79 104 84
400 fpm 118 100 104 92 105 93 109 95
600 fpm 114 102 97 87 102 83 104 91
800 fpm 116 93 90 70 95 83 100 82
av. 112 97 99 82.5 103 85 105 88
% diff. -13.00 -16.46 -18.16 -15.79
Doublefaced ECT, 1lb/in,
200 fpm 43.4 - 42.6 - 45.1 - 43.7
400 fpm 43.9 42.3 44.1 42.8 43.8 42.4 43,9 42.5
600 fpm 43.1 43.3 42.4 41.1 42.6 40.8 42.7 41.7
800 fpm 44.3 41.7 41.4 37.6 42.5 40.8 42.7 40.0
av. 43.7 42.4 42.6 40.5 43.5 41.3 43.3 41.4
% diff. -2.84 -4.99 -4.98 -4.,26
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Effect of Showers on Medium Temperature
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Figure 42. Effect of showers on medium temperature.

Effect of Showers on High—Lows
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Figure 43. Effect of showers on high-lows.
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Effect of Showers on Singleface Flat Crush
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Figure 44. Effect of showers on flat crush.
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Figure 45. Effect of showers on ECT.
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after the steam showers which approach 13 to 16% do not promote further improve-
ments in corrugating opération;fpérticulérly if free water droplets are present.
Some confirmation of this was obtained in limited trials with water sprays at

high moisture levels.

ngect of Showers on Singleface Pin Adhesion
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Figure 46. Effect of showers on pin adhesion.

HIGH TEMPERATURE TENSILE TESTS

During the co?rugating process, mediums are subjected to high‘tem—
peratures for short-périods of time and can be preconditioned to a wide range of
moiéture contents prior to corrugating, by the showers and preheater; Also, in
the flute forming process, the medium is subjected to high levels of tension
over a relatively shorf period of time. To develop a.better pnaerstanding of
the medium properties during fluting; an apparatﬁé was constructed to study the

tensile load-elongation properties of mediums under typical corrugating tem-—
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perature and moisture conditions. Mediums specimens, which were preconditioned
to various levels of moisture content, were heated for controlled periods of

time just prior to a relatively high speed tensile test.

fhe specimen heatiﬂg apparatus was designed and built to adapt to a
conventional tensile tester. The device consists Qf a pair of heated platens
that can be pneumétically merd into position around a test specimen. The pla-
tens can be adjusted to within a few thousandths of an inch from the specimen's
surface. The interval between the time that the heated platens are brought into
close proximity with the specimen and subsgquent loading of the specimen can be
controlled to within 0.1 sec, with a time range from 0.1 sec to 10 sec. The
increases in specimen temperature as a function of time are illusfrated in
Fig. 47. Both the surface and internal temperature of the medium are within

50°F of the platen temperature after 1.0 sec of heating.

TEMPERATURE COMPOSITE
26 1b MEDIUM, .010 in. PLATEN SPACING
T

L PLATEN TEMPERATURE
350 Al ................................................... : .

400

300 1

-]

250+
200+
150+

TEMPERATURE,

1001

S0+

TIME, s

Figure 47. Heating time of the medium in the apparatus.
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Specimens were foil wrapped during the heating and tensile testing to°
help maintain the moisture content throughout the testing period. Also, the
tension tests were run at a speedAof'20 in./min to minimize moistufe loss as
much as possible. The mediums were tgsted after conditioning at 507 RH, 707 RH,
and 90% RH. These corresponded, on the avé?age, to initial moisture contents of
7.0%, 9.67%, ana 13.9%, respectively. The test specimens were heated in the

apparatus for 1.0 sec. just prior to testing.

-In addition to tension tests on the control specimens at 73°F, testing -
was carried out.after heating the specimens with the platens at 150°F, 200°F,
250°F, 300°F and 350°F. Mediums no. 6781 kMill AF), rmo. 6799 (Mill I) and
no. 6811 (Mill AC) were tested. These mediums represent pulping processes of
NSSC, green liquor and caustic carbonate, respectively. The test results, which
include tensile strength, stretch énd MD elastic modulus, are shown in Table 12.

The percent changes in these properties are summarized in Table 13.

The thrgevmediums exhibited significant differences in MD'stretch
behavior as temperature and initial moisture content were changed. For example,
Fig. 48 éhows tﬁat the NSSC and caustic carbonate mediums exhibited larger
stretch increases than the green liquor medium at 250°F and an initial RH of
70% RH. Our runnability model indicates that -stretch increases should increase
fracture speeds and reduce high-lows (see Report One). It should be kept in
mind that only one medium' of each pulping tybé was tested. Thué, the coﬁclusion
should not be drawn that all mediums of these types will behave in exactly this

way.
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PLATEN TEMPERATURE = 250 F
PRECONDITIONING RH = 70 %

CHANGE IN STRETCH (0

N\

6739 6811
MEDIUM CODE

Figure 48. Significant differences in MD stretch behavior of
various types of mediums were observed at high
temperature. (Note: 6781 = NSSC; 6799 = green
liquor; 6811 = caustic carbonate).

While the mediums exhibited large differences in the way stretch was

affected by high temperature in the presence of moisture, the tests showed that

MD tensile was reduced by about the same percentage amount (Fig. 49).

In the corrugating operation the lignins and hemicelluloses are
believed to reach their glass transition temperature which causes them to soften
and promote forming. The glass transition for these substances will depend on
moisture content as well as temperature. We believe that differences in the
chemical composition of various types of mediums should cause differences in the
tensile properties at high temperature, and‘hence, affect runnability. Current
work 1s directed to determining how chémical composition affects the high tem-

perature properties of medium.
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PLATEN TEMPERATURE = 250 F
PRECONDITIONING RH = 70 X
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Figure 49. High temperatures caused about equal percentage losses
in tensile strength of various mediums. (Note: 6781 =
NSSC; 6799 = green liquor; 68l1 = caustic carbonate).

The tensile strength versus platen temperature results for medium 6811
are shown in Fig. 50 to illustrate the general temperatufe behavior. A nearly
linear decrease in tensile strengfh was observed, when the specimens were heated
in the femperature range from 73°F and 25Q°F at- each initial moisture level. Af
platen temperatures above 250°F, the tensile strength remained relatively
constant. During the-heating process, moisture is lost as thelspecimen‘;em;
perature increases. Because tensile strength increases as the moisture content
is lowered, it appears that at temperatures above 250°F the losses in moisture
counterbalance the effect of raising thé temperature; Hence, the tensile
strength remains constant above 250°F in these experiments. As expected, the

highest tensile strengths occurred for specimens conditioned at 50% RH and the
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lowest tensile strengths for specimens conditioned at 90% RH, at each platen

temperature level.

MEDIUM 6811

.0 SECOND MEATING TIME
507 -0 S AT,
~ 404 soz rH
=
~ J
2
w 30 -
= |
— i
e |
= 204 N _70% RH
| 90% RM
10 l"‘“r "'w‘l'm "‘_q;LlA” 5 - - l‘ B ‘“l = 7-‘”" N |
SO 150 250 350

PLATEN TEMPERATURE
Figure 50. MD tensile strength vs. platen temperature for
specimens conditioned at 50, 70, and 90% RH.

The stretch results versus the platen temperature are plotted in
Fig. 51 for medium 6811. The stretch values reached a maximum in the platen
temperature range between 200°F and 250°F at each in1tia1 moisture level. As
the temperature increases above about 250°F, the losses in specimen moisture
content more than counterbalance the effects of increased temperatures and
hehce, cause the stretch to decrease at the higher temperetures in these
experiments. At temperatures above about 300°F, a cross—-over in the stretch
values occﬁrred in which the specimens conditioned at 90% RH had lower stretch

fhan specimens conditioned at 50% RH. It is not clear whether this effect is
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real; however, if verified in current work, it would help explain some corru-

gating effects when medium moisture content is very high.

MEDIUM 6811
1. 0. SECOND HEATING TIME

S
- |
o
—
w
[0 4
—
v_(.n
J S0%Z RH .
0. 84 :
0. 4 . L Ll ] 1 | L | T
S0 150 250 350

PLATEN TEMPERATURE

Figure 51. .MD stretch XEE platen temperature for specimens
conditioned at 50, 70 and 907 RH.

Comparing Fig. 50 and 51, the lowest tensile strengths for medium
6811 occur at approximately the same platen temperature és:the maximum stretch.
At temperatures above 250°F, the medium had a constant tensile strength but
significantly decreased stretch. At temperatures below 250°F, an-increase in
tensile strength occurred, and a decrease in stretch took place. These results
suggest that an optimum me&ium moisture content and temperature should exist for
forming the medium. In the optimum range, the increase in the stretch values
would probably more than compensate for the decrgased tensile strength, based on

runnability considerations.
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