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Regression Analysis: Appaent Density versus FR, TP, ...

The regression equation is

Appaent Density =559 - 42.7FR - 5.77 TP + 10.9 PR - 111 DC - 8.59 FR2
-15.0TP2 - 11.4 FR.TP - 8.21 FR.PR - 44.2 FR.DC + 2.10 TP.PR

Predictor Coef SECoef T P

Constant  559.206 6.950 80.46 0.000

FR -42.651 4.538 -9.40 0.000
TP -5.775 3.300 -1.75 0.082
PR 10.899 2.878 3.79 0.000
DC -111.122  4.717 -23.56 0.000
FR2 -8.585 4.644 -1.85 0.066

TP2 -15.041 5.627 -2.67 0.008

FR.TP  -11.444 4.026 -2.84 0.005

FR.PR -8.208 3.622 -2.27 0.025

FR.DC  -44.212 4.875 -9.07 0.000

TP.PR 2.098 3.715 0.56 0.573
S=31.9562 R-Sq=88.8% R-Sq[adj]=88.2%
Analysis of Variance

Source DF SS MS F P
Regression 10 1574015 157401 154.13 0.000
Residual Error 194 198113 1021

Total 204 1772128
Source DF Seq SS

FR 1 21628

TP 1 278703

PR 1 333565

DC 1 835539

FR2 1 4974

TP2 1 7911

FR.TP 1 3448
FR.PR 1 3894
FR.DC 1 84028
TP.PR 1 326

\¢

o
. .
$ x4
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Stepwise Regression: Apparent Density versus FR, TP, ...
Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15
Response is Apparent Density on 10 predictors, with N = 205

Step 1 2 3 4 5 6

Constant  541.7 546.6 546.8 545.6 5589 559.1
DC -115.2 -108.5 -109.3 -109.6 -106.4 -106.2
T-Value -29.31 -24.98 -25.70 -29.81 -28.29 -28.63
P-Value 0.000 0.000 0.000 0.000 0.000 0.000
PR 11.7 113 11.7 112 11.6
T-Value 329 328 390 3.80 4.00
P-Value 0.001 0.001 0.000 0.000 0.000
FR.DC -11.1 -33.6 -33.5 -39.0
T-Value -3.22 -8.34 -8.48 -8.76
P-Value 0.002 0.000 0.000 0.000
FR -33.5 -33.6 -385

T-Value -8.32 -8.50 -8.87
P-Value 0.000 0.000 0.000

TP2 -169 -16.9

T-Value -2.97 -3.00

P-Value 0.003 0.003

FR.TP -10.4

T-Value -2.56

P-Value 0.011

S 409 399 39.0 33.7 33.1 326
R-Sq 80.88 81.86 82.74 87.18 87.72 88.12
R-Sq[adj] 80.79 81.68 82.49 86.92 87.41 87.76
Mallows Cp 130.8 1159 102.5 27.5 20.1 15.2
Step 7 8 9

Constant  559.1 564.3 560.5

DC -106.7 -106.5 -109.9

T-Value -29.05 -29.16 -26.54

P-Value 0.000 0.000 0.000

PR 109 110 11.1

T-Value 3.78 3.84 3.87

P-Value 0.000 0.000 0.000

FR.DC -442 439 -442

T-Value -9.00 -8.99 -9.09

P-Value 0.000 0.000 0.000

FR 423 424 -42.6

T-Value -9.24 -9.33 -9.40

P-Value 0.000 0.000 0.000

TP2 -17.1 -17.0 -15.1

T-Value -3.08 -3.07 -2.68

P-Value 0.002 0.002 0.008

FR.TP -10.7 -10.6 -114

T-Value -2.66 -2.64 -2.84

P-Value  0.008 0.009 0.005
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FR.PR -8.7 -85 -8.1
T-Value -2.39 -2.35 -2.25
P-Value 0.018 0.020 0.025

FR2 -83 -8.6
T-Value -1.79 -1.87
P-Value 0.075 0.064
TP -5.5
T-Value -1.70
P-Value 0.091

S 322 32.1 319

R-Sq 88.45 88.64 88.80
R-Sq [adj] 88.04 88.17 88.29
Mallows Cp 114 102 93

1
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Abstract

Apparent Density of paper is the most effective physical property which directly and indirectly affects
most of the strength and optical properties of paper such as tensile strength, modulus of elasticity, light
scattering coefficient as well as the bonded area between fibers. Since paper making variables influences
the apparent density of paper, in this study, the influence of OCC pulp freeness, and drying conditions are
investigated. The influence of three freeness levels of 350,450, and 550 CSF, drying under strain and
unstrained, drying temperatures of 100, 150, 200 C and drying pressure of 7 and 10 kg/cm” are studied.
The relationship between paper making variables and apparent density is developed. All measurements of
apparent density were analyzed using Minitab 15 and regression model between independent variables
was calculated. The results showed that both pulp freeness and drying temperature had the highest impact
on apparent density and both factors increased the apparent density. The response of apparent density of
the hand sheets dried at 200 °C varied considerably and was analyzed thoroughly. Higher pressure
increased apparent density of the sheets. The combined effect of variables is also considered. The
combined effect of pulp freeness and drying temperature caused lignin softening and delamination.
However, the influence of increasing the drying pressure for unrefined and less refined pulp is not
significant. Furthermore, for unstrained drying, the influence of freeness on apparent density was more
than strained drying. Manufacturing of more desirable quality papers would be possible considering the
obtained results and the effect of Apparent Density on paper strength properties.

Keywords: Apparent density, freeness, drying temperature, drying pressure, tensile strength, restrained
drying, Free drying



