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ABSTRACT Using a modular ana&sis ofpulp adpaper systems 
simulation allows hebpment of a detaikd model ofa Corrugating 
paper mcbine. The modelpredictr tensile stwngth and compressive 
properties with variations in papmking  coditions such as old- 
corrugated-clippings content, rejner lo& press bud, m h i n e  speed 
and cahmh load Suhtical compa~ons using machine paper and 
hadbeet abafiom a three-aby mill tridl validated the model 
systm.  

KEywoRDs= Compression spengb, converting machine4 corm- 
gating machines, corrugating medium, corrugation, edge m h  
reshunce, mechanical propertier, moakh, packaging papers, paper 
boardgris, paper conversion, paper converten, paper stock, simula- 
tion, tmik properties, tmik strength. 

ntegrating a novel system of per- I formance attribute (PAT) models 
with mass and energy balance models 
in a modular analysis of pulp and pa- 
per systems (MAPPS) predicts both 
handsheet and machine paper proper- 
ties. The technique is useful for a range 
of grades formed with a variety of 
pulps. 

The concept of end-use perfor- 
mance modelling uses nonconservative 
variables or PAT models. These in- 
clude many of the basic properties of 
fibers avd of the fiber network. The 
PAT modeling system quantifies in- 

teractions that fibers have with the 
fiber network, processing conditions, 
and end-use performance character- 
istics. The system offers a new ap- 
proach to solve problems concerning 
product quality. 

The PAT model used here contained 
a set of 29 variables to describe the 
state of the fiber furnish or the fiber 
network at each point in the paper- 
making process. Fiber species and sus- 
pended solids databases provided the 
initial PAT values. PAT models will 
predict property changes based on 
variations in pulping or papermaking 

operations. Paper prop,erty models 
based on local PAT models will pre- 
dict handsheet or machine paper prop- 
erties. Therefore, with this technique 
it is possible to determine product qual- 
ity using conditions that exist from 
the woodyard to the reel. 

PAT models have either component 
or network attributes. Component at- 
tributes relate to the fiber or filler and 
include composition, shape, surface 
area, other physical properties, and 
optical properties. Network attributes 
comprise contact area, bond area, and 
anisotropy. Anisotropy includes fac- 
tors such as sidedness, formation, fi- 
ber orientation, and stress distribution. 
Each pulp and paper unit operation 
may affect each of these variables. 

Previous studies showed that model 
predictions were reasonable and con- 
sistent for newsprint and mechanical 
pulping operations (1-4). These stud- 
ies, however, did not consider variafig- 
ity, trends, and process sensitivity. 
Therefore, we designed a trial on a 
corrugating-medium paper machine to 
consider these issues and to validate 
the PAT system for corrugating me- 
dium. The experiment also allowed de- 
termination of the sensitivity of tensile 
strength and compressive properties 
to important independent variables 
such as old corrugated clippings (OCC) 
content, refining load, press load, and 
calender load. 

Jones is an associate professor at the Institute of Paper Science and Technology, B. 
0. Box 93366, Atlanta, GA 30318. 
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1. Test variables and data ranges Process model 
There are a number of novel aspects in 
our corrugating-medium process 
model. Stream initiation blocks repre- 
sent the high-density storage tanks. 
These blocks initialize both the mate- 
rial and energy attributes as well as 
the performance attributes of the vir- 
gin semichemical and OCC furnishes. 

Because the OCC furnish is a mix- 
ture of hardwood and softwood com- 
ponents, we used two blocks. One 
represented the softwood component 
and the other the hardwood compo- 
nent. We assumed the softwood com- 
ponent was similar to a southern pine. 
We also assumed that the characteris- 
tics of the hardwood component of the 
OCC furnish were similar to the 
semichemical hardwood. 

Mixing the hardwood and softwood 
streams provided the attributes of the 
OCC blend. Table I1 summarizes the 
attributes of these and the semichem- 
ical h i s h .  

We initialized the fiber tensile 
strengths to 10 km, the fiber modulus 
to 4.5 GPa, the cell wall thickness to 1.2 
pm, and the specific bond strength to 
0 . 2 ~  107Pa. 

Refining of the semichemical fur- 
nish reduced its fiber length, tensile 
strength, and elastic modulus slightly. 
The refining also reduced the CSF by 
15-30 mL. 

The tickler refiner processed the 
combined OCC and semichemical fi- 
ber lines. Increased load and consis- 
tency in the tickler refiner reduced 
freeness and average fiber length but 
had little effect on other attributes. 

We modelled the screening and 
cleaning system in detail. There was, 
however, very little net effect on any of 
the fiber attributes such as fiber length 
and freeness. Fiber losses from the 
cleaning system totaled less than 1% 
of total flows. 

Fourdrinier blocks simulated the 
headbox and forming wire. These led 

Variable Range Average Base case 

OCC content, Ol0 

Primary refiner 
power, MJlkg 

Calender loading 
Tickler refiner 

Wire speed, m/s 

Third nip pressure, 

power, MJ/kg x 1000 

kN/mZ 

18-38 27 18 
0.1 04- 0.204 0.1 04 
0.366 
on or off 
3.34- 10.0 3.34 
20.1 
7.112and 7.112 
9.65 
84.1- 100.9 84.1 
113.8 

II. Furnish characteristics 
I I 

Semi- Hard- soft- 
Attributes chemical wood wood Mixture 

Average fiber 1.4 1.4 3.0 2.2 
length, mm 

width, mm 
Average fiber 0.02 0.02 0.04 0.03 

Yield, Yo 74 74 60 67 
CSF, mL 656 150 667 31 6 

Property model validation 
Validation means “reasonable” agree- 
ment between measurements and pre- 
dictions. In our case it also considers 
measurement error and other sources 
of variation such as cross-direction 
(CD) differences. The validation in this 
work only concerned the paper ma- 
chine area. This began at the high- 
density tanks and included the major 
paper machine operations such as stock 
preparation, sheet forming, white wa- 
ter recovery, wet pressing, drymg, and 
converting. Although CD variations 
normally will affect some properties, 
our model only considers predictions 
for a machine-direction (MD) profile. 

Validation criteria use statistical 
measures of “goodness of fit” and esti- 
mates of factors contributing to vari- 
ability to provide predictions. These 
factors are measurement error, errors 
in estimating process conditions, and 
transient effects. Predictions falling 

within the confidence band around 
mean measurements indicate a valid 
model. The band includes the average 
measurement error plus CD variabil- 
ity, as well as errors associated with 
uncertainty in input data. 

Process variables 

We compared measurements to pre- 
dictions by examining handsheet and 
machine paper properties. We pre- 
pared handsheets from composite 
pulps collected at five locations in the 
paper machine area. Table I summa- 
rizes the primary test variables. 

One important uncontrolled variable 
was the semichemical highdensity CSF. 

The original intent was to change 
each variable separately and to achieve 
a “steady state” between each change. 
In practice, however, several controlled 
and uncontrolled variables changed si- 
multaneously. The results, therefore, 
show the effect of more than one variable. 
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Comgdting Medium 
to the determination of proNes of the 
drainage rate, white water consistency, 
mat basis weight, and mat moisture. 
The important factors in the forming 
section that influenced dry sheet prop- 
erties were fiber contact area, 
sidedness, formation, fiber orientation, 
final freeness, and fiber length distri- 
bution. The formed sheet freeness and 
fiber length were similar to that of the 
tickler discharge. The lower headbox 
freeness was mainly a reflection of 
white water closure and recycling. The 
lower headbox freeness had little in- 
fluence on final sheet properties. 
Headbox freeness did, however, influ- 
ence machine drainage, dry line loca- 
tion, moisture profiles in the press 
section, and the steam consumption 
needed to achieve a final 93% dryness. 

Fiber length, forming consistency, 
and jet-to-wire velocity ratio influenced 
formation levels. However, the rela- 
tively high basis weight of the corru- 
gating medium reduced the influence 
of these variations. Formation varia- 
tions were most important in the 
handsheets. 

Variations in the velocity ratio of 
the jet to the wire had only a small 
effect on fiber orientation. 

The fiber orientation factor is the 
cotangent of the average fiber orienta- 
tion angle relative to the machine di- 
rection. We adjusted this initially to 
1.5 and maintained it at that value dur- 
ing the test. 

The accurate prediction of the MD- 
to-CD tensile strength and modulus 
ratios of the paper machine through- 
out the test confirmed our observa- 
tions. The insensitivity of the tensile 
strength ratio to the trialvariables pro- 
vided further confirmation. 

Press loading influenced water re- 
moval and moisture profiles in the 
press section as well as the steam con- 
sumption necessary to reach a fixed 
93% sheet dryness. Higher press load- 
ing increased the fiber contact area to 
yield increased density and sheet 
strength. 

The can dryer section determined 
the steam consumption required to 
achieve a targeted final dryness. Hy- 
drogen bonding is an important consid- 
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111. Measures of model validity for machine paper properties using 114 data sets 

I- 
Property 

IUD tensile strength, km 
ICD tensile strength, km 
'MD stretch, % 
MDKD modulus ratio 
MD/CD tensile strength 

Burst index 
MD modulus, GPa 
Caliper, mm 
Concora test, N 
CD ring crush 
CD STFl,kN/m 
Gurley porosity 

ratio 

Correlation Confidence 
Mean cv coefficient band, % 

6.0 5.98 0.994 13 
2.54 7.43 1.01 15 
1.64 5.93 0.91 5 27 
2.36 7.18 0.995 

2.35 4.78 
2.90 7.22 
1.85 8.60 
0.21 13 5.0 

238.5 5.06 
0.95 18.4 
2.54 4.59 

20.48 20.6 

0.998 
0.957 
0.871 
1.031 
0.92 
1.45 
1.173 
0.974 

16 
12 

13.2 
39.4 
44 

L 
IV. I-landsheet data using 120 data sets 

Property Mean cv 
Correlation 
coefficient 

Confidence 
band, % 

CSF, mL 
Tensile strength, km 
Concora test, N 
CD ring crush 
13urst index 
Gurley porosity 
Density, g/cm3 

503 
3.64 
242.5 
1.56 
2.30 
16.0 
0.41 

12.8 
20.9 
19.4 
25.1 
18.1 
75.2 
9.1 

1.07 
0.936 
0.766 
1.62 
1.01 
1.03 
0.98 

12 
13 
12 
20 
38 

R" 

0.984 
0.959 
0.964 
0.939 
0.968 
0.647 
0.992 

L I 

eration in this area. We assumed that 
all MD stretch due to speed differen- 
tials along the length of the machine 
occurred in the dryer section. We ad- 
justed the net MD wet stretch to 2% 
and did not change it during the trial. 

.A calender block simulated a single- 
nip calender. This block densifies the 
sheet and changes the roughness, 
smoothness, gloss, and porosity of the 
surface. The change in density from 
the calender increased fiber contact 
but did not strongly influence bond- 
ing. Tensile strength, specific modu- 
lus, or compressive strength therefore 
did not change. Density and elastic 
modulus did change. 

Property models 

Paper property models provide the 
easiest interpretation of the effects of 
papermaking variables. 

The Concora test is a stiffness test 
measured in N for corrugated board 
components which is indicative of box 
compressive strength. It is a function 
of flat crush,as shown in Eq. 1: 

Concora test = 235.85 + 9.09(FC - 206.7) (1) 

where 
FC = flat crush, kPa. 

Flat crush relates to MD short span 
compression length [Swedish Forest 
Products Research Laboratory 
(STFI)] by Eq. 2: 

FC = 206.7 + 1 1.5(STFIM, - 2.98) (2) 

where 
STFI,,= STFI in MD, kN/m. 

MD and CD STFI and ring crush re- 
late to sheet thickness and directional 
elastic moduli as indicated in Eqs. 3-9: 



1. Machine DaDer caber 

I - I X Measured I I 
0.254 - 

E 
E 

E 
a 

0.229 - 
W 

-I 

0 

0.178 b 
0 5 10 15 20 25 

REEL NO. 

RC,, = 0.00435TI + 0.00181T2 - 0.6307 (3) 

RC,, = 0.00435T2 + 0.00181T3 - 0.6307 (4) 

STFI,, = 1.397 + 0.00613T3 (5 )  

STFI,, = 0.800 + 0.00613T, (6) 

T, = (E;)3N(Eyt)"4 (7) 

T, = (E,t)3'4(E,t)l'4 (8) 

T, = (E,t)3'4(E,t)"4 (9) 

where 

RC,, 

RC,, 

STFI,, =STFI in CD, kN/m 

Ex 

EY 
EZ 

t =sheet thickness, mm 

The elastic moduli relate to fiber modu- 
lus, sheet density, bond density, bond 
density interaction with wet strain, and 
fiber orientation. Equations 10-12 pro- 
vide these relationships: 

=ring crush in MD, Kn/m 

=ring crush in CD, Kn/m 

=elastic modulus in MD, GPa 

=elastic modulus in CD, GPa 

=elastic modulus in z direction, 
GPa 

E =F(-0.8081+pe 
Y f  b 

(11) 
(16.8-4.68-0.539WS)) 

Ez=5(0. 308+pLC) (12) 

where 

c= - 1.25+1.44ppo. o 1 1 e+o. 029 ws ( 13) 

where 

0 = cotangent fiber orientation 
angle relative to MD 

WS = % MD stretch. 
Equation 14 shows the relationship 
for the specific elastic constant. This is 
the dimensional elastic constant di- 
vided by bulk density. The constant is 
therefore independent of density and 
depends only on bonding, fiber mod- 
ules, and residual strains in the sheet. 
Wet stretch and fiber orientation ac- 
count for these residual strains. 

where 
E, = fiber modulus, GPa 

p = sheet bulk density, gem3. 

The sheet bulk density and the effec- 
tive bond density are both functions of 
the performance attributes of the fi- 

bers and the network. These attributes 
include the fiber contact area, bond 
area, cell wall thickness, fiber stiff- 
ness, yield, freeness, and formation 
level. Equations 15-17 provide these 
relationships: 

1 4  = (14") + [(l/P,) - (m")l(1/sJ2 (15) 

Upu = 0.764 + 0.00477CSF 
+ O.l146CWT(S) (16) 

Up, = (Upu) + 43.14 
+ 0.08726Y - 0.5866CSF (17) 

where 
p, = unbonded density, gem3 

p1 

CWT = cell wall thickness, pm 

S = fiber stiffness factor 

Y = pulping yield, % 

S, = fiber contact area. 

The term S, is the fiber contact area 
defined later in Eq. 20. The bond den- 
sity has the same relationship as the 
sheet density except the bond area 
function, Sa, substitutes for the fiber 
contact function, S,,. The effective bond 
density is a function of bond density, 
formation factor, and the total frac- 
tion of suspended solids in the sheet, 
as seen in Eq. 18: 

= upper limit to sheet density, g/ 
em3 

pe b b  = p F(l -Xs) (18) 

where 
p,, = bond density 

F = formation factor (fraction) 

X, = fraction of suspended solids in 

The bond area function and the fi- 
ber contact function relate to the cur- 
rent moisture level in the sheet given 
by Eq. 19: 

(19) 

the sheet. 

s = s e -(Xm-O.O75) 
a b  

where 

Xm = weight fraction moisture in the 
pulp or sheet. 
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c Comguting Medium 
The term Xm is a function of dryer 
conditions. The fiber contact function 
varies throughout the thickness of the 
sheet. It is necessary to track the fiber 
contact area specifically on the top and 
bottom surfaces of the sheet to simu- 
late sidedness effects through form- 
ing, pressing, and calendering. These 
effects include differences in smooth- 
ness, gloss, and opacity. 

The fiber contact area depends on 
the hydrodynamic specific surface of 
the fibers, i.e., CSF. It is the 
conformability of the fibers under the 
load during a pressing step. Equation 
20 is a mathematical expression: 

S, = S ,  + (s, - s,,)(I - e-'kP) (20) 

where 

Shi 

S, 

P = pressure, psi 

P, = pressure coefficient. 

The definition of P, conforms to the 
Han power law function for densifica- 
tion by wet pressing. It also accounts 
for excessive densification through sev- 
eral press nips. Equations 21-24 pro- 
vide for its calculation: 

= fiber contact area entering nip, 
em2 

= maximum specific surface area 
of the fibers, em2 

P, = -ln(Z)/60 (21) 

AP = 0.4 + 1.27x10-4CSF (23) 

BP = (3.0)103CSF - 1.5x104Y (24) 

The expression for P, is intended to 
account for the lower pressure and 
longer pressing time conditions of a 
handsheet mold as well as the shorter 
duration and higher peak pressure 
impulse conditions of a commercial 
press nip. The degree of densification 
correlates with the water removal in 
the nip. For multiple nips the contact 
area exiting one nip becomes the area 
entering the next nip. The forming 
blocks determine the initial unpressed 
fiber contact function. This relates to 
the fiber specific surface, S,, and fiber 
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conformability which depends on pulp- 
ing yield given by Eq. 25: 

SbI = (0.0734 - 0.000654Y)Sh (25) 

Equation 26 indicates the relationship 
between S, and CSF in the fiber con- 
tact i*elationship: 

S, = 95.7 - 0.12CSF (26) 

Equations 27 and 28 provide the rela- 
tionship between CSF and hydrody- 
namic specific surface area: 

(27) CSF = e7-031A 

A= [ 1- iI CX.ln , ( &)]liK (28) 

where 
Xi = weight fraction of fiber i 

Li = average length of fiber i, em 

K = factor accounting for differences 
in surface area development. 

K depends upon the uniformity and 
extent of refining, the species, and the 
pulping operation as well as on exter- 
nalfibdation (5). There are additional 
relationships between the fiber length 
distribution, surface area per fiber, and 
S, which are described eleswhere. Re- 
fining influences fiber length and width 
distribution, CSF, and fiber stiffness 
factor. There also is a small influence 
on fiber tensile strength and modulus. 

These relationships depend on spe- 
cific power and energy in the refining 
zone. Mixing brings together various 
types of fibers. The mixture charac- 
teristics tend to reflect the weight av- 
erage composition of the various 
streams. 

Separations in screening and clean- 
ing in the machine system have little 
significant effect on the average fiber 
attributes entering the forming sec- 
tion. In dirty furnishes, however, these 
operations remove shives and dirt. 
Therefore, they improve the effective 
bond density, modulus, and compres- 
sive strength. 

At the forming wire there is selec- 
tive fines removal to the white water. 
This point of the operation imparts 
basis weight, fiber contact area, for- 
mation, and fiber orientation to the 
sheet. The measurement of formation 
efficiency relates to the coefficient of 
variation in mass density and ranges 
from 0 to 1. The formation factor is a 
function of forming consistency, aver- 
age fiber length, I, "SR, and jet-to- 
wire ratio as seen in Eqs. 29 and 30: 

F = O.Olf,JWR (29) 

f ,  = 119.65 - 25CO - 27.4L 
-0.09("SR) + 0.23("SR)(L) (30) 

where 

JWR = jet-to-wire ratio 



Machine paper Concora test 
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CO = forming consistency 

L = average fiber length, em. 

Equation 31 provides the definition 
for “SR: 

“SR = (950 - CSF)/I2.5 (31) 

The product of JWR times C equals 1 
unless the conditions of Eqs. 32 and 33 
occur: 

JWR(C) = JWW0.9; O<JWR<0.9 (32) 

JWR(C) = l.l/JWR; JWR>l.l (33) 

Equation 34 defines the MD to CD 
tensile strength ratio: 

RM,,,cu = 0.335 - 0.583WS + 
0.708WSO + 0.634502 (34) 

where 

WS = %MD wet stretched 

0 = contangent of the average fiber 
orientation angle. 

Data analysis 

We assumed that we could analyze 
transient process data using a steady- 
state simulation model with variable, 
i.e., transient, inputs. 

We measured variance on the dis- 
tribution about the mean for a total of 
114 machine paper samples and 120 
handsheet samples using 10 to 20 rep- 
licates per sample. The pooled test 

average determined the overall test 
variance for each machine paper or 
handsheet property. The pooled data 
for each reel interval included three 
CD sets and three rolls per reel. There 
were no measurement variances for 
density, basis weight, and caliper since 
these had only a single measurement 
per sample. Table EIB shows the mean, 
coefficient of variation (CV), correla- 
tion coefficient, and confidence band 
for each of the machine paper proper- 
ties. The confidence band is the mea- 
surement variance percentage defined 
earlier. The confidence bands for each 
variable are twice the standard devia- 
tion divided by the mean and expressed 
as a percentage. 

Regression of the predictions 
against the measurements using a 
single factor model with no intercept 
determined the correlation coefficient. 

Pm = CPP (35) 

where 

Pm = measured value 

Pp = predicted value 

C = correlation coefficient. 

Thus the correlation coefficient deter- 
mines the avrage correction to the pre- 
dictions needed to “agree” with the 
measurements. AT1 R2 values exceeded 
0.995. The high R2 values indicated 
that it was possible to correct the mod- 

els to agree closely with the data. The 
proximity of the correlation coefficient 
to unity indicates that the corrections 
are not excessive. The comparison of 
the difference of the correlation coef- 
ficient from unity with the correspond- 
ing confidence band in Table I11 also 
indicates that the uncorrected predic- 
tions fall within the measurement er- 
ror. These statistical tests indicate that 
the models are generally valid for cor- 
rugating medium. 
Similar conclusions arise from the 

handsheet data summarized in Table 
IV. Although both the measurement 
variance and the model error are 
larger for the handsheet data, the cor- 
rected models predict most of the mea- 
surement variations. With the 
exception of porosity the corrections 
are not excessive. 

The zero-span tensile strength of 
the lightweight hand sheets varied 
from 6.7 km to 12 km, with a mean of 
9.0 km. This indicates that the assumed 
average fiber tensile strength attribute 
of 9.5 km from Table I was reason- 
able. 

The simultaneous variation in several 
process conditions caused difficulties 
in obtaining meaningful machine or 
handsheet property profiles vs. reel 
number. Therefore, we determined the 
effects of the processvariables by com- 
paring the mean property values and 
by statistical regression. 

Figures 1 3  show the profiles for 
caliper, MD modulus, and Concora test 
plotted against reel number. Each 
measured value indicates the average 
measurement of a roll or set for each 
reel. Except for the obvious effect of 
calender stack unloading for reels 7 
and 8, the effects of other variables 
are difficult to discern readily. 

Machine speed and d e d e r  load 
Table V shows that neither machine 
speed nor calender load affected the 
mean compressive or tensile strength 
properties greater than the measure- 
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Corrugating Medium 
ment variance. Calender loading did, 
however, significantly change density, 
caliper, and elastic moduli. Increased 
density provided increased modulus, 
decreased caliper, and unchanged spe- 
cific modulus. The lack of sensitivity of 
a specific modulus resulted in no re- 
sponse in compressive properties. 

One might expect from the models 
that the calender stack loading could 
possibly affect the MD-to-CD ratio 
through stretch or stress relief. The 
measured properties did not support 
this conclusion, however. 

The sheet property data correlated 
weakly with the trial variables, indi- 
cating that the properties were only 
somewhat dependent on these process 
variables. MD tensile strength corre- 
lated with machine speed (33%), 
calender loading (lo%), and sheet den- 
sity (5%). Burst index correlated with 
the product of MD and CD tensile 
strength (60%) as expected from the 
property models. Elastic moduli cor- 
related with sheet density (50%). CD 
ring crush was weakly dependent on 
machine speed (6%), and Concora test 
showed a weak (10%) dependence on 
calender loading. Sheet density was 
sensitive to calender loading (40%) and 
less sensitive to CSF and OCC con- 
tent. These percentages derive from 
the sum of squared error for each term. 
Surprisingly, neither the statistical 
analysis nor visual inspection of the 
data showed any sensitivity to refiner 
power or press load. Other statistical 
comparisons indicated that the effects 
of machine speed and calender load 
also were within measurement error. 

OCC content 
Although OCC content varied from 
18% to 36%, there was only a rela- 
tively minor effect on compressive 
properties. The MAPPS models show 
that the OCC fiber attributes are simi- 
lar to those of the semichemical fibers. 
Therefore, the mixture attributes did 
not change greatly with increasing 
OCC. Visual inspection of the data in- 
dicated that tensile strength and burst 
were highest near the peak in OCC. 
The freeness of the mixture did de- 

V. Effect of calender load and machine speed 

Property 

MD Modulus, GPa 
CD Modulus, GPa 
MD/CD Modulus ratio 
Tensile strength, km 
Burst index 
Density, g/cm3 
Caliper, mm 
Concora test, N 
CD STFI, kN/m 
CD ring crush 

Calender 
On Off 

4.40 3.52 
1.88 1.46 
2.35 2.35 
5.81 5.97 
2.90 2.88 
0.60 0.52 
0.209 0.245 
223.4 239.8 
2.54 2.56 
0.97 0.77 

Machine speed, m/s 
7.1 1 9.65 

4.39 4.30 

2.35 2.35 

2.79 2.96 
0.595 0.59 
0.206 0.214 
242.8 236.4 
2.56 2.50 
0.92 1.02 

1.90 I .a2 

5.72 6.08 

crease with increasing OCC content. 
This gave increased sheet density, re- 
ducted caliper, and increased modulus. 
The specific modulus and compres- 
sive strength did not change signifi- 
cantly, however. 

MD modulus increased about 0.9 
GPa (approximately 30%). CD modu- 
lus increased by 0.42 GPa (approxi- 
mately 25%). The CD ring crush 
increased by 0.196 (25%). This is com- 
parable to the measurement standard 
deviation and is judged to be insignif?- 
cant, change. Concora test changed less 
than the measurement standard de- 
viation. It was not significant at 90% 
confidence. 

The model sensitivity analysis and 
visual inspection of the data indicated 
that increasing OCC content improved 
tensile strength, burst, and ring crush 
mainly through decreased CSF and 
improved bonding. The highest ten- 
sile strength and burst values occurred 
during the period just after the peak 
in OCC content from 35% down to 
30%. Tickler discharge CSF also was 
relatively high with a value of 450 mL. 
Primary refiner power was 0.19 mJ/ 
kg. T'hird-nip press load also was at its 
high value of 113.83 Kn/m. A sensitiv- 
ity analysis with the model showed 
that the tensile strength and compres- 
sive properties increased slightly with 
incre<asing OCC content, primarily due 
to its (decreasing freeness. The increase 

in burst index and breaking length is 
about 10% for the maximum variation 
in OCC content in the test. 

Refining and wet pressing 
Increased refining power tended to 
decrease tensile and burst, while sheet 
density, porosity, and modulus in- 
creased. A high refining power de- 
creased tensile strength and burst 
through decreased fiber tensile 
strength. Contrary to conventional 
wisdom, the high refining power also 
increased sidedness and decreased av- 
erage bond area. Press had very little 
effect. Refining and pressing had indi- 
rect effects, mainly in sheet water re- 
moval and steam consumption in the 
dryer. 

Conclusions 

Based on the two validation criteria 
and estimates of measurement error, 
the model system in our study was 
valid for corrugating medium. Calcu- 
lated correction factors are necessary 
for some of the property predictions. 
While the measurements did not cor- 
relate with the test variables by stan- 
dard methods, they correlated 
strongly with model predictions with 
relatively small corrections. Sensitiv- 
ity analysis with the validated models 
showed that OCC content improved 
tensile strength but had little effect on 
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compressive strength. This is contrary 
to most expectations. 

Calender load and machine speed 
had only a minor effect on most prop- 
erties. Statistical analysis showed that 
both press load and refining power 
had no effect on properties under these 
conditions. Sensitivity analysis showed 
that refining may have negatively af- 
fected tensile strength properties. 
These were also surprising findings. 
There was some evidence that ma- 
chine speed affected MD tensile 
strength. Tensile strength and modu- 
lus ratios also were insensitive to test 

variables. There was evidence of tran- 
sient effects based on the handsheet 
CSF and machine paper data, but 
these effects were inseparable from 
the overall variations in the data. Fu- 
ture simulations may el- the roll of 
transient effects. Ql 
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additional 800,000 tons at a 70% yield, 10% substitution 
level, 10% filler content, and 5% moisture would equate to 
over 6.4 million scale weight tons per year. If 50% of that 
production is sourced from the post-consumer stream, 
then more than 3 million additional tons per year could be 
so labeled. 

I stand by my view about the “anti-business” tone of 
the book, particularly as related to clearcutting. Our 
forests are a resource in our stewardship. Clearcutting is 
not appropriate in New York State on a tree farm. But 
the same is not true in the Northwest, where we are 
talking of a different species. Why would responsible 
stewards devalue their own resource? 

My acknowledged bias as a representative of 
Weyerhaeuser, comes not from the basis that it is one of 
the ‘largest fully integrated virgin paper companies”, but 
rather from the fact that Weyerhaeuser is a leader in 
recycling efforts. Our Recycling Division collects over 2 
million tons of paper per year for our own operations, as 
well as other paper companies. 

At the end of the 198Os, we were recycling about 1100 
tons per day, but we didn’t talk about it. In 1991, we 
brought on line a 600 tpd newsprint deinking mill at our 
Longview complex. In 1992, a 500 tpd expansion at mill in 
Valliant, OK. In a few months, a 500 tpd greenfield OCC 
operation will start at Springfield, OR. In 1994, we will 
add a new 600 tpd line at Plymouth, NC, and in 1995, 
expand the existing system to 600 tpd. Plus, we are in the 
planning stages for a 100% recycled mill in the Midwest. 
Our fine paper machines use purchased recycled fiber 
from third party market pulp mills. When it makes eco- 
nomic sense, we’ll make our own. 

Recycling of secondary fiber is as interesting today as 
it was when I first became involved nearly 25 years ago. 
Then, we didn’t talk about it--we just did it. 

-Richard Spangenberg 
Director, Recycling Research 

We yerhaeuser Paper Cmpany  

4. Jones, G. L., Tappi J. 73(11): 113(1990). 
5. Jones, G. L., Pulp Paper Can. 91(2): 

T81(1989). 

The author thanks the member companies of the 
Institute of Paper Science and Technology. He 
especially thanks the personnel at MacMillan 
Bloedel, Pinehill, AL, for their support and assis- 
tance with this work. 

Received for review Nov. 3,1992. 

Accepted Jan. 17,1993. 

Presented at the TAPPI 1992 Papermakers Con- 
ference 


