
C H A P T E R  5

G Y P S U M  L IN E R  B O A R D : R E S U L T S  A N D  M O D E L IN G

T h is  ch a p ter  p r o v id e s  th e  d escr ip tio n  o f  G y p su m  liner board  p r o d u c tio n  (G P )  
m o d e l fo r  b o th  fa c e  lin ers (G F ) and b a ck  liners (G B ) , d e v e lo p e d  to  d eterm in e  th e  
p attern s o f  v ar ia tion  o f  m ateria l input u se  and u tility  c o n su m p tio n  for  G P  in ord er  to  
p red ict th e  in terre la tio n s a m o n g  th e se  variab les and w a ste w a te r  load  o f  in terest.

5.1 Model I: FA Input Model
5.1.1 Correlation Matrix

B a se d  u p o n  th e  or ig in a l in p u t d a ta  m atrix  o f  G F  and G B , th e  co rre la tio n  
m a tr ices  o f  G F  and G B  w e r e  c o n str u c te d  b y  ca lcu la tio n  th e  co v a r ia n c e  o f  ea c h  pair o f  
in p u t v ariab les  c a lle d  c o rre la tio n  c o e ff ic ie n t  (T a b le  5 .1 , and 5 .2 ).

F ro m  T a b le  5 .1 , it w a s  fo u n d  that th e  co rre la tio n  m atrix  o f  th e  m aterial input 
o f  G F  s h o w e d  a ra n g e  o f  co rre la tio n  c o e f f ic ie n ts  o r  stan d ard ized  c o v a r ia n c e s  b e tw e e n  
th e  pair o f  var iab les. T h e  ran ge  s h o w e d  d ifferen t v a lu e s  that in d ica te  th e  d e g r e e  o f  
co r r e la tio n  b e tw e e n  th e  variab les. T h e  d e g r e e  o f  co rre la tio n  w h e n  th e  n um ber w e r e  
e x p r e sse d  in a b so lu te  term s can  b e  c o n s id e r e d  a cco rd in g  to  th e  fo llo w in g  g ro u p in g s .

1 ) n o  co rre la tio n , I r I =  0

2 )  v ery  lo w  co rre la tio n , I r I >  0 - 0 .2 9 ,
3 )  lo w  co rre la tio n , I r I >  0 .3 0 - 0 .4 9 ,
4 )  m o d e r a te  co rre la tio n , I r I >  0 .5 - 0 .6 9 ,
5 )  h igh  co rre la tio n , I r I >  0 .7 - 0 .9 9 ,
A m o n g  th e s e  co rre la tio n s , alum , c lay , and em u lsifier  w e r e  h ig h ly  co rre la ted  

w ith  e le c tr ic ity  (0 .7 8  -  0 .9 1 )  and a lso  h igh ly  b e tw e e n  th e co rre la tio n  o f  a lu m -clay , 
and a lu m -em u ls ifier  (0 .7 7  - 0 .7 8 ) .  W h ile  th e  co rre la tio n  b e tw e e n  c a to -s ta r c h  w a s  th e  
h ig h est (0 .9 9 ) ,  th e  co rre la tio n  a m o n g  th e  ty p e s  o f  fib rou s m aterials: A 2, A 3, A 4  and A l 
are m o d e r a te  (0 .4 4  - 0 .7 3 ) ,  and  th e  co rre la tio n  a m o n g  alum , clay, and d e fo a m er  w e r e  
th e  lo w e s t  (0 .4 1  - 0 .5 8 ) .  T h e  co rre la tio n  a m o n g  th e s e  variab les in th is  co rre la tio n  
m atrix  in d ica ted  th at it w a s  p o ss ib le  to  g r o u p  th e se  v ariab les  in to  th e  fo u r  d ifferen t  
g r o u p s  b a se d  o n  m o d e r a te  to  h igh  d e g r e e  o f  c o rre la tio n s  a s  sh o w n  in F ig u re  5 .1 .
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Table 5.1 Correlation Matrix of Material Input of GF

V a r ia b le s 1 2 3 4 5 6 7 8 9 1 0 11

1. W ater 1

2 .E le c tr ic ity .6 5 1

3 . A , .18 .2 1

4 . A 2 .4 3 .2 4 .7 3 1
5 . a . .2 1 .1 6 .8 4 .8 4 1

6 . A 4 -.1 -.1 1 .4 4 .3 1 .5 4 1
7 . A lu m .5 1 .9 1 .1 6 .1 4 .1 3 - .0 9 1

8 .C la y .6 0 .7 8 .1 6 .1 9 .0 8 - .1 8 .7 7 1

9 .D e fo a m e r .1 6 .5 5 .0 2 .0 4 .1 4 .01 .5 8 .4 1 1
lO .E m u ls if ie r .7 1 .86 .2 4 .2 9 .11 - .0 9 .7 8 .8 2 .3 6 1

1 1 .C a to - .0 4 .01 - .0 7 - .1 6 - .1 5 - .0 9 .0 3 .0 8 .1 2 .0 2 1

1 2 .S tarch - .0 3 .0 2 - .0 6 - .1 6 - .1 5 -.1 .0 3 .1 0 .1 2 .0 4 0 .9 9

13 . W e t stren g th .1 7 .2 5 -.01 - .0 9 - .0 4 - .1 2 .3 5 .21 .11 .2 4 -.21

Table 5.2 Correlation Matrix of Material Input of GB

V a r ia b le s 1 2 3 4 5 6 7 8 9 10 11

1 . W a ter 1

2 .E le c tr ic ity .4 4 1

3 . A s - .0 4 .0 2 1
4 . A , .1 8 - .1 4 .2 5 1

5 . A s .2 4 .2 5 - .0 6 -.1 1 1

6 . A lu m - .0 9 - .2 7 .1 0 .6 4 - .0 7 1

7 .D e fo a m e r .1 3 .0 6 - .0 2 .0 1 .3 2 .05 1

8 .E m u ls if ie r .1 6 .1 2 .4 4 .1 6 - .0 3 - .1 5 .1 3 1

9 . C a to .3 5 .5 0 - .1 9 .4 4 .7 0 - ..2 0 .4 6 - . 1 0 1
lO .S tarch -.0 1 3 1 - .1 9 - .4 2 .7 0 - .2 0 - .0 5 - .2 5 .5 9 1

1 l  .W e t  stren g th - .1 9 - .3 .3 8 .1 8 -.6 0q - .1 9 .2 5 -.68 - .7 0 1
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I.

II.

D e fo a m e r7
—►  E le c tr ic ity

III. C a t o ---------->• Starch

Figure 5.1 Grouping of correlation between two variables for GF

F ro m  F igu re  5 .1 ,  for  th e  first g ro u p , th e  m o d era te  to  h igh  d e g r e e  o f  
c o r r e la tio n s  b e tw e e n  th e  variab les (a lu m , em u lsifier , c lay , w a ter , and e le c tr ic ity )  in 
th is  g ro u p  (0 .5 5  to  0 .9 1 )  can b e  reta ined  in th e  sa m e fa c to r  d u e  to  their  
in terre la tion sh ip . F o r  th e  se c o n d  g ro u p , th e  lo w e r  d e g r e e  o f  co r r e la tio n s  b e tw e e n  th e  
v ariab les  (A l  to  A 4 ) in  th is  grou p  (0 .5 4  to  0 .8 4 )  can  a lso  b e  reta in ed  in th e  sam e  
fa c to r . F o r  th e  third g ro u p , th e  h ig h est d e g r e e  o f  c o rre la tio n  b e tw e e n  th e  v ariab les  
(c a to  and  starch ) in th is  g ro u p  ( 0 .9 9 )  can  b e  reta in ed  in th e  sa m e factor . S o m e  
v ariab le  (w e t  stren g th  a g en t) w a s  u n g ro u p ed  d u e  to  its  lo w e s t  d e g r e e  o f  c o rre la tio n  
b a se d  o n  th e  c o rre la tio n  c o e ff ic ie n t  > 0 .3 .

F ro m  T ab le  5 .2 , it w a s  fo u n d  that th e  stan d ard ized  c o v a r ia n c e  b e tw e e n  a pair  
o f  v a r ia b les  o r  co rre la tio n  c o e ff ic ien t  o f  G B  that has lie  b e tw e e n  - 1  and + 1  w e r e  
a b o u t -0 .7  to  0 .8 4 . It w a s  p o ss ib le  to  g ro u p  th e se  variab les in to  o n ly  t w o  d istin ct  
g r o u p s  b a se d  o n  th eir  corre la tio n  c o e ff ic ie n ts  as sh o w n  in F ig u re  5 .2 .

I.
W e t S tren g th

II. A 4 ------------ ►  A lu m

Figure 5.2 Grouping of correlation between two variables for GB
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F rom  F igu re  5 .2 , fo r  th e  first g r o u p , th e  m o d era te  to  h igh  d e g r e e  o f  
co r r e la tio n s  b e tw e e n  th e  var iab les  (c a to , starch , A s, e lec tr ic ity , and w e t  stren g th ) in 
th is  g r o u p  ( - 0 .7 0  to  0 .7 0 )  can  b e  reta in ed  in th e  sa m e factor . F or th e  se c o n d  grou p , 
th e  m o d e r a te  d e g r e e  o f  c o rre la tio n s  b e tw e e n  th e  variab les (A 4 , and a lu m ) in th is  
g r o u p  ( 0 .6 4 )  can  b e reta in ed  in a n o th er  factor . S o m e  variab les (em u lsifier , d efoam er, 
w a ter , and A 3 ) w e r e  u n g ro u p ed  that e ith er  can  b e  reta in ed  in th e  sam e fa cto r  or  
d ifferen t factor .

5 .1 ,2  F a c t o r  M a tr ix
B a se d  o n  th e  fa c to r iz a tio n  o f  co rre la tio n  m atrix w h ere  th e  e ig en v a lu e  

g rea ter  th an  1 for  u n -ro ta ted  fa c to r  m atrix , th e  fo u r  s ig n ifica n t fa c to rs  fo r  G F and G B  
are o b ta in ed  a s  sh o w n  in th e  S c r e e  P lo t  (F ig u re  5 .3 -5 .4 ) .  It w a s  fou n d  that th ese  
s ig n ifica n t fa c to r s  w e r e  e x tr a c ted  a b o u t 8 0 .7 8 %  and 7 4 .3 3 %  o f  th e  to ta l varian ce  
ex p la in e d  fo r  G F  and G B , r e sp e c tiv e ly . T h ro u g h  th is  ex tra c tio n , b a sed  u p o n  the  
s ig n ifica n t fa c to r  lo a d in g  ( > 0 .5 ) ,  th e  v ariab les  that co rre la te  h igh ly  w ith in  a particular  
fa c to r  w e r e  red u ced  in to  th e  sa m e  g r o u p  ca lled  “ sign ifica n t c o m m o n  fa c to r ”
(T a b le  5 .3 ) .

Table 5.3 Total Variance Explained obtained from Extraction of GF and GB

Com m on  
Factor (F)

Percentage o f  Variance (%)
G ypsum  Face Liner (GF) G ypsum  Back Liner (G B)

F, 38 .42 33.72
F 2 2 2 .17 16.46
f 3 15.45 14.35
f 4 7.75 9 .80

% Cum ulative 80 .79 74.33
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Scree Plot

Component Number

Figure 5.3 Scree Plot of Eigenvalue for GF

Scree Plot

Component Number

Figure 5.4 Scree Plot of Eigenvalue for GB

T h e  first fa c to r  ta k e s  in to  a c c o u n t th e  la rg est a m o u n t o f  var ian ce  ab ou t 3 8 %  
and  3 4  %  in  th e  d ata  sa m p le  o f  G F  and G B , r e sp e c tiv e ly . T h e  se c o n d  fa c to r  a c c o u n ts  
fo r  th e  n e x t la r g e st a m o u n t o f  rem ain in g  in th e  sa m p le  a b o u t 2 2  % and 1 6 .5  %  
and is  u n co rre la ted  w ith  th e  first fa c to r . T h e  su c c e s s iv e  fa c to r s  a c c o u n t fo r  sm aller  
p r o p o r tio n s  o f  th e  to ta l sa m p le  v arian ce , and all fa c to r s  are u n co rre la ted  w ith  ea ch  
oth er.
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5.1.3 Rotation of Factor (Optional)
T h e  ro ta tion  o f  fa c to r  w a s  a lso  p erfo rm ed  in th is  stu d y  (T a b le  5 .4 ) . H o w e v e r ,  

th e  resu lt o f  th e  initial ex tra c tio n  or u n -ro ta ted  fa c to r  m atrix  p r o v id e s  v a r ia b les  w ith  
th e  p e r c e n ta g e s  o f  to ta l v a r ia n ce  ex p la in ed  h igh er  th an  th e se  v a lu e s  o f  th e  ro ta ted  
fa c to r  and a lso  le ss  a m b ig u o u s  fa c to r  lo a d in g  v a lu es. T h u s, o n ly  th e  lo a d in g s  o f  u n ­
ro ta ted  fa c to r  m atr ices w e r e  u se d  in th is  analysis.

Table 5.4 Total Variance Explained obtained from Un-rotated and Rotated Factor

Com m on  
Factor (F)

Percentage o f  Variance (%)
GF G B

Un-rotated Rotated Un-rotated Rotated
F, 38 .42 28 .3 6 33 .7 2 2 0 .5 9
f 2 22 .1 7 20 .43 16.46 10.81
f 3 15.45 15.59 14.35 10.10
f 4 7 75 7.81 9 .80 9 .88

% C um ulative 80 .79 72 .1 9 74 .33 5 1 .3 7

5.1.4 Description of Factor
5.1.4.1 Factor Loadings

It w a s  fo u n d  that th e  fa c to r  lo a d in g s  in fa c to r  m a tr ices  o f  G F  and  G B  w e r e  
o b ta in ed  b e tw e e n  (+ 1 )  and ( - 1 )  (T a b le  5 .5 , and 5 .6 ) . T h e  fa c to r  lo a d in g  in d ic a te s  th e  
co r r e la tio n  b e tw e e n  a variab le  and a factor . T h e  h igh er  lo a d in g s  in d ica te  th e  h ig h er  
c o r r e la tio n s  b e tw e e n  variab le  and factor.

U su a lly , th e  fa c to r  g r o u p s  to g e th e r  v ariab les  th at are re la ted  
(m a th em a tica lly ) to  ea ch  o th er  w ith  a sign ifican t fa c to r  lo a d in g  >  0 .5 ,  and  th e se  
v a r ia b les  are d ifferen t from  o th er  variab les in th e  se n se  o f  th eir  m a th em a tic s  re la tio n s

5.1.4.1.1 Factor Loadings of GF
B a se d  o n  th e  fa c to r  lo a d in g s  g rea ter  th an  0 .5  o f  G F , 13 in p u t v a r ia b les  

can  b e  g r o u p e d  in to  fo u r  sign ifica n t fa c to r s  (T a b le  5 .5 ) .  E a c h  fa c to r  c o n ta in s  th o s e  
v a r ia b les  w h o s e  h ig h est fa c to r  lo a d in g  is a s so c ia te d  w ith  th at particu lar factor .
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Table 5.5 Factor Matrix of Factor Loadings of GF

V aria b le Fi f2 f3 f4 f5
1. W ater 0.75 -0 . 0 0 2 -0 .006 -0 .47 -0 .00 04
2. E lectricity 0.92 -0 . 2 2 -0  005 0 .005 -0 09
3. A, 0.41 0 74 0.283 0 .0004 0 .18
4. A 2 0.48 0.73 0.182 -0 .25 -0 . 2 2

5. A 3 0.39 0.84 0.24 0 . 1 0 0.55
6 . A 4 0 .007 065 0 . 2 2 0 39 0 . 0 1

7. A lum 0 . 8 8 -0 .27 -0 .007 0 . 2 2 0.003
8 . C lay 0.84 -0 .28 0 . 0 0 2 -0 . 0 1 -0 .06
9. D efoam er 0.53 -0 . 2 2 0 . 1 1 0.64 -0 . 2 0

10. Em ulsifier 090 -0 .19 -0 .003 -0 .17 -0 .17
11. C ato -0 .03 -0 .43 0 . 8 8 -0 . 0 0 2 0 .19
12. Starch -0 . 0 0 2 -0 .44 088 -0 .03 0  18
13. W et strength 0.3.0 -0 .14 -0 .47 0 .24 0 .7 7

It is  fo u n d  that fo r  G F  p ro d u ctio n , w a ter , e lec tr ic ity , alum , c lay , and em u lsifier  
w e r e  g r o u p e d  in to  F l. A l to  A 4  w e r e  g r o u p e d  in to  F 2 . C a to  and starch  w e r e  g r o u p e d  
in to  F 3. D e fo a m e r  w a s  a ss ig n e d  to  F 4. W e t stren g th  w a s  le ft o u t b e c a u se  its  
sig n ifica n t fa c to r  lo a d in g  ap p ears in  F 5 and th e  e ig e n v a lu e  o f  F 5 is  le s s  th an  1.

5.2.4.1.2 Factor Loadings of GB
B a se d  o n  th e  fa c to r  lo a d in g s  g rea ter  than 0 .5 , 11 input v ariab les  o f  G B  

can  b e  g r o u p e d  in to  fo u r  sign ifica n t fa c to r s  (T a b le  5 .6 ) . E a c h  fa c to r  c o n ta in s  th o s e  
v a r ia b les  w h o s e  h ig h e st fa c to r  lo a d in g  is a s so c ia te d  w ith  that p articu lar  factor .

Table 5.6 Factor Matrix of Factor Loadings of GB
V ariab le Fi f2 f3 f4

1. W ater 0.31 0.60 -0 . 0 0 2 -0 .58
2. E lectricity 052 0 .39 -0.31 - 0 4 2
3. A 3 -0 .34 0.53 -0 . 2 1 0.35
4. A 4 -0 .48 0 .50 0 59 -0 . 2 0

5. As 0 79 0 . 2 2 0.23 0 .24
6 . A lum -0 .32 0 .16 0.84 0.001
7. D efoam er 0 .30 0 .42 0.18 0.52
8 . Em ulsifier -0 . 2 0 0 . 6 6 -0 .43 0 2 3
9. Cato 0.90 0 .18 0 .0 0 0 0 6 0 . 1 2

10. Starch 0.81 -0 .24 0.005 0 .008
11. W et strength -0.82 0 .006 -0 .35 0 .0005
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It w a s  fo u n d  th at fo r  G B  p ro d u ctio n , e lec tr ic ity , A s, c a to , starch , and w e t  
stren g th  w e r e  g r o u p e d  in to  F i. W ater , A3 , and em u lsifier  w e r e  g r o u p ed  in to  F 2. A4  

and a lu m  w e r e  g r o u p e d  in to  F3. D e fo a m e r  w a s  a ss ig n e d  to  F4 .

M o r e o v e r , it w a s  se e n  that th e  e ig e n v a lu e s  o f  G F  and G B  w e r e  h ig h est for  th e  
first fa c to r  and lo w e r  fo r  su c c e s s iv e  fa c to rs , and th e  last fa c to r  w a s  th e  lo w e s t .
T h is  im p lie s  that th e  first fa c to r  ex p la in s th e  h ig h est v a r ia n ce  in th e  d ata  set.
N o t e  that m o st  o f  e ig e n v a lu e s  o f  G F  exp la in  th e  to ta l v a r ia n ces  in th e  d ata  se t o f  
G F  ( 4 .6 1 - 1 .0 1 )  m o re  than th e se  v a r ia n ces in th e  d ata  se t o f  G B  (3 .7 2 -1 .0 8 ) .  A lso  n o te  
th at th e  c o m m u n a lity  o f  G F  and G B  are eq u a l to  1. T h is  m ea n s that a v ariab le  sh ares  
its  v a r ia n c e  in  all fa c to rs . H e n c e , th e se  fa c to r s  are ca lled  “c o m m o n  fa c to r s” . 

A c c o r d in g  to  th e  resu lt o f  fa c to r  m atr ices fo r  G F  and G B  b a se d  u p o n  th e  e ig e n v a lu e  
>  1 and s ig n ifica n t fa c to r s  >  0 .5 ,  th e  d iagram  o f  input variab les o f  G F  and G B  as th e  

c o m m o n  fa c to r s  is  sh o w n  in  F ig u re  5 .5 .

Variables of GF Common factors Variables of GB
Electricity (0.92) 
Water (0.75> 
Alum (0.91)
Clay ( 0  84) 
Emulsifier (0.90)

Cato (0.90) 
Starch (0.81) 

As (0.79) 
Electricity (0.52) 

Wet Strength(-0.82)
A i (0 .7 4 )  
A 2 (0 .7 3 )  
A 3 (0 .8 4 )  
A 4 (0 .7 9 )

Emulsifier(0.66) 
Water (0.60) 

A j ( 0 . 7 9 )

Starch (0.88). 
Cato (0.88) -

Alum (0.84) 
A4 (0.59)

Defoamer (0.64) F4 - Defoamer(0.52)

Figure 5.5 Diagram of Common Factors obtained through FA of Gypsum paper

5.1.4.2 Physical Meaning of Factors
T h e  p u r p o se  o f  p h ysica l m ea n in g  is  to  a ss ig n  a p h y sica l rep resen ta tio n  to  

w h a t is  c o m m o n  a m o n g  th e  v ariab les  that h a v e  h igh  lo a d in g  o n  th e  fa c to rs . T h is  is  
a c c o m p lish e d  b y  ex a m in a tio n  th e  p attern  o f  in ter -co rre la tio n  a m o n g  var iab les  in
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c o r r e la tio n  m atrix  and  th e  fa c to r  lo a d in g s  in th e  fa c to r  m atrix. T h e  ch ara cter istic  o f  
g y p su m  lin er  b o a rd  p r o d u c tio n  b a sed  u p o n  th e  co rre la tio n  m a tr ices  and th e  fa c to r  
lo a d in g s  o f  u n -r o ta te d  fa c to r  m atr ices, can  b e  e x p la in ed  by  th e  in terre la tion sh ip s  
a m o n g  v a r ia b le s  in e a c h  factor .

5.1.4.2.1 Physical Meaning of GF
T h e  p h y sica l m ea n in g  o f  th e  c o m m o n  fa c to rs  o f  G F  p r o d u ctio n  are

s h o w n  b e lo w .
W ith in  th e  fa c to r  F i, th e  re la tio n sh ip  a m o n g  v ariab les  (c o n s is t in g  o f  

e le c tr ic ity , w a te r , c lay , em u lsifier , and a lu m ) can  b e  ch a ra cter ized  b a sed  u p o n  th e  
re la tio n  in c o r r e la tio n  m atrix  a s  fo llo w s;

1. T h e  re la tio n sh ip  b e tw e e n  e le c tr ic ity  and w a te r  can  b e  ex p la in ed  
th ro u g h  th eir  fu n c tio n s  in  th e  p r o d u c tio n  p r o c e ss . B e c a u s e  p ap er  is  m a d e  w ith  w a te r  
as th e  carrier o f  th e  fib ers and as an aid  to  b o n d in g . In th e  first step  o f  p ap er  m ak in g , 
ca lled  s to c k  p rep ara tion , th e  w a te r  c o m p o n e n t in  th e  s to c k  is  a b o u t 8 8 - 9 6  % . A t th is  
s ta g e , e le c tr ic ity  is  u se d  fo r  p u lp in g , screen in g  and c lea n in g , and refin in g  fo r  r e c y c led  
fiber. In  th e  s e c o n d  step , e le c tr ic ity  is  a lso  u se d  fo r  tran sp ort o f  th e  fib er  su sp e n s io n  
w ith  p u m p s, b e lt, c o n v e y o r s , and d riv in g  m ach in es. T h u s, w h e n  w a te r  is  c o n su m e d , 
e le c tr ic ity  is  c o n su m e d  a s w e ll. T h is  is  u su a lly  th e  p attern  o f  in ter -co rre la tio n  
b e tw e e n  e le c tr ic ity  and w a te r  in th e  fa c to r . H o w e v e r , th e  c h a n g e  o f  w a te r  u se  is  n o t  
a lw a y s  in  th e  sa m e  d irec tio n  o f  th e  ch a n g e  o f  e le c tr ic ity  co n su m p tio n , b e c a u se  re ­
c ir c u la te d  w a te r  is  u se d  in  so m e  situ a tio n s. In th is  c a se , th e  c h a n g e s  o f  w a te r  u s a g e  
can  a ffe c t  th e  c h a n g e  o f  e le c tr ic ity  u se  in  th e  o p p o s ite  d irec tio n . T h e  u s e  o f  w a te r  re ­
c ircu la ted  can  lea d  to  lo w  c o n su m p tio n  o f  w a te r  but h igh  c o n su m p tio n  o f  e lec tr ic ity . 
T h is  a p p ea rs a s  th e  m o d e r a te  v a lu e  o f  c o rre la tio n  c o e ff ic ie n t  b e tw e e n  w a te r  and  
e le c tr ic ity  ( 0 .6 5 ) .  N o t ic e  that fa c to r  lo a d in g  o f  e le c tr ic ity  ( 0 .9 2 )  is h igh er  th an  th e  
lo a d in g  o f  w a te r  (0 .7 5 ) .

2 . T h e  re la tio n sh ip  b e tw e e n  ch em ica l a d d itiv es  (c o n s is t in g  o f  clay , 
em u ls ifier  and a lu m ) and w a te r  can  b e  d escr ib ed  b a se d  u p o n  th eir  fu n c tio n s  in th e  w e t  
en d  o p era tio n . W a ter  is  u se d  a s  th e  m ain  m ed iu m  o f  th e  furn ish , w h ic h  is  a m u lti- 
c o m p o n e n t  m ix tu re  c o n ta in in g  sev era l ty p e s  o f  pu lp , filler  and a d d itiv es . W ater  is  
a lso  in c lu d ed  in  th e  p rep ara tion  and d ilu tio n  o f  th e  ch em ica l a d d itiv es . T h e  ch em ica l 
a d d it iv e s  are u se d  to  im p r o v e  th e  p ro p er tie s  o f  th e  p ap er in  o rd er  to  rea ch  certa in  
d esired  e n d -u se  p ro p er tie s . G en era lly , w h e n  ch em ica l a d d itiv es  are h ea v ily
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c o n su m e d , w a te r  c o n su m p tio n  is  a lso  h igh. T h u s, th e  pattern  o f  in ter-corre la tion  
b e tw e e n  c h em ica l a d d itiv es  and w a te r  in th e  fa c to r  is in th e  sa m e d irection . H o w e v e r ,  
in so m e  situ a tio n s , w h e r e  w a te r  is re -c ircu la ted  as w h ite  w a te r  co n ta in in g  fin es , 
fib ers, and c h e m ic a ls , th e  le v e l o f  ch em ica l a d d itiv es  are lo w  but w a ter  u s e  is 
re la tiv e ly  co n sta n t. S o m e  a d d itiv es  in th e  w h ite  w a ter  are p rec ip ita ted  o n  th e  su rface  
o f  fib ers d u rin g  d e p o s it io n  in th e  w ire  se c t io n  o f  th e  paper m ach in e  and filtered  
th ro u g h  th e  filter  sy stem . In th is c a se , w h ite  w a te r  is u sed  a s  an oth er so u r c e  o f  th e  
m aterial in p u ts. E v e n  th o u g h  th ere  is a su ffic ien t am ou n t o f  w ater , the a m o u n t o f  
ch em ica l a d d itiv es  m ay  b e  le s s  th en  th e  n e c e ssa r y  am ou n t resu ltin g  from  their  
p a ss in g  th ro u g h  th e  r e c o v e r y  sy stem . In th is  c a se , th ere  is a h igh  co n su m p tio n  o f  
ch em ica l a d d itiv es , but lo w  c o n su m p tio n  o f  w a te r  in th e  p ro d u ctio n  p r o c e ss . In th is  
c a se , th e  p attern  o f  in ter -co rre la tio n  b e tw e e n  ch em ica l a d d itiv es  and w a te r  is  in th e  
o p p o s ite  d irec tio n  that ty p ica lly  ap p ears a m o n g  th e  d ifferen t v a lu e s  o f  fa c to r  
lo a d in g s . It is, th ere fo re , se e n  that fa c to r  lo a d in g s  o f  ch em ica l ad d itiv es  are h igh er  
( 0 .8 4 - 0 .9 1 )  th an  th e  fa c to r  lo a d in g  o f  w a te r  (0 .7 5 ) .

3. T h e  re la tio n sh ip  b e tw e e n  ch em ica l a d d itiv es  (c o n s is t in g  o f  c lay , 
em u ls ifier  and a lu m ) and e le c tr ic ity  can  a lso  b e  ex p la in ed  th ro u g h  their fu n c tio n s  in 
th e  w e t  end  o p era tio n . In g en era l, w h e n  ch em ica l a d d itiv es  are u sed  to  im p r o v e  th e  
p ro p er tie s  o f  p ap er, e le c tr ic ity  is  a lso  u se d  to  tran sp ort th em  o n to  th e p ap er  m ach in e. 
T h u s, th e  p a ttern  o f  in ter -co rre la tio n  b e tw e e n  ch em ica l a d d itiv es  and e le c tr ic ity  is in 
th e  sa m e  d irec tio n  in term s o f  in crea sin g  am ou n t o f  th eir  u sa g e s . U su a lly , th e  u se  o f  
c h em ica l a d d itiv e s  p er un it o f  p r o d u c tio n  sh o u ld  h a v e  a co n sta n t leve l, and th e  
p r o p e r tie s  o f  th e s e  c h e m ic a ls  at d ifferen t t im e s  sh ou ld  n o t ch a n g e  su b stan tia lly . 
H o w e v e r , in s o m e  s itu a tio n s, th e  ch a n g e  o f  th e se  ch em ica ls  can  b e o b se r v e d  in th e  
o p p o s ite  d irec tio n . A lth o u g h  th ere  m ay  b e  o th er  c a u se s  that a ffect th e  c h a n g e  in th e  
re la tio n sh ip  b e tw e e n  th e  c h em ica l a d d itiv es  and e lec tr ic ity  u se , th o se  c a u se s  h a v e  n o t  
o c c u r r e d  in th is  situ a tion . T h e  p o ss ib le  c a u se  sh o u ld  b e  th e  resu lt o f  r e p r o c e ss in g  o f  
th e  o u t o f  sp e c if ic a tio n  p ro d u ct that re su lts  in lo w e r  q u an tities  o f  ch em ica l a d d itiv es  
u se  and h igh er  e le c tr ic ity  c o n su m p tio n . T h is  is  b e c a u se  th e se  ad d itiv es  are a lread y  
p resen t in th e  b ro k e . T h u s, it is  n o t n e c e ssa r y  to  add m o re  o f  th e se  a d d itiv es . 
H o w e v e r , th e  u se  o f  e sse n tia lly  th e  sa m e a m o u n t o f  e le c tr ic ity  is still n e c e ssa r y  for  
m ateria l p r o c e ss in g . In th is  c a se , th e  pattern  o f  in ter -co rre la tio n  b e tw e e n  th e  tw o  
v a r ia b les  is  in th e  s itu a tio n  o f  co n sta n t a d d itiv es  u sa g e  but h igh er e lec tr ic ity
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co n su m p tio n . N o t ic e  that th e  c o rre la tio n  c o e ff ic ie n ts  b e tw e e n  a lu m -e lec tr ic ity  (0 .9 1 ) ,  
c la y -e le c tr ic ity  ( 0 .7 8 -0 .8 6 ) ,  and em u ls if ie r -e lec tr ic ity  ( 0 .8 6 )  are high.

4 . T h e  re la tio n sh ip s a m o n g  ch em ica l a d d itiv es  (c o n s is t in g  o f  clay , 
em u lsifier , and a lu m ) can  b e  d escr ib ed  th ro u g h  th eir  ro le s  in th e  p r o d u c tio n  p r o c e ss .

G en era lly , ch em ica l a d d itiv es  are co n ta in ed  n ot o n ly  in th e  furnish  
c o m p o n e n t  but a lso  in th e  w h ite  w a ter . T h e se  a d d itiv es  are im p ortan t in th e  
p a p erm a k in g  p r o c e s s  d u rin g  th e  fo l lo w in g  s ta g e s  in th e  w e t  en d  o p era tio n  
(F ig u r e  5 .6 ).

r WaterAVhite watér̂  
Fines/Fillers

Retention Formation
(Stock) Raw materials----------- ►  Floes----------- ►  Paper

Figure 5.6 The Stage of Paper Formimg in the Wet End Operations

In th e se  s ta g e s , a lu m  and em u lsifier  in fu m ish /w h ite  w a te r  p lay  a m ajor  
r o le  in  th e  re ten tio n  o f  f in es  and fillers (c la y ). T h e  re ten tio n  m ech a n ism  is large ly  
d e p e n d e n t o n  th e  fo rm a tio n  o f  f lo e s  o f  fillers and fin es. T h e se  f lo e s  h a v e  a m ajor ro le  
in th e  fo rm a tio n  o f  th e  p ap er  sh eet. In w e t  en d  o p era tio n s , c h a n g e s  o f  a lu m  le v e l 
a ffe c ts  c h a n g e s  in le v e ls  o f  c la y  and  em u lsifier . T h is  is b e c a u se  alum , w h ic h  is  a 
w a te r  so lu t io n  o f  a lu m in u m  su lfa te  w ith  so m e  o f  th e  a lu m in u m  in  th e  form  o f  
alu m in u m  h y d ro x id e , is u se d  to  lo w e r  th e  p H  o f  th e  s to c k  o r  fu rn ish  to  a b o u t 4 .5 -5 .  
W h ile  em u ls if ier  or  e m u ls io n  s iz e , ca lled  ro sin  s iz e , is  s ligh tly  a n io n ic  and w ill ten d  
to  s t ic k  to  th e  fib ers, th is  em u lsifier  is  m ix ed  w ith  th e  fib ers b e fo r e  th e  a lu m  is  ad d ed  
to  th e  s to c k  [5 2 ] , T h e  a lu m  flo c c u la te s  w ith  th e  ro sin  s iz e  and w ith  itse lf , crea tin g  
f lo e s  that ad h ere  to  th e  fibers. T h e  ro sin -a lu m  f lo e s  are w a te r  resista n t a fter  d ryin g , 
and  th eir  p r e se n c e  h e lp s  th e  p ap er w e b s  resist w a te r  p en etra tion .

A s  fo r  clay , w h ic h  is  th e  k a o lin  crysta llin e  fo rm  c o m p o s e d  o f  fin e  
p a rtic le s  sm a ller  th an  th e  fib ers, it w ill e x te n d  th e  furnish  b e c a u se  it is  a m aterial 
ch e a p e r  th an  fiber and g iv e s  a su b stan tia l in crea se  in ligh t sca tter in g  w ith in  th e  w e b  
o f  paper. T h u s, th e  ro s in -a lu m -c la y  f lo e s  can  b e  p rec ip ita ted  and a d so rb ed  o n to  th e  
p u lp  fin es  lin k in g  in turn w ith  th e  larger fib ers and y ie ld in g  g rea ter  r e ten tio n  o f  all th e  
fib ers  fo rm in g  th e  p ap er  sh ee t that m e e ts  th e  req u ired  w a te r  r e s is ta n ce  and o p tic a l 
p r o p e r tie s  fo r  th e  paper. T h e se  s ta g e s  are im p ortan t to  im p ro v e  th e  r e ten tio n  o f  f in es
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in ord er  to  a ttach  th e  fin es  to  th e  fib ers and to  form  a s tr o n g  w e t  w e b  o f  p ap er  b e fo r e  
w a te r  is rem o v ed .

N o r m a lly , i f  c la y  and  em u lsifier  are c o n su m e d  at h igh  le v e l, th e  alum  
le v e l is a lso  h igh  d u e  to  th eir  c o r r e sp o n d in g  fu n c tio n s . T h is  in d ic a te s  th at th e  p attern  
o f  co rre la tio n  b e tw e e n  th e  tw o  v ariab les  in th e  fa c to r  is  in th e  sa m e  d irection . 
H o w e v e r , in so m e  s itu a tio n s, w h e r e  w h ite  w a te r  is  u se d  as a n o th er  so u r c e  o f  ch em ica l 
a d d itiv es , th e  p r e se n c e  o f  c la y  in w h ite  w a te r  is  still r e la tiv e ly  h ig h  d u e  t o  its  f in en ess . 
T h u s, it is n o t n e c e ssa r y  to  add  a d d ition a l q u a n titie s , b u t it is  still n e c e ssa r y  to  add  
s o m e  em u lsifier  and sm all le v e ls  o f  a lu m  a s a  s iz e s  fo r  w a te r  r e s is ta n c e  [5 3 ] , In th is  
situ a tion , th e  p attern  o f  its c o rre la tio n  is  in th e  o p p o s ite  d irec tio n . In ad d itio n , th eir  
fa c to r  lo a d in g s  are d ifferen t, th e  fa c to r  lo a d in g s  o f  c la y  ( 0 .8 4 )  and  em u lsifier  ( 0 .9 0 )  
are lo w e r  than th e  lo a d in g  o f  a lu m  (0 .9 1 ) .

W ith in  th e  fa c to r  F 2 , th e  re la tio n sh ip  a m o n g  v a r ia b les  (c o n ta in in g  4  ty p e s  
o f  w a step a p er; A l, A 2, A 3, and  A 4 ) can  b e  ch a ra c ter ized  b a se d  o n  th e  re la tio n sh ip  in  
th e  co rre la tio n  m atrix  as fo llo w s .

1. T h e  re la tio n sh ip s a m o n g  A l ,  A 2 , A 3 , and  A 4  ca n  b e  e x p la in ed  th ro u g h  
th eir  c o m p o n e n ts  in th e  layers o f  paper. N o r m a lly , th e  th ree  la y ers o f  f ib ro u s  
m ateria ls  o f  G F  c o n s is t  o f  d ifferen t ra tio s  o f  w a s te p a p e r  u se d  a s  a so u r c e  o f  c e l lu lo s e  
fibers. T h e  to p  layer  c o n s is ts  o f  A l and A 2  w ith  th eir  p e r c e n ta g e s  b e in g  2 5  to  3 0  : 7 0  
to  7 5 . T h e  m id d le  and b o tto m  layers c o n s is t  o f  A 3 and A 4  w ith  th eir  p e r c e n ta g e s  
b e in g  ab ou t 8 0  to  1 0 0  : 0  to  2 0  a s  fo l lo w s  (T a b le  5 .7 ) .

Table 5.7 Type of Wastepaper in the Layer of GF

L ayer  o f  P ap er
T y p e  o f  W a step a p er

A i a 2 a 3 A t
1. T o p  layer 2 5 - 3 0 7 0 -7 5 - -

2 . M id d le  layer - - 8 0 -1 0 0 0 - 2 0

3. B o tto m  layer - - 8 0 -1 0 0 0 - 2 0

Thus, the patterns of inter-correlation between two variables of the
fibrous materials are in the same direction either increasing or decreasing amounts of
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th e se  m ater ia ls  in th e  sa m e  layer. H o w e v e r , in so m e  situ a tion s, th e  in crea sin g  in th e  
ty p e s  o f  th e  w a ste p a p e r s , A 2, A 3 , A 4 , can  c a u se  th e  d ecrea sin g  in th e  am ou n t o f  A ], 
T h is m ay  o c c u r  i f  th ere  is a u se  o f  b ro k e  as an o th er  so u rce  o f  fib rou s m aterial that is 
v e r y  m u ch  a ty p e  o f  d irty  fibers. T h e  b rok e, th en , b e c o m e s  th e m id d le  and b o tto m  
layers o f  th e  p ap er (A 3 and A 4 ), in c lu d in g  so m e  ratio o f  the c o m p o s it io n  o f  th e  to p  o f  
th e  layer  (A 2) a s  w e ll. T h u s, fib ers that are m ain ly  u sed  in th e  to p  layer A l are n eed ed  
in c o m p a r a tiv e ly  larger p ro p o rtio n s. In th e se  ca se s , th e  ch a n g e  o f  v a r io u s ty p e s  o f  
w a ste p a p e r s , A 2, A 3 , A 4  is to w a rd  a lo w e r  qu an tity , but th e  n e e d s  for  A l is h igh er  
b e c a u se  o f  th e  lo s s  o f  A l in th e  p r e v io u s  p r o c e ss  op eration . T h u s, their  lo a d in g s  are  
d ifferen t and th e  lo a d in g  o f  A l ( 0 .9 1 )  is  h igh er than A 2 ( 0 .7 4 )  and A 4  (0 .6 5 ) .

2. T h e  re la tio n sh ip s a m o n g  A 2, A 3 , and A 4  can  b e  ex p la in ed  th ro u g h  th eir  
re la tiv e  co n tr ib u tio n s  to  th e  layers o f  paper as w e ll. T h e  ch a n g e  o f  A 2 a ffe c ts  th e  
c h a n g e s  o f  A 3 , and  A 4 . T h e  r ea so n  fo r  th is  c h a n g e  relation sh ip  is sim ilar to  th e  
c h a n g e s  d e sc r ib e d  in paragraph  1 a b o v e , b e c a u se  o f  th e  u se  o f  b ro k e  as a n o th er  
so u r c e  o f  f ib ro u s m aterial. H o w e v e r , in so m e  situ a tion s, th e  ratio  o f  A 3 is  in crea sed  
to  th e  m a x im u m  le v e l o f  th e  fib ro u s m ateria ls in th e  m iddle and b o tto m  layers, 
th e r e fo r e , it is  n e c e ssa r y  to  add m o r e  o f  it. T h u s, the pattern o f  in ter -co rre la tio n  is  in  
th e  o p p o s ite  d irec tio n . N o t ic e  that th e  lo a d in g  o f  A 3 ( 0 .8 4 )  is  h igh er  than th e  lo a d in g  
o f  A 2 and A 4 .

3 . T h e  re la tion sh ip  b e tw e e n  A 3 and A 4  can  b e  d escr ib ed  th ro u g h  th eir  
co n tr ib u tio n s  to  th e  c o m p o n e n ts  in th e  layers o f  paper as w e ll. U su a lly , a c h a n g e  o f  
A 4  a ffe c ts  th e  c h a n g e s  o f  A 3 in th e  o p p o s ite  d irection  w ith in  th e  lim it o f  th eir  ra tio s  in  
th e  m id d le  and b o tto m  layers. T h is  m ean s th at w h ile  A 3 is in crea sed , e ith er  A 4  is n o t  
u se d  o r  is  u se d  in sm aller  q u an tities. A lso  i f  th e  u se  o f  A 3 is lo w e r e d , A 4  is  u se d  in  
larg er  q u an tities. In s o m e  ca se s , b ro k e  is u se d  as an oth er so u r c e  o f  fib ro u s m ateria ls. 
In th is  s itu a tio n , th e  c o m p o n e n ts  o f  A 3 and A 4  in the b rok e are su ffic ien t. In th is  ca se , 
th e  p a ttern  o f  in ter -co rre la tio n  o f  A 3 and A 4  is in th e  sam e d irection . H o w e v e r , th eir  
lo a d in g s  are still d ifferen t d u e  to  th e  h igh  cu m u la tiv e  e ffe c t o f  their c o rre la tio n  in th e  
o p p o s ite  d ir e c tio n  that o v e r w h e lm s  th is e ffe c t  in th e  sam e d irectio n  a c c o r d in g  to  th eir  
r a tio s  a s  sh o w n  in T a b le  5 .7 . H e n c e , th e  fa c to r  loa d in g  o f  A 3 ( 0 .8 4 )  is  h igh er th an  A 4  

(0 .6 5 ) .

W ith in  th e  fa c to r  F 3, th e  re la tion sh ip  a m o n g  variab les (c o n s is t in g  o f  c a to  
and starch ) are  d isc u sse d  b e lo w .
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T h e  re la tio n sh ip  b e tw e e n  c a to , w h ic h  is a m o d ified  starch , and starch  can  
b e  e x p la in ed  th r o u g h  th eir  fu n c tio n s . U su a lly , th e  re ten tio n  o f  m o d ified  starch  (c a to )  
is b e tte r  th an  that o f  n a tiv e  starch . In g en era l, c a tio n ic  starch  su ch  as c a to  is u se d  to  
h elp  large  a m o u n ts  o f  n a tiv e  sta rch es  that are e ith er  a n io n ic  o r  n o n -io n ic  in n atu re to  
b e  f ix e d  to  th e  fu rn ish  lea d in g  to  im p ro v ed  starch  re ten tio n  and red u ced  p o llu tio n . 
T h u s, i f  th e  starch  is  c o n su m e d  to  a h igh  d e g r e e , c a to  is a lso  h igh ly  c o n su m e d  w ith in  
th e ir  p ro p er  p r o p o r tio n  fo r  th e  req u ired  q u a lity  o f  th e  p rod u ct. B a se d  o n  th e  
c o rre la tio n  m atrix , th e  co r r e la tio n  b e tw e e n  th e se  t w o  variab les is th e  h ig h est, a b o u t
0 .9 9 . T h is  m ea n s th a t th e s e  t w o  v ariab les  are h igh ly  co rre la ted  in th e  sa m e  d irection . 
A lth o u g h  c a to  and starch  are  w e t  en d  ch em ica ls , th eir  fu n c tio n s  are d ifferen t from  
o th er  w e t  en d  c h e m ic a ls , and  th e y  are g r o u p e d  in a n o th er  factor . B o th  c a to  and starch  
are u se d  a s  dry stren g th  and  b o n d in g  a d d itiv es  to  h elp  g lu e  or  b o n d  th e  fib ers  
to g e th e r . S tarch  is  c h e m ic a lly  q u ite  sim ilar to  c e llu lo se  and can  b e  u se d  to  b o n d  to  th e  
fib ers, re su ltin g  in an in c r e a se  in th e  d e g r e e  o f  b o n d in g  in th e  w eb . N o t e  that b o th  
c a to  and  starch  h a v e  th e  sa m e  fa c to r  lo a d in g s , th u s, their im p o rta n ces  are th e  sa m e  
d u e  to  th e  sim ilar fu n c tio n s  a s  b o n d in g  a g e n ts  w ith in  th e  paper.

W ith in  th e  fa c to r  F 4 , th e  re la tio n sh ip  o f  a s in g le  variab le, d e fo a m e r  s h o w s  
a c o r r e la tio n  o f  its  variab le  and fa c to r  w ith  th e  m o d era te  fa c to r  lo a d in g  (0 .6 4 ) .
D e s p ite  its  c o r r e la tio n  w ith  alum , c lay , and e lec tr ic ity , d e fo a m er  has q u ite  a lo w  
co r r e la tio n  c o e f f ic ie n t  b e tw e e n  a pair o f  th e se  variab les. H e n c e , it ap p ears as a s in g le  
variab le . In s o m e  situ a tio n s , i f  w h ite  w a te r  and b ro k e  are u se d  as a n o th er  so u r c e  o f  
m ateria l in p u ts, th e  c o m p o s it io n  o f  th e  fu rn ish  in th e  p r o c e s s  is d ifferen t. I f  th ere  is  an  
im p ro p er  a m o u n t o f  a lu m  and  em u lsifier , in su ffic ien t pH  le v e l ad ju stm en t m ay  resu lt. 
T h is  c o n d it io n  ca n  s o m e tim e s  c a u se  p o o r  s iz e  re ten tio n  and a g g ra v a te  fo a m in g  
p r o b le m s d u e  to  th e  in crea sin g  o f  su rfactan t and o c c u r r e n c e  o f  b u b b le  in th e  
p r o d u c tio n  p r o c e s s . W h en  th e  b u b b les  o f  fo a m  o c c u r , m o re  d e fo a m er  w ill b e  u se d  to  
e lim in a te  th em  in ord er  to  m ain ta in  th e  p ro d u ct quality .

It is  n o te d  th at, th ro u g h  th e  p attern  o f  in ter -co rre la tio n  b e tw e e n  t w o  
v a r ia b le s  in  c o m m o n  fa c to r s  o f  G F , so m e  v a r ia b les  sh o u ld  b e  in c lu d ed  in th e  m ateria l 
in p u t F A  m o d e l o f  G F , n a m ely , b r o k e  and  w h ite  w a te r  in o rd er  to  o b ta in  th e  b e st  
in fo rm a tio n  fo r  a d e e p e r  u n d ersta n d in g  o f  th e  large  se t  o f  d a ta  for  th e  G F  p r o d u c tio n .

F u rth erm ore , it can  b e  c o n c lu d e d  th at Fl- F 4  are  q u ite  w e ll  r e p resen ted  in  
th e  or ig in a l se t  o f  d a ta  v ariab les. A lth o u g h  th ere  is  a p itfa ll d u e  to  th e  la ck  o f  a f e w
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variab le  in m aterial input F A  m o d e l, its  a p p licab ility  fo r  further a n a lysis  and  
d e v e lo p m e n t o f  th e  p r e d ic tiv e  m o d e l fo r  w a s te w a te r  from  G F  p r o d u ctio n  w ill b w  
te s te d  in th e  se c o n d  ph ase.

5.1.4.2.2 Physical Meaning of GB
S in ce  G B  is  u se d  a s  a b a ck  s id e  o f  G y p su m  liner b oard , th e  s tro n g  fiber  

b o n d in g  is  n eed ed  fo r  G B . T h u s, ch in a  c la y  w h ic h  is  u se d  a s  filler for  G F  is n o t u se d  
for  G B  b e c a u se  it a d v e r se ly  a ffe c ts  fiber b o n d in g  and a ffe c ts  so m e  p ap er p ro p er tie s  
su ch  as b u lk , o p a c ity  and s m o o th n e ss  [4 0 ] , In ad d itio n , th e  fib er  ty p e  u se d  fo r  G B  is 
le s se r  and q u ite  d ifferen t from  G F  in term s o f  b e tter  fib ro u s m aterial and c lea n n ess . 
T h e se  m ay  a lso  a ffec t a n o n -d is t in c tio n  in g r o u p in g  input v a r ia b les  in to  fa c to r s  for  
G B  d u e  to  th e  le s s  o f  in p u t v a r ia b les  and lo w e r  v a r ia tio n  o f  d a ta  fo r  G B  th an  G F.

T h e  p h y sica l m ea n in g  o f  th e  v ariab les  in all o f  th e  s ig n ifica n t c o m m o n  
fa c to r s  o f  G B  p r o d u c tio n  b a se d  o n  th e  c o rre la tio n  m atrix  and fa c to r  lo a d in g  are 
p r e se n te d  b e lo w .

W ith in  th e  fa c to r  F i, th e  re la tio n sh ip  a m o n g  v ariab les  (c o n s is t in g  o f  c a to , 
starch , A s , e lec tr ic ity , and  w e t  stren g th ) ca n  b e  ch a ra c ter ized  th e ir  re la tio n sh ip s b a sed  
u p o n  th e  c o rre la tio n  m atrix  as fo llo w .

N o t ic e  that w e t  stren g th  h as n e g a tiv e  lo a d in g  ( -0 .8 2 ) .  T h u s, th e  
re la tio n sh ip s  a m o n g  w e t  stren g th , starch  and  c a to  can  b e  c la ss if ie d  in to  t w o  g r o u p s  
a c c o r d in g  to  th eir  d irec tio n s  o n  th e  fa c to r , h a v in g  b o th  n e g a tiv e  and p o s it iv e  a x es.

1. T h e  re la tio n sh ip  b e tw e e n  w e t  stren g th  and  fa c to r  o n  th e  n e g a tiv e  a x is  in  
th e  o p p o s ite  d irec tio n  o f  th e  o th er  v ariab les  can  b e  ex p la in ed  th ro u g h  its  fu n ctio n .
D u e  to  its  n e g a tiv e  lo a d in g  v a lu e  ( -0 .8 2 ) ,  th is  m ea n s th at w e t  stren g th  is  n o t 
c o rre la ted  w ith  o th e r  v a r ia b les  in  th e  fa c to r . H o w e v e r , it in d ic a te s  that w e t  stren g th  is  
m a th em a tica lly  re la ted  w ith  th e  fa c to r  in th e  d irec tio n  o f  th e  n e g a tiv e  a x is  or  th e  
o p p o s ite  d irec tio n  o f  th e  p o s it iv e  fa c to r  ax is. In term s o f  ex p la n a to ry  p o w e r , - 0 .8 2  is  
a lso  as g o o d  a s  + 0 .8 2 .  T h u s, w e t  stren g th  is  a lso  h igh  co rre la ted  w ith  th e  fa c to r  
( - 0 .8 2 )  in  a n e g a tiv e  fa c to r  ax is.

C o m m o n ly , w e t  stren g th  a g en ts , w h ic h  are th e  m o st  e ffe c t iv e  w e t  stren g th  
u n d er  a c id  c o n d it io n s , fu n c tio n  in th e  p ap er  w e b  to  p r o te c t th e  b o n d in g  and a lso  to  
h elp  h o ld  th e  fib ers to g e th e r  w h e n  th e  w e b  is  w e tte d  b y  th e  c r o ss - lin k e d  resin
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n etw o rk . It is v ery  e sse n tia l to  u se  th em  fo r  th e  p ap er  p rod u ct that m ay b e c o m e  w e t  
d u rin g  u se , su ch  as b a g  p ap ers or  p ap erb oard s lik e  G F  and G B  that are required  to  
retain  a certa in  le v e l o f  stren g th  w h e n  m o isten ed .

2 . T h e  re la tio n sh ip  b e tw e e n  starch  and c a to  can  b e  d escr ib ed  th ro u g h  their  
fu n c tio n s  in th e  w e t  end  o p e r a tio n  A c c o r d in g  to  their fa c to r  lo a d in g s, th e  lo a d in g  o f  
c a to  ( 0 .9 0 )  is  h igh er th an  th e  lo a d in g  o f  starch  (0 .8 1 ) .

G en era lly , th e  fu n c tio n s  o f  starch  and c a to  as dry stren g th  a g e n ts  are to  
en h a n c e  th e  stren g th  o f  th e  b o n d s  b e tw e e n  fib ers in th e  p ap er  w e b  w h ile  th e  fiber  
n e tw o r k  fo r m s and d ries. B o th  ca to  and starch  are u se d  to  in crea se  te n s ile  stren g th  o f  
th e  p ap er  in th e  dry sta te . N a t iv e  starch  has n orm ally  p o o rer  re ten tio n  th en  m o d ified  
starch  (c a to ) .  It can  b e  d isch a rg ed  in to  w a te r  e fflu en t in a large  qu an tity . U su a lly , th e  
p attern  o f  in ter -co rre la tio n  b e tw e e n  starch  and c a to  is in th e  sa m e d irec tio n  b o th  
in crea sin g  and  d e c r e a s in g  to g e th e r  w ith  th e  q u a n titie s  o f  th e ir  u sa g e s . H o w e v e r , in 
so m e  c a se s , th is  p attern  is  in th e  o p p o s ite  d irec tio n  d u e  to  th e  h igh  c o n su m p tio n  o f  
c a to  and  lo w  c o n su m p tio n  o f  starch. A lth o u g h , b ro k e  c o n ta in in g  b o th  c a to  and starch  
in  th e  p a p er  layer, is  u se d  as a so u r c e  o f  m ateria l in p u t, it is  still n eed ed  to  add m o re  
c a to . T h is  m ay  b e  d u e  to  th e  n eed  fo r  h ig h  te n s ile  stren g th  o f  G B  in th e  dry sta te  
b e c a u se  o f  th e  u se  o f  G B  a s th e  b a ck  s id e  o f  in terior  w a lls  in  co n stru c tio n . T h ere fo re , 
th e  lo a d in g  fo r  ca to  ( 0 .9 0 )  is  d ifferen t from  th e  lo a d in g  for  starch  (0 .8 1 ) .

3 . T h e  re la tio n sh ip  b e tw e e n  e le c tr ic ity  u s e  and th e  fa c to r  can  b e  ex p la in ed  
th ro u g h  its  fu n c tio n  in  th e  p r o d u ctio n  p r o c e ss . G en era lly , e le c tr ic ity  is  u se d  to  
tran sp ort w a ter , pu lp  and o th er  su b sta n ce s  w ith  th e  v a r io u s  k in d s o f  eq u ip m en t u se d  
in th e  s te p  o f  s to c k  p rep ara tion  and in  th e  p ap er m ach in e. It sh o u ld  th u s  b e  e x p e c te d  
th at w a te r  and e le c tr ic ity  are co rre la ted  and ap p ear  in th e  sa m e  factor . H o w e v e r , th e  
lo a d in g  o f  b o th  e le c tr ic ity  and w a te r  ap p eared  in F i and F 2 are n o t o b v io u s , th e  
c la ss if ic a tio n  o f  e le c tr ic ity  in to  F i w h ile  w a te r  in to  F 2 d o n e  o n  th e  b a s is  o f  fa c to r  
lo a d in g  h ig h er  th an  0 .5  m ay  n o t b e  ju stif ied . A s  a  resu lt, any  in terp reta tion  o f  
p h y sica l m ea n in g  o f  fa c to r  in th is  c a se  h as to  b e  carried  o u t w ith  care.

4 . T h e  re la tio n sh ip  b e tw e e n  A s and th e  fa c to r  can  b e  ex p la in ed  th ro u g h  its  
fu n c tio n  in th e  p r o d u c tio n  p r o c e ss . U su a lly , A s is  a ty p e  o f  fib ro u s m aterial u se d  in 
th e  to p  layer . It is  c lea n er  th an  o th er  fib ro u s m ater ia ls  that are u se d  fo r  G B . G en era lly , 
G B  c o n s is ts  o f  th e  th ree  layers o f  fib ro u s m a ter ia lร that are m ad e from  th ree  ty p e s  o f  
w a ste p a p e r s; A 3 , A 4  and A s. T h e  to p  layer  is ty p e  A s w ith  its  p e r c e n ta g e  ab ou t 1 0 0 , th e



m id d le  and b o tto m  la y ers are A 3 and A 4  w ith  th e  sa m e p e r c e n ta g e s  ab ou t 2 0 :8 0  as  
sh o w n  b e lo w .
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Table 5.8 Type of Wastepaper in the Layer of GB

1. T o p  layer; A 5 =  100
2. M id d le  layer; A 3 : A 4  =  2 0  : 8 0
3. B o t to m  layer; A 3 : A 4  =  2 0  : 8 0

D e s p ite  its  co rre la tio n  w ith  A 3 and A 4 ; A 5 has q u ite  a lo w  co rre la tio n  
c o e ff ic ie n t  w ith  th e m  ( - 0 .3 - 0 .4 4 ) .  T h is  m ay c a u se  th e  lo s s e s  o f  A 3 and A 4  fro m  fa c to r  
e x tr a c tio n  in F i, so  th at o n ly  A s is  co rre la ted  w ith  th e  fa c to r . N o rm a lly , th e  c h a n g e  o f  
A s is  at a co n sta n t le v e l d u e  to  its  ra tio  in th e  layer  o f  G B . H o w e v e r , in so m e  
s itu a tio n s , b r o k e  is  u se d  and it b e c o m e s  th e  m id d le  and b o tto m  layers. In th is  c a se , 
th e  n e e d  fo r  a d d itio n  o f  A s o c c u r s  d u e  to  its lo s s  in th e  p r e v io u s  o p era tion .

W ith in  th e  fa c to r  F 2 , th e  re la tio n sh ip  a m o n g  v a r ia b les  (c o n s is t in g  o f  
em u lsifier , w a ter , and A 3 ) in d ica te  b a sed  u p o n  th e  co rre la tio n  b e tw e e n  t w o  v ariab les  
in  c o rre la tio n  m atrix  are d isc u sse d  b e lo w .

1. T h e  re la tio n sh ip  b e tw e e n  em u lsifier  and A 3 w ith  th e  lo w  co rre la tio n  
c o e ff ic ie n t  ( 0 .4 4 )  b a sed  u p o n  th e  c o rre la tio n  m atrix  and m o d e r a te  fa c to r  lo a d in g s  o f  
em u ls ifier  and A 3 ( 0 .6 6  and 0 .5 3 )  can  b e  d escr ib ed  th ro u g h  its co rre la tio n  and th eir  
c o r r e sp o n d in g  fu n c tio n s . In g en era l, em u lsifier  is d is so lv e d  in w a ter , th en , it is m ix ed  
w ith  th e  fib ers and can  a ss is t  in reta in in g  f in e s  b y  a d so rp tio n  o n to  th e  larger fib ers in 
th e  fu rn ish  c o m p o n e n t in w e b  fo rm ation . G en era lly , o n e  sh o u ld  e x p e c t  em u ls if ier  to  
c o r r e la te  w ith  all ty p e  o f  fib ro u s m ateria ls. N e v e r th e le s s , it ap p ears in th is  c a se  that 
o n ly  its  s h o w s  d istin ct c o rre la tio n  w ith  em u lsifier . T h e  r ea so n  fo r  that is  n o t  y e t  c lea r  
at a m o m e n t but th ere  m ay  b e  s o m e  th in g  to  d o  w ith  th e  ch a ra cter istic  o f  A 3 w h ic h  
req u ires  th e  ad ju stm en t o f  em u lsifier  u p o n  ch an g in g .

2 . T h e  re la tio n sh ip  b e tw e e n  w a te r  and  th e  fa c to r  can  b e  ex p la in ed  th ro u g h  
th e  fu n c tio n  o f  w a te r  in  th e  p r o d u c tio n  p r o c e ss . A lth o u g h  w a te r  has co rre la tio n  w ith  
e le c tr ic ity  and c a to  b a se d  u p o n  th e  c o rre la tio n  m atrix, th eir  co rre la tio n  c o e ff ic ie n ts  
are lo w  (<  0 .5 ) .  T h is  m ay  b e  b e c a u s e  th ey  e x p e r ie n c e  lo s s e s  from  o n e  fa c to r  but
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continue to appear in another factor. Thus, only water is extracted and remained in F2. 
Usually, water is involved in all steps of the papermaking process, not only in the 
composition of pulp and white water but also in the cooling water. Generally, the 
change of water is in the same direction as the change of F2 with respect to increasing 
or decreasing its quantity. However, in some situations, where re-circulated water as 
white water is used, mill water is consumed at lower levels. In this situation, the 
pattern of its inter-correlation is in the opposite direction. Thus, the loading of mill 
water is moderate (0.66).

Within the factor F3, the relationship among variables (consisting of alum and 
A3) can be described as below.

The relationship between alum and A3 can be explained through their 
functions in the wet end operation. Normally, alum is used as a sizing agent and is 
also used to adjust the pH of the papermaking process at an optimum level for 
adsorption of the fibers during web formation. Generally, the change of alum affects 
the changes of the fibrous material, A3 in the furnish component in the same 
direction. However, in some situations, where broke is used to become the middle 
and bottom layers of the paper, it is necessary to add more alum. This is because that 
not only A3 but also other kinds of fibrous materials in the broke can be adsorbed to 
form the paper web by use of alum. In this situation, the pattern of inter-correlation 
between alum and A3 is in the opposite direction. Thus, it is seen that the factor 
loading of alum (0.84) is higher than the loading of A3 (0.59).

Within the factor F4, the relationship of a single variable (defoamer) and the 
factor is presented below.

The relationship between defoamer and the factor can be explained through 
its function in the production process. Based upon the correlation matrix, there 
appears to be small correlations between defoamer and A5. These correlation 
coefficients are low (0.32). Thus, after factor extraction, it appears as only a single 
variable. In some situations, where white water and broke are reprocessed as another 
source of material inputs, the compositions of the stock or the furnish component are 
changed with respect to having more emulsifier, improper amounts of alum and 
unsuitable pH control. This condition can lead to the degree of foaming problems. If 
bubbles occur in the process, defoamer will be used to eliminate these bubbles in
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order to obtain the desired quality of the paper. Thus, the loading of defoamer (0.52) 
is low.

Besides, it is also noted that, based on the pattern of inter-correlation 
between two variables in common factors of GB, some variables were lost from one 
factor and appeared in another factor after extraction, namely, water, A3, A4, and 
defoamer. These are the result of their low degree of correlations in the data set 
(< 0.2). Moreover, some variables should be considered and included in the FA 
material input model of GB, namely, broke and white water in order to obtain the 
necessary information for a greater understanding of a large set of data related to the 
GB production. There are some pitfalls from the step of data design and factor 
extraction with respect to the lack of a few variables and their appearances in the FA 
model, respectively. This does have some effects on the interpretation of FA result. 
The appropriateness of actors extracted for GB thus has to be tested when the 
predictions of wastewater load are carried out in the second phase.

Noted that the result of physical meaning for FA model of GF indicates the 
importance of not only chemical additives but also utility consumption together with 
the type and quantity of fibrous materials. The same result of GB indicates the 
importance of using chemical additives in different functions in the wet end 
operation. This is because the thickness of GF is greater than that of GB. Thus, there 
is a need for more fibrous materials for GF production. Also the use of defoamer in 
GF production is higher than in the manufacture of GB. This implies that there is a 
greater problem of foam occurrence in GF than in GB due to unbalanced conditions 
of wet end chemicals in the process operation.
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5.1.5 FA Equation of GF and GB
FA equations are the function of factor scores of material input and utility 

consumption for both GF and GB. They depend on different standardized variables 
(Z) and score coefficients that have been considered (Table 5.9).

It was found that the scores for all significant factors of GF: F] - F4 depend on 
13 standardized variables. The scores for all significant factors of GB: Fi - F4 depends 
on 11 standardized variables. The score values of GF and GB vary with the value of 
the standardized variables and score coefficients in each case or observation.

Table 5.9 FA Material Input Models of Gypsum Liner Board

GP F A  E q u a t io n  o f  M a te r ia l  In p u t
1. GF 1. F, = 0.16 z, + 0.20 z2 + 0.09 Z3  + 0.10 z4- 0.09 z5 -0.002 z6-

0.2 Z1 - 0.18 Z g -  0.12 Z9  -0.2 z ,0 -  0.01 z„ -  0.003 z ,2 + 0.06 z ,3

2. F2= -0.01 z x -  0.08 z2 + 0.26 z3 + 0.25 z4 + 0.29 z5 + 0.23 z6- 0.09 z7
-0.1 Zg -  0.08 Zg -  0.07 Zio - 0.15 Zn - 0.15 Zi2 - 0.05 z ,3

3. F3 = -0.03 z, -  0.03 z2 + 0.14 z3 + 0.09 z4 + 0.12 z5 + 0.11 z6 -  0.30 z7-0.001 Zg + 0.05 Zg -  0.02 z ,0 + 0.44 z„ + 0.44 z ,2 - 0.23 z13
4. F4 = -0.47 Z] + 0.05 z2 + 0 z3 -0.25 z4 + 0.10 Zs + 0.39 z6 + 0.22 z7 -0.1 Zg + 0.64 Zg - 0.17 z10- 0.02 Zn -0.03 z, 2 +0.23 z 13

2. GB 1. F, = 0.08 z, + 0.14 z2 - 0.09 z3 - 0.13 z4 + 0.21 z5 - 0.09 z6 +0.08 z7 -0.06 Zg + 0.24 2̂  + 0.22 z ,0 - 0.22 z„
2. F2 = 0.33 z, + 0.22 z2 + 0.25 z3 + 0.28 z4 + 0.12 z5 + 0.09 z6 + 0.23 z7 +0.36 Zg + O.IZ^- 0.13 z ,0 + 0.04 Zn
3. F3 = -0.01 Zi - 0.2 z2 -  0.13 z3 + 0.37 z4+ 0.14 z5 + 0.53 z6 + 0.12 z7 -0.27 Zg -0  Zg+0.03 z ,0 - 0.22 z„
4. F4 = -0.54 z, -  0.34 z2 + 0.32 z3 -  0.19Z4 +0.22 z5 + 0.11 z6 +0.48 z7+0.22 Zg + 0.11Z9 + 0 07 z ,0 + 0.05 z, 1

Note: 1. For GF, Z \ .  water, z 2: electricity, z 3: A], z 4: A2, z 5: A3, z 6: A4 , z 7: alum, z 8: clay, z 9:
defoamer, z 10: emulsifier, z n : cato, z 12: starch, z ]3: wet strength.
2. For GB, Z \ .  water, z 2: electricity, z 3: A3, z 4: A4 , z 5: A5, z 6: alum, z 7: defoamer, Zg: 
emulsifier, Z9 : cato, z )0: starch, z n : wet strength.

3. z  = (x, -  x) where S D  = standard deviation of variable.
S D
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5.1.6 Factor Scores
The magnitude of factor scores are the result of the multiplication of score 

coefficients and the change of variables (Z). From the factor score equations (Table 
5.9), the factor scores of GF and GB are obtained and graphically displayed (Figure 
5.7-5.10). Since the case number of input variables for GF and GB production are 
40 and 39 cases, respectively, there are 40 factor scores for each factor of GF and 39 
factor scores for GB (Appendix A1 and A3).

a)Fi

Score on Input Factor 1:GF

-1 0 1 2 3 4 5 6

Factor score

b) F2

Score on Input Factor 2:GF

■ 2 "1 0 Fador score 2 3 1

Figure 5.7 Factor Scores of GF; a) Fi and b) F2



88
c) F,

Score on Input Factor 3:GF

d) F4

S c o re  on Inpu t F ac to r 4 :G F

-4 -2 0 2 4
Factor score

Figure 5.8 Factor Scores of GF; c) F 3  and d) F 4
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a) Fi Score on Input Factor 1 :GB

Score on Input Factor 2:GB

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3

Score on Input Factor 3:GB

Score on Input Factor 4:GB

Figure 5.9 Factor Scores of GB; a) Fi, b) F2, c) F3, and d) F4
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Factor score with high magnitude (in absolute term) usually indicates the 
changes of dominant variables in the factor. If the value of factor score is low, or 
varies within small vicinity of zero, it is possible that either the changes of all 
variables are small or the effects of the variations among the dominant variables are 
counter-balances. The latter happens when the changes of related variables are in 
opposite direction or the changes occur in the same direction but their coefficients are 
of opposite sign.

5.1.6.1 Factor scores of GF
For factor score values in Fi of GF (0.71 to 4.89), most factor scores are 

below average score, only some cases are highly above average score (Figure 5.7). 
This indicates that the pattern of data variation in Fi is quite consistent with a few 
occurrence of unusual phenomenon. In order to explain such unusual events, the 
cases of highly magnitude of factor scores in Fi are displayed in Table 5.10.

Considering the equation of factor score in F  1, it is found that the large 
changes of variables with quite high score coefficients have considerable effect on the 
value of factor score (Figure 5.10).

Fl = 0.16Z! + 0.2 Z2 -  0.09 z 3 + 0.10 z4 -  0.09 z 5 - 0.002 z6 -
0.2 z 7 - 0.18 z 8 -  0.12 z 9- 0.2 z 10 -  0.01 z ,1 -  0.003 z ,2 + 0.06 z ,3

w h e r e  Z] : w a ter , z2 : e le c tr ic ity , z7 : a lu m , z 8  : c la y , a n d  z10 : e m u ls if ie r

Table 5.10 Cases of highly magnitude of Ft for GF
Standardized Variable (Z) Case # 5 Case #25 Case# 31 Case #32

z, -0 .3 6 3.70 4.06 2.29
z2 -0 .36 0.02 2.66 5.12
z3 4.99 -0 .56 1.74 0.77
Z4 3.15 2.03 1.45 1.05
z5 3.48 1.08 0.32 1.14
z6 1.49 -0 .05 -0 .38 -0 .3 8
z7 -0 .1 6 -0 .24 1.33 5.70
z8 -0 .39 -0 .0 7 2.81 4.08
z, -0 .42 -0 .1 9 - 1.30 3.97
Zio -0 .28 -0 .18 3.96 4.25
z„ -0 .33 -0 .2 4 -0.11 0.30
Zl2 -0 .33 -0 .31 0.04 0.36
Zi3 -0 .41 -0.41 0.73 1.75

F, 0.71 0.71 2.96 4.89
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-3  -2  -1 0 1 2 3 4 5

z Value

—♦— Factor score with respect to Z1 Factor score with respect Z2 •-*••• Factor score with respect to Z7
58 Factor score with respect to Z9 Factor score with respect to z 10

Figure 5.10 Important Variable in Fi of GF Production

From Table 5.10, among these highly magnitude cases, 2 cases (case #31- 
32) occur due to large changes of variables (Z > 1 in absolute term) in Fi consisting of 
water, electricity, alum, clay, and emulsifier resulting the higher magnitudes of Fi 
(2.96 and 4.89).

Based upon the mass balance of water in industrial papermaking, it is 
found that, of total fresh water, about 90 % is re-circulated and lost in the water 
circuit system through overflow of white water, reject, and leaks and spillages. The 
rest of water about 10 % is removed through the step of drying by evaporation. Thus, 
in the case # 31, if the brokes (any formed papers from the beginning of the 
papermaking process to the finished product that are not shipped to sale) are used as 
the re-processed material in the process, consumption of water can increase due to the 
loss of water in the step of repeated drying. The return of broke through the paper 
machine production loop does not result only the use of water but also the 
consumption of electricity. Together with the small increase of chemicals used such 
as alum, emulsifier and starch, it is indicated that occurrence of broke leads also the 
unbalance of white water system which becomes more apparent in case #32.
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Case # 5 and # 25 are good examples for other effect of broke usage on the 
process operation. In these cases, there seems to be no change in the use of chemicals 
but the consumptions of fiber materials are markedly changed. The distinction 
between these two cases and the previous cases lies on the level of broke usage. That 
is if the amount of broke usage is suddenly reduced, the proportion of other pulp 
stocks must be increased to compensate. This then causes the change of others used.

According to the case of highly magnitude of Fi, it is noted that there are 
several events occurred in the process. This is because Fi contains the composite 
variables of all GF production. Through the events occurred in the process, it can be 
concluded that Fi can well capture the change of broke used in the system in both 
directions (increase or reduction in the amount used). It should then be appropriated 
to name Fi as “variations of broke generation and usage and balancing of 
Whitewater”.

For factor scores in F2 of GF (-1.11 -  3.69), most factor scores are below 
average, only some cases are highly above average. This shows that the pattern of 
data variation in F2 is mostly consistent. The cases of highly magnitude of factor 
scores in F2 are shown in Table 5.11.

Through the equation of factor score in F2, it indicates that the large change of 
variables with high score coefficients has effect on the magnitude of factor score 
(Figure 5.11).

F2 = -0.01 z, -  0.08 z 2 + 0.26 z 3 + 0.25 z 4 + 0.29 z 5 +0.23 z 6- 0.09 z 7 
-0.01 Zs -  0.08 z 9 -  0.07 Zio - 0.15 z„  - 0.15 z ,2 - 0.05 z ,3

where z3 : A], z4 : A2, z5 : A3 , z6 : A4
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Table 5.11 Cases of highly magnitude of F2 for GF

Standardized 
Variable (Z)

Case
# 4

Case
# 5

Case
# 6

Case
# 7

Case 
# 19

Case
#20

Case
#21

Case
#32

z, - 0  16 -0 .36 -0 .28 -0.48 - 0  40 -0  40 -0 .28 2 29
Z; -0.31 -0 .36 -0 .2 7 -0 .34 -0 .29 -0 .48 -0 .12 5.12
z, 2.14 4.99 1.11 0.62 -0 .09 -0 .36 -0 .43 0.77
Z4 1.70 3.15 2.84 -0 .07 -0.71 -0 .58 -0 .54 1.05
z5 2.97 3.48 3.04 0.89 -0 .58 -0 .58 -0 .5 7 1.14
น 1.49 1.49 1.18 5.46 -0 .2 7 -0 .27 -0 .26 -0 .38
z, -0 .25 -0 .16 -0 .7 9 -0 .26 -0  14 -0 .53 -0 .02 5.70
z8 -0 .43 -0 .39 -0 .3 7 -0 .98 0.50 -0 .25 -0 .43 4.08
Z» -0 .2 4 -0 .42 0.72 -0.03 0.79 -0 .27 -0 .06 3.97
Z10 -0 .60 -0 .28 -0 .4 0 -0 .06 -0 .23 -0 .25 -0 .22 4.25

Z „ -0.31 -0 .33 -0 .32 -0 .34 3.91 3.73 2.57 0.30
Z12 -0 .35 -0 .33 -0 .3 4 -0 .34 3.83 3.87 2.44 0.36
Z13 -0 .43 -0.41 -0 .45 -0 .37 -0 .84 -0 .84 -0 .84 1.75

f2 2.45 3.69 2.38 1.90 - 1.61 - 1.42 - 1.11 - 1.37

Among these highly cases, 4 cases (case # 4-7) are due to the large changes 
Ai- A4 resulting the higher magnitude of F2 (1.90 to 3.69).

Based on the physical meaning of GF within the factor F2, this event occurs 
when Ai is used in different ratio of A2 in the top layer and A3 is always used more 
than A4 in the middle and bottom layers of GF. The use of a large amount of 
wastepapers can occur due to their degradation, fiber losses through leaks and 
spillages. Since the quality of wastepapers is normally consistent, thus their 
degradation should not much effect. As there are the number of pulpers, chests, 
pumps, pipes, refiners and white water tanks, it is difficult to avoid leaks and spills in 
the stock preparation area [53], Also pumps and refiners can lose fiber through gland 
leaks if the seals are not well maintained Thus, the use of a large amount of 
wastepapers can be due to fiber leaks and spills. However, the changes of these fibers 
are larger than due to these causes because the amount of broke used is much less 
than usual. But in the previous period of production, there are no gypsum brokes to 
use due to the production of other products (duplex coated board). This will cause the 
large increasing of fibers in the production process.
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As for the cases of highly magnitude of F2 in negative direction (case # 19 to 
2 1), their magnitudes are not due to the large change of significant variables in F2. In 
these cases, they show the large changes of significant variables in F3 (starches). This 
means that there is special treatment of the product as detailed in F3 . In the case #
32, the large change of variables in this case is due to the broke usage as mentioned in 
Fi. Notice that there are also several events occurred in F2 due to its consisting of 
composite variables in all GF. If only unusual change of F2 caused by the significant 
variables appeared in F2, F2 may then be named as “variations of pulp stock 
composition”. However, since the changes of other variables can influence the 
magnitude of F2 especially the use of dry strength agents, “special treatment of 
product for binding property” should also be added to the name of F2 too.

-3 -2 - 1 0  1 2 3 4 5

z Value

— Factor score with respect to z 3 Factor score with respect to z 4 Factor score with respect to z 5 Factor score with respect to z 6

Figure 5.11 Important Variable in F2 of GF Production

For factor scores in F3 of GF (-0.98 to 3.48), the same pattern of factor scores 
in F2 appears. The cases of factor score are mostly below average, some cases are 
highly above average. This means that the pattern of data variation in F3 is quite 
consistent as well. The cases of highly magnitude of factor score in F3 are shown in 
Table 5.12. It is found that the large changes of variables with highly score 
coefficients have the effect on the value of factor score (Figure 5.12).
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F3 = - 0.03 z, -  0.03 z2 + 0.14 z 3 + 0.09 z4 + 0.12 z 5 + 0.11 z6 -  0.30 z 7 
- 0.001 Zg + 0.05 z 9 -  0.02 z ,0 + 0.44 z „  + 0.44 z 12 - 0.23 z ,3

where zu : cato, andZi2  : starch

Table 5.12 Case of highly magnitude of F3 for GF

Standardized 
Variable (Z)

Case
# 5

Case 
# 15

Case 
# 16

Case 
# 17

Case 
# 18

Case 
# 19

Case
#2 0

Case
#21

z, -0 .36 0.04 -0 .3 2 -0 .32 -0 .36 -0 .40 -0 .40 -0 .28
z2 -0 .36 -0 .15 -0 .4 0 -0 .43 - 0.51 -0 .29 -0 .48 -0 .12
z3 4.99 -0 .25 -0 .2 8 -0 .30 -0 .34 -0 .09 -0 .36 -0 .43
Z4 3.XS -0 .48 -0 .6 2 -0 .71 -0 .65 -0.71 -0 .58 -0 .5 4
z5 3.48 -0 .26 -0 .3 8 -0 .29 -0.41 -0 .58 -0 .58 -0 .5 7
z* 1.49 -0 .22 -0 .31 -0.31 -0 .29 -0 .2 7 -0 .2 7 -0 .2 6
z. -0 .1 6 0.47 -0 .2 9 -0 .16 -0 .25 -0 .14 -0 .53 -0 .02
z8 -0 .39 -0 .09 -0 .2 8 -0 .43 -0 .42 0.50 -0 .25 -0 .43
z. -0 .42 1.81 - 1.30 - 1.30 -0 .36 0.79 -0 .2 7 -0 .06
Zqo -0 .2 8 -0 .1 8 -0 .5 4 -0 .50 -0 .33 -0 .23 -0 .25 -0 .22

z„ -0 .33 -0 .2 7 -0 .3 0 -0 .31 -0 .30 3.91 3.73 2.57
Z 12 -0 .33 -0 .3 4 -0 .3 6 -0 .3 7 -0 .36 3.83 3.87 2.44
z,3 -0.41 2.98 2.09 3.07 2.41 -0.84 -0 .8 4 -0 .8 4

f 3 1.38 - 1.01 -0.98 - 1.23 - 1.02 3.48 3.35 2.20

Among the cases of highly magnitude of F3, there are 4 cases and 3 cases 
occurred due to the large change of wet strength and starches in the case # 1 5 - 1 8  
and in the case # 19-21 , respectively.

Generally, the losses of chemicals and additives can occur during their 
preparation and application due to their leaks and spillages through the number of 
pumps, pipes, and white water tanks in the paper machine. In the cases of unusually 
large changes of starches (case # 19-21) and wet strength agent (case # 15-18) using 
for binding property both in dry & wet states, there seems to be special requirements 
for this property that are not normally encountered in usual processing. As for the 
case # 5, there are the large changes of fibers due to the unusually low usage of broke 
in the process as mentioned in F2. Note that there are also several events occurred in 
F3 due to its consisting of composite variables in all GF. Through the events occurred



F
ac

to
r 

sc
or

e

%

in F3, it can be named F3 as “special treatments of products for binding property and 
variation of pulp stock compositions”.

-3 -2 - 1 0  1 2 3 4 5

z Value

Factor score with respect to z 11 Factor score with respect to z 12

Figure 5.12 Important Variables in F 3  of GF Production

For factor scores in F 4 of GF (-1.42 to 2.41), the case numbers of factor score 
that are above and below average score are much different. This indicates that the 
data variation in F 4 is larger than those of Fl . F 3 . Flowever, the variation of factor 
score in F 4 is quite balanced. The cases of highly magnitude of factor score in F4 are 
shown in Table 5.13.

Considering the equation of F4, it indicates that a variable with high score 
coefficient affects to the change of factor score (Figure 5.13).

F4 = - 0.47 z, + 0.05 z 2 + 0.00 z 3 - 0.25 z4 + 0.10 z 5 + 0.39 z6 + 0.22 z7 -  
0.1 z7 + 04*4 Z9 -  0.17 Zio -  0.02 z„ -  0.03 z ,2 + 0.23 z ,3

where Z9 ะ defoamer
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Table 5.13 Cases of highly magnitude of F4 for GF

Standardized 
Variable (Z)

Case
#3

Case
# 7

Case 
# 15

Case
#25

Case
#31

Case
#32

Case
#35

z, -0.32 -0.48 0.04 3.70 4.06 2.29 - 0 36

z 2 1.34 -0.34 -0.15 0.02 2.66 5.12 -0 16

z 3 -0.41 0.62 -0.25 -0.56 1.74 0.77 -0.36

z< -0.54 -0.07 -0.48 2.03 1.45 1.05 1.45
z 5 -0.17 0.89 -0.26 1.08 0.32 1.14 -0.55

Zô -0.21 5.46 -0.22 -0.05 -0.38 -0.38 -0.38

z 7 0.25 -0.26 0.47 -0.24 1.33 5.70 -0.51

z 8 -0.58 -0.98 -0.09 -0.07 2.81 4.08 -0.15

z, 1.05 -0.03 1.81 -0.19 -1 .3 0 3.97 - 1.30
Z io -0.72 -0.06 -0.18 -0.18 3.96 4.25 0.30

z„ -0.28 -0.34 -0.27 -0.24 -0.11 0.30 -0.33

z ,2 -0.35 -0.34 -0.34 -0.31 0.04 0.36 -0.34

Z13 -0.38 -0.37 2.98 -0.41 0.73 1.75 -0.21

F4 1.09 2.41 1.98 -2.36 -3.52 2.01 - 1.42

Among the case of highly magnitude of F 4 , there are shown the several events 
occurred in the process due to the large change of not only defoamer but also some 
wastepapers, utility consumption, sizing agents (alum and emulsifier) and filler 
(clay). According to the physical meaning of GF within the factor F 4 in 5.1.4.2.1, 
these events occur due to the degree of foaming problem resulting from the improper 
amount of related substances in the process. Usually, the foaming problem can occur 
from several factors such as the improper amount of sizing agents (alum and 
emulsifier) and utility consumption due to the broke usage (case # 7, 25, and 31), and 
the overflow of white water (case #32). In addition, high electricity consumption due 
to the re-circulated water as white water usage (case # 3) can cause the foaming 
problem. Moreover, high consumption of some fiber in the top layer indicates the 
increasing of broke usage as the fibers for the middle and bottom layers affecting the 
decreasing of foaming problem due to the small change of defoamer (case # 35). 
Furthermore, there is a special treatment of product due to the large change of wet 
strength (case #15) as mentioned in F3. These events happen due to F 4 consisting of 
composite variables of all GF production. Through the events occurred, F4 can be 
named as “variations of foaming problem”.
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-3 -2 -1 0 1 2 3 4 5

z Value

Factor score with respect to z  9

Figure 5.13 Important Variables in F4 of GF Production

Based upon the cases of highly magnitude of factors, the significant factor 
scores for GF production can be named as shown in Table 5.14.

Table 5.14 Name of Significant Factors of GF

Significant Factor Name
F, -Variations of broke generation and usage and balancing of Whitewater
f 2 -Variations of pulp stock composition
f3 - Special treatments of products for binding property and variations of

pulp stock composition
f 4 -Variations of foaming problem.

From Table 5.14, note that several events occurred in the process can happen 
in several factors. In Fi, there are two events due to the broke generation and usage, 
and balancing of white water. In F2, there are three events consisting of the use of 
broke less than usual, special treatment of the product from the large change of 
starches, and broke usage that shows the variations of pulp stock composition. In F3, 
there are three events consisting of special treatments of the products from the large 
change of starches and wet strength, respectively, and the broke usage that also shows
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the variations of pulp stock composition. In F4, there are four events consisting of 
broke usage, overflow of white water system, white water usage, and special 
treatment of the product from the large change of wet strength that show the 
variations of foaming problem occurred in the process.

Based upon the factor scores for GF production, these events indicate that GF 
production is very complex and all variables are somewhat dependent. Although their 
physical meanings of GF based on factor loadings show that the variables in factors 
seem to be independent, these variables of GF are not truly independent. This is 
because the phenomena associated within a particular factor may share the same root 
cause as those in other factors.

5.1.6.2 Factor Scores of GB
The factor scores in four significant common factors of GB are obtained as 

shown in Figure 5.9.
For factor scores in Fi of GB (-1.31 to 2.91), most of factor scores are quite 

consistent, even some cases of factor score (case # 1-6, 10-11, 19, 23, and 33) are 
highly above average in both increasing and decreasing directions (Figure 5.10).

The large changes of variables (in absolute term) with high score coefficients 
in the equation of factor score in Fi are shown in Figure 5.14.

- 3 - 2 - 1 0  1 2 3 4
z  Value

— ♦ —  Factor score with respect to Z2 — ®—  Factor score with respect to Z5 

— * —  Factor sscore with respect to  Z9 — i<:— Factor score with respect to Z10 

— * —  Factor score with respect to Z11

Figure 5.14 Important Variables in Fi of GB Production
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F, = 0.08 Z, + 0.14 z 2 - 0.09 z 3 - 0.12 z 4 + 0.21 z 5 - 0.09 z 6 + 0.08 z 7 -  
0.06 Zg 0.24 Z 9  "t" 0.22 Z 1 0  ~ 0.22 Z 11

where z 2 : electricity, z 5 : A5 , Z9  : cato Z1 0  : starch Zu : wet strength

Table 5.15 Cases of highly magnitude of Fl for GB

Standardized 
Variable (Z)

Case # 1
Case

# 2
Case

#3
Case

# 4
Case
# 5

Case
# 6

z, 0.65 0.52 -0.48 -0.23 -0.48 0.15
z2 0.75 0.75 2.16 0.93 -0.21 -0.58
z3 -0.70 -0.04 -0.72 -0.60 -0.39 -0.70
z, -0.18 -1.02 -0.71 1.12 -1.39 -1.14
z. 1.21 3.43 1.96 1.15 1.18 1.87
Zs -0.20 -0.11 -0.71 -0.56 -0.90 0.27
z. -1.36 4.58 -0.25 -0.21 -0.30 -1.36
z8 -1.78 0.05 -1.08 -1.01 -0.46 -0.31
z, 1.42 3.75 1 3 4 0.49 0.97 1.60
Z10 1.20 1.02 3.53 2.11 2.80 2.28
z„ -1.71 -1.73 -1.70 -1.71 -1.71 -1.71

f2 1.47 2.91 2.41 1.60 1.70 1.69

Through the cases of highly magnitude of Fl for GB, it is shown the event of 
the variation of electricity, the large changes of some wastepaper (A5), dry strength 
agents (cato and starch), and wet strength agent as in Table 5.15.

According to the change of important variables within the factor Fi, these 
events occurred in the case that there are variations of electricity consumption. In 
addition, the large change of wastepaper (A5) indicates that there is the use of broke 
more than usual according to the large change of electricity. While the smaller change 
of electricity indicates that broke is used less than usual. Moreover, the large changes 
of dry strength agents and wet strength agent indicates that there are requirements to 
treat products for strength property both in dry and wet states.

Through the events occurred in Fi, it can be named Fi as “variations of broke 
usage and special treatments of products for strength property”.
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For factor scores in F2 of GB (-1.73 -  2.73), it is shown that the pattern of 
variation in F2 is quite balanced, except the cases of highly magnitude of factor 
(case # 2, 5, 11, 14,16-19, and 23). The largest changes of variables with high score 
coefficients in the factor are shown in Figure 5.15.

F2 = 0.33 z, + 0.21 z 2 + 0.25 z 3 + 0.28 z4 + 0.12 z 5 + 0.09 z6 + 0.23 z 7 +
0.36 Zg + 0.10 z , - 0.13 Zio + 0.04 Zn

where Z] : water, z 3 : A3, Zg : emulsifier

- 3 - 2 - 1 0  1 2 3 4

z Value

Factor score with respect to Z1 ■®—  Factor score with respect to Z3

-*—  Factor score with respect to Z8

Figure 5.15 Important Variables in F2 of GB Production

Through the cases of highly magnitude of F2for GB, it is shown the event of 
the large changes of water, emulsifier, and A3 as in Table 5.16.
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Table 5.16 Cases of highly magnitude of F2 for GB

Standardized 
Variable (Z)

Case 
# 2

Case
#11

Case 
# 14

Case 
# 19

Case
#23

z, 0.52 1.52 0.27 0.27 5.40
z 2 0.75 2.13 1.47 1.27 0.98
z, -0.04 -0.27 -0.76 3.30 -0.33
z, -1.02 1.25 -3.13 1.47 0.93
z. 3.43 0.40 -2.54 -0.69 1.05
Zo -0.11 1.46 -2.15 1.29 -0.79
z7 4.58 1.21 -0.14 -1.36 0.50
Z» 0.05 -0.35 -1.75 1.53 0.83
z, 3.75 1.80 0.50 -0.68 0.89
Z 10 1.02 -0.38 -0.41 -0.18 -0.13
z„ -1.73 -1.75 0.33 0.81 -0.16

f 2 1.69 1.73 -1.73 1.99 2.73

Based upon the large changes of important variables and their physical 
meaning within F2, the large change of water and electricity indicates that there are 
the occurrence of broke in the previous operation causing the unbalance of white 
water system resulting the large change of alum, defoamer, and cato in case # 1 1 . 
While broke are used more than usual in case # 23 resulting the large change of water 
and some chemicals such as defoamer and cato. When there is the change of paper 
grade in the previous operation, the overflow of white water occurs. Then, the 
unbalancing of white water can appear as in case # 14 and 19, respectively. Thus, the 
highly consumptions of electricity as well as emulsifier and some fibers are found in 
both cases. Through the event occurred, F2 can be named as “variations of broke 
generation and usage and balancing of white water”.

For factor scores in F3 of GB (-2.49 to 3.28), the pattern of variation is quite 
consistent. In the cases of highly magnitude of factor (case # 9 -12, 14,17, 20, and 
28-29 ) (Appendix A3-A4), their magnitude occurs from the large changes of some 
variables with high score coefficients in the factor equation as shown in Figure 5.16.

F3 = - 0.01 Zi -  0.19 Z2  -  0.13 z 3 + 0.37 Z4  +0.14 z 5 + 0.53 Ze + 0.12 Zr 
. 0.27 Zg -  0.00 z ,  +0.03 z 10 - 0.22 Z i,

where z 4 : A4, z 6 : alum
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- 3 - 2 - 1 - 0  1 2  3 4

z  Value

F a c to r  s c o re  w ith  r e s p e c t  to  Z4 ■®—  F a c to r  s c o re  w ith  re s p e c t  to  Z6

Figure 5.16 Important Variables in F3 of GB Production

Table 5.17 Cases of highly magnitude of F3 for GB

Standardized 
Variable (Z)

Case # 10 Case # 14 Case # 28
z, -0.60 0.27 0.02

z2 -3.15 1.47 0.19

z3 -0.06 -0.76 0.02

z< 1.76 -3.13 -1.53
z5 -0.68 -2.54 -0.44

z6 2.72 -2.15 -1.48
z, 0.89 -0.14 -1.36

z8 -1.83 -1.75 0.48

z, -1.45 0.50 0.15

Zio -0.48 -0.41 -0.34

z„ -0.30 0.33 0.95

f3 3.28 -2.49 -1 .97
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Based upon the large changes of important variables (Table 5.17) and their 
physical meaning within F3, the variations of wastepapers (A4 and A5) and alum 
indicate that there are the variations of pulp stock composition due to the use of broke 
both mere and less than usual, including the requirement to treat product for paper 
formation. Thus, it can be named F3 as “variations of pulp stock composition and 
special treatment of product for paper formation”.

For factor scores in F4 of GB (-2.83 to 2.99), the pattern of variation is quite 
balanced, except the cases of highly magnitude in the case # 1-2, 7, 11, 14, 18, 21 and 
23 (Appendix A3-A4). The largest changes of variables with high score coefficients 
(water, electricity, A3, A5, defoamer, and emulsifier) are shown in Figure 5.17.

F4 = - 0.54 Zt -  0.39 rL 1 + 0.32 z 3 -  0.19Z4 + 0.22 z 5 + 0.01 z 6 + 0.48 z 7
- 0.22 Zg + 0.11 z 9 + 0.07 z ,0 + 0.05 z„

where Z7 : defoamer

-3 -2 - 1 0  1 2 3 4

z Value

-♦—  Factor score with respect to Z1 Factor score with respect to 72

■ร*—  Factor score with respect to Z3 Factor score with respect to 25

-*—  Factor score with respect to Z7 — ®—  Factor score with respect to Z8

Figure 5.17 Important Variables in F4 of GB Production
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Table 5.18 Cases of highly magnitude of F4

Standardized 
Variable (Z)

Case
# 2

Case
#23

z, 0.52 5.40
z2 0.75 0.98
z3 -0.04 -0.33
z« -1.02 0.93
z5 3.43 1.05
z6 -0.11 -0 79
z, 4.58 0.50
Zs 0.05 0 83
z, 3.75 0.89
Z10 1.02 -0.13
z„ -1.73 -0.16

f 4 2.91 -2.83

Through the cases of highly magnitude of F4 (Table 5.18), the variation of 
defoamer occurs due to the broke and white water usages resulting the bubble 
occurrence in the process. If the broke is used more than usual, bubble less occurs 
resulting the small consumption of defoamer (case # 23). While the larger change of 
electricity than water indicates that the use of white water as re-circulated water can 
cause the foaming problem (case # 2). Through the event occurred in F4, it can be 
named F4 as “variations of foaming problem”.

Based on the cases of highly magnitude of factors, the significant factor 
scores for GB production can be named as shown in Table 5.19.

Table 5.19 Name of Significant Factors of GB

Significant Factor Name
F, -Variations of broke usage and special treatments of

products for strength property-
f2 -Variations of broke generation and usage and balancing

of white water
f 3 -Variations of pulp stock composition and special

treatment of product for paper formation
F4 -Variations of foaming problem
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From Table 5.19, there are several events occurred in the factors. In Fi, there 
are four events consisting of the broke usages both more and less than usual, and the 
use of high dry strength agent and wet strength agent. These events show the 
variations of broke usage and special treatments of products for strength property. In 
F2, there are four events consisting of the occurrence of broke and broke usage and 
the overflow of white water. These events show the variations of broke generation 
and usage and balancing of white water. In F3, there are three events consisting of the 
broke usage both more and less than usual and the use of high alum. These events 
show the variations of pulp stock composition and special treatment of product for 
paper formation. In F4, there are two events consisting of the broke usage as well as 
the white water usage resulting the variations of foaming problem.

5.1.7 Validation of FA Input Model
This was performed through the building of an FA model with the moving 

case-by-case approach that uses a new data set based on successive time interval 
corresponding to the original sample size.

Table 5.20 Correlation Matrix of Material Input of GF from Validation

Variables 1 2 3 4 5 6 7 8 9 10 11 12
1. Water 1

2.Electricity .67 1
3. A, .63 .75 1

4. A 2 .68 .49 .01 1

5. A j -.83 .73 .47 .65 1
6 . A 4 .05 -.05 -.22 .004 .12 1

7.Alum .49 .89 .59 .33 .69 -.05 1
8.Clay •S3 .77 .69 .37 .61 0.12 81 1
9.Defoamer .11 .46 .10 .002 .29 -.01 .38 .22 1
10. Emulsifier .68 .92 .85 .48 .65 -.17 .80 -61 .31 1
1 l.Cato -.09 -.06 .04 -.10 .16 0.05 .02 .03 .09 .01 1
12. Starch -.08 .01 .05 -.11 .15 0.04 .05 .05 .08 .03 0.99 1

13.Wet strength .11 .24 .03 .07 .25 -.01 .31 .12 .09 .22 -0.21 -.23
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Table 5.21 Correlation Matrix of Material Input of GB from Validation

Variables 1 2 3 4 5 6 7 8 9 10 11
1 Water 1
2.Electricity .50 1
3. A 3 -.07 . 1 1 1
4. A, .64 -.05 .23 1
5. A, .31 .14 .03 .03 1
6  Alum -.13 -.19 . 1 0 .63 .04 1
7.Defoamer . 1 1 .14 . 0 1 .03 39 . 1 0 1
8 .Emulsifier . 1 0 .27 .43 .14 .10 -.15 .17 1
9. Cato .40 .43 -.14 -.38 .63 -.15 .46 -.07 1

lO.Starch .18 . 1 2 . 1 0 -.32 .07 -.04 .04 -.09 .65 1
1 l.Wet strength -.29 -.18 35 .04 -.54 -.11 -.23 .16 -.64 -.61 1

The correlation matrices for GF and GB from validation are shown in Table
5.20 and 5.21. In average, the results of these matrices are similar to their results in 
model building (Table 5.1 and 5.2). From Table 5.20, the correlation matrix of GF is 
obtained when the first 15 cases in the original data set are replaced by 15 new data 
(out of totally 24 new data). This matrix of GF represents for the cases # 1 to # 15 
more than the cases after case #15, particularly, the correlation between A]-A4 and 
other variables. This will affect to grouping of A1-A4 in the factors. From Table 5.21, 
the correlation matrix of GB is obtained when the first 5 cases in the original data set 
are replaced by 5 new data (out of totally 17 new data). This matrix of GB represents 
for most of variables in the case # 1 to case # 3 more than the case # 4 to case # 9, in 
particular, the correlation between A3, defoamer and other variables. This will affect 
to grouping of A3 and defoamer in the factors as well.

The significant factors of GF and GB from validation are similar to those 
resulted from model building (Table 5.22).
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Table 5.22 Validating Result o f Factor Scores Model o f Gypsum Liner Board

Common Factor 
(F)

GF Common Factor 
(F)

GB
Building Validating Building Validating

I F , I F ,
- Electricity X X - Cato X X
- Water X X - Starch X X
- Alum X X - As X X
- Clay X X - Electricity X X
- Emulsifier X X -Wet X X
- Al 7 Strength

2 . f 2 2. F2

■  Al X - Emulsifier X X
- a 2 X - Water X
- a 3 X -A3 X X
■ A4 X " A4 2

- Cato - 7
- Starch 7

3 .F 3 3. F3
- Cato X - Alum X X
- Starch X - A 4 X
■ A 2 7
- A3 7
- A4 7

4. F4 4. F4
- Defoamer X X - Defoamer X

- Water 2
5 .F 5

- Defoamer 2

Note: X: the existence of variable in that factor, Number: the number of new added 
case that causes the change of variables in the factor

For GF, among the variables in the four significant factors obtained from 
correlation matrix in Table 5.20, it was found that most variables were still in the 
same factor, except for only wastepaper variables: Al that was changed to F1 in the 
case number 7. The change of Al can affect to the change of interrelationship among 
wet end chemicals and utility consumption in terms of either decreasing or increasing 
these consumptions according to its usage. Although some wastepaper variables; A2, 
A3, and A4 are changed from F2 to F3, and some variables; cato and starch are changed 
from F2 to F3 in the case number 7, the physical meaning of them is not changed 
because each factor is normally common factor and unrelated factor. Nevertheless, Fi 
and F3 were closely related as the degree of interrelations between variables in both 
factor became high. This phenomenon surely leads to some errors encountered when 
the model built previously is to be used for predicting wastewater load in different set 
of data.
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For GB, among the variables in four significant factors, most of the variables 
are also in the same factor with the exception of some variables, A4, water, and 
defoamer. A4 is changed from F3 to F2 due to its high correlation with A3 in F2 in the 
case # 2. Water is changed from F2 to F4 due to the decreasing of the correlation with 
electricity and other variables and increasing correlation with F4 in the case # 2. In 
addition, defoamer is changed from F4to F5 in the case # 2 due to its high correlation 
with F5. However, in terms of physical meaning of GB, the result of the validation is 
not much different from the result of FA model building.

Notice that the changes of some variables (A1-A4 ofGF and A4 and defoamer 
of GB) in some factors (F1-F4 of GF and F2 and F4 of GB) are the effect of the pattern 
of correlation matrix from different observations in validation as mentioned above.

Based upon the physical meaning and the event occurred in the process 
through the factor loading and the unusual cases of factor score for each factor, 
therefore, the FA model resulting from validation indicates that this model is 
applicable for an approximate description of gypsum liner board production. In 
addition, it is beneficial to the manufacturers if they understand the model 
components (type and number of input variables, detailed in 5.1.5 to 5.1.6) and need 
to modify the model, and to accommodate unusual material input characteristics that 
resulting from the changes of process condition, not considered by the model.

However, the use of the FA input model from this task makes it possible for 
the manufacturers to understand the nature of industrial papermaking and to focus 
their attention on the interrelationships of material input conditions and utility 
consumption in the related common factors in order to avoid the occurrence of 
unusual cases for improving gypsum liner board production.

5.2 Model แะ MRA predictive environmental model
5.2.1 Data collection and preparation of predictor variables

Through FA, data preparation and reduction of predictor variable were 
performed. Then, the predictor variables (jc) obtained were reduced to a smaller 
number of significant factor scores. There were four significant factor scores of 
material input use and utility consumption for both GF and GB that were used to 
determine their relationships with the response variable (y), wastewater load from 
GP: SS, TDS, COD, and BOD loads. In the step of model building, some cases of GF 
and GB that were considered as outlier are excluded in the models as in Table 5.23.



Table 5.23 Outlier of Error between Wastewater load and Factors
O ccurred in M odel Building for G F and GB

Number of Case Number 1.5 Inter-quantile (IQR)
Model cases removed

GF GB GF GB
SS 7 7 6, 8, 19, 25, 32- 

33, 37
1-2, 6, 11,27, 
30, 33

>1.5

TDS 8 8 15, 19, 23, 25, 
32-34, 37

1, 3, 8-9, 11-12, 
14, 18 >1.5

COD 13 11 6, 8, 11-12, 15-
16, 23, 25, 31- 
33, 36- 37

1 2 8 ,11, 14, 
16, 18, 21, 23- 
24, 28 >1.5

BOD 13 12 8, 10-12, 15-16, 
25, 31-33, 36-38

1 2 8, 11, 14,
16, 18, 21, 23- 
24, 27-28 >1.5

From Table 5.23, the number of cases that were considered as outlier of the 
models are 7, 8, 13, and 13 cases for SS, TDS, COD and BOD loads of GF, 
respectively. Also 7, 8,11 and 12 cases for s s ,  TDS, COD and BOD loads of GB, 
were not included in these models during the model building.

ForGF, the outlier of error for the final predictive model of z s s  load is in 
the range of - 2.36 to 2.01 and -0.23 to 4.89 for F4and Fi, respectively. The outlier 
for the final predictive model of ZTDS load occurs from F2is in the range o f-1.61 to 
2.38, -0.28 to 4.89, and -2.36 to 2.41 for F2, Fi and F4, respectively. The outlier for 
the final predictive model ofZCOD load is in the range of-1.37 to 2.38 and -1.01 to
0.81 for F2 and F3, respectively. The outlier for the final predictive model of ZBOD 
load is in the range o f-1.37 to 2.38 and -1.01 to -0.03 for F2 and F3, respectively. 
Notice that the outlier magnitude of F4 and F2 is the maximum one.



For GB, the outlier for the final predictive model of z s s  load is in the range 
o f-2.83 to 2.99 and -0.98 to 1.69 for F4and F2, respectively. The outlier for the final 
predictive model of ZTDS load is in the range of -0.87 to 2.41 and -1.45 to 1.78 for
F] and F4, respectively. The outlier for the final predictive model of ZCOD load is in 
the range of-1.73 to 2.73 and -0.87 to 2.91 for F2 and F), respectively. The outlier 
for the final predictive model ofZBOD load is in the range of-1.73 to 2.73 and -0.87 
to 2.91 for F2 and Fi, respectively.

5.2.2 Model Investigation
The investigation of all models using four significant factors for each 

wastewater load covered 11 basic forms of equations consisting of linear, logarithm, 
inverse, quadratic, cubic, compound, power, ร, growth, exponential and logistic 
curves. The results for s s  load of GF is shown for example in Table 5.24.

Only predictor variables that meet statistical significance (R2 > 0.3 and 
significance level of F-test < 0 .0 5 ), namely F] and F4 for s s  load of GF were 
considered for testing, estimating model parameter, and evaluating the model until the 
final appropriate equations are obtained. The list of those factors which meet the 
above criteria is given in Table 5.25 . These equations contain the smaller number of 
sample (/?) than the total number of sample (40  cases) from observation (Table 5.25).

The final proposed models that contain only significant factors and meet the 
assumption for both GF and GB demonstrate type of curves. These models meet the 
requirement for statistical significance with a high coefficient of determination (R2 >
0.5) at significance level (Sig) < 0.05 for F-test values with low standard error (SE) 
are chosen as the following proposed models (Table 5.25 and 5.26).



Table 5 .2 4  Example of Basic Equation for s s  load of GF

Predictor
Variable Basic Equation F-test Sig R2

F, Linear
Logarithm**

65.40 0.00 0 63
Inverse 0.002 0.80 0.002
Quadratic 32.07 0.00 0.63
Cubic
Compound*
Power*
ร*
Growth*
Exponential*
Logistic*

21.24 0.00 0.64

f2 Linear ' 
Logarithm**

3.91 0.06 0.09
Inverse 9.42 0.00 0.20
Quadratic 4.74 0.02 0.20
Cubic
Compound
Power*
ร*
Growth*
Exponential*
Logistic*

4.30 0.01 0.26

f 3 Linear
Logarithm**

1.74 0.20 0.04
Inverse 6.23 0.02 0.14
Quadratic 0.85 0.44 0 04
Cubic
Compound*
Power*
ร*
Growth*
Exponential*
Logistic*

1.83 0.16 0.13

f 4 Linear
Logarithm**

0.32 0.57 0.01
Inverse 0.06 0.81 0.002
Quadratic 7 31 0 00 0.28
Cubic
Compound*
Power*
ร*
Growth*
Exponential*
Logistic*

6.00 0 00 0.53

Note : * Dependent variable has non-positive values; no equation estimated 
** Independent variable has non-positive values.
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Table 5.25 Result of Model Investigation for Basic Equation of GF

Model Predictor
Variable F-test Sig R2 SE ท Basic Equation

SS F, 95.98 0 0.91 0.18 33 -0 .37-0 .07  F i-0.13 F,2+0.13 F , 3

F4 77.81 0 0.89 0 . 2 0 33 - 0.38+ 0.11 F4+ 0.07 F42-0.06 F4 3

TDS F, 34.2 0 0.79 0.17 32 -0.31 -0.13 F ,-0.28F ,2+0.17F ,3

f 2 97.12 0 0.76 0.17 32 - 0 .I 7 +0 .0 3 /F2

F4 34.35 0 0.79 0.17 32 - 0.35 +0.01 F4+0.05 F42-0.03 F43

COD f 2 18.07 0 0.70 0.13 27 - 0.47-0.13 F2+0.16 F22-0.03 F23

f 3 17.23 0 0.69 0.14 27 - 0.42 -0.01 F3 -  0.05 F32+ 0.03 F33

BOD f 2 0.19 0 0.54 0.17 27 - 0.48-0.15 F2+0.16 F22-0.03 F23

f3 9.77 0 0.55 0.17 27 - 0.42+0.02 F3 -  0.05 F32+ 0.03 F33

From Table 5.25, the results of the model investigation bring forth the list of 
response variables (y): each wastewater load and predictor variables (x): significant 
factors that have their relationships determined through the analysis of variance 
between each response variable and each predictor variable.

It was found that wastewater loads of GF are in the forms of cubic 
equation : Y = bo + b)F + biF2 + biF3 where Y = each wastewater load, s s  load is 
related to Fi and F4 in the form of cubic curve. TDS load is related to Fiand F4 in the 
form of a cubic curve, and F2 in the form of inverse curve. COD load is related to F2 

and F3 in the form of a cubic curve, and BOD load is also related to F2 and F3 in the 
form of a cubic curve.
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Table 5.26 Result of Model Investigation for Basic Equation of GB

Model Predictor
Variable F-test

Sig
R2 SE ท Basic Equation

SS F: 18.89 0 0.67 0.33 32 - 0.38 -  0.07 F;+0.02 F f  + 0 .12F23

f 4 14.27 0 0.60 0.36 32 - 0.36 - 0.001 F4+0.02 F4:-0.09 F43

TDS F, 49.08 0 0.85 0.44 31 -0.21-0.70 F, -  0.25 F,2 +0.38 F,3

f4 76.60 0 0.90 0.36 31 -0.19 -0.35 F4+0.26 F42+0.16 F43

COD F, 3.74 0 0.53 0.46 28 -0.04+0.21 F ,-0 .2 6  F,2

f 2 20.38 0 0.72 0.28 28 -0.21+0.99F2+0.30 F22 -0.36 F23

BOD F, 16.22 0 0.78 0.66 27 0.03+0.21 F, -0 .2 6  F,2

F2 24.62 0 0.62 0.44 27 -0.27+1.06 F:+0.39 F22 -0.42 F23

From Table 5.26, it has been found that wastewater loads of GB are in the 
forms of both cubic and quadratic equations : Y = bo + b]F + biF2, Y = bo + biF + 
biF2 + biF3 where Y = each wastewater load, s s  load is related to F2 and F4 in the 
form of cubic curve. TDS load is related to Fi and F4 in the form of cubic curve. Both 
COD and BOD loads are related to Fi and F2 in the form of quadratic and cubic 
curves, respectively.

These models of GF and GB were subjected to test for their appropriateness 
under the MRA assumptions in the next step.

5.2.3 Model Testing
Following the statistical test, the proposed models that meet the MRA 

assumptions are shown. The results of the appropriateness properties of the models 
for GF and GB are in Table 5.27 and 5.28.
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Table 5.27 Result of Model Testing for Basic Equation of GF

Model
Kolmo
gorov-
Smimov

Sig.
Shapiro
-Wilk Sig

Mean
of
error
&SE

Basic Equation

SS 0.13 0.2 0.95 0.14 0 -0.37-0.07 F,-0.13 F,2+0.17 F,3

0.12 0.2 0.96 0.43 0 -0.38+ 0.11 F4+0.07 F42-0.06 F43

TDS 0.12 0.15 0 0.5 0 -0.31 -0.13 Fj-0.28 F]2+0.17 F]3

0.1 0.2 0 0.9 0 -0.17 +0 .0 3 /F2

0.17 0.2 0 0.5 0 -0.35 +0.01 F4+0.05 F42-0.03 F43

COD 0.15 0.15 0.93 0.1 0 - 0.47-0.13 F2+0.16 F22-0.03 F23

0.1 0.2 0.97 0.56 0 -0.42 -0.01 F3-  0.05 F32+ 0.03 F32

BOD 0.14 0.19 0 0.28 0 -0.48-0.15 F2+0.16 F22-0.03 F23

0.1 0.2 0 0.82 0 -0.42+0.02 F3-  0.05 F32+ 0.03 F32

Note: Values of Levene’s test are 0.5 and 0.9 for ss, 0.3 and 0.9 for TDS, and 0.65 and 0.97 for COD and BOD

From Table 5.27, means of error for all proposed models are zero with low 
standard errors. Moreover, the Kolmogorov -  Smirnov statistic (0.1) and Shapiro- 
Wilk statistics (0 to 0.98) and Levene’s test (0.3 to 0.97) have higher significance 
values (0.2) than the values at a significance level of 0.05 for all wastewater loads.
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Table 5.28 Result of Model Testing for Basic Equation of GB

Model
Kolmo
gorov-
smimov

Sig.
Shapiro
-Wilk Sig

Mean of 
error & 
SE

Basic Equation

SS 0.14 0.11 0.96 0.3 0 - 0.38 -  0.07 F2+0.02 F22 + 0 .12F23

0.11 0.2 0.97 0.7 0 - 0.36 - 0.001 F4+0.02 F42-0.09 F43

TDS 0.1 0.2 0 0.7 0 -0.21-0.70 F, -  0.25 F,2 +0.38 F,3

0.1 0.2 0 0.7 0 -0.19 -0.35 F4 +0 . 2 6  F42+0.16 F4 3

COD 0.14 0.2 0.98 0.8 0 -0.04 + 0.21 F ,-0 .2 6  F,2

0.09 0.2 0.96 0.8 0 -0.21+0.99F2+0.30 F22 -0.36 F23

BOD 0.15 0.2 0.95 0.3 0 0.03+0.21 F, -0 .2 6  F!2

0.12 0.2 0.94 0.2 0 -0.27+1.06 F2+0.39 F22 -0.42 F23

Note: Values of Levene’s test are 0.55 and 0.9 for ss , 0.25 and 0.8 for TDS, and 0.55 and 1 for COD and BOD

From Table 5.28, the results of GB were also obtained in the same pattern of 
GF and can be used for the next step.

5.2.4 Estimation of Model Parameters
The estimated model parameters that meet the statistical significance for the 

appropriateness test of the model under the MRA assumptions were used as model 
parameters for each wastewater load. Based upon these parameters and their high 
coefficient of determination (R2) with low standard error (SE), the relationships 
between factors and each wastewater load were determined as shown in Table 
5.29, and 5.30 for GF and GB, respectively.



117

Table 5.29 Result of Estimation of Model Parameters in Predictive Equation of GF

Model R2x100 SE ท Estimated Model Parameters in 
Composite Predictive Equation

SS 91.75 <0.5 33 -0.31 -0 .0 7  F,-0.30 F)2 + 0.36F]3 
-0.1 F4-0.1 F42+0.06 F43

TDS 84.97 <0.5 32 -0.25 -0.26 Fi-0.13 F,2+0.06F,3 
+0.02/F:+0.01F4-0.01F42-0.02F43

COD 73.93 <0.5 28 -0.45-0.16 F2 +0.17 F2 2- 0.04F23 -0.001 F3 
-0.09F32+ 0.03 F33

BOD 75.44 <0.5 27 -0.46-0.22 F2 + 0.21 F22 - 0 .1F23- 0.11 F3 
+0.03 F32+ 0.03 F33

For GF (Table 5 .2 9 ), the prediction of s s  load is dependent on Fi and F 4  in 
the cubic form. The prediction of TDS load depends on Fi and F4 in the form of cubic 
curve and F2 in the form of inverse. The predictions of COD and BOD loads depend 
on F2 and F3 in the cubic form. The model parameters or estimated coefficients of 
these predictive model have low standard errors (< 0 .5 ) and high coefficient of 
determination (R2 > 0 .5 ). Thus, these models were correctly built through step I to 
step III for the MRA predictive model.

For GB, the prediction of s s  load is dependent on F2 and F4 in the cubic 
form. TDS load is dependent on Fi and F4 in the form of cubic curve. The predictions 
of COD and BOD loads depend on F2 and F3 in the cubic curve. The model 
parameters of predictive models for GB also have the same pattern of result of GF as 
shown in Table 5.30.
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Table 5.30 Result of Estimation of Model Parameters in Predictive Equation of GB

Model R'xlOO SE ท Estimated Model Parameters in 
Composite Predictive Equation

ss 74.16 <0.5 32 -0.32+0.06 Fj+O.Ol F;-+0.07 F;- 
-O.llF 4 -O.O8  F4 2- 0.04 F4 3

TDS 91.00 <0.5 31 -0.08+0.24 Fi-0.14 F,2- 0.09 F , 3 

-0.41 F4 +0 . 3 8  F4 2 + 0.22 F4 3

COD 74.86 <0.5 28 -0.12 + 0.11 Fj-0.11F]2+ 0.88 F2  

+0.31 F22-0.32 F2 3

BOD 79.46 <0.5 27 - 0.20 + 0.07 F, -0.09 F, 2  +0.98 F2  

+0.40 F2 2 -0.39 F2 3

Then, these final models for GF and GB were evaluated on related statistical 
test in the same procedure of step II as the last step before application.

5.2.5 Evaluation and Interpretation o f the M odel
Evaluating the model was performed for composite model as the same 

procedure of model testing in step II for testing the MRA assumptions. The final 
proposed models that meet the assumptions were obtained for GF and GB (Table 5.31 
and 5.32).

From Table 5.31 and 5.32, the results show that all of the proposed models 
meet the statistical significance under MRA assumptions due to the zero mean of 
residuals with low values of standard errors (SE) at a significance level of 0.05. 
Moreover, the values of Kolmogorov-Smimov and Shapiro-Wilk and Levene’s test 
are higher than the values at significance level of 0.05 loads including the constant 
variance through the residual plot that has data distribution near the zero value. 
Furthermore, the residuals values are less than 1.5 IQR. Thus, outlier or influential 
observations in some cases as mentioned in Table 5.22 are not included in the 
predictive model. This indicates that the residual distributions have a normal 
distribution, independence and homogeneity of variance according to MRA
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assumptions. Therefore, all of the predictive models obtained were accepted for 
validation in a further step

Table 5.31 Result of Evaluation of the Model for Predictive Equation of GF

Model
Kolmo
gorov-
smimov

Sig.
Shapiro
-Wilk Sig

Mean of 
residuals 
&SE

Composite Predictive 
Equation

SS 0.10 0.20 0.93 0.10 0 -0.31 -0 .0 7  F ,-0.30F,2 + 
0.36F,3- 0.1 F4- 0.1 F42+ 0.06 F43

TDS 0.10 0.20 0.97 0.50 0 -0.25 -0.26 Fi-0.13 Fi2+0.06F,3 
+0 .0 2 /F2 +0 .0 1F4 -0 .0 1F42- 

0.02F43

COD 0.14 0.14 0.92 0.30 0 - 0.45-0.16 F2 +0.17 F22- 0.04F23 
-0.001 F3- 0.09F32 + 0.03 F33

BOD 0.11 0.20 0.97 0.55 0 -0.46 -0.22 F2+ 0.21 F22 - 
0.1F23-0.11 f3+ 0.04 f32+ 
0.03 F33

Note: Values of Levene’s test are 0.45 for SS, TDS, and BOD, 0.85 for COD

The interpretation of evaluated predictive models for GF can provide the 
necessary information of input used in the process in terms of significant factors and 
important variables for manufacturers. Based upon the model parameter (coefficient), 
it indicates the sensitivity of predictive model to the factors. The s s  model is 
dependent on Fi and F4, but it is more sensitive to Fi than F4 according to the higher 
coefficient of important variables in Fi (water, electricity, alum, emulsifier, and 
defoamer) than in F4(defoamer). The TDS model is dependent on Fl, F2, and F4, but 
it is more sensitive to Fi than F2 and F4 (detailed in 5.2.6). The COD and BOD loads 
are dependent on F2 and F3 but it is more sensitive to F3 than F2 according to the 
higher coefficient of important variables in F3 (starch) than in F2 (Al to jAj).

Based upon the names and events occurred in factors for GF (detailed in
5.1.6 .1), the SS and TDS models are mainly related to variations of broke generation
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and usage and balancing of white water. The COD and BOD models are mainly 
related to special treatment of products and variation of pulp stock compositions (F3).

Table 5.32 Result of Evaluation of the Model for Predictive Equation of GB

Model
Kolmo
gorov-
smimov

Sig.
Shapiro
-Wilk Sig

Mean
of
error
&SE

Composite Predictive 
Equation

SS 0.13 0 . 2 0.95 0 . 2 0 - 0.32+0.06 F:+0.01 F22+0.07 F2 3  

-O .llF 4 -O.O8  F4 2- 0.04 F4 3

TDS 0 . 1 0 . 2 0.96 0.44 0 - 0.08+0.24 F,-0.14 F,2- 0.09 F , 3  

-0.41 F4 +O. 3 8  F42+ 0.22 F4 3

COD 0 . 1 0 . 2 0.99 0.96 0 -0.12 + 0.11 Fi-0.11 F ) 2  +0 .8 8 F2  

+ 0.31 F22- 0.32 F2 3

BOD 0 . 1 2 0 . 2 0.94 0 . 2 2 0 - 0 . 2 0  + 0.07 F, -  0.09 F,2+0.98F2 
+ 0.40 F2 2  -  0.39 F2 3

Note: Values of Levene’s test are 0.55 for ss , 0.45 for TDS and COD, and 0.65 for BOD

The interpretation of evaluated predictive models for GB can also provide the 
necessary information for manufacturers. The s s  model indicates that s s  depends on 
F4. The TDS load model indicates that TDS is dependent on Fi and F4, but it is more 
sensitive to F4 than Fi (detailed in 5.2.6). The COD and BOD loads are also 
dependent on Fi and F2, but it is more sensitive to F2 than Fi.

Based upon the names and events occurred in factor for GB (detailed in 
5.1.6.2), the SS model is mainly related to the increased use of broke and the 
overflow of white water (F2). The TDS model is mainly related to variation of 
foaming problem due to both the decreased use of broke and the use of white water 
(F4). The COD and BOD models are mainly related to the broke generation and usage 
and the overflow of white water due to the decreased use of broke as well as 
increased use of broke (F2).
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5.2.6 Predictive Equation of Wastewater Load
The results of predictive environmental model for wastewater load for GF and 

GB are shown in the forms of standardized variables for model building (MB) and 
model validation (MV) as in Table 5.33.

Table 5.33 Predictive Environmental M odel for W astewater o f G ypsum Liner Board

Gypsum 
liner board

Predictive Environmental Model % Relation 
(R2x100)

MB MV
1. GF

1. zss load = -0.31-0.07 F,- 0.30 F,2+0.36 F,3 - 0 .1F4- 0.1F42 
+0.06F43

91.75 68.05

2. ZTDS load = -0.25 -0.26 F,-0.13 F,2+0.06F,3+0.02/F2 
+0.01F4 -0.01F42-0.02F43

84.97 87.54

3. ZCOD load = -0.45-0.16 F2+0.17 F22- 0.04F23 -0.001 F3 
-0.09F32+ 0.03 F33

73.93 82.56

4. ZBOD load = - 0.46 - 0.22 F2 + 0.21 F22 - 0 .1F23- 0.11 F3 
+ 0.04 F32+ 0.03 F33

71.44 80.47

2. GB
1. ZSS load = - 0.32+0.06 F2+0.01 F22+0.07 F23 - 0.11F4 

- 0.08 F42- 0.04 F43
74.16 67.22

2. ZTDS load = - 0.08+0.24 F,-0.14 F!2- 0.09 F,3 - 0.41 F4 
+0.38 F42+ 0.22 F43

91.00 77.10

3. ZCOD load = - 0.12 + 0.11 F ,-0.11 Fj2 +0.88F2+ 0.31 F22 
-0.32F23

74.86 62.16

4. ZBOD load = - 0.20 + 0.07 F[ -  0.09 F]2 +ง.98F2 + 0.40 F22 
-0.39 F23

79.86 61.66

Note : % Relation = Determination of coefficient (R“) xioo for MB Model building excluding outliers, 
and for MV Model validation including outliers

From Table 5.33, the details of each type of predictive environmental model 
are discussed in the following sections.



122

5.2.6.1 Predictive Model of Wastewater load for GF
1) s s  Load :

As the standardized value of s s  load or z s s  load was dependent on both 
Fi and F4, it is interesting to distinguish the influence of each factor. In doing so, the 
effect of each factor must be isolated. This was done by selecting one factor of 
interest and letting the rest be zero. Then, the relationship between z s s  load and each 
factor can be shown graphically as in Figure 5.18 and in Table 5.33.

-4 -3 -2 -1 0 1 2 3 4 5 6

Fcator score

Figure 5 . 1 8  Relationship between z s s  Load of GF and Fi and F 4

From Figure 5.18, it is found that z s s  load was more sensitive to Fi than F4 at 
magnitude of factor score > |1|. In practical situation, there was high deviation of Fi 
in positive direction that can easily cause the increasing of z s s  load. Since Fi was a 
composite factor containing various variables: water, electricity, alum, emulsifier, and 
defoamer, the pattern of variation of z s s  load had to be investigated in conjunction 
with the change pattern of all variables presented in Fi.



123

Table 5 .3 4  Unusual cases of z s s  Load

Case น
Factor Score

zss  loadF, f4
8 0.12 0.59 - 0.40
19 -0.23 0.27 -0.35
25 0.71 - 2.36 - 1.49
32 4.89 -2.01 34.23
33 0.27 0.36 -0.39

From Table 5.34, it is found that the unusual case of the highest value of z s s  
load (case # 32) occurred due to the larger magnitude of Fi (4.89), that was > 111, than 
F4(-2.01). The other unusual cases, z s s  load occurred due to the smaller magnitude 
of Fl (-0.23 to 0.71) than F4 resulting the more decreasing of z s s  load. Notice that 
the prediction of z s s  load in the unusual cases can provide both the increasing and 
decreasing of z s s  load less than the measured value as shown in Figure 5.26 (a).

Through the highly case of the dominant factor, Fi (4.89) in the model and its 
name, it indicates that the root event and cause for z s s  load increase was due to the 
overflow of white water from the change over of paper grade. The white water in the 
process from the previous operation was drained off. This water called white water 
contains fibers and dispersed materials that could not dissolve and affected the 
increasing of s s  load due to the loss of these materials from the overflow of white 
water during the change over of paper grade. In this case, not only water and 
electricity but also other chemicals was highly consumed in the process.
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2) TDS load :
As for TDS load, the standardized value of TDS load or ZTDS load was 

dependent on both Fi_ F2 and F4, it is interesting to distinguish the influence of each 
factor.

-4 -3 -2 -1 0 1 2 3 4 5 6

Factor score

F i g u r e  5 . 1 9  R e l a t i o n s h i p  b e t w e e n  Z T D S  L o a d  o f  G F  a n d  F i  t o  F 2 a n d  F 4

In doing so, the effect of each factor must be isolated. This was done by 
selecting one factor of interest and letting the rest be zero. Then the relationship 
between ZTDS load and each factor can be shown graphically as in Figure 5.19 and 
in Table 5.33.

From Figure 5.19, it is found that ZTDS load was not quite sensitive to F2. It 
was more sensitive to Fi than F4at magnitude of factor score >3.5. The large change 
of all variables within the important variables, Fi, based on its physical meaning and 
name was due to the events occuried in F1 as the following discussed.
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T a b l e  5 . 3 5  บ ท น ร น a l  c a s e s  o f  Z T D S  L o a d

Case #
Factor score

ZTDS loadF, F: f4

15 0.32 -0.52 1.98 -0.56
19 -0.23 -1.61 0.27 -0.21
25 0.71 0.81 -2.36 -0.27
32 4.89 -1.37 2.01 2.20
33 0.27 -0.45 0.36 -0.37
34 -0.14 0.06 -0.46 0.14
37 -0.23 -0.22 0.22 -0.29

From Table 5.35, it is found that the unusual case that has highest value of 
ZTDS load (case # 32) occurred due to the larger magnitude of Fi (4.80) than F2 (- 
1.37) and F4(2.01) resulting the increasing of ZTDS load. In some unusual case, 
ZTDS load that was slightly increased (case #34) due to the smaller magnitude of Fi 
than F2 in opposite direction and F4 in negative direction resulting the decreasing of 
ZTDS load. The other unusual cases (case # 15,19, 25, and 33), ZTDS loads occurred 
due to the smaller magnitude of Fi than F2 and F4 resulting the decreasing of ZTDS 
load. Also in some unusual case (case # 37), ZTDS load occurred due to the same 
range of magnitude of Fi, and F2 in negative direction but F4 in positive direction 
resulting the decreasing of ZTDS load. Also notice that the prediction of ZTDS load 
in the unusual cases can provide both the increasing and decreasing of ZTDS load. In 
particular, some prediction loads can be both less and more than the measured value 
as shown in Figure 5.26 b) (case # 32 and 34).

Through the highly case (case #32) for the change of magnitude of dominant 
factor, Fi (4.89) in the model and its name, it indicates that the root event and cause 
for ZTDS load increase was also due to the overflow of white water from the change 
of paper grade. The drained water affected the increase of ZTDS load due to the loss 
of other chemicals such as emulsifier and alum that can dissolve in water. Thus, these 
chemicals were highly consumed in the process.
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3) COD load :
The standardized values of ZCOD load or COD load were dependent on F2 

and F3. By selecting one factor of interest and letting the rest be zero, the relationship 
between ZCOD load and each factor can be shown graphically as in Figure 5.20 and 
in Table 5.33.

-4 -3 -2 -1 0 1 2 3 4 5 6

Factor score

F i g u r e  5 . 2 0  R e l a t i o n s h i p  b e t w e e n  Z C O D  L o a d  o f  G F  a n d  F 2 t o  F 3

From Figure 5.20, it is found that ZCOD load was more sensitive to F2than 
F3 at magnitude of factor score > -1. This indicates that the important variables within 
F2 had more effect to the change of ZCOD than the variables in F3. The large change 
of all variables within the important variables, F2, based on its physical meaning and 
name was due to the events occurred in F2.

From Table 5.36, it is found that the unusual case of the highly ZCOD load 
(case # 32) occurred due to the larger negative ofF2, that is <-l, (-1.37) than F3 

(-0.08) in negative direction resulting the increasing of ZCOD load. The other 
unusual cases (case # 6, 25, and 31), the larger magnitude of F2 than F3 in the positive 
direction can cause the decreasing of COD load. Ffowever, the larger magnitude of F2 
than F3 in the negative direction but > 1 (case #33) can also cause the decreasing of 
ZCOD load. The rest of unusual cases, the smaller magnitude of F2 than F3 in



127

negative direction can cause the decreasing ofZCOD load. Note that the prediction of 
ZCOD load in the unusual cases can provide both the increasing and decreasing of 
ZCOD load less than the measured value as shown in Figure 5.27 c.

Table 5.36 Unusual cases ofZCOD Load

Case #
Factor Score

ZCOD loadF2 F3

6 2.38 0.81 -0.45
8 -0.32 -0.35 -0.39
11 -0.09 -0.37 -0.45
12 -0.21 -0.36 -0.42
15 -0.52 -1.01 -0.44
16 -0.19 -0.98 -0.53
25 0.81 -0.03 -0.49
31 0.02 -0.21 -0.46
32 -1.37 -0.08 0.19

33 -0.45 -0.26 -0.35
36 -0.24 -0.25 -0.41
37 -0.22 -0.24 -0.41

Through the highly case (case #32) for the change of magnitude of dominant 
factor, F2 (-1.37) in the model and its name, it indicates that the root event and cause 
of increasing COD load was due to the overflow of white water from the change of 
paper grade. The drained water affected the increase of ZCOD load due to the loss 
of fibers that were the organic matter sources of ZCOD and ZBOD loads.

4) BOD load:
The standardized value of BOD load or ZBOD load was dependent on F2 and 

F3 (Figure 5.21). To distinguish the influence of each factor, one factor of interest was 
selected and letting the rest were set as zero. The relationship between ZBOD load 
and each factor can be shown graphically as in Figure 5.21 and in Table 5.37.
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From Figure 5.21, it is found that the increasing ofZBOD load was more 
sensitive to F2 than F3 at magnitude of factor score < -1 or higher than 2. This also 
indicates that the important variables within F2 had more effect to the change of 
ZBOD than the variables in F3. Based on its physical meaning and name, the large 
change of all variables within the important variables, F2 was due to variations of 
pulp stock composition.

-4 -3 -2 -1 0 1 2 3 4 5 6

Factor score

F i g u r e  5 .2 1  R e l a t i o n s h i p  b e t w e e n  Z B O D  L o a d  o f  G F  a n d  F 2 t o  F 3

From Table 5.37, it is found that the unusual case of the highly ZBOD load 
occurred due to the larger magnitude of F2 (-1.37) than F3 (-0.08) in negative 
direction resulting the increasing ofZBOD load. The other unusual cases, the larger 
magnitude of F2 than F3 in the positive direction (case # 25 and 36) can cause the 
decreasing ofZBOD load. Although there was larger magnitude of F2 than F3, this 
magnitude that was > 1 can cause the decreasing ofZBOD load. The rest of unusual 
cases, the smaller magnitude of F2 than F3 in negative direction can also cause the 
decreasing ofZBOD load. Also note that the prediction ofZBOD load in the unusual 
cases can provide both the increasing and decreasing ofZBOD load. In particular,



129

some prediction loads can be both less and more than the measured value as shown in 
Figure 5.19 (case # 32 and 38).

Table 5.37 Unusual cases of ZBOD Load

Case #
Factor Score

ZBOD loadF: f3
8 -0.32 -0.35 -0.33
10 -0.18 -0.33 -0.40
11 -0.09 -0.37 -0.43
12 -0.21 -0.36 -0.38
15 -0.52 -1.01 -0.22
16 -0.19 -0.98 -0.40
25 0.81 -0.03 -0.57
31 0.02 -0.21 -0.48
32 -1.37 -0.08 0.69
33 -0.45 -0.26 -0.26
36 -0.24 -0.25 -0.38
37 -0.22 -0.24 -0.39
38 -0.27 -0.15 -0.39

Through the highly case (case #32) for the change of magnitude of, F2 (-1.37) 
in the model and its name, it indicates that the root event and cause of increasing 
BOD load was also the overflow of white water from the change of paper grade. The 
drained water affected the increase of ZBOD load due to the loss of fibers that were 
the organic matter sources of ZCOD and ZBOD loads.

Based upon the unusual cases of z s s  load, ZTDS load, ZCOD load, and 
ZBOD load, the root event and cause of the wastewater generated from GF 
production can be concluded as shown in Table 5.38.
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T a b l e  5 .3 8  R o o t  c a u s e  a n d  e f f e c t  r e l a t i n g  w a s t e w a t e r  g e n e r a t e d  o f  G F

Effect on Root Event &Cause Indicator
Wastewater Load
1. Increasing ss load

-Overflow of w hite water ร)’รtem 
due to the change over of paper 
grade

-High water consumption 
-High electricity consumption 
-High sizing agents and filler 
usages

2. Increasing 
TDS load

same -High sizing agents usage 
-High utility consumption

3. Increasing 
COD load

same -High chemicalร usages 
-High utility consumption

4. Increasing 
BOD load

same -Same as COD load

5 . 2 . 6 . 2  P r e d i c t i v e  M o d e l  o f  W a s t e w a t e r  l o a d  f o r  G B

As for GB production, the wastewater loads of GB are shown in 
Figure 5.22 to 5.25.

Factor score

F i g u r e  5 . 2 2  R e l a t i o n s h i p  b e t w e e n  z s s  L o a d  o f  G B  a n d  F 2 a n d  F 4
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1) s s  Load :
From Figure 5.22, the increasing of z s s  load for GB was more sensitive to 

F2 than F4 when the magnitude of F4 is > 2. Note that for s s  load of GB, the real 
magnitude of factor score is between -1.73 to 2.73 for F2, and between - 2.83 to 2.99 
for F4 (Appendix A3).

Through the highly case (case # 19, and 23) of the magnitude for the 
dominant factor, F2 (1.99, and 2.72) in the model and its name, it indicates that the 
root cause of increasing z s s  load was due to the overflow of white water from the 
change of paper grade and the more usage of broke. In this case, the use of broke 
more than usual can cause the z s s  load increase due to the loss of dispersed materials 
that existed in broke and the loss of fibers and other dispersed substances that contain 
in the white water.

2) TDS load :

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5

Factor score

F i g u r e  5 . 2 3  R e l a t i o n s h i p  b e t w e e n  Z T D S  L o a d  o f  G B  a n d  F i  a n d  F 4

From Figure 5.23, the ZTDS load for GB is more sensitive to F4 than Fi in 
terms of increasing load when the magnitude of F4 was between 0.5 to 2, and less 
than -0.5 and in terms of decreasing load when the magnitude of F4 is > 2. Note
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that for ZTDS load of GB, the real magnitude of factor score was between -2.83 to
2.9 for F4, and between -1.31 to 2.91 for Fi (Appendix A3).

Through the highly cases (case # 1-2, 7, 10, 14, 18, and 23) of the magnitude 
for the dominant factor, F4 (-2.83 to 2.99) in the model and its name, it indicates that 
the root cause of increasing ZTDS load was due to the increased use of broke The 
deteriorated fibers that exist in broke causing the loss of dissolved substances within 
the broke affected the increase of ZTDS load.

3) COD Load :

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5

Factor score

F i g u r e  5 . 2 4  R e l a t i o n s h i p  b e t w e e n  Z C O D  L o a d  o f  G B  a n d  F i  a n d  F 2

From Figure 5.24, the ZCOD load for GB was more sensitive to F2 thanFi 
in terms of increasing load when the magnitude of F2 was between 0.5 to 2, and less 
than -0.5, and in terms of decreasing load when the magnitude of F2 is > 2 . Note 
that for COD load of GB, the real magnitude of factor score was between -1.73 to 
2.73 for F2, and between -1.31 to 2.91 for Fi (Appendix A3).

Through the highly cases (case # 2, 7, 11, 18-21, 23, 29-30, and 38) of the 
magnitude for the dominant factor, F2 in the model and its name, it indicates that the 
root cause of increasing ZCOD load was due to the increased use of broke and the
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overflow of white water. In this case, both events contributed to not only ZCOD load 
but also ZBOD load due to the highly chemical additives that need to be added.

4) BOD Load

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5

Factor score

F i g u r e  5 . 2 5  R e l a t i o n s h i p  b e t w e e n  Z B O D  L o a d  o f  G B  a n d  F i  a n d  F 2

From Figure 5.25, ZBOD load for GB was also more sensitive to F2 than Fi 
in terms of increasing load when the magnitude of F2 was between 0.5 to 2, and less 
than -0.5, and in terms of decreasing load when the magnitude of F2 was > 2. Note 
that for BOD load of GB, the real magnitude of factor score was also between -1.73 
to 2.73 for F2 and between -1.31 to 2.91 for Fi.

Through the highly cases of (case #  2 , 1 ,  11, 18-21, 23, 29-30, and 38) of the 
magnitude for the dominant factor, F2 in the model and its name, it indicates that the 
root cause of increasing ZBOD load was due to the increased used of broke, as well 
as the overflow of white water. In this case, the use of broke and the overflow of 
white water contributed to not only ZBOD load but also ZCOD load due to the same 
reason as mentioned above.

From Figure 5.22 to 5.25, the root event and cause o f increasing wastewater

loads for GB can be concluded as in Table 5.39.
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Table 5.39 Root cause and effect relating wastewater generated of GB

Effect on 
Wastewater Load

Root Event & Cause Indicator

1. Increasing 
zss load

-Overflow of white water system 
due to the change over of paper 
grade

-Increased use of broke

-High utility consumption 
-High some fiber consumption 
-High dry strength agents and 
wet strength agent usages

2. Increasing 
ZTDS load

-Increased use of broke -High utility consumption 
-High some dry strength agents 
and wet strength agent usages

3. Increasing 
ZCOD load

-Same as zss load - Same as zss load

4. Increasing 
ZBOD load

-Same as ZCOD load -Same as ZCOD load

Note that the real root causes of wastewater generation for all cases of GF and 
GB production include not only the overflow of white water due to the change over of 
paper grad, and scheduling of operation between paper machine and the wastepaper 
plant but also the increased use of broke and the excess chemicals in the white water 
due to poor control over the addition of chemicals and poor retention of fines and 
filler. The presence of excess chemicals can be easily identified through special 
product treatments for the desired property of the product. This is because the outliers 
of the MRA predictive model building were included in all real cases, just as the FA 
input model. Thus, the real root causes should be considered from all real cases.
These root causes will be used for management applications.

5 . 2 . 7  V a l i d a t i o n  o f  t h e  P r e d i c t i v e  m o d e l

The predictive environmental models of wastewater load from Gypsum liner 
board production for both GF and GB with the percentage of the relationship 
between each response variable (wastewater load) and input factors were validated 
based on all real cases.
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Based upon the prediction accuracy ( % of relation for all cases of the 
predictive model from model validation (MV) X  100)/ % of relation of the predictive 
model from model building (MB) for GF and GB, the predictive ability of these 
models was quite high (> 70%) on average as shown in Table 5.40.

Therefore, these models are applicable and can serve a good predictive 
purpose.

Table 5.40 Validity of predictive model for wastewater from Gypsum liner board

Wastewater
load

Prediction accuracy (%)
(% relation of MV X 100) / % relation of MB

GF GB
1. SS load 74.17 90.64
2. TDS load 103.00 84.73
3. COD load 111.67 83.03
4. BOD load 106.67 77.60

The result of calculation from these models for total GP in comparison with 
all measured value of each wastewater load in the forms of original variables were 
shown in Figure 5.26 to 5.29.

For GF, it was found that the predictive model for s s  load can provide correct 
trends for most value of s s .  The different value between predicted value and 
measured value was due to an outlier of the following cases: the outlier of error 
between z s s  load and each related factor (as shown in Table 5.23), the outlier of s s  
load (case #8, 19, 25, and 31-33), and the outlier of each factor (Fi : case # 28, and 
31-32, F4: case # 31). The TDS load can also provide quite a good predicted value. 
The outliers occurred were the outliers of error between ZTDS load and each related 
factor (as shown in Table 5.23), the outlier of TDS load (case # 19, 25, and 31-33), 
and the outlier of each factor (Fi: case # 28, and 31-32, F2: case # 5, 8, 23, 31, and 35, 
F4: case #31). The COD load can provide a compromised predicted value. The 
outliers occurred were the outliers of error between ZCOD load and each related 
factor (as shown in Table 5.23), the outlier of COD load (case # 25 and 31-33), and 
the outlier of each factor (F2: case # 5, 8, 23, 31, and 35, and F3: case # 19, 21, and 
32). The BOD load also can provide quite a compromised predicted value except in

- r v u w u x
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the case of outliers (Table 5.23). The outliers occurred were the outliers of error 
between ZCOD load and each related factor (as shown in Table 5.23), the outlier of 
COD load (case # 25 and 31-33), and the outlier of each factor (F2: case # 5, 8, 23,
31, and 35, and F3: case # 19, 21, and 32). Note that the influences of outliers 
occurred in the predictive model were due to the outliers from wastewater load more 
than each factor and errors between each wastewater load and related factors. Even 
though the outliers of wastewater load had the highest effect on the high fluctuation 
of the model, the numbers of these outliers were less than other outliers. Therefore, 
when all kinds of outliers included in the predictive models of GF, these models were 
still valid with high prediction accuracy.

As for GB, the prediction for wastewater load of GB was the same pattern of 
GF. These models can provide quite a good predicted value for overall prediction 
(Table 5.23 and Appendix A4). The outliers of the predictive model were also due to 
the outlier of each type of wastewater load (case # 2 ,  11, 23 and 30 for s s ,  case #  2  
and 11 for TDS, and case # 2 ,  11, and 23 for COD and BOD) more than the outlier of 
related factors (case # 3, 4, 6, 11, and 14 for Fi, case #  2 for F2, case # 11 and 23 for 
F4) and the outlier of error between wastewater load and factors (as shown in Table 
5 .23 ). Although the outliers of wastewater load had the most effect to the high 
fluctuation of the model, the numbers of these outliers were less than other outliers. 
Therefore, when all kinds of outliers included in the predictive models of GB, these 
models were also still valid with high prediction accuracy.
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a) Calculated Result for ss load o f Total GF

b) Calculated Result for TDS load of Total GF

Case Numbe

Figure 5.26 Result of Calculation for ss and TDS Loads o f Tota l GF
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c) Calculated Result for COD load o f Total GF

1 2 3 4 5 6 7 0 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Case Number

d) Calculated Result for BOD load of Total GF

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Case Number

Figure 5.27 Result o f Calculation fo r COD and BOD Loads o f Total GF
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a) Calculated Result for SS load o f Total GB

Figure 5.28 Result o f Calculation fo r ss and TDS Loads o f Total GB
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c) Calculated Result for COD load o f Total GB

d) Calculated Result for BOD load of Total GB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

Figure 5.29 Result o f Calculation fo r COD and BOD Loads of Total GB
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