
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Master's Theses Graduate College 

4-1972 

The Relationship between Degree of Clay Dispersion and the The Relationship between Degree of Clay Dispersion and the 

Optical and Pore Properties of Starch - Clay Coatings Optical and Pore Properties of Starch - Clay Coatings 

Chinu S. Dalal 

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses 

 Part of the Chemistry Commons 

Recommended Citation Recommended Citation 
Dalal, Chinu S., "The Relationship between Degree of Clay Dispersion and the Optical and Pore Properties 
of Starch - Clay Coatings" (1972). Master's Theses. 2752. 
https://scholarworks.wmich.edu/masters_theses/2752 

This Masters Thesis-Open Access is brought to you for 
free and open access by the Graduate College at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Master's Theses by an authorized administrator of 
ScholarWorks at WMU. For more information, please 
contact wmu-scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2752&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/131?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2752&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/2752?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2752&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


THE RELATIONSHIP BETWEEN DEGREE 
OF CLAY DISPERSION AND THE 

OPTICAL AND PORE PROPERTIES 
OF STARCH -  CLAY COATINGS

by

Chinu S. D ala i

A Thesis 
Submitted to  th e  

Facu lty  o f The Graduate College 
in  P a r t i a l  F u lf il lm e n t 

o f the
Degree of M aster of Science

W estern Michigan U n iv e rs ity  
Kalamazoo, Michigan 

A p ril 1972

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



ACKNOWLEDGEMENTS

The au thor w ishes to  express h is  s in c e re  a p p re c ia tio n  to  the 

members of th e  Advisory Committee, Mr. J .  K line , Chairman, Dr. R. Jan es , 

and Dr. S. Kukolich fo r  th e i r  encouragement, advice and co n s tru c tiv e  

c r i t ic is m  fo r th is  work. The f in a n c ia l  b e n e f i t  in  th e  form of a s s i s t -  

a n tsh ip , and the  i n t e l l e c tu a l  t r a in in g  from fa c u lty  in  the  Department 

of Paper Science and E ngineering, have made graduate  study a p leasu re  

and p r iv i le g e  in  a country  th a t  i s  n o t my own. I  express s in ce re  thanks 

to  th e  Department of Paper Science and E ngineering .

Chinu S. D a la i

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



INFORMATION TO USERS

This dissertation was produced from a microfilm copy of the original document. 
While the most advanced technological means to photograph and reproduce this 
document have been used, the quality is heavily dependent upon the quality of 
the original submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black 
mark, it is an indication that the photographer suspected that the 
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the 
upper left hand corner of a large sheet and to continue photoing from  
left to right in equal sections with a small overlap. If  necessary, 
sectioning is continued again — beginning below the first row and 
continuing on until complete.

4. The majority of users indicate that the textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to the understanding o f the 
dissertation. Silver prints of "photographs" may be ordered at 
additional charge by writing the Order Department, giving the catalog 
number, title, author and specific pages you wish reproduced.

University Microfilms
300 North Z eeb Road
Ann Arbor, M ichigan 48106

A Xerox Education Com pany

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



MASTERS THESIS M-3392
DALAL, Chinu S.
THE RELATIONSHIP BETWEEN DEGREE OF CLAY 
DISPERSION AND THE OPTICAL AND PORE 
PROPERTIES OF STARCH - CLAY COATINGS.
Western Michigan University, M.S., 1972 
Chemistry, Physical

University Microfilms, A XEROX Company, Ann Arbor, Michigan

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



PLEASE NOTE:

Some pages may have 

i n d i s t i n c t  p r i n t .

F i lmed as r e c e i v e d .

U n i v e r s i t y  M i c r o f i l m s ,  A Xerox Educat ion Company

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



TABLE OF CONTENTS

CHAPTER PAGE

I INTRODUCTION ..................................................................................  1

I I  HISTORICAL BACKGROUND OF THE PROBLEM

E ffe c t o f P a r t ic le  Packing on Coating S tru c tu re  . 2

F acto rs  A ffec tin g  the  S c a tte r in g  C o e ff ic ie n t. . . 5

Clay and i t s  S tru c tu re ............................................................  7

D ispersion  and i t s  A spects.....................................................11

W etting of the  Powder......................................................... 12

Breaking up the C lu s te rs  to  form
C o llo id a l P a r t i c l e s ......................................................... 13

S ta b i l i t y ................................................................................... 14

P r in c ip le s  of L i g h t ..................................................................15

P re se n ta tio n  of the  P ro b le m .................................................18

I I I  EXPERIMENTAL APPROACH ^

In tro d u c tio n  .......................................................................... 20

Treatm ent and P rep a ra tio n  o f Pigment............................... 20

S tarch  P re p a ra tio n ...................................................................... 21

Batch P r e p a r a t io n ...................................................................... 21

Black G lass T e c h n iq u e ..............................................................22

Paper T e c h n iq u e ...........................................................................23

Measuring Coating Pore Volume .......................................  23

D eterm ination  o f B righ tness o f Coating Film  . . .  24

D eterm ination  of S c a tte r in g  C o e ffic ie n t .................. 25

i i i

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



CHAPTER PAGE

IV PRESENTATION OF RESULTS AND DISCUSSION

E ffe c ts  of TSPP and S tarch  on V i s c o s i ty .....................27

S c a tte r in g  C o e ff ic ie n t as a Function of 
th e  Coat Weight o f Both Paper and Black 
G lass S u b s t r a t e .................................................................... 34

E ffe c ts  of TSPP and S tarch  on S c a tte r in g  
C o e ffic ie n t a t  Constant Coat Weight on 
Paper S u b s t r a t e .............................................................. 43

E ffe c ts  of TSPP and S tarch  on R e la tiv e  
Pore Volume o f Coatings on Paper and 
Black G l a s s ....................................................................... 47

E ffe c ts  of TSPP and S tarch  on Uncalendered
75° Gloss of Coatings on Paper S u b s tra te . . . .  65

V SUMMARY AND CONCLUSIONS...........................................................75

VI BIBLIOGRAPHY................................................................................ 77

VII APPENDICES

I .  P rep a ra tio n  of P i g m e n t ......................................... 79

I I .  Sample C a lcu la tio n  of R e la tiv e  Pore Volume. . 82

I I I .  B rookfield  V isco s ity  of Coating
Form ulations ............................................................. 84

S c a tte r in g  and A bsorption C o e ffic ie n t
of Coatings on Paper S u b s tra te ........................ 86

S c a tte r in g  C o e ff ic ie n t of Coatings on
Black G lass S u b s t r a t e ..........................................90

R e la tiv e  Pore Volume of Coatings on
Paper S u b s t r a t e .......................................................93

R e la tiv e  Pore Volume of Coatings on
Black G lass S u b s t r a t e ..........................................97

Uncalendered 75° Gloss of Coatings
on Paper S u b s tra te  .................................................100

iv

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



INTRODUCTION

P a s t  c o a t in g  s tu d ie s  have been  c a r r i e d  o u t to  g a in  u n d e rs ta n d in g  

o f  th e  i n t e r r e l a t i o n s h i p  betw een  c o a t in g  s t r u c t u r e  and c o a t in g  p e r ­

fo rm ance. T hese s tu d ie s  have em phasized th e  im p o rtan ce  o f  th e  f i n a l  

c o a tin g  p r o p e r t i e s  su ch  a s  sm o o th n ess , g lo s s ,  o p a c i ty ,  p ic k  s t r e n g t h ,  

in k  r e c e p t i v i t y ,  and p r i n t a b i l i t y .  I t  i s  e v id e n t t h a t  m ore fundamen­

t a l  in fo rm a tio n  i s  r e q u ir e d  i n  o rd e r  to  g a in  a  b e t t e r  u n d e rs ta n d in g  

o f th e  co m p le te  p ro c e ss  in v o lv e d  in  th e  c o a t in g  o f  p a p e r .

Many o f th e  above common p r o p e r t i e s  a re  r e l a t e d  to  th e  p h y s ic a l  

s t r u c t u r e  o f  th e  p igm ent c o a t in g s .  T h is  s t r u c t u r e  may b e  d e s c r ib e d  

in  term s o f  th e  v a r io u s  p h y s ic a l  c h a r a c t e r i s t i c s  su ch  a s  d e n s i t y ,  

s u r f a c e  a r e a ,  p o re  volum e, p o re  s i z e  d i s t r i b u t i o n ,  and th e  a lig n m en t 

o f th e  pigm ent p a r t i c l e s  r e l a t i v e  to  one a n o th e r .  T ech n iq u es  a r e  

r e a d i ly  a v a i l a b l e  f o r  m easu rin g  p h y s ic a l  and ch em ica l p r o p e r t i e s  of 

th e  m a te r ia l s  u sed  in  p r e p a r in g  c o a t in g s .  However, th e r e  i s  a  m ajo r 

problem  in  m easu rin g  th e  s t r u c t u r e  o f  th e  c o a t in g  i t s e l f  t h a t  has th e  

o b serv ed  p r o p e r t i e s .

I t  i s  th e  i n t e n t  o f  t h i s  p ap e r to  d em o n stra te  a  r e l a t i o n s h i p  b e ­

tween th e  m e asu ra b le  p r o p e r t i e s  o f  p igm ent d is p e r s io n  i n  th e  aqueous 

p h a se , and d r ie d  c o a t in g  f i lm  p r o p e r t i e s  w hich a r e  b e l ie v e d  to  b e  de­

p en d en t on th e  p ack in g  c h a r a c t e r i s t i c s  and th e r e f o r e  u l t im a te ly  on th e  

d eg ree  o f  d i s p e r s io n  in  th e  aqueous p h a se .

1
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HISTORICAL BACKGROUND OF THE PROBLEM

E f f e c t  o f  P a r t i c l e  P ack ing  on C o a tin g  S t r u c tu r e

C o n s id e ra b le  i n t e r e s t  h as  r e c e n t ly  been  fo cu sed  on s tu d y in g  th e  

p ack in g  c h a r a c t e r i s t i c s  o f  p igm ents i n  an e f f o r t  to  u n d e rs ta n d  th e  

c o a t in g  s t r u c t u r e  and i t s  r e l a t i o n s h i p  to  th e  p r o p e r t i e s  o f p igm en ted - 

a d h e s iv e  f i lm s  on p a p e r .  The te rm  " p a r t i c l e  p a ck in g "  r e f e r s  to  th e  

m anner in  w hich a  p a r t i c l e  a r ra n g e s  i t s e l f  in  r e l a t i o n  to  a n o th e r  

p a r t i c l e .  I t  p e r t a in s  to  th e  p ro x im ity  o f one p a r t i c l e  to  a n o th e r ,  

b o th  from  th e  s ta n d p o in t  o f  d is ta n c e  and g e o m e tr ic  c o n f ig u r a t io n .  

P ack in g  o r  s ta c k in g  can b e  o r d e r ly ,  though g e n e r a l ly  i t  i s  a  random 

a rran g em en t o f  p a r t i c l e s . P ack ing  i s  u s u a l ly  e x p re s se d  as t i g h t  o r  

lo o s e  depend ing  upon th e  c lo s e n e s s  o f  ap p ro ach  o f  th e  p igm ent p a r t i c l e s .  

The te rm  " p a r t i c l e  p ack in g "  seems s im p le  enough , how ever th e  phenomena 

i t  d e s c r ib e s  i s  e x tre m e ly  com plex. T here  a r e  a  number o f th e o r ie s  

o f f e r e d  to  e x p la in  p a r t i c l e  o r i e n t a t i o n  and a rra n g e m e n t, b u t ,  un­

f o r tu n a t e ly ,  th e  e v id e n c e  to  su p p o r t th e  th e o r i e s  i s  q u i t e  l im i te d  

i n  some c a se s  and c o m p le te ly  la c k in g  in  o th e r s .

The p a r t i c l e  p ack in g  te n d e n c ie s  can  b e  d e te rm in e d  by v a r io u s  

m ethods. Hagemeyer (1 ) has r e p o r te d  fo u r  d i f f e r e n t  methods -  packed 

volum e o f  d ry  p igm ent b le n d s ,  c e n t r i f u g e d  volum e o f  aqueous d is p e r s e d  

b le n d s ,  v i s u a l  o b s e rv a t io n  o f l a r g e  m odel p a r t i c l e s ,  and packed volume 

o f la r g e  m odel p a r t i c l e s .  I t  sh o u ld  be n o te d  t h a t  th e s e  r e p r e s e n t  

d i f f e r e n t  ap p ro ach es  to  th e  s tu d y  o f  p a r t i c l e  p a c k in g . F i r s t ,  p ack in g

2
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was s tu d ie d  fo r dry powders w ith  a i r  as the  suspending medium. Second, 

packing was determ ined by working w ith  ̂ aqueous d isp e rs io n s  o f the  

d i f f e r e n t  pigm ents. T h ird , ps-eking was determ ined fo r  p l a s t i c  r e p l ic a s  

o f th e  d if f e r e n t  m a te r ia l .  Hagemeyer (1) observed th a t the  dry mix­

tu r e s ,  w ater d is p e rs io n s , and p la s t i c  models had d i f f e r e n t  packing 

te n d e n c ie s .

I t  has been assumed th a t  the two prim ary fa c to rs  which govern 

the  p a r t i c l e  packing tendencies o f paper coa ting  pigments a re  p a r t i c l e  

s iz e  and p a r t i c le  shape. Hagemeyer (1 , 2) showed w ith  w ater d is p e r ­

s io n  in  the  absence of an adhesive th a t  the  packing c h a r a c te r i s t ic s  

of pigm ents were in fluenced  by the s iz e  and shape o f th e  pigm ent.

Cobb (3) concluded th a t the  amount of a  p a r t i c u la r  adhesive re q u ire d  

fo r  adequate coa tin g  film  s tre n g th  was governed by the p ercen tage  o f 

in te r-p ig m en t voids which were f i l l e d  w ith  the  adhesive m a te r ia l .  

W ille ts  and M archetti (4) attem pted  to  exp la in  vario u s  co a tin g  p ro ­

p e r t i e s ,  such as p ick  s tre n g th  and g lo ss  in  terms of vo id  volume and 

the demand fo r  adhesive by pigm ent.

Hemstock and Bergman (5) observed in  the  absence o f b in d e r th a t  

as th e  amount of te trasod ium  pyrophosphate (TSPP) in  the  suspension  

was inc reased  u n t i l  minimum B ro o k fie ld  v is c o s ity  was a t ta in e d ,  th e  

percen tage of w ater in  the  c e n tr ifu g e d  sedim ent and the p o ro s ity  of 

th e  d r ie d  film  decreased from about 60% to  about 40% by volume. These 

changes re s u lte d  in  d ried  film s  having a la rg e  in c re a se  in  75° g lo s s , 

and s u b s ta n t ia l  red u c tio n s  in  film  s c a t te r in g  c o e f f ic ie n t  and mean 

h y d rau lic  rad iu s  o f p o res . At optimum d e flo c cu lan t le v e ls ,  prim ary 

and delam inated clays packed more poorly  and in  ad d itio n  produced
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d r ie d  f i lm s  o f  low er g lo s s  and h ig h e r  s c a t t e r i n g  c o e f f i c i e n t  th a n  d id  

th e  seco n d ary  c o a t in g  c l a y s .  These d i f f e r e n c e s  d id  n o t  ap p ea r to  

c o r r e l a t e  w ith  av e ra g e  p a r t i c l e  s i z e  o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  

th e  v a r io u s  c la y s  b u t  an e x c e l le n t  c o r r e l a t i o n  was o b ta in e d  betw een 

p a r t i c l e  p ack in g  in  th e  c e n t r i f u g e d  sed im en t and in  th e  d r ie d  c o a t in g  

f i lm .

The above a u th o rs  (5) have  made u se  o f  th e  a ssu m p tio n  th a t  c o a t in g  

s t r u c t u r e  was d e te rm in ed  p r im a r i ly  by th e  p ack in g  c h a r a c t e r i s t i c s  o f  

th e  p ig m en t, in d e p e n d e n t o f  th e  a d h e s iv e  p r e s e n t .  The a d h e s iv e , th e n ,  

in  d e v e lo p in g  th e  f i lm  s t r e n g t h ,  w ould o n ly  f i l l  i n  v o id s .  T h is  phen­

omena i s  r e f e r r e d  to  a s  id e a l i z e d  v o id  f i l l i n g .

The id e a l iz e d  v o id  f i l l i n g  h y p o th e s is  was f i r s t  t e s t e d  by Burke 

( 6 ) .  The in t e n t i o n  o f  h i s  w ork was to  e s t a b l i s h  th e  r o le  o f a d h e s iv e s  

in  th e  fo rm a tio n  o f  th e  s t r u c t u r e  o f  p igm ent c o a t in g s . F ilm s from 

th r e e  ad h es iv e -p ig m e n t sy stem s w ere form ed on a  non -p o ro u s f o i l  sub­

s t r a t e .  The r e s u l t s  o f  h i s  s tu d y  showed th a t  th e  h y p o th e s is  o f  i d e a l ­

iz e d  v o id  f i l l i n g  was n o t  c o m p le te ly  v a l i d  f o r  any o f  th e  a d h e s iv e -  

p igm en t system s in v e s t ig a t e d .  He found t h a t  a d h e s iv e  a c tu a l ly  red u ced  

th e  p igm ent f i lm  d e n s i ty  by in c r e a s in g  th e  i n t e r p a r t i c l e  volum e.

G ra fto n  (7)  in d i c a te d  t h a t  e n c a p s u la t io n  o f th e  p igm ent p a r t i c l e  

was th e  m ost p ro b a b le  e x p la n a t io n  f o r  th e  ex p an sio n  o f  th e  c o a t in g  

s t r u c t u r e s  when i n i t i a l  in c re m e n ts  o f  a d h e s iv e  w ere added to  th e  c o a t­

in g  sy s te m s . He th e o r iz e d  t h a t  th e  p igm ent p a r t i c l e s  w ere p ro b ab ly  

e n c a p su la te d  by a  l a y e r  o f  a d h e s iv e , th e  th ic k n e s s  o f  w hich was in ­

d ep en d en t o f  th e  s i z e  o f  th e  c la y  p a r t i c l e s .  He a l s o  found t h a t  a t

f
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h ig h e r le v e ls  of adhesive, th e  coating  film s were more compact, which 

was in d ic a te d  by a decreased f ilm  volume and a red u c tio n  in  pore s iz e  

and pore volume u n t i l  a l l  pores were f i l l e d .

The process of forming th e  coating  film  suggested th re e  mechanisms 

which could be re sp o n sib le  fo r  changes in  f ilm  s tru c tu re  as a  function  

of adhesive con ten t and type of adhesive . The f i r s t  i s  the encapsula­

t io n  o f th e  pigment p a r t i c le s  by the  adhesive. The second shown by 

La Mer (J3, 9) was th a t  polym eric m a te ria ls  can b ridge  between floccu­

la te d  pigment p a r t ic le s  which could r e s u l t  in  an expanded and more 

porous pigment-polymer s t r u c tu r e .  The th i rd  p o ss ib le  mechanism con­

cerns th e  e f f e c t  of changes in  su rface  tension  of th e  coa tin g  co lo rs  

on th e  packing c h a ra c te r i s t ic s  of pigment p a r t i c le s .  Duff (10) showed 

th a t  su rfa c e  ten sio n  determ ined the  c a p i lla ry  p ressu re  which developed 

as the  w ater receded during th e  d ry ing  of a pigment f i lm . Such p res­

su res  fo r  w ater can be q u ite  h igh  and s u f f ic ie n t  to  p u l l  the  c lay  

p la te le t s  to g e th e r and form a compact pigment f ilm . I f  the su rface  

te n sio n  i s  changed, e i th e r  by the e f f e c t  of the  b in d e r p re sen t or by 

added s u r f a c ta n ts ,  a lower c a p i l la ry  p ressu re  could r e s u l t  in  a le ss  

dense pigment packing and an expanded film  volume.

F acto rs  A ffec tin g  the S c a tte rin g  C o e ffic ien t

R iches and Pascal (11) re p o rte d  th a t  th e  l ig h t  s c a t te r in g  e f f i ­

ciency of a w hite  pigment depends on th ree  fa c to rs  -  th e  d iffe re n c e  

between the  r e f r a c t iv e  index of th e  pigment and b in d e r, th e  p a r t i c le  

s iz e  o f  th e  pigm ent, and th e  d is ta n c e  between the pigment p a r t i c le s
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in  th e  c o a t in g .  P a rk e r ( 12) a l s o  r e p o r te d  t h a t  th e  g r e a t e r  th e  d i f f e r ­

ence i n  r e f r a c t i v e  in d e x  betw een  th e  p igm ent p a r t i c l e s  and b in d e r ,  th e  

b e t t e r  th e  h id in g .  TJfiuth and Jones  (13) n o te d  t h a t  th e  r e l a t i v e  

s c a t t e r i n g  power o f  th e  same c o a t in g s  when p la c e d  on d i f f e r e n t  sub ­

s t r a t e s  le d  to  th e  b e l i e f  t h a t  some f a c t o r  o th e r  th e n  r e f r a c t i v e  in d e x  

had an  a p p r e c ia b le  e f f e c t  and t h a t  t h i s  was in f lu e n c e d  by th e  p o r o s i ty  

o r  a b s o rp t iv e n e s s  o f  th e  c o a tin g  s t r u c t u r e .

F o r e v a lu a t io n  o f  o p t i c a l  p erfo rm an ce  o f  c o a t in g  f i lm s  K a l i s k i  

(14) u sed  th e  b la c k  g la s s  te c h n iq u e . T here  w ere s e v e r a l  re a so n s  f o r  

u s in g  b la c k  g la s s  p la te s  as  m odel s u b s t r a t e .  F i r s t  o f  a l l ,  i t  was 

p o s s ib le  to  s tu d y  c o a tin g  f i lm s  w hich a r e  form ed u n d e r c o n d i t io n s  o f  

minimum i n t e r a c t i o n  betw een a  c o a t in g  fo rm u la tio n  and a  s u b s t r a t e ,  b e­

cau se  o f  a  com ple te  la c k  o f  s u r f a c e  ro u g h n ess  and ab so rb en cy  o f  th e  

g la s s  p l a t e s .  A t th e  same t im e , th e  u se  o f g la s s  p l a t e s  a s su re d  a  

maximum a c c u ra c y  o f  th e  in s t r u m e n ta l  d e te rm in a tio n s  o f  c o a t in g  f i lm  

p a ra m e te r s .

K a l i s k i  (14) showed t h a t  on th e  b la c k  g la s s  th e  p o re  volum es o f  

c o a t in g s  w ere as a  r u le  h ig h e s t  w ith  #1 c la y ,  fo llo w e d  by th e  mechan­

i c a l l y  d e la m in a te d  and #2 c la y .  The maximum r e l a t i v e  expan sio n  o f  th e  

s p a t i a l  a rran g em en t o f th e  c la y  p a r t i c l e s  in  c o a t in g  f i lm s  c o n ta in in g  

number two and number one c la y s  was more th a n  tw ic e  as  h ig h  as t h a t  

o b ta in e d  w ith  th e  m e c h a n ic a lly  d e la m in a te d  c la y .  He e v a lu a te d  c o a t­

in g  f i lm s  and found th a t  th e  l i g h t  s c a t t e r i n g  c o e f f i c i e n t s  o f  c o a t in g  

f i lm s  c o n ta in in g  b in d e r  l e v e ls  o f  p r a c t i c a l  s ig n i f i c a n c e  w ere h ig h e r  

w ith  num ber one c la y  th a n  w ith  th e  re m a in in g  two c la y s ,  w hich w ere
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n e a r ly  e q u iv a le n t  i n  t h i s  r e s p e c t .  The r e l a t i v e  lo s s  o f  l i g h t  s c a t t e r ­

in g  e f f i c i e n c y  d e c l in e d  w ith  in c r e a s in g  b in d e r  l e v e l s  i n  th e  c o a t in g s ,  

and was h ig h e r  a t  th e  w av e len g th  o f  557 mm th a n  a t  457 mm.

T ra d e r  (15) e v a lu a te d  a  w ide ra n g e  o f  c o a t in g  c la y  p a r t i c l e  s i z e ,  

ra n g in g  from  a  f in e  f i l l e r  g ra d e  to  a  v e ry  f in e  c o a t in g  g ra d e . He 

showed t h a t  th e r e  was a  s i g n i f i c a n t  lo s s  i n  s c a t t e r i n g  power as th e  

c la y  became f i n e r  and a l s o  on th e  c o a rs e  s id e  o f  th e  #2 c la y .  Thus 

h i s  d a ta  r a i s e d  th e  im p o r ta n t q u e s t io n  o f  w h e th e r f i n e  p a r t i c l e  s i z e  

c la y s  s e r io u s ly  re d u c e  s c a t t e r i n g  power o f  th e  c o a t in g .  H em stock’s 

w ork (5)  does n o t  a g re e  w ith  T ra d e r  ( 15) and he concluded  t h a t  th e  

d i f f e r e n c e s  in  o p t i c a l  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  clays do n o t  ap p ea r 

to  c o r r e l a t e  w ith  d i f f e r e n c e s  i n  a v e ra g e  p a r t i c l e  s i z e  o r  p a r t i c l e  

s i z e  d i s t r i b u t i o n  a lth o u g h  b o th  o f th e  p a ra m e te rs  a lo n g  w ith  p a r t i c l e  

sh ap e  may b e  r e s p o n s ib le .  Hem stock and  Bergman (5) ob serv ed  th a t  as 

th e  amount o f  t e t r a  sodium  p y ro p h o sp h a te  (TSPP) in  th e  su sp e n s io n  was 

in c r e a s e d  u n t i l  minimum B ro o k f ie ld  v i s c o s i t y  was a t t a i n e d ,  th e  s c a t t e r ­

in g  c o e f f i c i e n t  was d e c re a se d  to  th e  p o in t  o f minimum v i s c o s i t y  o f  th e  

c o a t in g  th e n  i t  in c re a s e d  w ith  v i s c o s i t y .

Clay and I t s  S t r u c tu r e

C lay i s  d e f in e d  a s  a  d is p e r s e  sy stem  o f m in e ra l  frag m en ts  o f 

h y d ra te d  aluminum s i l i c a t e  o f  w hich p a r t i c l e s  s m a l le r  th a n  two m ic­

ro n s  p re d o m in a te , w hich i s  p l a s t i c  when w e t and p erm a n en tly  h a rd  when 

f i r e d .  The te rm  " c la y '' r e f e r s  to  a  p h y s ic a l  c o n d i t io n  and n o t  a  de­

f i n i t e  ch em ica l co m p o sitio n  ( 1 6 ) .
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Modern c o n c e p ts  o f  c la y  m in e ra lo g y  r e v e a l  t h a t  c la y  m in e ra ls  

com prise  th r e e  m ain g ro u p s , n am ely , th e  k a o l in  g ro u p , th e  m ont- 

m o r i l lo n i t e  group and th e  i l l i t e  g ro u p . These g roups a r e  d i s t i n ­

g u ish ed  n o t o n ly  by d i f f e r e n c e s  i n  c h em ica l co m p o sitio n  b u t  more 

p a r t i c u l a r l y  by p h y s ic a l  d i f f e r e n c e s  as  in f lu e n c e d  by t h e i r  c r y s t a l  

s t r u c t u r e  ( 1 6 ) .

The aluminum oxygen o c ta h e d ro n  and th e  s i l i c o n  oxygen t e t r a ­

h ed ro n  a re  th e  b a s ic  b u i ld in g  u n i t s  o f  k a o l i n i t e .

Aluminum -  oxygen 
o c ta h e d ro n

S i l i c o n  -  oxygen 
o c tah ed ro n

F ig u re  1
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The silcon-oxygen te tra h e d ro n  forms a network having th e  com­

p o s itio n  Si^Og (OH)^. A s im p lif ie d  model of th i s  network i s  shown 

in  F igure 2 .

H ydrated S i l i c a  S tru c tu re  

F igure 2

The aluminum-oxygen octahedron, on the o th e r  hand, can form a 

sa tu ra te d  s t ru c tu re  c o n s is tin g  only of aluminum and hydroxyl group. 

This m a te r ia l commonly known as g ib b s ite ,  i s  d ep ic ted  in  s im p lif ie d  

fash io n  in  F igure 3.

1 OH OH OH OH OH C\ i x i /  w

G ibbsite  S tru c tu re  

F igure 3
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These two s t r u c tu r a l  u n its  combine, w ith  the e lim in a tio n  o f w a te r, 

to  form k a o U n ite  as shown in  Figure 4 .

I t  i s  im portan t to  no te  th a t  the  n e t e l e c t r i c a l  charge of the 

s t ru c tu re  i s  zero .

N a tu ra lly  occuring k a o lin  obviously  does no t c o n s is t of a s in g le  

s i l i c a  sh ee t jo ined  to  a g ib b s ite  s h e e t .  The exposed hydroxyl group 

of th e  g ib b s ite  sh ee t o f fe r  an e x c e lle n t opportun ity  fo r  hydrogen 

bonding to  occur between a g ib b s ite  la y e r  and a s i l i c a  la y e r . Since 

many bonds a re  p o s s ib le , th e se  la y e rs  may be held  to g e th e r very 

t i g h t ly .  Thus k a o l in i te  c o n s is t  of many a l te rn a t in g  la y e rs  of s i l i c a  

and g ib b s ite  (1 7 ).

X J X I /  \ I X J , X

XlXlXXlXlN
I l. 1 I

si si si si si

K a o lin ite  S tru c tu re

Figure 4
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F or m ost u se s  o f  k a o l in  i t  i s  d e s i r a b l e  to  have th e  p a r t i c l e  r e ­

duced ' to  a  f a i r l y  sm a ll and u n ifo rm  p a r t i c l e  s i z e  th ro u g h  w et and d ry  

m i l l i n g ,  w hich re d u c e s  th e  b o o k le ts  to  in d iv id u a l  p l a t e s  and a l s o  r e ­

duces th e  s i z e  o f  th e  p l a t e s .  The p l a t e  shaped p a r t i c l e s  can  be  

f r a c tu r e d  p a r a l l e l  o r  p e rp e n d ic u la r  to  th e  s i l i c a  and aluminum s h e e t .  

F r a c tu r e  in  th e  p a r a l l e l  p la n e  would p ro b a b ly  o ccu r w here th e  s i l i c a  

s h e e t  i s  hydrogen bonded to  the  o c ta h e d r a l  aluminum ox id e  l a y e r .  

F r a c tu r e  in  th e  p e rp e n d ic u la r  d i r e c t i o n  w ould b re a k  p rim ary  bonds 

and c r e a te  some d e g re e  o f  u n s a tu r a t io n  on th e  edges o f  th e  r e s u l t a n t  

p a r t i c l e s  ( 1 8 ) .

T here a re  b a s i c a l l y  th r e e  m ethods w hereby th e  k a o l in  p a r t i c l e s  

can a c q u ire  a  c h a rg e . (1 ) S u b s t i t u t io n  w ith in  th e  c r y s t a l i n e  l a t t i c e .

(2 ) C re a tio n  o f  a c t iv e  s i t e s  due to  u n s a tu r a t io n  from b ro k en  bonds 

and (3 ) A d so rp tio n  o f  io n s  i n t o  th e  s u r f a c e  in  n o n a c tiv e  a r e a s .

D is p e r s io n  and I t s  A spects

D is p e rs io n  i s  u sed  i n  two s e n s e s ,  to  mean b o th  th e  p ro c e s s  o f  

d is p e r s in g  a  p igm ent o r  e x te n d e r  in  a  l i q u id  medium, and th e  r e s u l t ­

in g  p ro d u c t.  I t  i s  n e c e s s a ry  a l s o  to  d i s t i n g u i s h  betw een th e  e a se  o f  

d is p e r s io n  and th e  s t a b i l i t y  o f  d i s p e r s io n .  The form er i s  th e  amount 

o f  w ork r e q u ir e d  to  p ro d u ce  a  d i s p e r s io n  o f  th e  r e q u ire d  d e g re e  o f 

f in e n e s s .  The l a t t e r  te rm , th e  s t a b i l i t y  o f  d is p e r s io n ,  i s  a  m easure 

o f  th e  freedom  from r e f l o c c u l a t i o n  and th e  ab sen ce  o f  e x c e s s iv e  

f lo c c u la t io n  o f  th e  su sp en d ed  p igm ent o r  e x te n d e r  ( 1 9 ) .
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F lo c c u la t io n  i s  d e f in e d  as  an a s s o c i a t i o n  o f  p a r t i c l e s  i n  th e  

l i q u id  d i s p e r s io n  to  form lo o s e  c l u s t e r s  from  a  few to  s e v e r a l  hund red  

p rim ary  p a r t i c l e s .  F lo c c u la t io n  i s  a  r e v e r s ib l e  p ro c e s s ,  th e  f lO c c u -  

l a t e s  b e in g  e a s i l y  b roken  up by s h e a r ,  b u t  r a p id ly  re fo rm in g . F lo cc u ­

l a t i o n  may f r e q u e n t ly  be c o n t r o l le d  by th e  a d d i t io n  o f  s p e c i f i c  d e -  

f l o c c u la t i n g  o r  f l o c c u la t in g  a g e n ts  to  th e  system  ( 1 9 ) .

I t  i s  u s e f u l  to  c o n s id e r  th e  o v e r a l l  p ro c e s s  o f  d i s p e r s io n  a s  

c o n s i s t i n g  o f  th r e e  s ta g e s .  T hese th r e e  s ta g e s  a r e  q u i t e  d i s t i n c t  in  

t h e i r  n a t u r e ,  b u t  in  p r a c t i c e  th ey  o v e r la p .  The p r in c i p le s  in v o lv e d  

in  each  s ta g e  a re  f a i r l y  w e l l  e s ta b l i s h e d  b u t  b eca u se  o f th e  o v e r la p  

i t  i s  o f te n  n o t  easy  to  re c o g n iz e  any p a r t i c u l a r  a s p e c t  in  a  p r a c t i c a l  

d i s p e r s io n  sy stem  (2 0 ) . The th r e e  s ta g e s  to  b e  c o n s id e re d  a r e  th e  

w e tt in g  o f  th e  pow der, b re a k in g  up th e  c l u s t e r s  to  form  c o l l o i d a l  

p a r t i c l e s ,  and s t a b i l i t y .

W ettin g  o f  th e  powder

The w e t t in g  o f  s o l id  s u r f a c e  i s  d e a l t  w ith  in  te x tb o o k s  o f  s u r ­

fa c e  c h e m is try  ( 2 1 , 22) in  te rm s o f  s u r f a c e  te n s io n ,  i n t e r - f a c i a l  

te n s io n ,  and c o n ta c t  a n g le ,  and s i m i l a r  c o n s id e ra t io n s  ap p ly  when 

th e  s o l id  i s  in  th e  form  o f a pow der. A v a lu a b le  c l a s s i f i c a t i o n  o f  

w e tt in g  p ro c e s s e s  was made by O s te rh o f  and B a r t e l l  ( 2 3 ) , in  w hich  

th r e e  d i s t i n c t  p ro c e s s e s  w ere i d e n t i f i e d :

(a ) s p re a d in g  w e t t in g ,  c h a r a c te r i z e d  by th e  s p re a d in g  
c o e f f i c i e n t

-  vtA-  r su
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(b) adhesional w e ttin g , ch arac te rized  by th e  work of 
adhesion

and

(c) im m ersional w e tt in g , c h a ra c te rized  by th e  work of 
immersion

W ;  =  V!A -  K l

Where y* i s  th e  su rfa c e  o r in t e r f a c ia l  te n s io n  and the  sub­

s c r ip t s  S, A, and L r e f e r  to  s o l id ,  a i r ,  and l iq u id  in te r f a c e s ;  

thus Yl A i s  the  i n t e r f a c i a l  ten sio n  a t  th e  l i q u id / a i r  in te r f a c e .

In  th e  dry s t a t e  th e  powder u su a lly  con ta in s some aggrega tes of 

prim ary p a r t i c le s  and th e se  may be a ttached  to  o th e r  aggregates and 

prim ary p a r t i c le s  form ing agglom erates. Not only i s  i t  necessary  

fo r  th e  l iq u id  to  wet th e  e x te rn a l  su rfaces but i t  must a lso  d isp la ce  

a i r  from the in te r n a l  su rfa c e s  between the p a r t i c le s  in  th e  clusters^ , 

Hence th i s  a sp ec t w i l l  in v o lv e  a  knowledge of w e ttin g  c h a ra c te r i s t ic s  

o f th e  system and some assessm ent of the  dim ensions of the  in te rn a l  

s u r fa c e s .

Breaking up the  c lu s te r s  to  form c o l lo id a l  p a r t i c le s

The most d i f f i c u l t  p a r t  o f the d isp e rs io n  process to  d e fin e  i s  

th a t  concerned w ith  th e  b reak ing  down of the aggregates and agglomer­

a te s  " in to  f in e r  p a r t i c le s  a f t e r  a l l  the  a v a ila b le  su rfa c e  has been
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w e tte d .  P a r t i c l e s  h e ld  to g e th e r  by weak f o r c e s  in  th e  d ry  agglomer*- 

a t e  s t a t e  w ould p resum ably  r e q u i r e  l i t t l e  en e rg y  to  d i s p e r s e ,  once 

w e t te d ,  and ch a rg e  and s u r f a c e  te n s io n  e f f e c t s  w ould be im p o r ta n t .  

However, m e ch an ic a l energy  i s  r e q u ir e d  to  d e s t ro y  a g g re g a te s  o r  b re a k ­

down s in g le  c r y s t a l s  i n t o  s m a l le r  u n i t s ,  and in  p r a c t i c e  th e  r e l a t i o n  

betw een  g r in d in g  e f f ic ie n c y  and th e  a d ju s ta b le  p a ra m e te rs  i n  any p a r ­

t i c u l a r  d i s p e r s io n  p ro c e s s  h a s  u s u a l ly  been  e s ta b l i s h e d  e m p ir ic a l ly .

S t a b i l i t y

Sim ple d is p e r s io n s  a re  n o t  g e n e r a l ly  therm odynam ica lly  s t a b l e ,  

b e c a u se  o f  th e  a t t r a c t i o n  w hich e x i s t s  betw een  th e  in d iv id u a l  p a r t i c l e s ,  

and th e  v e ry  l a r g e  a r e a  o f  i n t e r f a c e .

H aving w e tte d  th e  s u r f a c e  and b ro k en  down th e  c l u s t e r s  i n t o  f in e  

p a r t i c l e s ,  th e s e  a re  th e n  d is p e r s e d  th ro u g h o u t th e  medium. The p ro ­

blem  i s  th e n  to  m a in ta in  th e  d is p e r s e d  s t a t e  s in c e  th e  p a r t i c l e s  have 

a  n a t u r a l  ten d en cy  to  red u ce  i n  number w ith  tim e  due to  i r r e v e r s i b l e  

c o l l i s i o n s .  An a t t r a c t i v e  f o r c e  e x i s t s  betw een  th e  p a r t i c l e s  as 

th e y  a p p ro a c h , th e  m agnitude o f  w hich  in c r e a s e s  s i g n i f i c a n t l y  as  th e  

d i s ta n c e s  o f  ap p ro ach  d e c r e a s e s .  The r e d u c t io n  i n  p a r t i c l e  number i s  

h e r e  to  be  te rm ed  f lo c c u la t i o n ,  w h a tev e r th e  m echanism in v o lv e d . To 

r e s i s t  f l o c c u la t i o n  some s o r t  o f  r e p u ls iv e  f o r c e  i s  n e c e ssa ry  and t h i s  

i s  u s u a l ly  a c h ie v e d  th ro u g h  th e  p a r t i c l e s  b e in g  charged  o r c o n ta in in g  

ab so rb ed  la y e r s  w hich p r o te c t  them , o r  b o th .
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15

P r in c ip le s  o f  L ig h t

When a  l i g h t  ra y  s t r i k e s  a  p la n e  m ir ro r  s u r f a c e ,  th e  a n g le  b e ­

tw een the  l i g h t  r a y  and an im ag inary  l i n e  p e rp e n d ic u la r  to  th e  s u r ­

fa c e  i s  c a l le d  th e  a n g le  o f in c id e n c e .  The l i g h t  ra y  i s  a lm ost 

e n t i r e l y  r e f l e c t e d ,  e x c e p t f o r  a  l i t t l e  a b s o rp t io n  o f  lum inous f l u x  

w hich tu rn s  in t o  h e a t .  The a n g le  of in c id e n c e  and th e  an g le  o f r e ­

f l e c t i o n  a r e  e q u a l and i n  th e  same p la n e .

When a  l i g h t  ra y  s t r i k e s  a  p la n  s u r f a c e  o f  some t r a n s p a r e n t  

m a te r i a l ,  p a r t  i s  r e f l e c t e d ,  as  from a  m i r r o r ,  p a r t  i s  absorbed  and 

p a r t  p a s se s  i n t o  th e  t r a n s p a r e n t  m a te r i a l .  A l i g h t  ra y  p a s s in g  from  

a i r  to  t r a n s p a r e n t  l i q u id s  o r  s o l id s  changes in  d i r e c t i o n  o r  i s  s a id  

to  b e  r e f r a c t e d  as  shown in  F ig u re  5 .

The a n g le s  o f  in c id e n c e ,  r e f l e c t i o n  and r e f r a c t i o n  a re  in  th e  

same p la n e . The a n g le  o f  r e f r a c t i o n  i s  s m a l le r  th a n  th e  an g le  o f  

in c id e n c e . '  When l i g h t  r a y s  p a s s  from a i r  i n t o  l i q u id s  o r s o l i d s ,  

l i g h t  in  th e  s h o r t e r  w a v e le n g th s  o f  th e  v i s i b l e  sp ec tru m  i s  r e f r a c t e d  

more th an  th a t  o f  lo n g e r  w a v e le n g th , so  t h a t  th e  s h o r te r  th e  wave­

le n g th ,  th e  s m a l le r  th e  a n g le  o f r e f r a c t i o n .

I n c id e n t  ra y R e f le c te d  ra y/
R e fra c te d  ra y

F ig u re  5
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In  a s c i e n t i f i c  an a ly s is  of the o p tic s  o f a coating  la y e r ,  th e  

im portance of th e  l i g h t  s c a tte r in g  by pigment p a r t i c le  is  recognized  

in  th e  Kubelka-Munk an a ly s is  of the problem (19) . The o p t ic a l  p ro p er­

t i e s  of a p a r t i c l e  d ispersed  in  a medium are  ch a ra c te rized  by K an 

ab so rp tio n  c o e f f ic ie n t ,  and S a s c a tte r in g  c o e f f ic ie n t .

A ir

, x
Medium _
co n ta in in g  la y e r  th ickness «&£
pigment ----------------------- —
p a r t i c l e s . t /

777777777777777777777777777
Backing

F igure 6 -  A bsorption and S c a tte r in g  in  a Pigmented F ilm .

R eferrin g  to  F igure 6, the  decrease in  th e  l ig h t  f lu x  ^  e n te r ­

ing an elem entry la y e r  of th ickness  <L t c o n s is t of two p a r ts .

(1) -  due to ab so rp tio n

( 2) - Sji cLt due t0 s c a t t e r in 8

However, a l i g h t  f lu x  j  w i l l  a lso  e n te r  th e  lay er tra v e lin g  in  

the  op p o site  d ir e c t io n  and by s im ila r  reason ing  i t  w ill  decrease by 

two amounts.

(3) -  j  due t0  ab so rp tio n

<*) - sj cLt due to  s c a t te r in g
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The e f f e c t  o f  s c a t t e r i n g  i s  to  r e v e r s e  th e  d i r e c t i o n  o f  t r a v e l s

o f th e  am ounts l i g h t  f lu x  g iv e n  by (2) and (4) so  t h a t  (2) i s  removed
• »

from  l i g h t  f lu x  X. > b u t  i s  added to  l i g h t  f lu x  j  . C o nsequen tly

-  — C K+S}£ 4.t + Sj <4t 

<ij = -  (K+Oyat + Sx i t

A s o lu t io n  to  th e s e  two d i f f e r e n t  e q u a tio n s  was o b ta in e d  by 

K ubelka and Munk g iv in g  th e  r e f l e c t a n c e  o f  a  f i lm  R, i n  te rm s o f  i t s  

th ic k n e s s ,  th e  r e f l e c t a n c e  o f  th e  b ack in g  to  th e  f i lm ,  th e  r e f l e c t a n c e  

o f a  f i lm  o f  such  th ic k n e s s  t h a t  f u r th e r  in c re a s e  had  no e f f e c t  on 

t h i s  v a lu e  (te rm ed  ) and th e  s c a t t e r i n g  and a b s o rp t io n  c o e f f i c i e n t s

£  and |C o f  th e  d is p e r s e d  p a r t i c l e s .

T hese l a t e r  a r e  r e l a t e d  to  by w hat^has now become g e n e ra l ly

known a s  th e  'K ube lka  and Munk e q u a t i o n ' .

_ K _  ( / -  R * ) Z

£  "  2  R *
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Presentation  of the Problem

The c u rre n t e f f o r t  o f th e  paper coating  in d u s try  i s  to  achieve 

lig h te r , ,c o a t w eight due to  in c re a s in g  demands on coated paper and 

paperboard perform ance. C urrent demands a lso  re q u ire  o th e r  im portant 

q u a l i f ic a t io n s ;  one must m ain ta in  p r in t in g  q u a l i ty ,  o p ac ity  and g lo ss -  

ink  ho ld  out (24) . I t  i s  becoming more d i f f i c u l t  to  s a t i s f y  cu rren t 

demands fo r  th e se  q u a l i t i e s  w ithou t a knowledge of what coa ting  s tru c ­

tu re s  a re  needed to  perform  the  necessary  ta sk s , and how th ese  coating  

s t ru c tu re s  can be o b ta in ed .

In  th e  dry c o n d itio n , co a tin g  pigments c o n s is t m ainly of agglo­

m erates and aggregates formed from in d iv id u a l p a r t i c l e s .  To p reven t 

f lo c c u la t io n  o f th e  p a r t i c le s  in  an aqueous medium, one uses a d is ­

p e rs in g  ag en t. When th i s  aqueous system i s  app lied  to  a s u b s tra te ,  

the  t r a n s i t io n  back to  th e  dry co n d itio n  may change th e  degree of 

d isp e rs io n . K a lisk i (14) recognized a lso  th e  p o ss ib le  in flu en ce  of 

th e  s u b s t r a te  and used b la ck  g la ss  to  e lim in a te  th i s  in te r a c t io n .  

Hemstock (5) eva lua ted  packing c h a r a c te r i s t ic s  o f c lay s  in  the  absence 

of b in d e r on a g la ss  s u b s t r a te .  Hagemeyer (1) showed how s iz e  and,, 

shape of th e  pigment was e f fe c t in g  packing c h a r a c te r i s t ic s  w hile  s t i l l  

in  the  aqueous medium. T rader (15) in v e s tig a te d  how f in e  and coarse 

c lays  were c o n tr ib u tin g  towards the coa tin g  s tru c tu re  again  on a 

b lack  g la s s  s u b s t r a te .

I t  has been shown in  l i t e r a t u r e  (25 , 26) th a t  s ta rc h  may a c t as 

a d isp e rs in g  agent in  aqueous medium. None of th e  above mentioned
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au thors  have considered  the combined e f f e c ts  of s ta rc h  and TSPP on 

packing c h a r a c te r i s t ic s  and, th e re fo re ,  on coating  s t r u c tu r e .  The 

main o b je c tiv e  of th i s  p ro je c t was to  p repare  d ried  coatings from 

clay-starch-TSPP d isp e rs io n s  having vary ing  degrees of d e f lo c c u la t io n  

of the  c la y , and to  measure coa ting  pore volume, s c a t te r in g  c o e f f i ­

c ie n t ,  and 75° g lo ss  to  determ ine how the degree of d isp e rs io n  in  l iq u id  

coatings a f fe c te d  th e  s tru c tu re  o f dry c o a tin g s .

Furtherm ore, th e  coatings  a re  to  be app lied  on non -ab so rp tiv e  b lack  

g la ss  p la te s  and a lso  on a s l ig h t ly  ab so rp tiv e  r e s in  impregnated paper 

to  o b ta in  an in d ic a tio n  of the e f f e c t  o f the  ab so rp tiv en ess  of th e  sub­

s t r a t e .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



EXPERIMENTAL APPROACH

In tro d u c tio n

Three types of co a tin g s  were p repared ; (a) c lay  w ith  0 .2 ,  0 .4 , 

0 .6 , and 0.8% TSPP; (b) clay  w ith  2, 4, 8, and 16 pph s ta rc h ; (c) 

c lay  w ith  s ta rc h  p lu s TSPP using com binations of th e  above amounts.

The rh e o lo g ic a l p ro p e r tie s  of th e se  coa tings were compared using both 

Hercules rheograms and B rookfield  v is c o s i ty .  The coatings were drawn- 

down onto both  b la ck  g la ss  p la te s  and onto smooth, r e s in  impregnated 

paper s u b s tra te s  w ith  a low r a te  o f ab so rp tio n . The s c a t te r in g  co­

e f f i c i e n t ,  ab so rp tio n  c o e f f ic ie n t ,  pore volume, and g lo ss  of both  

b lack  g la ss  p la te  and paper su b s tra te s  were determ ined and compared.

Treatm ent and P rep a ra tio n  of Pigment

The p red isp e rsed  U ltra  White-90 clay  was heated  in  an oven a t  

450°F. fo r  d i f f e r e n t  len g th s  of tim e. The purpose o f h ea tin g  the  

clay  was to  convert th e  pyrophosphate (of p red isp e rsed  clay) in to  meta 

phosphate which does no t a c t as a d isp e rs in g  ag en t. A s e r ie s  o f c lay  

samples were h ea ted  from h a lf  an hour to  twenty-two hours. The rheo- 

grams were ob ta ined  fo r  each sample by running th e  H ercules H i-Shear 

V iscom eter. The maximum c lay -w ater f lo c c u la te d  system  was obta ined  

a t  f iv e  hours. ' So th e  c lay  which was used fo r  th i s  study was heated 

in  an oven fo r  f iv e  hours a t  450°F. Then i t  was cooled o f f .  The clay  

was mixed w ith  w ater a t  about 55% so lid s  by a  Hamilton Beach m ixer.

20
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S ta rc h  P r e p a r a t io n

Stayco-M  (o x id iz e d )  s t a r c h  was cooked a t  20% s o l id s  by w e ig h t i n  a 

steam  ja c k e te d  b e a k e r  w ith  co n tin u o u s  s t i r r i n g  f o r  te n  m inu tes  a t  

170 + 5°F . te m p e ra tu re .

B atch  P re p a ra t io n

A f te r  p re p a r in g  a l l  th e  r e q u ir e d  sa m p le s , b a tc h e s  w ere p re p a re d  

as  fo llo w s . F i r s t  o f  a l l  0.2% TSPP was d is s o lv e d  in  w a te r  b a sed  on 

th e  d ry  p ig m en t, p re p a re d  c la y  s l u r r y  was added and a d ju s te d  to  55% 

s o l id s .  B ro o k f ie ld  v i s c o s i t i e s  a t  d i f f e r e n t  rpm and pH w ere m easured  

o f  th e  c o a t in g .  A rheogram  was ru n  on th e  H ercu le s  H i-sh e a r  v is c o m e te r .  

The same p ro c e d u re  was fo llo w ed  f o r  th e  th r e e  d i f f e r e n t  TSPP l e v e l s  a t  

0.4%, 0.6% and 0.8% b hsed  on th e  d ry  p ig m en t.

In  th e  second  p a r t  o f  th e  work fo u r  d i f f e r e n t  le v e l s  o f s t a r c h  

w ere used w ith  p igm ent a t  2 , 4 , 8 , and 16 pph r e s p e c t iv e ly .  TSPP was 

n o t  used  f o r  t h i s  p a r t .  The same p ro c e d u re  was fo llo w ed  and a l l  th e  

v a r ia b le s  w ere d e te rm in e d  as p a r t  one.

In  th e  t h i r d  p a r t  o f  th e  w ork , 0.2% TSPP was d is s o lv e d  b ased  on 

d ry  p igm en t, p re p a re d  c la y  s l u r r y  was ad ded , 2 , 4 , 8 , and 16 pph 

s ta r c h  s o lu t io n  w ere mixed r e s p e c t iv e ly  by a d ju s t in g  th e  s o l id s  o f  

th e  m ix tu re  to  50%. The same p ro c e d u re  was fo llo w ed  f o r  th e  th r e e  

TSPP le v e l s  a t  0.4% , 0.6% , and 0.8% b ased  on d ry  p igm en t.
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Black Glass Technique ( 14)

The b la c k  g la ss  p la te s  which were custom made, ground and 

po lished  to  an ' ’o p t ic a l"  f la tn e s s  were used . The drawdowns were 

obtained  w ith  th e  use o f B ird  a p p lic a to r  b a rs .

The o r ig in a l  coa ting  s t r i p  which was about 3 .5  inch wide and 

extended from the  top to  the bottom of th e  p la te ,  was trimmed w ith  

a fre sh  ra z o r b lad e  (held  a t  a very  low ang le  w ith  re sp ec t to  the  

p la te  to a 3 x 9 inch  re c ta n g le  w ith  the  use of a s t e e l  tem plate .

Two 0.25 x 3 inch in  s t r i p s  o f th e  co a tin g  were separated  a t  the  

top and bottom  of the p la te  so  th a t  a 0 .0  -  4 .0  m il r o l l in g  th ic k ­

ness gage spanning acro ss  th e se  s t r ip s  could be ro l le d  along (over) 

them, w hile  being  supported  by the b are  g la ss  su rfa c e . For bo th  the 

top and bottom s t r i p s  the  film  th ick n ess  measurements were c a rr ie d  

out tw ice; one, by r o l l in g  the  gage from th e  zero  mark toward the  

4.0 m il mark and determ ining  th e  end p o in t of th e  depression  tra c k  

produced by th e  gage in  the co a tin g  su rfa c e ; a second tim e, by r o l l ­

ing the gage in  th e  op p o site  d ir e c t io n  and determ ining the p o in t of 

o r ig in  of the d ep ress io n  tra c k . The above p o in ts  can b e s t be iden­

t i f i e d  by viewing th e  dep ress io n  track s  under a very  low ang le in  a 

narrow beam of l i g h t .  The corresponding  d is ta n c e s  along th e  s t r ip s  

were measured w ith  an accuracy o f 0 .1  mm w ith  the  a id  of p re c is io n  

r u le r  and m a g n if ie r , and converted  in to  f ilm  th ick n ess  d a ta  w ith  the 

use o f a s p e c ia l  c a lc u la t io n  curve.
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The d e te rm in a tio n  o f  th e  c o a t in g  w e ig h t was c a r r i e d  o u t by 

sc ra p p in g  o f f  th e  3 x 3  in c h  h o r iz o n t a l  c o a t in g  s t r i p  and w eig h in g  

i t  w ith  an  acc u racy  o f  0 .1  mg.
■*

P ap er T echnique

Drawdowns w ere made on th e  p l a s t i c  v e llu m  p ap er*  by B ird  a p p l i ­

c a to r  o f f iv e  d i f f e r e n t  c o a t w e ig h ts .  A l l  th e  c o a t in g s  w ere a i r  

'd r i e d .  The c o a t  w e ig h t was d e te rm in e d  on th e  p l a s t i c  v e llu m  p ap e r 

by c u t t in g  th e  c o a te d  and u n c o a te d  sam ples in  a  2 -3 /4 "  x  1 -1 /2 "

a r e a .  The sam ples w ere w e ig h ed , th e  w e ig h t o f  th e  u n co a ted  sam ple
2

was s u b tr a c te d  from  th e  c o a te d  sam ple and c o a t w e ig h t i n  g/m was 

c a l c u la te d .  The th ic k n e s s  o f  th e  c o a t in g  was d e te rm in ed  by ta k in g  

th e  d i f f e r e n c e  i n  c a l i p e r  re a d in g  o f  th e  c o a te d  and u n co a ted  p ap er 

by u s in g  an e l e c t r i c  m ic ro m e te r .

M easuring  C o a tin g  P o re  Volume

The po re  volum e o f  th e  c o a t in g  was d e te rm in ed  by s u b t r a c t in g  

th e  t h e o r e t i c a l  c o a t in g  volum e (h av in g  no f r e e  sp ace ) from  th e  

a c t u a l  c o a tin g  volum e. Knowing th e  c o a t in g  c o m p o s itio n , th e  s p e c i­

f i c  volume o f  each  i n g r e d i e n t ,  and th e  c o a t  w e ig h t ,  p e rm it te d  th e  

c a l c u la t io n  o f th e  t h e o r e t i c a l  volum e.

The r e l a t i v e  p o re  volum e (RPV) o f  th e  c o a t in g  was c a lc u la te d  

by d iv id in g  th e  p o re  volum e by th e  t h e o r e t i c a l  volum e.

* E ra s a /d u re  P l a s t i c  V ellum  (VP16), T e c h n ifa x , D iv is io n  o f S c o t t  
P ap er Company, H olyoke, M a ssa c h u se tts .
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D e te rm in a tio n  o f  B r ig h tn e s s  o f  C o a tin g  F ilm s ( ) (27)

To d e te rm in e  K g  , th e  c o a t in g  i s  a p p l ie d  to  a  t r a n s lu c e n t  

p a p e r  and th e  b r ig h tn e s s  o f  t h a t  c o a ted  p a p e r  i s  m easured backed 

by c h ip s  o f d i f f e r e n t  b r ig h t n e s s .  T h is  method i s  an e x te n s io n  o f 

a  m ethod su g g e s te d  by A. T . Luey (27) fn. w hich  th e  c o a t in g  i s  

a p p l ie d  to  th e  p a p e r  a t  a  c o a t in g  w e ig h t t y p i c a l  o f  th a t  a t  w hich 

th e  c o a t in g  w i l l  b e  u sed  and r e f l e c t a n c e  m easurem ents a re  made on 

b o th  th e  co a te d  and u n c o a te d  sa m p le s . The b r ig h tn e s s  o f  th e  back­

in g  m a te r ia l s  i s  v a r ie d  by  p la c in g  d i f f e r e n t  s ta n d a rd  b r ig h tn e s s  

c h ip s  below  th e  sam ples i n  th e  b r ig h tn e s s  m easu rem en ts . T hus, f o r  

each  b a c k in g  c h ip ,  we o b ta in  a  v a lu e  o f  R j (u n c o a te d  p ap er and c h ip )  

and th e  c o rre sp o n d in g  v a lu e  o f  R (c o a te d  p a p e r  and c h i p ) .  To de­

te rm in e  R ^  , a  p l o t  o f  th e  d a ta  i s  c o n s t ru c te d  a s  shown below .

R

F ig u re  7

The b r ig h tn e s s  R o f  th e  c o a te d  p a p e r was p l o t t e d  on th e  v e r t i c a l  

c o - o r d in a te ;  was p l o t t e d  h o r i z o n t a l l y .  A 45° r e fe re n c e  l i n e ,  

d e f in in g  th e  lo c u s  o f  a l l  p o in t s  f o r  w hich R = R^ , p a s se s  th ro u g h  

th e  o r i g i n .  The p o in t  o f i n t e r s e c t i o n  o f  th e  R v e rs u s  R j  p lo t
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w ith  the 45° l in e  in d ic a te s  th a t  v a lu e  o f fo r  which the addi­

t io n  o f the coating  has no e f f e c t  on the b rig h tn e s s  o f the uncoated 

paper. This is  the o f the  co a tin g .

D e te rm in a tio n  o f  S ( 28)

To d e te rm in e  S , i t  i s  n e c e s s a ry  to  have two a d d i t io n a l  p o in ts  

(R and R^ ) .  T hese p o in t s  a r e  c o n v e n ie n tly  o b ta in e d  by u s in g  a  

b la c k  ch ip  beh in d  th e  u n c o a te d  and c o a te d  p a p e r s . U sing th e  d a ta  

R and R^ f o r  t h i s  p o in t  and th e  R ^  a l r e a d y  d e te rm in e d , S i s  

c a lc u la te d  by th e  fo l lo w in g  fo rm u la  d e r iv e d  from  th e  K ubelka and Munk 

th e o r y .

S = R*  (R.t-g-1) 0 -
l ' - R « ) X  U  -

Where
o

X = C oat w e ig h t ,  g/m

R ^  = B r ig h tn e s s  o f  th e  c o a t in g ,  %

Rq = B r ig h tn e s s  o f  th e  u n co a ted  p ap er backed  by th e
b la c k  c h ip ,  %

R = B r ig h tn e s s  o f  th e  c o a te d  p ap e r backed  by th e
b la c k  c h ip ,  %.

The s c a t t e r i n g  c o e f f i c i e n t  o f th e  c o a t in g  on b la c k  g la s s  was 

d e te rm in e d  by th e  fo llo w in g  m ethod: From th e  v a lu e s  o f  th e  r e f l e c ­

ta n c e  o f  th e  c o a t in g  o v e r a  b la c k  body , Ro, th e  s c a t t e r i n g  power can 

b e  com puted, and h en ce  th e  s c a t t e r i n g  c o e f f i c i e n t  o f th e  c o a t in g  

from  th e  r e l a t i o n s h ip .
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Where

RQ = B righ tness of the co a tin g  over a b lack
g la s s ,  %

2
W = Coat w eigh t, g/m •
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PRESENTATION OF RESULTS AND DISCUSSION

E ffe c ts  o f TSPP and S tarch  on V isco s ity

The hea t t r e a te d  p red isp ersed  premium c lay  was d e flo c cu la ted  

to  vary ing  degrees by the  ad d itio n  o f d i f f e r e n t  amounts o f t e t r a -  

sodium pyrophosphate (TSPP). B rookfie ld  v is c o s i ty  d a ta  in d ica te d  th a t  

the minimum v is c o s i ty  was obta ined  by adding about 0.13% TSPP (F igures 

8 and 9 ) . This amount i s  lower than normal (0.3%), probably due to  

the  sodium ion and phosphate rem aining in  the c lay  a f t e r  the h ea t 

trea tm en t. The d a ta  dem onstrates th a t  enough of th e  o r ig in a l  d i s -  

p e rsan t was decomposed to  s a t i s f y  th e  needs of th i s  p ro je c t .

When only s ta r c h  was added to  th e  c la y , th e  minimum v is c o s ity  

was obta ined  a t  8 p a r ts  per hundred (pph). Coating v is c o s i ty  in ­

creased  w ith  s ta r c h  con ten ts  h igher than  8 pph (F igure 10). Thus., 

showing th a t  s ta r c h  might a lso  be considered  to  a c t as a d isp e rs in g  

agen t. T heories to  ex p la in  the p o s s ib le  mechanisms of s ta rc h  d is ­

pers in g  pigment have been p resen ted  by K line (25) and Wilhelm (2 6 ) . 

Other th e o rie s  to  e x p la in  the  in te r a c t io n  have been p resen ted  by 

Burke (6) and G rafton  (7)» t u t  the  mechanism o f the  s tarch-p igm ent 

in te ra c t io n  w i l l  n o t be d iscussed  in  th i s  paper. The d a ta  does show 

th a t  the  s l ip s  p repared  do vary in  v is c o s i ty  and the  change w i l l  be 

in te rp re te d  as b e ing  due to  a change in  the  degree of d isp e rs io n .

Looking a t  th e  B rookfield  v is c o s i ty  d a ta  in  F igure 11 i t  i s  

obvious th a t  th e  p resence of s ta rc h  reduced th e  s e n s i t iv i ty  o f the

27
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v is c o s i ty  measurement to  the d if f e r e n t  amounts o f TSPP. P a r t ic u la r ly  

w ith  16 pph s ta rc h  th e re  was no t much d if fe re n c e  in  the v is c o s ity  

caused by adding th e  d isp e rs in g  agen t. These r e s u l t s  appeared more 

s ig n if ic a n t  as f a r  as commercial p roduction  was concerned because 

16 pph s ta rc h  does s tand  in  the commercial range o f co a tin g s . This 

d a ta  shows th a t  a t  h igh le v e ls  of s ta rc h ,  th e  e ffe c tiv e n e ss  of the  

TSPP was reduced and th e  system was assumed to  be overd ispersed  and 

f lo c c u la te d .

H ercules rheograms were run fo r a l l  th e  co a tin g  batches and 

r e p re s e n ta t iv e  curves a re  shown in  F igure  12. The clay  s l ip  gave a 

p la s t i c  system bu t th e  p la s t ic i ty  was reduced by th e  ad d itio n  o f 

s ta rc h  and /or TSPP. When the d if f e r e n t  amounts o f TSPP were added, 

p se u d o p la s tic  curves re s u lte d  in d ic a tin g  th a t  th e  systems were 

o v e rd isp e rsed . The inc reased  amounts o f s ta r c h  caused a red u c tio n  

in  th e  p l a s t i c i t y  of th e  s l ip s  and a lso  caused some degree of 

th ix o tro p y . The d isappearance of p l a s t i c i t y  a t  8 pph s ta rc h  coin­

cided q u ite  w e ll w ith  the minimum B rookfie ld  v is c o s i ty  (Figure 10) 

in  th a t  both in d ic a te  th a t  th e  clay  was q u ite  w e ll d ispersed  a t  th is  

le v e l  o f a d d itio n .
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S c a tte r in g  C o e ff ic ie n t as a  Function o f the 
Coat Weight of Both Paper and B lack Glass S u b stra te

The degree of d isp e rs io n  cannot be d iscussed  u n t i l  th e  coat 

w eight in f lu e n c e  i s  covered because of the  s tro n g  in flu en ce  of coat 

w eight on s c a t te r in g  c o e f f ic ie n t .  In  th e  clay-TSPP system s, very  

smooth curves were obtained  (F igure  13) showing th a t  in c re a s in g  the 

coat w eight g re a t ly  decreased th e  s c a t te r in g  c o e f f ic ie n t .  When 

s ta rc h  was added to  the c lay -w a te r system , the s c a t te r in g  c o e f f ic ie n t  

was f i r s t  in c re a sed  and then decreased  (F igure 14 ). At th e  low le v e ls  

of s ta r c h ,  th e  s c a t te r in g  c o e f f ic ie n t  peak was the  h ig h e s t and as the 

s ta rc h  le v e l  was in c re a se d , th e  peak va lue  was lowered and s h if te d  

towards h ig h e r co a t w eigh ts. With d i f f e r e n t  com binations o f TSPP 

and s ta r c h ,  the  s c a t te r in g  c o e f f ic ie n t  o f the  co a tin g  was f i r s t  in ­

creased  then decreased  as th e  co a t w eight was in c reased  (F igures 

15 -  18).

The c ap a c ity  o f a  coa ting  la y e r  to  h ide  the  s u b s tra te  i s  de­

pendent c h ie f ly  on th e  number and s iz e  o f pigment p a r t i c le s  and on 

th e i r  l ig h t  s c a t te r in g  and abso rb ing  c a p a b i l i t i e s .  The in c re a se  in  

s c a t te r in g  depends on a i r —pigm ent in te r f a c e s . L a te r d a ta  w i l l  show 

pore s t ru c tu re  in c re a se s  which correspond to  th ese  s c a t te r in g  co­

e f f ic ie n t  in c re a se s  a t  low co a t w e ig h ts . The decrease  in  s c a t te r in g  

c o e f f ic ie n t  could be exp lained  as a su rfa c e  e f f e c t  in  th a t  th e re  i s  

more s c a t t e r  a t  the  su rfa c e  and in c re a se d  coat w eight does n o t in ­

crease  su rfa c e  bu t d i lu te s  i t s  e f f e c t  in  the t o t a l  w eight o f co a tin g .
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E ffe c t of Coat Weight on S c a tte r in g  C o e ffic ie n t w ith  Paper S u b s tra te
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E ffe c t of Coat Weight on S c a tte r in g  C o e ff ic ie n t w ith Paper S u b s tra te
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Fig.15
E f f e c t  o f  C oat W eight on S c a t te r in g  C o e f f ic ie n t  w ith  P a p e r S u b s tr a te
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In the  case of the  b lack  g la ss  s u b s tra te  (F igure 19) the 

s c a t te r in g  c o e f f ic ie n t  was decreased as the coat w eight of the  c lay  

and TSPP system  was in c re a se d . D iffe re n t amounts of TSPP d id  no t 

show any change in  the  s c a t te r in g  c o e f f ic ie n t  and a l l  the  p o in ts  

f e l l  on the same cu rve. The same p a t te rn  of curves were obta ined  

fo r  the c la y -s ta rc h  system s. These d id  no t show any change w ith  

d i f f e r e n t  le v e ls  of s ta r c h .  D iffe re n t c lay-starch-T SPP  com binations 

follow ed the  same p a t te rn  o f curves except a t  16 pph s ta rc h  where 

the s c a t te r in g  c o e f f ic ie n t  curve was lowered. The decrease  in  

s c a t te r in g  c o e f f ic ie n t  as coat w eight in c reased  can be due to  re ­

duced su rfa c e  e f f e c t  as d iscussed  fo r  paper.

There was disagreem ent between the two s e ts  of s c a t te r in g  co­

e f f i c i e n t  d a ta  c a lc u la te d  fo r  the  paper and b la ck  g la s s  s u b s tra te s .

Since s c a t te r in g  d if fe re n c e s  were observed only  in  th e  paper sub­

s t r a t e  and no t on the b la ck  g la s s ,  i t  could be p o s s ib le  th a t  the 

d if f e r e n t  methods of c a lc u la t in g  s c a t te r in g  c o e f f ic ie n t  give d i f f e r ­

en t v a lu e s . Secondly, i t  could be p o ss ib le  th a t  the  pore volume 

and s tru c tu re  could be d i f f e r e n t  on the s u b s t r a te s ;  th i s  change in  

coa ting  s t ru c tu re  would a f f e c t  s c a t te r in g  c o e f f ic ie n t .  The second 

fa c to r  i s  the  most l i k e ly  and w i l l  be d iscussed  in  a l a t e r  s e c tio n .
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E ffe c ts  of TSPP and S ta rch  on S c a tte r in g  C o e ffic ien t 
a t  Constant Coat Weight on Paper S u b stra te

In  o rd er to  e lim in a te  the co a t w eight e f f e c t ,  values fo r  the  

s c a t te r in g  c o e f f ic ie n t  were ob ta ined  from the preceeding curves a t  

20 g/m and p lo t te d  a g a in s t percen tage TSPP (F igure 20).  The s c a t t e r ­

ing  c o e f f ic ie n ts  o f the c lay  system s were decreased by adding the  de- 

f lo c c u la t in g  agent u n t i l  approxim ately  the same le v e l which gave min­

imum v is c o s i ty  of th e  coa ting  (F igure  9 ) ,  (0.2 and 0.13%, re sp ec­

tiv e ly )  . The a d d itio n  of more TSPP in c reased  th e  v is c o s i ty  o f the  

system as w e ll as th e  s c a t te r in g  c o e f f ic ie n t  of the d ried  f ilm s .

P a r t ic le s  s c a t t e r  th e  l i g h t  a t  a i r  in te r f a c e s .  Packing in  

f lo c c u la te d  systems gives more a i r  su rfa c e s  than in  w e ll-d isp e rse d  

system s. A ccordingly , in  f lo c c u la te d  systems th e re  should be more 

a i r  su rfaces  to  s c a t t e r  th e  l i g h t  which could give h ighe r s c a t te r in g  

in  d ried  f ilm s . As the  d isp e rs in g  agen t i s  added, th e  agglom erates 

in  the l iq u id  d isp e rs io n  would be broken and in  the  r e s u l t a n t  d ried  

film  the  a i r  in te r f a c e  a rea  would be reduced , r e s u l t in g  in  a reduc­

t io n  o f th e  s c a t te r in g  c o e f f ic ie n t .  This was observed u n t i l  v i s ­

c o s ity  reached a minimum. Above th i s  le v e l  of TSPP or s ta rc h  add i­

tio n , the  d is p e rs io n  v is c o s ity  in c reased  in d ic a tin g  agg lom eration .

The d ried  film s made from th e se  d isp e rs io n s  a lso  showed in c reased  

agglom eration through an in c re a se  in  s c a t te r in g  c o e f f ic ie n t .

P revious work has been done by Trader (1 5 ) , Hemstock and 

Bergman (5 ) ,  and K a lisk i ( 1 4 ), showing the  e f f e c t  of packing on 

the s c a t te r in g  c o e f f ic ie n t .  T rader 15) c a lc u la te d  the s c a t te r in g

\
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c o e f f ic ie n t  fo r  d i f f e r e n t  p a r t i c le  s iz e  c lay s  and showed th a t  they 

were p a r t i c le  s iz e  dependent. Hemstock and Bergman's (5) work does 

c o r r e la te  w ith  th ese  r e s u l t s ,  in  th a t  they added d if f e r e n t  amounts 

o f TSPP to  the  c lay  s l i p  and measured th e  film  p o ro s ity . The film  

p o ro s ity  was decreased u n t i l  th e  min i mum v is c o s i ty  was reached and 

then in c reased  along w ith  the  mean h y d ra u lic  pore ra d iu s . When 

th e  system  was f lo c c u la te d  the pore ra d iu s  s iz e  was la rg e  due to  

the  la rg e r  agglom erates and pore rad iu s  became sm alle r as the agglo­

m erates were broken down by adding the  d isp e rs in g  ag en t. Pore rad iu s  

s ta r t e d  to in c re a se  as the system  was o v e rd isp e rsed . K a lisk i ( 14) 

in d ic a te d  th a t the  s c a t te r in g  c o e f f ic ie n t  of a coa ting  film  con ta in ­

in g  a b in d e r le v e l of p r a c t ic a l  s ig n if ic a n c e  was h ig h e r fo r  #1 clay 

than  #2 and MD c la y . Thus, th e  above au tho rs  showed th a t p a r t i c le  

s iz e  and i t s  packing was one o f the v a r ia b le s  which was e f f e c t in g  the 

s c a t te r in g  c o e f f ic ie n t  o f the  c o a tin g .

When the s ta rc h  was added to  the  s l i p ,  the  same tren d  was ob­

ta in e d  as in  the  c lay -w a te r system , except a t  the  h igh  le v e l of 

s ta r c h .  The 2 pph s ta rc h  gave a h ig h e r curve than  c la y , bu t i t  

s h i f te d  lo v e r as the  amount of s ta rc h  was in c re a se d . At 16 pph 

s ta rc h  th e re  was a n e g l ig ib le  change in  th e  s c a t te r in g  c o e f f ic ie n t  

by adding the d i f f e r e n t  le v e ls  of d isp e rs in g  ag en t.

F i r s t  of a l l  l e t  us consider why th e  s c a t te r in g  c o e f f ic ie n t  

curve was s h if te d  up by adding s ta rc h  to  th e  clay-TSPP system .

L a te r d a ta  w i l l  show th a t  the  a d d itio n  o f s ta rc h  in c reased  r e la t iv e  

pore volume which could in d ic a te  expansion of the  film  s tru c tu re
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and th e re fo re  an in c re a se  in  s c a t te r in g  c o e f f ic ie n t .  However, de­

creased  s c a t te r in g  c o e f f ic ie n t  a t h igher s ta rc h  le v e ls  could be due 

to  reduced r e f r a c t iv e  index d iffe re n c e s  between th e  pigment and 

b inder as s tarch-p igm ent in te r fa c e s  rep laced  p ig m en t-a ir  in te r f a c e s .  

The la rg e  drop in  s c a t te r in g  c o e f f ic ie n t  a t  16 pph s ta rc h  could be 

due to  a com bination o f r e la t iv e  pore volume drop and r e f r a c t iv e  

index d iffe re n c e  re d u c tio n .
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E ffe c ts  o f TSPP and S tarch  on R e la tiv e  Pore Volume 
of Coatings on Paper and Black Glass

The r e la t iv e  pore volume of the co a tin g  was c a lcu la ted  from 

the  experim ental f ilm  th ick n ess  and coat weight d a ta , as w ell as 

th e o re t ic a l  d e n s ity . I t  should be noted th a t  K a lisk i (14) ca lcu ­

la te d  th e  r e la t iv e  pore volume of pigm ent-adhesive system , bu t he 

considered  the id e a liz e d  void f i l l i n g  hyphothesis and assumed th a t  

coa ting  s tru c tu re  was determ ined p rim a rily  by the packing c h a ra c te r­

i s t i c s  of the  pigment, independent of the  adhesive p re se n t. The 

adhesive , then , in  developing the film  s tre n g th , would only f i l l  

in  the v o id s . Burke (6) and Grafton (7) have shown th a t  the hy­

p h o th esis  of d ea lized  void  f i l l i n g  i s  n o t com pletely v a l id  fo r  any 

of the  pigm ent-adhesive system s. So fo r  th i s  work, when the r e l a t iv e  

pore volume was c a lc u la te d , the  s ta rc h  was considered  in  the  c a l ­

c u la tio n s  . Appendix I I  g ives a sample c a lc u la tio n  using  both 

m ethods.

The co a t w eight v s . r e la t iv e  pore volume d a ta  was p lo tte d  

(F igures 21-26) fo r  a l l  coatings on the  paper s u b s t r a te .  The r e l a ­

t iv e  pore volume in  a l l  cases in creased  w ith  coat w eight up to  a 

c e r ta in  le v e l and then lev e led  out or decreased . For the b lack  

g la ss  s u b s t r a te ,  the same types of p lo t s  (F igures 27-32) did n o t g ive  

th e  same graphic re la t io n s h ip s  as did th e  paper s u b s t r a te .  For th e  

b la ck  g la s s ,  the r e la t iv e  pore volume g e n e ra lly  decreased as the  

coat w eight was in c re ased .
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x
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C lay + 0 . 2 %  TSPP

C lay + 0.4% TSPP 
C lay + 0 . 6 %  TSPP 
C lay + 0 . 8 %  TSPP

Coat Weight, g /m

Fig. 21
E f f e c t  o f  Coat W eight on R e la t iv e  P o re  Volume w ith  P ap er S u b s tr a te
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•  C lay
I t  C lay 
O  Clay 
□  Clay

2 pph S ta rc h
4 pph S ta rc h  
8 pph S ta rc h  
16 pph S ta rc h

Coat W eight, g/m2

Fig. 22
C oat W eight on R e la t iv e  P o re  Volume w ith  P ap er S u b s t r a te
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•  C lay + 
^  C lay + 
O  Clay + 
□  Clay +

2 pph S ta rc h  +  0.2% TSP!
2 pph S ta rc h  + 0 . 4 %  TSPI 
2 pph S ta rc h  + 0 . 6 %  TSPI 
2 pph S ta rc h  + 0 . 8 %  TSPI

0

Coat W eight, g/m:

Fig. 23
E f f e c t  o f C oat W eight on R e la t iv e  P o re  Volume w ith  P ap er S u b s tr a te
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•  Clay + 4 pph S ta rch + 0.2% TSPP
★ Clay + 4 pph S tarch + 0.4% TSPP
O Clay + 4 pph Starch + 0.6% TSPP
□ Clay + 4 pph Starch + 0.8% TSPP

20 40

Coat Weight,g/m2
Fig-24

f  Coat Weight on R e la tiv e  Pore Volume w ith Paper S u b s tra te
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pph S tarch  +0 . 2% TSPP 
pph S tarch  +0 . 4% TSPP 
pph S tarch  +0 . 6% TSPP
pph S tarch  +0 . 8% TSPP

Coat Weight, g/m2 

Fig. 25
E ffe c t of Coat Weight on R e la tiv e  Pore Volume w ith  Paper S u b s tra te
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■^■Clay + 16 pph S ta r c h  + 0 . 4 %  TSP!
O c i a y  + 16 pph S ta rc h  + 0.6% TSP!
Q  C lay + 16 pph S ta r c h  +  0.8% TSP]

2

Coat Weight, g/m2 

Fig.26
E f f e c t  o f  C oat W eight on R e la t iv e  P o re  Volume w ith  P a p e r S u b s t r a te
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•  Clay +0 . 2 % TSPP

★ Clay +0 . 4 % TSPP 
° Clay +0 . 6% TSPP 
□ Clay +0 . 8 % TSPP

>
o .
CC

Coat Weight,g/m2 

Fig.27
E ffe c t of Coat Weight on R e la tiv e  Pore Volume w ith  Black G lass S u b s tra te
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0  C lay + 2 pph S ta rc h  
"A" C lay +  4 pph S ta rc h  
O  C lay + 8 pph S ta rc h  
O  C lay + 16 pph S ta rc h

>
Q .
CC

Coat Weight,g/m2

Fig. 28
E f f e c t  o f  C oat W eight on R e la t iv e  P o re  Volume w ith  B la ck  G la ss  S u b s tr a te
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C lay + 2 pph S ta rc h  + 9.2% TSPP
C lay  +  2 pph S ta rc h  + 0 . 4 %  TSPP
C lay + 2 pph S ta rc h  + 0.6% TSPP
C lay +  2 pph S ta rc h  + 0.8% TSPP

Coat Weight,g/|T|2 

Fig.28
E f f e c t  o f  C oat W eight on R e la t iv e  P o re  Volume w ith  B lack  G lass  S u b s tr a te
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•  Clay 
Clay 

O  Clay 
□  C lay

pph S ta rc h  + 0 . 2 %  TSPP 
pph S ta rc h  + 0 . 4 %  TSPP 
pph S ta rc h  + 0 . 6 %  TSPP 
pph S ta rc h  + 0.8% TSPP

Coat W eight, g , 2  

Fig.30
E f f e c t  o f  C oat W eight on R e la t iv e  P o re  Volume w ith  B lack  G la s s  S u b s tr a te
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•  C lay + 8 pph S ta rc h  + 0 . 2 %  TSPI
★  C lay + 8 pph S ta rc h  + 0.4% TSPI
o C lay + 8 pph S ta rc h  + 0 . 6 %  TSPI
□ C lay + 8 pph S ta rc h  + 0 . 8 %  TSPI

>
CL
c c

Coat Weight, g/rj2 

Fig.31
E f f e c t  o f  C oat W eight on R e la t iv e  P ore Volume w ith  B lack  G lass  S u b s tr a te
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C lay  + 16 pph S ta rc h  + 0.2% TSP »

C lay  + 16 pph S ta rc h  + 0.4% TSP »
C lay  + 16 pph S ta rc h  + 0.6% TSP >
C lay  + 16 pph S ta rc h  + 0.8% TSP »

3 0

2-5

2-0
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Q .
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0-5
15 35 55 75

Coat W eight, g ^ 2

Fig. 32
E f f e c t  o f  Coat W eight on R e la t iv e  P o re  Volume w ith  B lack  G lass  S u b s t r a te
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In  F igure 33 the  r e l a t iv e  pore volume i s  p lo tte d  ag a in st the 

percen tage TSPP a t  c o n s tan t coat w eight (25 g/m ) on the paper sub­

s t r a t e .  In the c lay  system  when TSPP was added, the r e la t iv e  pore 

volume in c reased  then  d ecreased . When s ta rc h  was added, the  RPV 

curves were s h if te d  upward fo r  2, 4, and 8 pph s ta rc h , w ith a l l  

curves being  very s im ila r  in  v a lu e . However, th e  16 pph s ta rc h  curve 

behaved d if f e r e n t ly  from the o th e rs . In  th a t  c ase , RPV decreased to  

0.6% TSPP and then in c reased  as more TSPP was added.

S im ila r ly , the r e l a t iv e  pore volume was obtained fo r  coa tings 

on th e  b lack  g la ss  s u b s t r a te ,  and the r e l a t iv e  pore volume was 

p lo t te d  a g a in s t p e rce n t TSPP (F igure 34) . A ll the curves were 

s c a tte re d  and d id  n o t show any resem blance between each o ther as d id  

tho se  on th e  paper s u b s t r a te  (F igure 3 3 ).

Reviewing a l l  th e  graphs (F igures 21-32) and the  above d isc u ss io n  

i t  appears th a t  the  co a tin g  s t ru c tu re  i t s e l f  was d if f e r e n t  on the  

paper and b lack  g la ss  s u b s t r a te s .  The co a tin g  s tru c tu re  could be 

re sp o n s ib le  fo r  th e  d isc rep a n c ie s  between the two s e ts  of s c a t te r in g  

c o e f f ic ie n t  d a ta  fo r  th e  paper and b la c k  g la ss  s u b s tra te s .

There could be two reasons fo r  having d i f f e r e n t  coating  s t ru c tu re  

on th e  paper and b la ck  g la ss  s u b s t r a te .  F i r s t ,  th e  paper s u b s tra te  

could  have absorbed some w ater which could have changed the a rrange­

ment of the  p a r t i c le s  and adhesive , w h ile  th e re  was no abso rb tion  in  

the  case of the  b la ck  g la s s .  Second, su rfa c e  smoothness could have 

a f fe c te d  film  fo rm u la tion  s in c e  the g la s s  i s  smoother than the  pap er.
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•  Clay
if- Clay + 2 pph S ta rc h
O  Clay + 4 pph S ta rc h
0  Clay + 8 pph S ta rc h

Q  Clay + 16 pph S ta rc h

>
CL
GC

% TSPP 

Fig. 33
E f f e c t  o f  TSPP on R e la t i v e  P ore Volume a t  C o n s ta n t C oat W eight (25 g/m^) 
w ith  P ap er S u b s t r a te
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w  Clay
Clay + 2 pph S tarch

O  Clay + 4 pph S tarch
Q  Clay + 8 pph S tarch

O Clay + 16 pph S tarch

% TSPP 

Fig.34
2

E ffe c t o f TSPP on R e la tiv e  Pore Volume a t  Constant Coat Weight (25 g/m ) 
w ith  B lack Glass S u b stra te
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The Cobb s iz e  t e s t  was run  on th e  paper s u b s t r a te  and time vs.
2

w ater absorbed (g/m ) was p lo t te d  (F igure 35 ), showing th a t  the paper 

absorbed a co n siderab le  amount of w a te r. Since th e  heavy coat weights 

took over 15 minutes to  a i r  d ry , th i s  ab so rp tion  could have a ffec ted  

coa tin g  s tru c tu re  as the co a tin g  d r ie d .
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Fig.35

R e la t io n s h ip  Between Time and W ater A bsorbed by P l a s t i c  V ellum  P a p e r  
(Cobb s i z e  t e s t )
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E f f e c t s  o f  TSPP and S ta rc h  on U n ca le n d e red ,
75° G loss o f  C o a tin g s  on P aper S u b s t r a te

I t  was found t h a t  in c r e a s in g  am ounts o f TSPP i n  th e  c la y  d i s ­

p e r s io n s  p roduced  d r ie d  c o a t in g s  w here th e  g lo s s  in c r e a s e d  s l i g h t l y  

w ith  in c r e a s in g  c o a t  w e ig h t th e n  d e c re a se d  (F ig u re  3 6 ) .  I t  i s  p o s s i ­

b le  t h a t  a t  low l e v e l s  o f  r e l a t i v e  p o re  volume ( c o a t  w e ig h ts  below  

20 l b . )  th e  p igm ent p a r t i c l e s  w ere packed more t i g h t l y  to g e th e r  g iv in g  

c o n s id e ra b le  s p e c u la r  r e f l e c t i o n ,  b u t  when th e  r e l a t i v e  p o re  volume 

in c re a s e d  a t  h ig h e r  c o a t  w e ig h ts ,  s p e c u la r  r e f l e c t i o n  and g lo s s  de­

c re a se d  due to  l e s s  t i g h t  p a c k in g .

When in c r e a s in g  l e v e l s  o f  s t a r c h  w ere added to  th e  c la y  s l i p ,  th e  

g lo s s  v s .  c o a t  w e ig h t c u rv e s  w ere s h i f t e d  upward (F ig u re  3 7 ) . As 

s t a r c h  was added to  th e  sy s te m , th e  p o re s  w ere f i l l e d  w ith  s t a r c h  

w hich red u ce d  th e  r e l a t i v e  p o re  volum e. At 8 and 16 pph s t a r c h  g lo s s  

in c re a s e d  s l i g h t l y  w ith  c o a t w e ig h t ( r a t h e r  th a n  d e c re a se d  as  w ith  

low er l e v e l s  o f  s t a r c h )  in d i c a t i n g  th a t  s t a r c h  had  f i l l e d  in  th e  

p o re s  and th e  c o n d i t io n  o f  p igm ent p ack in g  has l i t t l e  e f f e c t  on g lo s s .

F ig u re s  38-41 d e m o n s tra te  a  g lo s s  dependence on c o a t w e ig h t 

s im i l a r  to  th e  o th e r  p r o p e r t i e s  m easu red . Comparing th e s e  cu rv es  

w ith  th e  RPV d a ta  i n  F ig u re s  23-26 i t  can be  se e n  t h a t  th e  h ig h e s t  

g lo s s  c o r r e l a t e s  w e l l  w ith  th e  lo w e s t RPV, e s p e c i a l l y  th e  8 pph 

s t a r c h  and 0.6% TSPP w hich  gave th e  h ig h e s t  o v e r a l l  g lo s s  and lo w es t 

RPV. W hile th e s e  d a ta  show good c o r r e l a t i o n  be tw een  RPV and g lo s s ,  

th e  c o r r e l a t i o n  c a n n o t b e  t r a c e d  b ack  to  any o u ts ta n d in g  v i s c o s i t y  

o r  s c a t t e r i n g  c h a r a c t e r i s t i c s .
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•  C lay + 0 . 2 %  TSPP 
■jV C lay + 0.4% TSPP 
O Clay + 0 . 6 %  TSPP 
□  C lay + 0 . 8 %  TSPP

Coat Weight, g/m2 

Fig.36

E f fe c t  o f  Coat W eight on U ncalendered  75° G lo ss  w ith  P ap er S u b s tr a te
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C lay + 2 pph S ta rc h  
C lay + 4 pph S ta rc h  
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Rg.37
E ffe c t  o f  C oat W eight on U ncalendered  75° G loss w ith  P aper S u b s tr a te
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Fig. 38
E f f e c t  o f  Coat W eight on U nca len d ered  75° G loss w ith  P ap er S u b s t r a te
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C lay + 4 pph S ta rc h  + 0.2% TSPP
C lay + 4 pph S ta rc h  + 0 . 4 %  TSPP

C lay  + 4 pph S ta rc h  + 0 . 6 %  TSPP

C lay + 4 pph S ta r c h  + 0 . 8 %  TSPP

CK

20 40 60

Coat Weight,g/m2 

Fig.39
E f f e c t  o f Coat W eight on U ncalendered  75 G loss w ith  P ap er S u b s tr a te
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#  C lay + 8 pph S ta rc h  + 0 . 2 %  TSPP
^  C lay + 8 pph S ta rc h  + 0 . 4 %  TSPP
O  C lay + 8 pph S ta r c h  + 0 . 6 %  TSPP
□  C lay + 8 pph S ta rc h  + 0.8% TSPP

Coat Weight, ^ 2  

Fig.48
O

E f f e c t  o f  C oat W eight on U n ca len d ered  75 G loss w ith  P ap er S u b s tr a te
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#  C lay + 16 pph S ta rc h  + 0 . 2 % TSPP
★  Clay + 16 pph S ta rc h  + 0 . 4 %  TSPP
O  Clay + 16 pph S ta rc h  + 0 . 6 % TSPP
□  C lay + 16 pph S ta rc h  + 0.8% TSPP

25

2 20

i o

- I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1_ _ _ _ _ _ _ _ _ _ _ _ _ _ L .
20 40 60

Coat W eight, g, 2 

Fig.41
E f f e c t  o f  C oat W eight on U n ca len d ered  75° G loss w ith  P aper S u b s t r a te
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In  o rder to e lim in a te  the coat w eight e f f e c t ,  va lues fo r  g loss 

were ob ta ined  from the preceeding  curves fo r a l l  the  coatings a t  

20 g/m^ coat w eight and p lo t te d  ag a in st the  percentage TSPP (Figure 

42 ), and pph s ta rc h  (F ig u re  43). Figure 42 shows th a t  in c re a s in g  

amounts of TSPP ra is e d  th e  g loss bu t d i f f e r e n t  le v e ls  o f s ta rc h  did 

no t have much e f f e c t  in  th e  g lo ss . S tarch  amount v s .  g lo ss  a t  d i f f e r ­

en t TSPP le v e ls  (F igure  43) in d ica ted  th a t  g loss was very  high a t

zero le v e l o f s ta rc h  b u t a t  high le v e ls  of s ta rc h  i t  decreased and

then lev e led  o ff  a t  about 3 pph s ta rc h .
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•  Clay
^  C lay + 2 pph S ta rc h  
O Clay + 4 pph S ta rc h  
□ Clay + 8 pph S ta rc h  
Q  Clay + 16 pph S ta rc h

0-4
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Fig.42
E f f e c t  o f  TSPP on U ncalendered  75 
(20 g/m^) w ith  P ap er S u b s tr a te

G loss a t  C o n s tan t Coat W eight
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O C lay + 0 .4 %  TSPP 
□ C lay + 0 .6 %  TSPP

©  C lay + 0.8% TSPP

Starch, pph

Fig.43
E f f e c t  o f  S ta r c h  on U n ca len d ered  75 
(20 g/m ) w ith  P ap er S u h s t r a te

G loss a t  C o n s ta n t C oat W eight
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SUMMARY AND CONCLUSIONS

The re la t io n s h ip s  between the degree o f c la y  d isp e rs io n  in  

aqueous system s and o p t ic a l  and pore p ro p e r tie s  o f d r ie d  s ta rc h -c la y  

coa tings were determ ined w ith  the fo llow ing  co nclu sions.

Increm en ta l a d d itio n  o f TSPP to  c lay  s l i p s ,  r e s u lte d  in  a de­

c rease  in  B rook fie ld  v is c o s i ty  u n t i l  a minimum a t  0.13% TSPP was 

reached , th en  v is c o s ity  in c re a sed . The s c a t te r in g  c o e f f ic ie n t  of 

corresponding d rie d  film s a lso  decreased  to  a minimum a t  about the  

same TSPP range (0.2% ). S c a tte r in g  c o e f f ic ie n t  then in c reased  w ith  

in c re a s in g  TSPP con ten t fo r coa tings  app lied  o n 'th e  paper b u t not 

fo r  th e  b la c k  g la ss  s u b s tra te .

By adding 2 pph s ta rc h  to  the  c lay  s l i p ,  th e  s c a t te r in g  c o e f f i­

c ie n t  curve was s h if te d  up and a t  h ig h e r le v e ls  o f s ta r c h ,  the  curve 

was s h if te d  down. The above was tru e  only fo r  the paper b u t no t the  

b la ck  g la ss  s u b s t r a te .  This change in  s c a t te r in g  c o e f f ic ie n t  was 

shown to c o r r e la te  w e ll w ith  r e la t iv e  pore volume.

There was a disagreem ent between th e  two s e ts  of s c a t te r in g  co­

e f f ic ie n t s  fo r  the  paper and b lack  g la ss  s u b s t r a te s .  There a re  two 

p o ss ib le  ex p lan a tio n s  fo r  the  d isc rep e n c ie s  o b ta in ed . F i r s t ,  th e  

coa tin g  s t r u c tu r e  i t s e l f  was d i f f e r e n t  on the two s u b s t r a te s .

Secondly, d i f f e r e n t  methods of c a lc u la tin g  s c a t te r in g  c o e f f ic ie n t  

could have given d i f f e r e n t  v a lu e s . The d a ta  developed in  th i s  paper 

in d ic a te  th a t  th e  former i s  most l ik e ly  to  have caused th e  d if fe re n c e .

75
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I t  was a lso  found th a t  r e la t iv e  pore volume d a ta  on both  sub­

s t r a t e s  d id  n o t ag ree  w ith  each o th e r, showing th a t  coating  s tru c tu re  

was d i f f e r e n t  on th e  two s u b s tra te s  lead ing  to  th e  d if f e r e n t  p e r­

formance. I t  was a lso  found th a t  r e la t iv e  pore volume gave very  good 

c o r re la t io n  w ith  uncalendered 75° g lo ss , w ith  h igh  g loss a t low pore 

volume.

In  g e n e ra l, i t  can be concluded th a t th e  d if fe re n c e s  in  pigment 

d isp e rs io n  observed in  an aqueous medium can be shown to e f f e c t  

packing s t r u c tu r e ,  g lo s s ,  and s c a tte r in g  c o e f f ic ie n t  of the d r ie d  

f ilm s . However, on ab so rp tiv e  su b s tra te s  th e se  d rie d  film  p ro p e r tie s  

seem to  be dependent on o ther fa c to rs  such as adhesive m ig ra tio n  and 

to  vary  w ith  coat w eigh t, l ik e ly  due to  d if fe re n c e s  in  r a te  and 

mechanism of d ry in g .
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APPENDIX I  

PREPARATION OF PIGMENT

To s a t i s f y  the o b je c tiv e s  o f th i s  p ro je c t ,  i t  was necessary  

to  s t a r t  w ith  a pigment which con ta ined  a minimum of d e f lo c c u la tin g  

m a te r ia l  in  i t .  I t  i s  w e ll known th a t  a l l  the a v a ila b le  commercial 

p roducts of th e  coating  c lays a re  p red isp ersed  w ith  the TSPP during 

th e i r  p ro cesse s , and th e re fo re  i t  was d i f f i c u l t  to  o b ta in  c lay  which 

d id  no t co n ta in  d isp e rs in g  ag en t. A ccordingly, c lay  was h ea ted  fo r  

d i f f e r e n t  tim es a t  450°F. to  d es tro y  the  phosphate. Rheograms were 

made on the  H ercules H i-Shear V iscom eter (F igures 44, 45) to  moni­

to r  the  p ro cess . I t  was found th a t  a t  f iv e  h o u rs , maximum f lo c c u la ­

t io n  was obta ined  fo r the  s l i p .  This showed th a t  the e f fe c t iv e n e s s  

of TSPP was l e a s t  a f te r  th a t  tim e. L i te ra tu re  (29) does show th a t  

h ea tin g  c lay  a t  450°F. does no t harm any p ro p e r tie s  of th e  c la y .
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APPENDIX I I  

SAMPLE CALCULATION OF RELATIVE PORE VOLUME

Given th e  fo llow ing  coa tin g  fo rm ulation  and da ta :

100 p a r ts  c lay  by w eight 
4 p a r ts  s ta r c h  by weight 

coa t w eight = 16.6 g/m 
th ick n ess  = 0.32 x 10” in .

A ctual volume, (AV) = Area x th ic k n e ss , (T)

= (1 x 10^ cm^/m^) (T x 10 ^ in . x 2.54 cm/m)
■5 2

= T in  x 25.4 cmJ /m in .

AV = 0.32 in .  x 25.4  cm^/m^ in

= 8.13 cm^/m^

R e la tiv e  Pore Volume (RPV) = A ctual volume (AV) -  T h eo re tica l volume (TV)
T h eo re tic a l volume (TV)

(a) By co n sid erin g  id e a liz e d  void f i l l i n g  hyphothesis
2

TV = T o ta l c o a t w eight g/m x c lay  f r a c t io n  
c lay  d e n s ity , g/m-3

TV = 16.6 g/m2 x (100/104)
2.58 g/cmJ

= 6.18 cm^/m^

RPV = AV -  TV 
TV

RPV = 8.13 -  6.18 
8.13

= 0.314
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(b) By no t considering  id e a liz e d  vo id  f i l l i n g  hyphothesis
2

TV = T o ta l coat w eight g/m x c lay  f r a c t io n  + 
c lay  d e n s ity  g/cnH

T o ta l coat weight g/m^ x s ta rc h  f ra c t io n  
s ta rc h  d e n s ity  g/cm

TV = 16.6 x (100/104) + 16.6 (4/104)
2.58 1 .5

= 6.61 cm'Vm^

RPV = AV -  TV 
TV

= 8.13 -  6.61 
6.61

= 0.230
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APPENDIX I I I  

TABLE I

BROOKFIELD VISCOSITY OF THE COATING 
FORMULATIONS

Clay S tarch % B rookfie ld  V isco s ity  in CPS
No. Dry P a rts Dry P a r ts Tsppa 10 RPM 20 RPM 50 RPM 100 RPM

1 100 16,800 9,800 41,600 2,600

2 100 0 .2 70 60 70 92

3 100 0 .4 130 100 88 104

4 100 0.6 250 180 120 126

5 100 0 .8 400 260 166 147

6 100 2 1,300 725 370 215

7 100 4 850 500 270 175

8 100 8 650 437 270 205

9 100 16 2,050 1,275 690 410

10 100 2 0.2 80 55 48 66

11 100 2 0 .4 100 60 56 68

12 100 2 0.6 120 80 60 70/
* *

13 100 2 0 .8 140 100 64 70

14 100 4 0.2 130 90 70 80

15 100 4 0 .4 200 130 84 82

16 100 4 0.6 200 130 82 82

17 100 4 0 .8 240 150 92 86

18 100 8 0 .2 310 200 124 112

19 100 8 0 .4 350 230 144 122

a% based on c lay .
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TABLE I (Continued)

BROOKFIELD VISCOSITY OF THE COATING 
FORMULATIONS

Clay S ta rch  % B rookfie ld  V isc o s ity  in  CPS
No. Dry P a rts  Dry P a r ts  TSPP3 10 RPM 20 RPM 50 RPM 100 RPM

20 100 8 0 .6 400 250 144 114

21 100 8 0 .8 420 265 156 122

22 100 16 0 .2 750 487 300 215

23 100 16 0 .4 800 500 290 205

24 100 16 0 .6 800 500 290 210

25 100 16 0 .8 875 562 320 222

a% based on c lay .
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TABLE I I

SCATTERING AND ABSORPTION COEFFICIENT 
OF COATINGS ON PAPER SUBSTRATE

No. R*6—  

0 .8 0 3 3

0 .7 9 3 3

0 .7 7 3 3

0 .7 6 7 5

0 .7 7 5 0

0 .7 7 3 3

0 .7700

R
Coat Wt. 

g/m2
S c a t te r in g
C o e f f ic ie n t

A b so rp tio n
C o e f f ic ie n t

0

0.4140 0 .7818 40.4583 0.1293 3 .11 x 10"3

0 .4328 0.7150 20.5494 0.1156 3 .1 x 10-3
0.7398 30.7112 0.1006 2 .7 1
0.7442 45.5024 0.0715 1.92
0.7472 82.0100 0.0412 1 .10
0.6810 11.4412 0.1514 4 .07

0 .4052 0 .7244 20.9257 0.1446 4.80 x 10-2
0 .7424 32.1040 0.1198 3 .98
0 .7492 45.2390 0.0950 3.15
0.7406 83.9672 0.0445 1 .4 8
0 .6782 12.7587 0.1486 4 .94

0 .4232 0.7256 19.2319 0.1636 5 .76 x 10"3
0 .7444 31.5390 0.1330 4.68
0 .7514 43.7338 0.1108 3 .90
0 .7522 80.1661 0.0616 2 .17
0 .6910 14.2262 0.1498 5 .27

0.4180 0 .7282 20.4365 0.1512 4 .93 x 10"3
0.7476 31.7277 0.1279 4 .18
0.7572 43 .8091 0.1110 3 .62
0.7586 81.1445 0.0618 2 .01
0.7080 15.6942 0.1568 5 .12

0.3928 0.6970 11.9303 0.1926 6 .40 x 10-3
0 .7430 23.9741 0.1635 5 .4 3
0.7534 32.8565 0.1427 4 .74
0.7616 62.4389 0.0910 3.02
0.5894 5.8334 0.1585 5 .26

0.4320 0 .7074 16.5973 0.1485 5 .10 x  10"3
0.7310 20.8128 0.1577 5 .4 2
0 .7454 31.0122 0.1324 4 .54
0.7600 65.9770 0.0872 2 .99
0.6120 8.5809 0.1163 3.99
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TABLE II (continued)

SCATTERING AND ABSORPTION COEFFICIENT 
OF COATINGS ON PAPER SUBSTRATE

No. RnX 

8 0.7660 0.3865

0.7433 0.3914

10 0.7766 0.3812

11 0.7733 0.3732

12 0.7700 0.3759

13 0.7800 0.3734

R
Coat Wt.

8/m2
S c a tte r in g
C o e ffic ie n t

A bsorption
C o effic ien t

0.6898 14.1133 0.1582 5.65 x 10"3
0.7252 25.0282 0.1311 4.68
0.7446 31.6900 0.1393 4.97
0.7455 61.6863 0.0732 2.61
0.7162 22.0174 0.1335 4.77

0.6534 18.5545 0.0934 4.14 x 10-3
0.6930 24.4638 0.1062 4.71
0.7188 32.7436 0.1138 5.04
0.7292 61.1595 0.0755 3.34
0.6256 10.9114 0.1238 5.48

0.6866 13.1350 0.1592 5.11  x 10-3
0.7204 20.6999 0.1401 4.50
0.7362 30.3725 0.1149 3.69
0.7534 57.6214 0.0783 2.51
0.6044 7.6778 0.1398 4.49

-3
0.6880 12.7587 0.1698 5.64 x 10
0.7242 19.4957 0.1595 5.30
0.7328 31.2004 0.1106 3.67
0.7484 50.9596 0.0850 2.82
0.6072 7.8283 0.1438 4.78

0.6832 13.1350 0.1595 5.48 x 10-3
0.7376 22.3932 0.1690 5.80
0.7520 32.2921 0.1501 5.15
0.7618 48.9276 0.1287 4.42
0.5740 4.4431 0.1944 6.68

0.6972 12.8339 0.1786 5.54  x 10~3
0.7402 22.5442 0.1596 4.95
0.7594 31.9534 0.1514 4.69
0.7694 59.8796 0.1022 3.17
0.5854 4.9680 0.1889 5.86
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TABLE II  (Continued)

SCATTERING AND ABSORPTION COEFFICIENT 
OF COATINGS ON PAPER SUBSTRATE

No. Rq R
Coat Wt. 

ft/m2
S ca tte r in g
C o effic ien t

A bsorption
C o e ff ic ie n t

14 0.7766 0.3710 0.6850 13.9252 0.1501 4.82 x 10-3
0.7208 20.5870 0.1428 4.59
0.7358 30.3725 0.1152 3.70
0.7518 55.8147 0.0791 2.54
0.6082 8.5056 0.1333 4.28

15 0.7766 0.3734 0.6928 14.5272 0.1537 4.93 x 10-3
0.7334 20.6999 0.1638 5.26
0.7470 31.7653 0.1285 4.12
0.7690 60.9714 0.1092 3.51
0.5900 5.9463 0.1645 5.28

16 0.7733 0.3718 0.6866 12.8339 0.1670 5.55 x 10-3
0.7248 19.6463 0.1596 5.30
0.7514 30.5230 0.1498 4.97
0.7626 57.9977 0.1019 3.38
0.5834 5.8334 0.1608 5.34

17 0.7733 0.3710 0.6898 13.9628 0.1581 5.25 x 10-3
0.7362 23.1086 0.1564 5.19
0.7548 31.0498 0.1574 5.23
0.7634 61.0842 0.0992 3.29
0.5770 5.7958 0.1542 5.12

18 0.7700 0.3731 0.6630 11.2906 0 .1566 5.38 x 10-3
0.7360 23.2592 0.1593 5.47
0.7434 32.2168 0.1286 4.42
0.7532 62.5894 0.0795 2.73
0.5888 7.3391 0.1336 4.59

19 0.7675 0.3715 0.6674 12.7210 0.1435 5.13 x 10"3
0.7060 20.9257 0.1265 4.45
0.7356 31.8405 0.1186 4.17
0.7560 59.2023 0.0948 3.34
0.5706 7.6401 0.1120 3.94
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TABLE II  (Continued)

SCATTERING AND ABSORPTION COEFFICIENT 
OF-COATINGS ON PAPER SUBSTRATE

No. R<1 R
Coat Wt. 

E/m2
S c a tte r in g
C o effic ien t

A bsorption
C o e ff ic ie n t

20 0.7700 0.3754 0.6864 14.5649 0.1481 5.09 x 10~3
0.7276 22.9581 0.1442 4.95
0.7558 33.8725 0.1559 5.35
0.7662 59.7667 0.1295 4.44
0.5910 7.3767 0.1344 4.62

21 0.7675 0.3710 0.6892 15.2803 0.1572 5.18 x 10“3
0.7280 22.5818 0.1508 5.31
0.7468 31.9911 0.1422 5.00
0.7590 61.2348 0.1007 3.54
0.5810 5.9087 0.1577 5.55

22 0.7550 0.3767 0.6288 14.0004 0.0989 3.93 x 10-3
0.6882 22.9957 0.1019 4.05
0.7092 33.7596 0.0873 3.47
0.7256 59.3904 0.0619 2.46
0.5264 5.2690 0.2576 1.02 x 10-2

23 0.7550 0.3746 0.6324 13.7747 0.1039 4.13 x 10“ 3
0.6868 22.8076 0.1016 4.04
0.7152 35.1524 0.0905 3.60
0.7372 60.3312 0.0751 2.98
0.5362 6.3979 0.1004 3.99

24 0.7550 0.3813 0.6410 14.4896 0.1048 4.16 x 10“ 3
0.6886 23.2968 0.1005 3.99
0.7276 33.8725 0.1117 4.44
0.7326 61.5734 0.0669 2.66
0.5684 8.0164 0.1039 4.12

25 0.7500 0.3808 0.6136 12.8339 0.0955 3.98 x 10-3
0.6718 23.1839 0.0878 3.65
0.7004 33.3457 0.0821 3.42
0.7166 60.5569 0.0557 2.32
0.5384 8.7690 0.0734 3.06
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TABLE I I I

SCATTERING COEFFICIENT OF COATINGS 
ON BLACK GLASS SUBSTRATE

B r ig h tn e s s  C oat Wt. S c a t t e r in g  
No. C oating  F o rm u la tio n s  Rq g/m C o e f f ic ie n t

1 100 p a r t s  c la y

2 100 p a r t s  c la y 0 .6430 10.2297 0 .1760
0.2% TSPP 0 .6770 24.7487 0 .0846

0 .7400 43.1591 0 .0659

3 100 p a r t s  c la y 0 .6 7 7 3 18.9103 0 .1109
0.4% TSPP 0 .7206 36.3736 0 .0709

0 .7 2 7 3 46.0526 0 .0579

4 100 p a r t s  c la y 0 .5 9 1 3 9 .3862 0 .1541
0.6% TSPP 0 .7240 33.7074 0 .0778

0 .7306 53.0795 0 .0510

5 100 p a r t s  c la y 0 .6940 23.0778 0 .0982
0.8% TSPP 0 .7 1 5 4 34.1521 0 .0736

0 .7 2 5 8 34.1521 0 .0775

6 100 p a r t s  c la y 0 .6 8 2 8 17.0156 0 .1265
2 p a r t s  S ta rc h • 0 .7 3 1 8 37.9598 0 .0718

0 .7440 55 .6803 0 .0 5 2 1

7 100 p a r t s  c la y 0 .7016 22.7680 0 .1032
4 p a r t s  S ta rc h 0 .7 3 2 4 38.6988 0 .0707

0 .7 4 1 8 55.8523 0 .0 5 1 4

8 100 p a r t s  c la y 0 .6 9 4 6 22.7162 0 .1 0 0 1
8 p a r t s  S ta rc h 0 .7 2 9 0 40.5070 0 .0 6 6 4

0 .7400 65.8245 0 .0432

9 100 p a r t s  c la y 0 .6 5 2 4 22.7509 0 .0 8 2 4
16 p a r t s  S ta rc h 0 .6 8 2 4 27.8831 0 .0770

0 .7 1 5 6 65.2562 0 .0385

10 100 p a r t s  c la y 0 .6 8 6 0 19.3061 0 .1 1 3 1
2 p a r t s  S ta rc h 0 .7 1 1 0 38.4921 0 .0639
0.2% TSPP 0 .7 4 0 0 60.6229 0 .0469

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



TABLE III (Continued)

SCATTERING COEFFICIENT OF COATINGS 
ON BLACK GLASS SUBSTRATE

B righ tness Coat Wt. S c a tte r in g  
No. Coating Form ulations Rc g/m C o effic ien t

11 100 p a r ts  clay  
2 p a r ts  s ta rc h  
0.4% TSPP

0.7050
0.7248
0.7368

21.0630
30.9316
68.1839

0.1134
0.0851
0.0410

12 100 p a r ts  clay  
2 p a r ts  s ta rc h  
0.6% TSPP

0.6780
0.7200
0.7423

16.8778
29.5882
70.4744

0.1247
0.0869
0.0408

13 100 p a r ts  clay  
2 p a r ts  s ta rc h  
0.8% TSPP

0.7144
0.7292
0.7490

28.0381
30.3456
60.7607

0.0892
0.0887
0.0491

14 100 p a r ts  c lay  
4 p a r ts  s ta rc h  
0.2% TSPP

0.6738
0.7252
0.7402

19.0134
43.3663
60.8985

0.1086
0.0608
0.0467

15 100 p a r ts  clay  
4 p a r ts  s ta rc h  
0.4% TSPP

0.7164
0.7220
0.7476

27.5557
29.4675
65.4453

0.0916
0.0881
0.0452

16 100 p a r ts  c lay  
4 p a r ts  s ta rc h  
0.6% TSPP

0.7150
0.7362
0.7466

23.5255
38.3543
61.9492

0.1066
0.0727
0.0475

17 100 p a r ts  clay  
4 p a r ts  s ta rc h  
0.8% TSPP

0.7192
0.7400
0.7488

22.4406
38.0616
63.7061

0.1141
0.0747
0.0467

18 100 p a r ts  c lay  
8 p a r ts  s ta rc h  
0.2% TSPP

0.6444
0.7208
0.7350

15.9132
36.7529
61.7083

0.1138
0.0702
0.0449

19 100 p a r ts  c lay  
8 p a r ts  s ta rc h  
0.4% TSPP

0.6914
0.7164
0.7324

29.8045
37.6139
62.4658

0.1076
0.0671
0.0438

20 100 p a r ts  c lay  
8 p a r ts  s ta rc h  
0.6% TSPP

0.7152
0.7260
0.7494

22.1308
30.1394
68.1839

0.1134
0.0879
0.0438
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TABLE III (Continued)

SCATTERING COEFFICIENT OF COATINGS 
ON BLACK GLASS SUBSTRATE

No. Coating Form ulations
B rightness Coat Wt. 

g/m2
S c a tte r in g
C o effic ien t

21 100 p a r ts  c lay  
8 p a r ts  s ta rc h  
0.8% TSPP

0.7066
0.7306
0.7430

21.8033
39.5428
63.7921

0.1104
0.0685
0.0453

22 100 p a r ts  clay  
16 p a r ts  s ta rc h  
0.2% TSPP

0.5746
0.6842
0.7134

15.3966
37.3036
61.2260

0.0877
0.0580
0.0406

23 100 p a r ts  clay 
16 p a r ts  s ta rc h  
0.4% TSPP

0.6546
0.6956
0.7182

22.3717
38.5439
55.7321

0.0847
0.0592
0.457

24 100 p a r ts  clay  
16 p a r ts  s ta rc h  
0.6% TSPP

0.6016 
0.7004 
0.7242

17.0499
38.1647
63.0859

0.0885
0.0612
0.0416

25 100 p a r ts  clay 
16 p a r ts  s ta rc h  
0.8% TSPP

0.6362
0.6684
0.6994

22.3888
38.0787
55.3011

0.0781
0.0529
0.0420
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TABLE IV

RELATIVE PORE VOLUME OF COATINGS 
ON PAPER SUBSTRATE

T h eo re tic a l A ctual Pore 
Thickness Coat Wt. Volume Volume Volume

No. in . g/m2

1 1.26 40.4583 15.6815 32.0040 16.3225

2 0.36 20.5494 7.9648 9.1440 1.1792
0.95 30.7112 11.9035 24.1300 12.2265
1.51 45.5024 17.6365 38.3540 20.7175
2.85 82.0100 31.7868 72.3900 40.6032
0.14 11.4412 4.4345

3 0.38 20.9257 8.1107 9.6520 1.5413
0.87 32.1040 12.4434 22.0980 9.6546
1.57 45.2390 17.5344 39.8780 22.3436
2.94 83.9672 32.5454 74.6760 42.1306
0.01 12.7587 4.9452

4 0.36 19.2319 7.4542 9.1440 1.6898
0.82 31.5390 12.2224 20.8280 8.6056
1.40 43.7338 16.9510 35.5600 18.6090
2.79 80.1661 31.0721 70.8660 39.7939
0.05 14.2262 5.5140

5 0.28 20.4365 7.9211 7.1120
0.79 31.7277 12.2975 20.0660 7.7685
1.42 43.8091 16.9802 36.0680 19.0878
2.75 81.1445 31.4513 69.8500 38.3987
0.09 15.6942 6.0830 2.2860

6 0.43 11.9303 4.6888 10.9220 6.2332
1.41 23.9741 9.4224 35.8140 26.3916
1.90 32.8565 12.9142 48.2600 35.3458
3.13 62.4389 24.5401 79.5020 54.9619
0.04 5.8334 2.2926 1.0160

7 0.32 16.5973 6.6101 8.1280 1.5179
0.79 20.8128 8.2891 20.0660 11.7769
1.48 31.0122 12.3512 37.5920 25.2408
3.06 65.9770 26.2769 77.7240 51.4471
0.09 8.5809 3.4174 2.2860

R ela tiv e
Pore

Volume

0.1480
1.0271
1.1746
1.2773

0.1900
0.7758
1.2742
1.2945

0.2260
0.7040
1.0978
1.2806

0.6317
1.1241
1.2208

1.3293
2.8009
2.7369
2.2396

0.2296
1.4207
2.0435
1.9578
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TABLE IV (Continued)

RELATIVE PORE VOLUME OF COATINGS 
ON PAPER SUBSTRATE

R ela tiv e

No.
Thickness

in .
Coat V t. 

g/m

T h eo re tic a l
Volume

A ctual
Volume

Pore
Volume

Pore
Volume

8 0.52 14.1133 5.7611 13.2080 7.4469 1.2926
1.23 25.0282 10.2166 31.2420 21.0254 2.0579
1.83 31.6900 12.9360 46.4820 33.5460 2.5932
3.00 61.6863 25.1815 76.2000 51.0185 2.0260
0.84 22.0174 8.9876 21.3360 12.3484 1.3739

9 0.66 18.5545 7.9048 16.7640 8.8592 1.1207
1.26 24.4638 10.4225 32.0040 21.5815 2.0706
1.85 32.7436 13.9500 46.9900 33.0400 2.3684
2.94 61.1595 26.0563 74.6760 48.6197 1.8659
0.20 10.9114 4.6485 5.0800 0.4315 0.0928

10 0.37 13.1350 5.1623 9.3980 4.2357 0.8205
0.97 20.6999 8.1355 24.6380 16.5025 2.0284
1.54 30.3725 11.9371 39.1160 27.1789 2.2768
2.84 57.6214 22.6466 72.1360 49.4894 2.1852
0.08 7.6778 3.0174 2.0320

11 0.36 12.7587 5.0143 9.1440 4.1297 0.8235
1.03 19.4957 7.6622 26.1620 18.4998 2.4144
1.62 31.2004 12.2625 41.1480 28.8855 2.3555
2.70 50.9596 20.0284 68.5800 48.5516 2.4241
0.14 7.8283 3.0766 3.5560 0.4794 0.1558

12 0.30 13.1350 5.1623 7.6200 2.4577 0.4760
0.89 22.3932 8.8011 22.6060 13.8049 1.5685
1.53 32.2921 12.6916 38.8620 26.1704 2.0620
2.57 48.9276 19.2297 65.2780 46.0483 2.3946
0.01 4.4431 1.7461

13 0.23 12.8339 5.0439 5.8420 0.7981 0.1582
0.72 22.5442 8.8603 18.2880 9.4277 1.0640
1.31 31.9534 12.5584 33.2740 20.7156 1.6495
2.53 59.8796 23.5342 64.2620 40.7278 1.7305
0.06 4.9680 1.9524 1.5240
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TkBLE IV (Continued)

RELATIVE PORE VOLUME OF COATINGS 
ON PAPER SUBSTRATE

R ela tiv e
T h e o re tic a l A ctual Pore Pore

Thickness Coat U t. Volume Volume Volume Volume
No. in . S/m

14 0.47 13.9252 5.5459 11.9380 6.3921 1.1525
0.94 20.5870 8.1992 23.8760 15.6768 1.9119
1.76 30.3725 12.0965 44.7040 32.6075 2.6956
2.92 55.8197 22.2314 74.1680 51.9366 2.3361
0.03 8.5056 3.3875

15 0.34 14.5272 5.7857 8.6360 2.8503 0.4926
0.91 20.6999 8:2441 23.1140 14.8699 1.8037
1.57 31.7653 12.6512 39.8780 27.2268 2.1521
2.78 60.9714 24.2832 70.6120 46.3288 1.9078
0.04 5.9463 2.3682 1.0160

16 0.29 12.8339 6.1113 7.3660 1.2547 0.2053
0.85 19.6463 7.8245 21.5900 13.7655 1.7592
1.53 30.5230 12.1564 38.8620 26.7056 2.1968
2.77 57.9977 23.0989 70.3580 47.2591 2.0459
0.12 5.8334 2.3232 3.0480 0.7248 0.3119

17 0.28 13.9628 5.5609 7.1120 1.5511 0.2789
0.83 23.1086 9.2034 21.0820 11.8786 1.2906
1.40 31.0498 12.3662 35.5600 23.1938 1.8755
2.64 61.0842 24.3281 67.0560 42.7279 1.7563
0.05 5.7958 2.3082 1.2700

18 0.35 11.2906 4.6088 8.8900 4.2812 0.9289
1.14 23.2592 9.4945 28.9560 19.4615 2.0497
1.79 32.2168 13.1511 45.4660 32.3149 2.4572
3.10 62.5894 25.5495 78.7400 53.1905 2.0818
0.13 7.3391 2.9957 3.3020 0.3063 0.1022

19 0.35 12.7210 5.1927 8.8900 3.6973 0.7120
0.94 20.9257 8.5420 23.8760 15.3340 1.7951
1.70 31.8405 12.9974 43.1800 30.1826 2.3222
2.93 59.2023 24.1668 74.4220 50.2552 2.0795
0.07 7.6401 3.1186 1.7780
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TABLE IV (Continued)

RELATIVE PORE VOLUME OF COATINGS 
ON PAPER SUBSTRATE

R ela tiv e

No.
Thickness

in .
Coat Wt. 

g/m2

T h e o re tic a l
Volume

A ctual
Volume

Pore
Volume

Pore
Volume

20 0.17 14 .5649 '- *5-9454 4.3180
0.58 22.9581 9.3716 14.7320 5.3604 0.5719
1.01 33.8725 13.8270 25.6540 11.8270 0.8553
1.91 59.7667 24.3971 48.5140 24.1169 0.9885
0.10 7.3767 3.0110 2.5400

21 0.40 15.2803 6.2375 10.1600 3.9225 0.6288
0.92 22.5818 9.2180 23.3680 14.1500 1.5350
1.55 31.9911 13.0590 39.3700 26.3110 2.0147
2.52 61.2348 24.9964 64.0080 39.0116 1.5606
0.09 5.9087 2.4118 2.2860

22 0.26 14.004 5.9662 6.6040 0.6378 0.1069
0.90 22.9957 9.7970 22.8600 13.0630 1.3333
1.63 33.7596 14.3829 41.4020 27.0191 1.8785
2.65 59.3904 25.3027 67.3100 42.0073 1.6601
0.01 5.2690 2.2446

23 0.24 13.7747 5.8685 6.0960 0.2275 0.0387
0.89 22.8076 9.7168 22.6060 12.8892 1.3264
1.51 35.1524 14.9762 38.3540 23.3778 1.5609
2.31 60.3312 25.7035 58.6740 32.9705 1.2827
0.04 6.3979 2.7256

24 0.25 14.4896 6.1730 6.3500 0.1770 0.0286
0.75 23.2968 9.9253 19.0500 9.1247 0.9193
1.20 33.8725 14.4310 30.4800 16.0490 1.1121
1.94 61.5734 26.2327 49.2760 23.0433 0.8784
0.09 8.0164 3.4152

25 0.30 12.8339 5.4677 7.6200 2.1523 0.3936
1.02 23.1839 9.8772 25.9080 16.0308 1.6230
1.61 33.3457 14.2065 40.8940 26.6875 1.8785
2.47 60.5569 25.7996 62.7380 36.9384 1.4317
0.15 8.7690 3.7358 3.8100 0.0742 0.0198
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TABLE V

RELATIVE PORE VOLUME OF COATINGS 
ON BLACK GLASS SUBSTRATE

R ela tiv e
T h e o re tic a l A ctual Pore Pore

Thickness Coat Wt. Volume Volume Volume Volume
No. in .  g/m2

2 0.75
1.05
2.40

10.2297
24.7487
88.6444

3.9650
9.5925

34.3582

19.0500
26.6700
60.9600

15.0850
17.0775
26.6018

3.8045
1.7802
0.7742

3 1.05
1.20
1.80

18.9103
36.3736
46.0526

7.3295
14.0982
17.8498

26.6700
30.4800
45.7200

19.3405
16.3818
27.8702

2.6387
1.1619
1.5613

4 1.17
1.40
2.00

9.3862
33.7044
53.0795

3.6380
13.0637
20.5734

29.7180
35.5600
50.8000

26.0800
22.4963
30.2266

7.1687
1.7220
1.4692

5 0.65
1.50
1.40

23.0778
34.1521
34.1521

8.9448
13.2372
13.2372

16.5100
38.1000
35.5600

7.5692
24.8628
22.3228

0.8457
1.8782
1.6863

6 0.65
1.50
2.00

17.0156
37.9598
55.6803

6.6875
14.9192
21.8838

16.5100
38.1000
50.8000

9.8225
23.1808
28.9162

1.4687
1.5537
1.3213

7 1.30 
1.80
2.30

22.7680
38.6988
55.8523

9.0678
15.4126
22.2444

33.0200
45.7200
58.4200

23.9522
30.3074
36.1576

2.6414
1.9652
1.6262

8 1.20
1.60
2.30

22.7162
40.5070
65.8245

9.2728
16.5352
26.8701

30.4800
40.6400
58.4200

21.2072
24.1048
31.5499

2.2870
1.4577
1.1741

9 1.00
1.10
1.75

22.7509
27.8831
65.2562

9.6927
11.8792
27.8018

25.4000
27.9400
44.4500

15.7073
16.0608
16.6482

1.6205
1.3520
0.5988

10 0.65
1.50
1.90

19.3061
38.4921
60.6229

7.5877
15.1284
23.8264

16.5100
38.1000
48.2600

8.9223
22.9716
24.4336

1.1758
1.5184
1.0254
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TABLE V (Continued)

RELATIVE PORE VOLUME OF COATINGS 
ON BLACK GLASS SUBSTRATE

Thickness Coat Wt.
T h e o re tic a l A ctual Pore

Volume Volume Volume

R e la tiv e
Pore

Volume
No. in g/m2

11 1.07 21.0630 8.2783 27.1780 18.8997 2.2830
1.37 30.9316 12.1568 34.7980 22.6412 1.8624
2.50 68.1839 26.7981 63.5000 36.7019 1.3695

12 0.62 16.8778 6.6334 15.7480 9.1146 1.3740
1.20 29.5882 11.6289 30.4800 18.8511 1.6210
2.50 70.4744 27.6983 63.5000 35.8017 1.2925

13 1.00 28.0381 11.0196 25.4000 14.3804 1.3049
1.05 30.3456 11.9265 26.6700 14.7435 1.2361
1.90 60.7607 23.8806 48.2600 24.3794 1.0208

14 0.75 19.0134 7.5724 19.0500 11.4776 1.5157
1.17 43.3663 17.2715 29.7180 12.4465 0.7206
2.16 60.8985 24.2211 53.3400 29.1189 1.2022

15 0.80 27.5557 10.9747 20.3200 9.3453 0.8515
1.17 29.4675 11.7360 29.7180 17.9820 1.5322
2.37 65.4453 26.0650 60.1980 34.1330 1.3095

16 1.00 23.5255 9.3695 25.4000 16.0305 1.7109
1.57 38.3543 15.2754 39.8780 24.6026 1.6106
2.37 61.9492 24.6726 60.1980 35.5254 1.4398

17 1.00 22.4406 8.9347 " 25.4000 16.4626 1.8419
1.75 38.0616 15.1588 44.4500 29.2912 1.9322
2.37 63.7061 25.3724 60.1980 34.8256 1.3725

18 0.75 15.9132 6.4958 19.0500 12.5542 1.9326
1.60 36.7529 15.0028 40.6400 25.6372 1.7088
2.20 61.7083 25.1898 55.8800 30.6902 1.2183

19 0.95 20.8045 8.4925 24.1300 15.6375 1.8413
1.25 37.6139 15.3543 31.7500 16.3957 1.0678
2.37 62.4658 25.4990 60.1980 34.6990 1.3607
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TABLE V (Continued)

RELATIVE PORE VOLUME OF COATINGS 
ON BLACK GLASS SUBSTRATE

R ela tiv e
T h e o re tic a l A ctual Pore Pore

No.
Thickness

in .
Coat Wt. 

g/m2
Volume Volume Vo lime Volumf

20 0.95 22.1308 9.0339 24.1300 15.0961 1.6710
1.00 30.1394 12.3030 25.4000 13.0970 1.0645
2.10 68.1839 27.8332 53.3400 25.5068 0.9164

21 0.95 21.8033 8.9002 24.1300 15.2298 1.7111
1.20 39.5428 16.1416 30.4800 14.3384 0.8882
2.10 63.7921 26.0404 53.3400 27.2996 1.0483

22 0.95 15.3966 6.5595 24.1300 17.5705 2.6786
1.70 37.3036 17.6075 43.1800 25.5725 1.4523
2.10 61.2260 26.0847 53.3400 27.2553 1.0448

23 1.20 22.3717 9.5311 30.4800 20.9489 2.1979
1.10 38.5439 16.4212 27.9400 11.5188 0.7014
2.10 55.7321 23.7441 53.3400 29.5959 1.2464

24 0.95 17.0499 7.2639 24.1300 16.8661 2.3219
1.10 38.1647 16.2597 27.9400 11.6803 0.7183

. 2.10 63.0859 26.8771 53.3400 26.4629 0.9845

25 1.00 22.3888 9.5384 25.4000 15.8616 1-6629
1.20 38.0787 16.2230 30.4800 14.2570 0.8788
1.80 55.3011 23.5605 45.7200 22.1595 0.9405
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TABLE VI

UNCALENDERED 75° GLOSS OF 
COATINGS ON PAPER SUBSTRATE

Coat Wt. Coat Wt.
No. g /m^ Gloss No. g/m^

20.5494 26.76 8 14.1133
30.7112 20.63 25.0282
45.5024 17.30 31.6900
82.0100 25.40 61.6863
11.4412 45.83 22.0174

20.9257 27.56 9 18.5545
32.1040 22.53 24.4638
45.2390 19.46 32.7436
83.9672 18.56 61.1595
12.7587 26.93 10.9114

19.2319 24.26 10 13.1350
31.5390 22.03 20.6999
43.7338 19.23 30.3725
80.1661 17.13 57.6214
14.2262 24.23 7.6778

20.4365 25.36 11 12.7587
31.7277 22.73 19.4957
43.8091 20.60 31.2004
81.1445 18.76 50.9596
15.6942 25.06 7.8283

11.9303 8.78 12 13.1350
23.9741 6.84 22.3932
32.8565 6.00 32.2921
62.4389 4.22 48.9276

5.8334 7.78 4.4431

16.5973 10.02 13 12.8339
20.8128 8.86 22.5442
31.0122 7.20 31.9534
65.9770 5.22 59.8796

8.5809 9.26 4.9680

Gloss

12.10
10.26
9.98
7.76

10.64

12.72
12.82
13.02
13.22
11.74

15.82 
12.14

9.46
7.24

15.82

15.70
13.36
10.82 

8.78
14.78

18.48
17.90 
14.92 
13.26 
14.44

20.30
20.52
18.90 
15.58 
16.76
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TABLE VI (Continued)

UNCALENDERED 75° GLOSS OF 
COATINGS ON PAPER SUBSTRATE

Coat Wt. Coat Wt.
No. g/m2 Gloss No. g/m2 Gloss

14 13.9252 13.32 20 14.5649 19.94
20.5870 11.18 22.9581 23.18
30.3725 10.06 33.8725 24.34
55.8147 6.68 59.7667 27.08

8.5056 12.12 7.3767 13.72

15 14.5272 16.48 21 15.2803 17.56
20.6999 16.18 22.5818 18.32
31.7653 15.28 31.9911 18.64
60.9714 12.34 61.2348 18.30

5.9463 15.90 5.9087 14.40

16 12.8339 15.92
19.6463 15.84
30.5230 14.14
57.9977 11.26

5.8334 14.08

17. 13.9628 17.22
23.1086 18.10
31.0498 17.48
61.0842 16.00
5.7958 15.00

18 11.2906 11.30
23.2592 10.78
32.2168 9.40
62.5874 7.60

7.3391 9.68

19 12.7210 13.12
20.9257 12.46
31.8405 11.20
59.2023 9.14

7.6401 12.18
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