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ABSTRACT 

This study shows the r elatively s ma ll e ffect t hat pigme nt 

partic le pa cking ha ~- on prope r t i e s o f tht· c oated sl1 e et . An at­

tempt was made to var , r.h(• d,·gr e ,' of flocculation o f Liiv coating 

without e ffecting i t s othe r proper t i L·s. The t t' S ts n ,1 on th e 

coated shee ts were hr ightness, opacity, glos s and K & N ink ab­

sorption. The res u r t s showt' d no change in b o th brigh tnc:-- s s and 

opacity with a n incre ase in floccula t ion, and only slight t rends 

in decrease in gloss and K & N ink absorption nS the fl oc culation 

increased. 
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BACKGROUND AND DEVELOPMENT OF THE PROBLEM 

In thi s s tudy an attempt ha s been ma de t o de te nnine the 

e ff ect of pigment part i cle pa cking on coatPd sheet pr ope rt ies . 

Particle packing r e fers to the way in which a part ic l e atrange s 

itself with r es pect to a nothe r pa r ticle . I t i nclude s the di s ­

tance of separation a s we ll as whethe r t he packing i s order ly 

or random. The study actually had two main ob ject i ves . First, 

to prepare coatings that when applied to a s hee t wi l l be di f ­

ferent with respect to particle packing . Secondly, Lo de ter­

mine whe ther the diffe r ence in partic l e packing had any ef fe c t 

on the charac teristics of the coate d sheet . I f a r e l ationship 

does exis t be tween coated s hee t properties and pigmen t pa rticle 

packing , then it may be adv i sab l e t o do mo r e work in this area 

in an attempt t o i mprove on coated sheet prope r t i es. 

The amount of pigmen t par t ic l e pa cking can be de t e rmine d 

by use of the relative sediment volume (RSV) me as ur emen t . The 

RSV is the ratio of the voltlllle occupie d by the s e di ment to t he 

volume of t he solid particles . RSV is defined as: 
Vs+Vv ---

RSV = 
Vs 

Vs= Volume of the solid in the sediment 

Vv = Void volume in the sedimen t 

Vs+Vv = Total volume of the s ediment 

RSV d iffe r s f rom spe c i fic vo lume because it i s inde pendent o f 

the density of the s olid. The me ans of de tt' nnin i ng RSV o f a 

solid liqui d d i s pers i on i s t o separate t he s o l id phase from 
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the liquid phase. The techniques available are s e dimentation, 

eva poration, or filtration . 

From the definition it can be seen t hat if the solid vo l ­

ume is held constant, the only way to change RSV is to change 

the void volume . Since the void v ol ume is directly r elated t o 

the amount of flocculation of the system, it is easily deduced 

that changing the degree of dispersion will change the RSV and 

similarly the packing characteristics of the particles. 
. 1 Kline 

showed that the measurement of degree of flocculation by the 

RSV method produce d a curve vary s imi l ar to the curve produced 

using a Brookfield viscometer to measure t he degree of floc­

culation . In fact, the Brookfield viscomete r was shown to be 

more sensitive to change s in flocculation than was the RSV tech-

nique. Therefore , it would seem that Brookfield vis cosity is 

a faster, more accurate method to de tect changes in the pigment 

particle packing. 

One problem was to change the flocculation characte ristics 

of the coating without changing an v of the o ther prope r ties of 

the coating. Chalfin2 at tempte d to change the amount o f floc­

culation of a coating by varying the percen t age of di s persing 

agent. NaOH was used as the electroly t~ in pe rc entages from 

0.0 - 2.1% based on clay solids . His results r econfi rme d that 

RSV wa s an acceptable method for me asuring the amount of floc ­

culation in a clay-water dispersion, but wa s comp lete ly un ­

usable when adhesive levels were greater than 5 pph . No 
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corre lation was found be tween RSV and s hee t properties . This 

lack of corre lation can pos sibly be as s ociate d to t he wide range 

of PH values incurre d by vary i ng the amount of e l ectrolyte . 

Ac id hydrolysis of the s tarch adhes i vt· was indicate d be low PH 7. 

From this study it seems ve r y pos s ible that the l ac k of c or ­

relation between RSV and shee t prope r t i e s could have been due 

to change s in the adhesive properties with change in PH of the 

system. Thus, one of the problems is to prepar e a coating of 

various degrees of flocculation while keeping t he PH constan t , 

and thereby reduce the e ffect of PH on adhesive propertie s. No 

other literature was found r e lating RSV or pigment partic le 

packing and sheet properties. 

The theory behind the dispe rsion of cl ay i s of prime im­

portance f or t his study. ThL' "Doub l e Layer The ory" a s explaine d 

3 by Asdell is the most wide ly acce pte d theory for clay dispe rsion. 

The essentials of this the ory are a s follows. The clay par t icl e 

is surrounded by an adsorbe d water layer and bears a net nega t ive 

charge and reacts as a negative ion and adsorbs pos itive ions 

from the surroundings to balance the charge . In wa t er, hydrogen 

ion reacts with the clay to balance the clay charge forming a 

water hull around the clay. But, because of the small equil­

ibrium distance that hydrogen ion has, the c lay remains in a 

flocculate d s tate . In this state large agglomerates are present 

and a great me chanical forc e i s necessary to produce s he ar. 

The hydrogen ion can be r eplace d by ot he r pos itive i ons by a base 



-4-

exchange reaction. The electr olyte must contain hydr oxy l ions to 

neutralize the r eplaced hydrogen ions. Neutral salts tend to fonn 

acids that r eve rse t he reaction . If sodium ion is use d to repl ~ce 

the hydrogen ion of the clay, sodium c lay is produced which has 

a large equi librium distance and thus has negated the effec t of 

attractive forces between the particles . Very little me chanical 

force is requi re d to produce s hear. If a la rge excess of elec t­

rolyte is added the size of t he wate r hull i s r e duced and t he 

at tractive forces are again e ffective. The clay syst m will t hen 

begin to r eflocculate . 

On the basis of the limite d amoun t of previous study and 

the double layer theory of dispe rsion, it should be possible to 

study the e ffect of pigment particle packing on sheet proper ties. 
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EXPERIMENTAL SECTION 

So as to be abl e to control th e dispers i on of the clay, an 

undispersed English Star clay wa s chosen as the pigment. The 

dry clay was screened through a #30 s creen, with 590 micron open­

ings so as to eliminate large agglome rates. The clay was dis ­

persed at 4Cf% sol ids using .3% TSPP as the dispersing agent in 

a Hamilton Beach high speed mixer fo r ten minutes. 

By using a neutral salt, s odium chloride, an excess of sodium 

ions was introduced to the dispersed sodium clay. The sodium 

chloride was added to the clay dispersion :nsolution, in amounts 

varying from O.O - 3.0% dry sodium chloride based on c l ay so lids. 

It should be noted that a visible thickening of the dispe rsion 

was observed on addition of the s odium chloride . 

The adhesive chosen wa s a Stayco M oxidized s tarch. The 

starch was cooked at 15% solids i n a double boiler for twenty 

minutes at 190°F. The starch wa s cooled to 130°F and adde d to 

the clay system in amounts of 15% of the clay solids. The coating 

was mixed in the Hamilton Beach mixer for five minute s at a speed 

slow enough so air did not become trape d in the coating. 

Brookfield viscosity of the coating was measured at 100 rpm 

using a number 1 or 2 spindle and converted to centipoise using 

the chart accompanying the instrument. The PH was a lso measured 

for each coating. Drawdowns were made with each coating using 

a #11 Meye r rod. The sheets were a l lowed to air dry and t hen were 

conditione d to Tappi Standard Conditions pr i or to testing. 



-6-

The test s that were run on the s heets were brightness , 

0 opacity, 75 gloss and K & N ink abs orption. After these t ests 

were comple ted the sheets we r e ca l endered with t he WMU l a b super­

calender using 40 psi nip pressure and r e t ~s t e d for gloss . 
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DISCUSSION OF EXPERIMENTAL RESUDTS 

From the data displaye d i n Table I, r e lating the amount of 

s odium chloride added and the corres ponding change in Br ook f i eld 

. viscosity, it is shown tha t the fl occulation characteristics of 

the coating are being a f f ected. The viscosity in at least one 

case more than doubled. From the aSSlUllp ti on tha t v i sc os ity i s 

a realistic method for mea s uring i f the p i gment particle packing 

is affected, then the sodium c~loride is true l y changing the 

pigment particle packing. It seems reasonable to as sume that by 

increasing the viscosity the particles are agglomerating t o­

gether to f orm larger particles and therefore could possibly be 

expected to show up in the coated sheet as di ffences in th e shee t 

properties. 

The PH data in Table I shows a trend of a decrease in PH 

as the amount of sodium chloride adde d inc r e ase d. This would 

indicate that the sodium ions from t he TSPP were not comple tel y 

replacing the hydrogen ions on the clay. Therefore , when the 

sodium chloride was added the r emaining hydrogen ions on the clay 

were r eplaced by the sodium ions, liberating the hydrogens to 

form hydrochloric acid and cause a drop in PH. 

The opacity data from Table I shows very little change in 

opacity if any. It would be impossible to say tha t a trend one 

way or the other was indicated. It could have been expected that 

t he opacity would have increased with the increase i n floccu1 ation. 
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This would have been thought due t o l e ss s urfa ce c onta c t be tween 

clay particles and therefore more clay-air inte rfaces. The clay­

air interfaces would provide more potential sca ttering s ites and 

thus an increase in opacity could be expe cted. By observing no 

apparent change in opacity, it can be as s ume d that t he amoun t of 

clay-air interface present was no t s i gnificantly di f f e rent in the 

dispersed state and in the flocculate d s ta te , i f the dis persed and 

flocculated states were truly present. 

The data in Table I shows very little diffe rence in the IPC 

brightness of the various samples. This was as expecte d be cause 

the relatively small change in particle size would not e ffect the 

average amount of r e flectance significantly. 

The K & N ink absorption data from Table I shows that a trend 

could possibly exist. This trend is quite small and if present at 

all is in a decrease in K & N ink absorption as the amount of floc ­

culation of the particles increases. This trend can be explaine d 

as follows. If the amount of surface area is de creased by the ag­

glomeration of the particle , and if ink absorption is due mainl y 

to absorption on the clay surfaces, a smaller amount of s ur f ace area 

brought about by floccula t ion would lead to an ink abs orption de­

crease. Alsb, because of the decreased area available for the 

adhesive, the coating ~ill contain a greater excess of adhesive . 

It has been shown that as the amount of adhesiv~ increases, t he 

ink absorption decreases . Another.· l mportant e ffect that enters into 
. . . . 

the ink absorption is the capillary action of t he pores . The 
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larger pores that are dominant in the flocculate d system would 

tend to produce less capillary e ffect on the ink and thus would 

have less ink drawn within it than would the more numerous, 

smaller pores of the disperse d system. Which ever mechanism 

may actually apply, at least the r e is a small indication that 

something has happened. 

The data from Table II is of mos t interest be cau se of the 

more widespread belief that gloss is very much dependant on the 

dispersion characteristics of the pigment. From the data for 

both the ' uncalendered and for the various degrees of calendering, 

there may possibly be a slight trend present. This trend would 

seem to be that as the flocculation of the system increased the 

gloss apparently decrease~ to a slight ext~nt. This would 

follow logically f~om the thinking that as the particles agglom­

erated together and begin packing in a less orderly more bulky 

manner, that the amount of glossy surface s will decrease and 

therefore decrease the ove rall gloss of the sheet. Al though the 

trend displayed is not in contradiction with the expe c t ed , it is 

less. 

One point that should be brought out concerning the pro­

cedure and the results is that the sheets were allowe d to air 

dry. This could conceivably produce an e ffect tha t woul d be 

entirely different than if the sheets were flash dried in a con­

ventional manner. 
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Table I. Sunwnary ef Data , For Uncalende r ed Shee ts. 

% 
NaCl Coating B&L IPC 

Added Viscosityi" PH Opacity Brightness K&N ink'\-k 

0 . 0 84.5 6.95 93.0 85.4 

0.4 96.3 6.75 92.6 85.3 

0.6 132 6.70 92.7 85.l 

o.o 90 6.95 93.6 84.9 49 .4 

0.5 94 6.65 93. 7 85.0 47.8 

1.0 116 6.55 93.0 84.9 45.5 

1.5 165 6.45 93.2 84.8 45.2 

o.o 84 6.55 93.0 85.0 57.7 

1.0 104 6.40 92. 9 84.9 56.3 

2.0 120 6.25 - 92.6 84 .9 56.6 

3.0 190 6.20 93.1 84.9 56.0 

*Viscosity expressed in centipoise, measured at 100 rpm using 
the Brookfield Viscosimeter. 

'lnlrK&N ink absorption measured by recording the brightness of the 
sheet; applying ink and allowing to absorb for two minutes; 
wiping off the ink and again r cording brigptnes s . The K&N 
ink absorpt i on is the difference in brightness divided by the 
original brightness and expressed in percent. 
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- Table II Gloss Of Coated Sheets* 

% 
NaCl 0 Nips 2 Nips 4 Nips 8 Nips 

o.o 5.8 34.2 40.5 46.6 

0.4 5.1 32.7 38.4 46.2 

0.6 4. 7 31.5 37 .4 44 .3 

o.o 6.5 36.8 44.8 51.8 

o.s 5.5 35.0 42.8 50 . 7 

1.0 5.4 34.3 40.6 49.0 

1.5 5.4 35 .o 41. 7 49.3 

o.o 5.4 40.7 46.7 54.4 

1.0 4.8 39.1 46.0 53.1 

2.0 4.6 36.5 42.7 50.6 

3.0 4. 7 38. 3 43.7 51.4 

-I.Measured at 75° with Hunter Multip~rpose Glossmeter 
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CONCLUSIONS 

This study was undertaken to detennine how variation in 

pigment particle packing in fluence s coate d shee t properties. 

From the rise in viscosity upon addition of sodium chloride to 

the dispersed clay, it seems safe to as stnne that this me thod 

was successful in changing the pigment particle packing char­

acteriatics. 

There were indications that a trend in certain propertie s 

such as gloss and K & N ink absorption was observed and the se 

trends could .be explained in tenns of increased flocculation. 

The opacity did not change which could only lead one to believe 

that flocculation does not effect the coating as much as might 

be expected. 

From this approach to the pigment particle packing question 

and from the very slight difference s observed in the different 

samples, it would seem that the dispersion characteristics , 

within the workable range of coater application, is not highly 

critical to sheet characteristics. 
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