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A single point viscosity measurement has been proven 
meaningless in determining the rheological and appli- 
cation properties of a paint. Paints having the same 
“one point“ viscosity can hove different settling, sag, 
and leveling properties. These rheological differences 
are graphically depicted by means of viscosity profiles 
obtained through the use of low and high shear rate 
viscometers. 

A method to evaluate the flow properties of 
paints and specifically leveling based on the rheology 
of sheared paint samples, as a function of time and 
at  variable low, and ultra-low shear rates, is de- 
scribed. 
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INTRODUCTION 

THE importance of viscosity as it relates to paint flow 
has long been recognized by the paint industry as 
evidenced by the extensive body of literature that has 
been devoted to this subject.1-6 More recently papers 
have been presented dealing with newer and more 
sophisticated methods for evaluating paint viscosity 
with the objective d establishing a true and complete 
“viscosity profile” of a paint that can be used to re- 
place the older incomplete and inexact methods of 
viscosity assessment. 

A study of paint phenomena makes quite clear 
that a single point viscosity measurement is quite in- 
adequate to explain all the various manifestations of 
paint flow (flow patterns during the preparation of 
the paint, settling of pigment during paint storage, 
viscosity behavior during paint application, and post- 
application flow phenomena such as sagging and level- 
ing). Multiple-point viscosity measurements must be 
made. Rest of all is to carry out a program of viscosity 
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measurement to the extent that sufficient points are 
established to provide a continuous picture of the vis- 
cosity behavior of the paint through a broad range of 
shear rates. By this procedure a comprehensive “vis- 
cosity profile” is obtained that provides a sound basis 
for interpreting and controlling the many varied facets 
of paint flow. 

The main purpose of the present investigationtvas 
to develop a practical method for establishing a paint 
viscosity profile that could be used to investigate the 
effect of “rheological” additives on the viscosity profile 
of a number of solvent based paint systems, and to 
devise a method for the quantitative prediction of 
flow behavior of the paint before and after applica- 
tion. 

GRAPHICAL PRESENTATION 
OF VISCOSITY PROFILE 

Pigment settling during storage, paint sagging on 
a vertical surface, leveling of brush marks, penetration 
into porous substrates and the general ‘feel’ or appear- 
ance of a paint are all related to specific shear stresses 
and shear rates and these in turn to viscosity in con- 
formance with equation ( 1). 

(v)  viscosity = (T) shear stress/ (D) shear rate (1) 

If shear stress is measured in dyne/cm2 and shear 
rate in sec-l, then viscosity is expressed in poise. Since 
countless shear rates are possible there is also an ac- 
companying number of possible viscosities in non- 
Newtonian fluids. A viscosity graph profile (viscosity 
vs. shear rate) provides a clear visual picture of how 
viscosity varies with the shear rate ( a  plot of log 
viscosity vs. log shear rate), see Figure 1. Logarithmic 
scales are employed since uniform numerical sc*alm me 
completely inadequate for portrayiiig the vast ranges 
of shear rates and viscosities that are involved in paint 
work. An alternate selection of parameters for thcb 1, 4 
scales might have been used to plot the viscosity pro- 
file, i.e., shear stress vs. shear rate. However, based on 
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Figure 1-Viscosity profile-a typical graph of viscosity- 
shear rate structure relations for a thixotropic paint 

COI isidcwblc experimentation, the viscosity and shear 
ratc log scalcs sckctcd for this study have proven 
iiiost iiseful in plotting the nieasured data and in in- 
tcy)rcbting results. 

I t  is not tlic intcut of this paper to review back- 
grouiid mntctrid o i l  various types of flow or to chci- 
datc the rnathc~ni:itical derivations and cquations for 
p i n t  rheology phenomena. Tlicse have bcen ade- 
cpately trcated elsewhcrc in thc recent literature.7.8 
Hather our piirpose is to rctport on n practical pro- 
ccdiirc for cstablishing a viscosity profile ( suitable for 
i t s ( '  in a coiivcwtional paint laboratory) that is both 
fundamciital i n  nature and highly useful in practice. 

In stai-ting this investigation, three instruments, 
capiblc of supplying viscosity data n t  known shear 
riitvs, wcrc coinparcd for iiitcr-iiistrunic.nt correlation 
: i d  r"1'rodiicil)ility ( TVci iberg KheoRoiiioiiietcr, 
1 Iaakc htovisco, and Brookfield Cone and Platc Vis- 
cotnrtcrs). As shown in Tables 1, 2, and 3 all three 
\vcrcb jii good agrc:c.mcnt on 110th thc unshcared and 
shcarcd snniplcs of paint. Differences did occur ( dif- 

Table 1 -Comparison of Viscometers3. 

WR 
- _ _ _ . . ~ _ _  

c /  P Shear Rate" - 
6ec-l) i u T  (S) (U) 6) 

Poise" 
~ ____________~__~______ 

IO- '  1200 180 750 180 
1 130 30 110 24 

I O  20 8 17 6.2 
100 5.8 3.8 4 3 

1000 s .o 3 .O 2.5 2.5 

\VR = \Vcissenbcrg Rhcogoiiiometer 
LJ T Uiitlisturlictl 
s = Shcalctl  

C/P Brooklicltl Cone and Plate (KVT and Fix-HRT) 

(.I) Data obtained by interpolation from viscosity profilcs. 

Table 2-Comparison of Viscometers 

Poise 

10-1 170 100 210 110 
1 38 22 35 22 

10 11 7.2 11 8 
100 5.0 4.4 5.2 4.5 

1000 3.8 3.2 

ferences that might be studied further and measured 
under more rigorous and comprehensive conditions 
for possible theoretical implications) However, these 
differences were not considered suffi\ >T 3ntly significant 
from a practical standpoint to ratc one instrument 
above the other. Furthermore, the dramatic variations 
in viscosity that resulted when shear rates were 
changed were of such magnitude that any minor dif- 
ference due to instrumentation would have little or 
no effect on the significance of the total data devel- 
oped. Hence, in view of relative low cost and sim- 
plicity of operation, the Brookfield Cone and Plate 
(C/P)  Viscometer war, selected for this study to de- 
velop the rheological information in medium, low, and 
ultra-low shear rate ranges. 

By using the Brookfield Cone and Plate Viscom- 
eter both in a conventional manner (spring tension un- 
der constant rotational conditions) and by Patton's 
spring relaxation technique (no motor rotation; spring 
tension variable as it relaxes to minimum stress) it 
was possible to cover the medium, low, and ultra-low 
shear rate regions. Shear rate regions have been arbi- 
trarily specified as ultra-low, less than 0.1 sec'l; low, 
0.1 to 10 sec-l; medium, 10-1,000 sec-l and high, 
greater than 1,000 sec-l. However, it should be under- 
stood that this is merely a general classification and 
other authors might select some other breakdown that 
would lead to overlapping. The following schedule 
was used in developing the viscosity data. Although 
previously reported in it is included here for 
ready reference (tests carried out at  77 F (25 C ) .  

(1) Introduce the test sample to C / P  viscometer 
with as littlc disturbance as possible and make re- 
laxation run ( uiidisturbcd sample). 

( 2 )  Continue with an ascending series of eight 
rotational runs (undisturbed sample) ; a five-minute 
shearing at top shear rate (384 sec-l); a descending 
serim of eight rotational runs (sheared sample). 

Table 3-Comparison of Viscometers 

Poise 

"R 
(U) (S) 

10 32 12 37 7.5 
100 7 5 7.2 3.5 

1000 3 3 3 2.7 

HK = H.aake Rototisco 
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( 3 )  Conclude with second relaxation run im- 
mediately after shearing for five-minutes at top shear 
rate of the C /P  Viscometer (sheared sample). 

Shearing the sample for five minutes at the max- 
imum shear rate of the viscometer “breaks” the thixo- 
tropic structure of the paint in a manner similar to 
brushing. In this breakdown, the longer shearing time 
tends to compensate for the lower shear rate produced 
in the viscometer (comparison with brushing). 

In the course of this investigation and using this 
schedule, it was noted that certain data obtained at 
the beginning and during the descending (undis- 
turbed sample) runs were not always strictly repro- 
ducible. This was attributed to an inability of the 
operator to handle the test paints in exactly the same 
way (say during the introduction of the ‘undisturbed’ 
paint sample to C /P  Viscometer), see Figure 1. 

“Undisturbed” data obtained in this manner must 
therefore be considered as an approximation to the 
viscosity for the ‘at rest’ state as measured by this 
procedure. I t  was later found that more reproducible 
results for the undisturbed viscosity could be obtained 
if the sample were subjected to an arbitrary shear 
history prior to the viscosity determinations (50 mild 
stirs with a wooden tongue depressor on a pint sample 
within a one-minute period). By this conditioning 
step, results were found duplicable. 

Results obtained after shearing at the highest 
shear rate (five minute working period) on the C/P  
Viscometer (384 sec-l ) were always readily repro- 
ducible (sheared sample). It is notable that samples 
sheared at higher shear rates (as provided by the 
Weissenberg Rheogoniometer) had essentially the 
same “sheared” viscosity profiles as those obtained 
with the Brookfield C /P  Viscometer (with its top 
shear rate of 384 sec-l) when taken in conjunction 
with a single point value obtained at the high shear 
rate range by a second high-shear-rate viscometer (op- 
erating at 18,500 sec-l) . Interpolation of data between 

.001 .01 0.1 I 10 100 1000 10000 

0 SHEAR RATTE(sec“J 

Figure 2-Areas measured by instruments used in obtaining 
a viscosity profile 

4- 

3- Tangent slope fine viscosiiy q = 400 
(from templofe reading) 

~~~ c /P  VISCOMETER 

t Time (minutes) 

I 2 3 4 5 6 7 

Figure 3-Graph used for obtaining data from Patton 
Cone and Plate Spring Relaxation Technique 

the medium shear rate range and this high shear point 
value is valid from a practical standpoint since it has 
been shown that at the high shear rates, the viscosity 
of a paint becomes substantially constant and rela- 
tively independent of the shear rate (only nominal 
changes in viscosity occur through this high range). 

Figure 2 graphically indicates the standard re- 
gions and procedures finally adopted for this investiga- 
tion. The shaded areas depict the viscosity ranges that 
can be measured with the noted instrumentations. In 
part of the low to medium shear rate range (1 to 384 
sed1) two Brookfield C /P  Viscometers of different 
“spring capacities” ( RVT:7,187 dynes/cm; 5X-HBT: 
287,480 dynes/cm) were employed to cover the vis- 
cosity ranges encountered. This was necessary since in 
many cases the viscosity exhibited by the solvent 
based paints exceeded the range of the RVT model 
viscometer but fell within the range of the Brookfield 
5X-HBT model. 

In developing the data in the low and ultra-low 
shear rate ranges by the C /P  Spring Relaxation tech- 
nique, it should be stressed that the procedure mea- 
sures viscosity as it moves from higher to lower shear 

this test procedure are not only measuring the viscos- 
ity at a different shear rate but also at a different time 
in its stage of “viscosity recovery” after being sub- 
jected to a prior stressing history. This method of mea- 
surement approaches the behavior of a paint that has 
been brushed on a vertical surface with regard to its 

__ 

rates (Figure 3). Hence, the data developed during - 
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flow conditions. Initially a high shear rate is applied 
to the paint, by means of the brush (simulated by 
five minutes shear at the highest shear rate in the 
viscometer). Removal of the brush immediately re- 
duces the shear stress acting upon the paint to a very 
much lower value. The shear stress now acting on the 
paint film is produced only by the action of surface 
tension forces and the force of gravity (in our vis- 
cometer modcl these forces are simulated by the ten- 
sion of the spring). As the viscosity “recovers” the 
shear rate decreases and the applied film approaches 
a condition of complete immobility (no sag). This 
condition is simulated by the spring relaxation tech- 
nique when the viscosity approaches infinity (spring 
relaws to n velocity approaching zero). 

Using this evaluation technique the experimental 
result? rcw>aled that the effects of brushing on a ver- 
t i c J  sui face can be closely reproduced and assessed 
whew thc spring relaxation technique is applied to the 
sheared paint ( w e  Appendix I ) .  Also, it should be 
observed that the film flow after brushing and thc 
ability of t h  paint to level out with controlled sag 
arc phenoincna that occur at a decreasing shear rate. 
Thi$ condition of decrcrtsing chear rate is simiilatcd by 
thc spring rclavation viscosity measurcment. 

EVALUATION AND INTERPRETATION 

A scrim of- paints (see Appendix I1 for formula- 
tion,) wcic p rcpmd in which the only variable was 
thc t Jpc  and/or amoimt of rheological agcnt used in 
the systcin (alkyd gloss cnamcl ) . Also included wac 
an cnaincl bawd on ‘1 comnicrcial thixotropic alkyd 
rcc;in, and A chlorinated rubber paint. In the alkyd 
glosc cwamc.1 folmulatioii, sufficient amounts of 
rlicologic,il ailditi\ c wcw introduced to give equiva- 
Icnt Storincr viscositicc (KU value). In the case of 
thc alkyd $os5 control (no iheological additive), the 
solids conccntmtion \v<ic incrcmsed to the point to 
whcrc tlic Stoi n1cr KU value rcachcd thc same stan- 
d m l  v,diw a? for thc other paints. Lcncta sag read- 
iiifii’ \V(YT ioutincly m& on all paints (Tuhles 4, 5, 
6 ) .  

Table 5-Thixotropic Alkyd 

Viscosity 
(Krebs Leneta 
Units) Sag Rating 

Control 85 12+ (Most) 

Inorganic 
Gellant 100 35 (Least) 
Rheox 53 97 35 (Inter- 

mediate) 

Brushout 

Leveling Sqg Rating 

Excellent Runs 
(Most sag) 
Excellent 

Brushmarks (Least sag) 
Good Good 

(Medium sag) 

rheological additives, and a fourth made with an in- 
organic gellant. 

From an inspection of these paint data, it be- 
comes readily apparent that no relationship exists at 
all between Stormer viscosity (KU value) and re- 
sistance to sagging. Visual examination of the undis- 
turbed cans of paint showed that the two paints mod- 
ified with the two organic agents had more consis- 
tency (apparent body) than the other two. Brushout 
samples of all four systems failed to reveal substan- 
tial differences in visual leveling but some “brush 
drag” was noted for the control paint on a manual 
brushout. 

Comparison of the viscosity profiles shown in 
Figures 4-7 indicates that at the ultra-low shear rates 
(less than 0.1 sec-I), the two paints modified with 
the or ’ ical agents” possess much higher 
v i s c o s i e u n s h e a r e d  or “undisturbed state. 
This explains their much more “bodied” appearance. 
The higher viscosity of the control at high shear rates 
(ca 10,000-1) explains the brush drag. 

Previous investigators8 have related sag control 
to the flow behavior of paints in the low and ultra-low 
shear rate regions (0.1 to 0.01 sec-l). A comparison 
of the viscosity data in this region (for both the un- 
sheared and sheared states) shows higher viscosities 
for the two paints modified with the organic rheologi- 
cal agents and accordingly both provided excellent 
sag control. The inorganic gellant also provided sag 
control but the control with no additive sagged ex- 
cessively. 

All four paints leveled equally well on brushing. 
It has been accepted5,* that the ability of a paint 

(containing a thixotropic additive ) to level well after 
application is related to its viscosity rccovery rate in 

Alkyd Gloss Enamel 

?’ciJ)le 4 givcs the data on four gloss paints: a 
i n o d i f i c d  control, two prcpared with clifferelit organic 

* Khcm 1 and Rheox 53 rcgistered trxlemark of Baker Castor Oil Co. 

Table 4-Alkyd Gloss Enamel 

Viscosity Leneta 
(Krebs Units) Sag Rating 

llheox 5.3‘ (10 PlIG) 86 25 (Best) 
Rlieox 1” (8 PIIG) 85 20 
Inorganic gcllant 87 8 
Con t i  olb 86 3 (Fail) 

(a)  Organic thixotropic agents supplied by the Baker Castor Oil Co. 
(b) KU value brought to 86 by solvent adjustment. 

Table 6-Chlorinated Rubber Based Paint 

Viscosity 
Krebs Brushometer Leneta 
Units (Poise) Sag Rating 

~~~ 

Thixatiol ST’ 

Inorganic gellant 
(14 PHG) 105 3.3 SO+ (Best) 

(16 PHG) 118 3 .G IS+ 

(a) Organic thixotropic additive, Baker Castor Oil Co. 
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Figure 4-Viscosity profile of alkyd gloss paint prepared 
with organic thixotropic additive (Rheox 53) 

Figure 5-Viscosity profile of alkyd gloss paint prepared 
with organic thixotropic additive (Rheox 1) 

the low and ultra-low shear rate regions. An examina- 
tion of typical viscosity profiles points up some of the 
trouble that has been encountered in the past with 
regard to semantics when discussing such terms as 
‘thixotropic paint’ and ‘recovery’ in the literature. In- 
spection of the submitted viscosity profiles shows 
quite clearly the differences that exist between the 
sheared and undisturbed states of a thixotropic sys- 
tem. Depending on the applied shear rate and its 
duration it is possible to pass through any number of 
intermediate viscosities between the depicted uppel 
and lower limits at  some given time. 

I t  is possible that the recovery of a paint with a 
near-pseudoplastic rheological behavior at a given 
shear rate may be so rapid or immediate that it be- 
comes substantially unmeasurable by conven tional 
instrumentation. Hence, it becomes necessary for one 
thing to widen the range of shear rate considered 
and, from a practical standpoint, to also assess a paint 
in terms of its actual appIication behavior. 

In our evaluation of paint behavior (as based on 
the viscosity profiles) it has generally been found 
that the ‘undisturbed viscosity profile’ can be directly 
related to the appearance of the undisturbed pnint i i i  

the can, to pigment settling, and to the ability of thc 
brush to pick LIP paint for applicalioll witliont drip- 
ping. The sheared viscosity profile (and its recovery 
rate) can be directly related to brush drag, leveling, 
sag control, and paint penetration into poi O I I S  su1)- 
strates (Figure 1) 

A further contributing lactor that should be ~‘011- 

sidered in interpreting the sheared viscosity profile is 
loss of solvent during and after application (neglected 
in the present investigation). Work is unclcr\v;ty 011 

this aspect of the problem wherein changes are being 
made in the solvent content to simulate solvent 
evaporation to the environment following paint ap- 
plication. 
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Figure 6-Viscosity profile of alkyd gloss paint prepared 
with inorganic gellant 

Figure 7-Viscosity profile of modified (h’gher solids) control 
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ALKYD GLOSS - SHEARED SAMPLES 

01 I \I \I \1 
01 I 10 001 01 100 1000 10000 

D SHEAR RATE (sec') 

Figure 8-Comparison of "sheared" viscosity profiles of alkyd 
gloss paints-organic thixotropic additives (Rheox 1 and 
Rheox 53); inorganic gellant and control (modified, no addi- 
tive). Viscosity-shear rate data at different time intervals 

indicated 

Neglecting the undisturbed viscosity prolile of thc 
four paints aiid considering only the sheared viscosj ty 
profiles ( F i g u r e  8) ,  the reason for higher sag ratings 
of the two organic t h o  tropic-coli taining-paints be- 
c~iiies obvious. They not only Iiave higher viscosity a t  
low shear rates ( .01 sec-' ), bxt tlicy attain these liigh- 
er viscosities much sooner (see 30 sec. :nit1 1 niin. 
readings). The higher brusli drag of the control paint 
on brushing is evidenced by this highcr viscosity at 
high sliear rates (ca 10,000 sec-I). 

Since all paints appeared to level well despi tc 
significant diffcrenees in viscosity among them at low 
shear rates, it  was decided to detcrniiiie if tlie niea- 
sured viscositics at low shear rates could lie uscd to 
explain t h e  results. 

By using cquation ( 2 )  (for thc tinic, for leveling 
as given by Patton:') 

and by iiiscrtiiig suitable vnlues as proposed 1)) liiiii 
for a typical situatioii (see Nomenclaturc section f o r  
values used), it is revealed that even at tho higlicsl 
viscosity after one minutc for the organic thixotropic 
ngeiit," thc tiine requircd for Ic,\ding of :I [ l ~ r w  mil 
tliick co;itiiig is only 43.3 scconds. 

\\'it11 rcy.prd to Stormcr viseositj., iiotc that  :I[ 
only onc point on tliese sc~vcral curvc's is the viscosity 
thc s a m c  ( s l i c w  rate of about 20-50 scu-l ) . Our W O ~ C  

iudicatcs tliat the Krebs-Stormcr viscosity measure- 
inc~it norm:~lly corrclntcs lvitli viscositics obtained iii 

tlie slirar ratc range of 20-125 scc-l. The data reveal 
tliat a one point viscosit)?, as o1)taiiic~d ivitli thc Storni- 
c r  paddlc viscomctcr, fails to providc inforination tliat 
c%aii l)c rclatcd to application propertics. 

Siiicc all four paints I r ~ 7 c ) l c d  ~vcll in  spitc of sig- 

001 01 01 I IO  100 1000 10000 

D SHEAR RATE(sec-') 

Figure 9-Comparison of "sheared" viscosity profiles of 
alkyd gloss paints prepared with two organic thixotropic 
additives (Thixcin R and Thixatrol ST). Viscosity-shear rate 

data obtained at different time intervals indicated 

iiificant differences in low shear rate viscosity, it is 
suggested that differences in low shear rate viscosities 
alone are not controlling and that viscosity recovery 
rates must be taken into consideration. 

Similar results were obtained in the evaluation of 
paints containing two othrr organic thixotropic 
agentsf as shown in Figure 9. 

Thixotropic Alkyds 

A conimercial thixotropic alkyd resin was ob- 
tained and formulated into an enamel per the resin 
supplier's suggested formula ( a rheological additive 

* Rheox 1 .  
t Tliixrin K aiid 1 liixntrol Si '  i-rgi%cred trademarks o f  Rater Castor 

0 1 1  <:o, 

I THIXOTROPIC ALKYD-CONTROL 1 \ 1 \ 
01 I 001 0.1 10 100 1000 loo00 

D SHEAR RATE (sec-') 

Figure 10-Viscosity profile of control paint based on thixo- 
tropic alkyd resin 
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Figure 1 1-Viscosity profile of paint based on thixotropic 
alkyd resin modified by inorganic gellant 

in the formulation was rccomnicnded) . Thc paint w'ls 
initially prcparcd without the addition of the rhcolog- 
ical additive suggestcd by the supplicr and thc, Storm- 
er viscosity aiid Leneta sag rating detci mincd. The 
values obtained indicated that the paint shonld be 
satisfactory. Howevcr, an actual brushout of thc paint 
showed this not to bc the case since, although the 
paint leveled well, it sagged quitc 11adlp (Talde 5 ) .  
On the other hand, thc viscosity profile ( F i g u r e  10) 
indicated that this poor result might have bccn ('1- 
pected since although the paint is thixotropic (in- 
dicated by the major differences bctween thc. iin- 

sheared aiid sheared viscosity profiles ) the profile for 
the sheared paint showed the viscosities at the low 
shear rates to be too low to prevent sagging. 

100000 

I O  000 
LOGARliHMIC SCbLE 

1000 

t 
:: 
E loo 
J, E? 
5 ' 10 
& 

.- - 

I 

OJ 
,001 ,01 01 I 10 100 1000 I"""" 

D SHEAR RATE (sec.') 

Figure 12-Viscosity profile of paint based on thixotropic 
alkyd resin modified by organic thixotropic additive (Rheox 

53) 

THIXOTROPIC ALKYD - SHEARED SAMPLES 1 
00, 0 ,  100 1000 10 

D SHEAR RATE(sec '1  

31 
0 

Figure 13-Comparison of "sheared" viscosity profiles of 
paints based on a thixotropic alkyd resin modified with an 
inorganic gellant; organic thixotropic additive (Rheox 53); 
and unmodified control. Viscosity-shear rate data obtained 

at different time intervals indicated 

Two further thixotropic alkyd samplcs were pre- 
pared, one with an organic thixotropic additivc and 
one witli an inorganic gellant. The viscosity plolilcs 
for these paints: ( F i g u r e s  11, 12) indicated that al- 
though both paints should have good sag control they 
might not level too wcdl. As shown in Tuhle 5, it w ~ s  
found that the paint prepared with the inorgnnic 
gellant had excellent sag control but e\hiliitcd lni ish 
marks. The paint prcparcd with the orpnic  t l i iv- 
tropic additive also had good control and its levcling, 
although not as good as the control, w ~ s  satidac-to1 y .  

The sheared viscosity profilc~ of the tl1rc.c paints 
were ieevaluatecl, but this timc, the interpi c.t,ltioii took 
into consideration thc timc data applic,xl)le to thr 
situation. Rcsults on this basis l~ecamc mol c' c.,isily 
explained ( F i g u r e  13). Note that cvm a f t r r  four m i l -  

utes, the control viscosity f d c d  to hi l t1  1111 to ( ' L Y Y ~  

1000 poise. The viscosity raiigc of thc paint prcp i i  c d  
with the oi ganic thivotropic additive for thc first two 
minutes (though higher) is not too significantlv gr(l.it- 
er. Thereafter its viscosity became two to tlirtlcx times 
higher. In the case of the inorgmic gcllaiit th(, viscos- 
ity builds much faster than foi cithcr of the, o t l i c v  two 
systems during the first 30 seconds and at  t h v  cml of 
two minutes \vas almost 100 times greater. T l i t  rc- 
sults obtained by the brushouts of the s,iniplvs m' 
thns readily evplained. 

- 

Chlorinated Rubber Based Paints - 

Two chlorinated rubber based paints wcrc pre- 
pared, one containing a modified organic bawd 
rheological agent and one inorganic gellant. 

Storiner viscosity and Leneta sag rating were 
measured (Table 6 ) .  A brushout of the sarnplcs re- 
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LOGARITHMIC SCALE 
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Figure 14-Viscosity profile of chlorinated rubber based 
paint containing an organic thixotropic additive (Thixatrol 

ST) 

vealed an improper leveling of the inorganic gellant 
sample but the paint did exhibit good sag control. 
Examination of the viscosity profiles of the two sys- 
tems, Figures 14 and 15, suggest that the sample pre- 
pared with the modified organic based rheological 
agent should be thixotropic (and should have good 
sag control and leveling) ; that the inorganic gellant 
should be near-pseudoplastic in nature and should 
also have excellent sag control. In further evaluating 
the viscosity profiles of the two paints, but using time/ 
viscosity data, Figure 16, it also becomes apparent 
that the sample based on the inorganic gellant builds 
viscosity initially at a much faster rate (compared to 
the modified organic based thixotrope ) thus explain- 
ing the difference noted in leveling. 
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Figure 15-Viscosity profile of chlorinated rubbed based 
paint containing an inorganic gellant 

I 
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Figure 16-Comparison of "sheared" Viscosity profiles of 
paints based on chlorinated rubber modified with an in- 
organic gellant and a n  organic thixotropic additive (Thixa- 
trol ST). Viscosity-shear rate data obtained at different time 

intervals indicated 

SUMMARY AND CONCLUSIONS 

A method based on low cost instrumentation has 
been provided to establish the viscosity profile of 
paints. As opposed to single point viscosity measure- 
ments, the viscosity profile supplies overall basic vis- 
cosity information that can be readily related to 
rheological performance. In the present paper viscos- 
ity profiles have been used to compare the effect of 
different rheological agents on flow behavior. A single 
point measurement is virtually meaningless for paint 
work (except for plant control) since it does not re- 
late to the many different shear rates involved in 
paint technology (from manufacturing to film curing). 
On the other hand, the information provided by the 
paint viscosity profiles can be related to practical 
paint flow performance. 

The use of the C/P spring relaxation technique 
yields data relative t o  viscosity recovery ( after severe 
stressing) that correlates well with leveling and sag 
behavior after paint application. A fairly low viscosity 
within the first few seconds or minutes assures brush 
mark leveling whereas sag control is attained through 
a subsequent viscosity recovery. Paints without a 
rheological additive exhibit little or no thixotropic be- 
havior and negligiblc thixotropic recovery. Hence 
leveling occurs but the paint sags excessively. 

Certain flow additives cause too fast a viscosity 
recovery, and although sag control is obtained, satis- 
factory levc~ling is absent. Other flow additives pro- 
vide a slower viscosity recovc~y that achicvcs a deli- 
cate balance between permissible sag and satisfactory 
lcvc4ing. 

The advantages provided by the C/P relaxation 
tcd~nique are basic in that: (1) the viscositics are 
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Nomenclature 

Z, = Wave amplitude (t = 0) (cni) (.0025 cm (1 mil) ) 
= Brush mark waielength (cm) ( . I  cnl) 

Z,  = Wave amplitude (t = t) (cm) (.0001 cm) 
= Viscosity (poise) (1,000 poise) 
= Surface tcnsion (dyne/cm) (32 dyne/cm2) 

X = Thickness (cm) (.0076 cm (3 mil) ) 
t Time (sec) 
v, = Velocity of  flow at wet film surfare (cmlsec) 

g 

D = Shear rate (sec-’) 

= Density of applicd paint (g/cm3) 

= Shear stress (dyne/cmz) 
Acceleration of gravity (980 cm/scc*) 

APPENDIX I 

Flow in a paint film immediately after application to 
a vertical surface is characterized by drastic decrease in 
shear stress and a corresponding sudden change in the 
shear rate and viscosity. An explanation is offered to indi- 
cate why the C/P spring relaxation technique (for mea- 
suring viscosity) is so suitable for establishing the flow 
conditions that apply to the post-application conditions of 
leveling and sagging. 

to a 
The sag velocity at the surface of a paint film applied 
vertical substrate is given by equation ( 3 )  

vo = px2 g/2q (3) 

During the downward paint flow, the value of the 
numerator of equation ( 3 )  remains substantially un- 
changed since the changes occurring in g, and X are minor 
(assumes that the paint does not sag excessively). It is 
recognized that immediately after the brush or roller 
coater is removed after application, the viscosity is gen- 
erally subject to a large increase (over several decades). 

Therefore, v. in equation ( 3 )  decreases with time as a 
consequence of the viscosity increase. 

Experience has shown that a limited amount of paint 
flow is required to achieve leveling (induced by surface 
tension forces). Hence, only a small amount of paint flow 
within a brief period is required to obscure brush marks. 
After leveling is obtained the viscosity must rise sufficient- 
ly to render v. negligible. Otherwise intolerable sagging 

The maximum shear stresses acting on a paint film 

Sagging I Xpg (due to gravity) (4) 

Leveling 248 XZy/h3 (due to surface tension) (5) 

Just after the application process itself is terminated, 
the viscosity is at its lowest point, at which stage viscosity 
recovery begins. The shear stress due to sagging is essen- 
tially constant at this point ( a  valid assumption for prac- 
tical purposes) whereas is an increasing variable. Then 

occurs. 

after application are given by equations (4) and (5). 
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based on the fundamental flow equation (equation (6) ) 
the shear rate (sec-') must be accordingly decreasing. 

Thus, shear rate is a decreasing variable during the 
post-application period for both leveling and sagging con- 
ditions. In line with this reasoning it is proposed that in- 
strumentation for measuring paint flow should be adapted 
to conditions that reproduce as closely as possible this de- 
creasing shear rate variation that is actually taking place. 

Viscosity recovery rate is the controlling variable in 
the rheology of a paint film during the leveling and sag 

period. The nature of the flow that occurs after application 
is characterized by a viscosity profile that rises rapidly 
within a brief period (seconds) and then tapers off at a 
gradually diminishing rate. The shear rate correspondingly 
decreases rapidly at first and then more slowly with time. 
This type of flow sequence is simulated in a semi-quantita- 
tive fashion by the use of the C/P viscometer using the 
spring relaxation technique. 

Laboratory findings based on this procedure indicate 
that the bulk of the thixotropic change that takes place in 
paint flow after application probably occurs within the 
first few seconds or minutes. 

APPENDIX I1 

Alkyd Gloss Enamel-Modified Control 

Formulation Pounds 

Alkyd (TT-R-266a, Type I, 70y0) 60 
45 Mineral spirits (K.B. 38, 320-385 F (160 196 C) ) 

Titanium calcium, 300/, TiO, (MIL-T-15195) 220 
Rutile titanium dioxide (TT-P-4426 Type 111) 220 
Disperse for 15 minutes 01 until the desired fineness is obtained, 
a t  a speed of 5400 rpm, then add the letdown as follows: 
Alkyd (TT-R-Z66a, Type I, 70%) 414 
Mineral Spirits (K.B 38, 320-385 F) 50 

6% Cobalt naphthenate 2.5 
1 .o 

24% Lead naphthenate 3.5 

Anti-skinning agent (methyl ethyl ketoxime) 

(a) This pigment is no longer being offered commercially. 

Thixotropic Alkyd Enamel 

Formulation Pounds 

Thixotropic alkyd resin, 65% Solids . . . . . . . . . . . . . . . . . .  115 
Mineral spirits (K.B. 38, 320-385 F) . . . . . . . . . . . . . . . . . . . . . .  40 
Soya lecithin ........................................................................... 4 
Zirconium octoate 6% .................................................... 7 
Thixotrope ............................................................... As indicated 
Mix the above 5 minutes on Cowles, at  low speed, then add: 

.................. 300 
Zinc oxide (TT-Y-463a, Type I, Grade A) 25 
Calcium carbonate (ASTM-1199-66T Type GC) ................ 60 
Disperse for a minimum of 15 minutes or until the desired 
temperature and fineness are obtained, at  high speed, then add 
the letdown as follows: 
Thixotropic alkyd resin, 65% Solids . . . . . . . . . . . . . . . . . . . .  359 
24y0 Lead naphthenate ...................................................... 4 
6% Cobalt naphthenate ........................................................ 2.5 

Mineral spirits (K.B. 38, 320-385 F) ................................ 111 

Rutile titanium dioxide (TT-P-4426 Type 111) 
....................... 

Anti-skinning agent (methyl ethyl ketoxime) . . . . . . . . . . . . . . . . .  2 

Alkyd Gloss Enamel 

Formulation Pounds 

Alkyd (TT-R-266a, Type I, 70%) .................. 
Mineral spirits (K.B. 38, 320-385 F) ...................................... 45 
Thixotrope ................................................................... As indicated 
Mix the above for 5 minutes on the Cowles, a t  low speed. Then 
add: 
Titanium calcium, 30y0 TiO, (MIL-T-15195) . . . . . . . . . . . . . .  220 
Rutile titanium dioxide (TT-P-4426 Type 111) ................ 220 
Disperse for 15 minutes or until the desired temperature and 
fineness are obtained, at  high speed, then add the letdown as 
follows: 
Alkyd (TT-R-266a, Type I, 70%) ........................................ 414 
Mineral spirits (K.B. 38, 320-385 F) ....................................... 100 

6% Cobalt naphthenate ................................................................ 2.5 
Anti-skinning agent (methyl ethyl ketoxime) ...................... 1.0 

24% Lead naphthenate ................................................................ 3.5 

High Build Chlorinated Rubber Paint 

Formulation Pounds 

Chlorinated rubber, 10 cps 176 
C,hlorinated paraffin (40y0 C1, 25 40 poises) 71 
Chlorinated polyphenyl, solid 43 
Dioctyl sebacate 14 

Barytes (ASTM-D604-42) 43 
Talc (TT-P-403A) 111 

Epichlorohydrin 0.8 

epoxide equiialent) . 5  

Thixotrope As indicated 
Titanium rutile (TT P-4426 Type 111) 204 

Xylene 340 
Aromatic solvent (370-410 F (188-210 C) , 90 K.B.) 85 

Epoxy rcsin liquid (11,000-13,500 cps 189 - 195 
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