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ABSTRACT

Many compounds, "flow modifiers", have been used
to change the flow »roperties of costing sdhesives.
Thiourea, amoniun thiocyenate,end urea were used in
this work to Tind oat what effect they would hove on
the costing adhesives, starch and alphe protein, It
vas found that ther all lowered the viscosity a great
denl, Aleo 1t was found that the resulting flow

curve in most casec was pseudoplastic.
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RHEQLOCY OF COATING ADIESIVES
INTRODUCTION

High speed on te mechine coatling has made 1t
necessary for the naoper coater to increase the per
cent sollds of the coating color. One of the best
means of doing thic 1s to0 chenge the flow properties
of the coating ndhesive to allow an increase in the
solids content of *he coating color to be made, There
are many types of flow modifiers now belng used and
being tried on expcrimental coating colors, |

Before eny attcipt can be made to describe the
effect of the various flow modifiers on adhesives
used in the preparntion of coating colors 1t 1s import-
ant for one to understand the different types of flow,
and why knowledge of the type of flow is importent.

Rheolosy is the sclence of the deformation ~nd
flow of matter. There are many types of flow. Those
of importance to the peper coater include Newtonlaon,
plastic, pseudopnleoctic, dllatant, end thixotropy.

(x)



TYPRS OF FLOW

One of the firet men to 2pply physical consider-
ations to the flow of liqulds was Sir Isace Newton(l).
The Newton model of flow consists of two parallel
plates with the spoce between them fillled with the
test 1liquid. A toncential shearing gtress, F, i1s
epplied to the top ~late which then moves wlth reepect
to the bottom plate and carries with 1t innumerable
parellel planes of the test liquid., The top plane
moves the greatest dlstance end the bottom plene
renailns stationary. If v 1s the veloclty of the top
plane and r 18 the distance between the top and the
botton planes, then %; is the veloecity gradiant or
rate of shecr. For o constant velue of F, g% must
be constant throustout the test materiel. Hewton
cpouned that the shienring stress per unit ares, F,
was directly pronoritlonal to the rate of sheer as

-

showvn 1in equation 7:

F=n %; (1)

where the proporticnally econstant, n, 1s the coeffic-
lent of viscoslity v:lch is defined as the tangentlal
shearing force per it area that will induce 2 unit
rate of shear.

Another type of system which exhiblits flow is
(2)



one lmown as a plastie of which a clay-water suspension

i1s typlcal., In such a system flow willl start once &

sufficlent shearing stress has been exerted upon 1t

to overcome the intornel resistance to flow, The

stress necessary to initlste flow is the yleld value,f.

Once such & systen hegins to flow, it proceeds lineerly

as in Newtonlan flow. FEquation 2 deseribes plaestic flow:
F-feng% (2)

A third type of flow, pscudoplastic, 1s charsc-
terized by o nonlincar flow curve where the rate of
shear increcses moxrc raplidlly than the shearing stress
and where there 1s 0 yield'value. This type of flow
12 described by eq:~tion 33

§E 2 aeP T (3)
en example of thils type of flow is a dlspersion of
hisgh polymers such 2s casein,

Dilatent flow is characteriged by a nonlinear
flow curve vhere lorge increases in the shearing stress
are required to prcduce smell increases in the rate of
shear. High solld:~, closely packed plgment dlspersions
exhiblt dllatant flow,.

Thixotroplc syctems give nonlinear flow curves
where the rate of chear increases more rapldly than
the sheecring stres: as the shearing atress ‘o 1nereased.
Once the structure of the system hagc beéen brolen, the

(3)



flow curve wlll conform t0 either thet of a plastic or
pseudoplastic systen and will require less shearing
gtress %o produce o unit change In the rate of sghear
than orginally. Thus if a plot is obtalined of the
rate of shear versus the shearing stress from minimum
to maximum and beck to minimum shearing stress,
en hysteresis loop s obtazined. This breakdown in
strueture con best be explained ss & liquidation of
2 gel to form 2 80l when the strese ieg applied ond
when the stress lg released, the sol will revert to a
gel (1).

The graph on the following page shows the flow curve
obtained on o rotetlonal type viscometer for the
types of flow described above,

It hes been shown (1) that some materials
exhiblting Newtonian flow a2t low rates of shear
give nonlinear flov curves when the rate of shear is
sufficlently hisgh., Host, 1f not all, coating colors
give nonlinear flow curves, Beccus® the rate of shear
on the coating colo:r when used with on the machine
coating 1s high, 1t ig importent for the paper
coater to use o viccemeter thet is able to apply ¢ high
rate of shear to the coating color.

(4)
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TY:ES OF VIBCOMETERS

There are many ¢ifferent test used to control
coeting colors in t o mill, They Iinclude a determination
of per cent solids, 2 measure of viscosity, ~nd, of
course, visuzl ingspcction of the finlshed sheet,

There ore over 25 different metholds (2) of estimating
viscoslty and these use over 100 different modifications
of viscometers, The most common viscometers, and they
are the ones to be 'sed in this thesls, include the
Stormer, Brookfleld. Hercules, and Mac “ichsel. They
are oll concentric cylinder type with the exception of
the Brookfleld., The Mac Michael cnd Hercules measure
the amount of torcuc transmitted by the coating color
whlle varylng ratee of sheer are epplled. The Stormer
measures the time roquired for a certain number of
revolutions when %o material 1s shsared under a
constent loed is neasured, A direct viscosity reading
cen be obtalined by sing the Brookfleld.

However, due to the high shearing rate apnlied to
peper et high speod on the mochine coaters, attempts
have been mode to lcrease the rate of shear in the
viscometer, Thisc 13 in order to more closely

simulate the conditiong at the nip.

(63



FLOW MODIFIFT" USED OMN COATING ADHESIVES

There have been a number of different compounds
used to modify the flow characteristics of a coating
cdheslve., Sodl:mm sequisilicate, uree, dicyandiomide,
acetemlde, thlocyonctes, latlees, ond other compounds
have been used to o’ter the flow of a conting adhesive,

The use of uree (4), (6) ag a fluldifying egent
for paper coating cdhesives appears attractive for the
following reasons:

.. Smoll amounts of ures are required
for lorge reductions in viscosity.

2., It hos & stabllizing effect on the
coeting edhesive,

3. folubllity of urea makes its addition
to hirh nolids adheslve dispersions
simnle.

Uree. 's cheap ond very plentiful,

Dicandiomide koo dbeen found to be an effective
stablilizer on the v'scoslty of sterch ~dhesives, It
will also reduce thc vlscoslty of the starch cdhesive
e preat deal(4).

Ihe use of sodlum sequisilica_te as & flow
modifler can be uced to great ndventage with caseln.
With the proper amount of sodium seculsilicate the
apporent vliscosity can be nmodified to less than 30

per cent of the mmodified color (3) In addition, the
(7)



solids content can e inereased to more than 65 per
cent., Colors modifled with sodium sequlsllicate are
usually peseudoplagtic,

Letlces have of%en been used to modify the flow
of coating adheslves. Dow Latex 512-R has been studied
in great detall by Jalm (5). The conclusionse reached
in this experiment ‘ncluded that 512-R 1s a valusble
nodilfier for casein, alphe protein, and starch bound
coatinge, Thle is due to the fact that its initial
viscosity ie lower than that of the adhesive , end
partially substitating 512«R for the adheslive will
result 1s a lower Tinal viscosity.

There are mony variables that one encounters
vhen working with flow modifiers, The per cent of the
flow modifier thet is added to the adhesive has &
very definite affcct of the final viscosity. It
is usually found that there 1s an upper 1imlt to the
snomt that 1s ecoromically wise to add. Beyond this
point there 1s o s~nll viscoslty change in relation to
the amount nadded. The effectiveness of the modifier
can be Influenced Hy 1ts erder of eddition to the
adhesive, odding <’ ther before cooking the adhesive or
after cooking (3).

T ne finel viscostly thet will result from the addition

(8)



of the flow modific: willl be due to & large degree to
the type of viscomciter used (2)s The rate of

shearing hes a loarge effeet on the final visecosity,

as has been mentioned before, and the resultent type of

flow will lergely copend on the viscometer uned,

(9)
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TXPTRIMENTAL DESIGH

The adhesives to be tested were cooked in the
following menner;

STARCH- Btayco 7 starch was used, being cooked at
40 per cent solidas, The flow modifier wag added 28 o
percentage of dry rdhesive,, and was added in the follow-
ing percentoges, 07, 5%, 109, end 25%, The etgrcﬁ was
heated to 85°C snd cocked for 15 minutes. It was then
colled to roonm temperature end the viscosity detomined,

ATPHA PROTTIN- Alpha Proteiln was cooked at 18,18
per cent solids, 7Te Tlow modifier was sdded 2s a
percentage of dry ohesive, and wes added in the follow-
ing percentages, 07, 5%, 10#, and 25%, The protein
was soaked for 15 minutes before a cutting agent was
added., The protein was ent with 104 NH3 based on the
welght of the protein. It wes then heated to 58°C snd
cooked for one hour. The protein was cooled to roon
temperature ond %thie viscosity deterrined,

The viscosity ol the adhesives was ﬁétergined with
a Stormer =nd BrookTield vliscometer. The directions
with the instirument " were followed in determining the

viscosity.

(11)



RESULTS

The results froa thls thesls are presented on the
following 12 graphc. The object of this thesis wos
to determine the tyne of curve we can obtain with o
certalin combinetlion & flow modifier and adheslve. The
degree of reductlion of the viecosity of the odhesive
was also to be noted.

The graphn oht-ined with the Stormer are plots
of the ariving force ( ¥ axis) versus the Revolutions
Por Minute on the ¥ axis,

¥ith the DrookTield, the Revolutions Per Minute
wes nlotted versne the reading on the 100 ccale on
the Brookfield, C(re apindle was used on e certain

combination of achesive snd flow modifiler.

(12)



Fisoaé 3

|
: SREaRnEmaasEE ¥
H St
! I T 7 P
~ — | e b'l
I 5 :
= T .
i HH H ErTe
| | & E
u AR 4
[ | K
u ¥ | * -{,[L ~
| \ W
el i B
| = \
t \J L
o 1 1 <
] ’
-
FE 7
nr y
¥ . \\ \\
A #
e \\ )
] 7 7
\ \\ s 4
\\
% [ N
A P {
af d {
o f | I
¥ a AR W E =
T -
_ o
1




Figoee &

N

Y14

pelal

700

A |

&C0

N el

e

4an

<OD

-
- — —— 4
S ——4— 44—
- 4
i i
| 1|
4 4] =
]
=
e = e
| |
t
I r

0

.

|60




EE
L1

et

11
AT e

|

|

T
1

[ ]

]

T

I

|

(D

&L

|

(]

5

+=—

L]
1A
T
I
]

Fiquke o

|

r~w

1920

» 00

400

300 4ed

109



Figore 4

|

—

)

NN

SESAEIEE

|
.

1#1

= [ T

bt

€ N T .Wm!
Ly
- -
i ENEE 3
|
I <y
X i
i ! ”
T L1 ~
N ANE =11
L/ i

=08




I 1
T
| 1 T
T T =
| |5
1 1 11
" M S o NS B I “ L 2
‘ T ] IRnD 7_ I
_ L=l _l =
| | | 7
T “ 1
[ =
|| | @
4 e ! - _.
i i T T ~
v » I} N
R S ] i ‘ + _
L
]
~
4 3 ——
< | |
] - u
/ ‘—
-~
/ B
= a
n i & N
~ B
. 1 .
N r~
= |
. o //I | *
= M - - _
= HUSEEN T ” _ NN
~ I i i l 4
- ™1 ! T ~ “ : A0 1 >
- i - l L L 1 | | T =i + bl 1=
[T LT [ g | e .~ = _.l B L k S
B = | | | | | -3 b A Sl =,
+ T : +— : +——— | L
|, ~~1 | L | | | | | | | : ! | iLE DY
o] EENSESRENs ST ERE =N E NSNS >y I )
N O O Y O O e O O s YD E ol e L ) '
EREEER . =1 e = I RARE &S EE i) p Pyl Iy
EEEEEmAu:cmaseaamRREam Caaga__uNanaes sase Eiad S SSacsEe nRcncetan: HEH
1 | I LY | [ i - 1 ™~ [ 3 3] e i b1 i = g | &
E—SEHERTEENRNIEEEE , B e WS PR e i ¥ £ 11 | 11 | ! 1
Pl EERss "SEEE SEENE SN il BES ER AL VEEED n SR NN VLRSS RSN |\\VW/V‘/;J;J EmEwg .Ll_. ot
SR R A T . I Iy — HE BES S SR RN ] o4 e o B E i it
J_‘ L . ~1_| ped 11 - RES RS S 0.8 i PSR ires S R aeanes St o =2 PN L -
_ ! N ., EREEESs =SEEN R L' LA LT R STRE TN AN ] ] R i i -
EERE LI TR el o I VR PP I T LT b I c‘r./.TLLulll .”r....TlHr. [ i il u l«m i M= =
VY “ | \T_.. ) o =N am - e R NS 14 f..m.l-lu JJ,J ) H SIS EE M ES 2
[ | L . EERNNARS uSENl IFNS0RFELES - SSE IS LN L= 36 31 B , Bl ; S
1 ) h e + - - = i | h ] H
== T T i T y T o ! 5 o T i o W | ™.
EmE, A EFNEN SERES USRS RENE:, o Tt S Sl B A B e
?1 ) _ e B - ,“ _ L* _ ! = 5 SRS < - b U.l.l.,ri: . HI_. 1— (11?\?[,4..,7\% - I!,\./.,. ﬁd_lmlmlv o _
SR . ; 1 A EREE R AR S S EEE SENE - S EEE SR AN NN
Tt W T = _ i B S e == T T AT oLE = .
Tt & 1 ] I J\\U\TU,P{*.:LIL\T RS SERCY =SS ~
— s — b - I - I i W yl.\j . ,\%\ R I = WJ.-,\.J = l/ﬂ =
= = S = — e g - Lo —+ T ﬂ A . :_w,lu =R NN R
= =0 AL B WA MRS B S —=t S = 1) SRS 0 G S TS (N T ¢ I = ! il (Nl e
I _ = o L] 1 1 L T 4; i S

o
]



Figuee o

7

=

v

77

1,2 P

.

20

=]
/5

A

&>




1

Fiqow

7E

LY/ TV

{

22

2

, 4
4 HHN
East g
- [
T jun (4
“W “ il BN

vy

yA

J T 117
b
| ™~
ammmmn g
o 1 W W |
[T i N AR
== | I
b}
- VS N |
e
NENE EEES
P N = N
X il
i

5 5




PLAY :.‘o;,lfyl —p

2 INCH 359-6G
XFEUFFEL N ESSER CO [ T2 1 IR S

3 X3 TO THE

H+E

Fiqoke R

\?’

i

¥
=)
<

~

» nD-
f')l'

1327

| RIS

sph
.r.'-l"
Bl

.\_Lq

-.“'i"q,.

| L

13

= | |
—

0

/)

ko



Fiqoke

1

4 o

b

[ B

v

J\\ -

Jon

1

100

»nJ

)

L L

—t-

§or

140
a2
o0
o0
o ?
50
5P
4
“uy I




o
("

(= e (O

1TT1

I

|

|

100




il

F| 1 Jes




BN

-

T




DISCISSION OF RESTLTS

In the expériments, starch wes modified wlth
uree. and ammonium ti:locyanate.

In figures 9 end 10 1t can be seen that the type
of flow curve obteined with both the Stormer and
Brookfield show pseudoplastice-thixotropic curves with
the larger amount of "flow modifier" having the
grectest effect in lowering the viscosity of the
starch, Both vliscometers show the same type of flow
curve, |

In figure 3, wvhere the actual viscosity in
centipoises is ploited versus the per cent "flow
modifier” added, it can be seen that ammonium thioe
cyenete has a much sreater effect on the viscosity
than does the urea. It also shows that the initial
5.per cent "flow madifier"lhaa the greatést effect
on the viecoslty ond as more is andded, the reduction
in viscosity 1s much less.

¥ith alpha protaein as the adhesive, ures, thiouree,
ond emmonium thiocyonote were used os "flow modifiers".

In figure 2 1t can be seen that the type of f{low

18 almost Newtonlen with urea, but has very slight

dilatant characteristics.

(25)



With ammonium thlocyanate, 28 ¢an be seen in
figure 3, the curves show dilatant flow. 1In fact
with 5 per cent emmonium thiocyanate the curve shows
thixotrople-dilatant flow.

¥With thiourea, Tigure &4, the curves again show
dilatancy with the 25 per c¢ent thiourea belng more
dilatent then the 10 per cent. This and the above
curves were obtained wlth the Stormer viscometer, and
in the type of flov we do not normally expect,

¥With the Brookfleld, we obtain a tyve of flow
that does not correspond with the type of flow curve
obtained with the Stormer. Here in figure 5 using
ures oas the "flow modifier" a pseudoplastic flow
curve is obtalned.

Again with omacnlum thiocysnate and thiourea,
figures 6 and 7, nceudoplestic flow is obtained,
although with 5 per cent and 10 per cent "modifier"
thixotroplc flow cen also be noted,

Therefore 1t ccn be seen that éhe two types of
viscometers, Brookxfield and Stormer, do not give the
panne type of flow carve when alphe protein is the
adheslve. The Stormer shows dilatant flow while the

Brookfield showe thixotropic-pseudoplastic flow.

(26)



Trom fisure 1, we con see that thioures has the greatest
effect on the viecosity of the alpha protein rdhesive
while ures hos the least effect on the viscosity. Ammon-
1um thilocyanecte 1lcs between the two.

£1s0 the 1niltir1l 5 ner cent "flow modifier" ndded
agein has the greatest effect on the viscoslty while
the continued additlon of the "modifler" does not

heve o8 much effect on the vlscoslty of the adheslve.

(27)



CONCLUISIONS
From the results of the exmeriments we cen see that

"flow modifiers" such as ures, thiouresa, snd ammonium
thlocyanate cen be used to lower the viscoslty of
coating adhesives a great deal, The type of flow
curvee obtalned 1s ususlly nsendoplastic, and the
initisl five per cent of th2o flow modifler added

has the greatest effect in lowering the viscoslty

of the adhesive.
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