/

L

(7
AN EVALUATION OF THE COOKING AND HOMOGENIZATION CHARACTERISTICS
OF VARIOUS TNMODIFIED STARCHRS

A THESIS
Presentad to
the Faculty of the Division of Graduate Studies

Georgia Institute of Technology

In Partial Fulfillment
of the Requirements for the Degree
Master of Science in Textiles

by
Frank Joseph Clarke

August 1952




AN EVALUATION OF THE COOKING AND HOMOOENIZATION
CHARACTERISTICS OF VARIOUS UNMODIFIED STARCHES

Approveds

. ——7

Date Approved by Chairman :éfi,_j,_m




TABIE OF CONTENTS

mmw‘mmm L] L] L L L] L L] L] - * * L] L] L - *

LIST OF TABLES‘ *® 8 & 4 & ® * & A4 & 4 & * F ® 4

LIST OF ?IG”’RES L * L L L] L L - L L L] L] » L] [ ] -

SIMY . L] L L [ ] * [ ] - - L] L] L] L] L] - - » - L -

Chapter
I,
II,
I1I.
Iv.

AFPENDIX . . .

» L] L L L - - - L] L] L] LJ L] L] Ld L] - . L] -

BIBLIOGRAPHY

INTRODUCTIN . o & & 4 & s o o o @
EXPERTMENTAL PROCEDMRE. . . « «
RESULTS AND DICUSSION OF RESULTS.
CONCLUSIQMS o o o ¢ o o o o o o o

L] L] L] L] - -* - - L - L] L L] L * L) - L]




iv

ACKNOWLEDGEMENTS

I am indebted to the Brabender Corporation, the Southerm S8iting
Company, the Minneapolis Honneywell Regulator Company, the Powera Reg-
ulator Company, and the Rich-Roth Laboratories for the instruments uaed
in this atudy. These, together with the starches furnished by Stein
Hall and Company and National Starch Products Incorporated, made it
possible for me to undertake this problem. But lts successful conclu-
slon is due in large part to the active assistance of Professor W.C.

Carter, Oeorgia Institute of Technology, Ur. Grant C. Rickard, Southern

Sizing Company, and my wife, Jean J. Clarke,




LIST OF TABLES

Table Fage

1. Viscosity and Stability of Kettle Cooked Starch as
Measured by Viscooraph « + o o o ¢ o ¢ = 5 s o s ¢ o » o « 19

2. Effect of liomogenization Pressure on the Viscosity of
Homogenised Corn Starch #hen Initial Temperature is
Constant . v« v v ¢ ¢ o o o » v o ¢ o s v + s x4 06 e 0 20

3. EBffect of Homogenizaticn Pressure on the Viscosity of
Homogenized Rice Starch Ahen Initial Temperature is
Cons tant . L - L] - L - - » L) » L] - L - L) 4 [ ] - L L L L - L 21

4. Effect of Homogenization Pressure on the Viscosity of
Homogenized Sago Starch When Initial Temperature is
cona tant L] - - - L] L] - - L - L] L] L] & - - - . L ] » [ ) L . - - 22

5. BEffect of Homogenization Pressure on the Viscositvy of
Homogenized Potato Starch When Initial Temperature is
cons tant [ * » - [ ] » L] L] L] - L] L] Ll L] L] L - - * & = s a & L] 23

6. Effect of Cooling on the Viscosity of Homogenized
Starch - - - - [ ] L] * - L L] L] -* - - - L] * L] L] » L] * L} L] L] L 24

7. Comparison of the Viscosities of Homogenized and
Kettle-Cooked Starch Size. . . . ¢« ¢ v « ¢ 2 « ¢ ¢ ¢ + + 4+ 25




Fipure
1.

2.
3.
‘n
3.
6.

7

9.

10,
11.
12,

13.

140

LIST OF FIGURES

Brabender Viscograph with Bowl, Resistance Measuring
Rod, and Timer Removed to Show Details of Construction . .

Experimental Appsratus Showing Viscograph, Heat Ex-
changer, Steam Regulator, Hemogenizer, and Ultra Vis-
coson with its PI‘Obe in the Flw Line' [ I L T T T T )

Rich=Roth Laboratories Ultra-~-Viscoson with Probe . . . . .
Close-up View of Ultra-Viscoson Probe . . . . + . .+ + « &

Maximum and Level Viscogities of Six Unmodified Starches
Prepared by Fettle Cooking as Measured by Viscegravh . . .

Maximum and Level Viscosities of Potato Starch as Measured
w Vis CO gr&ph B 4 & 4 & & ¥ 4 & 8 & + + # K 3 & & & 2

Maxdimum and Level Viscosities of Sage Starch as Measured
by viscogl‘am - L L [ ] . - » - § = &« = =+ a [ 3 - - - * L] - L]

Maximum and Level Viscosities of Rice Starch as Measured
by Viscograph .« o 4 ¢« v o ¢ 4 s o s ¢ o o o 2 s o o & 3 8

Maximum and Level Viscosities of Wheat 3tarch as
Measured by Viscograph . +» + ¢« « + + + « « « ¢ s a s e

Maximum and Level Viscosities of Corn Starch as
Heasured by Viscograph + +« o « + s o & » o ¢ o v o o o o o

Maximum and Level Viscosities of Tapioca Starch as
Ueasured by Viscograph . « ¢« o « & o » ¢ » o + s &

Summary of Figures 6 throuzh 11, . « . . . + & ¢« « &+ « & .

Maximum and Level Viscosities of Corn Starch Prepared
by Alternate Heating and Cooking, as Heasured by
Vis cog‘aph L] - L] L] - L] - L] L] - L] L] - L] LJ L] * * L} L] L L L] L]

Maximum and Level Viscosities of Tapioca Starch Frepared
by Alternate Heating and Cooling, as MHeasured by
ViSCOgraph L] - & - - " L » L] L4 L4 L] - - - * L3 L] - - . L] L .

Page

11
12
13

26

30

31

32
33

34

35




Figure
15.

16.

17,

vii

Page

Effect of Homogenizaticn Pressure on the Viscosity

of Sago, Rics, and Corn 3varches, when Initial

Temperature is Constznt, as seasurad by Fenick and

Ford Viscomater . v v ¢« 4 ¢ v 4 ¢ o 4 o o o 2 ¢ o & 2 = el

Effect of Homogenization Pressure on the Viscosity

of 8apo, Torn, Rice, and Potato 3tarches, When Initial
Tamperatura is Constant,, as ieasured by Ultra-

Visconson Vigcomebar o v ¢ o o s o v 4 4 4 s 0 s b e . 37

Effect of Cooling on the Viscosity of Homorenized
Wheat, Corn, and Potato Starches . . . . . .. . . ..

L
L




viii

SUMMARY

The cooking and homogenization characteristics of six umnodified
starches have been determined. These starches included corn, rice, tapi-
oca, sago, wheat, and rice. The study was confined 4o an evaluation of
the viscosities of hot starch pastes prepared by cooking and by homogeni-
zation as well as the viscosity stabilities of these prepared pastes.

The Brabender Viscograph was used in the preparation of cooked
pastes and the Logeman homogenizer was used in the homogenization
studies.

Viscosities were measured with three types of viscometers, namely,
a modified pipette type, a torsion type, and a sonic type.

The cooking cycle consisted of a 45 minute period during which the
cold starch slurry was heated to 197.6° F. followed by a 75 minute period
during which the temperature of the paste was held at 197.6° F. 1In the
homogenization studies, the cold starch slurries were preheated to a
temperature of 182° F. and then homogenized at homogenization pressures
up to 4000 pounds per squaré inch,

In the case of cooked starch pastes, the linear relationship of
log maximum viscosity to log starch concentration was found feor the six
starches studied. These results are in agreement with these found in
earlier experiments. After two hours of cooking, the only starches which
showad viscosity stability were corn and wheat.

In the case of homogenization, there is a rapid drop in the vis-

cosity of the hot pastes as the pressure of homogenization i3 increased;




however, a leveling of viscosity occcurs at pressures in excess of 1500
pounds per square inch. As the pressure of homogenization was increased,
there was a marked increase in the temperature of the prenheated slurry
during homogenization. Increases of temperature ranged Irom 1% F. at
low presswures to 16° F, at 4000 pounds per square inch.

The viscosities of starch pastes prepared by homogenization at
pressurses exceeding 1500 pounds per square inch were considerably lower

than those of starch pastes prepared by cooking.




CHAPTER 1
INTRODUCTION

Yefore weaving yarn into cloth it 1s often necessary that a pro-
tective coating be applied to the yarn so that the strains and abrasions
of weaving will not damage the yarn. The application of this proteciive
coatine is called slashing and the mixture used 1s known as size, Vari-
ous mixtures are used dependinz on the nature of the fibers frouw which
the yarns are spun. In the case of cotion, a mixture of starch, with
gums, waxes, anc olls added to impart special characteristics tc the
protective filw, is used, For this film to be successful it must coat
each thread completely and evenly without leaving uncoated portions or
thick globs of size which would lead to weaving difficulties.

Starch, which constitutes the major portion of a size mixture, is
inscluble in cold water and, therefore, it is necessary to convert it
into a homogseneous, fluid form which can be applied te the yarn. Two
methods are used to accoumplish this:

(a) Chemical modification, for example, by chlorination

{(b) wechanical modification, by heat, azitaticon, or homczerization

In this study, the effects of heating, azitation, aad hcmczeniza-
tion on starch paste viscosity and stability have been evaluated. The
effects of heating and azitation were studied with ithe Brabender Vicuo-
mraph to simulate kettls ccoking.

In kettle cooking, th2 unmcdified starch is mixed first with

water and then heated until it reaches the gelatinazation temperzture of




the starch. At this point the granular structure of the starch is dis-~
tended to its maximum by the entrance of water into the vesicles. This
together with the mechanical agitation accomplished by constant stirring
causes the rupturing of the vesicles after which the soluble portion of
the starch is released into the mixture and a decrease in viscosity oc-
curs. The granules, being of various sizes, swell at varying rates and
the amount of rupturing at any cne temperature represents only a portien
of the granules actually present. Therefore, the mixture continues to be
viscous beyond the maximum viscosity poeint and the viscosity steadily
decreases until the majority of the vesicles have been ruptured and a
level viscosity is reached. The time required for this cooklng varies
with the starch. For comparative purposes, a two-hour cooking cycle was
used in these experiments since this is typical of the cycle required for
the stability of pearl corn starch pastes. Pearl corn represents the
majJor starch used by the cotton textile industry for warp =ize.

Once the stable viscosity has been reached, the mixture, now
called size, is ready for use. The quantities needed for slashing are
drawn off and the remainder is stored at a constant temperature with
mild agitation until needed. Since the size shows decreased protective
efficlency after prolonged storage, only enough sise for immediate use
is usually prepared and new batches are added as required.

The method described above is called kettle cocking because a
large size kettle containing heating coils or steam jets is used. It is
the oldest of those methods now in use but it has the drawback of a long
period of preparation with its attendant costs in labor and power. In

addition, there is some question as to the actual stability of the size




prepared because of the excessive heating effects of live steam being
injected into the slurry as it is cooked, together with the facet that
not all the vesicles may have been ruptured causing a poor size to be
made.

A newer method attempts to overcome these drawbacks by substitu-
ting mechanical shearing action for heating to rupture the starch vesi-
cles thereby making it possible to reach a stable viscosity quickly
while insuring complete destruction of the granular structure of the
starch. This method is called homegenization. In practice the starch
is mixed with ccld water and heated to a temperature above its gelaten-
izing temperature, The heated slurry is then forced through an crifice
which ruptures the veslcles thereby converting it into size. The heat
generated by the homogenization preasure is sufficient to ralse the
temperature of the size to that desired for use. From the homogenizer
the size passes to storage kettles where it 1s atored at a constant
temperature with stirring in the same manner as is kettle cooked size.
Homogenization under ideal conditions destroy the vesicular structure
of the starch and there are no intact vesicles to rupture during storage
as may occure with kettle cooked size.

The conversion of the hot slurry inte finished size by homogeni-
zation is virtually instantaneous, being limited only by the capdcity of
the pump and pipe used to pass the mixture through the homogenizer.
Therefore, it is possible to have a continuous operation and prepare only
a quantity sufficient for immediate use without the long cooking cycle
of the kettle cooking method. This results in lower labor and power

costs while yet insuring that a stable size will be produced.




In this study, size prepared from starch and water only was used
and no attempt was made to evaluate various other additives uwsed in com-

mercial size preparations.




CHAPTER II
EXPERIMENTAL PROCEDURE

3ix unmodified starches were used in this study. A single one
hundred pound bag of each starch was obtained and all experiments con-
cerning that starch were made with portions drawn from that bag. The
starches used were corn, tapioca, sago, rice, wheat, and potato. These
8ix starches represent those most commonly used in the textile industry.
All six bags were stored together under the same conditions of tempers-
ture and relative humidity.

To insure a thorough evaluation of the starches, three types of
viscometers were used. The first, flow type, depends upon the measure-
ment in seconds of the time of low of a known quantity of lliquid through
an GELFice. e . : N

The Ultra-Viscoson, a sonic type viscometer, was the second type
used. In this instrument a probe, when inserted into a liquid, emits
a very high frequency signal causing the liquid in contact with it to
vibrate at a very high rate. These vibrations represent the rate of
shear occurring at that time in the vicinity of the probe. The signal
is passed from the probe through a cable to the instrument where the
reading appears on a meter graduated in centipoises X grams/cubic
centimeter. This makes it possiblg to read absolute viscosities direct-
ly from the meter, but since starch pastes are non-Newtonian in their

characteristics, the readings are merely relative. The instrument pro-—

vides a base range of 0 to 50 centipoises which was used in these e¢x-




periments., Additional ranges of ten, one hundred, and one thousand
times the base range are possible if the viscosity being measured ex-
ceeds the base range.

The Brabender Viscograph was the third instrument used, It
proved to be the most versatile, for in addition to 'simulating'* the
kettle cocking cycle it also provided a written record of viscosity as
a function of time as well as temperature. This record is made by a
recording kymograph which is connected through a spring to the resistance
measuring rod extending down into the bowl containing the starch aus-
pension. The bowl rotating at a constant speed of 75 RPM pushes liquid
against the pins of the measuring rod extending down into it. This
pressure against the pins causes the resistance measuring rod to rotate
against the pressufe of its spring. The amount of this rotation is re-
corded on the chart in arbitrary units, called Brabender Units. There-
““fore, the higher the apparent viscosity being measured, the greater is _ .
the rotation of the pins and, hence, the higher the Brabender Unit
reading.

The spring furnished with the Viscograph was calibrated for the
viscosity range of size, and the concentration of starch ch a dry basis
used in these experiments were chosen to cover the entire range of the
Viscograph.

The "kettle cooking® cycle was simulated in the Viscograph by mix-

ing about 200 miliiliters of water with the quantity of starch tc be

# In the normal kettle cooking procedure, live steam is employed
whereas, in the Brabender unit, heating was accomplished by radiation
only.




Figure 1. Brabender Viscograph with Bowl, Resistance Measuring Rod, and
Timer Removed to Show Details of Construction.




tested. The volume was measured in a graduated cylinder and sufficient
water then added to bring the total volume to 450 milliliters. The
suspension formed was stired for one munute with an electric stirrer.
The bowl, resistance measuring rod, and coverplate from the Viscograph
were removed and weighed, . The suspension was then poured into the bowl
and the gross weight obtained. The bowl and its contents were replaced
in the Viscograph and the thermoregulator set to rise from 25 to 92° c.

Before starting the instrument %o cooling coil was secured in the
down position and the timer was set for 45 minutes to prevent overheat-
ing of the liquid. Upon reaching 92° C. the temperature was held con-
stant for the remainder of the two hour cycle. Then the bowl and its
contents were immediately removed and reweighed to obtain the moisture
loss during the cycle.

The series of experiments of "kettle cooking®™ were divided inte
two groups:

(a) Those in which the slurry was heated from 25° ¢, to 92° ¢.
after which it was kept at that temperature for an additional 75 minutea
making a total cooking cycle of 120 minutes. During the entire cycle
slow agitation at 75 RPN was maintained.

(b) Those in which the cycle described above was used but, in
addition, cold water was allowed to flow through the cooling coil alter-
nately with heating., This resulted in a series of heating and cooling
steps as regulated by the temperature of the slurry

Group (a) series was performed on all six starches.

Group (b) series was performed on corn and %apioca only.

To reproduce the homogenization cycle used commercielly, & fifty




gallon per hour capacity Logeman homogenizer was used. The cold slurry
was prepared in a standard 100 gallon Lowell aize kettle by mixing the
quantity of starch to be used with about 2/3 of the total volume of water
to be used., Then the resulting volume was measured and sufficlent water
to bring the volﬁme to one pound of starch per gallon of finished slurry
was added. Agitation by stirring was started as the slurry was prepared
and continued while the slurry remained in the kettle.

From the kettle the slurry was pumped through a heat exchangey
similar to the Girdler Corporation's Votator. This exchanger was built
by the Georgla State Engineering Experiment Station for an earlier
series of experiments and it proved well suited to the work,

In the heat exchanger the cold slurry was brought to a7° ¢,

(188° ¥.).

The steam to heat the heat exchanger was regulated by a Powers
Accritem compressed air operated valve. This valve was actuated by an
Invar thermobulb located in the flow line just beyond the heat exchanger
so that any changas in temperature were readlly compensated for by the
regulator.

From the heat exchanger the hoit alurry passed to the homogenizer
and after homogenization was disposed of through a waste line. This line
also contained a takeoff at which samples for the Brabender and the
flow~-type viscometric tests were collected.

The initial test in each homogenization series was made without
Fressure on the slurry as it passed through the homogenizer. As the
size left the homogenizer its viscosity was measured by the Ulira-

Viscoson and the flow-type viscometer, The initial and final tempera-
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tures were recorded.

The homogenization experiments were made while holding the ini-
tilal temperature, i.e., the temperature to which the slurry had been
heated in the héat exchanger, constant at 87° C. (188° F.) and varying
the pressure of homogenization.

After Pour minutes of operation without preasure} 250 pounds per
square inch of pressure was applied to the slurry and the same data
recorded. Each four minutes thereafter the pressure was changed and
readings made of its effect on viscoslty and temperature rise, In
addition, twice during éach series, 450 mllliliters of size were drawn
off at the takeoff and a record of the viscosity and stability was made
using the Viscograph.

The effect of cooling on the viacosity of homogenized potato, corn,
and wheat starches was determined by taking Ultra-Viscoson readings on
450 Hilliliter samples directly after homogenization and then allowing
them to cool. The samples were stirred pericdically and additional

UV readings made during cooling.
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CHAPTER IJI
RESULTS AND DISCUSSION OF RESULTS

Figure 5 through 12 show that the straight line relationship
between log starch concentration and log maximum viscosity in Brabender
Units, discussed by Rask and Alsberg (2) and Anker and Geddes (3}, hclds
true for all six starches in the concentrations used. In addition, this
relationship holds for viscosities reached after two hours of prepara-
tion.

Table 1 gives the stability ratios computed by ﬁigginbotham's
method (4). These agree with those obtained with other types of vis-
cometers,

In addition, it was found that small variations in concentration
c#used wide variations in Brabender readings. This agrees with the
findings of Brown and Harrel (5).

It 1s to be noted that the starch concentrations are in all cases
expressed on a dry weight basis., The moisture content of the starches
was found to bet

Wheat 10.2%
Tapioca 10.4%

Corn 10,64
Rice 10.6%
Potato 13.8%
Sago 14.2%

The average moisture loss during the two hour cooking cycls was
ten per cent. Obvlously, this moisture loss would mean that the viscosity

actually measured after two hours of cooking corresponds to the viscosity
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of a more éoncentrated paste than the concentrations indicated in
Table 1.

Figures 13 and 14 show that slightly lower maximum viscosities and
considerably lower lavel viscosities wers obtained by "kettle cooking"
corn and tapioca starches while using alternate heating and cooling
throughout the cycle.

No explanation for this can be offered. However, it does not
appear to be due to malfunctioning of the Viscograph or to unusual
tﬁickening, gol formation, etec. of the paste. The writer has been in-
formed that similar resulis were obtained during_experiments in the
flour industry (6).

Tables 3, 4, and 5 show the stabllity of homogenized size as
measured by the Viscograph. Two samples, one at a low pressure and
the other at a high pressure of homogenizatlion, were taken from each
series of teats. The samples were placed in the preheated Viscograph
and brought to a unifornm temperature of 92° ¢, (197.6° F.). It took
approximately fifteen minutes to reach a level viscosity. However,
this time lag is negligible when it 1s considered that heat was lost
during transfer of the sample to the Viscograph and it was then neces-
sary to bring the temparature to 92° C. The viscosity values obtained
here were conslderably lower than would have been obtained if comparable
concentrations of the starches had been kettled cooked in the Viscograph
for the entire cycle.

In tkettle cooking" the viscosity measurements made by the Ultra-
Viscoson do not show the marked changes in viscosity indicated by the

Viscograph. For example, the viscosity of 5.36% kettle cooked potato
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starch was within a spread of 1.4 centipoises while the equivalent Vis-
cograph readings were spread over 550 Brabender Units.

Figure 16 gives the Ultra-Viscoson measurements for sago, corn,
rice, and potato starches, It is noted that the readings for sago show
some deviation from the curve; however, this deviation is within the
experimental error and is attributed to chance wvarlation rather than to
gignifigant differences in viscosity.

As shown ip Figure 17 and Table 2 it was found that, upon cool-
ing, the viscosity of potato starch rose rapldly while the viscosities
of #heat and corn showed a much slower rise during the same period,

Table 7 shows a comparison of the viscosities obtained by homo-
genization with those obtained by simple "kettle cooking™ in the Bra-
bender Viscograph. It is noted that the homogenlized starch partes have
considerably lower viscosities than those prepared in the Brabender

Viscograph.
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CHAPTER IV
CONCLUSIONS

There is a definite relationship between the log viscosity in
Brabender Units for cooked starches and the log of starch concentration,

This relationship can be described by the equation:
y=k x

where y is the viscosity in Brabender Units; x is the starch concentra-
tion; n is the slope of the log-log plot.

This equation can be applied to both the maximum viscosities and
to those reached after two hours of cooking.

Although corn and wheat starches when "kettle cooked" appear to
reach a stable viscosity in two hours of cookingz, a longer period would
be required for tapicca, sage, rice, and potato.

In the case of homogenized size, the size is at a stable viscosity
s it leaves the homogenizer. However, the viscosity of the homogenized

size is considerably lower than that obtained by "kettle cooking”.
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Figure 9. Maximum and Level Viscosities of Wheat Starch as
Measured by Viscograph.
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Starches as Measured by Viscograph.
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Figure 17. Effect of Cooling the Viscosity of Homogenized Wheat,
Corn and Potato Starches.
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