mfngéAﬂ N Western Michigan University

UNIVERSITY ScholarWorks at WMU

Paper Engineering Senior Theses Chemical and Paper Engineering

12-1970

Turbidity Reductions by Enzymatic Hydrolysis

John Nowak
Western Michigan University

Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses

b‘ Part of the Wood Science and Pulp, Paper Technology Commons

Recommended Citation

Nowak, John, "Turbidity Reductions by Enzymatic Hydrolysis" (1970). Paper Engineering Senior Theses.
414.

https://scholarworks.wmich.edu/engineer-senior-theses/414

This Dissertation/Thesis is brought to you for free and
open access by the Chemical and Paper Engineering at
ScholarWorks at WMU. It has been accepted for inclusion
in Paper Engineering Senior Theses by an authorized
administrator of ScholarWorks at WMU. For more
information, please contact wmu-
scholarworks@wmich.edu.

WESTERN
MICHIGAN

UNIVERSITY



http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/engineer-senior-theses
https://scholarworks.wmich.edu/pci
https://scholarworks.wmich.edu/engineer-senior-theses?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F414&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/93?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F414&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/engineer-senior-theses/414?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F414&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/

Turbidity Reductions By Enzymatic Hydrolysis

By
John Nowak

A Thesis
Submitted to the
Faculty of the Paper Technology Denartment
in Partial Fullfillment
of the
Degree of Bachelor of Science
In Paper Technology

Western Illichigan University
Kalamazoo, Michigan
December, 1970



ACKNOWLEDGMENT
A gincere thank you to Ciro Mazzola, Research Engineer,
National Council of the Paper Industry for Air and Stream

Improvement, Inc., for his patience and help in preparing
this report.



4BSBTRACT

Turbiditr has lons been =2 vroblem to the ‘»an~r industry.
In the n~ t, 1t has been ma2inly associated with secondary
fiber mills, ~mong others., However, with the recent increase
in the »rice of virgin oulo, other mills are seriously con-
siderine secondary fiber as a substitute for virgin nuln.
Therefore, turbidity may become a problem to a larser number
of mills in the future. Turbidity arises when storch and a
filler ~re sheared together in a system. It has been noted
in the literature that hyvochlorite-oxidized starch nroduces
the greatest turbidity nhenomenon.

This wroject assumed that the size of the starch polymer
was largely resncnsible for this effect and attemnted to reduce
the chain 1len~th t'rough enzymntic hydroly sis. Ini%ial hyvpo-
chlorite-oxidized starch-titaniam dioxide {turbidities of 2200
JTU were reduced to 40-30 JTU through the use of alnha and

betnr amylases.
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INTRODUCTICH
The presence of hynochlorite-oxidized starch in the

white water. systems of navpermills, has been demonstrated
to reduce filler retention and increase white water turbi-
dity. Turbidity is an expression of an ovntical proverty
of the fine suspended matter in a sample.

The vpapermaker is confronted with turbidity when a shear-—
ing force is exerted on the starch in the vpresence of a
filler, vnarticularly titanium dioxide. This would occur
at the wet end when refining the stock and adding a starch
and 2 filler at the same time. Starches have many appli-
cations in the paper industry today. They are usually used
in the four following areas: (1) At the wet endg (2) At
the size press; (3) At the calender stack and; (4) In the
coating operation. .

Secondary fiber mills seem to have the greatest problem
with turbidity even though they may not use starch in their
own system. This is because when reprocessing the secondary
fiber, the starch may enter the system and upon shearing the
the starch and filler together the turbidity arises. Fine
paper mills also have a turbidity problem arising from their
coating ovperation.

Sediment~tion problems are also associated with turbidi-
ty because the fine matter is kept in suspension by the
starch. This fine matter czn be difficult to remove in the
primary clarifier and can go on to the secondary treatment
unit. This exerts an extra suspended solids load on the
secondary treatment unit. Reduction of this suspension is
also important for better settling rates and increased ef-
ficiency of the primary clarifier.



Turbidity 2lso has an effect unon the receivine sfream.

It is unaccentable tn the public bec=2use of its eiffect on the
aesthetic value of the receiving stream. Turbvidity can also
cause a2 decre~se in the nhotosynthetic orocess of the »nlant life
in the stre=m. This could eventually upset nature's balance

in the stream and begin to 2ffect the animal life as well.

In the nast, many methods have been tried to remove this
turbidity frem the susnension, but have met with little success.
Some of there methods were Jolymers, radiation and uwltrasonic
decradation. Their drawbacks were cost, long degradation time.
This ~roject 13ed enzvmes to rediice the turbidity in a system
by enzymatic hydrolysis to breakdown the starch nolvmer. Thris
=ho'i1ld cause it t- b-come soliible. There are several reasons
for usine enzymes: (1) Tmz'mes do 2 similar function in the
human body: (") Enzvmes are a vital vart of secondary treatment
svstems for oxidation of organic matter to carbhnn dioxide and
water and: (°) Tn-ymes 2re nrecently being us-d to convert
nearl starches to enzyme converted starches.



CBJWCT AND SCOPE

The nurnose of this research was to reduce the eifect
of =tarch in »e»tizing starch-filler systems by en=ymatic
hydrolysis of the starch nolymer. This would then <llow
sedimentation of the titanium dioxide filler narticles, there-
by reducing or eliminating turbidity of vpavermill effluents.
This system included simultaneous shearing of titanium
dioxide 2nd hypochlorite-oxidized starch. Also included
was an evaluation of four enzymes, alpha and beta amylases
to determine which enzyme was the most accentable to the
conditions of this oroject. '



HISTORICAL BACKGROUND

Practical and laboratory experience has shown that
hyoochlorite-oxidized starch, even when present in small
amounts, causes a reduction in filler retention, thus in-
creasing white water turbidity. Brill stated previously,
that oxidized starches had the greatest effect on reducing
titaniun dioxide retention, even though oxidized and en=
zyme converted starch reduce titanium dioxide retention.

He further stated that oxidized starch concentrations as
low as .1% affected filler retention (4).

Herrick found that oxidized starch had the greatest
dispersion power of the many converted starches he studied.
The procedure he used was developed by Davis (5) and uses
the Canadian Standard Freeness Tester to determine single
pass filler retention. Herrick aldo studied the dispersion
effect of the starches with many different fillers. In all
cases oxidized starch showed a greater filler loss than any
of the other converted starches tested (6).

Starch acts as a stabilizer in the colloidal system by -
forming a protective colloid around small particles. Since
the charge on both the starch and the fiber are negative,
they repell each other and prevent the attractive wvan der
Yaals forces from destabilizing the system. Cocehn stated
that the carboxyl groups on the starch molecule,are re-
svonsible for the net negative charge of the starch sus-
pension (7). This was done by measuring the turbidity
caused by various starches with and without carboxyl and
aldehyde groups present. He also states that the dispersing
power of the starch is dependent on molecular size (1).
Harmon (8) says that the dispersion power of oxidized



starches is crucsed by two factors: carbonyl crouns =and
molec:ile size with the latter beins the “rimnry factor in
the disnersion »ower.

Turbiditv develons most noticeably when oxidized st:rch
‘nY titoniunm dioxide re sheared in the sresence of one
amother. This exnlnine why secondarvy fiber mills huave a
Larege turbidity osroblem. hen the secondary fiber is »ro-
cessed in an attemnt to free the fiber from tihe ink, filler
and ~dhesive ascncinted witn it, the starch znd filler are
shesred togsether reculting in a disnersed starch filler com-
7lex. The ty2ae of mecna2nical enuincment used in the process
of 'v23te 7227er thst ~7ive a shesrineg effect =are the hydra-
v Larer or even the fan »umn. Wilhelm found that by increas-
ine the time of shersr, the turiridity also increased. This
held true eveinl #fter one hour settline time with A coacu-
1:nt. He comm red this tco chearing one white water comnon-
ent "nd 2ddins the other uinsheared comnonent tc it. He
found th-*t she~rina of the filler =nd starch sennrately
did rnot result in '+ mentized system. Only when sheared in
the Iresence of one 1nother did the oshenomina of turbidity
exist. Once the turbidity results, it is very difficult to
remove. It h-s been stated that this is due to the =2bility
of the st rch molecule to form - v»rotective colloid around
the titani'm dioxide n=rticles =ind thus »nrevent: flocculation
of the tit 'nium dioxide 1norticles. ‘When ccomn<rin® different
strrches, it v~s found thnt turbiditv occurred only when
oxidized st=rch =2nd titanium dioxide were shemred together (1).

In the pe st many ~ttemHts have been made to treat the



naser industry's nroblen of turbidity, but with dlitile suc-
cess. 3ome of thece ~nttemnts include: Ton~ chnin orzanic
nolymers were unrd na retention 2ids to increace filler re-
tention thus reduzcinr tarbidity. Two factors contributed

to their fe2ilure, onr being their cost 2and secondly, in the
arrsece of "wnochlorite-oxidi=ed starch, the eoffective-

n~s- wag shoaroly rediced. Ultrosonic desradation of the starch
70lymer is ~ccomnliched by annlyins ultrasonic energsy to the
susyension. However, this only brolz the starch nolrcule down
to dextrias, which ~re 3till fairly commlev nolys~ccharides.
Also, only sincle ouyzen bridoes were broken b this treatment
(1). Bioloric2l treatment hns slso beem used to remove tur-
bidity from white woter systems. This mechanism includes adsorp-
tion of txe ot rch melecule onto the sludge floc, enzym=tic
degradation of the starch a2nd ~bsorbtion through the cellular
wnll. This renort indicated that this 299roach worked well
with mozst st-rehes excent of the oxidized type. A detention
time of four hours was sufficient in most instances for tur-—-
bidity rerov~l excent in the case of oxidized starches. With
nses of oxidizrd strrches, 2 minimum detenticn time of twenty-
four hours was necessary for effective turbidity reduction.(3).

STARCH

3tarch is 2 carbohydrate, snyvthesized within the plant
by combin tion or polymerization of dextrose. Starch has been
shown to be 2 hi~h polymer, built u» by the chemiczl inter-
linkinas of gcimple dextrose mnits.. The plant emnloys two
different mechanisms to synthesize its starch. It may form
long linear carbohydrate chains by the succesgsive at-




tachment of several hundred dextrose units. This is called
the amylose or linear fraction. Another mechanism is to
build a linear chain of maybe a dozen dextrose units, then

a second mechanism may intrude to attach a dextrose unit in
an off-shooting vosition. This is called the amylo-pectin
or branched fraction. Most of the common starches contain
both amylose and amylopectin fractions. The proportion of
these fractions is different for each species of starch.
Corn starch contains about 27% amylose, potato contains a=-
bout 22% amylose and tapioca contains about 17% amylose (10) .
The structure of the amylose fraction of the starch can be
seen in figure 1. It is connected by a¢=D- 1l-4- linkages of
dextrose units. The structure of the amylopectin fraction
is shown in figure 2. It is connected by botha(-D-1-4 link-
ages and « -D-1-6 linkages of dextrose units. Figures 3

and 4 show amylose and amylopectin, resvectively, in their
more femiliar Fisher Formulas. Hanes suggested that the
amylose molecule is coiled in the form of a helix with

six glucose units oer turn of the helix (11) .

Starch is used in many industries today, basically
because it is one of the most abundant materials in nature's
storehouse. It is classed as a renewable substance since
it is obtained from plants. Thus unlike minerals which
are deposited in the earth's crust over long periods of
time, a new suoply of starch is grown annually. The four
types of starches most commonly used in the paper industry
are corn, potato, tapioca and wheat, in that order. Their
differences lies in the physical and chemical characteris-
tics of their individual starch granules. Table 1 giwes
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Figure 1. Linear Amylose Helix

Figure 2. Branched Amylopectin
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the consumntion of ench starch in the naner industry in
1960, 1365, ~nd 1263. In the l-.st few years, however, corn
st=2rch hns been m=zinlvy the only %Xind of stirch used in the

P ad

industry. This is due tn the fnct that corn storch is the
most re=2dily ~vaill=ble of 211 the starches.

There =2re many tyoes of modified starches used in the
yaner industry, =2monc them are: hynochlorite-oxidized
starches, nearl st=arches, acid converted starches, and
hydroxvethylat~d storches. Their srices of these starches
in 17264 ~re listed in Te2ble 2. Hynochlorite-oxidized starch-
ers ~re ucsed the most bec=use they are the only starch com-
mercially 2vailcble on any large scale. Although other
starch modifications., like c~%ionic starch, are coming into
wider e becau~e of the turbidity »nroblem associrted with
hynochlorite-oxidi~ed st2rches. Hyvochlorinated oxidized
starches ~re m de b 2ddin~ sodim hyvochloritrs to a sus=—
yension of st=recn in water ~nd reating it, t~ » temneratur~
below the celatinization »oint. <The hypochlorite, by its
oxidizing nction, iutroduces zigzags discontinuities into
the linesr molecules so thnt they no lonser will ascociate
into micell=r bundies. This modification increases the
stability of the starech asninst relling. 1In ~eneral, the
nastes of oxidizned st-rches are considerably more étable
than thocse of thin-hoilins st :rches. They are slso clear-
er and more stnble 22ainst gellins., The naver industry is
a l=rge congimer of the hisghly oxidized tvnes for clav-
conted »nmoer becaunse oxidized starches mix readily with clay
and m~'te ~n excelle=t binder (11).

The dispersing rower of the oxidized starches is n

edxy

oy

o



Table 1 (2)

Consumption of Starch in The Paper Industry (Tons)

Type 1960 1965 1968°
Corn 200,000 195,000 736,000
Potato 51,000 48,000 82,000
Tanioca 46,000 95,000
Wheat 24,000 6,000
Coating & Converting 120,000 150,000

441,000 494,000 818,000

a: figures include coating and converting

b: figure combines potato and tanioca starches

Table 2 (10)

Cost of Some Starches

Lype
Pearl Starch
Acid Converted
Oxidized Starch

Hydroxyethylated Starches

Cost
$4.45/cwt

$5.65 - $6.45/cwt
$7.15 - $8.15/cwt
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function of two variaebles: molecular weight and cazrbonyl
grouns. This cruses the stzrch to keev it and other vart-
icles in suspension. Turbidity can occur anytime a starch
and ~ filler titanium dioxide, are sheared 'in the oresence of
one another. This hanvens most often in secondary fiber
mills. Cne wny to combat this situation is to shorten the
chain of the starch which is in effect reducing the mole-
cular weight of the starch. This will decrease the dispers-
ing vower of the starch. This can be done with enzymatic
hydrolysis of the starch chain. This will cut the chain
length of the starch and hopefully reduce the turbidity.

We attemoted to do this so that it can be used economically
at the paper mill level.

ENZYMES

Enzymes are the most efficient catalysts known. They
speed up the rates of chemical reactions many times, and
do so in a selective manner. Both the forward and re-= S5
verse reactions are speeded up so that eguilibrium is reached
much faster than in non-catalized reactions, however the
equilibrium remains the same. Catalysts do not appear in
the end product and are not used up in the reaction. A
catalyst causes the rate of a reaction to increase by reducing
the energy of activation for that reaction. The specificity
of enzymes toward substrates determines what organic or
inorganic substance can be utilized by the cell. The first
step in enzyme catalysis is the formation of an intermedi-
ate form or enzyme-substrate complex. The active center
is where the reaction takes place on the enzyme. Here the
substrate must have a nerfect fit. This accounts for the
limited range of substrate reacting with one enzyme. This
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is similar to a lock and key relationship. In the final
step of the reaction, the enzyme-substrate complex decom-
poses to yield product and free enzyme. No product can be
formed excevot through this route.

nzymes are important to humans because of their meta-
bolic function in the body. Life is a combination of inter-
locking chemical reactions of the cell. All of these re-
actions are determined by the amount and nature of the
enzymes present. The orderliness that characterizes chemical
reactions in the cell is a consequence of enzyme specificity.
Reaction specificity is that an enzyme can determine the
product that should be formed from a given substance.

Enzymes are apvnlicable to industries other than the
Paner Industry. A few of the industries that use enzymes
are: The Baked Goods Industry, Beer Industry, Dairy and
Meat Products, Fruit Juice Industry and many others(12).

Temperature, pH, activators and inhibitors are all
factors which influence the enzyme reaé¢tion velocity. One
other factor which should be taken into account is the con-
centration of the enzyme. Temperature has a profound effeect
on the reaction velocity. In the temperature range of 20-
300C, there is little denaturation of the enzyme and the
velocity of the reaction increases with increasing temper-
ature. But at temperatures over 40°C, enzymes begin to de-
nature, thus losing their activity. Therefore what is gained
in velocity by increasing the temperature is lost by de-
naturation of the enzyme. All enzymes reach their max-
imal velocity at some pH range. Some enzymes denature and
lose activity at pH's where ‘others are quite stable. Many
enzymes do not function optionally or not at all until a

second substance has been added. These added substances are
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called activators. Activation by inorganic ions is guite
compon and when an activator is needed, the rate of the en-
zyme reaction is dependent upon the concentration of the act-
ivator. Inhibitors stop or slow down an enzyme reaction.
They are effective in small amounts. There are two types of
inhibitors: Comnetitive and non-competitive. A competitive
g inhibitor has a structure similar to that of the substrate.
% The inhibitor combines with the active center of the enzyme
to form an enzyme-inhibitor complex. Since the rate of the
reaction devends on the concentration of the enzyme-substrate
alone, one can calulate the extent of inhibition. Non-
competitive inhibitors bind firmly to the enzyme and are
not displaced by the addition of substrate. Generally,
they are quite reactive, and attack functional sgroups of
enzymes under very mild conditions. The greater. their
affinity for the enzyme, the greater the extent of inhibition(13).
HYDROLYTIC ENZYMES

Hydrolytic enzymes capable of catalizing the reduction

of the starch polymer occur in nature, the digestive tract

of animals, and within the cells of most piants and organisms.,
The four known types are: Alpha, beta, and gluco-amylases
and oligo-saccharide hydrolysases. Only alpha and beta
amylase were considered since they are more readily obtained

from their natural environment.

A A R A LT T T R R, e L

Alvoha amylase effects a rapid fragmentation of the
starch polymer by hydrolysis of thee(-D-(1-4) linkages
randomly, while beta amylase sequentially reduces the non-
reducing end of both the linear and branched portion of the

b Ak S

starch polymer, as demonstrated in Figure 5. Both enzymes
halt their action when they encounter the o -D-(1-6)
linkage. The remaining fractions are called limit dextrins,

4
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= o o= MALTOSE UNITS
1 2 3

1 2 3 MALTOSE UNITS

Ficqure 5. Modes of attack of (a) alpha amylase and (b) beta amylase
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and also contain some e<-D-(1-4) bonds. The initial action
of the amylase is the rapid hydrolysis of starch into low
molecular weight oligosaccharides(saccharides that contain
a known small number of monosaccharide units) with the sub-
senouent hydrolysis to D-glucose and maltose as shown in
Figure 6.



(1,4) (1,6)

| STARCH

l -AMYLASE

<

{ GLUCOSYL OLIGOSACCHARIDES D ——

D-GLUCOSE

v

B-AMYLASE

—> | MALTOSE

Figure 6. Amylase Action Upon Starch
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LABORATCRY “ROCTDURE

Throughout these exnerimental runs, four variables

were held constant: (1) Reaction temierature, 86°F,

(?) Reaction time, two hours, (3) The vH levels were 6.6
and 7.0, and, (4) The substrate concentration. The reaction
temnerature of 86°F, was selected as being the average mill
effluent temnerature. A reaction time of two hours was se-
lected since it revresented anproximately 50% of the minimum
detention time of most clarifiers. The nH of the reaction
vecsels were adjusted to the recdmmendéd manufacture level
for maximum efficiency. Commercial enzymes, amylases, pre-
sently avail~ble to the paper industry, were used in t=nis
nroject.

Hyvnochlorite-oxidized starch was cooked at 20% solids,
for fifteen minutes at 200°F in a van heated b a bunsen
burner. The starch was then diluted to 2% solids by the
addition of distilled water. 590 milligrems of titanium
dioxide was added to 500 milliliters of the 2% starch, vlaced
in »n eisht sneed Waring Blender and sheared for ten minutes
nt the lowest speed. The suspension was then »laced in a
water bath to allow it to acclimmte at 86°F.

The next sten was to »nrenare the four enzyme solutions
that were to be evilunted. This was done by diluting two
grams of each enzyme concentrnte to 50 milliliters in a
volumetric flask with distilled water. The enzyme concen-

trates used weaere:

A) Alpha-amylase
B) Alsha-amylase
C) Alnha-amylase
D) Beta-amylase

Ao ey
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The exveriment2l run was begun by setting un nine test tubes
in a rack; one rack for each enzyme solution. Ten milli-
liters of the nrenared starch-titanium susvension were ad-
ded to each test tube. To the test tubes, voryine ratios
of enzyme solution and distilled water, were added so that
the total volume in each test tube was fifteen milliliters.
The test tubes were allowed to react for the two hour reac-
tion neriod. At the end of the reaction period, the test
tubes were remnoved and examined visually. Two criteria
were used in selecting the most efficient enzyme: (1)
Wthat enzymes did the best job of reducins the turbidity
with in the two hour period and, (2) The maximum efficien-
cy of turbidity reduction at minimum enzyme concentration.
On this basis, enzymes A and D were selected and the
experimental conditions were scaled un to 500 milliliters
of hyoochlorite—-oxidized starch and ten erams of enzyme
concentrate ner reaction beaker. Turbidity and viscosity
measurements were made before and after the enzyme hydroly-
sis with the Hach Turbidimeter and Brookfield Viscometer
resnectivity. The enzyme to starch ratio was Yrent at the
minimum enzyme concentration for maximum efficiency as was
nreviously determined in the test tube evaluation. Three
600 milliliter reaction beakers were used in this evaluation.
Two were for the enzyme additions and the third beaker was
used as a control in the evaluation. The reaction beakers
were acclimated to 86° and the selected enzymes were added
and allowed to re~ct for two hours.
A 1list of materials and equipment used throughout this

project are listed in Appendix A.



DISCUSSICH

Figures 7 =nd 3 show7 the results of the al ha amylases,
(A) and (B), after the two hour reaction »eriod. TFirures
9 nand 10, show the al»’ha 2mylase (C) and the beta amylase (D)
after a three 2and one half hour reéction-period. (A nicture
at a reaction neriod of two hours was not obtained;) These figures
show that the alnha amylase (A) and the bets amylacse (D),-did
the best job of reducing turbidity of the four enzymes evaluated.
The maximum turbidity reduction a2t minimum enzyme concentration
for these two enzymez was .2 grams of ensyme concentrate to ten
milliliters of the starch-titanium susnension.

An interesting observation of the method in which the
enzyme attacked the susvmension was first noticed in the test
tube evz2luation ~nd acain in the scrled un nvaluatiqn. The
enzyme seemed to attack in three stages: (1) Coagulation of
the susmension: (2) cettling out of the cozzulated materia
and: () the final degradation of the settled material.

Figures 11 and 12, show enzymes A and D after a reaction
neriod of 24 hours. It can be seen from these figures that
after 7“4 hour- of reaction time, the turbidity of the sus-
nension was comnletely reduced at all levels of enzyme con-
centration.

When enzymes, A and D, were used on the larger volumes
and turbidities and viscosities measured, the results were:

ENZYME - TURBIDITY (JTU) VISCOSITY (CP3)
Before After Before After
A 2200 80 20 16
B 2200 40 20 12

TABLE III
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Tieure 7. Alvoha amylase (A) after two hour reaction period.

3
3
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Figure 8. Alpha amylase (B) after two hour reaction period.
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Pirure 9.

Ficure 10.

Alpha amylase (C) after 3%+ hour reaction period.

li"_g-‘lg - | ‘

i p—r

Beta amylase (D) after 3% hour reaction period.
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Figure 11. Alpha amylase (A) after 24 hours of reaction.

g

Figure 12. Beta amylase (D) after 24 hours of reaction.
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Table III showed that the beta amylase,(D), reduced the
turbidity to a lower level than did the alpha amylase,(A).
Using viscisity as an indication of chain length, again the
beta amylase did the best job in shortening the chain length.
From these results, it appeared that the bet: amylase did a
better overall job of removing turbidity than did the alpha
amylase. igures 13, 14, 15, 16 and 17 show the scaled up
reaction at .67, 1.00, 1.50, 2.00 and 24.0¢ hours, respectively.
One final evaluation of the enzymes was made and that
was of their cost. The following Table lists their prices:

ENAYIE COJT
5 GALLONS(#/1b.) 55 GALLONS(#/1b.)
A 90 80
B 90 80
C 90 - 30
D 73 64
TABLE IV

It can be seen from Table IV that, not only is the
beta amylase the most efficient enzyme in reducing turbidity
but, it is also the most economical.

An attempt was made to follow the desradation of the stafch
polymer throuch the use of the starch-iodine-iodate color
complex. However, it was found that the starch in the super-
natant was broten down beyond the polymeric lenasth and would
not react with the iodine solution to give a2 color range.

One negative result in this project was that a brown
color was left in the supernatant after the reaction was
finished. This can be seen in all the pictures throughout
the experiment. It was felt to be caused by impurities in
the enzyme solution itself and that by increasing the reaction
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Figure 13.

.

Enzymes, (A) and (D), after .67 hours reaction.

Figure 14.

Fnzymes, (A) and (D), after 1 hour reaction.
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Figure 15. Enzymes, (A) and (D), after 1.5 hours reaction.

Figure 16. Fnzymes, (A) and (D), after 2 hours reaction.
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Figure 17. TFnzymes, (A) and (D), after 24 hours reaction.
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temperature, this brown color could possibly be eliminated.

Phe results of this project could have some of the fol-
lowing possibilities if applied at the paper mill level. In
a hyvothetic2l mill that nroduces 100 tons day and uses 1000
scallons of water/ton, the cost would be avnroximately $11,000/
day. (Assuming the mill effluent had the same conditions as
this project). However, by treating the effluent with this
enzyme, it could allow this mill te Teuse it's effluent back
into the system. The cost of using this enzyme might be re~
duced because the enzyme eould bhild up in the white water
gsystem and the daily dosage la@gl I0n1d4become smaller. By
having this enzyme in the system, the filler retention might
increase. If the white water isn't being reused, then additiom
of the enzyme to the effluent eould increase the efficiency of
the primary clarifier. Since the enzyme seemed to-cause the
starch to coagulate, then it might increase settling rates of
the clarifier by improving coagulation canabilities. Enzyme
addition to the effluent might also decrease detention time in
the secondary treatment unit because the starch coming to the
unit would hnve already been nartially degraded by enzymatic
hydrolysis. Therefore lessening the job on the secondary treat-
ment unit.

The high cost of the enzyme used in the hyvoothetical
mill situstion above bears further discussion. Carnenter and
Janis stated that the starch concentration of 2 mill effluent
rarely exceeded 8300 onm (3). The starch concentration of the
above mill effluent was 20,000 ppm, which helns exvlain the high
cost. Another method to reduce the enzyme cost would be to
increase the temnerature of the enzyme reaction, since theore-
tically increasine the tempnerature of a chemical reaction in-
creases the rate of that reaction. This would reduce the amount
of enrsyme needed. One final vnossibility of reducing the enzyme
cost would be to use the enzyme bonded to an insoluble carrier.

AN
LSRG
PETET  9) v

N N P T T LR PR LR TS



=29«

Smiley stated thnt the enzyme is more stable whein bound to a
carrier than when used in solution. The immobilized enzyme can
be recovered with no lors of enzynaer, and thus no additional

cost to replz=ce lo~t e zyme (14).
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CCNCLUSIONS

The turbidity °f 2 hyvochlorite-oxidized starch-titanium
dioxide cuswension wac reduced by the use of al ha and

beta amylases. Durine this turbidity reduction, the en-
zymes seemed to attack the suspension in three stages: (1)
Coasulation, (?) settling out of the coagulated material

and, (3) final decradation of the settled material.

In this »rojirct, the beta amylase was the most economical

and most efficient in reducineg turbidity over the three dif-
ferent nlnha amyvlases evzluated.

Turbidity reductions. can be achieved at almost any level of
enzyme concentration denendent unon reaction time, temner-
ature and the 2mount of substrate »resent.

The effect of using this enzyme on 2 maper mill"s effluent
under the same conditions as this project, might be in three
areas: (1) Allowing the mill tc reuse it's effluent in

it's system and increase filler retention: (2) increasing the
efficiency of the arimary clarifier by increasing the settling
rate of the clarifier and: (2) decreasins the detention time

of the secondary treatment unit.



RECCLIENDATTONS

Further studies should be made to determine what effect
the enzymes would have on reducing turbidities caused
by starches other than hyvochlorite-oxidized starch.
This study should also cover the effect on a mixture

of starches.

Wlork should be done to determine the effect of »HH, and
temperature changes on the efficiency of the enzyme in
reducins turbidity. Included in this study should be
an attemnt to eliminate the brown color left in the
suvernatant by the enzyme.



APPENDIX A

LIST OF MATERIATLS AND LABORATORY WOUIPNENT

liaterials:

Commercial enzymes
A) Alpha-amylase
B) Alpha-amylase
C) Alpha-amylase
D) Beta-amylase

Hynochlorite—~ oxidized starch - Stayco M; A.F. 3taley
lManufacturine Company, Decatur, Illinois

Titanium Dioxide - Ti-Pure LW; E.I. Du Pont, De WelMours
Company, /ilmincton, Delaware

Fauipment:

Eight-smeed ‘Waring Blender
Hach Turbidimeter
Brookfield Viscometer
Water Baths
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