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ABSTRACT

In a bid to develop local substitute for inported adhesives,
seeing that the | ocal consunption is high, an attenpt was nade
to study the process of dextrin manufacture fromstarch and to

design a converter vessel (Dextrinator) for the process.

An experinmental study was carried out to examne the effect of
the various process variables on the product auality. Wite
dextrin was prepared from cassava starch by adding 2M HCL as
catal yst to 200g of the starch at a conversion tenperature of
120c. For a conversion period of 5 hours, the product had
cold water solubility of 90% high fluidity and is useful as

a paper adhesi ve.
A nodel for the dextrinization process was devel oped. Fromthe
nodel, the tenperature of the starch material in the

dextrinator is related to the tenperature of the heating fluid

(oil) by the equati on;

The oil tenperature varies with tinme according to the equation

Vi



From this two equation a nomograph was obtained from which the
prediction of the eventual temperature of the heating o¢il
could be made for a apecified operating temperature

(temperature of atarch material).

At steady state the equation governing the gsystem 1s given by;

-_g; t - X,C 4T, =T) (X, =Xy L

Kinetic model test revealed that the process can be congidered

as a first order reaction.

The deaiogn and fabrication o¢f a dextrinator capahle of

processing 4kg of ztarch into dextrin was carried out.
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CHAPTER ONE

INTRODUCTION

MADD PPTILH TIRIVRRSIT
1.1 Dextrin SRIY 1y T RARY
The term dextrin has been used to deacribe a large number
of starch products. Generally speaking it covers the range
of compounds produced when starch is subjected to heat
treatment, alcne or in the pregsence of catalysts.
“Pyro"dexrins is a better name and more exact descriptior .
This process, though sometimes considered ameng the many
methods of chemical modification of starch, is more of a
thermal modification proceaz which from an experimental

point of view, iz relatively lezs harmful.

Dry roasting causes both depolymerization and condensation
of starch fragments. The result is more highly branched
moleculez with greater solution stability than the parent
gtarch. Dextrin are commonly placed in three categories;

White dextrin, Yellow/Canary dextrin and British gums.

Dextrins are the cutstanding starch derivatives made for
adhezive purposges, The capacity to formulate adhesives of
higher solid level generally accounts for the greater use
of dextrin over starches. Dextrin give faster tack
development, more rapid drying and increased production

rate35 .
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2.2 Economics

Adhesives are essential components needed to make hundreds
of products, among them aircraft, automecbiles, corrugated
cartons, plyweod, envelopes, stamps, pressure-sensitive and
remoistenable tapes, laminates, labels, abrasive wheels,
shoes, tires, and non -woven fabrics. As at 1960,
statistics of the United States consumption of Adhesives
reveals that starch and dextrin are the largest-volume
adhesives having 26.8% of the total volume consumed.’ In the
present day Starch/Dextrin based adhesives are still very
much in use principally for bonding of paper products.
Poly(vinyl acetate) and other synthetic adhesives bases,
which give superior bond occurring, tack or other
properties, are growing competitors for the paper bonding
market. The availability and low cost of the natural

products makes them highly competitive.

1.3 Project Aim

The main objective of this work is to study the
dextrinization process, develop, design and fabricate a
reaction vesgsel (Dextrinator) for the conversion of starch
to dextrin. Much work has been carried out on equipment
design for dextrinization of starch: most of these are
patented and designed for specific product requirements,
Moreover, the procedures or processes employed are
proprietary in nature and not free from patent

restrictions. Rowe and Hageﬁ Patented an improved steam
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jacketed coocker containing a vertical agitator, Philip’
developed a continuocus process of conversion in which a
moving belt carries a thin layer of acidified starch. In
the patented process of Starkle and Meier, starch is
dextrinized in a non-oxidizing environment to avoid
discoloration. Fredrickson’ recommends converting starch to
dextrin in a fluidized bed. However, the design and
construction of a jacketed oil heated agitated dextrinizer
is carried out in this work. Rate study would be carried
out on a laboratory scale to establish the optimum
operating conditions and the system advanced to pilot

scale.

1.4 Project Rationale and Significance.

The rapid growth of the adhesive industry has resulted from
its many advantages over other methods of 3joining
materials. Adhesives are pervasive in our industrial
society, indispensable in the clothes we wear, shoes, our
books, in the office, our homes, etc. Adhesives are being
consumed by the packaging industries for corrugated
cardboard manufacture, carton sealing, bottle labelling,
metal can =sealing, envelope, paper cup and the non-
packaging 1industries such as construction, textile,

automotive, electrical, etc.

Local ccnsumption of adhesives in the country has risen

tremendously as revealed by figures obtained from a survey
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on the subject. Investigation reveals that a greater
percentage of the demand is met by importation. For
instance, the Nigerian Breweries Limited (NBL) alone
imports over 200 tonnes of adhesive for bottle labelling,
the cost of which is above WN48.3 million naira., (1995

figures)

A survey carried out in 1994/95' records a value of 445
tonnes as the total adhesive consumption for the period and
the analysis covered only a few states in the country. The
1991 records from the office of statisticg! (ref. Appendix
Al) show that in that year alone the country imported 2,254
tonnes of dextrin and starch-based adhesives at a cost of

29,407,653.

From the foregoing, and given the current economic
recession that has plagued the naticn, there's a dire need
for local development of adhesives as potential substitute
for imported adhesives 1in the various industries. This
would cut down greatly the foreign exchange expended on
importation of these materials. The local industries should
adopt policies that will enhance import substitution and
local sourcing of raw materials. It 1is 1mperative to
explore avenues by which our abundant natural and human
resources can be harnessed and developed for technological
self reliance, It is in line with this objective that this

project was motivated.
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1.5 Benefits and Economic Implications

Various challenging technological lessong can be derived
from thig project, and more importantly, a lot of foreign
exchange savings and earnings are envisaged on completicn
of project ag it is hoped to produce an equipment that will
service the current requirement in our local industry. The
| market potential of dextrin or of dextrin bkased adhesives
in Nigeria is great and the raw material sourcing is cheap,
the process is relatively inexpensive and the equipment for
the manufacture can be fabricated 1locally. Thugz the

profitability in engaging in its manufacture ig enormous,



CHAPTER TWO

LITERATURE REVIEW

2.1 8Starch

Starch 1s one of the most widely distributed substances in
nature, occurring in most plants. It 1s formed in the
leaves and green parts of the plant from atmospheric water
and carbon dicxide, through the agency of chlorophyll and
sunlight. During the hours of darkness, the starch is
broken down into sugars which are transported by means of
the cell juice to other parts of the plant. Some of the
sugars are reconverted into starch and it is by this means
that starch is built up in the fruits, buld and tubers of
the various plants. It 1is from these sources of
concentrated material that the commercial starch 1is
obtained by a variety of methods used to separate the

starch from the protein and fibers which are also presené.

Pure 1isolated starch 1s a white, amorphous, relatively
tasteless solid which possesses no odor and which is
insoluble in cold water., Under the microscope starch is
geen to consist of tiny spherule or granules, the size and
shape of which are specific for each variety of starch.
Starch granules are made up of amylose and amylopectin.
Amylose 1s a linear glucose polymer and amylopectin is a

branched glucose polymer,
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Starch as a raw material is abundant, cheap, renewable and
very pure. Its use in making derivatives with
characteristics similar to these of water-scluble natural
products (like saccharose, animal glue and natural gums)
has been considered seriously for over two centuries. Since
the discovery of starch sugars by Kirchoff in 1811 and the
practical applications of the so-called dextrins in 1821,
a starch industry has developed all over the world where

each country processes its locally produced starchesz.

2.1.1 Starch Modification

Although very large amounts of unmodified starches are
used, the biggest proportion of starch manufactured 1is
further processed into one modification or another. This 1is
particularly true for the countries with the highest
standards of 1living. No longer are operators in variocus
industries prepared to adapt their processing to the
properties of raw starch in spite of its cheapness and
abundance; starch products have now to be tailored to meet
the requirements of each industry and this involves a great

deal of technically controlled processing.

In the natural state starch exists in the form of discrete
microscopic granules that are held together by an extended
micellar network of associated molecules. As a result of
this structural arrangement starch is insoluble in cold

water despite the fact that the starch molecule 1ig highly
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hydroxylated and therefore very hydrophylic. tarch
medifications are therefore aimed at increasing the cold
water solubility of the product. For adhesive applications,
the modification, which could either be chemical, enzymic
or thermal in nature, are aimed at building in specific
physical properties. In the main, these chemical treatments
are controlled carefully so that the physical integrity of
the starch granule will be undamaged. Modifications results
in increase dispersibility in water, increase in solid
content, reduced viscosity and products giving a

continuous film when spread.

The chemical modifications of starch are nowadays under
constant investigation from an environmental point of view.
Some of the compounds currently uged in these modifications
are toxic and/or carcinogenic. Since starch production
Process 1s very dependent on the availability of water, it
also leads to waste water production and subsequent water
pellution. A more environmentally friendly way of achieving

the desired modification is therefore needed:.

2.2 Adhesives

An adhesive is a substance capable of holding materials
together by surface attachment®, Most solid surfaces or
substrates are very irregular on a microscopic scale and if
two such surfaces are brought together there is very little

contact. The total force of attraction between the surfaces

Aceh. E.A.. M.3c. Thesis (1996)
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is therefore small and surfaces are easily separated. The
purpose of an adhesive is to fill at least some of the
irregularities of the surfaces and thus achieve a much
higher degree of molecular contact with both surfaces. In
effect, the adhesive acts as a bridge between the surfaces.
An adhesive must initially be sufficiently fluid to permit
it to fill the irregularities of the surfaces, it then must
sclidify =sc that it has a sufficiently high cohesive
strength to withstand applied forces. ‘'Permanently tacky'
adhesives which are used, eg, in self adhesive tapes are an
exception. Adhesives offer many advantages over other
methods of joining materials; these include:
1. Thin films and small particles that cculd not be joined
by other techniquees are readily bonded with adhesives.
Typical of such products are labels, abrasive wheels,

particle board etc.

Lg% ]

Stresses are distributed over wider areas, making
posesible assemblies lighter than could be achieved by
mechanical fastening.

3. Dimensional stability of anisotropic materials can be
improved by cross bonding as in plywoocd and random wed
non-weven fabrics.

4. The layer of glue acts also as an insulator in

electrical equipment; a moisture barrier in laminates

and sealants and a corrosion inhibiting barrier when

two dissimilar metals are bonded together,.
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5. Using an adhesive to make an assembly increases fatigue
resistance which is a most important factor of 1its
application in the aircraft industry.

6. Most important of all in many application is the lower

processing cost.

However there are some limitations in using adhesives to
form assemblies. The major limitation is that the adhesive
joint is formed by means of surface attachment and is
therefore sensitive to the substrate surface condition.
Another limitation of adhesive bonding is the lack of a
non-destructive quality control procedure. When a rivet or
any mechanical fastener has not been properly installed, it
is obvious. However, an adhesive which is tetally enclosed

by the adherent is very difficult to inspect.

2.2.1 Classification of Adhesives

Adhesives may be classified according to composition,
properties or uses. Classifications based on composition
are often useful in certain limited considerations but are
difficult to use over a broad field of application because
of the complexity of modern adhesive formulations. One
possible breoad classification of adhesives based on

composition, may be indicated as followsa:

- Naturally occurring materials

® Starch and dextrin (from vegetable source)
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@ Proteins (from both vegetable and animal sourcesz)
® Other materials (asphalt, =sodium ecilicate,

shellac, natural rubber)
- Synthetic materials
@ Thermoplastic resins (cellulose, esters,
polyamides, polyvinyl alcohol and derivatives,
etc)
@ Thermosetting resins (urea, melamine phenol

resorcinol, epoxy resine etc).

Often, modern adhesive formulations will contain a number
of different components from two or more of the above

groups.

2.2.2 Starch Based Adhesives
There are two types of adhesives which are made of
starches, modified starches and dextrins; the rell dried

adhesives and liquid adhesives.

Principal commercial sources of starch are corn, potato,
tapicca and wheat. Starch can be degraded inexpensively in
a number of ways; by enzymes, oxidizing agents,acids, and
heat into adhesives having a wide range of aqueous
viscosity and solid concentrations. The industrial

degradation preoducts of starch may be clascsified into three

main groups viﬁ;

46690
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(i) Thin boiling starches
{1i) Oxidized starches

(1ii) Dextrin

Thin boiling starches are produced by wet-processing of
starch in acid slurriesz. Oxidized starch often called
chlorinated starch is produced by wet treatment with sodium
hypochlorite while dextring are the product of dry roasting

of starch.

2.3 Pyrodextrin

When starch is heated dry with or without acid as catalyst,
pyrodextrin of various grades are formed. The extensive
commercial utilization of pyrodextrins is zaid te date back
from their sgerendipitous discovery in 1821 when fire
engulfed a textile factory in Dublin, Ireland, and the
starch stored were burnt preducing brown, sSticky starch
powder which dissolved in water, It was later discovered
that dextrin having a wide range of solution properties
could ke made by dry-roasting starch alone or in the
presence of an acidic or alkaline catalyat. In the
immediate past. the production of dextrin has been an art
rather than a science, each operator having his own special
technique and each factery having its own special range of
products. This attitude is disappearing and the methods of
manufacture are bheing placed on a scientific basis,

Starches and dextrin are uged in numerous adhesive

Avab. E.A.. M.Oc. Thesim (1396}
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applications guch as tube winding, laminating, case and
carton sealing, bottle labeling, flat gumming, envelope
sealing and gummed tape manufacture’, Dextrins are so
versatile and adaptable that they find a wide variety of
other applications, Because of the diversity of dextrinsz,
it 1z possible to indicate only the class of each found
most suitable for each application and to show how
properties can be modified 1in manufacturing or by the

addition of varicus adjuncts

2.4 Production of Pyrodextrin

The manufacture of pyrodextrin in the d&ry state is
practised to obtain products which are partially or
entirely c¢old water soluble and which have lower
viscosities than the native starch, During dextrinization,
not only are the solubility and fluidity increased, but
algso, the tendency £for the dextrin to gel, setback or
retrograde is reduced, thereby improving the utility of the

product for adhesive formulatiens.

Pyrodextring are divided inte three primary groups. Those
formed by heating starch alone usually to temperaturesg in
the range 180% - 210% are termed British oums. They
differ in a number of respects from the pyrodextrins
produced from starch to which a small proportion of mineral
acid has been added before heating. The acid converted

pyrodextring are more extensively uzed commercially than
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the British gums; those converted at relatively low
temperatures (80°C-120°C) are known as white dextrin, while
those converted at a higher temperature are termed yellow

dextrin or canary dextrin,

2.4.1 Raw Material

Dextrins can be produced from all commercial grain and
tuber starches. Although the conversion methods are mainly
the same for all starches, the ease of conversion and the
usefulness of the starch dextrins vary appreciably

depending on the nature and quality of starch,.

Potate starch is generally regarded as the easiest to
convert, potato dextrins have excellent adhesiveness,
clarity and solution stability. However their application
has been limited by an objectionable cucumber like odour

that is characteristic of the parent starch.

Tapioca (cassava) and Sago starches convert nearly as
easily as does potato starch. Dispersions of these tapioca
dextrine also have excellent clarity and stability and have

the added advantage of being virtually tasteless.

Corn and wheat starches require longer processing and
higher temperature for conversion to dextrin than does
potato starch, Corn dextrine have good adhesive properties,

but their pastes d¢ not have the clarity of those from

Acah. E.A.. M.5c. Thasis (193]
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pctate or tapioca dextrinsg and the rpazte tends to

retrograde or thicken rapidly during storage,

‘Table 2.1 gives a summary of the manufacturing c¢onditions
and phyzsical properties of the various categories of

pyrodextrins.

2.4.2 Production Variables
There are many variables affecting the production of

pyrodextrins, which include the following:

- Type or source of starch

- Kind and concentration of Catalyst

- Moisture content of the starch

- Period of storage before roasting

- Rate of heating

- Duration of the heating

- The air flow during reoasting {whether or not draft is
uzed in the heating process)

- Type of reaction vessel.

Small variations in any of thesze factors may give 2 product

with different characteristics,
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Table 2.1 Manufacturing Conditions for dextrins

Dextrin Type

_I British Gum_:l

White canary
Roasting 80 - 130 135 - 220 150 - 220 (180
Temperature - 190
(°c) critical)
Roasting 3 -8 6 - 18 10 - 24
Period (hrs)
Amount of Large Small Nil
Catalyst proportion proportion
Solubility Low - high [ High High
Viscosity Low - high Low - high
Colour White or cream Buff to dark Light to dark
tan tan
2.4.3 Production Steps
There are four major steps in the production of
pyrodextrins. These are dehydration, acidification,

converting and cooling® i,

A. B8ize reduction and Acidification
The starch 1s ground, sieved through fine silk and then
acidified. The acidification is accomplished by mixing the
starch with dilute solution of the acid. The primary

concern in acidification is to avoid non-uniform

distribution. Sufficient mixing time ensures uniform
distribution. Hydrochloric acid i1s the preferred catalyst
because 1t disperses easily and uniformly through the
starch and it tends to volatize during the last stages of

dextrinization.
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B. Drying

The next step is usually a rapid drying process to reduce
the moisture content. The drying process c¢an be carried out

in the zame vessel in which the conversion will be done

C. Conversion step

Conversion is usually carried out in a dextrinator heated
either by steam, o0il jackets or by direct heating. The rate
of temperature increase and the residual moisture content
during the heating c¢ycle are ¢ritical for proper
conversion. High moisture coupled with a slow rise in
temperature results in low-viscosity products with high
sugar levelsa. Heating rate is limited by the maximum
temperature d{ifferential that can be tolerated without
charring the starch near to the walls of the heating
elements. Dextrinator must have means of controlling

temperature and removal of volatile products.

D. Cooling and Blending

After specified levels of viscosity, soluble material and
colour have been achieved conversion is stopped by cooling.
Thiz can be done by transferring the dextrin to a cold
water jacketed drum in which agitation is provided. After
caoling the dextrin may be blended, if necessary, with
other dextring to bring it to within the required
gpecification and remoistened with added water to bring it

back tc a moisture level near that ¢of the parent starch.
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This iz done for technical reasong as well as purely
commercial ones. When dextrin is remoistened to about 10%
meisture, it disperses more easily in water than the d4ry
dextrin and forms fewer 1lumps. Acidic dextrin may be
neutralized by addition of ammonia. Acidity decreases the
stabllity of the prroduct but may also be advantageous teo
the user if further modification is8 desirable. The flow

chart for the dextrinization process is shown below in Fig
2.1.
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Fig. 2.1 Flow chart for dextrinization process

Agei. £.X.. M.Jc. IDegis [I996)
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2.5 Chemical Structure and Reactién Mechanism.
Although superficially simple, dextrinization produces
fundamental changes in melecular structure that leads to
complex mixtures of products. The primary reactions appear
to be:
- 1. hydrolytic cleavage of the starch molecule resulting
' in the formation of lower molecular weight and more
water soluble compounds,
2., transglucosylation leading to the formation of more-
o highly branched mclecules with little net change in
molecular weight.
3. some repolymerization or condensation of the smaller
melecules, particularly during manufacture of highly

i converted products,
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Fig 2.2, Hydrolysis and repolymerization during dextrinization of starcht

In addition, some carbon dioxide and other gaseous products
may be formed. Transglucosylation is an important reaction
in pyrodextrinization. It probably iz an intermolecular

exchange in which some predominant a-D-{1 + 4} glucosidic

Sy
h

L
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1inkagés of native atarch are changed tg a-D-{1 =» §)

linkageé.

Geerdes and co—workers“hiﬂ suggest that the extent of
transglucosylation can be estimated from the percent~ze cf
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o dation, for the
reacticn makes Dboth the linear and the branched
polysaccharides of starch progressively more hranched, As
this occurg, the dextrins disperse more readily and form
clearer, less viscous and more stable solutions than did

the original starch.

White dextrin formation.

The formation of a typical white dextrin is essentially a
hydreolytic reaction that leads to a steady increase in
water solubility and reducing values and a corresponding
decrease in viscosity. Sparingly gscoluble white dextrins
retain the retrogradative characteristics of the original

starch,

Canary dextrin formation.
Conditions for the preparation of the vellow or canarv
dextrin favours more extensgive structural changes. At

first, hyvdrolysis predominates, however, as the temperature

increases, the mixture becomes drier and conditions become

more favourable for transglucosylaticn and polymerization

reactions,. Thusg, there 18 initially an increase in the

Ageb. E.A, . N.3c. THaEis (1396) ' - cep o
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alkali 1lability followed by a decrecase indicating a
decrease and then an increase in the average molecular
gize., Examination of the sztructuresz of several highly
converted Canary dextrin has shown that they contain
greater proportion of branchesz than dJdoes the coriginal
starch. Their formation ¢an be ascribed to

tranglucocsylation.

British Gums.

For British gum formation the viscesity and alkali lability
do not change as rapidly with time of conversion as in the
manufacture of White dextrins, only moderate inpcreases in
reducing values are ohszerved!’, Significantly, British gums
have relatively high melecular weights, are dispersgible and
still retain the properties of imparting high viscosity.
Some hydrolysis probably occurs in the absernce of added
catalyst, particularly during the early stages of the
process, Hydrelysis is caused by residual water in the
starch and traces of acidic materials present or fermed
during heating, the action of which 1is prevented by
alkaline Dbuifers which can alzc promote atmospheric
oxidation at the high temperatures used. The major reaction
appears to be transglucosylation with resultant formation

of highly branched molecules.
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2.5.1 Mechanism of formaticon of acid converted pyrodextrins
The mechanism of converzion is complex and involve a series
of processes of which the principal ones are hydrolytic

sclssion, rearrangement of molecules and repolymerization.

Several possible mechanisms for the chain-branching process

have been proposed?, (Fig 2.3) as follows;

fa} Rupture cf the ¢~-D~(1+4) links with the formation of
1,6-anhydro—-end groups, which subsequently react with
hydroxyl group at c*her positiors to give the branch
cuints,

{b) A synchronous type of tranaglycesylation process
involving attack of a hydroxyl group at C-2, C-3, or
C-¢ on the glycosidic link of an adjacent a-D-{1+4)
linked chain.

(e} Bydrolyesiz of the g-D-{1+4) links followed by a

0

reversion process with formation of links at other

positions,

0f the alternative mechanisms proposed for pyrodextrin
formation, the route involving simultanecus hydrolysis and
reversion mechanism {wechanism {¢) )} provides the most
rational agreement with the obgerved facts of pyrodextrin
formation under acid catalysis. It has been shown that at
the initial phase of thermal conversion, the curves for
alkali 1lability, reducing value, pericdate uptake, and

formic acid release, show a rise, which may be interpreted

Acab. K.A.. H.3c. Thaxis (1996}
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ag involving hydrelytic scission of the chains together
with gome degree of reversicn to give a more highly
branched structure (D. Horton; Starch: Chem & Tech 1965},
At higher degrees of thermal conversion, the properties
show a progressive decrease 1in value and it may be
conzidered that reversion is the principal reaction. Since
the reversion process is reversible, the distribution of
the linkages in the product, if equilibrium is reached, may
be expected to be determined according to their relative
thermodynamic stabilities. It is a known that (1-+6) links
are thermodynamically meore stabie than (1+4) links and that
icomaltose is hvdrolysed more slowly than other

digaccharides of D-glucose,

The failure of any 1investigaticn to reveal definitive
evidence for anhydrc intermediates in the acid catalyzed
dextrinization process and the fact that conversion takes
place at conziderably lower temperature than does
conversion to British gum, would suggest that the anhydro
end-group mechanism (a) 1is not sgignificant in the acid
catalyzed process, except perhaps during conversion in the
higher temperature ranges. The transglycosylation mechanism
{h) cannot be excluded as a possible simultaneous process.
It would bhe difficult to reconcile this as the sole
mechanism with the development of a maximum in reducing

value during conversion.
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2.6  Industrial applications ©f pyrodextrin
Pyrodextrins are widely used in the 1industries. The
greatest amount of dextrin is used as a base component for

adhesives in the baper industry.

The following are some of the important applications of

these productd!:

1. Corrugated cardboard manufacture: Cne of the large users
0f these property iz the corrugated board industry which

includes the making of cartons, boxes and centainers,

ba

Remoistening gums: these are adhesives which are coated
on to surfaces and dried and which are moistened by the
user before applying to the second surface, such as
postage stamps and envelops flaps, Cassava dextrin in
aqueous solution are well suited for this purpose as
they give a high solids sclution with clean machining
pProperties.

3. Wallpaper and home use; various types of starch preducts
are the bhasis of general home adhesives gsuch as
wallpaper and other uses, and which are usually packed
in small containers,

- 4. Poundry industry: Starch is used as ap adhesive, coating

the sand grains apg binding them together in making

cores which are placed in moulds in the manufacture of

castings for metals,

Aawi XA, AL.Ic. asig (1996



Dartrinization. Process Study and Dauiresnt Fadrication, 26

5.

O

Well drilling: Starches and modified starches mixed with
clay are used to give the correct viscosity and water
holding capacity in bores that are drilled for the
establishment of oil wells or water wells. These starch
products are substituting such products as aquagel and
impermex as a mud indispensable in drilling wells. For
this purpose g cold water soluble pre-gelatinized starch
iz desired, which can be made up to paste of the
required coneentration eon the spot.

Paper industry: In the paper and board industries,

starch 13 used 1in large quantities 2t three points

during the process:

- at the wet end where the basic cellulose fibre is
beaten to a suitakle pulp in order teo increase
the strength of the finished paper and to impart
body and resistance to scuffing and folding;

- at the size press at which stage the paper sheet
or board has been formed and partially dried. The
starch ig usually added to one or both sides of
the paper sheet or board which has been partially
dried to improve the finish, appearance,
occurring and the printing properties of the
paper. Oxidized and modified starches are usually

used@ for this purpeose.

- coating ¢operation - when a pigment coating is

required for the paper, starch acts as a coating

agent and as an adhesive,
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consumers include textile,
pharmaceutical, food and other

Other large dextrin

industries, A list of

dextrin uses are presented in Table 34 in Appendix A2



CHAPTER THRER
EXPERIMENTAL

3.1 Introduction

It is obvious that because of the nature of dextrinization
process and the molecular complexity of starch, an almost
unlimited number of dextrin structures is poasihle,
Complications are however considerably reduced by the fact
that all the variations in Structure lead to only two major
characteristic changes; melecular size of the dextrin
molecule, and the other ¢zsentially a change in the degree
of linearity., Each of these changes has a specific effect
on the physical and chemical characteristics of the
dextrin, Variation in the average molecular weight
influences the viscosity of the dextrin, while the ¢hange
in linearity greatly influences the solution stability

c¢haracteristics ang solubility.

- 3.2 Process Study and Optimization
The rarameters which are ysed to characterize a dextrin

were studied while monitoring the Progress of the reaction.

3.2.1 Investigatior on the effect of moisture content

100¢ =f cagsava (tapioca) starch containing 20% moisture
and to which 10ml of 3% Hydrochlorie acid (HC1) has been
3dded was heated to a temperature of 115%, a thick black
Mass resulted after about 10 min and the reaction was

quickly terminated by coeling.
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The meisture content was then reduced to 12% by drying the
bulk cassava in an oven at 40 - 5°C. On heating to 12¢°¢
for 1 hour, the Product obtained contained lots of black
gpecks and black agoregates. Given the aboeve; 100g of the
Starch was spread thinly on a flat glass plate and heated

to dryness in an oven at 50°,

Five batches of 209 dried starch each were taken in four
Separate 200ml beakers and the starches were moisturized
with distilled water at different moisture levels of 7%,
6%, 5%, 4% and 3%. The content were well stirred to ensure
Proper mixing. Each of the five moisturized starches were
acidified with 4% dilute HC1. Sufficient mixing time was
employed to ensure that the catalyst was evenly distributed
throughout the starch. The starch Samples were placed in an
oven for dextrinization to proceed. A roasting temperature
of 120°C was maintained ang the residence time in the oven
was 180 min (3hrs). Samples were taken at intervals of

30min for analysis,

3.2.2 Bffect of varying acid strength.

Four batches of 209 dried starch a1l having a meisture
content of 5% were taken in separate 200ml beaker. HC1 with
acid strength of 3%,4%,5% and 6% were respectively added to
the four batches of starch samples. The Samples were mixed
thoroughly and then heated at 120°¢ for 3 hours. Samples

were withdrawn at intervals of 30min for analysis.
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3.2.3 Acid to Starch ratio.

To determine the quantity of acid to be added for the
formation of white dextrin, the following experiment was

carried out.

9¢ of starch was dissolved in 18ml of water. and the PH of
the starch suspension was taken. Hvdrochleric acid was
added dropwise, while monitoring the pH of the suspension,
until the pH dropped to about 2.6. The quantity of acig
added was then calculated to establish the acid-starch

ratio on w/v basis

3.2.4 White dextrin formation.

Parbest Starch (cassava), a product of Parbest Industries
Nigeria Limited Ibadan, was employed in this experiment.
The starch (moisture content 7%) was acidified before
heating by addition of 2M HC1 or 6%HC1. To reduce the black
spec formation due to local acid concentration, a perfume
Sprayer was improvised to produce very small droplets and
uniform spray. The amount of acid added cerresponded to
that needed to raise the PH of the sample to 2.6, as was
predetermined in a preliminary experiment above. For 200g
of the starch sample, an acid - starch ratio of 1:50 v/w
basis was established. The acidified starch was then heated
slowly for about 40 min. raising the temperature from
ambient (25%) to 67.5% at a heating rate of 2%¢/min for 20

minutes and maintaining the temperature at 67.5°C for a

Aaed. Z.A.. M.3C. Thesis (1996)
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further 20 minutes. The temperature of the szample was
finally raized to 120°C (average) and kept at that level for
&€ hours, The heat treatment was carried ocut in a vessel
immersed in an 0il bath equipped with a thermostatic
heater, Samples were withdrawn at intervals of 1 hr and
cooled to room temperature, The pH, solubility and
viscopsity of the samples were determined. Photometric
analysis was also carried cut on the sampleg by measuring
the absorbance of a 50% =0lid concentraticon of the sample
with  the set wave length  at 375nm  using a

spectrophotometer,



CHAPTER FOUK

PROCESS MODELLING AND SIMULATION

4.1 Introduction
It i= well known fact that amall scale experiments are not
always a reliable guide to large scale results, sometimes
a process which 1g satisfactory in the pilot scale gives
trouble on the large gcale and occazicnally the reverse iz
found to be true. It is significant to neote however that
while in recent years there has been some tendency to
curtail or even to omit the pilot stage in developing hew
rrocesses, an opposite trend is seen in relation to
atablished processesz, namely, the use of models to predict
the effects of changes of design and operating conditions
in existing large scale plants. The aim of model theory is
to predict these scale effects and determine the condition
under which the performance cof a model gives a reliable

forecast of preototype performance.

In modelling the dextrinization process the focus would be
at  balancing between preoduct quality and energy
requirement, this translates to a balance between the
design wvariables (the werking temperature, amount of
catalyst and residence time of the proguct in the reaction
vessel. Model conatruction and parameter estimation would
eliminate the rather expensive and hectic experimental

brocess ©of generating results, it also presents a more
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rational way of tackling the problem at hand which invelves

the possibility of having countless number of products.

4.2 Model structure

FProm literature it was ascertained that repolymerizaticn
is responsible for cold water dispersibility and for
excellent cook stability. This is influenced by high
temperature reaction conditions. Temperature increase
favours more extensive structural changes as the mixture
becomes drier. Structural changes leads to high molecular
weight products implying the dominance of condensation
reaction. Suppressed repolymerization or greater linearity
results in partial cold water dispersibility and

retrogradation or ceongealing of cocked paste.

From process study we see that conversion iz a function of
the added catalyst. Rate of conversion increases with large
amcunt of acid. The amount of acid required for conversion
is a function of the specific physical properties required.
If large amount of acid is used, the hydrolytic fission
reaction at the initial stage 1is accelerated and a
consequence of this is the low solubility of the product in
cold water. The product also will retain varying degrees cof
the set-back tendencies from the original starch. Hence to
obtain a better quality of product at much less processing
time cne has to optimize the acidification rate and the
reaction temperature.
. VMav) pri i v
Acelh. E.A.. M.3c. Thasis (1396} Spf!.;!!_Jfﬁi_ﬂim
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The model structure would be bhased on white dextrin
formation where reaction is esgsentially hydrolytic in

nature.

The process c¢an be analyzed wusing a bklack box
represgentation az shown helow,

Heat
{temperature)

N
STARCH "l DEXTRINTIZATION I'*BEXTRTN
d"
CATALYST
{moisture)

The preduction variables would be reduced to twe; the
temperature and quantity of c¢atalyst (starch-acid ratio)
for easzsz of computation. The moisture content factor and

acid strength are lumped as one variable,

gince the degign of an oil heated, jacketed reactor iz to
be carried out, two options may be considered in

constructing the medel structure,

CPTION A: An operation scheme which involves heating the
filuid (o0il) in the Jacket to a constant temperature before

inzerting the converter vessel or

OPTION B: Heat energy supply to both the heating fluid znd
the =starch material simultaneocusly {a feorm of indirect

‘heating of the starch material),

Acehy, K. X.. N.3c. Inskis (1996}
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Congidering the second option, an energy balance across the

system vields:;

for the transient state

rate of heat

rate of rate of gain by
r E}E’at"f heat gain heat gain reactor
input = byoil 4 byvessel content
ao 32"5 aT;r QTE
Tt~ MGzt Mgy (0D

If we assume that the vessel and the o1l gains heat at the

same rate, we can lump the variables sc that

ao-H 32’& . 31’5

I T I 14.2)

where H,

lumped heat capacity of the oil and vessel

H; = heat capacity of the starch,

If we alzo assume that the thermal response of the starch
material is slow such that the oil would have gained heat
to raise its temperature to Tat time t before an
observable temperature rise o¢f the starch, then on
integration;

where Ti = initial temperature
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¥ dr,

S AT (4.3)
- _[Qf’},i%; ggat - Jff 37,
- %t’-irg Ti) (4.4)
equation 4.4 can be revwritten as
r{ ~ gile (4.5

It is assumed that *the heat capacitieg are constant cver

this temperaturs range.

¥ o) .
i g% gt =\, (Hy 3T, = H; 3Ty (4.6)

4 a0 LT il ! 7
3o g, ot - g2 man - i wan ] aan - wony

}ﬂr’ W@ J.':r Hat = B I:’ arn J:: A% v K al)

WL+ Wt - ') = WL+ HYT, - T)) ¢ E{ T, - T) (4.7)

substituting for T, from eguation (4.5)

Wt = WE' + HJT, - Wt' - HT; + HT, - HT,' (4.8)
= H (T, - T;) + HJ(T, - T;')

but T,' = Ty = Ty \

H{T, - T;) + HAT, - T;) {4.9)

(Ty - T;) = Wt - HJ{T, - T;)1/ H,

= Wt
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A7, (4.10}

aq i

To determine the variation of Tcwith time t for the reat of
the period after t',, the heat taken by the gtarch in this

pericod would be evaluated;

¢ '
a0 . als 4.11
faf l”s aF (4.1
: 1 40 !
1 - .12
[ 4 B ae-f o (432
t §
e ff (r th=(n o) {4.13)
Hg . *
4‘{ T.I:' Td’
2 oy At ,“) (4.14)
(e &7)
From equaticn {4.5)
T, = %ﬁf te T (4.15)

for t = (t - t")
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A computer program to carry out the =zimulation and the

aimulation results are given in appendix B.

At steady state, the cperating temperature is known i.e %
hence 4T; will be a constant and from equation (4.10)

4 Hs w. o
et Four (4.186)

also

Heat input = Heat taken by moisture (water + wvolatiles)

aQ
gt

- mﬁ C}Jf (Tsr TS ) ) (mcj m:j ) L {4.17)
if m, ie the mass of starch tc be dried per unit time and X,
and Xy are the initial and final ligquid/moisture content in

mags of liquid per unit mass of starch then

1 4
= ?ig - Xy Cp (Ty Ty) v (X Xp) I (18)
- _!_n_’!; t = X3 Cp (Ty Tg) e (X Xp) L (4.18)

Hence the reaidence time t of the starch material in the
reactor (dextrinator) is a function of the acid starch

ratio

Kinetic model

k

gtarch ————l———> Dextrin - Uncatalysed reaction
heat

Acah, M A . M.3c. Themis (1895)
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dtarch  —-——=-—"——- > Dextrin - Catalysed reaction
acid + heat '

the rate equation will be

dac.
- = . n A 4,19}
=R G)G (
dX,
~ 77 Y, (k » b C. ) dt {4.20)
Integrating
-ln(l - X,) = Kge t {5.21)

where K. = k;+ k£, observed rate constant
Hence a plot of ~In(l - X.;) against t is expected to vield
a straight line passing through the origin for the model to

be true.

A plot to verify the rate law as predicted by the kinetic

model is given in Appendix B.

The regression analysis gives a value of 70.4% as the
regression coefficient, This value is not high enough to
justify the model, thieg implies that the reaction is more
complex. However we can consider the reactlon ags a pseudo

first order reaction,.
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General Assumptions

In deriving all the above eguationsz the following general

assumptions were made:

Heat losesg are negligible

The process 1is entirely a thermal process hence ne
complicationg arising from diffusion

Qver the temperature ranges considered the specific heat
capacities and the heat of vapourization are constant
All vapourizaticn cecur at a constant temperature

Heat absorbed by moisture and volatiles at the transient
state iz negligible

The conversicn process has a first order kinetics,



CHAPTER FIVE
EQUIPMERT DESIGN ARD FABRICATION

%.1 Intreduction

One very important variable in the manufacturs of dextrin
from atarch is the type and design of the converter vessel.
In the case of the acid converted pyrodextrin production,
it ig essential that the cenverter vessel be provided with
proper agitation, as thorough mixing to ensure effective
acidification of the starch is needed. It is alsc necessary
that the wvegsel be equipped with temperature control
mechanism since temperature is a key variable in
determining product quality. The egquipment nmust also

provide for removal of volatile products.

In gummary, the requirements for a dextrin converter

. {dextrinator) includes the following:

a) Proper agitation, either by mechanical means or forced
convection.

b} Heat control mechanism

¢} Means of removal ¢of volatile products.

5.2 Design Options

The choice of type of equipment to be emplovyed in a
dextrinization process depends on the method to be adopted,
whether batch or ceontinuous production. For batch
processes, veasels can vary in capacity frem 100 to

10.0001bs (about 435 - 4500kg) and can be vertical or
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horizontal., Because dry powdered starch 1is highly
combustible direct heating is not encouraged and indirect
heating of the cocker 1is preferred. Another serious
disadvantage of direct firing is that it does not permit
gocd surface temperature contrecl and may cause scorching of

the material in the vessel wall.

In the work of Rowe and Hagen (C.A.1944} use is made of an
inner metal sheet to contain the material treated, an outer
shell forming with the inner shell a steam jacket divided
to form plurality of circular steam ducts, an inlet and a
condensate outlet for each of the ducts. A partition is
provided extending across each duct which forms a steam
barrier between its inlet and outlet, the inlet and outlet
being arranged in proximity tc the partition so that steam
entering the ducts is compelled tc flow continuously
through a substantial length of the ducts. A means such as
a mechanical agitator for agitating the material under
treatment is also provided. The main cbiect in dividing the
jacket into zones is to achieve uniform transfer of heat to

the starch,

This design is a rather complex and energy inefficient, as
the steam is under-utilized. It is also capital intensive -
a2 steam generator will be reguired together with other
accesscries, making it unattractive for the small scale

industrialist. The temperature control mechanism for =such

Amah. F.A. . N.3c. Thesis (1296]
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an equipment will be an onerous task to design. Hence for

a small scale production the design is unacceptable.

For the continuous conversion process developed by Philips .
in which a moving belt carries a thin layer of acidified
starch through a heated oven, the gains accruable from
increased production capacities and process intensification
may be sapped by the high fixed ccst and maintenance cost
resulting from the large gized equipment that will be
involved. A possible setup of the equipment is shown 1in
Figure 6.1. The oven would have to be large to allow for
enough residence time since it has been established
fChapfer four) that an optimum residence time of 5 hours
may be required for conversion into white dextrin. Running
cost involved would appreciate over and above that of the
Hagen cocker and might not appeal to the small scale

investor.

Analyzing the fluidized bed option as suggested by
Prederickson.. the dextrinization process can be
considerably accelerated since the material surface area is
greater compared to its mass. By fluidization the aim is to
suspend the starch particles in a vertical hot air stream
thus expecsing as much surface area cof the particle as
possible to a forced convection effect of the air. This way
the requirements for proper agitation and removal of

volatilea will be achieved. A possible design is as shown

Acah, KA., N.3C. Thesis (1396]
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in Figure 6.2. The heater battery could employ a gsteam
coil, electric heater or even a heat pump for heating., A
maior gethack in this design is the fact that temperature
control might he difficult and also that it might not be

econcmically justifiable.

Given these setbacks, a much simpler design simijar to that
of "Hagen cocker" and which meets all the design
requirements iz considered. It should be much more
economical vis-a-vis other options appraised and also

gasier to operate,

5.3 The converter design

Dezign Data
The most important parameterz in the design o©f the
converter vessel include:

- Operating temperature: the amount ¢f heat to be
added to the gaystem 1is a function of the
operating temperature and the amount ¢f starch te
be processed

- Amount of starch to be processed: this determines
the capacity of the vessel

- Available material of construction

Aceh. T.A.. ¥.5¢. Thesis (1996)
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5.3.1 Material of construction

In the selection of construction materials., besidez the
availability factor and cost. care had tc be taken with
regards to the corrosive nature c¢f hydrochloric acid (HC1l).
HC1l is one cof the most corrosive chemicals known. however
even at slightly elevated temperatures., completely dry
hydrogen chleoride gas has very little corrosive action and
iz easily handled in iron equipments. Aluminium or
stainless steel would have been the appropriate materials
but considering the cost and availability of the materials,

a cheaper option, mild steel, had to be chosen.

Since the starch - white dextrin transformation takes place
with dilute HC1 as catalyst and at low temperatures., a2 mild
steel container suffices. Also fuel oil has very little or
no effect on mild steel in terms of corrosion thus the
choice of mild steel as the construction material is

justified.

5.3.2 Component Designs

Reactor Vesgsel

Mild steel(MS) of thickness varving from 0.2mm to 3mm are
available in the market. MS of high thickness will not be
easily shaped except with the use of machines, it also
might hamper the flow of heat energy to the starch material
causing a temperature gradient. On the other hand MS of say

0.2mm thickness might not be strong enough to withstand the
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agitation within the vessel hence it is only logical t~
employ M8 of thickness 0.75mm. The reactor vessel is
therefore cerntructed with ME of thickness 0.75mm, shaped
as a cvlirdrical vessel with a hemispherical bottom. It is
fitted with a handle to enable removal from the heater

jacket into another medium for cooling,

The volume of reactor required can ke calculated knowing
the quantity of starch to be processed, also the optimum
dimension (in cm} of material required i1s computed as 20 in
diameter and 12.1 in heilght (see Appendix), as shown in

Figure 6.3,

Reactor Jacket

The 3jacket to contain the heating fluid is made of same
material as the reactor vessel and 1s fitted with a 1.3KW
electric heater. The Jjacket, which 1is lagged with
appropriate material te prevent heat loss to the
surroundings, 1s cylindrical in shape with a curvature at
the bottom. The dimensions (in <m) of the jacket 1is
estimated as 28.5 in diameter and 38,97 total height (ges
Appendix) as shown in Figure 5.4, The choice of 1500W Watt
rating wag influenced by the thermal response of the
heating fluid emploved, Available in the market are
variations from 500W teo 2500W. For a unit mass of the fluid
the response time required for a degree rise in temperature

was computed (Appendix). For higher Watt ratings,

dxan. E.A.. N.SC. Yhesis [(1996)
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temperature control becomes difficult as the thermal gain
would be large, whereas for lower values, longer time would
be required regulting in higher residence time of the

material in the reactor,

Agitator{Impeller]

The impeller ig very critical to the design since proper
agitation would be required at the acidification and
dextrinizaticn stages of the process which will be carried
out in the converter vessel. The agitator is designed with
two sets of blades, one arranged at 60° to the horizontal
and the other at 75° to the horizontal. This arrangement of
the blades iz to facilitate thorough mixing of the starch
material. At the bottom of the agitater rod iz fitted a
blade shaped in line with the bottom of the converter
vesgel to scrape the bhottom of the vessel so that dead
zones are eliminated. The impeller 1g mechanically driven
by a motor of variable speed. Figure 6.5 shows the

dimensions of the impeller and it's agsembly.

Temperature Coptrol

For temperature measurement and control a wide range cof
equipments are applicable. These include; thermocouples,
thermistors, resistance thermometers, radiation pyrometers.
The suitability of each cone of them depends on the
temperature range. For the system under copnsideraticn (T

< 150%) a resistance thermometer will be suitable, A



Dextrinization: Process study and Eguipment Fabrication. 48

cchtact thermometer which functiong ag a resistance
thermometer is employed and it is assumed that it is
capable of remote electrical “*ranamission without
appreciable transmigsion 1loss and with congequential

accuracy.

The temrperature control system adopted conzists of the
contact thermometer {mounted on the reactor Jjacket)
connected to an electronic relay system such that the
supply of electric current to the heater is switched off
when the temperature of the oil reaches the =zet temperature
fixed on the contact thermometer, and switches on the
heater when the temperature falls below the et temperature
20 that the heat energy 1s supplied to the system to raise

its temperature.

The total =zet up is shown in Plate 6.1 and its components

in Plate 6.2.

A test run was carried out with the fabricated equipment,
the temperature of the starch was raised to 1209C, the heat
lozs from the equipment was, however, encrmous which could

be attributed te¢ poor lagoing.

Aowlt, E. 5., ¥.3¢. Thesis (19961
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Plate $h. ‘Total Setup of the Detrinator design

Plate 5b.  Components of the Dextrinator.



CHAPTER SIX

RESULTS AND DISCUSSION

6.1 Moisture Content

Fig 6.1 Shows the variation of the sclubilities of dextrin
{Product) with moisture content 1levels for different
reasting periods. From the figure it is observed that
optimum moisture levels lies hetween 5% and 7%: at these
pointz the curves attain a plateau, Dextrinization carried
out with moisture content level of 7% however, gave a
product containing negligible black spec formation. Tests
for higher moigture content levels yielded unsatisfactory
results. A thick black mass resulted from a moisture
content of 20%, high black speck formation for 12%, Hence
it can be concluded that nigher percentages of molsture
content in the starting material for dextrinization are
undesirable. It is known that high moisture content
promoctes sStarch hydreolysis and suppressgses condensation
{repolymerization)} reaction. Congsequently the product vield

and solubility is affected,

6.2 Bffect of Acid strength

Fig 6.2 shows the variation of sgclubilities of the dextrin
proguct with acid strength for different roasting periods.
At higher roasting periods the curve almost flattens out,
thus revealing that the effect of the acid concentrations
is only significant at the early stages of dextrinization.

The scolubilities for a particular reasting time increases
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with increasing acid strength. One other change ncticed was
the darkening of the product progressively ag the acid

atrength was increased (Table 6.1).

The amount ¢f acid needed for a particular preparation will;
be a function of the specific physical properties required.l
If a large amount of acid is used, the hydrolytic scissioni
reaction at the initial stage is accelerated and a’
consequence of this is the low solubility of the product in
cold water. The producgt also retains varying degree of the

setback tendencies from the original starch paste.

6.3 Optimum reaction parameters for dextrin formation.

The following gives the result of the analysis carried cut
to determine the optimum reaction parameters for white
dextrin fermation from starch as spelt out in section

3.2.4.

Catalyst depletion with reaction.

Variation of the pH with time is 1llustrated in Fig 5.3.
The upward trend of the curve indicates that the acid
catalyst gets depleted by evaporation as the reaction

progresses,

Agaly, E &, . N.Sc. Ihesis (1296}
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Solubility

Fig 6.4. shows the solubility plot for the samples for
various conversion periods. The solubility was highest for
a conversion period of 5hrs (90%) and then decreased to 280%
at t=6hrs. A possible explanation for the observed
behaviour could be due to the fact that hydreclysis and
repolymerization reaction occur simultaneously during the
dextrinization process and since repolymerization favours
increased sclubility it appears to be dominating at t=5hrs,
and at ts=éhrs, hydrolysis could be the main reaction. Fig
6.5. shows the plot of absorbance of the samples versus
time. Notice the resemblance between Fig 6.4. and Fig 6.5.,
Since absorbance is a function of concentration of the
solution, it directly relates to solubility and can be used

as an index for measuring the conversion.

Viscosity

Fig 6.6. shows the viscosity profile for the cold water
solution of the samples. It shows an increase in viscosity
at the initial stage (up to t=2hrs) and then a sharp
decrease. The decline in viscosity may be due to hydrolytic
scission of the molecules. A rising tendency in the value
of the viscosity was observed at a conversion pericd of
fhrs, This could be as a result of formation of the
reversion preoducts. Fig 6,7. compares the viscosity values
of cold water solutions of dextrins after 2 months of

preparation, to the initial viscosities. A high degree of

Agel. E.A.. M.3C. Thesis (1996)
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set back tendencies are shown by products obtained for
conversion periods t=ihr to t=3hrs. Values cbtained for
conversion times f=4hrs to t=6hrs are essentially the game
indicating that conversicon products at theose periods are
more scluble, Products obtained for shorter conversion
pericds are prone to retrogradation as indicated by their

enhanced visceogities.

Property change with gtorage

Table 6.1 gives the different physical properties cof the
dextrin samples compared with those of the parent starch.
Obgervations were made after 8 months of production. The
product with highly converted materials have more stable
properties as exemplified in the table and by Fig, 4.7. for
which comparisen was made after two months of production,
The physical changes are produced by chemical changes
induced in the molecular structure of the parent starch by
the dextrinization process. An increage in the proportion
of lower - molecular weight materials enhances water

solubility and produces a darkening of color,
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Table 6.1: Product properties for different conversion
periodsa
Sample Conversion NHature of Conc, Solution Powder
Peried sclution (50%) colour colour
{hr)
Starch Insecluble White White
{Sugspenzion)
A 1 Slightly scluble Gold Yellow Creamish
White
E 2 Thick cloud ~f Brown Cream
ppts {light)
C 3 Colloidal Erown Middle
grey
cream
D 4 Increased Dark Brown Cream
fluidity
E 5 More fluid Yellowish Yellowish
Brown Cream
F 6 More fluid Dark EBrown Buif

Aceli. E.A.. M.3c. Thasis (1996)
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Fig. €.5. Absorbance curve for white dextrin production.
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CHAPTER SEVEN

CONCLUSION AND RECOMMENDATION

From the process study carried out, the folleowing

inferences can be drawn

- Higher percentages of moisture content in the starting
material for dextrinization are undesirable.

- Effect of the acid (catalyst}) concentration iz only
significant at the early stages of dextrinization.

- The concentration of the added acid catalyst
influences the qualities of the resulting product.

- Spraying during acidification of the starting material
promotes even distribution of the acid, reduces black
speck formation and hence increages product vield and
guality.

- The degree of conversion c¢an be monitored by measuring
the absorbance of the product,

- For white dextrin manufacture, optimum conversion
period lies between 4 - & hours and the resulting

productie have stable viscozities.

Mathematical modelling of the process for white dextrin
manufacture from starch reveals that the temperature of the
starch material in the dextrinator 1is related to the

temperature of the heating fluid (oil} by the equation:
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W %
- AT = __..  r ——- AT 5.10
s 7 7, o { )
The variation of the heating oil temperature with time iz

for the transient state is given by the equation

TO = [ t k Ti { 5 . 15 )

- At steady state when the temperature is maintained

conztant the equation governing the system is given by

- .R,T’z;t = X5 Cpe (Ty Tg) v (X3 Xp)I (5,18)

- From the above equation it is evident that the
rasidence time t of the starch material in the reactor
is a function of the acid:starch ratio.

- The regression result obtained for the kinetie model
indicates that the process is can be considered as a

first order reaction,

Teat run result of the fabricated dextrinator. shows that
the equipment ig capable of processing 4kg of starch,
converting it into dextrin. The equipment would however

need to be appropriately lagged for better performance.

RECOMMENDATICON
S8tarch derived producte go into almost every industry and

because the application area is so large, the atarch

Adowl;. B8 M.3c. Thesis (15396}
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industry is vulnerable to attack from more =apecialised
synthetic products., In the textile, foundry, paper-coating
industriez, gynthetic polymers are precsenting gerious
threat to starch products but those produced are still
expensive. Much work is therefore, needed tc be carried out
to form products combining starch and synthetic polymers 3

that the best of both materials can be eobtained. The future
of the starch utilization in such industries can be bright
if technical efforts continue teo make use of the new

synthetic materials,

Another area of further estudy would be to investigate the
kinetics of the dextrinization process., To the best of my
knowledge no data have been published cn the rate constants
of the acid converted pyrodextrin reactions, Hence it will

be worthwhile to carry cut a research on the zubject,

Testing and optimization of the fabricated dextrinator in
relation to the model daveloped should be carried out. Also
an investigation inteo the continuocus production process

option, adopting the fluidized bed, should be carried out.

Aqali. B.A.. M.3c. INeRiI8 {16t
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APPENDIX Al

Dextrin, starch glues importation for the year 1991.#*

Country Quantity (kg) Value (N}
Canada 762 15,250
U.s 18,819 135,374
China 2,786 20,312
India 100 6,353
Japan 39,772 596,588
S. Korea 9,778 160,000
Singapore 36,898 442,780
Taiwan 685,781 9,221,996
Belgium 153,474 3,454,657
Denmark 130,481 2,036,065
France 212,125 5,272,316
Germany 194,404 1,941,253
Ireland 375,000 445,709
Italy 74,423 877.967
Retherlands 40,966 273,938
Switzerland 780 32,0064
UK 273,913 4,094,047
Other Eurocope 3,150 377,984
Total 2,253,412 29,407,653

* Courtesy: Federal Office of Statistics, Kaduna.
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APPENDIX A2

DEXTRIN APPLICATIONS"

Application Sujitable Dextrip
- White § Canary | British
L3 Gun
#;ﬁm Adhezives
. Bag bottom X X
"~ __Bag sean %
. . —uiddd POSTing X
. Carton sealing X X X
4 —kdQakretle sean X
c-—SCopntainer gsealing 0 ¥ X X
T...—BEanvelov aum X
T - Envelop seal X
p
. Gummed tape X
. —Laminating pagte X X
j. Library pazte
o Lining paste
i xf___zﬁgg:_gung_gng_cone winding X X
i .. _ Postage stamp %
cerapics
. ——rottery and tilc glazes  } X
e —CEAYORS i X
-rre_Detergents X
fﬁ:: Dyes X X
Feed blocks i
¢ _Flares and fireworks X
't’”_ Fgod uses X X
Y _Foundaries
—uald binders X
N core pacte X
EMQ, core wash X
- ._Fuel briguettes X
Q... -ibgecticideg X




Dextrinization: Process study and Equipsent Fabrication.

Application

itable D

White

Canary

British
Gum.

—keather
—Adhesives

Shoe Counter pastes

—shoe polishes

~kinoleum

-Paipnts

—Lold water

poster

i

Paper

: e

T

—3il PADCL

katching plasicr

Plaster board

xkrkbqk

Printing

Ink vehicle

ITextile

| -5

Protective colloids

<

Jextiles

—<loth printing
—Ryeling

P S ol Sl o

Window shades

* Adapted

Agah. E.A.. M. 3c, Thesis (199C)
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APPENDIX Bl
COMPUTER PROGRAM AND SIMULATION RRESULT

Computer preogram (written in Clippber package) for the
simulation of the model equation is given below and the

output is plotted in Figure Bl.

Program k!
const  ti 25

v s 1500;

Frocedure Ileat
local i, ti = 25, w = 1500, ho = 11574, he = 5024,4, tp = 25450

use data new
far i =0 te 7200
if{i < 1500, to = w/hovi + ti, (wp = hEd(ts - Lid/{i - tp), to = (W -
wolvi/fho + ti)}
ts = tit wvi - hoi(to - i)
if modi1,600) = 0
T i/60, to, te
append blank
time = 1/60
data->f_to = to
data-:>f_ts = t&
endif
next i
return

-

Acali. E.&.. M.85c. Ihaxis (1996)
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APPENDIX B2

Figure Bl below iz a pleot of -ln(l-Xg) against time to
verify the pertinence of the proposed rate law for the
dextrinization process. The data ploted were obtained from
the experiment carried out to produce white dextrin from
cassava starch (Chapter three). It is assumed that

Solubility values can be taken as an index of convergion,

®
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L}
¢
i m i m il N U " 4
] 4 i # it B # L — ]
2 3 s s .
Tiae (1 - Tarx)

Pig B2: Plot of -in(1-Xs) against time.
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The regression analysis, also shown below, gives a value of
84% a=s the regression coefficient. This value ig high
- enough to justify the model, this implies that the reaction
can be considered as a first order reaction.

Regression Qutput:

Constant ¢
Std Err of Y Est 0.3068429
R Bquared 0.8480056
No. of Observations 7
Degrees of Freedom 6
X Coefficient(s) 0.3523077
Std Err of Coef, 0.0321659

R? = regression coeffient = 84%
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APPENDIX C
DESIGN CALCULATIONS

. Reactor Vessel

fabrication:
8 = 2nrh + 3nr®
C¥g = oard o+ 2/3(urd
+" eliminate h
X 2.3
h= (V  4nr9)
nrl 3

gsubstituting for h in (1}

'2 2 1]
S= 2 (v 311:3) Ingl

. differentiating
&S 2v 8
- nr e énr
er ;? 3
g;'uo- 2V %nranﬁnra-o
1
. - 3V 3
= r={ SE)

32 4vV__.3  B8..2
Mr> - SAr< r 47 =kye
d 2 r3 3

T

hence r has a minimum.
Volume = mass/density

Agelt, E.A.. N.3c. Therig (1936}

77

To calculate the minimum zurface area of M8 required for the

(1)
(2)

(3)

(4)

{3)

(6)

(7)

(8)
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For a 4kg mass of starch
v = 4/1538
= 2.6 * 107md
- substituting for V in eqn. {6)
1

3
re(3=2.6410%)3

= 0.07918m = 7.92cm

¢ = 2r = 0.1584m =15,84cm
substituting for r in egn. {3)

h = 0.07922m = 7.9%2¢cm
- To allow for a tolerance factor of 26.5% for the diameter and
53% for the height (this values are arbitrarilly chosen)

& 1,265 * 15,84 = 20,04cm

h=1,83*7,92=12.1cm

Reactor Jacket
To determine the dimension of the reactor jacket the gquantity
of the heating fiuid required must be known. This can be
calculated if the heat duty is known.

Heat duty:
The quantity of heat required to heat the material (starch +
moigture) in the reactor vessel to a temperature of 1209
{operating temperature) can be computed from the equation
below

it iz assumed that starch with 7% moisture content will be

Ageh, E.A., N.3c, Thepis (1995)
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Q=iy Gy BTy » Mg Gz AT v 0.07mg Gy BT » 0.07mgl (9)
used,
To determine the mass of the vessel material
m, = @Y%
V, = surface area * thickness
(2nrh + 3nrd)* x
| 1.277%1074m
= m, = 7833 * 1,277*10°%

= lkg.

From equation 9
Q = 1*502,42*95 + 4*1256.1*8% + 0Q,07*4*4195,5*75 +
0,07%4*1,738%105

= 1.0997%10P7
bﬁt this quantity of heat will also be supplied to the heating
0il
Q= mdcpo‘To
Mo = Q/(CpfTo) = 1.0997%105/(2,1355%103 » 95)

= 3.42kg
from eqn. (8)

Vo= 5.42/852 = 6.36%107m .
since the reactor will be inserted into the jacket, the volume
of the jacket,
Vj = Vg + Vg

= 1,23*107%n

from eqn. (%) ry= 0.1329m

Aaely, E.A., M.5¢. Ihexis (1296}
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e B4 = 0.2658m

3

also from egn.(3)

hj = 0.026m
allowing for 7% tolerance to accommodate the contact
thermometer (about 3¢m in diameter) that will be placed in the
annular space between the jacket and the reactor vessel

i'j = 1.07 * 0.2658

= 0.0285m ~ 28.5cm

The total height of the vessel
=Tyt hj = 16,85cm,

to accommodate the heater at the bottom of the reactor vessel
this value will be increased by a factor of 100%

=hp=2* 16.85 = 33.7cm

with this alteration the volume of oil that will now be
required can be calculated from eqn. (2)

vy = m(0.1425)2{0.1955) + 2/3m(0.1425)3

= 0,01853n°
since the cil will occupy the annular space
Vo = Vj— VR

= 0,01853 - ©.00594
= 0,012596m = 12.6litres.

Thermal Responce of Heatdng fluid

From literature the average value of G of the oil for a
temperature range 40-1209 is 2,1355kJ/kgK, this implies that
for for a unit mass of the oil; 2.1335kT would effect a degree
rise in temperature .

Thermal energy supplied = Energy gained

VIitsmGp AT

Aoali, E.A., M.5c. Thesis (1998)
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t = G/VI

=~ m, &T = unit increase

computing for the respective heater ratinga:

for 2500W,
for 2000W,
for 1500W,
for 1000VW,
for 500W,

t = 2.1355/2.5

t
£
t
t

2.1355/2
2.1355/1.5
2.1355/1
2,1355/0.5

Agelr, E.A., M.ic. Thesir (13936}

= 0.83sec
1,07sec
Ll.42s88cC
2.14sec

4,273ec,
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