ABSTRACT

This study is carried out to determine the posgybof using the
Iragi Bentonite raw material for bleaching the oatteed oil and to study
the effect of treatment with acid and caustic anphocess of bleaching as
well as the effect of the particle size, the degrieemperature and the time
required for the process.

The Iraqi local material was examined by X-ray wiftion (XRD)
and infrared spectroscopy (IR) techniques, alsomoted and mineral
analysis were used to determine the clay charatteri

Two methods of adsorption were used the physicdl @memical
adsorption. For the physical adsorption method, gnaups of Bentonite
samples were prepared (A&B). For group A, the Beitéowith percentage
(70%, 75%, 80%, 85%, and 90%) mixed with sulfuteddaH,SOy,) using
different percentage (30%, 25%, 20%, 15%, and 1@%b) concentration
4N for 6 hours. While sample of group B differenhcentration of K50,
with normality 4N and 8N were mixed with a specdimount of Bentonite
for a time 3.5 hours and 6 hours. In the secondi@i&), the Bentonite
treated with (NgCO;,) to get the following values of pH (8.5, 9.5, 1,0a&d
12.5) for a time 3.5 hours and of pH (10.5, 12144 44.5) for a time 6
hours. The process of bleaching of cottonseecheit fperformed by using
all the groups A,B, and C using concentration 0.880 0.7% for time
periods 3.5 hours and 6 hours.

The red color degree for the cottonseed oil wassorea using
Lovibond color glasses before and after bleachiigo the free fatty acid
(F.F.A), the pH of the treated Bentonite, and thk gensity of bleached
oil. The value of the physical and chemical adsorptvere calculate using
two equations, Frendlich and Langmuir, and the @omsf the equations

were determined, the result of the study reveads the best color was



obtained by using the chemical adsorption methodufg C). As the color
degree of cottonseed oil changed from (16-red)redbteaching to (7-red)
after bleaching with the sample Af the pH value 7.6. In the case of
using the physical adsorption method. The bestevalucolor (9.01-red)
was produce using samplg #ith concentration 0.7% and pH value 1.45
for a time 3.5 hours. While in group B, the beslueaproduce by using
sample B, where the degree of color was (9.2-red) usingcentration
0.7% with pH value 1.5 and time 3.5 hours.



Table of Contents

Abstract

Content

List of symbols

List of Figures
List of Tables

Bentonite Clay

Structure of Bentonite

Types of Bentonite

Application of Bentonite

Literature Survey

Aim of The study

Bleaching Process

Adsorption Bleaching
Chemical Bleaching

Theory of Adsorption Bleaching

Swelling

lon Exchange

Plasticity

Hydration

Apparatus of Color Measurements

X-Ray Diffraction Measurements

Infrared Analytic




Raw Material

Bentonite Clay

Sodium Carbonate "pM2O;"

Cottonseed Oil

Treatment of Bentonite

The Physical Bleaching Method

The Chemical Bleaching Method

The Addition of Qil

Operation Procedure

The Result of Measurement

Measurement of group A

Measurement of Group B

Measurement of Group C

Discussion of Results

Conclusion

Future Work

References




List of symbols

Symbols | dentity
A, The Adsorption of Unbleaching Oil
A The Absorbance of Bleaching Oil at Time t
a, b The Langmuir Isotherms Constants
C The Amount of Residual Substance
C The Velocity of The Light
d The Interplanner Distance
e Electron Charge
Eq.wt The Equivalent Weight of Solution
F.F.A The Amount of Free Fatty Acid
FTIR For Transition Infrared Diffraction
h Plank's Constant
K The Frendlich Constant
Ni The Percentage of Solution Before Dilution
Nj The Percentage of Solution After Dilution
m The Amount of Adsorbent
N The Percentage of Solution
n The Frendlich Constant
P The Equilibrium Pressure for A Given Amount of
Substance Adsorbed
Sp.Gr The Specific Gravity of Solution
W The Weight of Solution
Vv The Volume of Solution
Vi The Volume of Solution Before Dilution
Vj The Volume of Solution After Dilution
X The Relative Amount of Substance Adsorbed
Xe The Residual Relative Amount at Equilibrium
XRD X-ray Diffraction




The Greek Symbols

Symbols | dentity
A The X-Ray Wavelength
A The Minimum X-Ray Wavelength
O The Angles by Bragg's Law
a, B Alpha Carotene of Pigments of Oill
Y The Frequency of the Continuous Spectrum
Ve The Maximum Frequency of the Continuous
Spectrum
V The Voltage of the Kinetic Energy

Vi




List of Figures

Diagrammatic Sketch of the Structure of
Montmorillonite

Typical bleaching tests on cottonseed oil

Typical Adsorption Isotherms of the Bleaching
Cottonseed QOil

Clay fabric microstructure as affected by water

solution composition

Schematic Representation of the Adsorption o

Anionic Surfactant on Bentonite Particle as a

Function of the concentration of Surfactant.

Microstructure and Permeability of Bentonite
Clay. Left: Dispersed Clay Including Sodium
Bentonite .Right: Aggregated clay Such as

Calcium Bentonite

Schematic Diagram of the Apparatus of the Co

XRD Pattern for Bentonite Raw Material

IR Analytic for Bentonite Raw Material

Schematic diagram of bleaching apparatus

The Dependence of Bleaching Color of
Cottonseed Oil on the pH- Bentonite Solution

Group A

The Variation of the Free Fatty Acid of
Cottonseed Oil with the PH-Bentonite Solution
Group A

Vii



The variation of Density of cottonseed oil with

pH-Bentonite solution of group A

Langmuir Isotherms for the Bleaching of
Cottonseed Oil With Bentonite at Temperature
70°C of Group A.

Frendlich Isotherms for the Bleaching of
Cottonseed Oil With Bentonite at Temperature
70°C of Group A

The Dependence of Bleaching Color of
Cottonseed Oil on the PH- Bentonite Solution
Group C

The Variation of the Free Fatty Acid of
Cottonseed QOil with the PH-Bentonite Solution
Group C.

The variation o f Density of Cottonseed Oil wit
the PH-Bentonite Solutions of Group C

Langmuir Isotherms for the Bleaching of
Cottonseed Oil With Bentonite at (t)Temperatu
70°C (Group C)

Frendlich Isotherms for the Bleaching of
Cottonseed Oil with Bentonite at Temperature
70°C (Group C

viii



List of Table

The Mineralogy of the Iragi Bentonite (AL
SOFRA Group)

Chemical Composition of Iragi Bentonite
(AL-SOFRA group)

The Specification of the Used Cottonseed
oil

Preparation of samples 5 As

The PH of Samples

Preparation of Samples B B,)

The PH of Samples

The Preparation of Samplest€@ G

The values of pkl, F.F.A, and Density for
the bleaching color of Cottonseed Oil with
concentration 0.3%, 0.7% of Bentonite at
temperature AT (group A).




The values of the relative amount of pigm
adsorbed and the residual relative amou
equilibrium (X) for the bleaching o
Cottonseed Oil with concentrations O.
0.7% of Bentonite at a temperature 70Q

(group A).

Longmuir isotherm constants (a and b) :
Frendlich isotherm constants (n and K)
the bleaching of Cottonseed Oil w
concentration 0.3, 0.7% of Bentonite a
temperature 7AT (group A).

The values of pH;, F.F.A, and Density fo
the bleaching color of Cottonseed Oil w|
concentration 0.3%, 0.7% of Bentonite a
temperature AT (group B).

The values of the relative amount of pigm
adsorbed and the residual relative amou
equilibrium (X) for the bleaching o
Cottonseed Oil with concentrations O.
0.7% of Bentonite at a temperature 70Q

(group B).

Longmuir isotherm constant (a and b) @
Frendlich isotherm constants (n and K)
the bleaching of Cottonseed Oil w
concentration 0.3, 0.7% of Bentonite a
temperature 7AT (group B).

The values of pH;, F.F.A, and Density fo
the bleaching color of Cottonseed Oil a
temperature 7ACT (group C).

X



The values of the relative amount of pigm
adsorbed and the residual relative amou
equilibrium (X) for the bleaching
Cottonseed Oil at a temperature 700C (gr
Q).

Longmuir isotherm constant (a and b)

Frendlich isotherm constants (n and K)
the bleaching of Cottonseed Oil at
temperature 7ACT (group C).

The result of the measurement of group A

The result of the measurement of group B

The result of the measurement of group

Xi



Gl 4y 5¢a

elad) Cally Alal) andail) 305
pstal) 4308 [ cp gl Amals

oL 5dl) and

aled) gl peadi B adonad) 3gedl Jlamnwl dulyd

Al
Ol Axals —aglall LIS ) dadie
oLl (8 piealall Ay o clillaie e o3 (85
J2 o

() By YooY g IS

sl

39915 g ylayl.s

EARARY ¢
Jfﬁ“ Cg)

Olis

e




sl paill alll gy

isa s ¥ a5 Lap 21230 15T ¥t Lol
e o Semi Sladi 1oy alll Gl alll i dglgd 411

aluell alll

%“‘ :axagll %

e




u ol pad) adlall addl bl asle plisial eil ped G0 anlps L) )l CGug ]

) et 90U GUASy el el e adelilly el alalal) 0l anlys g adll o4 3L
B il adas Sgud ailly o A a3y pdsindl B genal) B
Slls 2wy XRD el ana¥) 50 ai plisenly ooVl colismd) osle asti ¢
H G dlad) eyl Laé dpasd oalal) aidany adlaS” IE oyl LSO IR et o f ansY) o
L JaY el
a S DY aesedt) L (saloaisly (aluzedl) paill aepest Cussast ) el e |
sl it o « (H2SO4 ) jaslhl colissdl aolas o (69lpedll joaid) Lgd odasinl

— UAJL..J- Jj_.lﬁj Q‘,_.__).bjiﬁ.\s\ — sl . S0 S.L; (A& B) d..@cj-—“-; L5____l_9 4____;}&5&\ |

(70%, 75%, w0 conis coligmdl Lol (A ) assndtl clif . (HS04) el
i 10% ,15% ,20% (H2SO4) claspsdl asls 0 oS o 80%), 85%, 90 %) i
SLob abldl ok (B ) aesez 35 el 10l AN 1S (,25% ,30% )
= 1y 7,0 ik olal ANLBN (HoSOg) el aals o aciliz 1815 an cnliges) -

cobgdl OLb) cdegs Eom(C) 9lasSd) joaid) Led condnal gl ald) asgastl Ll el




| ) e gl dl N Jpas e slezeWL (N@CO3 ) aslbdll pgysall Uisyls s a

i Sl 1o oy (105, 12,5, 14.5)5 wlele 1,0 5,0 0 (8.5,9.5,10.5) i
| Ausal (A, B, C)  polmeld ol gl plasiraly il o)y <o) ub akae o |
olela 17,0 aws oid) (0.3 %, 0.7 %) s
I i oy 5 o e ) N Sy A i) St gl O s S I
Sl cyprly . gaill ol Sl Flabl plal) Sl o b i)l asgadl aneS” o3y 2il)
B il g S eSO g 10 s alas Qe aflaSdly aplyed) G RIL 1Y) N
cooil) il ghes i gd SVolall
- il FLl Ul a8 A il O ) fogdl ¢ ol el de -
o5l (16-red) o e 05l 5i e Jsadt ¢ ,Cr z3sadl & (- GroupC) aslee Sl
- iy (sl o5 1 (3 il Ay el Y1 gl adly (v T I sl 3 eyl a
il Bl ) bl (GrOUP A& B) «xslipedl) iy lall plasecnl e Lt .PH=7.6
= (9.01-red) sbws A zisedll 05wy 0 o A wssatl (3 00l Janldl jpaill -
B assadl 3 Ll oleln 35wy ity PH=L.45 s+, %0 155 o) Jlanialy
H Gobo AV Ol 4y OV e 4, acaal 4y By 23sdl g 2l ) o b -
o33 150 ol Y ank 0.7% el el el 555 el we (9.2-red)

[ .A:)LOL.\.& V,O O)u\.; .hl}- [




Chapter Three Experimental Work

CHAPTER THREE

EXPERMENTAL WORK

3.1 RAW MATERIAL

The Raw Materials used for this study are: Ben&gniSodium

Carbonate, and Cottonseed.

3.1.1 BENTONITE CLAY

AL-Sofra Iragi Bentonite clay supplied by "The Coamy of Geology
survey in Iraq". The mineral and chemical analydishis crude clay was
carried by company of geology survey in Iraq as¢elil in the Tables 3.1,
3.2 respectively. The phase structure for theseerals are measured by
XRD Tech. by using (SIEMENS X-RAY DIFFRACTION, UNIMODEL
D-500, KV=40, CU ki = line,A=1.542°A). This test made in University of
Baghdad, the College of Science, the Geology Demant. The result is
shown in Figure 3.1or this material

The bands and structure of the crude Bentonitdohas made by using
(SHIMADZU FOURIER TRANSULATION INFRARED MODEL FTIR
8300 (Kyoto, Japan)). The IR spectrum for Bentoraig material is shown

in Figure 3.2.
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Chapter Three Experimental Work

Table 3.1 The Mineralogy of the Iraqgi Bentonite (AL-SOFRA group).

Minerals Per centage

Montmorillonite 79%

Attapulgate 7%

Calcite 5%
Apatite 5%

Gypsum 2%
Halite 1%
Quartz 1%

Table 3.2 Chemical Composition of Iragi Bentonite (AL-SOFRA group)

waenl\;c;r;gﬁal Food Grade
(Wt% )%

(wt %)
56.77 1Y -0A
15.67
5.12

4.48

3.42

1.11

0.60
1
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Figure 3.2 IR analyses for Bentonite raw material
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Figure 3.1 XRD pattern for Bentonite raw material
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3.1.2 SODIUM CARBONATE " Na,CO3"

Sodium carbonate used type (Riedel-dégha 5092A). Sodium
Carbonate is a white, crystalline and hygroscopiwger with a purity of >
98%. Sodium Carbonate has melting point of 851it decomposes when
heated at temperature greater than 4Qnd sodium carbonate is a strong

alkaline compound with pH of 11.6 for 0.1 M aquesokition'® *.

3.1.3COTTONSEED OIL

The cottonseed oil was supplied by "The generalpaom for vegetable
oils industry of Iraq". The characteristic of theed Cottonseed oil is

shown in table 3.3.

Table 3.3 The Specification of the used Cottonseed oil (Food Grade)

Analytic Weight percent

F.F.A 1% Max

Moisture contents 12%Max

Oll content 19% Max

Impurities 2% Max
PH 5-7 Max

32
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32TREATEMEMT OF BENTONITE

Two methods of bleaching were used, the first igsmtal adsorption

method and the second is the chemical adsorptidhane
321 THE PHYSICAL BLEACHING METHOD

The samples prepared using this method is dividédo groups, A and
B.
Group A

This group of the Bentonite is mixed with acidlas following:
1. Taking about 200gm of crude Bentonite materiahggiISTAUTION,
462AL] and grinding them using Porcelain ball mowders of granular
sizes in the range (38-75um) by using differenesiare prepared .The
percentages of powders used are 25% of granular 38zum, 75% of
granular size 63um and 25% of granular size 75umes& powders then
mixed with ~ 1000ml of distilled water for 30 mimst at 96C using
[STURT SCIENTIFIC MAGNETIC STIRRER HOTBLATB, madeni
GREAT BRITAIN] using magnetic stirrer [model (GREABRITAIN,
SERIAL 11750)] with 500rpm.
2. Sulfuric acid [KODAK, REAGENTACS, UN1830, MwW98.08&nd
MADE IN U.S.A.] was taken with 4N, and then distdl with 100ml of

water.

The following relation is used to calculate theg@onormality 7

N = W LR Gr . 1000 (3 -1)

Eq W Vml

Where N: is the percentage of solution before mifut

Sp.Gr: is the specific gravity of acids.
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W: is the weight of solution.
Eq.wt: is the equivalent weight.
Vml: is the volume in milliliter.

By using dilution equation given by

NiVi = NVj e

Experimental Work

(3 - 2)

Where Vi: is the volume of solution before dilution

N: is the percentage of solution after dilution.

V\: is the volume of solution after dilution.

3. Variety of amounts of Bentonite solution and ddat H,SO, were

mixed to get five groups A0 As as shown in Table 3.4.

4. The reaction for each group was carried out fopérs at a temperature

between (80-9T).

Table 3.4 Preparation of samples A; to As

Group A Sulfuric Acid Bentonite
Dilution % Solution / %
Aq 30 70
A, 25 75
Az 20 80
A, 15 85
As 10 90

D. The color samples of the five samples (& As) were changed from

yellow to grey. Then the PH of each group was meakas show in Table

3.5.
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6. The solid material was separated by using filtapgy. Dried using
Furnace [GCA/PRECTSIONSCIENTIFC, MODEL 16] at {€) for 12

hours. The dried powder was milled using ball mflporcelain body with
different size of sphere, following by using thengler for particle size less

than 75um
Table 3.5 PH of samples
Samples PH
A, 1.08
A, 1.36
Az 1.63
Ay 2.05
As 2.32
Group B

An amount of Crude Bentonite (400gm) was calcinedQfC using
furnace [GALLEN VAUK TYPE, FR610]for 3 hours. The calcined
powder then sieved to get grains size less tharm74tour groups of
samples (Bto B,) were prepared using 100gm of the sieved powddr wi
sulfuric acid of (4N and 8N) for two different tinnetervals 2 hours and 3.5

hours as shown in table 3.6.
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Table 3.6 Preparation of samples (B;to B,).

Group | Bentonite Powder | Sulfuric Acid Mixing
B /9 Dilution Time
/hr
B, 100 4N 2
B, 100 4N 3.5
Bs 100 8N 2
B, 100 8N 3.5

The mixing process was performed by using magrséiticer of 500rpm
and heating at $IC. Then, the same steps 4, 5, 6 in group A wereatepl
for the groups (Bto B,;) .The measurement pH for the groups (@B;,) are

given in table 3.7.

Table 3.7 The PH of samples

Samples PH
B, 3
B, 2.9
Bs 19
Ba 1.8

3.22THE CHEMICAL ADSORPTION METHOD

Seven samples were prepared (group C) to be usedpfaying the
chemical adsorption methods. In this group Ben&onitxed with sodium
carbonate. The step of the process wakeng an amount of Bentonite

equal to 150gm and mixed with distilled water td gjerry. Then NgCOs

3€
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dissolved in distilled water and added to the nrixtuntil the pH of the
mixture reached 8.5 with continue of mix and hegatup to 90°C by using
magnetic stirrer 500rpm for a period of 3.5 hodiisen by using the same
method for another three samples with pH 9.5, 125, were prepared (C

to C). Then another set of samples were preparedp#iti0.5, 12.5, and
14.5 (group gto G) using steps 1, and 2 as shown but for 6 hours as
defined in table 3.8All the seven samples (@o G) then dried in furnace

at 70°C for 6 hours. Each of final material of the 7 gmetthen grinded
using ball mill for four hours, then sieved to gedins size of 63um.

Table 3.8 The preparation condition of samples C, to C..

Group C | PH of sodium | Mixing Time

Carbonate /hr

C, 8.5 3.5

C, 9.5 3.5

Cs 10.5 3.5

C4 12.5 3.5

Cs 10.5 6

Cs 12.5 6

C, 14.5 6

3.3THE ADDITION OF OIL

In this part an amount of cottonseed oil equal@0d¢in were heated to
be in the temperature range (70280, which is lower than the boiling
degree of the oil. Two values of concentrations¥®0.8nd 0.7% of the

previously prepared samples of groups (A) and ggdB) were used.
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Each Bentonite group defined concentration was dhwgh 200gm of
cottonseed oil by a three-neck glass flask [20@ypke WITEG GERMANY].
The mixture then heated in heating Mental [ACHTUNGQ)YPE
WM/MRZ/2], the process carried out with using Mecital Mixer
[KARL_KOIB, IRA-WERK, TYPE D-6072], for a time of .5 hours. Each
final sample gets a different color. 100 gm of eaample of groups o
C4) was mixed with 200gm of cottonseed oil using shene aperture used in
step one for a time 3.5 hours. 100gm of each saofeoups (Gto G) was
mixed with 200gm of cottonseed oil as in step twib flor a time of mixing
about 6 hours. The oil of all the samples mentioalealve separated from the
Bentonite using vacuum method (ELNOR, type B.299E3SNELAAR-
Belgium, made in Belgium), the degree of color lo¢ DIl samples of the
original and modified were conducted by (THE GENER¥EGETABLE
OIL INDUSTRY OF IRAQ) .

3.4 OPERATION PROCEDURE

A certain amount of the treated Bentonite samplesedn with an
amount of cottonseed olil in three neck glass, foeréain time with average
temperature (7AC), this procedure repeated for each group of sesnfihe
degree of color then measured for all the sampladetermine the effect
both the temperature and time of heating on thadblieg process. The

schematic diagram of bleaching apparatus is shov#ngure 3.3.
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ANV

Figure 3.3 Schematic diagram of bleaching apparatus

1. Heating mental 2. Three-neck glass flask

3. Thermometer 4. Condenser

5. Mechanical mixture 6. Vacuum pump, 7.Sealing rubber
8. Adaptor 9. Rubber vacuum tube

10. Stands 11. Controlling value.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 THE RESULTS OF MEASUREMENTS

Bentonite local materials are treated using twohoes, the first is
divided into two groups (Group A and B) and theaoset is sodium
activation process (Group C). According to the emration of acid and
clay concentration, nine samples were preparedroup A and B, and

seven samples were prepared for group C, Accotdipdd value.

4.1.1 MEASUREMENT OF GROUP A

1. The pH, F.F.A, the bleaching color and the dgrferr group A were
measured and the results of these measuremensh@na in table 4.1.
The values of bleaching color vs. pH of the Cotemtsoil were plotted as
shown in Figure 4.1. Figure 4.2 is a plot of théuea of free fatty acid
(F.F.A) vs. pH of the Cottonseed oil, and Figur8 & the values of
treated oil density vs. pH of the cottonseed oil.

2. The calculated values of the amount of substaadsorbed (X),
residual relative amount at equilibrium,Xhe amount of adsorbent per
mass percent X/m, X /(X/m), LogeXand Log (X/m) are given in table
4.2. The values (n, a, b, and k) which are Langnmainstants and
Frendlich constants were calculated from two figutke first is between
the values of Xagainst X/(X/m), Figure 4.4 and the second is between
log (X/m) against log ¥ Figure 4.5.Langmir constants a and b were

calculated from Figure 4.4 where the slope givasahld the intercept is
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equal to b/a. The Frendlich constants were caledlftom Figure 4.5,
where the slope is equal to n and the interceptjisgl to (log k). Where
K is a general measure of the active decolorizaanwer of the
adsorbent, and n is an indication of its charastierimanner of

adsorption. The whole values are given in table 4.3

Table 4.1 Values of pH;, F.F.A, and Density of the bleaching color of
Cottonseed Oil with concentration 0.3%, 0.7% of Bemte at

temperature 78C (group A).

Sample

PH ail
F.F.A

Density
(gm/cm®)
Bleaching
color

Table 4.2 The values of the relative amount of pigmentsadoed (X) and the
residual relative amount at equilibrium (J for the bleaching of Cottonseed Oil
with concentrations 0.3%, 0.7% of Bentonite at teemgture 700C (group A).

X/m
Xel(X/m)
Log Xe
Log X/m

€Y
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Table 4.3 Langmuir isotherm constants (a and b) ariérendlich
isotherm constants (n and K) for the bleaching obtton-Seed Oil with
concentration 0.3, 0.7% of Bentonite at temperatit€°C (aroup A)

L angmuir constants Frendlich constants

A b n k
03% 0.7% 03% 0.7% 0.3% 0.7% 0.3% 0.7%
-2.34 -1.29 -3.42 -3.8 -1.18 -1.04 0.73 0.34

13

12 —

11

10 —

+:0.7%

Bleaching Color Lov-Red (5 1/4")

pH

Figure 4.1 The bleaching color of cottonseed oilpgndence on Bentonite
solution pH in group A.
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+:0.3%

F.F.A

pH

Figure 4.2 The variation of the Free Fatty Acid @otton-Seed Oil with the
pH-Bentonite Solution of group A.

0.90

0.85 —

0.80 —

Density (gm/cm3)

0.75 —

0.70

pH

Figure 4.3 The variation o f Density of Cotton-se&l with the pH-
Bentonite Solutions of group A.
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1.00

0.80 —

0.60 —

Xel(X/m)

0.40 —

0-20 +:0.3%
®:0.7%

0.00 T T

0.4 0.6 0.8 1.0
Xe

Figure 4.4 Langmuir Isotherms For the Bleaching d@ottonseed Oll
With Bentonite at temperature °C of aroup A.

0.4

—
=
8 0.0 —
g
|
-0.4 | | |
-0.36 -0.32 -0.28 -0.24 -0.20

Log Xe

Figure 4.5Frendlich Isotherms For the Bleaching of Cottonseail
With Bentonite at temperature 70°C of group A

123



Chapter Four eftlts And Discussion

4.1.2 MEASUREMENT OF GROUP B

1. The measurements carried out in group A (pH ofocsieed oil, the
F.F.F, Density, and bleaching color) are repeatedjfoup B. The results
are listed in table 4.4, and the values of bleagtualor, the values of
F.F.A, and the values of Density were plotted ¥$0b cottonseed treated

are show in Figures 4.6, 4.7 and 4.8.

Table 4.4 The values of pl, F.F.A, and Density of the bleaching color of
Cotton-Seed Oil with concentration 0.3%, 0.7% ofrBenite at temperature
70°C (group B).

Sample

PH ail
F.F.A

Density
(gm/cm®)
Bleaching
color

2. The calculated values of X,, X/m, Xe/(X/m), Log X, and Log X/m
are given in table 4.5. Two figures were plottecdadculate the Langmir
constant and Frendlich constants. Two figures ktteal of the value of
Xe against the values of X/m. The first for samgsdsand B2, and the
second for B3 and B4 .From the slop of these figuve get 1/a and the
intercept gives b/a. On the other hand the Frehddonstants were
calculated from the graphs between log Xe vs. Ldgn XThe slope of
these figures are equal to n and the intercepts equal to (log k).See
table 4.6.

¢0
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eflts And Discussion

Table 4.5 The values of the relative amount of pignt adsorbed (X) and
the residual relative amount at equilibrium X for the bleaching of
0.7%

Cottonseed Oil

temperature 700C (group B).

with concentrations 0.3%,

of NBanite at

Table 4.6 Langmuir isotherm constant (a and b) aidendlich isotherm
constants (n and K) for the bleaching of Cottonse@®d with concentration
0.3, 0.7% of Bentonite at temperature @(group B).

Samples L angmuir Frendlich
constants constants
a b n Kk
Bl -0.367 -2.589 -1.59 -0.176
B2 -0.389 -2.637 2.2 0.135
B3 -0.819 -3.64 -1.1 0.231
B4 -0.75 -3.56 -1.158 0.22

1
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4.1.3 Measurement for group C:

1. The measurement for groups A and B were alstedaout for group
C, and the results are given in table 4.7 and Eg4rl3, 4.14 and 4.15.
2. The values of Langmuir and Frendlish constard@sevealculated from
table 4.8 and the Figures 4.16, 4.17 and 4.18vahees of a, b, n, and K

are given in table 4.9.

Table 4.7 the values of pk, F.F.A, and Density for the bleaching color
of Cotton-Seed Qil at a temperature @ (group C).

Samples
PH oil
F.F.A

Density
(gm/cm®)
Bleaching
color

Values C; C, Cs Cy Cs |Cs |Co
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Table 4.8 The values of the relative amount of pignt adsorbed (X) and
the residual relative amount at equilibrium X for the bleaching of
Cotton-Seed Oil at a temperature 700C (group C).

Xe/(X/m) ]0.888 | 0.86 | 0.84]| 0.82 0.847 0.8L 0.8
Log Xe -0.42 | -0.43| -0.44] -0.449 -0.4# -0.45 -0.4p6
Log X/m |-0.38 | -0.37| -0.37| -0.36 | -0.3p -0.36 -0.3p3

Table 4.9 Langmir isotherm constant (a and b) akRdendlich isotherm
constants (n and K) for the bleaching of Cotton-$keeQil at
temperature 78C (group C).

Langmuir constants Frendlich constants
a b n Kk
3.5hr 6hr| 3.5hr 6hr| 3.5hr 6hr| 3.5hr 6hr
-1.795 -3.626 -7| -11.27| -0.44 -0.495| 0.269 0.257

7.6

7.4 —

7.2 —

7.0 —

2aching Color Lov-Red (5 1/4")
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0687 m:35hr
e: 6hr

0.64 —

5

€ 0.60 —

O)

N €4
0.56 —
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4.2 DISCUSSION OF RESULTS

The results of our work proved that the Iraqi Be clay can be
used in the process of bleaching the cottonseledfter treatment by
several processes which had be done in this study.

The results of measurements of samples A are givelrable 4.10,
Figure 4.1 shows that the best degree of red awfidsleaching oil is
achieved at low pH (i.e. by increasing oil aciditthere the degree of
color was reduced from (12.5-red) to (9.2-red)resgH decreased from
3.51 to 1.51 for samples with concentration 0.3%.tke other hand the
free fatty acid (F.F.A) was increased from 2.216t861 as shown in
Figure 4.2. The density of the oil decreased fraB9@m/cm to 0.77
gm/cn? as the value of pH decreases see Figure 4.3. dgreel of red

Table 4.10 The result of the measurement of group A

a - Sample 0.3% 0.7%

o)
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Aq

PH i ) 351 1.4

F.F.A D 21 6.2

e 87 089 0.7
gm/cm

Bleaching
red color

X

Xe

a
b
n
k

Adsor ption Parameter

color of the bleached oil was improved slightly g@mples of group (A)
by using higher concentration (0.7%). For a rangeh from 2.21 to
1.45, the degree of color decreased from (11.54@d9.01-red) where
the F.F.A increased from 2.11 to 6.22 and the dgwdioil is decreased
from 0.88 to 0.71 gm/cin

The results of measurement of samples of groupeBisted in Table
4.11. The plot of the values of red color degrebleaching oil with the
pH values, Figure 4.6 shows the same results adataior samples of
group A, the degree of color improved with usingylpH (i.e. increasing
the acidity). Also these values of red color degraproved with the
increase in concentration and normality for samfdesand B, (which
have higher concentration 0.7% and higher norm8My. The degrees of

Sample 0.3% 0.7%

Physi
cal
w
(I
w
N
vy)
w
W
D
w
(I
™
N
w
w
W
D

oY
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. FFA 225

2.24

eflts And Discussion

Table 4.11 The result of the measurement of grddip

3.221 35 343 4.0

Density

gm/cm® 0.89

0.87

0.85 0.79 0.84 0.8

Bleaching red

13
color

12.2

11.2) 122 11.% 10.

0.35

0.39

0.44 039 042 04

0.65

0.61

0.56f 0.61 057 0.%

Bl

B2 B3

-0.36

-0.389

-2.589

-2.637

-1.59

-2.2

)
]
:
3
o
c
=
=
3
©
<

-0.176

0.135

color are better than those of samples Bl and BBAic{w have
concentration 0.3% and normality 4N). The valud-df.A in Figure 4.7

shows an inverse relation between F.F.A and pHegldVhich is the

same result obtained for samples of group A. Thaiom of density with

pH values are shown in Figure 4.8, where the demsitlecreasing with

increasing the pH values. So using low pH will ioye the color and

density of bleached oil.

The results of the Bentonite clay treated with sodicarbonate
(NaCOs) of group C are given in Table 4.12.The resultevshan

improvement in the red color degree, the F.F.A, tredensity of the

bleached oil for samples, @ GC,, it can be noticed that the degree of red
color improved from (7.5-red) to (7.11-red) as i€ changed from 5.21

to 7 (i.e. increasing of causticity) as shown igufe 4.14. Also the

Table 4.12 The result of the measurement of group C

oy
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Samples
PH o

F.F.A

Density
gm/cm®
Bleaching
red color

Physical Parameters

Adsor ption Parameters

values of density of bleached oil decreased frod2 @m/cnmito 0.5
gm/cm°’, see Figure 4.15.For samplest@ G, the values of the red color
and F.F.A and density are better than those of kmn@ to G, (i.e. by
increasing the time of mixing, and increasing tla@isticity). The best
values obtained of red color degree (7-red), with.A 1.77, are that of
sample G. In the preparation of this sample, the time oking was 6
hours, and the caustic concentration was 7.6. Aevaf color equal to 7
and F.F.A equal to 1.77 can be consider a very gesdlts compared
with values used for the Iraqgi oil production slaretl, where the degree
of red color oil is (7-red), and F.F.A is 1% max..

For groups A&B, the activation of Bentonite withthmineral acid
(H.SOy) strongly increases the adsorption, bleaching,catalytic power
also increase the specific surface area. Thisneat of Bentonite has
replaces exchangeable cation®,(KNa', and C& by ( H) in the
interlamellar space and also leaches out part 6f, &€, and Md? ions

from the octahedral sheet of the lattice structud@ich renders the clay

o¢
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physically more porous and electrochemically margva. This results
leads to the increasing in the surface area andegmuently increase in
the ability of Bentonite to adsorb the color comguois from oil’® "1 The
results produce for group A which have grainsiéecent sizes (38um,
63um, and 75um) are better than those producedraplss of group B,
which have granular size of 75um only, This improeat in the results
Is due to the increases in the adsorption abifitthe clay because of the
increase in the surface area of the clay graniles.increase in amount
of adsorbent concentration leads to the improvenaénthe color of
cottonseed oil which is due to the increasing efeshof adsorbeft.

In the case of using chemical bleaching methodufgr@), it was
found that the value of bleaching red color of @oesieed oil is better than
that of groups A & B. Where N&GO; treatment of Bentonite depends
essentially on an ion exchange reaction; ionserBiantonite are replaced
by alkali ions. NgCO; treatment created an active Bentonite with a
higher swelling capacity and increased plasticity

The reason of the variation of free fatty aciddwgt of Bentonite is
due to an inverse relation between clay pH andfatg acid increase in
the oil during bleaching. The hydrogen ion causeseshydrolysis of the
oil glycosides to free fatty acid and glycerin. fois reason an optimum
balance must be observed by the clay manufactuveeba a low pH for
maximum adsorptive capacity on the chlorophyll tggde, and a high pH
for minimum hydrolytic effect on any fat and 8ff Also, the increase in
the time of mixing has responsible effect on desirepthe value of free
fatty acid!™. The reduction in the bleaching oil density is doethe
removal of color pigments which have a consideralgight in the oil*”:

The Langmuir constants for the samples of all gso(#, B, and C)
are given in Tables 4.1, 4.2, and 4.3. It can ke&ad that all the values

of a and b are negative which indicate that thexeno chemical

00
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adsorption, according to refereric® In other words there are no bonds
produced between molecules or atom, as the bondiggires high
activation energy about 300-500 kJ/mol.

The value of Frendlich constants for all samplesll group (A, B, and
C) are given in Tables 4.1, 4.2, 4.3, (the valuels mdicate activity of
decolorization power of the adsorbent. The highakte of K is 0.73 for
group A with concentration 0.3% and the highesteaif K for group B
Is equal to 0.231 for sample;.B=or samples of group C is the highest
value of K is equal to 0.269. The value of K forsamples is positive
which indicates that a process of physical adsomptaken place and
there is an attraction between the adsorptive seréand the adsorbed
molecules or atom. The energy required for physidaorption is less
than 20kJ/mol and there is no need for high adtmagnergy™”. This
study shows the Frendlich adsorption equation ta@icable in the
bleaching of cottonseed oil. The aim of this stwdys concentrated
about the efficiency of bleaching the oil. But ta@re many parameters
dealing with this process so that this researchhwilaway to extend in

future work.

4.3 CONCLUSION

o1
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1. The quantity of adsorption on the Bentonite dasface increased with
the decrease of the grain size of the adsorbent.

2. The chemical adsorption method can be usedfonlyieaching the oil
used in making the soap. Because the sodium cadaraerial working
on oxidizing all the color pigments in the oil aodange it to colorless
materials which can not be removed easily fromoihe

3. The physical adsorption method is much easiérdaesn't need a long
time filtration. Also all the dissolved or colloidgigments can be
removed easily.

4. In the case of using chemical adsorption forbtglaching (group C),
the best result obtained is a color degree equéd-ted) at pH 7.6 and
F.F.Ais 1.77 where the oil density is equal t060.5

5. In the case of using physical adsorption, thet besult obtained was in
group A. the value of the color is (9.01-red), & p.45, the value of
F.F.A is 6.22 and the density of oil is 0.71. Whiohgroup B, the best
value of color is (9.7-red) with the highest vabfd-.F.A equal to 4.31 at
pH value 1.5 and the density of oil is 0.75.

6. The high value of F.F.A in the oil can be tredbg using Alkaline. It is
foam preferred to use NaOH instead of,8@; because the prodused
during treatment is lower and can be settled edsdying the oil with

high efficiency.

4.4 FUTURE WORKS

oy
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1. Use another treatment method and other additigéudy the effect on
improving the color of bleaching oil.

2. Study the effect of particle size by using surfacea techniques on
the adsorption efficiency.

3. Study the effect of using higher values of temperturing the
mixing process on the efficiency of the oil bleaghi

oA
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CHAPTER ONE

INTRODUCTION

1.1 BENTONITE CLAY

The term Bentonite was first applied by Knight 18@8particularly
highly colloidal plastic clay found near Bentonthre cretaceous beds of
Wyoming in U.S. A%,

Bentonite is a rock composed essentially of clayerals of the
Smectite (montomorillonite group). Other smectiteupp minerals include
hectorite, saponite, beidellite, and nontroniteeyltonsist of individual
crystallites, the majority of which ar2pm in largest dimensidfi.

Depending on the nature of their genesis, bent®gibatain a variety of
accessory minerals in addition to montmorillonifdhese minerals may
include quartz, feldspar, calcite and gypsum. Thesgnce of these
minerals can impact the industrial value of a déposducing or increasing
its value depending on the applicatfdn

Bentonite presents strong colloidal properties idolume increases
several times when coming into contact with wateeating a gelatinous
and viscous fluid. Its color ranges from white iight olive, green, cream,
yellow, earthy red, brown and sometime sky blueminesh but yellowing
rapidly with exposure to air when, wet it is higipliastic and slippery.

The special properties of bentonite (hydration, éxchange, swelling,
water absorption, plasticity, and thixotropy) matke valuable material for

a wide range of uses and applicati€hs
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1.2 STRUCTURE OF BENTONITE

Bentonite is Hydrated Alumino Silicates, which letmain mineral
smectite (montmorillonite group). A simple formd@ montmorillonite is
[(OH) , Al, Si;04¢] or [Al,O3 4Si0, H,O]. Smectite are clay minerals, they
consiste of individual crystallites the majoritywhich are three layers clay
mineral. They consiste of two tetrahedral layerd ane octahedral layer
(2:1) ™.

The principle building element of montmorilloniteeatwo dimention
arrays of silicon-oxygen tetrahedral and two dinm@marrays of aluminum
or magnesium oxygen-hydroxy octahedral. In theailioxeygen sheets,
the silicon atoms are coordinates with four oxyg#oms. The oxygen
atoms are located on the four corner of a regetaatiedral with the silicon
atom in the center. The silicon-oxygen sheet ikedahe tetrahedral sheet
or the silicon sheet. In Al - Mg - O or OH shedls Al or Mg atoms are
coordinated with six oxygen atoms or OH groups Wlace located around
the Al or Mg atoms with their center on six cornefs regular octahedral.
This sheet is called octahedral sheet or the almnon magnesium
octahedral sheét. Aschematic representation of the atom arrangensent i
"unit cell" is shown in Figure 1.1 for (2:1) layelay of Bentonite, the
structure is usually referred as the Hofmann stimectin the teterahedral
sheet tetravalent Si is some times partly replagetivalent Al'®.

In the octahedral sheet, there may be replacewfetrtvalent Al by
divalent Mg without complete filling of the thirdagant octahedral
position. Al atoms may also be replaced by Fe ZGr,Li and other atoms.
Such substitution of electropositive elements byséof lower valence
result in an excess of negative charge of the $ayidre net negative charge

IS compensated by the adsorption of cations onatyer surfaces, both on
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the interior and the exterior surface of the stdck

nH,0

O oxygens @) Hydroxyls @ Auminum, iron, magnesium
O and @ Silicon, occasionally aluminum

Figure1.1 Diagrammatic Sketch of the Structure of Montmorillonite®.

1.3 TYPES OF BENTONITE

There are three types of Bentonite, natural caldd@mtonite or calcium
montmorillonite, natural sodium Bentonite or sodiunontmorillonite,
sodium activated Bentonite or sodium activated momillonite .

In natural calcium Bentonite, the vast majoriti€sh® montmorillonite
according in abundance world wide, are of the oaiciype and referred to
as calcium Bentonite. Calcium Bentonite containsiam in its structure,

has a far lower capacity to swell when wet and Isuaxhibits great
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adsorptive characteristics. Calcium Bentonite iterofcharacterized by
much lower swelling and liquid limit values compare natural sodium
Bentonite!!l.

Natural sodium Bentonite as the name suggests ®aeuitin sodium as
the predominant exchange cation. Sodium Bentowoitéatns sodium in its
structure, has strong swelling properties (abtiityswell to many times its
dry volume when wet) and possesses a high dry-bgrstrength. Sodium
Bentonite is characterized by high swelling, higduid limit and high
thermal durability.

Sodium activated Bentonite is produced by the swibisin of calcium
lons by sodium ions. This transformation can baeadd by the addition

of a soluble sodium salt to calcium Bentonitd.

1.4 APPLICATIONS OF BENTONITE

The applications of Bentonite includé$’:

» Preparation of the drilling mud.

» Purification and color reduction of fat, oils andxes.

» Plasticizer in ceramic clay bodies.

* Binder of foundry sand.

» Agent in water and effluent purification.

» Bleaching agent industrial, bleaching agent inikdot oil recycling.

» Bleaching earth or fuller's earth, bleaching ckoagp clay.

» Dependence on their chemistry and molecular stractan be altered
by acid leaching to lender them useful as catalystspetroleum
cracking or for bleaching animal little such asldétr.

e« Small amount of Bentonite are used in the absamptb oil and

greases, in paint, and paper industry.
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1.5 LITRUTURE SURVEY

Bentonite is widely used in a variety industriaplpations. They are
components in many commercial products. Also, tiesgnce of Bentonite
components in clay and soils may significantly eiffdae properties of such
materiall’? .

HUSEYIN TOPLLAR (1996} studied the adsorption isotherms of the
bleaching of sunflower-seed oil. Since the healwaduring adsorption
(0.33-1.07 kJ mal) was less than 20kJ niplthe forces between the
adsorbent and adsorb ate appear to be Van Der \\aed¢s, and this type
of adsorption is physical or Van Der Waals adsomptHe showed that the
forces between adsorbent and adsorbate appeaMarbéer Waals forces,
and showed that Frendlish equation is more apgbctidan the Langmuir
equation to the experimental adsorption isotherarstlie bleaching of
sunflower-seed oil with Bentonite.

HAMID JAZAYERI and MEHRAN REZAEI (2001)* studied the
acid activation of Bentonite clays. The purpos#hefstudy was to execute

investigation for Bentonite samples from Iran, &tadfmine the benefic
ability as well as the possibility of its activatiy sulfuric acid, in order
to produce industrial samples of bleaching earthbleaching test with
vegetable and mineral oil.

N.YILDIZ, A. CALIMLI (2001) ™ studied the alteration of three
Turkish Bentonite by treatment with M2O; and HSO,. The resulting
materials were analyzed by X-ray diffraction (XRBhd infrared (IR)
spectroscopy. The analyses of treated samples MaiEO; and HSO,
showed that the structure of Bentonite completdianged following
treatment. These changes showed differences degeod exchangeable

cations, clay type, and the ratio of additives.
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EDWARD SOBSAZK and IRENA SLEDZ (2002}! has studied the
yield of fatty impurities separation from bleachimgrth by extraction
method, in which they used ethanol, isopropanalkali medium at NaOH
or KOH. The method of vegetable oil bleaching bgagtion of impurities
using activated Bentonite involves the necessitysaegeneration. Studied
on the yield of fatty impurities extraction by etiod, isopropanol at the
temperature 35; 50; 65°C in alkaline medium at NaOH or KOH
concentration range from 0.015 to 0.415 molé/aMnalcohol have been
carried out. They found that ethanol solution v@itB23 mol/dm of alcohol
NaOH concentration is excellent extraction solvent

TULAY ALEMDAROGLU, YUKSEL SARIKAYA, etal (2003)™
investigate the surface acidity of a Bentonite rhiediby acid activation
thermal treatment. The experimental data were et@tl by Langmuir
adsorption equation and the total number of suréaoe centers gmol g
1) was determined. The variation ip, malues as a function of the mass
percent of HSQO, used in activation (10% - 70%) and its correlatiaith
variation in surface area (A) and pore volume (¥ pdunction of the mass
percent of HSQO, were investigated for acid — activation KB sampléke
variation in i, values as a function of thermal treatment tempezatu
(200°C-1300°C) and its correlation with variationA and V as a function
of thermal treatment temperature were investigataynthermally treated
KB samples. They found that the variation of specslurface area and
surface acidity as a function of the mass percénthe acid used in
activation were more or less, parallel to each rotbe the case of acid-
activation Bentonite samples.

E.L.LFOLETTO, etal (2003f® studied the performance of an
Argentinean acid-activation Bentonite in the blaaglof soybean oil. They
found that the Bentonite clay can be activated Wit8O, (4N, 8N) at 90°C
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for 2 and 3.5 hours. They found that time and &oidcentration increases
the degree of destruction of the Bentonite strectéctivated samples
were tested in order to verify their capacity teduh soybean oil and were
compared to standard commercial bleaching clayteflasamples are more
efficient in bleaching than the standard.

OHMI (2005) 1 studied countercurrent bleaching of rap seedHs!.
found that this process is suitable for any oil @hd process can be
integrated easily to exciting plant and can be usildout any restriction

for the alkaline and physical refining.

1.6 AIM OF THE STUDY

1. Study the ability of Bentonite local material te bsed as bleaching of
agent vegetable oil.

2. Study the effective parameter in the process ofipudation of Bentonite
material (i.e. acidity and caustic for clay, bleiachred color, free fatty acid
of oil, density of oil, particle size of clay, teemature, and time).

3. Study the process parameter for bleaching witheetsof this parameter.
4. The calculation of Frendlich and Langmuir constavhich are a, b, n
and K, where

a is a measured for maximum adsorption correspgndo complete
monolayer converge and b is Langmuir constantsa@l@ bonding energy
of adsorption and represents the quantity of adsorpo adsorbents for a
unit equilibrium concentration.

K: is a general measure of the active decoloringbiower of the adsorbent,

and n is an indication of its characteristic marofeadsorption.
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CHAPTER TWO

THEORETICAL PART

2.1 BLEACHING PROCESS

The bleaching process is an important step inirefinegetable oils. This
step means the removal of undesired components tiieroil by adsorption.
This enables the produce of light colored and statil, acceptable to
consumers.

The term refining refers to any purifying treatmdesigned to remove free
fatty acids, phosphatides, or mucilaginous mateoiabther gross impunities
in the oil, it excludes bleaching and deodorizatidhe term bleaching is
reserved for treatment designed solely to redueedkor of the oil, very little
material is removed from the oil by bleaching. Aedidhing treatment is
commonly applied to oils after purification has béargely accomplished by
refining. Deodorization is the term used for tneant intended primarily for
the removal of traces of constituents that give tisflavors and odors.

Due to its sorption and catalytic properties; Bartis widely used in a
variety of industry. The clay utilized as adsorhecdtalyst and catalyst
support and decolorizing agent in oil refining, amdthe pharmaceutical
industries. It is well know that Bentonite in th@atural state have limited
sorping capacity. This ability is greatly enhandsdtreatment with a strong
acid*®,

Clay minerals are used extensively as bleachireptatpr mineral and
vegetable oils adsorbent. The decolorization is emlagl two types of clay

minerals: fuller's earth and acid activated Smeatlays or acid activation

Bentonite.
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Activation with hot mineral acids strongly increasthe adsorptive,
bleaching and catalytic power and increase spesififuce ared”. The acid
treatment (activation) of Bentonite replaces thehaxgeable cations {K
Na', and C4&") by H' in the interlamellar space and also leaches oaitt ab
Al**, F€* and Md" ions from the octahedral sheet to the latticecstie
(i.e. hydrogen ion attack the aluminosilicate Iayeia the interlayer rejoin).
This process alters the structure, chemical coripasiand physical
properties of the clay while increasing its adsatjma capacity , the surface
area and consequently the ability of Bentonite tsoab the coloring
component from the off® !

The clay bleaching earth work based on its charadtadsorption and ion
exchange. The adsorb influenced by some factofsliasvs: particle size,
adsorbent polarity, surface area, pore volume,pamd size. The increase in
specific surface area and pore volume improvesattsorption capacity of
metal impurities, phosphatides and color bo#fs

The most important and generally practical methiogefining is treatment
of the oil with an alkali. Alkali refining effectan almost complete removal
of free fatty acids, which are converted in toingoluble soaps. Other acids
substances likewise combine with the alkali, aretéhis some removal of
impunities from the oil by adsorption. Other acidgbstances is same
removal of impurities from the oil by adsorption the soap formed in the
operation. Moreover, all substances that becom@ubke on hydration are
removed?® %Yl To develop the surface of Bentonite, they araté® with an
inorganic chemical. There is M20s;. Bentonite contain inorganic exchange
cation such as NaMg*?, and C# that are strongly hydrated in the present of
water. NaCGQO; treated of Bentonite depends on essentially oonegxchange
reaction ions in the Bentonite are replace by alkals. During this process,
the crystal structure of the Bentonite is altergdHe leaching of Na Mg*,
and Caions. And the specific surface area and porosgyircreaset?.
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The standard quality of cooking oil is free fattgica 0.3% max. Natural
clay has a normal pH of 4.0-7.0, and activated @l&y4.0. Chlorophyll-rich
oils such as soybean oil require a low pH, i.e stauttial acidity, for optimum
adsorptive capacity. While a low pH with substdra@dity is desirable in the
clay for bleaching the chlorophyll- type oil, lowHpalso has a detrimental
effect!?®,

There is an inverse ratio between clay pH faed fatty acid increase in
the oil during bleaching. For this reason an optirmbalance must be
observed by the clay manufacture between a lowgohinbximum adsorptive
capacity on the chlorophyll type oils, and a hidth for minimum hydrolytic
effect on any fat and dif®:

In apparent bulk density, apparent bulk densitymadghe (wt/unit vol) of
clay when it has been tapped to constant volungganulated cylinder. The
apparent bulk density of clay is one of its mo$bimative properties. The

apparent bulk density is inversely proportionatihie adsorption capacity and
to the clays filtration rate expressed in sec.ame time unit. The apparent
bulk density depends upon the air void space indhg, which in turn
measurers directly the amount of oil the clay welain as filter cake. It can
be readily seen that the lighter the clay the nmoré@ will soak up; thus the
apparent bulk density is inversely proportionabilaetention %!

Bialy *! recorded that the crude cottonseed oil contaia fegty acids,
glycosides, phosphatides, sterols, tecopherols,roepdbons, pigments
(gossypol and chlorophyll), sterolucosides, andgnofragments, as well as
resinous and mucilaginous materials .

There are three major types of color in vegetalle arganic color
pigments of known composition, organic degradagwaducts, and color
formed by oxidation of colorless precursors. Pigteen the most common

vegetable oils are® :

10
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» Alpha, Beta Carotene (¢ Hsg). The carotenes are yellow to red, and
structurally consist of high unsaturated hydrocarlobains arranged in
various cyclic configurations. An important chaeaddtic of the carotenoid
pigments from the standpoint of bleaching is thaltare unstable to heat
and, as oxidation progress, they gradually fadetally to a colorless
state.

« Xanthophyll (Go Hse O,). Xanthophyll is a colored yellow, and it is
structurally similar to the carotenes except foira&xoxygen in the cyclic
ring at each end of the hydrocarbon chain.

e Chlorophyll A and B (G H;» MgN,4; Os) and (Gg Hzo MgN4 Og). The
chlorophylls are green, and structurally are unsaé®d magnesium-
containing esters of unsaturated primary alcohgitgdh The carotenoid
pigments and the chlorophylls don't fade appregianl heating. They are
more readily adsorbed by clay with low pH (2) besmalkali tends to
stabilize chlorophyll, whereas acid decomposes it.

» Gossypol Pigments. The gossypol is the complexesysif red, yellow,
etc. pigments in cottonseed oil. This type of cakusually difficult to

remove by adsorptiof?].

In “red" cottonseed oil and products of proteinrdelgtion combined with
gossypol in dark cottonseed dffd.

The ratio of the weight of coloring mattervisry high and many of the
coloring matters have chemical properties simaddminant ones in the fats,
So it is not surprising that is difficult to removlee whole of the coloring
matter with a small amount of adsorbent or to fandhemical reaction with
attacks the coloring matter and not the oil oiitilf 23

The usual material is fuller s earth, bleachingasried out in two ways:
firstly, the most important method in industry iscdlorization by adsorption,

in which materials with high surface activationclsuas bleaching earth or

11
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bleaching carbons, retain the coloring substangeadsorption. Secondly,
bleaching fat by chemical action by which the cwlgr substances are

destroyed by oxidation or change in to colorlesapoundd®® 2’

2.2 ADSORPTION BLEACHING

The most important adsorption used in bleaching &md oil is bleaching
earth or clay. The mineralogical characteristictioése earths have been
discussed by Kerf® and Nutting®®®. Within resent years natural bleaching
earths for use with fat and oils have been supgthtd a considerable degree
by acid activated clays .The raw materials usedrf@nufacture of this type of
bleaching clay consist for the most part of Bertoror Montmorillonite,
which have little in decolorization power in ravwatd. By treatments with
sulfuric acid, the surface of the clay is so allefeat its bleaching power will
in most case considerable exceed that of natuags €. The acid treatments
extend the surface of the clay and probably alsgsemimportant change in its
chemical and physical nature. acid activation agkatain more oil per unit
weight of clay than do natural earths, but thee generally leads to a lower
over all loss of oil because they are more actiVeCertain types of color are

extremely difficult to remove except by activatdayd=?.

12
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2.3 CHEMICAL BLEACHING

In earth bleaching pigments are removed from ailchhemical bleaching
the pigments are allowed to remain but are oxidiwea@ colorless or less
colored form. When an oxidizing agent is added itp anything that can
oxidize under the conditions used will oxidize. Mover, a slight oxidation
could be serious in term of flavor stability, sintee concentration of
materials in parts per million can markedly afféw flavor of oil and fat.
The effect on flavor stability of edible oil natllyavaries with the oil and the
condition used but is generally regarded as unalglgir Consequently, edible
oils and fats are never bleached chemiciffy Besides bleaching clay, the
only adsorbent used to any extent on fatty oiksctsvated carbon. Because of
its retention, carbon is rarely used alone on nwesfetable oils, but oil
refiners frequently employ it in admixture with ating clay in a ratio of
about (10-20) part by weight of clay to 1 part eflwon. Carbon is also a
superior adsorbent for traces of soap in refinésl tiis particularly effective
in removing the red, blue, and green pigments obnat and palm kernel oils
and the better grades of animal fats and poptfar Small amounts of
activated carbon may be added to the bleaching, aldnere chlorophyll
pigments important a greenish color to the*ll

2.4 THEORY OF ADSORPTION BLEACHING

Bleaching of oils by adsorption involves the renmasapigments that are
either dissolved in the oil or present in the foomcolloid ally dispersed
particles. The most important adsorbent used iadblmg fats and oils is

bleaching earth or clay.

13
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Bleaching clay performs not only color removalf hiso the removal of
trace metals, adsorption of phospholipids and s@aqus decomposition of
oxidation products such as peroxides®™!.

Two main types of adsorption, in the first types tbhrces are of a physical
nature and the adsorption is relatively wégk The forces in this type of
adsorption are known as van der Waals forces asdype of adsorption is
called van der Waals adsorption, physical adsanptiophysisorption. The
heat evolved during van der Waals adsorption isllysamall, less than 20 KJ
mol™. In the second type of adsorption, first considére1916 by Langmuir,
the adsorbed molecules are held to the surfac@wglent forces of the same
general type as those occurring between bound atomslecules. The heat
evolved during this type of adsorption, known asrmalsorption's; is usually
comparable to that evolved during chemical bondd@§-500 KJ mot 4,

Langmuir ®"! considered adsorption to distribute molecules otrex
surface of the adsorbent in the form of a animalcu&yer and for the
dynamic equilibrium between adsorbed and free nuiésc he proposed the

following relation:

P _ 1 _ (b ~
X /m = ;+(—)P .......... (2 -1)

Where P: is the equilibrium pressure for a givenoamt of substance
adsorbed.

X: is the amount of substance adsorbed.

m: is the amount of adsorbent.

a, b: are constants.

P:%O:PtPO:AtAO+Xe .......... (2-2)
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Where Po : is saturation vapor pressure .
Pt : is pressure at time t.

P is equilibrium pressure.

The mathematical expression relating adsorptionrasidual solute

concentration at single temperature was develogdetdndlich>®:

WhereC: is the amount of residual substance.

K, n: are constants.

Since the absorbance measurements are taken exmdliments for the
bleaching process, the relative amount of pigmetgodbed (X) and the
residual relative amount at equilibriumdXare obtained from equation (2-3)
and (2-4f*% .

X = Do = A (2 - 4)
AO
xe:Atzl—x .......... (2 - 5)
A

Where A.is the absorbance of unbleached (crude) oil.
A is the absorbance of bleaching oil at time t.
Thus, by means of equations (2-1) and (#%)

X, _ 1
— e = — +
X /m a
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X_: KX "e iiiiinn, (2_7)
m

The equation can be written in the form;

Log LS = LogK + nLogX
m

In the Langmuir isotherms for the bleachiofy cottonseed oil with
Bentonite, at a certain temperature, the consf{a@ntand b) can be determined
from the plot of X/(X/m) versus Xe, Here, the slope gives 1/a andrttezcepts
Is equal to b/a. Where a is a measured for maximdsorption corresponding
to complete monolayer converge and b is Langmustants related to bonding
energy of adsorption and represents the quantiadsbrption to adsorbents for
a unit equilibrium concentration. The Frendlich stamts can be determined by
plotting log (X/m) against log X the value of n can be evaluated from the
slope, and the intercept gives log K. Where K ggnaeral measure of activity of
decolonization power of the adsorbent, and n isdication of its characteristic
manner of adsorptiof”. The Frendlich equation is valid for any method of
color measurement as long as the units of measuteare additive and
proportional to the actual concentration of colgrmaterials in the oil. Results
of a typical test to determine the bleach coloredpced by different
percentages of an adsorbent are shown in Figurelr? this test the oil was
refined cottonseed oil with an initial red Lovibowrdlor of 8.0 units, and the
adsorbent was acid-activated bleaching clay. Tlsergdion isotherm calculated
from the results of the some test is shown in FEdli2.The value of k for this
particular test was 1.14 and the value of n wag.0F8om particle standard

point, K is a general measure of the activity ocalenization power of the
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adsorbent, whenever n is an indication of its ottargstic manner of adsorption
[42, 43].

The value of n determines the range of decoloomativithin which the
adsorbent exhibits it is greatest relative efféétIf n is high, the adsorbent
will be relatively effective in removing the firportions of color from the oil
but relatively inefficient as an agent for effegtim very high degree of
decolorization. If n is low, the reverse is trueislevident from the Frendlich
equation that bleaching clay or carbon that hashea equilibrium with
respect to the coloring matter in light oil willlshave adsorptive capacity for

the color in darker oif®’.

Color removed per 1% of earth Lovibond red units

0

I I I I

0 2 4 6 8 10
Residual color Lovibond red units

Figure 2.1 Typical bleaching tests on cottonseed oil 3.

17



Chapter Two Theoretical Part

Color of bleached oil earth(Lovibond red units)

0 I I I
0 1 2 3 4
Earth used in bleaching %

Figure 2.2 Typical adsorption isothe[r43r]nsfor the bleaching of cottonseed
oil "

2.5 SWELLING

The swelling of clays can be discussed in termpanticle interaction.
Two stages of swelling should be distinguished. Tifs# stage, up to four
monolayer of water penetrate between layers of riekipg clay, or between
flat surfaces of adjoining particles. In the pagtf the surfaces, three forces
are operative — the van der Waals attraction, teetrestatic interaction of

charged surfaces and cations, and the adsorpteng\enf the watel’.

In the second stage of the swelling process in hwhlee plates are
separated to distances larger than equivalenttivétihickness of four layers
of waters, the swelling is now governed by doublgel repulsion, which is
identical with the “osmotic pressure” of the syst@mnhen Montmorillonite

clay is contacted with water or with water vapdne twater molecules

18
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penetrate between the layers. This is called serl swelling or intra-
crystalline swelling of Montmorillonite as Figure32 Interlayer swelling
leads to at most a doubling of volume of the dayciThe inherent swelling
potential of aggregates of clay minerals is closelgted to the total external
and internal surface areas of clay-mineral padicday minerals are capable
of adsorbing water on their outer surfaces, ancewatlsorbed will cause a
small amount of swelling related to enlargementhef capillary films. Some
clay minerals, however, such as montmorillonite bewlellite of the Smectite
group, are capable of absorbing appreciable amaintgater between the
individual silicate layers of the structural ladjcwhich results in a high
swelling potential*®.The swelling potential of clay is dependent upba t
amount and kind of clay minerals present, theirhexgeable ions, the
electrolyte content of the aqueous solution, pla-stze distribution, void size

and distribution, water content, superimposed |laad, probably other factors
[21]

Ma-Montmorillenite (0.001 M NaCl)

5 | il
Quasicrysials e Wt

Layer =

Water beiween

layers o

Substocks 1

il "
Watér Defwegn
Subsiacks

o 00+ 18,6 A

Figure 2.3 Clay fabric microstructure as affected by water solution
composition .
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2.6 ION EXCHANGE

Clay minerals have the property of sorbing cert@mons and cations,
retaining these in an exchangeable state; i.e. dheyexchangeable for other
anions or cations by treatment with such ions imwater solution (the
exchange reaction also take place sometimes ingqaeo@as environment).
The exchangeable ions are held around the outdidalica—alumina clay
mineral structural units, and the exchange reaaj@merally does not affect
the structure of silica—alumina clay packet. Exgenapacity are determined
at pH=7". In clay minerals the common exchangeable catwascalcium,
magnesium, hydrogen, potassium, and sodium, fretuienabout that order
of general relative abundan€e

Broken bonds around the edges of the silica-aluminmits would give
rise to unsatisfied charges which would balanceatigorbed cation. The
number of broken bonds, the exchange capacity dutis case, would
increase as the particle size decrease. In Monflordte broken bonds is
responsible for relatively small portion (20 pemenf cation-exchange
capacity.

Substitutions within the lattice of trivalent alumam for quadrivalent
silicon in the tetrahedral sheet and of ions of dowalence, particularly
magnesium, for trivalent aluminum in the octahedtaet result in unbalance
charges in the structure units of same of the lmerals. In Montmorillonite
substation within the lattice cause about 80 pdragnthe total cation-
exchange capacity. The hydrogen of exposed hydrmay be replaced by
action which would be exchangeable. The percentdgle cation ionized
depends on the particular clay mineral, the amotimtater, the natural of the
cation, and the relative concentration of the cetidAnion exchange capacity
acts tiny litle part compared with cation exchangmpacity™ °. The

adsorption phenomena of anion surfactant SDS orioBéa particles as a
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function of concentration of the surfactant is sohgcally presented in Figure
2.4. When clays are added into water, colloiday garticles being to swell
and disperse in suspension. Clay particles moveoraty in the dispersion,
and the motion, called Brownian motion, causesiglatio-partial collision.
When clay minerals approach a sufficient shortagisg, different interactions
among clay partials will be, and columbic and van Waals forces play in
important role. Dispersion of clay particles flotates in three possible modes
of particle association: (i) association betweeat thxygen planes of two
parallel platelets (face to face), (ii) associatiogtween adage surface of
neighboring particles (edge-to-edge), and (iii) oagstion between edge
surfaces and flat oxygen planar surface (edgece)fa

When anionic surfactant is slowly added into dism, negatively
charged hydrophilic heads bond with positively ¢fear edge of clay minerals
(Figure 2.4b). This will decrease the electrostatitraction between clay
particles and Bentonite particles. At higher sudat concentration, free
hydrophilic edges come together to develop bridigectilation; consequently,
the viscosity values increase (Figure 2.4c). Thele@ease in viscosity with
further addition of surfactant corresponds to tiledoverage of the particles.
This decrease of the viscosity is related to tleeicspush occurring between

SDS covered clay particles (Figure 2.44)
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with clay particles

Figure 24 Schematic representation of adsorption of anionic
surfactant on Bentonite particle as a function of the concentration of

surfactant (7,

2.7 PLASTICITY

Plasticity may be defined as the property of a malte/hich permits it to

deform under stress without rupturing and to rethanshape produced after

the stress is removeld. Clay materials develop plasticity when they are

mixed with relatively small amount of water. In geal, three ways to

approach the measurement of plasticity can be uSed.to determine the

amount of water necessary to develop optimum giastr the range of water

contents in which plasticity is demonstratéd A second method is to

determine the amount of penetration of a needs®ore type of plunger into a

plastic mass of clay under a given load or ratéafling. A third way is to

determine the stress necessary to deform the aayg, the maximum

deformation the clay will undergo before rupture different moisture

contents and with varying rate of stress applicgff®.
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2.8 HYDRATION

Clay hydration may be occurs by three mechanishhe first is the
Surface hydration is the bonding of water molectitesxygen atoms on the
surface of the clay platelets. The second is thecibydration is the hydration
of interlayer cations with surrounding shells ofteramolecules. The third is
the osmotic hydration occurs in some clay aftey taee completely surface
hydrated*%

Figure 2.5 depicts the concept of the micro-stmecand the permeability
of Na-Bentonite vs. Ca-Bentonite. As shown, hydidia-Bentonite consists
of finely dispersed clay particles, or plateletgthwower flow-efficient pore
spaces resulting in longer flow paths around tlasy g@articles due to high
water binding capacity. Conversely, the divalentBaatonite particles are
subjected to higher surface tension and tightlynolotlay platelets resulting in
aggregate clay partiales, decreased swelling patenand increasing

interstitial flow®?,

Watar flow Water flow

Clay paricles Clay aggregala
— Y gP;

—
=
e

e~
’ s Cley
particles
Na-Bentonite Ca-Bentonite

Fig 2.5 Micro-structure and permeability of Bentonite clay. Left:
dispersed clay including sodium Bentonite .right: aggregated clay
such as calcium Bentonite 2.
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2.9 APPARATUS OF COLOR MEASUREMEMTS

The refining of the colors of the lighter refineddableaching oil was
products by matching in a suitable tintometer a25.ih column of the
method fat against red and yellow Lovibond coloasges (LOVIBOND,
type AOSC, made by Tintometer L.T.O, SALISBNRY, ENG\D) BY,
The red glass is standardized by national Bureatawsidards in terms of the
Priest Gibson N" color scale. The scale adoptethbymanufactures of the
glasses®?: the latter varies slightly from one set off glesgo the other.
Yellow glasses are not standardized since relatiaege variation in yellow
are imperceptible to the eye; in matching the cofa sample of oif. It is
necessary to only approximation the yellow colorotiain a satisfactory
match with the red glasses. The depth of color ld fat or oil is
satisfactorily expressed in term of red units adocw to the preceding
scheme. The Lovibond system of color measuremaunissitable, however,
for oils that are excessively dark or that conteafored substances other
than red and yellow in considerable concentrafitnA Schematic diagram

of the apparatus of the color was show in Figuée 2.

Figure 2.6 Schematic diagrams of the apparatus of the color.
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2.10 X-RAY DIFFRACTION MEASUEAMENETS

X-rays are electromagnetic waves whose wavelength ia the
neighborhood of 1°A, which is the same order of niagle as the lattice
constants of crystals, and it is this which mak&ayuseful in the analysis of
crystal structure®.

The basic principle of the energy of the x-ray mois given by the
Einstein relation (E=), where h is plank's constant ands the frequency
(v=c/\); c is the velocity of light,A is x-ray wavelength. When a
monochromatic x-ray beam incident on the surfaca ofystal, it is reflected.
This reflected is well-defined by Bragg's law femstructive interferencg®,

which is:
2dsné=n4A .. (1.8)

The angles determined by Bragg's law, for a gimerplanner distance (d)
and x-ray wavelength)], are the only angles at which reflection takes
place.the maximum frequency of the continuous spect- is related to the
accelerating potential by [eV={}, since the maximum energy of a photon
cannot exceed the kinetic energy of incident etectiThe corresponding
wavelengthi. is then given by (°A) =1.3/V, where V is kilovolt§" *8

2.11 INFRARED ANALYTIC

Infrared spectroscopy can be described as the usestoumentation in
measuring a physical property of matter, and tleéating the data to chemical

composition. The instruments used are called neftraspectrophotometers,
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and physical property measured is the ability oftemao absorb, transmitted,
or reflect infrared radiatio”. The basic principle of infrared instruments is
to measure the vibration spectrum of a sample Isgipg infrared radiation
through it, and recording which wavelengths havenbabsorbed and what
extent. Since the amount of energy absorbed isetibn of the number of
molecules present. The source of infrared may gwaing filament or hot
silicon carbide rod, both of which emit radiationeo a wide range of
frequency. The infrared beam passes through anadtr to the specimen
which should be in the form of a thin film. Thersmitted rays then pass
through a system of mirrors on the rock salt prigrhich can be rotated, so
vary the frequency of radiation received on thedeir®®.

The analysis for these spectrums was carried owigusvo frequency

regions. The details are as following:
1 ~Wave number between 3500 and 3700 ¢m

Ruswell and Dudenbost&! first showed that absorption in this range is
due to hydroxyl group (O—-H). In the structure obatahedral minerals, each
pair of aluminum ions shares two hydroxyl groupsijch are related by a
center of symmetry between the aluminum ions. $&&& through that the
absorption frequency of (O—H) bonds depends onl#geee of association of
these groups. The Bands in the region 3260-395bcam be assigned to [O-
H] vibration in different environments. Thus, thankbls at 3750 cth is
assigned to terminal Si band —OH, the band at 380bto bridge [Si-OH-
Si(AL)], and the bands at 3570 €nand 3450 cm are due to hydrogen
bonded [Si(AL)-OH]"**%% . The bending vibration of # is found at region
1650 to 1750 cfh which has expected suffered shift to higher freqyeas

compared to molecular water.
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In general, the layer—silicate structural OH gretipat are comparatively
slightly show absorption of high frequencies of 886 3700 crif, where as
the absorbed water shows absorption at low freqesng8400 cri, and
another band 1640 chrorresponding to the deformation vibration of wéfte

2 Wave number between 1500 and 600 ém

The position and sharpness of the perpendicularatrdn varied with
physical state, thus, in the spectrum of Bentawnfifarge crystal size this node
appears as abroad shoulder near 1089 ®°. The bands at 526 ¢h{Si-
O-Al), 466 cm (Si-O-Si), 1040 cn (Si-0) e,

The band intensities and shift to higher frequenare the spectra of
smaller crystals until in very finely ground matgrihe band is at 1109 ¢m
smaller but distinct shifts in frequency, togetheith sharpening and

intensification of bands as particle size decre8%&4
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