Inbroduction

Thailand '/i/s//&crmic: beck to 7000 yvears
ago when aanchia“, »

production of Chinesc / =kon
* H§§;\\\‘\\
end of the 13tH Cepfuply s However, the active use of kaolin began in

\ 225 of ceramic industry.

1:1 Introduction to Kaoli

the last decade wi

The first systemat )lin deposits started in

1970 by Department of | data on the distribution,

mineral composition and' okf , g @ccumulated.

Kaolin iland. Pure and impure

Y .
kaolin have bee m industry, and to a lesser

extent, in peper, puinb. refractory, and in
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art objects 1In China. Apparently t.hn first to use the name kaolinite

tecticide industries. The

for the mineral of ksolin were Johnson and Blake(1) (1867). The term
kaoclin 1is now wvariously used as a clay-mineral group, & rock term
(consisting of more +than one mineral), and industrial mineral
commodity, and interchangeasbly with the term china clay. Kaolin may

be defined as e clay derived by decomposition ( weathering ) of an
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aluminous mineral such as feldspar, mica, etc. Ross snd Kerr(2)
(1931) defined that it is the rock mass which is composed essentially
of a clay material that is low in iron snd usually white or nearly
white in color. The keolin-forming clay ere hydrous aluminium
silicates of approximstely the composition 2H_0.A1,0_.2510_,

end it 1is believed that ses if present represent impurities

or absorbed materials.. /g the mineral that characterizes

most kaolins, but nd other inerals may also occur to a
greater or lesser Whﬂl‘ rocks that are too

heterogeneocus to

£ an alumina octshedral
sheet and a sili h@ets These sheets form triclinic
crystals. The theo ~ compos iitfon of \kaolinite is 46.54 X Si0,,

39.50 ¥ Al,0,, and is relatively little ionic

substitution in +he mi" 3 although +there is evidence

suggestion minon Subs : minium in some ksolinite.

The kaolidemsits of Thailand are ane’v.ically classified as
N 11163 151 () et e e
rregular zone, ve gfid siveSude ' mos
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Hydrothermal deposits, this type of deposits was formed by
hydrothermal salteration of rhyolite intrusive of post-Triassic ago.
The rhyolite intruded into sedimentsry rocks of Lampeng group
(Triassic) sand Rstburi group (Permien). It underwent silicificetion
following with keolinization. Kaclinized rhyolite formed as irregular

zone alternating with silicified rocks. The ksolinized rhyolite is



composed mainly of quartz keolinite and 1illite, which together
comprise from 70 to 80 percent of kesolinized rock. Fine mice, partial
altered feldspar and rarely mafic minerals make up the remainder of
the decomposed rock. One of +the adjacent deposits of economic
interest, Pangkae, located 26 km north of Lampang province, northern

Thailand 1is +the Dbiggest known kaclin deposit of +his type.

Hydrothermal deposit (F one of the most important

kaolin deposits orig olytic alteration of granitic

rocks. Most : TR oc1ated with cassiteribe
formation. The l( | de his type occurs in 60 km
long and 15 km w Nge 1 Ranong province, southern
Thailand. At prese | : .’:' jaad Sompen, Bengrin and Tungkhas are
only three acti ‘ I|

Sedimentary kaclin deposits in
Thailand are of thi : predominantly flood plain
deposits and subordinstiely.’ | sbrisie deposits. G genaa, e
. “various colors: white,

creamy, gray ans plastic to plastic with

considerable iron and titania cnnt-nnt-. “Maethan Clay" occurs in a

e “"W‘J M ETW‘J'W i

northern Tha ifland
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deposits, this type was formed in situ weathering
of wvarious rock type. The important ones are granite, rhyolite and
schist. Among these, weathered granite seems toh be the most
significant host in both quality and quantity. Residaul keoclin
derived from the weathering of Triasssic granite occurs in Todeng
village, Su-ngai Padi district of Narathiwat province, southernmost

Thailand. The benificiated kaclin of this type is high in quality and



sujtable to use as peper filler and fine ceramic manufactures. The
weathered rhyolite of post-Triassic is the host for illite formation.
It occurs in Wengyeng village, Muang district of Uttaradit province,
nerthern Thailand. It is wvery fine grained and of white color. The
wash 11lite 1is used as filler in paint, paper and insecticide

manufactures. Residua]l clay derived from the westhering of schist

Khokmailai village of Prachinburi

;ﬁ)ﬁmlin formation overlies the
rod kaolin formatie | cm is schist. The washed

kaolin of +this ar J. \ manufactures of pottery,
refractory and as ¢ B ; us-l:.rar

deposits, +the probable

{Devonian-Carboniferous)

province, central

For
reserves were es for kaolin. According to
this reserves, Tha icient country for keolin,

especially for paper €, medicine and cosmetic has

been truditiml_ly -
A

u ively analyzing clay(4).

One 1{is known as }.hﬂ retional nrml:rsis and the other as ultimate or

chemical ﬂﬂsﬂ {3 wmmﬂﬁcmsttinn of clay

is axprnsuﬂ in terms of vnrinrus nimrnl cnmp-umids present, such
= QR AN ﬂ?"tl ﬁ’ﬂ WEI"T&"EI = g
Calculstions rational composition have been made from the
chemical analysis but +this method is open to criticism due to the
false assumption that kasolinite, quartz, and feldspar are the
dominant minerals. The chemical analysis of clay is & tedious and
exacting procedure. In most cases its most effective usefulness is in
providing a measure of the kinds end amount of Impurities in the clay

tested. The chemical composition of clay 1is usually expressed in
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terms of the oxides the various elements, slthough they may be present
in more compliceted, end sometimes unknown forms. The chemical

analysis of keolin is ususlly used the method of ASTM D 718-86 (5).

1.2 Introduction to Laleritic scils

Bauxite 1is a genepic /term epplied to & naturally occuring
mixture of minerals e A | e uminium oxides(g). It is the

raw material from used in the production of

primary aluminium here =&sre no commercial

deposits of bauw e and lateritic soil are

of widespread ' lateritic soil ere a

superficial weat} ids of rocks and consist

mainly of hydrate d of oxides and hydrated

oxides of iron, various other metals. Some

laterites may conta of iron oxide and little

elumina while -otlmr: ‘ vein . up to 60 percent of alumina and
only a few per' o o on  oxides(?¥14-Jn 1898, Bauer(g) shown

. Y
that lat.nrltms ‘-l' of aluminium. Some

laterite contain high silica can be-use as a source of eluminium

. :::::ﬂmm 'ﬂ"ﬁmﬂ o
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Lat.qrit.ic soil is often confused with laterite simply becsuse
the physical sappearences and chemical properties are so similar.
Laterite 1s & . porous, indurated, concretionary material which is
usually red to reddish brown in color. Lateritic soils vary in type

form poorly grade sands to highly plastic clays and vary in color



from & red to a reddish brown. These soils characteristically exhibit
some secondary iron cementation between grainsi however, there sre =&
wide wvariation in the degree of cementation. Although lateritic soils
also harden upon drying, they soften readily upon wetting. The
lateritic soils ere finer grained materisls than lsterite and behave

accordingly. An importent physical difference between a lsterite and

%

The name “TRCCRE 12 ._- Latin word Later which

[ First observed and described

N
0

lateritic soil, is that e gravel component but a

lateritic soil does not

hrough India. There ere

means "brick e=a ’ e b '\\ 2L
by Buchanan(g) dor T \\\
three types of mmonly;, € ptéred in tropical climate.
Firstly, wormhole \\ s 8 massive concretionary

formation with an a slaggy or wormhole-like

eppearance. Pullet consists of fine soil grains

which ere cemented b pul let-shaped particles. These
pullet may 10 solidated. The third

'f‘ !
type of lateriteqy makerial of which hardness

irreversibly upon €xposure to alternate wetting and drying.
L7

SAngAngmINeIng o

o/

S I TR

aluminium depends not only on its richness in elumina, but &lso on
the presence of combined silica. The chemical analysis of lateritic

soils is generally used a method of analysis of busxite(10).

The determination of compositions of keolins and lateritic

soils by using the classical method is tedious analysis. The time of
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analysis takes about 3 days for the determination of silicon and
alumina. Larfe amount of reagents consumption were wused in this
method causes & high cost of analysis, Platinum crucible that must
be used in this method was also very expensive. Therefore, an effort
to evaluate the method of analysis on the basis of short time

consumption of analysis, high accuracy and low cost of analysis

was studied. Flow

suitable for this objegt a6 :
: ﬁdacﬂm analysis for the

oxide in kaolins and

of analysis. So,

determination of al o ‘ \\\k\’\

lateritic soils is ¢

1.3 Flow Analysi

The ever-ifc i e '8 analyses in clinical,
agricultural, nd other types of analytical

control has led to he-dets _g.t_;sr\-,{.l-__‘ _ di{-‘i‘-‘erent- instruments for

sutomated analysys..Dexalopments 1o '-_"_\ eld have been further
o '.il automation, such as
i
increased precisiun dacreased cost. of individual assay, and the

satis{-‘nct-oﬂﬂ wﬁ(gﬂ ﬁin i%ﬂqﬁrﬁmﬂ The numerous

instruments Wenufactured and sug‘gust.ed analysis of' many individual

ARR INTRUN TG g =

flow analysers.

stimulated by tl

Any wet chemical assay requires mixing of a precisely metered
volume of a sample solution with a precisely metered volume of a
reagent, followed by a time necessary to form a measurable product.
Obviously, all operations must be precisely reoperated each timej

otherwise the conditions under which the standards and unknown have



been processed will not match, and the assays will yield errornecus

results. It is the advantage of sutomation that & machine can perform

these mundane tasks tirelessly and with superhuman precision.

In the batch analyser, the mechanization of these operations
edvanced salong¥ predictable 1lines., The small test tubes, to which

sample (or standard) s were mechanically pipetted, were moved

by & miniconveyor | equentially arranged stations where
reagent(s) ed (by shaking or stirring) and
finally tra 'asmmnh Therefore, cross-

contaminatic T nd th sllows e high sempling rate.
' anics is complexity of their
moving partsd wii € I pecon worn during use and sare
» aralle]l anelysers based on the
transfer of sg 1 RO centrifugal force can be gave &
higher sampling = interesting system, originally
containing i a id reagents. By spimning at
speeds of © —gbout WHE solutions ere mixed eand

transfered es arranged radiellyi the

B DB e
BN rmwﬁmm | s P

pipetting of the samples and reagents into their cavities also take
some time. Yet, batch analysers find wide application, especially for

one-component determinations in chemical leboratories.

Continuous flow sanalysers differ visibly from the above-

mentioned batch snalysers in that eal] samples move sequentially
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through the same +tubing (Figure 1.1). Samples from individual cups,
placed in a carousel, are aspirated by a peristaltic pump. The moving
stream 1is segmented by =air, and the reagent streams Join the
segmented sample stream at stratefic points along the main channel.
Sample and reagent solutions are homogenously mixed by multiple

successful inversion of the solution segments as they pass through the

mixing coils. Air used +o prevent carry-over of

material from one sample ‘ &Mre has been a great deal
of effort to . ~  sefine was effective as possible.

Owing +to the ,.lw analysers, designed

by Skeggs(12) . cdrs  as
tool of automtlun eris ;, utoanal:.rsur. which are

d -‘ Technicon, form an

and find an increasing

e the most successful

based on Skeges

indispensable part &F

‘ine leboratory.

Figure 1.1 Schematic diagram of continuous flow analysis

A= air, S= sample and R= reagent.

From the Skeggs' concept of continuous, alir-segmented flow

which belng +truly infenious, had resulted In the widespread use of
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continuous flow systems for performing discrete chemical analysers.
Thus, it became generally assumed that =air segmentation and the
attainment of the "steady-state" signal were essentiel prerequisites
for performing continuous flow enalysis. Yet, although the presence
of air decreases the carry-over, this air also prevents

miniaturization of the system and limits its usefulness: because of
the inherent compressibil Id¢) air which csuses the stream to
pulsate; because the "'--.. - . added +o the stream and then
enily @aa the air segmentation

€ saf le zone with the sole aim

removed prior to
unselectively hi

of decreasing the carg

st to make <enersal

Thiers

N

observations on \ is§ their work, which was

confirmed and ext ‘ (14) remains the basis of

quantitative considerftighs’ in ~det@pmining the highest practicable

sampling rate. To _,b; rate, which is usually sround

60 samples periliour; tWo appro ches _have badi ' sed: (a) modification

of the original gesign e.g. flow injection

; i
analysisy and (b) %&-rnductiun of an appropriate correction factor{(is)

or even D PN | 0 et cure. T st

significant fghanges 1in the design have been electronic rather than

¢ S v/
mec nﬁ{&:ﬂ 1 ing probe(17)
a bﬂﬁtﬁm low m?(m;-[ mﬂm“ﬂlwmll through

which +the air bubbles are sllowed to pass. These innovations together
with computerized curve regenerstion(i16), or even more recently
rising curve slope computing techniques, lead +to complex and
inevitably more expensive instrumentation. However, the modification
of the original continuous flow analysis by using unsegmented flow

system, results in an increased in sample rate without complexity and
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expensiveness of instrumentation. Therefore, this modification

becomes popular for the high sampling rate of analysis.

1.3.1 Flow injection system

Since Skeggs' classic work, it has been assumed that

air segmentation of the flowirs ftgfeam and attainment of the steady-

state =ignal are ess nuous flow analysis. Ruzicka
...J

and Hansen(19) and q independently performed

similar experiments njecting the sa ple directly into a rapidly

flowing carrier str ed by air. They have
proved that analysi€ ot —air | segmenbation is not only possible

but also adve njection Analysis (FIA).

was also introduced by
Nagy et al.(21) A sample- soilition wes injected into a non-segmented

stream of an _elect con—-rubber based ¢graphite

electrode as a defectors—————— ‘\“

0

The :.heuret.ical ba ia. techniques, applications, and

trends n:c\ﬂfu E ’gn%fl WWHﬂﬂ ‘%va been extensively

described Ruzicka and Hansqn{zz}. Since -l:.har publication of

A B AR Y

received steadily increasing recognition. A monograph(24), several

reviews(25), and more than 800 papers(26) have been published on

flow injection analysis.

Flow injection analysis has been considered as e
hybrid of segmented flow sanalysis end high pressure liquid

chromatogrephy (HPLC)(27). The success of the method stems from the
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use of controlled sample dispersion for mixing of sample and reagent.
It &llows high sampling rates with almost instent aveilebility of the
analytical readout due to short dwell times. In addition Ruzicka and
Hansen(22) pointed out that the most important feature of the

technique masy well be the concept of contrelled dispersion. The

technique is founded on & combination of the following three

principles: sample llable sample dispersion, and

reproducible timing.

sle injection is to  insert

a discrete slug offsample® 1.0, \ imving carrier stream in
such & way +that +ije stream is not disturbed. The

amount of sample accurately but it must be

i‘ . ‘
introduced into +the car’ frecisely, so that the volume and

length of the sl an be reprodu [ from sample to sample.

-,jj timed aspiration, used
’ a&plﬂs were injected with

The injection Uechnigues ane
in segmmad-fluwgm,

a syringe t.hrouﬂ': sept.um or & flap wvalve(23). Later
dﬂvalopnmrbﬂ u gna m&w&m‘is sample containers
and vnricrus forms of 10::? valves the t.ypeqlusn in liquid-

A R 1Y 2NN 8

In the absence of sair segmentation, some of
the sample zone will disperse into the resgent-containing carrier
stream as it {is swept through the narrow-bore tubing towards the
detector. A clear understanding of this dispersive process is crucial
to the design of efficient FIA systems. The concept of controlled

dispersion, which 1is probably the most important aspect of this new
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analytical technique, is described below.

1.3.1.2 Controlled Dispersion

Sir lsaac Newton observed +hat when water

flowed slowly and steadily through a pipe the frictional forces
| quid established & longitudinal

between +the Ilayers of

velocity profile. f laminar flow the layer of

liguid in contact th tr : practically stationery and
the wvelocity of Cﬂ aced molecule s is twice the mean velocity

of the 1liquid(zg9) arabolic velocity profile.

g

Diffusion of molec ncl sample bolus serves to

limit the conve€ti iSpersion jand’ effectively mixes sample and
reagent. & QEE
,'.?‘J“'J

i ;J':":'I'

Chariged/ 4w e ow velocity, tube diameter,

monitoring distance cient of analyte, or sany
combination of F&hese will ocbuiom “’_'5--\ ‘ he dispersion of the
sample in the carrie the detector. Originally, the
low carry—-over of‘ F)nw injection nmlysis was attributes to turbulent

£low(19), ﬁ ue,EJMJ wﬂﬁﬂﬂ m ﬂ!? injection enalysis

operates effidctively only 1.|n:lnr ::nndit.imm of lam'lmr flow(23) .
s a*&fr‘zm A LN D
permangénate in & slowly moving stream of water and derived a
mathematical description of dispersion as related both to convective
flow and the molecular diffusion. His equations have been
expanded{(30) and recently Vanderslice et al.(31) have adapted
this approach to flow injection snalysis conditions to produce
expressions for the dispersion and residence times of semples in

terms of experimentally defined parameters. For example, the travel
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time, ¢ (in seconds), of sample is given by the expressiont

t = 100 a® d°° . (D

dispersion in time, At:

and for the baseline-to-base R

where: q

efficient (em” s '),

£ hED BoT c t.ha effect of concentration

ity on t and At.

aicaidei hia t.. [
ﬂ uﬂmmm 2 01 b RS
:?:Zlim*ﬁ“ﬁi{i’ni“"m WRA AR

to idan{-.if‘ar the main variables that can be manipulated to achieve the

vy can also be

desired degree of mixing. The equation is the tanks-in-series model
which 1is wused to evaluate the role of all empirical parameters,
except in the case of s flow injection system using the narrow tube

for which Taylor's equation is most appropriate.
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1:3:.1.3 Timi!!

Reproducible +timing 1is of +he utmost importance in
flow injection analysis. The time from introduction of the sample
into the carrier stream until it is detected solely dependent on

re are no compressible air bubbles in

the pumping speed.
the system, good re ibi’ timing is easily obtained with

convent ional peris . Pﬁm siB¥" adjusting +the experimental

variables, the ted to give the required

sample dispersi for the reaction to take

place. HNot onl residence times can be

reproducibly mai lows the concept of the

steady-state to . is wusually monitored

before equilibrium icat \ the response curves do not

reach the steady-st :_,-—— U = samples pass through the

detector quickly, the W'I aVe the form of sharp peaks, which are

charecteristic £1 ______,#u fluctuations in flow

o - ‘\
rate that effeet : £ sdmple in the system will

result in hnpreciE peak heights.

AUEINENTNYINT

Generally, many laboratory instruments can
be employed as detectors in flow injection analysis provided that the
instruments can be equipped with flow-through cell. A wide range of
detection methods have been successfully used in flow injection
analysis including spectrometric methods, electrochemical methods,
kinetic methods, seperation methods, etc(26). The broad

acceptance of flow injection analysis 1is undoubtedly due to its

016628
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versatility, which allows the method to be used in conjunction with a
wide variety of detectors and analytical techniques, and for the
assay of & multitude of organic and inorganic substances. A closer
look at the variety of detection principles used in conjunction with

flow injection analysis in Figure 1.2 shows that optical methods (and

particularly visible spectrc predominate(26). This 1is not

surprising considering ;\ trophot cmetry generally accounts for
iples used in analytical

chemistry. In this | ophiobemeter was also used as a

Electrochemical (24.0%)
Spectrometry (30.0%)

f
e

Optical Spectrophotometry (45.0%)

Fi e 1. Distribution of the detection principles used in

conjunction with flow injection enalysis.

The most commonly used detector in flow
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analysis is a colorimetric or a uv-vis. spectrophotometer. The
concentration of & substance may be determined directly if it is
color or indirectly if it is colorless by reaction with a chromogenic
reagent. The flow injection system reported in this thesis was
designed for determination of alumina, silica end iron oxide in

kaolins and lsteritic soi > determination of aluminium by

continuous flow and nalysis 1in soils and water

samples was reported t(32). The interferences

of iron(lll) were ith ascorbic acid and then

aluminium was fofmed S. However, this method

was not suitabl iminium in a high content

samples such as il= as it will give a

complexity in dilur--

.rophotometric method for the
determination of alumis opyrogallol red in the presence

of n-tetradecylbsrimeth: “has been proposed and

applied +to det ium in natural waeters.

The adaptation &f +this spectrometric reattion of flow injection

mmmiﬁmmmr s,
%1 AR ST ey e

sofils.

Edwards and Cresser (34) determined
gluminium in natural waters, so0il extracts and plant digests by
continuous flow =analysis. The automated colorimetric procedure is
based on the complex formation between sluminium and xylencl crange.
The procedure described obviates the need for seperating of iron(lll)

by reverting to +the use of EDTA masking, but employs an ethanolic
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solution of the reagent and moderate heating at 55 °C to accelerate
color formation and bleaching of iron complex. However, this method
was not suitable for flow injection analysis as it would generate air

bubbles and then caused errornous when the system was heated to 55 °C.

n colorimetric method for
n id plant extracts was employed
‘J

'(sw on analysis of aluminium

ith aluminon procedure. This method

determination of alumi
widely. Bertsch

by using sautomated ‘

employed ascorbic (}L1) interference. However,

it was suitable f£ ahdlysts of a um not more than 1.2 ppm.
Above 1.2 ppm he standard curve divistes
from linearity. not suitable for the

determination of samblef corfiitiing Ajum in high level.

anzlysis procedure for the

E"# r and plant digests by

determination
using 1, Iﬂ-—nhananiﬂ% j ‘) Hﬁtaﬁ.i and coworkers(36).

Burguera and Hurg‘tunrats?} used his method followed by atomic

ot B Y1) AR o ot

iron. For -L-. det.erminat.ion of total iron, iroen(ll } must be reduced

R BB S s e

leads +8 the complexity in sample preparstion.

Hongbo and coworkers (38) determined the
total 1iron in soil extracts by flow injection enalysis. The iron in
soil HCl1 extracts formed complex with 2,2 -dipyridyl. Results were
linear over the range 0 to 7.0 ppm and the detection limit was 0.02
ppm. However, this method was not suitable for the determination of

total iron in sample containing high iron such &s lasteritic soils,
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The method of yellow silicomolybdic acid
was employed in conjugation with flow injection analysis for the
determination of silicon in siliceste rocks(3g). Sample solution was
prepared by fusing the silicate rock and then dissolving in 1 M HC1.

The fusion solution was through cation-exchange to isclate

] in alkaline solution. In the

flow injection anal orgy da& system was designed to
accelerate the 7 re erat.ure of mixing coil
with water-bath"™o hl \ this method can be operated at

t needs a long period of

silicic acid and t

the sample ra

time for sample

Ry stilbazo, g-hydroxy-

With Eriochrome cyanide R, close

aluminium analy$s s
quinoline, nlizamn red §, etc.

—— ﬁﬂﬁ_m;mfm’m:::;;::::::
Y a4 YTk T 1 N

from Beer's law are slightly more severe. The complex compound of

aluminium with g-hydroxyquinoline is soluble in organic solvents,
giving an intense yellow coloration. As the determination of
aluminium is based on the photometric determination of the extract
and the organic solvent employed in the extraction is usually
chloroform, the complexes obtained in the chloroform will be darken

in sunlight that lead to & consequent increase in the optical density



RESULTS OF INVECSTIGA o afoRIMETRIC REAGENTS

Afizarin red 5 -
; calicium reagent 8-Hydroxyquinoline Seilbaro
Oplimum wavelength 490 mp 02 mp ' 20 mp
for colour
measurement F
pH for colour 44 to 4-65 Extraction Approximately 6-5
development : at pH 49 ta 50
Conformity to Beer's Conlorms Conforms Deviations saggesting the
law. (Range tested [ﬂhiﬂp;-nialmmm (1] (@ to JBD pg of alaminium  the existence of more
‘shown im brackels.) per 100 mi) per 100 ml} than one compound
[0 100 pg of 2luminism
s per 100 ml)
€ at optimam 18 x 10 | 67 x 1P 38w 1o
wavelength

'Cm:mﬂun.g.ﬂtuﬂpgd;hmlmm Iltnlﬂq ¥ of

0 to 100 pg of alumininm 0 to 70 pg of alumininm
apd cell size per 100 enll in 2-cm cells  per 104

per 100 el im 4-cem cells  per 100 mlim L-cm cells
Interferences: : -
* Effect on optical '
density at optimum
wawelength—

: Slight increase
(£} Beryllium {_mﬂng_!gﬂ
(k] Other elements Hone ™ - B

Ested on page 492 =

{ Slight ircrease
-I'D-“Be = lpg Al

at lewels specibed

HNotes on reagent The reaction ‘of sedium : i The reaction with “alu-
alizarin sulphonate L n quinolinate is extracted  miminm to form 2
with alamininm in thae F reddish brown complex
presence of calciom i gaRininm Nan ey A bt
ions has besn used analyses, 1.1
nnalysis of rocks,
and coal ash, .1

’QW’]Mﬂ‘iﬂJ lIWYJﬂEI’]ﬁEI

oz
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and errorneous results (40). Aqueous reagent solutions of arsenso
and alizarin red S5 are stable, and the optical density of the
aluminium complex remains constant in the interval from 1 to 4 hours
after +the development. This thesis is of the opinion that alizarin
red S-calcium reagent st suitable colorimetric reagents
end there was no repor wgrmimhim of aluminium in the
=
——

flow injection system.

the 1investigation of
colorimetric re Ciro e lysis eagents which require
ad justment of p arige lare obviously not very

desirable. Thiocya ent for the determination

of iron, but Fﬁo&, ‘disadvantage of giving a product of
.n‘.ﬁ;'fz?l
which the color es i rather pidly. For the most accurate

determination of mi J._vr f& _ of iron, the use of 1,10~
phenanthroline (enkifl2,2/~bipyridy]l are 'ns: sjended. However, they
are not sqitab 'but-al iron as they are
colorimetric raqgmw for ferrous ion and t ﬂ efore ferric ion in the

g ;12121120 e R
) WIS JAIP137 ) N 01

Absorption of +the excess reagent end the deviation from Beer's law
are not servere. Therefore, mercaptoacetic acid should be suitable
reagent for determining iron with colorimetric detection and also

there was no report about it on the determination of iron in the flow

injection system.

For the determination of silicon, there sre
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Table ' 1,2 Properlicsof Some \I'i tye Poigrimetric Determination of Tron®

g Eﬂ:l.il..i.'rilr. Elect of excess
- Hesgent, + Fofeml o EH range reapent. Beer's law
2,2"-Bipyridine (a,a"-bipyridyl) 0.007 (522 mu] Nooe Obeyed
2,2%,2"-Terpyridine 0.005 (552 None Obeyed
2,6-Bis(4+-phenyl-2-pyridyl}-4-  0.002 (583 mp) ind Mane Obeyed
phenylpyriding GILOH
4,7-Biphenyl-1,10-phenanthro-  0.0025 (533 m, Nene Obeyed
line GILOH-H
Diisodium-1,2-dikydroxyben-

. zene-d, S-disalfonate 0.009 (480 m Noue Obeyed
Ferron = 0,015 (61048 Change in bue Not obeyed
Iydrocllarsc acid 0.018 (343 my - Elight Obeyed

(230 my)

A+ Hydroxybiphenyl-3-carbaxylic

acid 0.03 (575 ma) Inereases intensity  Obeyed
Mercaptosretic oeid 0.014 (540 mys None Obeyed
Nitroso-F salt 0.0023 (720 mp) - Obeyed

0.007 (620 mu)

1,10-Fhepanthroline 0.0035 (508 mpu) None Obeyed
Salicylaldoxime 0.011 (480 ) None Obeyed
Salicylic acid - 0.03 (520 Incroases inteasity Obeyed
Bulfosalicylse acid 0.00 (450 Obeyed
Sulfurie seid 0.032 (3 Obeyed :
Thiocyanals 0.008 (4 Increases intensity Slight dewintion

. Thiocyanate and scetons 0.1004 (48040 Fade 055 Increases intensity Slight deviation

Thiocyanate and tributylam-
mocium in smyl scetate 0.0025 (480 mif) 2 1 da L7 34 Obeyed
Versenc-hydrogen peroxide’ ( Iqﬂq
: W3 : o
* From yarious sources. * N micrograms of iron in & Hmhdlm’mmmmmmdm
: ‘anrinuumiﬂ;hllrﬁ:ﬂ ibu:u:mtl.lL * Bl e color in weakly whigh js less sensitive than red eolor in
hasic sodulion. m, 8. Skitonen, and, B, Saxis mmmﬁ in besic sohation, is
9
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two  photometric methods for this subject, yellow =and blue
silicomolybdic acid. In the yellow method, the photometric method was
based on the sbility of silicic acid to form yellow heteropoly acids
with molybdate idons in acid solution. However, in the blue method,

when reducing agents act on arnllw heteropoly acids, intensely blue

products of the enum are formed. Photometric

determinations based on are about five times more

sensitive than det®FmiTE & gwllw heteropoly acids(43).
The reducing age ‘
that the complexed®molvitdete-alona sduced and the excess of free

molybdate remains ¢ afents are not suitable

for this purpose g5 ftyey (redctingt or y with bound molybdate, but

sed results for silicon will

-. \‘

also with free

be too high. Weak re on the excess molybdate,
but they reduce silicos bdic — d very slowly, and the reduction

itself is often w silicon contents in

kaclins and wteritic soils s ; ‘1;._"‘; refore, the use of the
blue method wnm 'n-ﬂ choice of method for

determination of siklcnn in this t. is was the yellow method.

ﬂ‘HEJ’mﬂ‘VﬁWEJ’]ﬂ‘i

1.4 Aim of‘ thesis

’Q‘ma\ﬂﬂim URIINYIAY

is the aim of +this thesis +to develop flow injection

enalysis for the determination of alumina, silica and iron oxide in
kaolins and leteritic soils. The determination of slumina, silica,
and iron oxide by classical method would need a long periocd of time
for each sample, such as 3 days. By this classical method, chemicals
consumption for each samples was high and expensive. Flow injection
system is & simple, accurate and rapid analytical technique that

makes it posssible to carry out a large number of determination with
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a minimum consumption of sample end reafents. Charecteristics of the
designed flow injection system for these analyses are reported using a

spectrophotometer as a detector.

Firstly, in static solution, characteristic of the complex

formation between colorimetnit and the studied ions were

investigated to optiuQ . cond i ;:;'-ar the flow injection analysis.
sagents were investigated.

um solution on the rate of

\\\“‘”‘

nn. and interference ions

Secondly, homemade for the use in

this thesis. The \\u hrough cell was compared

with the commercia « The suitable conditions

studied in static so his flow injection analysis.
Experimental aFsmete Tt o ‘—_-_\ ion volume, carrier flow

rate, coil investigated to optimize

condition. Ehara:ﬁ?ristics of recordad peaks were performed on

ey AN -
RIS HAR I NETRY e

the floy system for the determination of slumina, silica, and iron

oxides in some keolins and lateritic soils in Thailand.
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