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CONCLUS 10NS
The detailed studies presented in this the=is are =a

contribution to understandi y he Flow Injection Analysis (FIA).
The system of f1 : y€is has been shown to be possible

—

for the construction
silica and iron g

instruments ca be semp y 4" as detecter,in flow injection analysis
provided that t =
In this work, theff ¢ .
types of cells, desfEndcis)ow-bhrough cell and commercial flow-through
cell, were used in ¢
of the designed ﬂ‘ was shown in this thesis. The

relative perfol waluated on the basis of

=

dispersion, sg@sitivity K A The experimental factors

for the culorgﬁ.ric meas

carrier flow raté,sinjection volume, length and dismeter of coil used

e

conditions of these factors were uand o datamlne lumina, silica and

rloptbed G Mg Gl b3l 13 IRTIAY

For the determination of alumina, alizarin red S was the

by f‘@w injection system such as

better choice for colorimetric reagent in this determination. Complex
formation between aluminium and alizarin red S was studied to
determine the optimum condition. The sbsorption max imum of alizarin

red S was at 435 nm while the absorption maximum of the complex was
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at 490 mm. However, at +the nvel:,wth of 490 nm the absorption of
reagent was also high and the sbsorption ratio of the complex to
reagent st this wavelength was lower than that of 510 nm. Thus, the
wavelength at 510 nm was used for the determination of aluminium to

obtain the maximum sensitivity. Aluminium can react with alizarin red

S in the ratio of 111, ‘ pending on pH of solution. The

structure of 111 che p'or alizarin sulfonate can be

presented as follow

In the 1-positign of = n red hydrogen on hydroxy group was

replaced with ;,i ; ‘o species o fc 'fﬂ with oxysen atom.The
o 4@0 that agrees well with

maximum color

the experiment by ‘I-"' rker and Gﬂdmﬁd (48). The color development

s s 3 18] 1) P A ] o o

development hacm more repid. I-Imwr, in t.h- flow injection
o Q Y SR T HAATY I B =
determihation when the solution is hested to 60°C. In the study of
interference ion, calcium and iron were found to give marked effect
on the determination of aluminium. Calcium ion increased the
absorption of Al-alizarin red S complex. The effect of the calcium
jon is believed to formed complex with Al-alizarin red S and the

following structure of this complex has been proposed (50).
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However, if the ter than 160 mg/L in the

solution contain w1 % alizarin red S, the

absorption of th t can be concluded that
at the concentrat han 160 mg/L the calcium ion
would be excessed {0 izarin red S. Iron(lll) and

fjron(ll) can also fg in red S. This effect can

be eliminated by maskig

Ammonium,_ __q,; v used as colorimetric

reagent for thH unliked an alizerin red S

that it was colomless reagent. The 7 m’nnticn between iron and

] mfi 141V A

T:Zﬁqﬁ,,ﬁmla:ﬁm ANy
'[s.:tsyfefnn(zi)mIIIHRSJ:]‘_

where RS rwicrs 10 the divalent thioghvcolate jon, ~SCH:CO:~.
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Yellow silicomolybdate method was used in the determination
of silica in kaolins and lateritic soils. Complex formation between
silicon and molybdic acid was carried out in acid medium. The maximum
absorption of silicomolybdate was at 355 nm, however, at this
wavelength the blank absorption can not be adjusted to zero by using

refore, the wavelength at 410 nm was

a single beam Spectronic 2
“.
used in this thesis. in orde just the blank solution to zero.

The structure of si nolybd é‘u not been suggested.
==

ok ourgh €11 used in this thesis, the
commercial £1 ' d flow-through cell were
conjugated with g these flow-through cell
on the basis by, and peak tailing, it was
clear from the > designed flow-through cell

could be used as well ag mmercial flow-through cell.

From saction between aluminium

and =alizarin “rate of complex formation

was rather slo Therefore, of tube length and

ponoo 1)1V 11PN 12111
NCL R TE L i)

rate of complex formation in this analysis. Therefore, the carrier

the increase
eas

flow rate of 5.0 mL min ' was used in the determination of alumina
by 75 ul sample injection with 150 cm of 1.0 mm diameter of coil in
order to get the maximum sensitivity of analysis. The accuracy of the
method, comparing with the classical method, showed that the flow

injection method for determinating of
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alumina in kaolins and leteritic soils gave dood precision and
accuracy. The sample can be analysed at +the rate upto 120
determinations per hour with & relative standard deviation of 1.31 %.
Calibration graph was linear, with the correlation factor of (.999,
in the range 3.0-25.0 ppm of aluminium in the solution injected.

Detection limit was st 2.0 ppm. There was no interference from the

agnesium, calcium, manganese, and
ppm do not interfere. However,

) ‘ o
se idns Q in soil sample, therefore,

they would not int ermination of aluminium. The iron

lycolic acid. Cobalt st the

he sample solution will

response. These effect need

interference can
concentration greafeg
increase the
not be concerned 'in : to aluminium ratio is very
low in kaolins .l':t- of calcium ion can be
overcome by addin ﬁ the concentration of 200 mg/L
in to reaFent sol
gy

The coﬁar g % the other colorimetric

procedures for d'temining amoal}';t of aluminium are summerized in

Table 4.ﬂ WQ wtﬂ Wsrw E}ﬂ ﬂ%highur than the other

methods. advantage oé‘ this mt.hod over the ot.har flow injection

SN ST Y I P o

is therefore suitable for the determination of samples containing

high quantity of aluminium with no need for sample dilution,
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Table 4.1 Determination of aluminium by flow injection analysis
with various colorimetric reagents.

Chromeazurol S _ D« 0 . . T gz

Eriochrome 57
cyanide R

Bromopyrogal 16 -0, | 33
o :

Xylenol orange 34

Aluminon as

Pyrocatecholviolet 51

This thesis

Alizarin red S

—

The ra of reaction for irm’:—-hhﬂglycolnt-a complex was very

fast ¢ ‘Aﬁ ‘ & omplex. Therefore, an
lmruamgﬂnl E[yjﬁnnﬂm:' of coil would bring
to ‘ ‘ m x{oun sensitivity of
*c..hiﬂI Ezﬁ-ﬂmmr u‘ EI’I&EI‘. The optimum

condition was 75 ul injection sample volume with 50 c¢m of 1.0 mm i.d.
coil length. In the determination of iron in real sample, the
precipitation of metal hydroxide such as hydroxide of aluminium was
appeared and gave the tailing in recorded peak. These effect can be
protected by sdding ammonium citrate. The method could be carried out

at rate upto 180 determinations per hour with very low carry-over
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(D.40 %) and 8 relative standard deviation of 2.40 %. Calibration
graph was linear, with the correlation factor of 0.999, in the range
1.0-40.0 ppm of iron. Detection limit was 0.25 ppm. Cobalt was found
to be an interference in the iron analysis if the sample contained
cobalt more than 50 X of iron. However, the percentage of cobalt in

the soil sample espectially kaolins has never exceeded 50 X of iron(45)

The comparison of this.i ob _ he other colorimatric procedures
for the determination o . . summerized 1in Table 4.2. The
sample rate st hod @ﬂn the other method excepted

that of 2,4, E -.Lu ne method. The sample rate of
this method may be m : nt.hnr injecting method such

as injection val B Jo ""

working range wilf dg : o  \othe method, except +that of

ar, this method has the

hydrochloric =a itable for determination of

iron in high contefr lateritic soil.
For thn erminst ion jofi- the decrease in carrier
Id increase the height of

recorded poak.l_' peak was increased

according +to t.hg increase in ianct-iun volume, but was decreased

accnrdimﬂtulﬂ ’?ﬂaﬁmnwlﬂﬁiﬂﬁnmgr of coils. The

analysis @F 75 ul sampla snlut.itm with 50 cm o-F 1.0 mm coil is the

~RWTRAT LTI TR e

real sample gave a good result in precision and accuracy and
the sampling rate of 120 determinations per hour with no carry-over
was obtained with e relative standard deviation of 1.95 X. The
detection 1limit was 1.0 ppm with linear calibration in the range 5.0-

200 ppm. Phosphate at the concentration up to 30 ppm in the sample



126

Table 4.2 Determination of iron by flow injection enalysis with

various colorimetric reagents.

Reagent Working Sample rate Ref.

range, ppm sh'

Potassium thio— 250 52

cyanate (KSC¥
" Hyhrochloric 53
2,2 -dipyrid 38
2:4,6-tripyr 54
143,5-tria
Thioglycolate W 74 -40 s 0 This thesis

solution containins not interfere this

determination. hﬁ -~ comparison of this m with the other flow

injection mt-lmdis -ﬂ The sample rate of this

method is higher % 'E' the mhhoddy molybdenum blue and other yellow

molybdic ﬂa'u ﬂ?%ﬁm W%J ’}.ﬂ % this flow injection

method is a so higher t-har:forn. it ia suitable f‘nr determination of

siliQ W’i ﬂﬁ:ﬂ@mn&]%qﬁ?ﬂﬁq ﬂﬁ and lateritic

soil ln:-
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Table 4.3 Determination of silicon by flow injection snalysis with
colorimetric methods.

Reagent Sample rate Ref.
s h’
Molybdenum blue 1M 35 55
Yellow silicomo- / 70 as
lybdic acid
Yellow silico 150 This
lybdic acid thesis

In conclusion n of aluminium in the synthetic

kaolin and tHe synbielicls lc_=oit b k) e flow injection method
LV X

allows +the de ﬂ and 99.41 X recovery,

respectively. For t.‘bu gnalysis of w.rnriorus kaolins end lateritic soils,

the prnclﬁtuuﬂ %Wﬁwm n ?r keolins and in the

range 1-2 W for lateritic mlls. In bhe dat-crmimtlon of iron oxide,
- SRS TANTR - rors
laterftic soil is 96.67 % and 99.45 X%, raspa:tlvem precision of
the method is asbout 3 % and about 1 X for the analysis of various
kaolins and lateritic soils, respectively., However, in the
determination of silica in the synthetic kaolin and the synthetic
lateritic soil, percent recovery are 99.64 ¥ and 99.83 X,

respectively. In the determination of silica in various kaolins and
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lateritic soils the precision of method is sbout 1 X for both types
of sample. The 'flow injection method was found +o give similar
results of sample content as the classical method for the analysis of
the synthetic and the real soil samples, however, accuracy and
precision of the flow injection method were found to be better.

Furthermore, an advantage of the flow injection method for the

determination of sluminaj . and iron oxide over the classic

method is that it ns smaller sample and reagent

© Q analysis.

n\’ =
Apart fr bl \ ody the only method found in
4 \ a, silica and iron oxide in

_\m tsuma (56). They determined

consumpt ions which

literature on
kaclin was re
these component spectrometric method with
accuracy and precisio %X and 2 X, respectively.
However, +this method for fusing the sample for i hour

and allowed ¢+ slowly to room temperature to

form & glass ,*_ffi od still needs longer

analysis time t.hﬁ the

A UH AN TN G e e

of imprwi sample rat.e for det.erminubinnof alumim, silica and
Q4 8 TR U =
be us8d not only for kaolins and lateritic soils, but it can also be
applied for the determination of alumina, iron oxide and silica in

high content sample such as feldspar, ball clay, bauxite, etc.
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