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RESULTS AHD DISCUSSION

3.1 Comparison of the .desig /l/w—thrnu!h cell to the commercial

This thesiswWES€afnicd out through the designed flow-through
cell in injection system. The
characteristic of § Ligated by injactring 75 ul

of 80 ppm standarg the carrier stream (D.2%

neutralized -I:.hi'yc nia solution) st the fiow
rate of 4.0 ml min W “ a’ 100 ul microsyringe, via an

injection port t.hraugh cdil of length 150 cm (diameter

1.0 mm i.d.). . v ple pe: “ds in Figure 3.1, was recorded

\J sus time. The similar

. cmrmﬂcial ly available Beckman

gt 535 rm 1,("""

experiment was G&n rep

75 ul f‘lnw—throug‘tr 11 and the le peak was also shown in Figure

3.1, The ﬂ qu};’J %g ﬂ%%l}ﬂ?h&t the sensitivity

(peak heig‘hl:. of the duaiano-d F]uw—thruug‘h cell i slightly lower

o Rl ki BN B e
the er-m] volume of the designed flow-through cell was 5 ul larger
and therefore the dispersion of sample zone would also become larger
than that of the commerciml flow-through cell. The fallin¥ curve of the
designed flow-through c¢ell was smooth and its tailing was short like
the commercial flow-through cell. The residence time of system using

the commercial and the designed flow-through cell was 40 s and 36 s
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Figure 3. The sample peak of the designed flow-through cell (a)

and the commercial flow-through cell (b) by injecting

75 ul. of 30 ppm iron sclution

reagent carrier stream at the flow rate of 4.0 mL min .

into thioglycolate
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Figure 3.2 The sample peak for 10 replicates of the designed flow-through cell (a) and

flow-through cell (b) by injecting 75 ul of 30 ppm standard
iron solution into the thioglycolate reagent at the flow rate of 4.0 mL min~"

the commercial
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respectively. The peak height for 10 replicates of both designed and
commercial flow-through cell st chart speed of 10 mm min~' was
shown in Figure 3.2. It can be seen that the reproducibility of the
peaks when employing the designed flow-through cell is better than

that of the commercisl one, 0.44 RSD for the first and D.68 RSD for

the later.
From these stud n that the designed flow-through
cell can be employed _ n system as well as the

commercial flow-thr

s Al-alizarin red S5 complex

the best condition for flow
enalysis, variow "~ iricl gm  wavelength, rate of

reaction, pH, Sk 2 of \"f erfering ions, must be

y
f 18] TN WY ARG oo e o

aluminium det.erminntion wat suggested.by Attack (V The difference

in cﬂ:m’l}a mqu{}w&}mg reagent itself

pemits the colorimetric determination of sluminium in acid solution.

studied to opt-imi,m the cond

However, owing to its low solubility in water, the reagant was not
used for any extent, snd alizarin red § (sodium alizarinsulfonate)

was employed instead, to get more solubility.
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Figure 3.3 shows the spectra of alizarin red S and Al-

alizarin red S complex =olution measured against a water blank

solution. The maximum absorbance of alizarin red § was at 422 nm and

that of Al-alizarin red S complex was at 480 nm. These results agreed

with the work done by Parker and Goddard (48).

0.500

ebsorbance
0,300

0. 100

650

- ' luvnllrngl.h innd

ﬂumwﬂmwmm

Figure 3.3 ﬁ.bsﬂrpl-.inn spectrd of alizarin red S and,its aluminium

) Wil 1 e ARG — =

ug of aluminium in 50 mL of 0.1X¥alizarin red S.

Effect of pH on the maximum sbsorption and sensitivity

of this complex was studied by varying the pH of ammonium acetate

buffer solutien. The results in Figure 3.4 show that the absorption

band of complex shifts toward the red at higher pH., At pH 5.0, the
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peak was broad and the sensitivity st the maximum
was the lowest. To achieve the highest sensitivity, the
ratic of the complex to reagent should be at the maximum
was found that the highest sensitivity can be obtained by
the solution to pH 4.5 and measuring at 510 nm. This

was therefore, used all aluminium analyses in this

0.500

AUINENINING

i 350 . 400, 450 uu 600
RIAINTUTITINY Y

Effect of pH on the absorption spectra of the aluminium
complex ¢ 50 ug of aluminium in 50 mL of 0.01 X slizarin

red S solution)j (= = =)y PH3.51 (=:=*), pH 4.01 (--=-),

pH 4.5:1 (—),pH 5.0.
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However, pH of buffer scolution not only shifts the
absorption band, but also has affect on the rate of complex formation.
Effect of pH on time for color development is shown in Figure 3.5.
The shortest time for the color development was 4 min at pH 4.5 of

the buffer solution. Figure 3.6 shows the time needed for the color

development st the temperatu 5°C and 60°C. At the temperature

of 25°C, the color dev bnut. 5 min to be completed.

When the solution wa : c.olor developed faster.

[t +took about 2 mi pleted. These results

r— o i

i : = 7 lg:nlm\\u .

.\

0.5 +

0.4

0.3

0.2 -

D.1'-

n ] 7 &8 9% 10 11 12 13 1 15

Figure 3. Effect of pH on the rate of complex formation of 6.0 ug/L

of aluminium in 0.01X alizarin red § in ammonium acetate

buffer sclution.
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chowed that the pH 4.5 and temperature of 60 C (of buffer solution)

should be employed +to obtained the optimum condition for

the determination of aluminium.

11 12 13 14 15

b 1)1 ) 1 ot
QWA IR " "

Besides saluminium, elements normally presented in

kaolins and lateritic soils, are silicon, iren, calcium, magnesium,

titanium, potassium, sodium, mangsnese, etc.. Calcium and iron (49)

were reported to give marked effect on the determination of

aluminium when alizarin red S was employed.
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in the presence of calcium, the color of aluminium
complex was intensified and the absorption band shifted toward the
red. The effect of calcium on the absorption spectrum of the readent
was insignificant in the absence of aluminium. When the amount of
calcium was Iincreased from 160 mg/L, the color intensity remained
constant, and at the amount more than 30-:11 mg/L, the solution became

t of calcium in the reasent

turbid. Thus, in this work

solution used to protect warsified color due to calcium ion

I AU INENINYINT

o 1 2 3 4 & & - o m“ 1 1z 13

Cone (mg/50ml)

Figure 3. Effect of calcium on the complex Fnrmu-l:.iﬂ;n of 0.01%

alizarin red S and 1 ug/mL of aluminium in ammonium

acetate buffer solution (pH 4.5).
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An effort +to prevent iron interference on the
aluminium determination by using sodium thiosulfate and thioglycolic
acid as masking agent were made and the results were given in the
Table 3.1 and Table 3.2, respectively. Table 3.1 shows that sodium
thiosulfate has effect on the reagent solution as it induced the

color of the reagent. Thicglycolic acid as indicsted in Table 3.2

and also can illuminate iron

interference in slumin the concentration of 0.04 %

thioglycolic acid ‘Ceovery of ®luminium (40.0%) has found to be
48.64 % in coemn absence of iron. Therefore,

\\

thioglycolic acid 0.04 % was used for

masking the effect

Teble 3.1 Effective 1fete as an inhibitor for

te samples in Al snalysis.

Al presented :r!ﬂL- Al found

ﬂdpﬁl"gmL ug per 50 ml

WFJ,‘IJEI’JﬂHVﬁWEL’]ﬂ‘i o
aﬁa&wnmummmaﬂii

40.00 BO.00 0.20 50.00
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Table 3.2 Effectiveness of thioglycolic acid as an inhibitor for

iron interference when sdded to samples in Al analysis.

Al presented Fe added thioglycolic Al found
ug per 50 mL ug per 50 mL added ug per 5O mL
i % v/v

40.00 40.00
40.00 6661
40.00 37.96
40.00 3B8.:64
40.00 37.51
40.00 39.54
40.00 38:64
40.00 37.73

3.2.2 ﬂfnramntara in the Flow

Y]

y

In drder to achigve the maximum sensitivity and the

e o b3 O ) TSI ATt 2 t0m retro of

cm:arﬂ:.rntions before end gafter the sp&rsion prggess taking place

v @ BTN AR s

sample in the =analytical stream i= one of the most important

parameters in flow injection analysis. The dispersion controls the
sensitivity, the rate of sampling and the precision of each flow

injection procedure. The dispersion can be changed by adjusting the
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injected sample wvolume, the flow rate of the carrier stream, the
residence +time and the diameter of reaction coils., Therefore, the
studies of these parameters that have effect on the dispersion should

be done to optimize the flow injection system.

3.2.2.1 Effect of flow rate

,/&w rate was investigated by

injecting 100 ul &80 pbm sPand nium solution into the flow

injection system = AL : ‘- - l'.. tes, The length of mixing coil of
1.0 mm {.d. we=g00 : e ‘ D& of alizarin red § in an
ammonia-acetic ac Buff = tion .-,\ 4.50) was used as carrier
stream. The recorded 41 : z " ar fo \ orw rates is shown in Figure
3.8 and the pea d t \ L flow rates in Figure 3.9.
When the total rom 6.0 to 0.1 mL min °, &n
increase in recorded cight) was observed i.ogét.har with

a reduction le determination per hour

(increase peak - .E. With this analytical

conf iguration, tys
system that is su].e conhrnlled@' dispersion. At low flow rate, the

sils mﬂ UMY HAT VNI TR 1ons sortod of s1ne

allowing ra a of complex fﬁrmtim to currbirnmus y proceed and also

QA R FFOE HIVS A e e

disper!ion decreased the height of sample pesk while the increase in

'snEf‘f‘ncb to & flow injection

the rate of complex formation increased the height of sample peak.
The +total of these effect l.ﬂ.dn the sample pesk increased. This result
indicates +that the rate of complex formation is more significant than
the dispersion in this condition. However, the effect of dispersion
on peak +tailing can still be seen on Figure 3.8 which shows that the

increase in dispersion causes more peak tailing. At the flow rate of



J

Figure 3.8 Effect of flow énensample peakﬂ the following rates; (&) 6.0 (b)

gt o m.ﬁi;umwmwmwmmm o

100 ul of 50 standard alrriniua su-lul:-inn 1njechian by using 100 cm of

w-*-amavaﬂ'szuum'mmau

143
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0.1 mL min"', the doublet peak was obtained. The reason for this
phenomena was that reagent can diffuse easily inte the rear and the
front of sample zone, while at the center, the reagent might not have
enough time to diffuse to this point of the sample zone. Therefore,

the formation of complex at the center of sample zone was limited

at +the rear and the front went on

while the formation of compl

proceeding. The result gives the absorbance

that at the rear and the
o ——
y farmation of the doublet

at the center of s=a

front of sample zone

peak. The effect oducibility of +the

D25
024 -
023
022 -
021 =
0.2 =
019 =
018 -
el —Ee————2
S J )
013 - fn | >

=] AUEINYNIRBANT
0.1 — . . A .' W
:: anﬂﬂ - l i d ‘ q ‘h.
ope 050 100 150 2o6 280 300 380 400 450 500 550 600

FLOW RATE (m!/min)

Figure 3.9 Effect of flow rate on peak heights of 50 ppm aluminium
by injecting 100 ul into 0.1 % alizarin red S in ammonijum

acetate buffer solution (pH 4.5), coil length 100 cm, 1.0

mn {.d..
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recorded signal is also shown in Table 3.3. It can be seen that the
reproducibility decreased with increasing flow rate owing to the
irlzegular pumping of carrier stream at high flow rate. The
-1

reproducibility at the flow rate in ranging from 1.0 to 5.0 mL min

are nearly equal. Thus, the flow rete of 5.0 mL min ' was used to

mi-l:-ivit.r in analysis,

at.e Md signal, peak tailing and

,\\\\\ 100 uL of 50 ppm aluminium

acheive the high sampling »

Table 3.3 Effect

Zﬁrin red S carrier stream

Flow rate Sample rate
S s/h
0.10 ':vlj.,_;.....-— 9 :
1.00 il
%00 1.24 50
80

*"“ﬂuﬂ‘%ﬂﬂﬂ‘??ﬁﬂ"lﬂ‘i ”
ammmmwmwmw

3.2.2.2 Effect of Injection Volume

A sclution of aluminium (50 ppm) was injected

into the flow system (flow rete of 5.0 mL min ') at various injection
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volumes ranging from 10 to 250 uL. The reaction coil of the flow system
was 100-cm of 1.0 mm i.d. +teflon tube. The recorded signal after
injection of each sample is shown in Figure 3.10 and the peak height
of the recorded signal is plotted against the injection volume in

Figure 3.11. It was found that the peak heights increased with

increasing sample volume 1 renge of 10-250 ulL. However, the

increase in peak height & 75 ul injection, therefore,

the injection volume of 95 ul hhesa gluminium analyses.

Table 3.4 Effect peak height and tailing
by injeg#ing’ 54 ppfi of Al into Ga1 mg/mL of alizarin red S

st pH vidt 100 @p (1.00 .d.) coil at flow rate of

:ﬁ_—%
1ﬂ | 1,020 m 11.10
ﬂuﬂﬁwﬂwawﬂwni
ammnm ﬁm'mﬂ'ii?aaﬂ

250 0.196 14.28
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Figure 3. velume on peak heights for

Pite of 5.0 mL min~ ',
“

3. 2-93 Ef'Fel:t- of Gail Length and Coil Diameter

ﬂuﬂquamswswni

iveness of +the rnsidencu time on the

';',iiil?mfiﬂ e ivE LNl TRC T

reaction coills. 100 ul of aluminium soclution (50 ppm) was
injected into the carrier stream of 5.0 mL min™' flow rate. When
the length of mixing coil was varied within the range of 50—-150 cm,
it was found that increasing the coil length (increasing the
residence time), the peak height was increased as shown on Figure

3.12 and Figure 3.13. This indicated that the formation of the

D.00 17500 2Z00.00 22500 250.00

L
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colored complex 1is slow end its effect on peak height is more
significant +than that of dispersion. However, the peak height at the
coil length of 200 cm was lower than that of 150 cm. The explaination
for this result is +that at the coil length of 200 cm the effect of
sample dispersion was more significant than that of the rate of

reaction. Therefore, the coil length of 150 cm was used to acheive

the highest sensitivity int

oJ8
017 -
0.16 —
016 —
0.14 =
0.13
0.12 =
0.11 — ‘.n o
5000 \ 1 200.00
C?LLEHGTH(:m
9 Wqﬂﬂﬂim NW'\'JWEI']& 4
Figure 3.93 Effect the length of mixing ceils on peak heights

-4

of 50 ppm aluminium at a flow rate of 5.0 mL min .

In the flow system, the coil diameter is one
of the main parameters which has affect on the dispersion, In this

work, the coils of 0.5 and 1.0 mm diameter were used, and the result
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is shown in Figure 3.14. It cen be seen that the peak height from
using the coil of 1.0 mm i.d. is higher and the reason for this
result is that the sample and the reagent can mixed together better in
the larger diameter coil. Nevertheless, the half peak width becomes
broader when the coil diameter is increased. This can be concluded

that the larger diameter uf

coil is used, the more dispersion is
obtained. From Figure

ﬂ that tailing from using the
I

smaller coil is tha ing the larger one since the
. T —
sample in the prev#ewe coill has ipdction with the tubing wall

‘ .. alysis, the coil of 1.0
\.\“‘\ its higher sensitivity

\

reagent concentration and

than in the lat
mm in diameter i

and sampling rate

A i‘.-‘t ia’ .
riat trat.'lon of reagent is

- —

shown in Fls‘ur 5, A ) of alizarin red 5, the

calibration g‘rupJD was lines e hi g‘hermange and the sensitivity

was higher. The préaipitation ofi@lizarin red $ was appeared at the

o) B R MY, 0T

concentration of 0,015 % @®lizerin red S, it is d@fficult to adjust

e Shalloe] QT Lo Vet S Eh AL E s setecton

Therefore, +the concentration of 0.010 X alizarin red s was used in

this thesis to achieve the maximum sensitivity and the wide range of

standard calibration graph.

In bastch analysis, when the solution was

heated to €0°C, the rate of reaction was faster than that st room
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aluminium solution.

flow rate of 5.0
100 ul of 50 ppm

£9
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045

0.4

0.35 -

0.3

0.25

0.2 -

045 =

01 -

0.06 —

Figure 3.15 Effect of pncentration in the flow

injection system in red S B= 0.010 %

alizar .‘J’* =d

temperature. I ‘IA ﬁ ‘ | _ itivity was
also higher wmﬂprﬂc:aayrﬂl msmm E:.:C (by wusing
water bathd, , .qt Lot ant Sox than that
L 7414 1 D) T
bubbles that cause an error in flow injection snalysis, The room
temperature, therefore, was used in the determination of aluminium by

flow injection analysis to achieve the wide range of standard

calibration.
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0.26 —
024 —
0.22

0.2 —
018 -
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014 -
012 ~

Absorbonce

Figure 3.16 EH" Lemperature g a range of standard
; A ta :';' ure and B= 0°C

From -I:J'ih studies imy section 3.2.1 and section 3.2.2,

the suitnblaﬂnu ﬂ:m,g wl‘EJ mSIW'ﬁL’] ni&i* in the flow

injection s:,rst. can be deduced. Tha nbsarphiey ratio of Al-

sreri® H A RSRFR LGS T B s 1

det.urninui!on of aluminium. The pH of 0.01 % alizarin red S was 4.5

by using ammoniumacetate buffer =olution. Addition of 200 mg/L of
calcium jon to protect effect of calcium interference was required
for +the readent s=clution. Effect of iron interference can be
protected by using 0.04 ¥ of thioglycolic acid as masking agent.

Figure 3.17 shows different effectiveness of tha masking agent as it
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iz present in the reagent scolution and as it is in the standard
sclution. When thicglycolic acid was added to the reagent sclution,
some iron still react with alizarin red S to give higher absorbance
while none of it would do when thioglycolic acid was added in the
standard solution. Therefore, the 0.04 X thioglycolic acid should be

added to sample sclution to protect iron interference. From the

optimization studies aw jon system, the flow rate of 5.0
mL min~' with 75 ul in |
1.0 mm i.d. was usedwbe teve dhe maximumisensitivity and sampling

rate in the determinat

o.2z1

0.2 -
019
0.18 -
0174
016 —
Da5 -
0.14 —
D13 =
0.12 -
0.11

0.1
0.09
0.08
0.07 =

=1 AUEINENINEINg

0.04 -

=RMANTUNINIAY

,
a7

<

10 0 s 40 50 &0
CONC Fe (ppm)

Figure 3. Effect of thioglycolic acid on the protection of iren
by adding in +the reagent solution (A) and in the

standard solution (B).



67

3+.2.2.5 Effect of Sampling Rate on Reproducibility and

Carry-over

Sample interaction (carry-over) leading to
inaccurate results, is a problem in flow injection system. Carry-over

can be eliminated by employing & sufficient wash time between samples,

allowing the dispersed #ail Eppfoach to the base line closely. A
is usually required for the

long time between T injeidtian®

_‘
signal to reach e . @cﬁ of flush time therefore
remained as a ma limiting = ipling rate in flow injection

system. Figure 3.4F Fisdre. 3. 15 demonstrate the effect of
sampling rate on JEagh e aim and accuracy. The

calculations zed in Table 3.5. The peak

height reproducik experimental factors but

the most important s Lhet i1 '-. =ample injections. The

(, o
precision of +this methedS=

: on the repreoducibility of the
residence time of the Sample in - m frem the time of injecting
X

Table 3.5 Ef‘f‘ectﬂf . md&ihility and carry-over

ﬂ‘LJEJ’JVlEJ'VI?WEJ']ﬂ'ﬁ

JWﬂ’rmnﬁfu WRNINEREY

180 0.1335 1.41 0.75
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te the peak maximum, The method precision therefore depends on
maintaining & constant flow rate of reagent and the accurate timing
of sampling and flush. In Table 3.5, the reproducibility and the
carry-over are increased with the increase in sampling rate. There was
no carry-over at sampling reste upto 120 samples h ' and the

reproducibility at 120 samples h™* was 1.31 ¥ .
u/&nd Linearity
[ .—‘_

—

tha calibration plot for

eluminium injectedsd®infol fifo4d % alizarin, red S in ammoniumacetate

buffer sclution COTIC! -ratian range 1.0 to 40.0

W
\\ was a linear relationship

and sbsorption in the range

ppm of aluminium.
between the conce

of 3.0-25.0 ppm wi Ficient of 0.999. Detection

am lytical procedure, it is

necessary uﬂ‘%%}:@ Qﬂhﬂ ‘w?w.ﬂ’] fofoge any quantitative

analysis is carried out. ‘Thn possiblﬁ sources oF interferences in
- QRARINTHUNIFRBAR thom i
patasa s zinc, cobalt, manganese(l1), iron(1l1), silicate, nitrate,
and phosphate were investigated. The interference study was carried
out by wusing standard solution containing 20 ppm aluminium and the
interference was considered to have effect if the detector response
differed by more than 2 ¥ relative from that of an interference-free

standard., The effect of foreign ions on this determination is
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summerized in Table' 3.6 , i .;# the ions that did
\ g LY

not interfere w .- Eiens up to 200 ppm were

sium, potassium and

barium, calcium, r-. lithiun, manganese,

nitrate, Zin ﬂﬁ m tration up to 100
ppm did mﬂﬁ m-]% hese ions in the
soil sa m effect id'the aluminium
determ iam a ﬂ’ﬁ ﬁa’j‘ﬁm iﬂzly:n lic

acid as described in section 3.2.1. Cobalt at the concentration
greater than 50 ppm will increase the peak height of the detector
response substantially. This effect of cobalt need not be concerned

in this work as cobalt to sluminium concentration ratie is very low in

kaolins and lateritic soils.
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Table 3.6 Effect of cations and anions on the determinetion of 20

ppm aluminium.

lons Added as Maximun added with-

out interference,ppm

barium S BacY, 200
colcium  mm— - cH 200
cobalt ‘-—-'ii"'f-’.j~5 50
copper . ' 200
fron(Ill) 50
lithium & 200
magnes ium & 200
manganese 200
potassium 200
zine 100
nihrn ‘ 200
phosphate . 100
silicate Na_ Siﬂ

ﬂﬂﬂ?ﬂﬂﬂiwmﬂ‘i
QWWMﬂ‘imﬂJﬁﬂﬂEﬂaﬂ

§3.2.3 Determination of alumina in Kaolins and Lateritic soils

The +total alumina in ksolins and lateritic soils were
determined by the flow injection method. Furthermore, standard
synthetic samples of kaolin and lateritic soil were slso analysed to

assess the accuracy of the method. The s=samples were digested
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according to +the procedure described in section 2.3.4. The results
cbtained by the proposed flow injection system comparing with the
classical method for the synthetic samples are shown in Table 3.7.
The results from both methods are in ¢good agreement, however,
the flow injection method shows better accuracy. From Table 3.7,

percent recovery of alumina (45.0 %) in synthetic kaolin in the

determination by the method and by the classical

rely. For the determination of
_‘

alumina (17.0 %) in aterivic oil '-’:-‘ag-_ﬁg recovery was found to be

99.41 by the flow : \\\\\

However, the prec o1, ; \\\ ine nearly equal. Table 3.8

describes the local

method are 100.02

by the classical method.

eritic soils samples in

Thailand and the @ \\' \ nai.iorn of alumina in these

semples are sho | 'm“ *\ .
i he

of aluminium in séme aoh‘iﬁff-’

r & gﬁf - .,-
Théprs the analysis of kaeolins by both
T J, 2

1 shows the determination

soils in Thailand by flow

injection analysis.

Teble 3.7 The h’-;_"" ination of "'J thetic samples by flow

tn.iec analy c%aicsl method.
— ﬂw@ AUNFN YY) Froseteat snir

HA 320, XError RS% ﬁRﬂcn\mr %Al1,0, H ror RSD XRecovery

’QW?ﬁﬂﬂ‘iﬂd SJWTJWHW@EJ /o

Synthetic

kaolin 4541 0.22 1.29 100.02 44.9 0.22 1.88 95.78
(45.0 W}

Synthetic

lateritic 16.9 0.59 1.54 99.41 17.2 i.18 1.82 101.2

so0ill17.0 X)
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methods are similar. However, for the determination in lateritic
soils, the percentage of slumina determined by flow injection method
are slightly higher than that of the classical method., The lowest
relative standard deviation is 1.36 % (sample code:L-KC) and the
highest wvalue is 2.19 X (sample code: L-CR) for the flow injection

method while the lowest value of the classical method is 2.21 X

(sample codet L-KC) and tuf."gi“: 3.96 % (sample code: L-UD).

Teble 3.8 Descripti®fi of ; amp | & Q location of the kaolins
and the lz soils in T

Sample code 4 W=\ ioeat ion

I{_‘l‘rp 4 J n b Y  4fF ,el. =T Pﬂ—pﬂ.ﬂ distri th

e, Northern Thailand.

K-JD om Su-ngai Padi district,
yce, Southern Thailand.
K-FK district, Ranong

Wash kanl from Khokmailai village,

ﬂ U El ,J WH’% PAF T }eerar Thailand.

Ghaénni-ﬂni province,

QW'WNT]?‘WWWSW&H

Lateritic so0il from Kanchenaburi province,
Westhern Thailand.

L-NK Lateritic soil from NHongkai province,
Horth-Easthern Thailand.

L-UD Lateritic soil from Udonthani province,

Nerth-Easthern Thailand.
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Table 3.9 Determination of +total alumina in the kaolins and the

lateritic soils by flow injection method and the classical

method.

Sample code Flow 1 Classical analysis

% AL O, RSD

K-VP 1400 41.60 1.86
K-JD (1 ) NNy, 40.62 1.05
K-KM : . Ak 13 39.50 1.20
k-pk A N 39.94 1.33
Lck A . - Wp.ial N W 22.99 2.28
L-KC 215 _' . 40.96 2.21
L-NK 3. §pes -2 13.66 3.93

L-UD itg 2t 20.98 3.96

Y]

3
ﬂﬂﬁﬁﬁ&ﬂ%ﬂﬂﬂﬂﬁ by the classical

procedure wds very difficult and uand a long analysis time for each

ot LS R P LA A L1 e

percenfiage of alumina was obtained by subtracting per cent of mixed

oxide (% R 0)) with per cent of dron oxide and titanium oxide.
The analysis' of alumina by flow injection method was very rapid and
gave an accurate and reproducible result, Sample throughput of 120
samples per hour was obtained with no carryover and was applicable to

a wide range of slumina content.
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3.3 Determination of lron Oxide

3.3.1 Optimization studies on the Fe-thioglycolate complex in

batch-analysis.

Complex formation between iron and thioglycolate has

golorimetric determination of iron

ammoniacal medium,

Figure 3.22 shows

S
Y]
- = .

o
(4] f
E 5; -
a o "
‘- - - 4 g
o o -
@ Tl
a ]
-]

YYINYNTNYING

¢ o

) o 5)

9 450 500 ssp 600 650

wavelength (nm)

Figure 3. Visible spectrum of iron thioglycolate complexi
0.25 mg iron 1in 50 mL of 0.4 X thioglycolate in 0.3 M

.ammonia solution measured with the blank solution.
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0.4 % of thioglycolate in 0,3 M ammonia solution measured against

blank solutien. The maximum sbsorbance was st 535 mm and this result

agreed well with that of Leussing (42).

The rate of the formation of iron-thioglycolate at

25°C for iron concentration of 0.25 mg and 50 mbL of 0.4 %

thioglycolate in 0.3 M ammoni sdlption 1is shown in Figure 3.23. It

took about one minute

to reach 95 X complebew foT1 ] Qs that the formation of

this complex is extreme

0.5

=

0.4

0.2 o

AULINENINYINT
RAIANNTUUNIINYA Y

0.1

D -§ T
o 1 2 3 4 S & 7 - g 1 11 12 13 14 15 16

Time (min)

Figure 3.23 The rate of the formation of iron-thioglycolate complexj
0.25 mg {iron in 50 wmlL of 0.4% thiogflycolate in p.3 M

ammonia solution.
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Effect of pH on the complex formation was studied by
the use of various ammonium chloride buffer smclution. Table 3.10 shows
the effect of pH on the complex formation. From the results in Table
3.10» the pH from 8.0 %o 10.5 have negligible effect on the complex
formation. However, in the sacid medium (pH 6.5-7.5) the color of

complex was faded. Therefore, in the determination of iron by the use

pH eof buffer Fe found
solution {mg/50 ml)
10.5 0. 140
10.0 0.141
5.5 = T.";’T:;;' ﬂ_ 14]
\7 A J
9.0 | 358 0.140
!
8.5 0.140 0.356 0.141
‘a [V |
“FULINBNINYANT o
7.59 0.140 0.039 0.025

AN T UM INY A =

53.3.2 Optimization of experimentsl parameters in the Flow

Injection Analysis

3.3.2.1 Effect of Sample Injection Volume
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0.300

0-200
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Effect of sample injection volume on sample peak for 15 ppm standard iron

solution at the flow rate of 5§ mL min " by using 100 cm i.d. coil lengthi
fa) 10, (b} 50, (c) 100, (d) 150, (e) 200 and (Ff) 250 ul.

(e]:]
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The absorption signals from injection of

various sample volumes of 15 ppm standard iron solution are shown in
Figure 3.24. The peak heigths after injection of each volume were
plotted against the injection volume as shown in Figure 3.25.

Increase in injection wvolume from 10 ul to 250 ul was found to

increase peak height.

5

T
" 1 T 1]

C 175 200 225 250

ﬂuﬂawﬂw€Wﬁ1ni
R WTRNT 2R RPN}

15 ppm O
3.3.2.2 Effect of residence time

As it might be expected for the sample zone

behavior in this system, the residence time of sample was found to
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have & marked effect on the dispersion and the time required for the
complex formation. The flow rate of carrier stream is one parameter
that has effect on the residence time. For the studies on the effect
of flow rate, sample peaks were recorded at various flow rates after
injecting 100 ul of 15 ppm standard iron solution es shown in Figure

3.26. The results from Figure 3.26 are summerized in Teble 3.11

the bore and pathlensth fixed,

showing the reproducibility, widths for base line peaks, together
with the calculated =a | /

increasing flow ra min~' caused the slightly

decrease in peak demonstrate that the rate of

complex formati ate were more significant

than the dispersié increasing the flow rate

from 2.0 to 5.0 increased. It can be

also concluded thatfatfthe  1, 28, dispersion of sample zone was

o KI:': 7 r
*‘iﬁ%‘fﬁ J
.ﬂl’-gf:"?ﬁ y
variation in flow @& g EIves N
distinctivel i The) | ibase
stinctively 8%

calculated sampling rate for each

more significant plex formation. Although,
peak height=, they were not
line peak width and hence
are tabulated in Table

P Y
3.11. The pealk vef'Sely proportional to the

flow rate, The se of a high flow rate wa® shown to be advantasgeous
by allowi

il V01 W
RN UM WEAY.c e e

not only by the flow rate of the carrier stream but slso by the size

of transmission tubing. Coil of 1.0 mm i.d. with length in the range
of 50-200 cm were used to demonstrate effect of coil length on sample
peak, =as shown in Figure 3.27. Increase 1in residence time by

increasing ceoil length shows the decrease 1in peak height end the
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ﬂuEJ’Pﬂ%EH%WEJ’m‘i

Effect of Flo-- rate on fresponse guime of 1| 15 ppm Iron injected at

w%ﬁﬂﬂ\‘lﬂ‘imﬂﬁ’l‘%%ﬂ?ﬁﬂ ST

D= 2.8 oL min™*; E= 1.0 mL min" 1F-u5-|.-in‘andﬁ=u1a|.ain o

" -E8
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absorbance

AULINYNTH 4103
“' ammmmnwmaﬂ

Fi’ggﬂﬂ'hﬂﬂ hllmhur mu mixing c ilmlmlpn
flow rate .of 5.0 ml min” (a) 50, (B) 100, (e} surd{d?am:-ror

inject ing Duul.nrlsmlnhrdud fron 20 olut lon.
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Table 3.11 Effect of flow rate on peak height, precision and
sampling rates after manual injection of 100 ul of 15

ppm iron was injected at various flow rate by the use of

100 cm of 1!0 mm irdt t-E‘Fl'ﬂ'n 'tim-

Flow rate  Peak hei S Sampling
mL min ' Absi. S sec rate, h™'
5.0 15 240
4.0 , 890 N 28 128
3.0 — 3 4z 8s
2.0 ; 6 48 75
1.0 ; ‘ & ' 1+81 ' 86 37
0.5 P 174 20
0.1 0y 570 6
increase in peak| ta . The e i cﬁl length is very similar

to the effect uf"d 11 time in lnw injection system described by

e L A

formation h ween iron and th‘lug‘lycola-hn was very i‘ast. therefore, the

o R HEEATEY SR B HE ]

In the flow system, the coil diameter is one
of the main parameters which has effect on the dispersion of the
system, In this work, the coils of 0.5 and 1.0 mm i.d. were used, and
the result was shown in Figure 3.28. The result of this effect was

adversely to that of aluminium. The peak height from using 0.5 mm i.d.



" ahsorbance

0100

A

Figure 3.28 ﬂerMMQD§M1MQ ﬂﬂ peak at the flow

rate nf‘ 5.0 mL min ‘s (a) 0.5 and (b)
standard iron solution.

1.0 mm for 100 ul 15 ppm of

98
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was heigher +than that of 1.0 mm i.d. This result is similar to the
effect of coil diameter in a flow injection system described by
Ruzicka and Hansen (22) for the simplest flow system which has no
chemical reaction occured. For the flow system that is controlled
only by dispersion, the increasing of coil diameter gives the

decrease in peak height and the increase in peak tailing of recorded

signal, ceused by the incrésasa ir ersion.

3.2.2, it can be lufled that for the determination of iron in the
t be fixed at 535 nm. The

i. tubing was employed with

\'- \ dy also shows that the peak

height is directly fpgbponticnaly 4o he “sample injection volume.

flow injection =y
optimum manifold
the flow rate of

However, the samplé sely proportional to the sample

injection volume. s work the same sample injection

volume as that was on of aluminium, 75 ul, was

selected. ' —— 7 \J

3.3.8 Flowglnjection Analysis of Iron

ﬂ‘iJEl’WIW]ﬁWMﬂ‘E

The dai:armin?tion of ron by usi thmg‘ly:n]utu as
s 15 R4715 AU HARE marm.
leads o the problem in the analysis of keolins and lateritic soils
as the precipitation of metal hydroxides such as aluminium hydroxide,
titanium hydroxide, etc.; would occured. Figure 3.29 shows the effect
of the precipitation of metal hydroxide on the peak in flow injection
system, This effect gives an unreproducible pesk height and the

appearance of the peak tailing.These are because the distribution of



precipitate is unreproducible in flow-through cell, These precipitate
was also difficult to flush out from the cell, It was found that the
concentration of & X ammonium citrate can protect the precipitate of
metal hydroxides. However, in the presence of ammonium citrate, the
sensitivity of the determination of iron was lower than that without

ammonium citrate. |

0.300

D-200

[NeNT
IFQINY

; scan
Figure 3.29 [Effect of precipitation of metal hydroxide in basic

medium (a) and protect by using 8 % ammonium citrate (b).
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The variation in concentration of
thicglycolate is shown in Figure 3.30. When using the concentration
higher than 0.4 X +thioglycolate, the deviation from linearity in
calibration curve was obtained. The concentration of (0.4 ¥
thioglycolate was found to be the most eppropriate as it gives the

linear calibration with the correlation Factor of 0.999 in the range

of 1.0-40.0 ppm irom.

0.45

0.4 -

0.35

0.25

0.2 —

016

0.1

005

T T T
35 40 45 &0

hmmﬂc

Fisure 3.30 ﬂ uﬂﬁmﬂcﬂ@w&’mﬁ tnJection systems

:'l B= "2 x'I' xt D= D4 *" and F= 0.5 %

aw%aﬁmmummmaﬂ

3.3.3.1 Precision and Carry-over

Peak height recording of 10 replicates at

various sampling retes are shown in Figure 3.31 and Figure 3.32
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Calculation of sampling rate together with relative standard
deviation( RSD ), carry-over ( ¥ CO ) and reagent consumption are
summerized in Table 3.12. It was clear from Table 3,12 that the peak
height reproducibility depended on the sampling rate. A high sampling
rate allows very short interval between sample injections and

therefore causes large error in injection volume when using the

manual injection.

and 30.0 ppm of iron wel 1sed fe e determination of carry-over. In
order to obtain neghieible cd rymﬂciunt time for injection
must be allowed ths / ta: » approach the base line,

Table 3.12 shows pto 180 sﬁ.mplns h™"' can be

obtained with very

Table 3.12 Precifiog _ri ver . an Reagent consumption at varicus
' scting 30.0 ppm and 1.0 ppm

33'“?]'1 e
i

of iren at «0 mL min™ ",

Sampling rate B Reagent

h™ consumption, mlL

ﬂ‘UEl’J'VIﬂ'V]iWEI']ﬂ‘i

ARIANTRNN BN -

3.3.3.2 Detection limit and Linearity
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Figure 3.33 shows the calibration plot for
iron injected into 0O+4 % smmonium-thicoglycolate , using a

concentration rande 0.0 to 50.0 ppm of aluminium. It was found that

there was a linear relationship between +the concentration of

iren and absorption in the range of 1.0 to 40.0 ppm with the
Detection limit for this

correlation coefficient of

determination was 0.25 pp

045

0.4 —

0.35 -

0.3

0.25 —

0.2 H

015 -

0.1

0.05 -

PRI TTIMINYIAE

Figure 3.33 Calibration plot for iron

0 -

83.3.3.4 Interference

The similar interference study as in section

F.2.2.6 was carried out using standard sclution containing 15 ppm of
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iron. The effect of ions on this determination is summerized in Table
3.13 which shows +that aluminium, barium, calcium, copper, lithium,
manganese, magnes ium, potassium, zinc, nitrate, phosphate and
silicate do not interfere even though the concentration of these
elements in the sample soclution are as high as 200 ppm. Cobalt

increased the peak height of iron by factor of 0.002 absorbance unit

per 5 ppm of cobalt, thEx cobalt will increased the peak

height of 15 ppm . However, the percentage of

cobalt 1in soil eSpE vary small comparing with the

percentage of irop agent for cobalt is not

nescessary.

3.3.4 Dete n kaclins and Ilateritic

soils.

esults for the determination of

iron oxide in nthetic lateritic soils

iEksical method. The flow

pﬂiter accuracy than +the

by the flow ,-,
injection Mhﬂﬂ Wa s

classical method. Eﬂ results of i oxide determination in various

(ao1tne anﬂ WD BB TN NS 1 rbte s 30

10 ruplicat detarminatiag- of each sample by flow injection
=4 RARERIY HWAY PSR or s <

e the one for lateritic soils was about 1%. The relative
standard deviation for the kaolins by the classical method had the
lowest and the highest values at 2.49 % and 10.13 X%, respectively. In
the flow injection analysis of tﬁe synthetic keolin and the synthetic
lateritic soil, percent recovery is 96.67 % and 99.45 %, respectively.
However, +the recovery of iron oxide by the classical method was

found to be higher than 100 %, 109.33 % for synthetic kaclin and



Teble 3.13 Effect of cations and snions on the determination of 15

ppm iron.

ions Added as maximun added with—

out interference,ppm

aluminium 200
barium 200
calcium 200
cobalt 10
copper 200
lithium 200
magnesium 200
manganese 200
potassium 200
zinc .- -—7—.“,:-7—‘-.7 200
nitrate | ' 200
phosphate 1 (NH_)HPO_ 200

“gugingminginy =
- ARIAIDIUINVINIRY. ... o

relative standard deviation of both methods are not greater than 2 %.
However, the percentage of iron oxide determined by the flow
injection method in kaolins was found to be lower than that of the

classical method while in lateritic soils, both methods are in good

agreement .



96

Table 5.14 The determination of iron oxide in the synthetic samples

by flow injection analysis and by classical method.

Samples Flow Injection Analyvsi v Classical method

%Fe 0, XPFFOF _RSD TWReCOVEFY™% Fe O, XError RSD XRecovery

wiw

Synthetic

kaolin 1.45 9.33 7.99 109.83
(1.50 %)

Synthetic

lateritic 89.78 0.55 il : ' 40.25 0.62 0.89 100.62

soil(40.0 %

] J
AULINENTNYINT
RIANTAUNNINGAE
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Table 3.15 Determination of +total iron oxide in Kaoclins and

Lateritic seoils.

Sample code Flow Injection Analysis Classical analysis

% Fe O, RSD

(% WAW)

K-VP 1.20 10.13
K-JD 1.39 5.42
K-KM 1.67 2,49
K-PK 1.00 5.70
L-CR ‘ 68 (& - /27 17.18 1.54
L-KC . A | 16.55 0.60
L-NK 38. 49— 457 38.77 1.44
L-UD | | 13.71 0.55

3:4 Determination gf-Silicon

AUIINUNITNYING

Fedls Optimization gstudies insthe Silicomajybdate complex in

QW’W&@M@HNW\’MH’W&H

The analytical methods for the determination of silica
have been based upon the formation of silicomolybdate complex.
Silicon will react with molybdic acid to form a vellow silicomolybdate
complex. Solution of silicomolybdate was obtained by adding 3.0 mg of

silicen into 50 ml of 0.06 M ammonium molybdate in 1 ¥ sulfuric acid.
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Figure 3.35 shows +the ultraviolet spectrum of silicomolybdate
measured agsinst water and the blank solution and of molybdic acid
measured against water., The maximum absorbance of silicomolybdate
measured against the blank solution was et 355 nm. The absorbance of
molybdiec acid at 355 nm was high end by the use of single beam
spectrometer (Spectronic 21) e the detector 1in this thesis, the
il v not be adjusted to zero.
: gmployed in order to adjust
e —

ermination of silicomolybdate.

absorbance of the blank
Therefore, the wavelength

the blank solution to zene

0. 500

absorbance

+ wavelength (nm)
Figure 3. Ultraviolet spectrum of silicomolybdic acid t A= 0.03

M ammonium molybdate 1in Q.5 X sulfuric acid measured
a¥ainst watery] B and C = 3,0 mg¢ of silicon in 0.03 M
emmonium molybdate in 0.5 ¥ sulfuric acid measured

a¥ainst water and the blank sclution respectively.
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The rate of Fformation of silicomolybdate at 25 °C
for silicic acid of 0.5 mg and 50 ml of 15.0 mg€/ml ammonium molybdate
in 1 ¥ sulfuric acid was shown in Figure 3.36. The formation of
silicomolybdate btook about 5 min for 95 X complete reaction when the
reagent was stored in & plastic bottle for 1 day and took zabout 8 min

for the freshly prepared reagent. However, the reaction time was

eated to 50 “C and the fading

é formation was completed.

b o ’l;flﬂ u\\\\

reduced to 3 min if the

of color would occur ri

ﬂﬂEH“/lEmiWEJ’lﬂi

o T T T
13 14

QW'\Mﬂ‘iﬂJ BWIINETR Y

Figure 3.36 The rate of the formetion of silicomolybdate complex

with 0.5 mg silicic acid in 50 ml of 0.06Y ammonium
molybdate in 1 X sulfuric acid: A= freshly prepared
rea¥enty B= reagent prepared after 3§ dayj C= freshly

prepared solution was hested to 50 °C.
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3.4.2 Optimization of experimental parameters 1in the flow

injection analysis.

2.4.2.1 Effect of Sample Injection Volume

s that +the choice of sample

volume is s powerfulb.me £ ng the dispersion of the flow

system. The influence
correspond ing dl/

volumes of 30 ppm

";g; to the peak height and the
injecting various sample
¢ the cerrier stream at
the flow of 5.0 mi‘nsr x'. ves are shown in Figure -
3.37 and by plot ainst injection volume as

shown in Figure 3. ; Lra i was obtained. Therefore, an

increase of the samp wi€ct ionoluma leads to an increase in pesk
height.

ln addi-l:. toe control the degree of
sovrin G148 LTI B o o
system uF particular g interest, B8 the e chemical

o RANEAT R RTVIRB s r o

flow r i.a of reagent stream is one parameter of interest that has
effect on residence +time. Figure 3.39 shows the absorbance plotted
against time at wvarious flow rates after injecting 100 ul of 30 ppm
silicon standard solution and the peak height is plotted against flow
rate as shown in Figure 3.40. The results from Figure 3.39 are
summerized in the Teble 3.16 showing the widths for base line,

together with the celculsted sampling rate. It is spparent that s
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0.200

Figure 3.37 Effect 5] ﬁ’q Mﬂ"ﬁ’

0-100 .

o b

y .n&l;mpﬂ standard silicon

solution at. the flow rate of 5 mlL min " by using 100 cm i.d. coil lengthy
(a) 10, (b) 50, (c) 100, (d) 150, (e) 200 and (f) 250 ul.

201
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EH‘EE of
1

FT sificon injected dt/the flow rate of 5.0 mL min™*,

WEINBNIWBEING

decrease in t.ha flow rate 0 1.0 mL min ' leads tgan increase in

pesk hﬂgﬁﬂ']@ el 1a b o] e AR d T b eneysss o

dasarihnd in section 3.2.2.1. However, a decrease of the flow rate

from 1.0 to 0.1 mL min leads to & decrease in peak height.

These effect can be expected that at this range of flow rate, the
dispersion of sample zone becomes dominant. The effect of dispersion
on peak tailing can also be seen in Figure 3.39 which shows that the

peak is more .t-u‘.l ling when the flow rate is decreased.
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Fivure 3.4 Ef?nc-i-’ _hﬁﬁ- of 100 ul 30 ppm of

silic- 1njectud at vnriaus flnw

AU ingn; 00T s e
K LN U3V R L2012)

with the length of 50 to 200 cm were used. Sample peaks were recorded
et various coil length es shown in Figure 3.41. The plot between the

peak height and coil length in Figure qﬂ42 shows that an increase in

coil length leads to s slightly decrease in peak height, This effect
of coil length is very similer to that of pathlength or dwell time in

a flow injection system decribed by Ruzicka end Hensen (22).
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flow fate of 5.0 mL min '§ (a) 50, (b) 100, (c) 150 and (d) 200 cm for

injecting 100 ul 30 ppm standard silicon solution.
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Taeble 3.16 Effect of flow rate on peak height, precision and
sampling rate by manual injection of 100 ul of 30 pPpm

silicon scolution at wvarious flow rate by the use of 100

cm of 1.0 mm i.d. teflon tube,

Sampling

rate, h™"'

136

120

o & 8 8

¢ min the F!Hﬁstam}lthe coil diameter i= one

of the ,mn%u EradethE) W) cd B V) S percson o systen.

Dispersion in flow injectionfanalysis cem be signifi@dntly reduced by
waine Waille | G S Gldndebdl] 1A VbR LoV o 0.5 ane
1.0 n‘mqi.d. were used and the result is shown in Figure 3+.43. The
result of this effect was unlikely to that of aluminium end iron. By
injecting 100 ulL of 30 ppm silicon into the carrier stream at the
flow rate of 5.0 mL min ' with 150 cm +teflen tube, the peak
height from using 0.5 mm i.d. was equal to that of 1.0 mn i.d..
Normally, the dispersion in the larger coil (1.0 mm i.d.) should be

higher and will give lower peak. However, the use of the larger coil
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"‘;‘5 Ls of 100 ul of 30

[8ud rate of 5.0 mL min

will =allow }eén and reagefitY to mix together much better and
ﬂ? A TR o
ffect are marly balanced &nd therefare give the ngarly equal peak

mmﬂ RIANNIUURIINETAE

From the study in section 3.4.2.1 and section
3.4.2.2, it can be concluded that for the determination of silicon in
the flow injection system, the wavelength must be fixed st 400 nm.
The optimum manifold of 50 cm with 1.0 mm i.d. tubing was employed

with the flow rate of 5.0 mL min '. The study slso shows that the pesk
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Figure 3.43 gt . i50f ¢m coil length on
— _
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of standard silicon
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height is directly proportional to the sample injection volume.
However, the sample frequency is inversely proportional to the sample
injection volume. Therefore, in this work the same sample injection

volume as that was used in the determination of aluminium, 75 ul, was

selected,

3:4.2.3 Effect of

centratiom.is one parameter that effect the

.;;7 < § \\é;i\\.' die= on this effect was made

Tl A ammonium molybdate in 1 %

sensitivity of
by using 7.50,

sulfuric acid. \ _ ¢ concentration of ammonium
molybdate and :,;'f i‘?J- -' \‘ in Figure 3.44. The
sensitivity was Lt reasing concentration of
ammonium molybdate }he reagfent concentration was
increased from L, the sensitivity was decreased.

Thus, the maxim sTtivity o \iﬁisis can be obtained by

using 15.0 mg/mll Enmoniun MoIybAake :
3+4.24 4., Effect of Sgmpling Rate on Reproducibility and

ﬂummmwmn‘a‘
AN AN T RN coms

several experimental factors such as the stability of reafent flow
rate, an acurated injection wvolume, sampling rate, etc. The
effect of sampling rate on pesk height reproducibility is shown in
Figure 3.45. The calculations of sempling rate, RSD and ¥ CO are
demonstrated in Table 3.17. The reproducibility ( RSD ) was decreased

with the increasing sampling rate. There was no carry-over at the
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sampling rate wup to 120 semples h™' and the reproducibility at 120

samples h™ ' was 1.95 X.

0.2
D19 -
0.8 !
047 -
0.16 —
015 -
D.14
013 -
012 -
0.1

0.1 -
0.09 —
D.08
0.o07 -
0.06 —
0.05 -
0.04 —

0.02 -
0.01 —

| T | T PR BT G e |
10 120 130 140 150 160 170 180 1580 200

v
f“ 7.5 mg/mL; B= 15.0

mgme;Iﬂ c= 22. mg/mL and D‘mﬂﬂ.ﬂ mg/mL  ammonium

AT ATIEWY

AINBINT

Y
AR IRSAS T AHTIET N Y
q
Figure 3.46 shows +the czlibration plot for

silicon injected into 15.0 mg/mL ammonium molybdate, using =
concentration range 3.0 to 200 ppm of silicon. It was found that there
was a linear relationship between the concentration of iron and
absorption in the range of 5.0 +to 200 ppm with the correlation

coefficient of 0.959. Detection limit for this determinetion was 1.0

PR
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30 ppm

20 ppm

5 ppm

Figure 3.45 Carryover and precision of 10 replicate determinations

of silicon(concentration as shown) with (a) 60, (b) gp,
(c) 120 and (d) 180 samples h™*,
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Table 3.17 Effect of sampling rate on reproducibility and carryover.

Sampling rate RSD % Carryover

N

o5 - ]

"1 AugIngwdenns
| PRIPIATU AN INENAY

conc Si (ppm)

Figure 3.46 Calibration plot for silicon
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3.4.2.6 Interference

The similar interference study as in the
section 3.2.2.6 was carried out by using standard solution containing
100 ppm of silicon. The effect of ions on this determination is

summerized in Table 3.18 h shows that barium, calcium, cobalt,

copper, lithium, ma ¥ y zine and nitrate do not

interfere the deter licon even the concentration

of these elements is as high as 200 ppm.

Aluminium at ppm =and iron at the

concentration frg the peak height of the
detector respons W ‘8 can be deminished by

precipitating hydroxide with sodium
hydroxide and then tjie precipitatelis fjllered offwith a filter paper.
ppm has effect on the

There was a reporit

recorded peak by increasing the a2k height.

d tartaric acid (43) as

-s'ls. an affect to mask

phosphate by usmg cif acid, nxallcﬂid and tartaric acid is

shown in Figure @.47 which defidnstrates that these reagents were

inadequate %uﬁl%mﬂnﬁrw ﬂgﬂtﬁi: acid and tartaric

acid were used o decompése the phosphomolybdit/acid. Therefore,
these\rbberk §) S brobdshd tbd Wirets bl drgomd ) i baten snatveis
but ncq,‘tt. in the flow injection system due to limitation in time. The
percentage of phosphate and manganese in soil especially kaolin is
found to be small when comparing with the percentage of silicon.
Consequently, & masking agent for phosphate and manganese is not
necessary. However, amount of phosphate is reduced in the sample
preparation step. Curing a soil sample is fused with scdium

hydroxide end disselving the cake inm 131 HCl, +there are some



115

precipitation of phosphate occured in the form of zirconium phosphate

which is then filtered off.

Table 3.16 Effect of cations and sanions on the determination of

100 ppm silicon.

ions maximun added with-

out interference,ppm
aluminium 150
barium 200
calecium 200
cobalt 200
copper 200
irontlll) 80
lithium 7 200
magnesium 200
manganese 25
e INENTNYINT =

zinc zn(HD ),
ammnimwnwmaﬁ
phosphate

9.4.3 Determinstion of silicon in kaolins and lateritic scils.

Table 3.19 shows the results of the determination of

silicon in the synthetic kaclins and the lateritiec soils by the flow
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0.4

0.3 -

Figure §.47 e ‘ ¢ phosphatién to ~the determination of

sing oxalic acid (b),

c I. (d).
IR M%mw SN BIAE Srostod. Fron these

results it c be concluded that t flow in.ju-l; method gives
e ) VSTV HU RATH TOH e
silica Egn.a %) in synthetic kaolin, percent recovery by the flow
injection method is 99.64 % and by the classical method is 97.48 X.
The results in Table 3.19 show that the determination of silica in
kaolin by +the classical method gives the percent recovery lower than
the flow injection methed. In the classical method, after the silicon
was formed as silica, the precipitetion of silica must be washed and

filtered off for the further determination. There was some lost of
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cilicon from its solubility through the filtration. Therefore, the

percent recovery of silicon in kaolins was lower than that of the

Table 3.19 The determination of silicon in synthetic samples by flow .

injection system and classical method.

Samples Classical method
xsm/ Cove w\ , %Error RSD XRecovery
\ /W wiw

Synthetic - e B.74 2.52 1.92 97.48

kaolin

{50.0 %) 7

SEﬂtrhEtiC 34.94 Gii i, gl _ BJ 35.10 0.28 0.98 100.28
lateritic N i

s0il(35.0 %) K

J
Ml o 630 b} zﬁﬁ - dveps v
AR S RN AE L L

classical method. Precision ( RSD ) by the flow injection method is
about one percent while the classical method is greater than one per
cer.n-.. In the samples of lateritic soils, the results on percentage of
silica by both method are in good agreement. The precision by the
flow injection method is sbout one percent while the precision by
the classical method has the lowest value at 0.76 % and the highest

value at 2.68 X.
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Table 3.20 Comparison of procedures for the determination of total

silica in Raolins and Lateritic soils.

Sample code Flow lnjects

% sio % RSD

K-VP 46.03 1.34
K-dD 43.19 1.45
K-KM 47.63 1.99
K-PK 43.95 1.81
L-CR 43.24 0.85
L-KC £ 19.31 1.29
L-NK " ar.02 2.68
L-UD :I 22.48 0.97 “ 22.50 0.76

AULINENTNYINT
RIANTIUNAIINGAY
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