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EXPERIEENRTAL

2.1 Instrumentation

d in this thesis is shown
vlete system is shown in

.\\gj\ tem may be described as

in Figure 2.1
Figure 2.2. The es

follows.
z-i-ll‘ --":.‘:# E ".-,.'. D
ltic Pump (IPN/S 4-16)
\"F s Y
with eight-chanl : -P fuously wvarieble speed
controller to wve ~ the total flow rate’J was used for the flow

) ﬁiﬂm L2014
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A conventional septum-injection valve from a

normal liquid chromatography (Figure 2.3) was used as injection port.

It was made from stainless steel with internal diasmeter 1.0 mm..



26

Figure 2.2 The diagram of the complete flow Iinjection system,
H=carrier solutiony P=pumpj S=injection portj C=coil}

D=detectorj RE=recorderj W=waste.

T

-

>
|




27

Sample injecior

£y
—

bufler Birea e rubber seplum

Figure f‘-ct ;ﬁi—agi 0] flow injection system.

Vg

]

] . @ coils Were made of Teflon tubing

and coiled by wididipg en sappngpriste length eround &8 glass tube

(atamer aﬂumwmwmm
A AN TRURIEN A Y

The designed flow-through cell used in this
thesis is shown in Figure 2.4, It was made of perspex glass with 10.0
mm. thickness, bored horizontelly with & high speed drilling motor
from one side to the other. It was then drilled vertically with the
0.10 mm. borer from the top to join the previous bore to get the

inlet and outlet of sample solutions. The body was blacken cautiously
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with color and covered the horizontal bore with transparent glass. So
the flow-through cell wvolume computed from internal diameter and
pathlength was 80 uL., The body of flow-through cell was glued to
aluminium case in order to connect its inlet and outlet with tubing

of sample by the use of screws.

P e T A

sm e.‘.., | , . view
T &twsmwmm i

syst.um.

’QW’Wa\ﬂﬂiﬂJﬂJﬁﬂﬂEﬂﬁB

2:1.1.5 Detector and Reccrder

The BAUSCH & LOMB (Spectronic 21}
spectrophotometer, fitted with & 75 ul commercial flow-through
cuvette cell 10.0 mm. pathlength was used and connected to a PERKIN-

ELMER 56 stripchart recorder.
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2:1:.2 0Other Instrumentation

2.1+2.1 The ENDECOTTS 100 mesh sieve (ASTM E 11-70)
was used for screening samples by hand and the samples were fused in

HERAEUS 1200 “C furnance.

2:¢1:2:2 o-syringes (10,100 and 250 ul)
were used for +the injeetior “wHesEample solution into the carrier

stream for the flow

~no. 1602 MP8-1 was used

for weighing sempl

.lock water bath was used for
controlling temperature 4 coils and depolymerising
7z

silicic acid.

Ad") (Kaijo Denki) was used

7

for cleaning micrﬂrri L'J

A HIRUNTHYARTome e s e

for pulvariaing and homogenizing syntha c kaolin ateritic soil.

ARIANN TN ARNINYIR Y

2.1.2.7 Platinum and zirconium crucibles were used for

fusing kaolins and lateritic soils, respectively.

2.2 Reagents and Stock Solutions

All reagents used were analytical reagent grade and all water

used was +triple distilled water. Alizarin red S, thioglycolic acid
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(mercaptoacetic acid) and ammonium heptamolybdate used were FLUKA

reafents. The other chemicals used were BDH reagents.

2.2.1 Reagents for alumina enalysis

2:2+1.1 Ammonia solution (3 N) was prepared by adding

14.5 mL of ammonia solutior _\"“ 91: into 250 mL distilled water.
A ]

-.; prepared by adding 9.5

ml of glacial acetigslit Ml FrAl o 1 08 100 mL distilled water.

ie (14 €/ was prepared by
dissolving 12.50 ¢ in 50 mL 1:1 hydrochloric

acid and diluting to water,

—AThe red § ( 0.10 ¥.) was dissolved
in water, filtere "f the smal : .-_5* iment. and made up to =
100-nL with didbfiTed wate "WL of this 0.10 % stock
solution was adﬂste : 'lr"j-jl of 5§ M acetic acid an:l

25:0 mL of 3 M ia salut.i and made up to a volume of 500 mL

mﬂaumwﬂmw BN
’Q%’]ﬁ%ﬂ‘%ﬂé%ﬁﬂ’%ﬂmaﬂ

Ammonium  heptamolybdaste (0.375 X) was prepared by
dissolving 3.75 & in 0.20 M sulfuric acid and made up to a volume of
1-litre with the same acid. This solution can be used after standing

overnight in a plastic bottle.
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2.2.3 Reagent for lron Oxide Analysis

Ten mL of thioglycolic =acid was added into water,
neutralized with diluted ammonia solution and made up to a volume of
100-mL with distilled water. Ten mL of this 10.0% stock solution was

added into 50.0 mL of 3 M ammonia solution and made up to a volume of

500-mL with distilled water

\%\\a 000 ug/mL) was prepared by

i
‘ mwirninaﬂﬂmLﬂfﬁH

weighing accurately oo

N o/ / p\_\’ ‘i\

and diluting to 1 ‘ i+ ‘,}r'; ’

1 J_ o

was obtained, cooling

L lron t.dl (500 ug/mL) was prepared by
w'eigh‘lng accurstely _0& ﬁ’ l 2 iron wire in 500-mL besker,

sading 30.0 T 3 W_T“ET"‘““FH'F-"'“-‘\‘ 1.0 mL bromine water,

Vi
boiling to mcpal

distilled water.

ﬂ‘lJEl’J'VlEWlﬁWEﬂﬂ‘ﬁ

Silicnn nt.uck solution tsm ug‘.fml.} was prepared by

ol YREAT BIHA I YA v

weighir&' accurately 0.5348 € g99.8 percent content silica ) of

dilut.ing to 1 litre with
i

quartz powder in the previous crucible and then fusing again for 3-5
min. The crucible was cooled, extracted the melt with water and

diluted to the wvolume in a 500-mL volumetric flask with distilled

water.
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2.3 Procedures
2,3.1 Synthetic composition of kaolin

In general, kaolin consists substantially of natural

kaolinite [ hydrous saluminium silicate (HA1,8i,0 ) 1 that

of Al O

has an ideally chemical 35.5 X and SiD',

s found to contain kaolinite,

£ :
g ml chemical composition of

rEnge 27,0 % to 42.0 X), Si0,

46.5 X. However, 1
quartz, mice and iron Gmide
kaolins (45) are

A5.4 4 {rw‘ 0«30 X (max 050 :}! Tiﬂ’

1.50 % (max 2.00 4, {Her=ox ide \\jis thesis, the synthetic

composition of kaol psition as follows:

Cﬂm| : i

ﬂ‘UEl’J‘VFWIﬁWH%ﬂ‘i

:901' x 0.50

’QW?Mﬂ?NﬁdWﬂ%ﬁﬂﬁﬂ

The synthetic ksolin was prepered by weighing saccurately dry
standard chemicals of quartz, glumina, iron oxide, etc. into a

mortar grinder and then grinded until they became homogenous.
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2.3.2 Synthetic composition of lateritic soil

Lateritic soil consisting of sesquioxides of iron and
aluminium as compared to other constituents is +the main
characteristic of the lateritic so0il. These constituents sometimes

have AI‘U_' higher than 60.0 % end & little amount of Fe, O,
r than 80.0 X and only little

end sometimes have Fe, O
amount of Al _O_. some Thailand Ilaterites by

Pendleton and Sha . types were found an average

percentage of :M TE and Iiromoxide were 32.8%, 16.2X and

38.7% respecti emical composition of the

synthetic lateri

Aus A NeIns
o SHADIDIMUNBIZNZINY e s

kaclin in section 2.3.1.
2.3.3 Sample preparation for Classical Analysis

The sample had to be quartered until approximetely 100

g of s=ample was obtained and then the size of the sample was then
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reduced with & mortar by hand until all of it can pass through & 100-
mesh sieve. After thoroughly mixing, the sample must be dried to a
constant weight &t 105 °C and stored in an airtight glass contsiner.
This sample must be weighed rapidly from the container to avoid

change in moisture content.

2.3.3.1 tion for +the determination of

jron oxide in kaolin

for alumina and iron
oxide analyses in KBc Ware vased on » standard method of ASTM D

718-86 (5) and of A ‘.Ivaly as described below:

eighed sccurately 1.00 &
in a platinum cru€ib ¥ xed with 5.0 & of sodium

carbonate. The cruc il the entired contents are

completely fused in & ‘ol n enn the temperature of

16 fusion is complete, the

e ansad quant itatively with

1100°C is mai ﬁ
crucible is cmlﬁ
hot water into E@- pyrex er- and boiled until the melt is

disint.eg‘ratﬂ k] %‘%%I ¢ jéﬂng a3ififTed with concentrated

hydrochloric cid by kﬂp‘.liw a watch Elas: over t. beaker to avoid
’&Wﬂ*ﬁ@ﬂ%?ﬂ‘&fﬁﬂ%&fﬂﬁﬂw o 1
added. pamt.inrn to dryness on a steambath is cerried on until the
material appears completely dry (no odor of HCl detected). The
evaporation is repeated and baked for 1 hour in &an oven at 105 C.
The residue is drenched with 25.0 mL of concentrated HCl and fol lowed
by 175.0 mL of weter &snd then boiled until all scluble salts are
dissolved. Silica 1is filtered with a Whatman paper. The residue is

washed with diluted HC1 and hot water. The filtrete is collected in a
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250-mL  volumetric flask for determinstion of other oxides. The paper
and washed silica sre transfered to & clean platinum crucible,
ignited gently first until the filter paper was consumed, and then at
1200°C for 20 min, cooled end weighed. Silica is then determined by
evaporating to dryness with 5§ drops of concentrated H_SO_ and

15.0 mL of HF. The loss in weight of residue represented the Si0,

’#/)at-i ocnship.
QSN loss x 100
. ‘QH\;:fT sample used

residue remains after the

can be calculated by thn‘F

si0,;

treatment with it /1 ) fused. with & small emount of

K. S0, until it

2 27

osulfate melt is leached

out of +the cruci bined with the filtrate

reserved before.The volu ad solution is diluted to 250

mL in a volumetric fl er .

i‘- \"

m : _ filtrate solution is

transfered into n‘ L bnakur. added with 10.0 +to 15.0 mL of

cancant.mt,aﬂ FH Bnﬁa VI W%Wﬂ ﬂid indicator solution

(D.20% in tﬂH), and hﬂ&#ﬂd to hoiling. A concentratad NH_OH
QA RANFR AN AN YA P oo

s8lution a distinct yellow. solutjon containing
precipitated hydroxides is heated to boiling for 1 or 2 min.,
filtered, and washed the precipitate on the filter with hot NH_NO_.
The peper and precipitate sare transfered to =a weighed platinum
crucible, heated slowly until the paper is charred and finally
jgnited to & constant weight st 1050°C to 1100°C. The mixed oxide

(R_O)) is weighed as Al!0_+Tiﬂz+Fa=ﬂ' and the percent of mixed oxide

110510848
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was calculated from the following relationship.

mixed oxide, percent = grams of R gl x 100
g£rams of sample used

The mixed oxides are generally consisted

of the oxides of alumin anium, zirconium, phosphorus and

; the oxides of iron, titanium

—

so forth. For special

and other oxides deducted +to obtain the

percentage of alumi

of  iron (Fel0)) is

determined by tr filtrate solution into a

250-mL Erlenmyer of concentrated HCl end

evaporating +to 50. must be reduced to ferrous
ion by eadding SnCL_ £/100 mlL) dropwise until the
solution is decplopiZed and whe op- 3 drops in excess. The

‘dded to protected the

excess of SnCl Brm :h@mte ion. The total iron

is determined hy‘xltrating t. solution with 0.05 N K,Cr O,

solution bﬂw % % H wﬁwﬁm %ﬂtﬂ as indicator to

give an a deep hluerviolet a point. T percentage of

n.o.ammmmwnwmaﬂ

Percentage of Fe O, = [(Nx V x 0. 3] x

solution of 1C y— T epbumal

2:.50 x §

where: S = grams of sample used,

-
[

milliliters of K.Cr_O_, and

normal ity of the H’ Craﬂ‘,
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The percentage of titanium oxide (TiO))
was determined by transfering an aliquot containing 0.20 to 0.30 mg
of Til.‘.i‘ into & 50-mL volumetric flask. For samples containing 0.50
to 3.0 per cent TiO,, & 10 mL aliquot was suitable. The aliquot
solution was added with small amount of concentrated phosphoric acid

and 5.0 mL of 3% Hzﬂ. gnd dilubked te +the wvolume with 1:9

H_SO_tH 0. The colori is obtained at 410 nm by

| end then compared with an

ndi daﬂ treated and plotted on &

) e,
rve for the instrument used.

using a prism or
appropiate set of

g€raph establishing =a

b, inium can be calculated

from the percentage |

wheret

- atﬁn for the determination of

alumi silica iron oxides in

ﬂuﬂ%ﬂﬂ%§WHﬂﬂi
QAN TOLHA P e e e

sili:a and iron oxides in lsteritic soils are based on an AWWA

STANDARD for BAUXITE (AWWA B401-53) (10) described as follows.

A dried sample 1is weighed =sccurately
1.00 € in & mediumsize casserole or pyrex besker, added carefully
with 60 mL of the acid mixture (485 mL of distilled water, 115 mlL of

concentrated sulfuric acid, 200 mL of concentrated hydrochloric acid,
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200 mL of concentrated nitric acid). The reaction mixture is covered
with watch glass and heated slowly until the liquid i= driven off and
sulfur trioxide fumes have been evolved for minutes. Approximately 100
mL of cold distilled water is added by pouring gently down the side
of the casserole, using the watch glass to protect from spattering,

and heated to boiling. The mixture is filtered through quantitative

paper into a esidue is washed carefully with

hot water, s jdt ] kept for subsequent analyses

Injection Analysis

ed in zirconium crucible
and cooled in dessi ‘eighed 0.200 g. of kaolin or

lateritic soil is p ‘m:ibln, fused asgain for 3-5
min. and cooled to room £ The melt is extracted with water

(filter if a.‘ : ,_,* volume of 250 mL with

X

distilled watery

silica Qanalysis, a suitable aliquot

containing M EJ lﬂﬂnim&’lﬂ—ﬁ plastic besker, The

solution convert.ad to basic with gsgdium hydroxdde pellet, warmed

on aw '}a‘\&ﬂﬁiﬁwu M’}Q mm& filtered off

-I:.hrnrug‘h the Whatman paper into a 50-mL volumetric flask, washed

carefully with hot water, made to acid again with 111 sulfuric acid

solution and diluted to the mark with distilled water.,

For elumina analysis, a suitable aliquot
containing sbout 0.75 mg Al is pipetted to 50-mL volumetric flask.

The solution 1{is converted to basic with smmonis solution (the
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precipitate appears), then turned back to the acid again with acetic
acid (the precipitate disesppears) and finally diluted to the volume

with distilled water.

For iron s&nalysis, sample dilution is not

necessary for kaolin. For lateritic socils, a suitable aliguot

containing sbout 1 mg F sfered into 50 mL volumetric flask

end diluted to the voluw

23

imum sensitivity and
sample processi ich have the effect on
the sensitivity g 2 v dndec systém including the flow rate
of carrier stream, eter of mixing coils, the

volume of injection se alysis, etc. are studied,

mF‘ln:r-.mr rates lrem datur@imd by measuring the

volume of m 'H]El m(w El mlﬁﬂadu&tﬂd cylinder)

" awauanlinende

Peak recording of samples were used to determine
peak heights by measurement the distance bet.ﬂmen the pesk summit end
the base line. The height was converted into transmittance m:tit. by
the factor of peak height in full scale of 100 X transmittance and

then converted to sabsorbance unit by the aid of computer.
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2.3.8 Measurement of Carry-over

The degree of sample intersection between
consecutive samples for a chosen sampling rate was expressed in terms

of carry-over percentage, X CO, which is given by the following

relationship:

{1) = 100 X

at low concentration (1),

N R
followed by e \ then & repeat of the low

solution (1) Cto fivd plak he : sampled consecutively st

For carry-over meas#l

the chosen sampling/rat

2.3.9 Measlirement, o ibility

Y
--‘;‘Jﬁ ibility of 10 replicate

i
measurements axpressnd in terms of +the relative standard

devinicp ‘ﬁ”ﬂﬁﬂw ‘ﬂfa"‘w Bf}ﬂﬁﬁiw
";l WTRAN

mean of 10 Mplcat.u measurements

2+:3.10 Measurement of Detection Limit

The detection limits were determined by
measurement of the lowest sample concentration that can give the

detectable peak .
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2.3.11 Measurement the percentage of Recovery

The composition of synthetic samples were

determined eand then calculated, X recovery, by the following

relationshipt )

% Recovery = mean comj

AUEINENINGINT
AMANTUAMINAY
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