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APPENDICES

APPENDIX A

Chemical Analysis of rock samples.

The major and minor constituen

of rock samples were analyzed by using the

‘

Solution A is use eterminations of SIO, and Al,O,. Portions of the
£\
f ’."::”.,\ 10 \

\\\ th NaOH at a comparatively low
el :-7-;‘ 3 \ cooling, the melts are leached with

samples and standar

temperature for about 1

water, and the solutions ar

)
Reagents T
F M

ig _»j:;‘w':: hlor »\-..

NaOH solutionl 30- Bedets in 1,500 mi of water in
a stainless steel beaker. F: ool and sto 2 Dottle. ,';J

HCI, 1+1: Prepare . &,

AUEINENInEINg
AR1AINIUNN) AN A

Stapdard were prepared from the mixture of CaCO,, MgCQ,, SiO, and Al,O, as:

CaCo, MgCO, S0, AL,0,
90% 6% 2% 2%
85% 9% 3% 3%
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And the working standard are 0.5%, 1%, 1.5%, 2%, 3%, 4%, and 6% for SiO, ;
0.5%, 0.75%, 1% and 1.5% for Al O,.

Procedure

1. Transfer 5-ml portions of 30-percent NaOH solution, measured with a plastic

graduate, to a series of 75-ml nickel crucibles. one crucible will be needed each sample,

before use.

2. Evaporate the plate. Slight spattering can be

ignored.

\. mple and two 50-mg portions of

!

prepared standard . A e to a crucible containing the

fused NaOH.

4. Cover and heat the or about 10 min. Remove each

crucible from the heats ‘-;-“"-----'-- Tiei arouna the sides. Al # he melts to cool.
f Jo

I i
‘.l |
AW

5. Transfer the crucnbles plus contents to a series of

f»;mm;l‘;au mm nmaa

8. Add 20 ml of 1+1 HCI to each beaker, and stir. If the sample solution is not

plastic beakers.

clear, add another 5 ml of 1+1 HCI and wash crucible by distilled water before taking out

from the solution.
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9.Transfer the clear sample solutions to the volumetric flask 500-ml, make

volume and keep them in polyethylene bottles.

Preparation of solution B

Solution B is used in the determination of total iron, MgO, CaO, P,O.. The

Organic matter is destieyed- by fF fitien,of @ few drops of a mixture of

perchloric and nitric acids,

Reagents

olution B acid miXtur orkirigl- nG fume hood, transfer the contents of a
. Chill the HF in a bath of cold

water. Keep the polyethylene o .".'fr he -col r bath, add 165 ml of concentrated

H,S0,, mix, and allow to cool. Add 401 of cof ated HNO, and mix.

Yo Y |
HCIO,-HNO,Mi -'II TT percent) and 100ml of
concentrated HNO, Storé'h a 200-ml glass-stop-pered Pyre “Hottle.

e E U VTN, 0 00
AT ANy

Procedure

1. Transfer 0.500g of each sample to a Teflon beaker.

2. Add approximately 2drops of distilled water for wetting to each beaker

containing powder sample.
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3. Add 1:1 nitric acid (HNO,) drop wise to each sample until there is no gas

evolved.

4. Add 15 ml of mixture of HF, H,SO, and HNO, to each sample.

5. Cover the beakers, put them on the hot plate at 80°C for 4 hours and continue

6. Open the Teflog plate with temperature 100°,

150° during 23 hour, D°-200° continued until the
samples will be dried.
7.Remove the beal ‘ ' \ to cool for a few minutes,

and then add about 225mi 18 jted HNO,, and 1ml of the hydrazine

sulfate solution. Heating to boili

8. Cool the solutions om tempera : =’ em to 250-ml volumetric

flasks. f Y )

¥ |
i¥ |

9.Make to volume, @)&nd transfer to [59 polyethylene bottles.

AULINENINYINT

Determination of silica (SiO,) by colorim‘ptry

ARSI ANAINEIN, . .

used.

Reagents

1. Ammonium molybdate solution: Dissolve 6.0g of (NH,)6MO70,,.4HO2 in 1| of

water.
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2. Tartaric acid solution: Dissolve 16g of H,C,H,Oy in 11 of water.

3. Reducing solution: place 0.28g of sodium sulphite, 3,6g of sodium bisulphite,
and 0.06g of lamino-2 napthol-4-sulphonic acid into a 1| bottle, add 1! of water, and stir to

dissolve.

4. Acidified water: add 5 ml of 1+

Procedure

1. By using autoM | K \ S \x reagent blank solution, 8 ml
of each standard solutio \\.\ m! beakers.

2. Using dispenser \- beaker.

3. Add 25 of the m cdghnt 1 eaker. Allow to stand for 10 min.

4. Add 25 ml of the Tart

)

5. Add 25 ml of -\‘if aker. Allow to stand for at least
)

45 min.

i muﬂ’m Ay NN
awmmﬂﬁmwwmﬁ%

Determmatnon of alumina (Al,O,) by colorimetry

Alumina (Al,O,) is determined by measuring the absorption of light at 475 nm by
solution in which aluminum has been converted to a calcium aluminum alizarin red-S

complex ( Parker and Goddard, 1950).
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Reagents for Al,O,

1. Complexing solution: to 880 ml of water add 0.3g potassium ferricyanide
K,Fe(CN)g; 40 ml of hydroxylamine hydrochloride ( NH,OHHCI) solution, 10 percent; and
80 ml of a CaCl, solution ( Dissolve 14g CaCl, in 30 ml concentrated HCI and dilute to

11).Prepare this solution the same day it is to be used.

H,O and add 24 ml glacia

4. Alizarin red-S stk s dn. 0705 dissolve 0.5 g the pure dye in 1l of

!
water and filter. g L2 \

5. Alizarin red-S, 0. ' " e stock solution to 11 with water.

Procedure

S —

\7 X
1. By using au o"_'-f"o'. e-sample( solution A), reagent

1 | l

I
blank, the standard solufién, and the sample solution to a seffes of 150 ml beakers.

MY ANANI NS, ..o
AR InAngay

Add 25 ml of the buffer solution. Allow to stand 10 min.
Add 25 ml of the 0.01 percent alizarin red-s solution. Allow to stand for 45-75 min.

Determine the percent of ALLO, at 475 nm for each solution using the blank

solution as a reference with an UV-Visible spectrophotometer, Genesys 10.
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Determination of total iron (Fe,O,) by colorimetry

The method for determining total iron ( Fe,O,) is based on the orange color
developed with orthophenanthroline after the iron is reduced with hydroxylamine

hydrochloride and the solution is buffered with sodium citrate (Bandemer an

Schaible,1944).

Reagents for Fe,O, ;
Hydroxylamine hydrochloride; 40 ¢ : Didehive 90g NH,OHHCI in 11 of water.

Orthophenanthroline solu it 8N .H20 in 11 of water.

Sodium citrate solution, 10 pé O .2H20 in 1| of water.

Standard iron solution:

Add 0.4910 g FeSQj(NH,) S 500 volumetric flask. Add 16 ml of
1+1 H,S0,,10 ml of concentrated HNQ. ,a_: d ml of water. Stir until completely

dissolved, then add water to the.fnark {; he Fe,O, concentration in this solution

is 0.2 mg /ml, which {s-egu utiol [€a from a sample containing
10 percent Fe,O,. V
Procedure

AUYININTNYINT

1. With a g'noplpet transfer twg 5 ml portlon f the standarcupn solution and 5

oot S50 VAR GBI FAE o st

flask for th% preparation of a reagent blank solution.

2. With a dispenser, 5 ml of the hydroxylamine hydrochloride solution to each

flask and allow to stand for 10 min.

3. Add 20 ml of the Orthophenanthroline solution to each flask.
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4. Add 10 ml of the sodium citrate to each flask and dilute to 100 ml with water.

5. After 1 hr. determine the percent of Fe,O, at 555 nm for each solution by using
the blank solution as the 100 percent reference, by an automatic UV-Visible

spectrophotometer, Genesys 10 .

Determination of total CaO+MgO by titratio

Determination of tot tion with EDTA and Eriochrome

black T as an indicator (Bied wand Scf g A‘v-.*c’::g Pribil, 1953).

’ | .T\‘.ﬁ
Reagents : "?
Standard solutiofi fo Ot/ Transter'0.500g, of Calcium Carbonate ( Low in
alkalies), AR.grade, to Ibeake, 4t $~ \ of water and 5ml of HNO,,
cover with a watch glass, )b ik OF \ e. Cool to room temperature, add

8ml of 1+1 H,S0,, dilute with Wate#ie:250 mti stric flask, and mix.

EDTA solutiogis 8.3 —percent ve——2—g—of Jdisodium ethylenediamine

tetraacetate in 4l of w c T

‘ I
i- AW

Bowi -1k 111 (10 R

ABAAADIAUMIANLL A o0

11 of water.

Buffer solution: Dissolve 66 g of NH,CI in 500 ml of water, add 500 mil of

concentrated NH,OH and mix.
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Complexing solution: Dissolve 64 g of KCN in 600 ml of water, add 400 ml of

triethanolamine, and mix.

Methyl red solution, 0.02 percent: Dissolve 200 g of the pure dye in 11 of water.

Magnesium sulfate solution: Dissolve 6 g of MgSO,.7H20 in 11 of water.

Procedure
1.With autopipette sfertwo aliquots=26. ml. of the standard solution for
Ca0+MgO, an aliquot of B ditate and aliquots of each B solution

2. Add 5 ml of el ‘ Iu ion to each of the beakers

3. Add about 200 ml of wa f‘i*ﬂ
2N,

4 Add 5 ml O Ie, , ataifaty, ‘l-VA-JA‘[‘E!Y-T.‘FA--!"-"-‘v-'--rl".-A\' ” dlspenser
Vi i) °

II |"'.
i¥ |

5. Add 25 ml of the buffer solution to each beaker.

) Addﬂug'm 813 NY003

magnesuum sulfate solutlon to each beaker including the

| RTTSAMIINYNaY

s To one of the solutions containing the standard CaO+MgO, add 1 ml of the

Erichrome black T solution and 1 ml of the methy! red solution.

8. Decant about 10 ml of the solution into small beaker and set aside for the

moment.
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9. Adjust the level of EDTA in the buret to zero, then add the EDTA rapidly to the
solution in the 400-ml beaker in slight excess of that needed to get complete color

change from red to blue.

10. Pour the solution which had been set aside back into the 400-ml| beaker. The

color of the solution should change back to red.

12. Repeat ste;/ "'\ as ""'nr. tion, the magnesium sulfate
| \.\\s

ution.

Calculations

1. Divide the volu sulfate solution by 13.5 to

abtain the volume of the E smagnesium solution.

2. Subtract the volume of the magnesium solution from
each titration volume to obtaifthe volu A _required for the 25 ml of each
solution. - -"—_{""

3. The percent a' . dre i@ calculate a factor:
I

factor

°fPTﬂH’Tﬂ?Tﬂ?ﬂ’mﬂi
w*iﬁﬁﬁizﬁmmma 1

= percent CaO+MgO calculated as CaO.

»

5. The result obtained for CaO+MgO as CaO is used in the following manner:
Percent MgO (by atomic absorption)X1.39 = CaO equivalent of MgO,
then,

Ca0+MgO (from step 4)- CaO equilavent of MgO=percent CaO.
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Determination of MgO by atomic absorption (AAS) Spectrophotometry.

Prepared reagents

1. CaCO, standard solution : same as standard used for determination % total

CaO+MgO

2. Working standard solution:

- 1% Mg solution

- La,0, solution
Procedure

1. Transfer 4 ml o ach sample, using an auto-

pipet, to a series

2. add 16 ml of lanthan oreferable with a dispenser.

3. Add 40 ml of water to each-be

ispenser. These solutions are ready to

be analyzed. | ’
Yoo )
T

4. Run the standa '.’ and continue running the

samples by AAS frafRerkin Elmu, modghAA300.

AUYINYNINYINT

Determma%l)n of Phosphate (Pps) by colonmetry

ARIAINIUUNINYIA Y

Thg phosphate content of a sample is determined by measuring the light

to prepareTacaforation cu

absorbed at 420 nm by a solution containing the yellow molybdovanadophosphoric acid
complex (Kitson and Mellon, 1944). The wavelength of 420 nm was chosen to provide
adequate sensitivity and to minize the effect of iron. At this wavelength, each 4 percent
total iron as Fe,O, in the sample will still cause the value of P,0O, to be high by 0.01

percent unless a correction is made.
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Reagents
Molybdovanadate solution: Dissolve 5.0g of sodium metavanadate, NavO,, in 400 ml of
1+1 HNO,. Dissolve 75g of sodium molydate (Na,MoO,. 2H,0) in 400 ml of water. Mix the

two solutions and dilute to 2 I.

Standard PZQ5 solution: The USGS rock standards are used:

SCo-1
10 ml 0.076 % P,0,
5ml 0.038 % P,O.
2ml 0.015 % PG

Procedure

1. Transfer 25 m ank, two 25 ml portions of the

standard solution, and 25 i \ % f 100 ml beakers.

2. Add 25 ml of the moly ;15,"?1;, on to each beaker preferably with a

L

dispenser. - R ____V.

; L)

3. Allow the -‘f;‘.r '1 he percent of the P,O, at

AUEINENINYINg
RIANIUNRINEIAY
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Appendix B
Limestone staining procedure.
Potassium ferricyanide and Alizarin Red S in 1.5% HCI

Reagents:

1. Etching solution : 1:6%esmGh

- Solution 1 : dis$Blve 82gf AliZarin RediS in 100, 1:5% HC!.
100 ml 1.5% HCI.

Procedure

1.Immerse sample in etchiRg soiui { dilute HCI at room temperature) for

approximately 15 sec ong
lify of the etch: cold solutions

NB: the succe§siof
give poor results ;E eak e jives a patchy sta' ‘and over-etching produces

a very dense stain. ¢ g,

AUYINININYING

2. Immersa"sample in the stamup solution for §-35 seconds.

bLslatin] B BT NBIA B

3. Wash stained sample gently in distilled water and dry in a stream of warm air.
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Appendix C.

The procedure for determination limestone by loss on ignition is as follows:

1. Grind samples to a powder passing 105 mesh (0.105mm).

2. Weigh a 2 g sample in to. pl: ' ible and dry in a laboratory oven for

one hour at 105°C.

3. Record dry weig

4. Place samples i ' fnace-at 55( 25 minutes.

6. Calculate weight lo: -ﬁ‘ﬁi’:% rbohaceous material and water.
LA T

7. Return sarmy i;.-.-si;.. fle furnace and increase taring ature to 1100°C.
V. i)

8. Leave samplé for 25 30 minutes , remove, cool iff'a desiccator and weigh.

, SUHAY wnmﬂoaﬂ e
RSN TN &
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APPENDIX D

Phase analysis of the samples by X-ray Diffraction Powder Technique (XRD)

Procedure

1. The samples are grinded as power by using tungsten carbide disc mill, passing

sieve N0.325 mesh.

3. Run each sa Bgg = Bre : Diffractometer; D8 Advance

4. The diffractograms iBenti l IR S are package; search and match or “

EVA * by comparing ) ite 'tional Centre for Diffraction Data

(ICDD).

AULINENTNEINS
ARIAATUAMINYAE
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APPENDIX E

Brightness Test

The brigtness test is carried out by using colorimetter: Photo Volt model 577 from

Seradyn, Inc, USA.

Method:

1, The samples with sieve mesh No. 200

2, Dry the samp 208:mesh in'anioven atglos £ 3°C for 3 hours.

4, calibrate the instrument viteethe sta d. plates of brightness 64.1 and 71.0.

- - -
-

5, Measure the.of & same cup as zero setting.
Al
6, Read the brighthgss 3 times for gach sample and calculate the average

o AUEINENINEINS
AATUAMINYIAE

¥



APPENDIX F

End-uesd limestone standard

Table 5.1 Classification of limestone by purity (Cox et al.1977).

133

Category

Percentage (CaO)

Very high purity
High purity

Table 5.2 chemical prop

Chemical composition

>65.2

54.3-56.2

Medium purity mr\ 52.4-54.3

Low purity //// é ﬁ:‘ \\\\\ 47.6-52.4

mpure y ///ﬁf '\\\\\\‘ 7

,‘ .1 u ion (Lorenz,1991).

i\

Remark

Calcium carbonate (CaCO
|

Magnesium oxide 5—

Fo whlte cement:

. él <0.01% and

Least MnO
Jd

Silica (SiO,)

Phosphorous pent oxic‘e

(°,0) )
LY

ARSI AN TR

Chemical composition Percentage (by weight)
Calcium oxide (CaO) >53.76
Magnesium oxide (MgO) <4
Carbon dioxide (CO,) -
Silica dioxide( SiO,) <A
Alumina+Ferric oxide (AL,O,+Fe,0,) 1.5
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Table 5.6 Chemical properties of limestone for ceramic grade Il (Lorenz,1991).

Chemical composition Percentage (by weight)
Calcium oxide (CaO) > 499
Magnesium oxide (MgO) <4
Silica (SiO,) <2
Alumina(Al,O,)+ Ferric oxide (F g <0.03
Sulphur trioxide (SO,) <0.1
Table 5.7 Chemical pro v i ( “ ‘ ~.‘ Jric oh e (kgienz,1991).

Calcium oxide (CaO) >47.6

/=3 \\\N
Chemical comp ﬂ I ‘\\ ercentage (by weight)
lﬁg ZAN

Silica (SiO,) Not to high

Alumina (ALO,) <1

Ferric oxide (Fe,O ) < 1

Sodium and Potassu W

':l , J
‘e kY
e el b A SR O B
U
(1 = _ aJ
, e ( ight)

Calcium Bxide (CaO) >53.2
Magnesium oxide (MgO) <2
Alumina(Al,O,)+Ferric oxide (Fe,O,) <0.9
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APPENDIX G

Some used Instruments

4 | e

Fig. G1 Jaw er Jmodgl - FRITSCH
. -;. wk .-‘.:a::,-l d:‘
. “if
_AJ.J" ;

Fig. G2 Disc- mill. RETSCH
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idd

2 = ¢
sl kd FAEA

0 Sbeétrpnic,.ﬁinésys—muv

e —

Fig. G4 Colorimetter: Photovolt, model 577
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n Speetrometer-Perkin-Elmer AA-300

v

Fig. G6 X-ray Diffractometer-Bruker-D8-Advanced.
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Fig. G7 Furna€e @ar lite_,a'RHFs

b

O
=]
wy

4 Fdhi

Fig. G8 Titration.
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Fig. G10 Cutting slabs for thin sections.
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