an BRI TRATILEEVEREAIEY N e arna 2y e -

Proceedings of Geoscience Colloquium
Geoscience Laboratory, Geological Survey of Pakistan
Islamabad

Volume 10 Special Issue
August, 1995

Recommended Methods of
Chemical Analysis for
Geological Samples

Special Issue Editors

Abdul Aziz
Shiro Itoh

JEAN Lisr

IIIII!IIHIHllllllllllll||I|||I||||||||

1124262 (5]

Geoscience Laboratory Project
Technical Cooperation between
Geological Survey of Pakistan and
Japan International Cooperation Agency



Proccedings of Geoscience Colloquium
Geoscience Laboratory

Geological Survey of Pakistan

Volume 10 (Special Issuc)

August 31, 1995
Copyright 1995 by the Geoscience Laboratory Project

Figures, tables, and short excerpts may be reprinted scientific publications if the source
is properly cited

Instrument/equipment specifications used in this document
are purely for descriptive purposes only and do not constitute any
kind of enddtscment, approval or recommendation.

Geoscience Laboratory Project
Technical Cooperation Froject between Geological Survey of Pakistan (GSFP) and
Japan International Cooperation Agency (JICA)

Project Director: S.Hasan Gauhar (GSP)
Chief Advisor; Yoshiya Jkeda (JICA)

Geoscience Laboratory, Geological Survey of Pakistan
Shahzad Town, P.O.Box 1461, Isiamabad, Pakistan
Tel: +92-51-240423 Fax: +92-51-240223 E-mail: pd%geotab@sdnpk.undp.org.pk

Chief Editor, Proceedings of Geoscience Colloquium
Tahir Karim (Deputy Director, GSP)

The Special Issue Editors
Abdul Aziz (Chemisi, GSP)
Shiro ltoh (JICA Expery)



CONTENTS

Lditors' Note 3

U Abelul Aziz and Shiro Hoh 5
Geological Reference Samples Prepared for Analysis

2 Shuo ol and Ko Kato 8
Decomposition of Geological Samples

3 Konu Kato, Shiro Ttoh and Muhanmad Nes eem 14
Recommended Analytical Method for Silicate Rock Samples

4 Kon Kuto, Advan Igbal and Shiro Iol 23
Recommended Analytical Method for Chromite Ore

5 Komr Kato, Adnan Tybal and Shu o ftoh 38
Recommended Analytical Method for Phosphorite Ore Samples

6 Komi Kato, Shiro foh amd Muhammad Neaseem 52
Recommended Analytical Method for Carbonate Rock Samples

7 Konn Kato, Adnan Iqbal, St o ltoh and Muhammad Naseem 62
Analytical Method for Antimony and Arsenic n Geochemucal
Prospecting Samples

8 ddnan lqbal, Kontt Kato and Stiro ltoh 66
Analytical Method for Mercury in Geochemical Prospecting Sampies

Appendix I (compiled by Konnr Kato and Sinre Toh)
I' Preparation of Standard Solutions 73
2 Titer of Standard Solutions a2
3 Conversion Coefficient Table for the Weights of Chemicals 93

Appendix 11
A List of Instruments for Chemical Analysis in the Geoscience Laboratory 97



5

e R L e

e e -
e e L AT e e AT e L e ORI e R B A B ég%ﬁ%‘p 4

T Gehicience Laboratory b snniin it aii ey Giteos i el

: "(}"““”’i’““’”’"‘"iﬁw”’““"”‘?ﬁa&ﬂiﬁa;1%3"3 R e R et e A %é‘gt 2

i urvey o i, s e S
%»E‘log&ga ‘w?quav?@:;ﬁﬁ?‘z gt 55 %ﬁge o %

el

AR R %ﬁ? e
TS Agug 5# ,%lﬁggs‘;@ﬁg%ﬁ;%}f
Stitame i L
gt ﬁ%@ﬁ'ﬁ%@%{% RS
S0 Copyright 1995 by the Geoscience t roject o ‘éf%,e
e Ve L e R ke A{gﬁ:g&%&k”" s e 2
Gl Rt -_J%Z;ﬁ%w‘ s R e
eeid = Fioures: tables-and short excerpts may be scientific' publications
SR e Suanl b L e e e e R s e S T S R T
wshis ropery cited gl ,{-ﬁf?ﬁ@%’“? SR i
SE e el e snl T

gl
cfﬁ‘_» ”:
et

e i e
1

i

&

10

,.5#)"“ 'f‘-”—j:"t %

Seaiora

e e e R R S S R e i
LS Lo 3 _.},&_—.x‘ﬁ:-y 2 RN e ;;3‘5"--*: An

S : gt d g i e {E%&“

o e S L R R e

nt/equipment specificationsiused in.this document%%

T P T et A R R T L et T T P L e TR

¢ ymf:og;,gesﬁg_nptwe.purpos ;and do not constitute an

3" L, T

S S et Sl e e Sk ek Tl e, e

o z
% e

: “‘:’( %ﬂ V : k%ﬂ:%
A e S AT ; s R Ry !
LT e e HEE i i A e s
Eana 22 - S S RN 5 :
e Y Al e AT A ra e 1T Lo
S RS

R Rl RO e e S
ratory Project=oembes it
olo; ' kistan (
YRR o B ey o, LRI Rt
gpe:jahon;%giq‘cy; '3;1%‘}9 RN
Seepadetnpiaiilaced g e ISR ol
(GSE)
R :
2

T rorn el AL AR SR ST £ g 22
: LR R
EhEe e gl TSR S T R
274 Geoscience Laboratory, Geologi
E T e e 20 T b ol
0.Box-1461:Islamabad,
ZEF P Ry g
. e} W b
st s n T e
1 ) A S ,7& -ﬁ% v

e e %2\-‘ ﬁﬁ"‘l’%-ﬂm}é{-ﬂh\‘:ﬁiﬁ?;m{w. A e s
»@”‘*‘w%& Chief Advisor::Yoshiya lkedd (JICA)
Y 2 3 by, Ty
i Lialin it ey
0] cal Survey of Pakistan
et Pe et gl ivg Ehy el ey
X< S , P g‘lggqt&_* %-;«x
40223 “E-mail lab@sdnpk,un
G A e ,,@’T_;g b, B
S SR S g
hie Editor, Proceedings of Geoscience Colloquitim
T T e L e T ,’: c: L ‘“'J;
% Tahir Karim (Dépuly Direcior, GSPJ %%

R .
% h;iﬁﬁ& T e e
MSee R e e




CONTENTS

Editors’ Note 3

1. Abdul Aziz and Shiro loh 5
Geological Reference Samples Prepared for Analysis

2. Shire lioh and Komi Kato 8
Decomposition of Geological Samples

3 Konu Kato, Shire ltoh and Muhemmad Naseem 14
Recommended Analytical Method for Silicate Rock Samples

4. Komi Kato, Adnan Igbal and Shiro Jtoh 23
Recommended Analytical Method for Chromite Ore

3. Ko Kato, Adnan Iybal and Stiro Jtoh 38
Recommended Analytical Method for Phosphorite Ore Samples

6. Komi Kato, Shire ltoh and Muhammad Naseem 52
Recommended Analytical Method for Carbonate Rock Samples
1

7. Komi Kato, Adhien I qbal, Shiro Itoh and Muhammad Naseem 62
Analytical Method for Antimony and Arsenic in Geochemical
Prospecting Samples

8. ddnan Igbal, Komu Kato and Shiro ltoh 66
Analytical Mcthod for Mercury in Geochemical Prospecting Samples

Appendix I (compiled by Kenu Kato and Shiro liol)

1. Preparation of Standard Solutions 73

2 Titer of Standard Solutions 92

3. Conversion Coefficient Table for the Weights of Chemicals 93
Appendix 1i

A List of Instruments for Chemical Analysis in the Geoscience Laboratory 97



T



EDITORS® NOTE

This is the first special volume of the Geoscience Colloquium devoted
exclusively on analytical geochemistry, It basically addresses the issues related to and
the progress achieved in relation to the GeoLab's on-going research on the preparation
of geological Standard Reference Materials (SRMs). It describes and recommends
procedures for their accurate and dependable chemical analysis.

Identification and selection of suitable methods of analysis of different rocks,
minerals and ores have always been of great importance not only for the analytical
precision but also for drawing comparison between the available techniques,
procedures and instrumentation. This volume contains some recommended procedures
for analyzing silicate rocks, carbonates, chromite and phosphorite thus covering an
appreciable range of methods applicable on most types of geological samples in
Pakistan. Besides, the analytical procedures for such problematic and volatile elements
like mercury, arsenic and antimony are also presented, These elements are often
analyzed in connection with gold exploration and are also becoming increasingly
important in various kinds of environmental and geomedical studies.

) " While describing different methods and techniques of analysis, strong emphasis
has been placed on proper sample preparation as any error on this account will have
compound effect on the accuracy of the resulls

The research data and information presented in this volume are partly tentative
as some of these are being further improved, refined and upgraded through additional
tests and experimentation, Their final versions will start appearing after mid 1996 in
the future issues of the GeoLab's research publications. Meanwhile, the editors would
very much welcome queries, comments, suggestion and criticism from co-researchers
and the geoanlaysts working in and outside the Geological Survey of Pakistan,

Abdul Aziz
&
Shiro Itoh

Lditors






ARTICLES






Proceedingt of Geoscience Colloquiion, Geoscience Lab , GSP, 10, 5.7
@995, Geoscrence Laboratory Project, Islamabad, Palistan

Geological Reference Samples Prepared for Analysis

Abedul Aziz* and Shiro ltoh**

*Geoscience Laboratory, Geological Survey of Pakistan, Islamabad
**JICA Expert,Geoscience Laboratory Project, Islamabad

INTRODUCTION

It is to be noticed that the chemical analysis of a sample depends mainly upon
the analytical method, instrument and the standards used. Furthermore, geological
standard reference material (SRM) is essentially used to check the instrument and
analytical techniques adopted for the analysis of geological samples. Some certified
standard materials are available from various international institutes but usually of a
very high cost.

Recent development of instrumental analysis for geological samples is greatly
indebted to provide suitable standard materials for the analysis of trace elements, There
arc many kinds of standards like standards of weights and measures or industrial
products, similarly the SRMs as far as chemical laboratory is concerned are the
materials known for their chemical composition. Using the SRMs in instrumental
analysis the accuracy has been improved, specially for the analysis of silicate rock
samples and ore minerals. Moreover, the limits of detection for some rare metals have
also been lowered. :

Laboratories of geological research institutes have used the SRMs for the
purposes (i) to compare the analytical accuracy among different laboratories, (i) to
develop new analytical methods, (iii) to produce the calibration curves for target
elements, and (iv) to control the quality of chemical analysis. For these purposes, SRM
generally requires extreme homogeneity, enough quantity and fine grain size.

Considering the importance of the availability of standard reference materials,
the Geoscience Laberatory has undertaken a project to provide various standards of
the rocks and minerals found in Pakistan. PG-1 (granite) is the first of such Geological
Standard Reference Samples and it is followed by PGN-1 (gabbro norite), PPh-1
(phosphorite), PCr-1 (chromite), PBx-1 (bauxite), PGy-1 (gypsum), PSI-1 (slate),
PMg-1 (magnesite), PLs-1 (limestone) and PDo-1 {dolomite).

Analytical studies have been conducted on these standard samples in
collaboration with International Laboratories. For the first standard sample of Pakistan,
PG-1, various latest and sophisticated techniques including wet chemistry, AAS unit,
WD-XRF, ICP-AES, ICP-MS and INAA have been applied. However, the
successively prepared standard samples are still on the way to accumulate precise
analytical data for obtaining the certified values of chemical composition. Therefore,
some of the results shown in this report may be revised according to the results of
future analytical work.

The issuance of the standard samples is possible in Pakistan now, and its use in
chemical analysis eradicates any discrepancies or errors. To obtain an accurate
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analytical data, the utilization of Pakistan's Standard Reference Materials is thus
strongly recommended,

LOCALITIES OF STANDARD SAMPLES

Sample processing is initiated by the selection of rock (or mineral) types to be
prepared. The type of rock {or mineral) is desired to be of the similar major
compositions as that of the samples which are to be analyzed using the rock (or
mineral) as a standard. The selection of sampling localities is, therefore, made through
careful observations on fresh ontcrops of the rock (or mineral) type. The location
being weathered should not be sampled as large quantity of water in the weathered
sample is undesirable for SRM.

The localities of the standard samples are briefly summarized in Table 1.

Table 1. Location of Pakistan's Standard Samples

SRM Rock or mineral type Locality
PG-1 pranite quarry along main road side, Malakand, NWFP
PGN-1 gabbro norite outcrop along Karakoram Highway, Chilas, N. Pak.
PPh-} phosphorite cutcrop in Kakul mining area, Abbottabad, NWFP
PCr-1 chromite ore from Heroshah mine, Malakand, NWFP
PBx-1 bauxite outcrop in Salt Range region, Punjab
PBa-1 barite outcrop in Duddar mining area, Balochistan
PGy-1 gypsum outcrop in Khewra Gorge:Salt Range, Punjab
PMg-1 magnesite quarry in Kumhar mining area, Abbottabad, NWFP
PDo-1 dolomite quarry in Kumhar mining area, Abbottabad, NWFP
PLs-1 limestone quarry in Margalla Hill, along GT road, Punjab
PSt-1 slate outcrop in Attock Slate, Nowshera, NWFP

PREPARATION OF STANDARD REFERENCE SAMPLE

The samples brought back to the laboratory are crushed with a jaw crusher and
further pulverized to minus 140 mesh with a ball mill. The pulverized sample is then
mixed well through quartering process. Four mounds of the quartered sample powder
are usually piled up into a mound, which is again quartered. The process is repeated
until the sample powder proves homogeneous. To test the homogeneity, XRF, ICP and
some other efficient analytical technique are applied for a quick analysis of some major
elements in several subsamples, randomly taken out of a whole semple mound. After
the homogeneity is proven, bottling of the sample is carried out.

Putting about 40 g of the homogenized powder into each bottle leads to
produce some 1,000 bottles of the standard from a 40 kg rock sample. When the
samples are bottled from different piles, each bottle is labeled and numbered bearing a
combirtation of pile number and serial number for the user’s reference and record.



ANALYTICAL RESULTS OF STANDARD SAMPLES

The Pakistan's SRMs are analyzed in collaboration with Intermational
Laboratorics. Wet chemistry, AAS, XRF, ICP-AES, ICP-MS and TNAA have been
applied for this purpose. An average chemical composition for each standard reference
sample is shown in Table 2 for major elements and Table 3 for trace elements.

Table 2 Average chenucal composition of Pakistan's Standard Reference Samples for major elements
(in %) “-"means "not determined yer”.,

Element | PG-1 PGN-1 | PPh-1 PCr-1 PLs-1 I’Do-1 PMg-1
Si0» 73.93 50.04 2.64 [4,58 0.84 3.21 ] 48
TiQ, 012 1.60 0.01 0.16 0.00 0,00 0.00
Al O3 14.52 16,94 0,24 10.52 0.19 0.11 0.0
Fea,04 0.25 3.18 0.33 - 0.05 0.44 0.45
Fe() 0.27 8.45 - 11,91 - - -

MnO 0.01 0.19 0.01 0.13 0.04 0.42 0.04

MgO 0.15 5.50 0.11 26.03 0.94 20.12 46.13

CaO 1.04 0.79 52.85 0.11 53.83 20.92 0.58
Na,O 4.60 3.33 0.29 0.01 0.04 0.03 0.03
K.O 5.47 0.25 0.06 0.01 0.01 0.04 0.01

P04 0.03 0.26 37.22 0.06 0.00 0.09 0.02

H.0+ 0.35 0.05 0.47 0.71 0.26 0.15 0.09

11.0- 0.14 0.08 0.22 1.40 0.10 001 0.05
F - - 3.54 - - - -
507 | - - 0.37 - - . -
CO, - - 1.43 0.94 43.27 45,45 50.83
CT-)O'; - - - 33.42 - - -
Cl - - 0.01 - - - -
Total 100.87 | 99.66 99,80 99,99 99,57 99,99 09,82
L.OI - - - - 43.68 45.62 50,97

Table 3. Average chemical composition of Pakistan's Standard Reference Samples for Izice clements
(in ppr)  "=" means “not determined yet®,

Llem. PG-1 | PGN-1 || Elem, PG-1 | PGN-1 || Elem. PG-1§ PGN-]
As 339 -1 Gd 3 348 39 -
Ba (026 771 Hf 3 -t Sh 0.21 0.03
Ce 32 18| Ho 0.25 0.69 | Sc 0.75 35
Co 3 384La 15 8 Sm 4 3
Cr 2 65 || Lu 0.08 0270 Sr 683 390
Cs 7 0.03 | Mo 0.8 - Th 12 0.16
Cu 2 140 || Nb 17 133U 3.58 0.05
Dy 2 4§ Ni 5 524V 8 440
Eu 1.05 1.15 | Pb 61 31YD 0.57 2.05
F 580 -1 Pr 4 38Zn 43 il5
Ga 21 - Rb 173 1]Zr 136 -
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Decomposition of Geological Samples

Shiro ftoh and Konn Kato
JICA Expert,Geascience Laboratory Progect, Islamabad

INTRODUCTION

Decomposition of samples is the first step after pulverization in the analytical
procedures using AAS or ICP-AES lor geological materials. Considering the objective
of the analysis, it is necessary to choose the sample decomposition technique. There is
no single decomposition technique capable of dissolving all elements in all types of
geological samples. Tn reality, decomposition technique should be chosen under the
consideration of and to be consistent with the chemical and mincralogical
characteristics of the samples, elements to be analyzed, precision and accuracy desired,
instruments, laboratory facilities available, and time available for analysis.

The development and application of modem analytical instrumentation has
provided rapid and sensitive methods for multi-element geochemical analysis.
Accordingly, conventional sample decomposition techniques by acid digestion, fusion
will fluxes, or others which require laborious procedures, cannot keep pace with the
productivity of the modern instruments. Full research cfforts, therefore, should be
devoted to creating a streamline of sample decomposition techniques so that
productivity of sample decomposition and clement determinations may become at
equal pace in geological analysis. .

The authors referred Chao and Sanzolone (1992} to all of the chapter below.

DECOMPOSITION BY ACID DIGESTION.

Acid digestion is a convenient way to decompose peological samples for
analysis. It is flexible in the type of acid mixtures to be used, choice of either open or
closed digestion system, and time and temperature of hieating, In the case of acids
digestion, the resultant sample solution is not added with extrancous salts which are
often troublesome in trace clement determinations because they may cause matrix
interferences and clogging of the transport systeniT of spectrometric methods.

Type of acids

(m) lydrofluoric acid (1IT)

1ydrofluoric acid is 2 weah non-oxidizing iorganic acid and the most effective
mineral acid for breaking up the strong Si-O bond, forming SiF, which volatilizes upon
heating. The disintegration of the silicate lattice leads to the liberation of metals bound
within the silicate structure, Ilowever, As, B, Ti, Nb, Ta, Ge and Sb are totally or
partially lost through volatilization as fluorides, Although HF has shown to be able to
work effectively by itself, it is generally used with other acids. The mixture of acids
increases the capability of UF in decomposing the accompanying non-silicate rock

*I Chao and Sanzolone (1992), ). Geoch Expl, vol. 47

8



minerals (c.g. sulfides and oxides) and to moderate the initial strong reaction of ITF
alone,

(b} Hydrochlorie actd (TICI)

Hydrochloric acid is the most frequently used acid for dissolntion of geologic
samples. It dissolves carbonates, phosphate, borate and sulfite except barite. It
solubilizes some sulfides, but its action on pyrite is limited. When TICI is combined
with an exidant such as KCIO, or HaO,, its effectiveness is significantly increased so
that many sulfide minerals can be decomposed and brought into solution It is the
preferred acid medium to dissolve residues after acid digestion or melts of alkali fusion
for Tater analysis by AAS.

(c) Hydrobromic acid (ITBr)

Hydrobromic acid is less commonly used than HCI for sample decomposition.
The eflectiveness of HBr as a decompasition agent is enhanced by the presence of an
oxidant such as NaBr or concentrated 1INOy. The cffects of the I1Br-ovidant mixture
are similar to those of aqua regia. 1IBr in combination with free bromine (Br) has
been employed to extract Au, Pt, Pd and Te from geological samples.

(d) Nitric acid (IINO;)

Hot and concenirated HNO; is a strong oxidizing acid and commanly used to
decompose sulfides, selenides, tellurides, arsenides and suifoarsenides The mixtare of
concentrated HNO4 and concentrated HClin a volume ratio of [ : 3 is aqua regia and
has a much stronger oxidizing and dissolving power than HINOj; alone

Aqua regia should be-tsed when freshly prepared beeause on standing it loses
its strength. There is no such reagent as "dilute' aqua regia, Aqua regia attacks Au, Pt,
and Pd. It also decomposes sulfides including pyrite, arsenides, selenides and some Mo
and W minerals. The strength of aqua regia can be enhanced by adding free bromine,

(¢} Perchloric seid (ICIQ,)

Perchloric acid has powerful oxidizing and delydrating properties when it is
concentrated and hat, It Yoses its oxidizing power upon dilution with water Because ol
its high boiling point (203 °C), it is used to drive ofl HF and other more volatile acids
by fuming The perchlorates formed afler decomposition with TICIO, are readily
soluble in water. Perchloric acid is most often used with other acids, especially IIF,
Anbydrous salts of HICIO, may cause spontancous buming and also explosion in the
presence of organic materials. Therefore, evaporation involving 1ICIO must be carried
out in a hood specially designed for this purpose with wash down facilities for cleaning
after use.

(f) Sutfuric acid (11,580,)

Sulfuric acid has dehydrating and mild oxidizing properties when it is hot.
Sulfuric acid alone or in combination with other acids has not been applied widely in
the decomposition of geological samples. 1t is because of the Tow solubility of alkaline
earth and Pb sulfates, and depressing effect of sulfiie on the signal of alkaline earth
metals when determined by AAS. However, hot concentrated H,8$Oy4 has special uses
like breaking up monazite, sulfides of As, Sb, Se and Te, and Nd and Ta minerals in
the presence of (NI14)aSOy4. Fluorspar can also be decomposed by evaporation with
1,80,



(g) Phesphoric acid (IT;P0,)

Phosplioric acid has high boiling point and low volatility. As phosphate ions
can causc interferences by complexing or precipitating some of the elements to be
determined, H3PQy is not yet used frequently in silicate analysis. Flowever, it is
particularly eflective to decompose chromite for the determination of Cr and
assaciated metals

The potential of 11370, as an acid decomposition agent has not been fully
explored. With improved analytical instrumentation, sensitivity of determination has
been increased and interferences have drastically been reduced so preater use of
113104 in sample decomposition should be considered,

ACID DECOMPOSITION IN AN OFEN SYSTEM

When a geological sample is heated above room temperature with T in
combination with other mineral acids in an open vessel, Si and F are volatilized as SiFy.
The obtained sample solution has some advantages, from the analytical point of view,
such that the salt content of the solution is reduced for the benefit of clemental
determination by AAS and ICP-ALS. Complete removal of fluoride from sample
solution is not always straight-forward and is often difficult to accomplish. If not
removed, fluoride may form insoluble precipitates and tie up some analytes leading to
negative crrors in the analysis, On the other hand, if elements associated with the
insoluble fluoride are of no interest for the overall analysis of given samples, such
precipitates may be ignored. Fluoride can be removed by heating with n high-boiling
mineral acid such as 11C104 and 11,80,

Sample decomposition involving TIF in an open vessel is a convenient method
to dissolve silicate rocks for large batches of samples. However, one should be aware
that some refractory minerals are incompletely decomposed and some clements are lost
by volatilization. The petrological and mineralogical nature of the sample as well as
clements to be determined should be considered when choosing this methed for
decomposition, and altemate procedures such as acid attack in a closed system ar
fusion with alkali fluxes should be adopted.

ACID DECOMPOSITION IN A CLOSED SYSTEM

Decomposition of geological materials with acid mixtures containing J1F in a
closed system is more efficient than in an open system. This is related to the increased
reactivity of the acids at high temperatures and pressures, Advantages of this method
include the retention of volatile elements such as As, Be, Cd, Cr, Hg, b and Se.
Various types of vessels are available for use in sample decomposition in a closed
system. Amoag them PTFE (polytetrafluoroethylene) crucibles sealed in steel or
aluminum casing and all Teflon vessels with thick wall but no metal casing are in
common use. The different vessels have different temperature limits. PTFE-lined
pressure vessels can withstand temperature in the range of 150 to 250 °C.
Decomposition at room to boiling-water temperatures can be conveniently carried out
in tightly capped polypropylene, polycarbonate, or Teflon vessels without the outer
metal casing. The time of reaction within the closed vessel varies from 30 minutes to
several hours depending on the temperature chosen and the type of sample to he
decomposed. Lower temperature may be compensated by prolonging the reaction
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time, Silicate rocks have been digested with aqua regia + IIF in all Teflon sealed
vessels at 25 °C for 36 hours for the determination of heavy metals by AAS.

The PTFE-lined vessel is not designed to be used routinely for many samples
because of the high cost of the vessel. It is, however, very uscful when complete
dissolution is required for selected refractory samples. For routine work, relatively
incxpensive screwcapped Teflon bottles of 15 ml capacity or larger have been used.
These can be conveniently used at room temperature or on a steambath, The general
practice is to allow the sample and decomposition mixture to remain ovemight in the
bottle and to finish the digestion the mext day. Occasionally, precipitates may be
formed at the bottom of the vessel. However, if the precipitate do not contain the
clements to be determined, ho further treatment is necessary. This can speed up the
sample decomposition considerably,

DECOMTOSITION BY FUSION

The greater efficiency of decomposition by fusion as compared to acid
digestion is mainly due to the high temperature used for fusion (500 ~ 1000 °C) Tiese
temperatures cannot be obtained in acid digestion owing to the boiling points of the
respective acids.

liowever, decomposition by fusion has some disadvantages such as:

(a) Samples cannot be analyzed for elements that comprise the flux (e.g. Li, B, Na, K
and 8).

(b) Some contaminants originated in the flux are also brought into the sample solution.

(c} Migh salt concentrations in the final solution often cause matrix problems as
blockage of nebulization, spectral interferences and so on,

(d) Large numbers of samples are more difficuit to be decomposcd by fitsion in a
streamline than by acid digestion.

It is ofien desirable even necessary to use fusion for the decomposition of
refractory minerals that resist acid attack, Fusion has alse been employed to
decompose insoluble residues lefl by acid digestion where complete dissolution of the
sample is required.

TYPE OF FLUXES

() Sodium carbonate and sodium hydroxide (NayCO3, NaOII)

By these fluxes, the elements of samples are converted to soluble silicates and
aluminates or to precipitates which are more easily dissolved by acid than the original
mineral forms. The oxidizing ability of Na;CO;3 and NaOH can be enhanced by
including KNO3 or NaNOj to carry out the decomposition of sulfide and reducing
materials, The alkali fusion with the carbonate and hydroxide has been replaced
recently by fusion with lithium borate or acid digestion, especially for the determination
of trace elements. This is probably because of impuritics in the carbonate fluxes.
Nevertheless, alkali fusion is commonly used to decompose geological samples for the
determination of fluoride, and for the elements such as B, Mo, V and W using K,CO;-
KNO; and Na;CO3-NaNO; as fluxes.

(b) Lithium metaborate and tetraborate (LiBO,, Li,B,07)

These arc non-oxidizing fluxcs that have been utilized for decomposition of
geological materials. Even the refractory minerals (chromite, ilmenite, etc.) are readily
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decomposed. The metaborate is much more active than the tetraborate as a fluxing
agent. The difference between LiBO, and Li;B40; lies in the higher acidity (higher
content of B2O3) of the latter. Thus, the metaborate is a better flux for acidic rock
(high silica) and tetraborate is better for basic rock (low silica). A 2+1 mixture of
LiB407 and LiySO, has been found to be exceptionally effective for the rapid
decompasition and dissolution of sificate rocks. One g of the mixture will decompose
0.1 g of silicate roch at 1000 °Cin a Pt crucible in 10 - 15 minutes or less, and the
cooled melt can be completely dissolved by 20 mb of 1.2 M 11CI at 90 - 100 °Cin s
minutes

(c) Sodium peroxide (N2, 04)

Sodium peroxide is a very powerful oxidization alkali flux in rock analysis. It
releases oxygen at temperatures above its melting point (~ 480 °C). Many refractory
minerals arc cffectively decomposed by heating with NayO, at a temperature below
500 °C. These minerals include among others, chromite, zircon, rutile, lmenite,
baunite, heryl, titanite and cassiterotantalite. The time of fusion required for the above
mincrals ranges from a few minutes to 20 minutes. A peroxide fusion is also eflective
for the decomposition of sullides, aresenides, rare earth phosphates, W, Nb and Ta
minerals, zirconium oxides and vanadates. The flux to sample ratio in sample
decomposition by fusion normally is 5 to 10 or greater. The ratio can be reduced to 1
to 2 so that'the final sample solution contains a lower salt content. This low-flux
decomposition is referred to as sintering which involves solid-state reaction. Sodium
peroxide is particularly suitable for decomposition by sintering.

(4} Ammonium jodide (NII4T) .

The cffectiveness of NII,l as a decomposition agent is attributed to its
dissaciation to form free hydragen iodide. By heating NH,I and geological samples at
certain specified temperatures, Hg volatilizes as 11gla, Sb as Sbl;, So as Sniy and Bi as
Bily. The iodides arc thus separated from sample matrices and upon condensation are
ready for analysis.

(¢} Potassium and sodium pyrosulfate (K28204, N235,07)

The pyrosullate is an acidic weakly oxidizing agent and upon heating releases
sulliur trioxide (SO;) which is the active component of the fusion. The mode of action
of pyrosulfate is similar to that of concentrated 1,80y, but n this case a higher
temperature can be reached. Fusion with Nay$20y is useful for decomposing mica and
other layer silicates common in soils, leaving quartz and felspar in the residue. The
elMiciency of pyrosulfate attack on silicates is a reflection of their mineralogy and
degrec of weathering. Potassivm pyrosullate has also been recommended to
decomposc the Quoride residue after digestion with HF.

APPLICATION

Most acid digestion schemes include HF in the acid mixture. Fusion with
LiBO, is employed to decompose sample for 10 major clements and 1ICI04-HF
digestion for 15 trace clements Sample salutions for major element determination can
be diluted to lower the total dissolved salt content. Acid digestion is carried out either
in open beakers or in pressure decomposition vessels. Digestion in open beakers is
complete upon single o1 repeated fuming to get rid of the excess acids. Decomposition
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in scaled PTFE-lined vessels generally takes place at 100 - 140 °C for 1 - 2 hour on a
steam bath or in a drying oven. Lower temperature is usually accompanied by longer
time of reaction in tlie sealed vessels,

For Au determination in geological materials, 10 g or more of the sample is
used due to the low crustal abundance and inliomogeneous distribution of the clement
Two acid mixtures, TIBr-Bry and aqua regia, are in common use for sample
decomposition afler roasting the sample to destroy sulfides and oganic matter. Once
in solution, Au is extracted fram IICl or 11Dr into methylisobuthylketone (MIBK)
before determination by AAS or GF-AAS: or the dissolved Au is isolated by
coprecipitating with Te or Tlg after reduction.

Digestion with multiple acids including 1IF, aqua regia~and 11B1-Bra, and
fusion with lithium borates have all been used for sample decomposition preparatory to
the determination of selected platinum group elements,

Due to the relatively low boiling points of the fluorides and chlorides of Se, As
and Sb, overheating should be avoided during acid digestion. It has been recommended
that the procedure is to keep As at the higher valency state and not to allow the acid
digest to evaporate to dryness. The digestion is stopped when 2-3 ml of the digest
remains, Acid digestion without IIF is not expeeted to release the total amounts of As,
Sband Se from samples.

When acid mixtures containing 11T are used, insoluble fluorides of REEs may
remain in the precipitate. The precipitate should then be fused with NaOIT or KIIF, or
K38207 and dissolved in acid. The combined solution is finally analyzed for the total
REEs. Coprecipitation and/or ion exchange are oflen used to separate the REEs from
the geological matrix to bring their concentrations up to the working range of the
instrument and to remove possible spectral interferences.
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Recommended Analytical Method for-Silicate Rock Samples

Komi Kato**, Shiro Itolt** and Mulionmnad Naseem™

*Geoscience Laboratory, Geological Survey of Pakistan, Islamabad
*KICA Expert, Geoscience Laboratory Project, Islamabad

L. SILICON DIOXIDE

I-1. Summary

The powdered sample is fused with 2 mixture of sodium carbonate and boric
acid, then dissolved by hydrochloric acid. The solution is warmed on a water bath untif
sub-solidified gel appears, then polyethylene oxide is added for the coagulation of
silicon dioxide which is filtered. The precipitate is transfesred into a Pt-crucible, then
ignited. After cooling the crucible is weighed. Then, hydrofluoric acid is added to
evaporaic silicon dioxide in the crucible. Again, the crucible is ignited and weighed
after cooling, Main silicon dioxide can be calculated from the difference of the weight
before and after the evaporation. Remaining silicon dioxide in the solution can be
determined by ICP-ALS.

I-2. Reagents

(1) Sodium carbonate anhydrous

(2) Boric acid

(3) Hydrochloric acid (1+1) and (1+50)

{(4) Cellulose powder (100 ~ 200 mesh)

{5) Polyethylenc oxide (Polymeric coagulant, molecular weight 250 ~ 500
million) (0. 1%)

(6) Sulfuric acid (1+1)

(7} Hydrofluoric acid (50%<)

(8) Sodium pyrosulfate (Na,5,05)

(9} Standard stock solution of Si0a (1 mg/ml): For the preparation, refer
Appendix 1-3-2,

1-3. Analytical Procedure

(1) Weigh 0.5g (W g) of sample correctly in a Pt-dish (100 ml), to which 1.5g
of Na;CO3 and 0.2g" of HyBO; are added and mixed well. Then, the dish is ignited
with a meker bumer at 1000°C for 4 minutes*? |, so that the mixture can be fused.

*! For the samples contaning high AlyO;. the amounts of Na,CO; and H;BO; wall need to be
increased vup to 2.0 and 0 3g respectively

*21f the dish is ignited for more than 4 munutes, it will be difficult to dissolve the fused matter by
HCI1+1)
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(2) Cover the dish with a watch glass and Jeave it for cooling, After cooling the
dish, add 20 ml of HCI (1+1) and dissolve the fused matter, then heat for 20 minutes™
on a water bath.

{3) Add 0.05g of Cellulose powder and 5 ml of Polyethylene oxide (0.1%).
Then using 2 glass rod having a flat tip stir the sub-solidified (gel) matter until the
matter gets transparency™ .

(4) Remove the watch glass from the dish without washing*s, Filter the
precipitate of the dish using No.5B filter paper, and wash 15 times by HCI {1+50) and
15 times by hot water. All filtrate is collected by a measuring flask (250 ml). The
precipitate adhered to the inside wall of the dish can be removed by the filter paper
using a finger and washing down.

(5) Transfer the precipitate together with the filter paper into a Pt crucible (30
ml). Then heat the crucible at low temperature until the filter paper is bumt to ash.
Alter that, ignite the crucible at 1000 -- 1050°C for one hour, then leave it in a
desiccator for cooling. After cooling, weigh the crucible and ignite it again for 20
minutes. Weigh the crucible again (w1 g)*s,

(6) Moisten the impure Si0, by water, add 2 ~ 3 drops of H;80,4 (1+1) and 10
wl of TIF, and then heat it on a sand bath up to dryness. After dry up, ignite the
crucible at 1000 ~ 1050°C for 15 minutes and leave it in a desiccator for cooling. After
cooling weigh the crucible (w2 g),

(7} Add 0.3g of Na»8;0; to the crucible and heat it gradually to fuse the
residue in the crucible. After cooling, dissolve the fused matter by warm water and join
it to the filtrate of procedure (4), which should be kept as solution A for the
determination of soluble $i0 and some other elements.

Note* System diagram below is referred as a flow chart.

I-4. Calculation
Si0; (%) = [(w! - w2)W]*100

Il. ALUMINUM OXIDE
II-1 Summary

A part of the solution A of I.3-(7) is allocated for the determination of AlLO,,
M/50 CyDTA solution is added to react with aluminum and other elements, After tlie
adjustment of pli to 5, the excess CyDTA is titrated by M/50 Zn standard solution
using Xylenol Orange indicator. The amounts of CyDTA reacted are equivaient to
R;0;5 content, from which Al,O5 content is caleulated after the determination of total
Fe;03 and TiO,.

-

II-2. Reagents

“3 If the solution remains unchanged afer 10 minutes heating, take off the cover glass for easy
evaporation till the solution is changed to get.

™ The number of times for stirriag should be more than 200, otherwise washing the precipitate for the
separation of other elements canuct be achieved,

"5 Water should not be added until first filtration complete, After that the cover glass will be washed.

*6 The weighing should be repeated until the difference of the weight is less than 0.5 mg from
previous weight.
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{1) Nitric acid

(2) [ydrochloric acid

(3) M/50 CyDTA: A 7.28g of l.2-Cycluhe\'nnediaminc—N,N.N',N'—tetmacetic
acid is dissolved by 400 ml of 0. 1N NaOH solution. Then the solution is
made up to 1000 ml by water.

{4) M/50 Zn Standard solution (refer Appendix 1-3-1-(3) for preparation)

{3) Ammonium acetate solution, C113CO;NT1,, (20%)

(6) Hexamine (1lexamethylenetetramine)

(7) MO solution (Metlyl Orange) (0.1%)

(8) XO solution (Xylenol Orange) (0.1%}

1I-3. Analytical Procedure

(1) Transfer 25 ml (W g) of the solution A of I-3-(7) into a conical flask (200
ml) and add 25 ml*! of M/50 CyDTA solution precisely into it using a pipette.

(2) Add 1 drop®* of MO indicator, then add CH3CO4NH, {20%) wntil the
solution is changed to orange. Leave it for 2 minutes.

(3) Add and dissolve Sg of Hexamine™ , then make the solution 100 ml by
water. Add 4 ~ 5 drops of XO indicator and titrate by M/50 Zn standard solution,

{4} Around the end point the titration should be carried out slowly and mixing
the solution well, At the end point, yellow color of the solution will be changed to
slightly reddish color (v1 ml).

(5) After determining Total FeaO3 and TiO,™ by the procedures of TV, AlO4
content can be caleulated.

Note' System diagram below is referred as a flow chart.

11-4. Blank test

Using reagents only, the procedure from I1-3-(1) to T1-3-(4) is carried out (v2).
11-5. Calculation

ALO; (%) = [(v1 - v2)*0.0010196/W]*100 - [(FesO3 + Ti02)40.638]
1TI, FERROUS OXIDE

I1f-1. Summary

To the sample in a Pt-crucible sulfuric acid and hydvofluoric acid are added.
Then, keeping the insulation from air, the crucible is heated for dissolving the sample.

Afier that the sample solution together with the crucible is transferred into the beaker
having boric acid solution which is titrated immediately by K5CraOy standard solution,

*1 If the sum of the amounts of Al,O,, Fe;0, and TiO, is expected to be in a range of 30~ 40 %, the
amount of M/50 CyDTA should be 30 ml.

*2 If more than 1 drop of MO is added, the end point of XO becomes unclear.

*¥ By this procedure, pH of the solution will be adjusted to 5.

*4 M750 CyDTA equivalent of these compounds will be subtracted from ROy
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-2, Reagents

(1) Sulfuric acid (1+1)

(2) Hydrofluoric acid (50%)

(3) Boric acid (saturated solution)

{+) 4-Diphenylaminesulfonic acid sodium solution, C51T)gNNa0,S$, (0,25%)
{5) N/20 Potassium dichromate standard solution

IT1-3. Analytical Procedure

(1) Weigh 0.5g (W g) of sample previsely into a Pt-crucible” . After
moisturing™ the sample with small amount of water, add 5 m! of H,S0,4 (1+1) and 10
ml of 11F. Cover the crucible properly.

(2) Hleat the crucible for 10 ~ 15 minutes™ on the sand bath which is already
being heated to about 250°C in advance.

(3) Prepare the beaker (300 ml) with 200 ml of water, 20 ml of boric acid*
(saturated solution) and 4 drops of Diphenylaminesulfonic acid-Na (0.25%). Keeping
the closed cover*s , transfer the crucible into the beaker,

(4} With continvous stirring the solution, titrate by N/20 K,Cr,07 standard
solution. The solution will be colored claret {deep purplish red) with 1 drop of the
standard solution at the end point (v ml).

Note. System diagram below is referred as a flow chart,

I11-4, Calculation
FeO (%) = (0.003593%/W)*100

IV. OXIDES of Fe, Ti, Mn, Mg, Ca, Na, K and P
IV-1. Summary

The powdered sample is decomposed by perchloric acid, nitric acid and
hydroflnoric acid. After the solution is dried up, the residue is dissolved by
hydrochloric acid and added lanthanum chloride. Afier making the solution to a
constant volume, Fe, Ti, Mn, Mg, Ca, Na, K and P are determined with ICP-AES
under the most suitable conditions for each clement.

V-2, Reagents

{1) Perchloric acid

(2) Nitric acid

{3) Hydrofluoric acid (50%<)
{4) Hydrochloric acid (1+1)

*! 1n advance, make the crucible able to cover without any gap.

*2 The sample powder should not be solidified,

“VIn the test experinients determine the most suitable Leating time which leads to maximum
consumption of KyCr.0; standard solition at the end,

*+Tus solution is added for masking the hydrofluoric acid

** With the tongs of the reverse grp, Jift up the cruetble in soft touch and move into the beaker,
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(5) Lanthanum chioride solution; 50g of L2205 is dissolved by 100 ml of TICI
and made it to 1000 m] by water.

(6) Mixed standard stoch solution; 1g equivalent gach of Fe,05, MgO, Ca0,
Na;0 and K40, 0.1g equivalent each of MnO and P»Os and 2g equivalent of Al,O5
are aliquoted preciscly from each star-lard stock solution into a measuring flash of
1000 ml. After mixing well, 10 ml of TICI (1+1) is added and madc the solutions
exactly to 1000 mi by water.

(7) Standard selution serics for making the working curves of each elements;
Exact 0,5 mil, 1 ml, 2 ml, 3 m}, 4 ml, 5 mi, 6 ml, & mland 10 ml of the mixed standard
stock solution of TV=2-(6) arc aliquoted into the respective 100 ml measuring flask.
Additionally half of the valume of the mixed solution is assigned to TiO, (1 mg/ml) to
be added to each flask Then, 10 ml of Lanthanum solution prepared in 1V-2-(5) and 5
ml of FICI (1+1) are also added to each flask. After that the solution of cach flask
should be made the constant volume (100 ml) precisely by water.

TV-3. Analytical Procedure

(1) Weigh 0.1g (W g) of sample precisely in a Pt-dish (100 ml), to which 5 ml
of TICIO;, 2 ml of HNO; and § ml of TiF are added. By heating on a sand bath, the
sample will he decomposed.

(2) Heat the dish continuously. White fumes are generated™ and SiFy is
expelled. Dry up the dish completely.

(3) Afier cooling, wash the inside wall of the Pt-dish with small amount of
water and add 3 ml of ICIO,. Heat the dish again until slightly dry. Then, add 5 ml of
HCI (1+1) and 10 m! of water. Cover it by a watch glass and heat for dissolving the
residue. .

(4) Leave the solution for cooling, then transfer it into a measuring flask (100
ml). Add 10 m} of LaCly solution*2 and make it to a constant volume by water.

(5) Sclect optimum conditions of ICP-AES such as the wavelength, power
input to the plasma, argon gas flow rate and the height in the tail flame.

(6) Using the standard solution series of TV-2-(7), make a correlation curve
between concentration and intensity of emission for each element to be analyzed. From
{he correlation curve and the measuring intensity of elements in the sample solution,
calculate the concentration {C mg) of each element.

Note: System diagram below is referred as a flow chart.

1V-4. Calculation
Element (%)™ = (C/1000/W)*100

V. MOISTURE

V-1, Summary

*1 If some sclid materials were still remain at this stage, they may be due to coarse grain size of
sample powder or low concentration of HF reagent, It should, therefore, be checked to find out
reasons cansing, efrors

*2 The same concentration of La should be added as an iterference suppression agent to both
standard and sample solutions.

*1The mg, unit of the standard solution is converted to g unit.
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A 2 g of sample powder is weighed precisely into the weighing bottle (15 ml)
of which the weight is already known. The bottle is then dried at 105 ~ 110°C for 2
hours in an air oven. After cooling the bottle, the decrease in weight is designated to be
maisture (1,0-).

V-2. Apparatus

{1) Weighing bottle
(2) Air oven

V-3. Analytical procedure

(1) Put the weighing bottle (15 ml) for 30 minutes in an air oven maintaining
the temperature of 105 ~ 110°C. Shift the cover of the bottle to the side during
heating. After that, leave the bottle in a desiccator to cool without moeisture. Afler
cooling, weigh the bottle (w1 g). Weigh 2g (W g) of sample and put into the bottle.

(2) Put the weighing bottle in the air oven maintaining the temperature of {05
~110°C and shift the cover to side. After 2 hours, shifl the cover to the original
position and transfer the bottle into a desiccator. After cooling, weigh the bottle and
again heat in the oven for 1 hour. After cooling, weigh the bottle again.

(3} Repeat the heating and weighing procedures until the constant weight (w2
£)" is recorded.

Note: System diagram below is referred as a flow chart.

V-4, Calculation
H,0- (%) = {[{w1 + W) - w2]/W} =100

V1. COMBINED WATER

Vi-1. Summary

A 0.5g of sample is put in the globular bottom of the giass made penfield tube.
The sample in the tube is heated with burner for evaporating water which will be
trapped at the cooling expanded part of the tube. The condensed water is weighed and
the combined water {(H,O+) is calculated by subtracting the moisture (H,0-).

V1-2. Apparatus
(1) Penficld tube (softening temperature of 900°C, Fig.1)
(2) Funnet (long-stem, Fig,1)
(3) Meker gas bumer
{#4) Parafilm

VI-3. Analytical procedure

*! The procedures should be repeated until the weigh difference 15 less than 0.5 mg,
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(1) Weigh 0.5g of sample on a watch glass and, using a long-stem funnel,
transfer it into the globular bottom of the glass made penfield tube. Then, the entrance
of the tube is shut by parafilm and make a hole®! in the center of film by a pin.

(2) Wrap the cloth wet with cold water around the expanded part of the tube.
Then, held the tube horizontally or slightly bottom up*? on a stecl stand. Keep the
wrapped cloth cool by pouring cold water using a rough pipette.

(3) Heat the globular bottom of the tube for 3 minutes at low temperature bya
meker gas bumer Then, heat it strongly for 5 ~ 6 minutes. Wrench off the softened
globular bottom together with ali sample powder using a crucible tongs™ .

(4) Shut the bottom completely by fusing it taking care to avoid any crack.
Cool it by holding the tube horizontally.

(5) Take away the wet cloth and wipe the moisture outside of the tube with dry
cloth. After leaving for 15 minutes, weigh the tube (w1 g).

(6) Remove the parafilm™ at the entrance of the tube and heat the tube at more
than 100°C until the water inside the tube disappears. After cooling, weigh the tube
together with the parafilm being removed (w2 g).

(7) After determining the moisture (1120-) of the sample, calculate the
combined water using the formula below.

Note: System diagrams below are referred as llow chart

Vi-4. Calculation
HaO+ (%) = f(w1-w2)/W]*100 - [11,0-(%)]

== § 0em
Nl i

L 20cm i

==

Tosem

e —— = /tllcm
N

L %¢m

Fipure 1. Penfield tube and fong-stem funnel

*1 1 there was no hole, the inside sample will spout out when the tube is heated

*2 If the condensed water flows into the heated bottom, the glass tube will be broken.

* The tips of crucible tongs should be heated in advance, otherwise cold tips will break the glass tube,

* Thhis 15 to aveid the adherence of parafiim and make it easy for water to escape when the tube is
heated
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System Diagram of Reck Analysis (Si0z,Fe,Ti, Mg, Mn,Ca,Na,K,P)

Sample 0.1g
Pt.Dish(100m1)
C10. Sml
INOs 2ml
IF 5ml
Sand bath
Dryness
Wash inside wall of Pt.Dish
——HC10.4 3ml
lryness
—=NCI(1+1) 5ml

— Water 10ml

Dissolve by heating 10min.
Conling
Trans{er meas. flask (100ml)
LaGls (5%) 10ml
Quantification 106ml

Ice
(Fe,Ti Mn, Mg, Ca.Na, K, P)

HzS0. (141} 3d

HF

Sample 0.5g
Pt.Disk (100mi)

———NazC05 1.5g

aB0s 0. 2g

Fusien{1000°C 4min.)

——HC1 (141)20m}
Dissolving

¥ater bath{20min.)

Unload and stir
Filtration{5B)
Wash HC1(1+50) 15 times

¥ash Hot water 15 Limes

Powd. filt.paper 0.2g

[ Poly. Oxide (0. 1%) 5ml

Pren!pitate
Pt.Crucible
Heating{1850°C) Lhr.

A
Yeighing (A)

Iml—

Evaporation to dryness

Ignition

¥eighing {B}—Na2S:07

A-B
I

Main Si0=
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Fusion

———+—Total Si0:——

FiltLate

Meas. [lask (250ml)

Quantification
ICP

Dissolved Si0.




System Diagram of Rock analysis (Al20s, Fe0, .0 %)

5i0; Filtrate
Aliguot 25ml
Cunicallbeaker(ZUﬂml)
—— */50CyDTA 25ml
— W0 1 d.
NlliAec. {20%) dropping
Orange color

Leave (2min.)

Hexamine 5g
Disselving

X0 4~5 d.

Titration(¥/seZn st.sel.)
Slightly Reddish
EnJ point
{R20s~Fea0s,Tilz, Mn0)
Als0,
Weighing bottle Sample 1g(¥g)
105~110°C 30 min.
Yeighing
Weighing bottle(A)
105~110°C 2zhr.
Weighing
105~-110°C Ihr.
Constant weight (B)
A-B

H10-
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Sample 6.5

Pt.Crucible

—— 112804 {1+1) &ml

— IF i0ml

Closed Crucible wilh lid
Sand bath {400°C)
lleating (10~ 15min.)
Dissolving

Water 200m1

HsBU: (4%) 20ml
Na-DAS indi. (0.25%)4d.

Beaker (300ml)
Titration("/20K2Crz0- St.sol.)
Purple
End point
Fe0
Sample 0.5g(Wg)
Penfield tube
Yater cooling
Heating spherical part(8min.)
Burn off-—

Cooling tube part
Leava (15min.}
Weighing (A)

Drying
Weighing (B)
A-D

0+ '
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Recommended Analytical Method of Chromite Ore
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L. CUROMTUM OXIDE
I-1. Summary

Chromitim ore sample is fused with sodium peroxide and then dissolved by hot
water, All Cr ion in the sample solution will be of valency six after addition of sulfuric
acid. By N/10 Ferrous standard solution, all Cr ions are reduced to their valence of three,
Then excess ferrous ion in the solution can be determined by the titration with potassium
dichromate standard solution.

1-2. Reagents

(1) Sodium peroxide

(2) Potassium permanganate sohition (0.3 %)

{3) Sulfuric acid (1+1)

(4} Phosphoric acid

(5) Silver nitrate solution (0.5 %)

(6) Ammonium persulfate {(NH;)28205] solution (20 %)

(7) Sodium chloride solution (5 %)

(8) N710 Iron(IT) ammonium sulfate standard solution: [FeSO4(NI1,),$0,61,0
39.21 g/

{9) N/10 Potassium dichromate standard solution: [K5Cra05 4.90. /1]

(10) Sodium 4-Diphenylaminesulfonate (Na-DAS) (0.2 %) indicator

I-3. Analytical procedure

(1) Weigh 0.2 g (W g) of sample precisely into a zirconium crucible (50 ml). Add 5
£ of Naz 03 and mix it well*!. With continttous shaking on a slow pace, heat the crucible at
low temperature™ until the solid material in the crucible becomes liquid.

{2) Ignite the crucible at 600 ~ 700°C* for about 5 minates; any solid material
should not be seen in the crucible when it is shaken. Leave the crucible for cooling,

*F Mix only by moving the crucible aronnd Any tool like a glass rod should not be used, otf:arwise the
sample wall adhere to the rod
*2 Innial strong heat wall damage the crueible
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(3) Put the crucible in a tall beaker {500 ml). Add 150 ml of hot water™ to the
beaker and immediately afler the addition cover the beaker with a watch glass After the
end of violent reaction heat the beaker using a water bath for about 15 minutes and then
Teave it lor cooling

(4) \fer coolng, wash the watch glass with water amf remove it With continuous
stirring of the beaker, add 11280, {1+ 1) dropwise till it becomes neutral™. Add another 20
mi af 11280, (1+1) and remove the crucible fiom the beaher alter washing it.

{5) Cover the beaher with a watch glass and heat for about 10 minutes lor
complete decomposition of HaO,

{6) Add 5 ml of 113004, 0.5 ml of KMnQOy (0 3 %) and 10 mi of AgNO; (0.5 %)
successively to the beaker Then make up solution to 200 ml by hot water, after that add
15 ml ol (NE4)2S20g (20 %)*. Boil the solution for about 5 minutes

(7) Add 10 mt of NaCl (5 °) solation and heat the beaker, so that excess KMnOy
will be decompased. Heat further for expelling Cla gas™. Cool the solution till room
temperature and make up to 250 ml by water.

() By the addition of N/10 FeSO,(NI14),S0y standard solution®® using a burette,
Crion in the solution will be reduced from valence (V1) to (IH) and accordingly the color
of the solution will change [rom yellow to blue. Afier changing the color, add excess 5 ~
10 ml (vt ml) of the standard solution.

{9) Add J drops of Na-DAS (0.2 %) as an indicator and determine the excess
FeSOy by the titration with N/10 K;C1207 standard solution, At the end point {v2} of the
titration, the solution will change its color [rom green to violet.

Note: System diagram below is relerred as a flow chart,

I--1 Calculation

CrO (%) = {[(v1-v2)*0 002533] / W} *100

11, IRON
1-1. Summary
Sample is fused by sodimm peroside and dissolved by hot water. Tron in the sample

will remain as residue, so that it can be separated from Cr, Al and other clements. The
residuc is dissolved by TICL Afler concentrating the solution, iron will be reduced to the

*VThis temperature 1s indhcated by 3 wine red color ol the crucible

U I cold water 15 nsed, chrommm ion of (V) valency would be reduced to (111

S When the solution approaches fo neutral, no bublble can be seen

"6 1t 1s very tportant that the pmk color of the solution 15 kept throughout tlus procedure 11 the color is
disappeared. then add some more (NH ,5,0, solution

*? Chlonne pas can be detected by a smell The gas will affect the titration if remains in solution

** For the preparation of the standard solution and caleulation of factor, appendix in this special 15sue can
b referred
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(I1) state by tin (11) chloride. Afler adding mercury (11) chloride, iron can be determined by
the titration with potassium dichromate standard solution.

II-2 Reagents

{1} Sodiun perovide

{2) Sodium hydroxide solution (2 ™)

(3) Nydrochloric acid (1+50)

(+4) Fin (11) chloride solution: During heating 100 m} of 1ICI, add 50 g of SnCl,-
21150 and dissolve it. Afler cooling the solution, make it 500 ml with water.

{5} Mercury (IT) chloride (saturated)

{6) Sulfinic acid (1+1)

(7) Phosphoric acid (1+1)

(8) N/10 Potassium dichromate standard solution: (refer Appendix for preparation)

(9) Na-DAS indicator (0.2 ®): [refer I-2-(10)]

H-3. Analytical procedure

(1) Weigh 0.5 g (W g) of snmple preciscly into a zirconium crucible {50 ml), Fuse
the sample witl 5 g of Na12Oa, by the same pracess as 1-3-(1) and (2),

(2) Transfer the fused sample together with the crucible into a beaker {300 ml) and
cover with a watch glass. Add 100 mi of hot water. After violent reaction is over, wash
the crucible with water and take it out from the beaker. The crucible without my
contamination should be lel for the procedure (4),

(3) Boil the solution for about 5 minutes™ for decomposition of {0, Afler
cooling, separate the residue by fltration with a No,5B filter paper and wash the residue 2
times with NaQll (2 %) solwtion The filirate is discarded

(4) Wash down the residue from the flter paper to the previously used beaher with
water. The residue adhered to the inside wall of the crucible is also washed dow to the
same beaker with a small amaunt of TICL Add 10 ml of HCI to the beaker and heat it for
dissolving the residue, Using the previously used filter paper, separate insaluble matter
from the solution by filtration. Wash the insoluble matter with hot TICE{ 14 50) solution*t®

(5) Transfer all filtrate to a beaker (500 ml). Tleat the beaker at low temperature
until the volume of the solution is around 20 ml Wash the inside wall of the beaker with
water,

(6) With continuous heating and stirring the solution, add drop hy drop SnCl,
solution (10 %) to the beaker till yellow color of the solution disappears Afier that, add 1
drop excess of the SnCly solution and wash the inside wall of the beaker with water.
Leave the beaker for cooling.

*? Boihing should be continued until no bubble appears
*10 After removing the brown color of Fe(I1) ion fram the filter paper, additional washing 3 tumes should
be repeated



(7) Add 8 ml of T1gCl, (saturated) solution to the beaker!! and mix it well by
shaking. Make up the solution to 200 ml with water and then add 5 ml of HySOy (1+1), 5
mi of 11304 (1+1) and 4 drops of Na-DAS indicator,

(8) Immediately after the addition, titrate the solution with N/10 K5Cr405 standard
solution. At the end point (v m!) the solution will change its color to violet.

Note. System diagram below is referred as a flow chart,

T1-4, Calculation

Fe (") = [v*0.005585 / W}*100
FeQ (%) = [v*0,007185 / W]*100

T SILICA

ITI-1. Swmsary

Sample is decomposed by sulfuric acid and perchloric acid. After generating white
fumes, hydrochloric acid is added and then the solution is heated to evaporate almost all
Cr in the form of CrOCla. The residue of the solution is separated by filtration and
treated with hydrofluoric acid. The difference in weight before and after the 11T treatment
is used for caleulation of SiO, content.

ITl-2, Reagents

(1) Sulfuric acid (1+1})

(2) Perchloric acid

(3) Hydrochloric acid (1+10)
{) lydrofluoric acid

{5) Sodium pyrosulfate

[11-3. Analytical procedure

{1) Weigh 0.5 g (W g) of sample precisely into a beaker (300 ml). Moisten the
sample with water and add 10 ml of 11,80, and 20 ml of HICIO,. Ileat the beaker on a
sand bathy,

(2) When the white fimes of TTCIO0y4 begin to comne out violently, cover the heaker
by a watch glass. Continue heating the beaker till the solution is stained by red color due
to oxidation of Cr*12 | Leave the beaker for coaling.

*THIT the addition of thus reagent 15 1n slow pace, HCly may be reduced and H will be separated
resulttng in farlure of the experiment

*12 If the covered watch glass 15 shified to make some gap at the top of the beaker, the exidation of Cr wall
be accelerated

26



(3) Add 5 ml of HICl 1o the beaker and heat it. By this procedure Cr will be
evaporated as cluominm (VI) axychloride (Cr0,Cly,white fumes)'™* . Add again 5 m] of
TICI to the beaker and heat it Repeat this procedure until the red color of the solution
disappears* .

(4} Continue heating the beaker for further 10 minutes™ during which vielent
white fuming takes place. Then, leave the beaker for cooling. Afier cooling, add 50 ml of
water to the beaker and heat it for dissolving the soluble matter,

(5) Scparate the insoluble matter by fltration using a No.5B filter paper. All
insoluble matter must be removed to the filter paper. Wash the insoluble matter 5 times by
HCI (1+1) and next 5 times by hot water™* , Receive all filtrate in & beaker (300 ml) and
keep it for Grrther process.

{(6) Transfer the insoluble matter together with the filier paper into a Pt-crucible
{30 ml). At first, heat the crucible at low temperature till the paper becomes ash, then
igmite it for 1 hour at 1000 ~ 1050°C. Leave the crucible in a desiccator for cooling. After
cooling, weigh the crucilde. Ignite the crucible again for 15 minutes, and afler cooling
again weigh it. Repeat this procedure until a constant weight (w1 g) is obtained,

(7) Add 3 drops of [aSO4 {1+1) and 5 ml of HF to the crucible, and heat it on a
sand bath till drying up.

{8) Ignite the crucible for 10 minutes at 1000 ~ 1050°C, after that leave it in a
desiceator for cooling, Afier cooling, weigh the crucible (w2 g).

{9) Add 1 g of NaaS,05 to the crucible and fuse it. Dissolve the fused matter by
ot water and transfer the solution into the same beaker of 111-3-(5) which will be used for
determination of Al and Mg. ’

Note: System diagram below is referred as a flow chart.

1I-4 Calculation

510, (96) = [(w1 - w2}/ W]*100

IV. ALUMINUM OXIDE
IV-1. Summary

The filtrate in the SiO, determination is added by ammonium hydroxide. Al and Fe
arc precipitated and can be separated from other elements by filtration. The precipitated
matter is dissolved by hydrochloric acid and then Al will be separated from Fe using
sodium hydroxide. The solution including Al is added by a constant amount of CyDTA

*1% Because of streng poisonous nature, the gas should carcfully be exhausted
*11f during the repeatition white funung becomes weak, add some more HCIO,
"1¥ I the solution 1s dried up, 510, will adhere ta the wall of the beaker resulting low value in $10,

conient,
*16 Because of inadequate washing down of HCIO,, explosion may take place when the filter paper is

burnt to ashes
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standard solution and the pIl of the solution is adjusted to 5. The excess CyDTA is
determined by the back-titration using M/50 Zn standard solution. From the volume of the
Zn standard solution used Al,Oy content can be calculated.

1V-2. Reagents

(1) Hydrochloric acid (14 ) and {(1+10)

{2) Ammoninm hydronide (28 ~ 30 %)

(3) Sodium hydroxide solution (10 %) and (] %)

{4} Ammonium chloride solution (2 %)

(5) Uydrogen peronide {30 %)

{6) Ammonium acetate solution (20 %)

{7} Tlexamine (EHlexamethylenetetramine)

(8) MO (Methyl orange) indicator: A 0.1 g of MO is dissolved by 100 mt of 11,0

(9) XO (Xvleno! orange) indicator A 0.1 g of XO is dissolved by 100 ml of i1,0

(10) M/50 CyDTA standard solution: A 7.28 g of CyDTA is dissolved by 100 ml
of N/10 NaOli (or 1.6 g NaOI{) and the solution is made to exact 1000 ml.

{11) M/50 Zn standard solution. A 1.3076 g of Zinc metal {standard reagent} is
added to 10 ml of water and S ml of HINO5 and then the solution is made to
1000 mi precisely.

TV-3. Analytical procedure

(1} Concentrate the solutions by heating afler determining SiQ» (111-3-(5)) on a
sand bath to approximate 150 ml Add 3 diops™? of 104 to the solution and boil again
for 10 minutes for decomposition of excess 1120x,

(2) With continnous stirring, add NHLOII till a smell of ammonia remains ul the
top of the beaker. Add further 2 ml of NI140!T to the beaker and boil for 2 minutes
without stirring, so that alf of Al, Fe and others are precipitated, Separate the precipitates
by filiration using a No.SA filter paper and wash it 4 ~ 5 times with warm NHLCI (2 °6)
solution

(3) Receive the fltrate in a beaker (500 mi} and keep it for further processing.
Wash down the precipitate into the previously used beaker by water Add 20 ml of 11CI
(1+1) to the beaher and heat for dissolving the precipitate. Then, make the solution to
about 100 ml

(4) Add NI1,Of1 again to the solution and repeat the procedures of (2) mentioned
above. The previously used filter paper and beaker for the scparation will be used in this
procedure, All filtrate should be kept for the detenmination of Mg and Ca

{3) Wash down the precipitates into the same beaker previously used, and add 10
ml of HC} {1+1) to the beaker. Heat the beaker for dissolving the precipitate. Pass the
solution through the filter paper previously used and wash the filter paper 10 times by 1ICI
(1+10)"1%

*17 Remaning Cr(111) in the sotution can be completely ovdized to (VT) by tius H,0,
*1% If there 15 a possibility of nsoluble Al residue, then the filter paper should be burnt to ash and fused
with 1 g of Na,5,0, Then, dissolve the fused matter and ndd tlus solution to the filtrate
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{6) Concentrate the filtrate in procedure (5) by heating until its vohrme becomes
about 30 ml After cooling, trausfer the solution into a measuring flash (100 ml) and make
it to a constant volume { 100 ml) by water.,

{7} Allocate precise 20 ml of the solution from the flask to a beaker (200 ml), The
solution for a blank test should be treated by the same process. Add water for making the
solution to about 80 ml

(8) Add NaOII (10 %) solution until Fe is precipitated and add further 10 ml of the
NaOl1 solution Boil the solution for 5 minutes and_separate the precipitates by filtiation
uqmg a No 5A filter paper. Wash the precipitates 7 times with NaOI1 () %) solution and
receive all filtrate into a conical flask (300 ml)*1?,

{9} Add 1 drop of MO indicator and acidify the so!ulmn by 1 ml of TICT (1+1),
Add exact 25 mil* of /50 CyDTA standard solution, after that add NIT;Ac (20 %} till
color of the solution changes to orange.

(10) Leave the solution for 2 minutes, then, add 5 g of [Texamine™' and 1 ~ 2
drops™? of XO indicaior. Determine the excess CyDTA by the back-titration of M/50 7Zn
standard solution

(11} At the end point (vi mi) the color of the solution will change lrom yellow to
slightly reddish. Determine the amount {v2 m!) of the Zn standard sohution for blank test
followed by the same procedure. Using the sample amount (W g} of 11[-3-(1), calculate
the Al concentration.

Note: System diagram below is referred as o flow chart.

IV-4 Calculation

ALOj3 (%) = {[(v1 - v2)+0.0010196 / W]*100 / 20} *100

V. MAGNESIUM OXIDE

V- L Summary

From the filtrate afler separation of Fe(OIl); for the determination of Al,O; a
constant volume is aliguoted. Afier adjusting pll to 10, total MgQ and CaO is determined
by titration with M/40 EDTA standard solution. The MgO content can be calculated by
subtracting CaO from the total.

V-2, Reagents

*19 *Fhe precipitates ean be discarded

20 1n the case of chronute ore sample, this amotwnt of the standard solution wall be sulTicient to be surplus
IT the amount ts msufTicient, the color of the solution turns red when X G s added In thus case add
some more M/50 CyDTA standard solution sind the same amount of the standard should also be added
to the blank soluttan

*21 The pH of the solution becomes §

*22 More hight color of the indcator 15 suitable for easy finding of the enid pomt
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(1) ITydroxylamine hydrochloride (N1T,01T-11C1) solution (10 %)

(2) Tricthanolamine (1+1)

(3) Potassium eyanide (KCN) solution {10 %)

{4) Ammonium chloride (p1T 10, bul¥er) selution: Mix 70 g of NIT4Cl and 570 ml
of N1I,0H (28 %) and make them to 1000 ml with water.

(5) Eriochlome Black T (BT) indicator: 0.2 g of BT is dissolved in a mixture of 15
ml of Thiethanolamine and 5 m} of ethanol (95 %),

(0} M/40 EDTA standard solmtion; 9.31 g of EDTA-2Na is dissolved by 1000 ml
ofwater,

(7) M/50 Zn standard solution: refer IV-2-(11).

V-3, Analytical procedure

(1) Transfer the filtrate of IV-3-(3} and (4) into a measuring flask {250 ml) and
make it to a constant volume of 250 ml by water. Then, aliquote precise 25 ml of the
solution into a beaker (300 ml).

(2} Add 5 ml of NHAOIETICE (10 %) solution and 3 ml of tricthanolamine (1+1).
Afler mixing well, make the solution 100 ml in volume by water and add 2 ml of KCN (10
%) solution and 10 m! of the bufTer solution of pi1 10°27,

(3) Add 2 drops™ of BT indicator. Determine total amount of Mg and Ca by the
titration using M/40 EDTA standard solution. At the end point {(V ml), red color of the
solution will completely change to blue color

{(4) The factor (£) of the M/40 EDTA can be determined using M/50 Zn standard
solution as follows Aliquot 25 m] (v1 mf) of the Zn standard solution into a beaker (300
ml) and add 2 ml of triethanolamine (1+1) and 10 ml of the bufler solution (pIl 10). After
making the solution 100 ml, {follow the procedure (3) above for getting the end point (v2
mil).

(5) Calculate™ the MgO content by subtracting the CaQ content from the total.
The CaO content can be determined by other method*26,

Note: System diagram below is referred as a [low chart.

V-4, Calculation

factor of M/40 EDTA (1) = (v1*40/50) / v2
MgO (%) = {{[(V+0.001008+) / W]*250 / 25}*100 - CaO(%)

*2¥ Addition of 10 ml of the buffer solution make sure that pH of the sample solution becomes 10

24 Lighter color of the sndicatar makes easy finding of the end point. However, the amount of indicator
15 flexible depending on person to person

*25 The amount of sample (W p) is referred to 11-3(1),

*26 Because the CaO content of chromute ore 1 generally less than 0,n %, Ca can be determined by ICP or
AAS more precisely than ttration method Theoretically CaO content should be converted to
equivalent ml of M40 EDTA In the case of minor amount of CaQ 1n companson to Mg, however,
direct subtraction of CaO content makes no difference from the theoretical caleulation,
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V1. OTITER ELEMENTS
VI-1 Summary

Sample is weighed into a Teflon beaker and dissolved by heating with sulfuric acid
and perchloric acid. After complete oxidation to Cr(VI), most of the Cr is evaporated by
the repeated addition of hydrochloric acid. Remaining silicate is decomposed by
hydroflueric acid. All soluble salts are dissolved by hydrochloric acid and the solution is
made to a constant velume. From the solution, Ti, Mn, Ca, Na, K, P and others are
determined by ICP or AAS method.

VI-2, Reagents

(1) Sulfitric acid (1+1)

{2) Perchloric acid

(3) Hydrochloric acid

(4) Hydrofluoric acid

(5} Lanthanum chloride solution: 50 g of L3035 is dissolved by 100 m! of HCI,
then make it 1000 ml by water.

(6) Mixed standard stock solution: refer IV-2-(6} in the recommended analytical
method for rock samples.

(7) Standard solution series for calibration curves: refer TV-2-(7) in the
recommended analytical method for rack samples.

Vi-3. Analytical procedure

(1) Weigh 0.1 g (W g) of sample precisely into a Teflon beaker (300 ml) and
moisten it with water. Add 5 m! of H,SO, (1+1) and 20 mi of HCIO, to the beaker and
heat the beaker on a sand bath for dissolving the sample. ’

(2) When white fumes are seen in the beaker, cover the beaker with a Teflon watch
glass, Continue the heating with violent white fumes until the solution is stained by brown
~ red color due to the oxidation of Cr. After that, leave the beaker for cooling.

(3) Add 5 ml of HCl to the beaker and heat*?” jt again, by which the evaporation of
chromium (VI) oxychloride (Cry0,Cl,)™2% will take place, Repeat the addition of HCl and
heating for generating white fume*2 until the brown ~ red color of the solution
disappears.

{4} After cooling, remove the Teflon watch glass and add 5 ml of HF. Heat it again
on a sand bath for decomposition of silicate. Generate thick white fumes of sulfirric acid
and then leave it for cooling,

*27 For accelerating the oxidation of Cr, it is better to shift slightly the cover glass of the beaker.
*2% Because of strong poison of the fumes, careful exhaustion of the gas is needed
*2 When the generation of white fume becomes less, then add some more HCIO, and continue heating,
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(5) Add 5 mi of HICI and 20 ml of water to the beaker. Ieat the beaher for
dissolving soluble matter. After cooling the beaker, transfer the solution into a measuring
flask (100 mi). Add 10 mi of LaCly (5 %) solution to the flask and make the solution to a
constant volume,

. (6) Determine the optimum conditions of ICP-AES*® measurements such as most
suitable wavelength, power of plasma generation, carrier gas flow rate and measuring
height above the work coil (radiofrequency induction coil).

{7) Using the standard solution series of VI-2-(7), make the calibration curves for
cach target element. Measure the emission intensities of clements in the sample solution
(VI-3-(5)). From the calibration curves and the measurement data of cmission
spectrometer, the concentration (C mg) of clements can be determined,

Note: System diagram below is referred as a flow chant,

VI-4. Caleulation

Element (%)*3! = (C/1000/W) =100

*30 tn the case of AAS measurements, specific liollow cathode lamps are used. However, Tt and P are
difficult to be analyzed by this method,
“¥ The myg unit of standard solution is converted to g unit.

32



System Diagram of Chromite (PCr-1) Annlysis(C}:Oal

Zr Crucible(Sample 0.2g) {¥g)
Naz0: 5g
Fusion (max. temp. 700°C Smin.)
Cooling
Shifting (500ml beaker)
llot waker 150ml
Dissolution
Neutralizalion by HaS0.(1+1)
Excess 1504 (1+1)20m)

Zr Crucible out (after washing)
Boiling(l% min.) H:0: decomposition

— HaPO« 5ml

— RMn0. (0. 3%) 0. 5m]

~——AgNOs (0. 5%) 10m1

— Hok water

Total volume 260ml
— (NH4) 2520, (20%) 15m1

Boiling (10 min.)excess (NH.) 1520 A~
EMn0. pink color
— NaCl (5%) 10m1

Boiling{decmpose KMn0.) Cl: A
Coeling
Total volume 250m}
Titration "/, oFeS04 (NIL.) 250,
Deoxidization Cr (VI—IN) excess 5~ 10ml (v;)
Na-DAS indicator(0.2%) 4d.
Dack titration M/,0K2Cr2:0s(end point violet) (vi)

Cr.0,

Crz0a (%)= (vi-va) X0.002533+W 3100
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System Diagram of Chromite (PCr-1} Analysis(S5i0:,Al20as,Mg0) I

Beaker (300ml) semple 0.5g(Wg)

— 2S04 (1#1) 10 mt

—HC10, 20 ml

White fumes by Sand bath(brown color)

Cooling

—HCL § ml
Cr0:Cl:{red color) A

¥hite fumes bJ sand bath (brown color)

Repeats(end no red color)
¥hite fumes{10 min.)
Cooling
¥ater 50 ml
Dissolve by heating
Filtration (No. 5B}
Washing—hot HC1{1+10) 5 times
hot water 5§ times

Precipitate ——Filtrate
Pt.C%ucible BeakeJ(3GBml}
Heating (1050°C) 1hr. Evaporation to 150m}
Weighi'ng (weg) H:02 3d.
H1804(1+1)3d. Boiling {10nin.)
IF Sml NH.OH ppt excess 2m!
Evaporaﬁion to dryness Boiliwg(Zmin.)
Heating (1050°C) 15min. Filtration{No.54)
Heighfng(wzg) Washing by NH.Cl(2%)hot sel.
Total éiﬂ: NazSaDr lg Beaker (500ml) keep
usion Precipitate—back to beaker by water
HC1{1+1)20ml

Si0e (%} = {wy —wz) =W %100 Dissolve by heating
Repeates NH.OH ppt excess 2ml
FiltrJtion(former 5A)to keeped filtrate

Precipitate back te beaker Filtrate
HC1 (t+1}10ml (Mg0 detérminatinn]
Dissolve by heating
Filtration{former 5A}——Ashing
Washin%—-“Cl(l+lﬂ)lO times \ﬁE=S=07 1e
-~

{Al:0s determination)<«—Fusion

{next page)
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System Diagram of Chromite (PCr-~1) Analysis(Al20a,Mg0) 1

-Al20s~ -Mg0-~
Evaporation to &0ml Filtrate
Weas. flask (100ml) Heas.%lask(?ﬁﬂml)
Quantificaion Aliquot{25ml) — beaker (300ml)
Alilquut(ZUml) — HydroxylamineliCl1 (10%) & m!
Beaker (200ml) e Blank start — Triethanolamine (1+1)5 ml
Water 80ml — Water 100ml
. Na0li (10%) ppt excess 10m} — KCN (10%) 2mi
Boiling(Smin.) — NH.C1{7%) +NH.OH (50%) 10 ml
Fitration (No.5A) — DT indicator 2d.
Washing hot NaGll{1%) 7 times Titration (®/40EDTA St.sol.}
Conical beaker (300ml)ppt not needed End point red —perfectly bluelv ml)
— M0 indicator 1d.
l— Acid excess HCl iml Me0 (%) = vX0.10076 XT =W + (*°/250) ~Cal¥

— ¥/50CyDTA 25ml

- NH4Ac (20%)red ~ orange
Leave {2min.)

I-— Hexamine bg

— X0 indicater ld.

Back titration “/soZn St.sol.

End point Yellow—slightly red (vimi}
Blank end point (vaml)

Al20s{%) =(vz-vi) X0.10196 XF =W =2%°/ 50
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System Diagram of Chromite (PCr-1) Analysis (Fe)

7r Crucible(Sample 0.5g) (Wg)
——Na:0. 3¢
Fusion {max. temp. 760°C, Smin.
Cool & Shifting(300m! beaker & watch glass)
— llot water 100ml

Dissolusion
2r Crucible out (wash & keep)
Boiling(5 min.) H:0: A
Coofing
Filtration (No.5B)
Washing NaON{2%)2 times(filtrate no need)
Precipitate —back to Deaker by water
HCl 10ml
Kept crucible washing out
Dissolvé by heating
Filtration(former 53)to 500ml beaker
Washing hot HC1{1#50) 10 times
Evaporate by water bath (20 ml)
Wash inside wall of beaker
fleating
— SnClz (10%) * excess 1d.
Deoxidize (Fe M—IT)
Cooling
- HgCl; (saturated scl.)8 ml add once
Water 200ml
—— 112504 (1+1}5 ml & HaPO,(1+1)5 ml

— Na-DAS indicator 4d.

Titration ¥/:oKzCr:0: (end point violet) (v mi)

Fe(¥)= v x0.5585+W FeB(%)= vx0.7185+¥W

* NC1 100m1+SnClz-2Hz0 50g —500ml by water
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System Diagram of Chromite (PCr-1}Analysis(Ti,AL, Fe, Mg, ¥n, Ca,Na,K,P)
Teflon beaker (300ml) sample 0.lg

1250, (1+1) 5 ml

— HC10. 26 ml

¥hite fomes by Sand bath(brown color)
Cooling

— HC1 5 ml

Cr0:C1:(red color) A
White fumes by sand bath{brown coeler)
Conling
—1ICl § ml
Cr0:Ci:(red color] /
Repeats (end of red color)
— HF 5 ml
White fumes by sand bath
Cooling

— Water 20 ml

Dissnlve by healting
Coeling
Transfer Lo meas.flask{100 ml)
LaCla (5%) 10 ml
Quantification
ICP or AAS

{Ti,Fe,Al, Mg, Mn,Ca,Na, K, P) *

* 5 % gver elements to be analyzed by wet analysis
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Recommended Analytical Method for Phosphorite Ore Samples
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I. OXIDES of Ti, Fe, Al, Mg, Mn, Na, K, Ca and P
I-1. Summary

The powdered samples are weighed into a Pt dish and are decomposed by
perchiloric acid, nitric acid and hydrofluoric acid, After drying up the solution, the
residue is dissolved by hydrochloric acid. Then, lanthanum chloride solution is added
to the solution. The oxides of Ti, Fe, Al, Mg, Mn, Na and K are determined by ICP-
AES, A small amount of the solution is alignoted and diluted with water, from which
Ca0 and POg are estimated roughly by ICP-AES*! . The estimated value of these
elements will be referred to the volumetric analysis of the same elements.

I-2. Reagents

(1) Perchloric acid

(2) Nitric acid

(3) Hydrofluoric acid

(4) Hydrochloric acid

(5) Lanthanum chloride solution (5 %): A 50g of Lay 04 s dissolved by 100 ml
of HCI. ‘Then, the solution is diluted to 1000 m! with water.

(6) Mixed standard stock solution (1 mg/ml): Each 1g equivalent of TiO,,
Fey03, Al;03, MgO, MnO, Na,0 and KO are aliquoted precisely from
respective standard stock solution to 2 measuring flask (1000 ml) and are
mixed well. Then, 10 ml of HCl (1+1) is added to the flask and the volume
of solution is made precisely to 1000 ml with water,

(7) Standard solution series for calibration: From the stock solution above,
exact 0.5 mi, 1 ml, 2 ml, 3 ml, 4 ml, 5 ml, 6 m!, 8 ml and 10 ml are aliquoted
into the respective 100 ml mensuring flask. A 10 ml of LaCl; solution (5
%) and 5 m} of HCI (1+1) are added to each flask, then each flask is filled
with water upto the mark precisely.

(B) Standard solution series for CaO and P05 calibration: Exact 1 ml, 2 ml, 3
ml, 4 ml, 5 mi and 6 ml of the standard stock solution (1 mg/m), refer
Appendix 1-3-2 for preparation) of CaO and P,0s are aliquoted into the
respective 100 ml flask. A 10 ml of LaCly solution (5 %) and 5 ml of HCI
(1+1) are added to each flask, then each flask is filled with water upto the
mark precisely.

*! Because of large dilution ratio, accurate value of these elements is obtained by volumetric method
"2 The reagent acls as 2 inhibitor 1o chemical interference in the atomization of tarpet elements.
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I-3. Analytical procedure

(1) Weigh 0.2g (W g) of sample precisely into a Pt dish (100 ml). Add 5 ml of
HCIOy4, 2 m! of HNO3 and 5 ml of HF successively to the dish. Heat the dish on a sand
bath for decomposing the sample,

{2} Continue heating the dish wntil the solution is dry. After cooling, wash the
inside wall of the Pt dish with a small amount of water, Then, add 3 ml of HCHO,4 to
the dish and heat it again till dryness. Add 5 ml of HCI (1+1) and 10 ml of water.
Cover the dish with a watch glass. Then, heat the dish again for dissolving residue.

(3) After cooling, transfer the solution of the dish into a measuring Rask (100
ml). Add 10 ml of LaCly (5 %) solution to *he flask and make the solution to exact 100
ml with water. This solution is assigned as Solution A.

(4) Aliquot 5 ml of the Solution A precisely into another measuring flask (100
ml). Add 5 ml of HCI (1+1) and 10 ml of LaCly solution {5 %) to the flask and make
the solution to exact 100 m! with water. This solution is assigned to Solution B.

(5) Sclect the optimum conditions of ICP-AES measurements such as most
suitable wavelength, power of plasma generation, carrier gas flow rate and measuring
height above radio frequency induction coil for each element,

(6) Using the standard solution series of 1-2-(7), make the calibration curves
for each target element. Measure the cmission intensities of elements in the sample
Solution A. From the calibration curves and the measurement data of emission
spectrometer, the concentration (C1 mg) of elements can be determined.

(7) Using the standard solution series for Ca® and P05 {1-2-(7)}, make the
calibration curves for cach clement, Measure the emission intensities of elements in the
sample Solution B. From the calibration curves and the measurement data of emission
spectrograph, the concentration (C2 mg) of clements can be determined.

Note: System diagram below is referred as a flow chart.

I-4. Calculation
TiOj ... K50 (%) = (C/1000/W)*100
CaO or P05 (%) = [C2/1000/(5/100)/W]*100
I STLICON DIOXIDE
II-1. Summary
The powdered samples are decomposed by HCIO, saturated with HaBO;.
After evolving white fumes of HCIO,, the soluble residue is dissolved by HCI and the
remains are separated by filtration, Then, the residue is ignited and weighed. Si0, in
the residue is expelled selectively by HF, The residue is ignited again and weighed.

Decrease in weight gives the value of SiO, content,

IL-2. Reagents

™ The mg unit of the standard solution is converted to the g unit.
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(1) Boric acid

(2) Mixture of perchloric acid and boric acid. 500 ml of HCIO,4 (1+2) is heated
to 50°C and these 25 g of boric acid™ is added.

(3) Hydrochloric acid (1+1) and (1+50)

(4) Hydrofluoric acid.

I1-3. Analytical procedure

(1) Weigh 0.5g (W g) of sample precisely into a beaker {200 ml). Add 30 ml of
the acid mixture of I{-2-(2) to the beaker and heat it on a sand bath for dissolving the
sample.

(2) As soon as the white fumes of HCIO, start coming out of the beaker, cover
it with a watch glass. Continue heating the beaker with violent white fumes for 5
minutes. After cooling, wash down the inside wall of the beaker with a small amount of
water. Then, again heat the beaker until violent white fismes evolve for 5 minutes™ .

(3) Afier cooling, add 5 il of 11CI {1-+1) and 30 m! of water to the beaker
Heat the beaher for dissolving soluble matter. Separate the residue from selution by
fltration using a No. 6 filter paper. Wash the residue § times with HCI (1+50) and 10
times' with ot water. Collect the filtrate and washing water in a measuring flash (250
ml) and then make the solution to a constant volume {250 ml) by water,

(4) Transfer the residue along with the filter paper to a Pt crucible (30 ml)
Ileat the crucible at low temperature until the paper converts to ash. Then, ignite the
crucible at 1050 °C £ 20 °C for | hour. Leave the crucible in a desiceator for 20 ~ 30
minutes. Then, weigh the erucible (w1 g).

(5} Alier moistening the residuc with a small amount of water, add 5 drops of
HCIO, and 3 ml of HF to the crucilile and heat the crucible till dryness on a sand batl
Ienite the crucible at 1000 °C for 10 minutes. Then, leave it in a desiceator for cooling,
Weigh tlic crucible to obtain the second weight (w2 g).

Note: System dingram below is referred as a flow chart,

H-4. Caleulation

8i04 (%) = [(w1 - w2)W]*100

[l CALCIUM OXIDE
HI-1. Summary

The sample solution aliquoted from the filtrate above {II-3-(3)} of Si0s
determination is added by M/40 EDTA standard solution of 3/4 equal to amount
required as rough cstimate of CaO contents {1-3-(7)}, so that precipitation of calcium
phosphate can be prevented. ARer adjusting pIl to 13, remaining CaQ is titrated by

*1 Bonic arid reacts wath fluorine in phosphor.ie sample forming complex 1on, so the interference of
fluerime can be prevented

*% IT the solution 1s dreed up, 510, will be adhered to the wall of the beaker causing low resuit
Therefore, the solution should not be dried up

"o qfy IC1O, remzins in the residue, exploston may take place during ashing of the filler paper
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M/40 IDTA -wandard selution, CaO content can be calculated bv the sum of the
standard solution consumed,

I11-2 Rengents

(1) Triethanolamine (1+1)

(2} Potassium cyanide solution (10 %)

(3) Potassium hydroxide solution (25 %)

{4) NN indicator A 1g of 2-Hydroxy-1-(2-ITydroxy-4-Sulfo-1-Naphtliylazo)-
3-Naphtheic acid is mixed with 50g of K»S0;. -

{5) XO indicator: 0.1g of Xylenol Orange is dissolved by 100 m! of water.

(6) M/40 EDTA standard solution. A 9.31g of EDTA-211,0 is dissolved to
1000 mi ol water,

(7) M/40 Zn standard solution: A 1.6345g of Zn metal {standard rengent) is
weighed precisely and is dissolved with 5 ml of IINO;3 and heating, Afler
cooling. the solution is diluted precisely up to 1000 ml by water.

(8) Hexamine

HI-3. Analytical procedure

(1) Aliquot precise 25 ml (V ml} of the filtrate {11-3-(3)) to a beaker (500 ml),
Add 5 ml of tricthanolamine (1+1) to the solution.

(2} Make up the solution in the beaker to approximate 300 m! by water. Then,
add 2 ml of KCN solution (10 %) to the beaker and mix the solution well, Using a
burette, add M/40 EDTA standard solution of three fourth of expected velume fiom
the result*? of -3-(7) to the beaker and mix the solution well,

(3) Add 10 mI*® of KOH solution {25 %) to the beaker for adjusting the pI to
13 Add approximate 0.1g of NN indicator and titrate the solution with M/40 EDTA
standard solution at a slow pace® . At thic end point (vi ml) of the titration, the color
of the solution will be changed from red to perfect blue and show no more change of
the color by further shaking,

{:) Aliquot precise 20 ml (v2 ml) of M/0 Zn standard solution to a conical
flash (200 ml) and add Sg of Hexamine™ to the solution. Afier dissolving the reagent,
add I drop of XO indicator and titrate at a slow pace with M/M0 EDTA standard
solution. At the end point (v3 mt), the color of the solution will he changed from claret
to bright yellow,

Note. Sysiem dingram below is referred as a flow chart.

HI-4. Calculation

Factor of M/40 EDTA (f) = vaiva
Ca0 (") = 0.001402*fxv1+[(250/W)/V]* 100

“TTlus 15 a rough estimation, because of large dilutron ratto

*% By the addition of this amount of KOH, the pH of the solution becomes 13

*2 In thus pH condition, Mg, 1s precipiated as hydroxide and does not react with EDTA

*1 Even Cay(FOy), 15 precipiated, the componnd will be converted to EDTA complex during the
slow pace titration

*1} By this amount of the reagent, pH of the sotution becomies 5 1t should be noticed that the pH
does not become 51 the reagent 1s mpure



IV. PHOSPIIORUS PENTOXIDE (P,05)

V-1, Summary

A constant amount is aliquoted from the solution after separation of Si0, {II-
3-(3)} and is acidified by adding FINO;. Beside the solution, some blank solutions are
added by standard P,Os solution for calibration. All these solutions are added by
metavanadate solution and molybdate solution for obtaining the yellow color of
phosphovanadomolybdic  acid.  Intensity of the color is  measured
spectrophotometrically.

IV-2, Reagents

{1) Nitric acid

(2) Ammonium metavanadate solution: A 1.25g of NH,VOj is dissolved by
100 ml of hot water. After cooling the solution,5 ml of HNO; is added and
it is made up to 250 ml by water.

(3) Ammonium molybdate solution: A 12.5g of (NH4)sMo070,4-4H,0 is
dissolved by 250 ml of warm water,

{(4) P, 05 standard solution (1.0 mgP,Os/ml): KH,POy is dried at 110 °C for 3
hours. After cooling in a desiceator, an exact 0.4794g of the reagent is
dissolved into a precise 250 ml of water.

IV-3. Analytical procedure

(1) Aliquot 5 ml (V ml)*12 of sample solution from the solution (250/Wg) after
separation of Si04 [11-3-(3)] into a beaker (100 ml).

(2) Add 5 ml of HINO; to the beaker, Heat the beaker till dryness. Add precise
4.0 mI'' of HNO; and 20 mi of water to the beaker. Cover the beaker with a watch
glass and heat it for dissolving residue. After cooling, transfer the solution to a
measuring flask (100 ml)*14,

(3) To other four measuring flasks (100 ml), aliquot 5 ml each of the blank
solution by the same procedure of the Si0, determination. Add 0.0, 2.0, 4.0 and 6.0 ml
of P,0s standard solution {IV-2-(4)} to the flasks, respectively. Then, add precise 5.0
ml of NIT;VO; to both sarple and standard series solutions. Dilute each solution to
around 80 ~ 85 ml"1¥ by water,

(4) Add 10 ml of (NH,)4Mo070,4 to cach solution and add water to the mark
of the flask. After mixing the solution well, leave the flasks for 30 minutes. Measure
the absorbance of each solution at the 460 nm wavelength of spectrophotometer in
comparison with those of water, Using the calibration curve obtained from standard
seties solutions, determine the concentration (C) of P,Os in the sample solution.

*12The amount of the sample solution should be changed according to phosphorus content. It is
recommended that the PyO; content of the aliquoted solution should be less than S5mg,

*13The solution should have a constant HNO, concentration,

*14 In this stage the volume of the solutien * ld be less than 60 ml,

*15 111 order to minimize the effect of acid concentration fo measurement, this volume is recommended
at this stage
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Note: System diagram below is referred as a flow chant.
1V-4, Calculation

P205 (%)"16 = [C/1000%(250/W)/V]*100

V. TOTAL SULFUR
Y-1. Summary

Powdered sample is decomposed by bromine water and HNO;. After expelling
HNO; by HC, insoluble matter is separated by filtration. To the filtrate barium
chloride solution is added for the precipitation of BaSQ,, The precipitate is separated
by filtration and ignited to ash. From the weight of the ash, total S or SOy in the
sample can be calculated.

V-2. Reagents

(1) Bromine water

(2) Nitric acid

(3} Hydracliloric acid

(4) Barium chioride solution (10 %)

V-3. Analytical Procedure

(1) Weigh 2g (W g) of powdered sample precisely into a beaker (200 ml). Add
20 ml of bromine water and 20 ml of IINO; to the beaker. Cover the beaker with a
watch glass and heat it at a slow pace™” on a sand bath with increasing temperature.

(2) Continue heating till dryness. After cooling, add 15 m! of HC! to the beaker
and heat it till dryness. After cooling, again add 15 m! of HCI to the beaker and heat it
till dryness. Repeat this procedure till HNO; is expelled completely*!® from the beaker.

(3) Atfter cooling, add 5 ml of HCI (1+1) and 50 ml of warm water and heat it
for dissolving soluble matter. The insoluble residue is separated by filtration using a
No. 6 filter paper. Wash the residue 5 times by HC! (1450) and then 5 ~ 6 times by
hot water. Collect the washing liquid and filtrate in a beaker (300 ml) and dilute the
solution to 250 ml by water,

(4) Boil the solution gently and add 10 ml of hot BaCl, solution at a slow pace
and with continuous stirring by a glass rod with silicon rubber. Continue heating for 15
minutes, then leave the beaker at a warm place.

(5) If precipitate is comparatively large in amount, then leave*!? the beaker for
30 minutes at a warm place. Separate the precipitate by filtration using a No. 6 flter
paper. Wash the precipitate 5 times by HCI (1+50) and then 8 times by warm water.
Transfer the precipitate along with the filter paper to 2 porcelain crucible (15 mi).

*16 The mg unit is converted to the g unit,

*17If the solution is heated strongly at first stage, free sulfur will appear due to inadequate oxidation,

*18 1f HNO, remains in this procedure, the addition of BaCl, in following procedure may result in the
formation of Ba(NOy), precipitation. -

*19 In the case of a little amount of precipitation, leave the solution aver night.
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(6) Alfter the paper becomes ash by low temperature heating™® | iznite the
crucible at 800 °C for 10 minutes Teave the crucible in a desiccator for cooling.
Transfer the BaSOy precipitate into a weighing bottle, Ther, weigh the weight (w g) of
the precipitate.

Note: System diagram below is referred as a flow chart.

V-4. Calculation

Total 8 {%) = (0. 1374% w/W)* 100
504 (%) = {0.3430%w/W)* 100

V1. FLUORINE
VI-1, Summary

Powdered sample is mixed with V204 which is a catalyzer for pyrohydrolysis.
Under the controlled furace temperature, the flow rate of carrier gas (air) and steam,
fluorine in the sample is evaporated and brought into a bottle containing alhali solution.
The solution absorbs fluorine. The pIl is adjusted and the color preduced by Alfusone
is measured spectraphotometrically.

VI-2. Apparatus
The outline of apparatus is shown in Figure 1,
VI-3, Reagents

{1) Vanadium pentonide

(2) Sodivm hydroxide solution (0.5 %)

(3) Hydrochloric acid (1+50)

(4) PP indicator: A 0.1g ol phenalphthalein is dissolved into 90 mt of ethanol
(95 %) Then, the solution is made up to 100 ml by water.

(5) Alfissone solution (5 %): A 5g of Alfisonc is dissolved by 100 m! of water.
The sohttion should be prepared fresh every time,

(6) Acclone

(7) Fliorine standard solution (1.0 mgl#/ml): NaF s ignited at 500 °C. The
process is repeated till obtaining a constant weight. Then, exact 2.210g of
the reagent is weighed and dissolved in water. Afier making the solution to
exact 1000 ml, it is preserved in a polyethylene baottle,

VI-4, Analytical procedure
(1) Stabilize the apparatus under the conditions that temperature of electric

furnace (9 in Figure 1} is 950 °C, temperature of water in the flask (3) is 90 ~ 95 °C
and the flow rate of air is 200 ~ 500 ml/min.

*20 High temperature heating at first stage may cause the reduction of BaS0Q; resulting fow value of
sulfur determination,
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(2) Weigh 0 5g of V205 on the paraflin powder paper. Weigi 0. 1g (W g)*! of
smnple precisely on the same paper. Mix them well and spread the sample evenly on a
quartz boat.

(3) Fill 50 mi of water, 5 mi of NaOH selution (0.5 %) and 2 drops of PP
indicator into the polyethylene bottle {12) connected to the quartz discharge tube (11).
The bottle is coaled by ice picces

{4) Insert the quartz boat including the sample inte the center position of the
clectric fumace. Reconnect immediately the reaction tube (8} with the tube (5)
intraducing steam and air. Tgnite the sample for 20 minutes under the optimum
conditions'??

(5) Remove the polyethylene bottle and add drop by drop HCI (1430) until
slightly pink color (pF = 8)% is obtained in the bottle. Then, transfer the solution to a
measuring flask (100 ml) and make the volume of solution exact 100 ml with water.
This solution ts designated to be the sample solution,

(6} Aliquot precise 1 ml (v/100)"?" of the sample solution into another
measuring flask (50 ml), Add precise 5.0 ml of Alfusone solution (5 %) and 10 ml of
acetone™ . Then, fill water up to the mark of the flask and leave it for 90 minutes,

{7) Adjust the wavelength of spectrophotometer to 620 nm, then measure the
absorbance of the colored sample solution referring to the absorbance of blank
solution. Besides the sample solution, measure the absorbance of the standard series
solutions which are prepared by adding 0.0, 0,01, 0.03 and 0.05 mg of F standard
solution to the blank solution, respectively, and treating them by the same procedure as
sample solution. Using a calibration curve made by the standard series, the
concentration (C mg) of T in the sample can be determined.

Note: System diagram below is referred as a flow chart.

VI-5, Calculation

F (%) = [C/1000/(v/100)AV]* 100

VH. CHLORINE

VII-1. Summary

Powdered sample is fused with NayCO3 and then Cl is extracted by warm
water. Residue is separated using a glass filter, The filtrate and washing water are
mixed and made up to # constant volume afler neuntralization with HNO;. A part of the
sample solution is aliquoted and added ferric ammonium sulfate and mercury (1)
thiocyanate, The color altained by the reaction of CI with these reagents is measured
spectropliotometrically,

*2) In (he case of rock sample analysis, § 25g of the sample should be weighed

*22 )1 the color of the solution in the bottle (12) disappeares during the igmtion, then add some more
NaCH (0.5 %) to the bottle

*23 If the solution becones acidtc, the glass ware in use may be attacked by fluorine

* In the case of rock sample, 5 ml of the solution shauld be aliquated.

*2% As the temperature of the solition wil! incrense by the addition, make the solution to 50 ml ofter

cooling it



VII-2. Reagents

(1) Sodium carbonate

(2) Nitric acid (1+1.5)

(3) Ethyl alcohol (95 %)

(4) Ferric ammonium sulfate solution: A 60g of (NH,)Fe(S0,)5-12H,0 is
dissolved by 1000 ml of HNO; (1+1.5).

(5) Mercury(I1) thiocyanate alcohol solution: A 1.5g of Hg(SCN), is dissolved
by 500 ml of ethyl alcohol (95 %).

(6) Chlorine standard solution (0.¢1 mgCliml): The CI standard stock solution
(1.0 mgCl/ml, refer Appendix I-3-2 for preparation) is diluted precisely 100
times by water,

V1I-3. Analytical procedure

(1) Weigh 0.5g (W g)*6 of sample precisely into a Pt crucible (30 ml). Add
exact 3.00g of Na,CO5 to the crucible and fuse them by lieating for 30 minutes. Pour
the fused sample just before solidification from the crucible into the dent of a Pt 1id*¥?
and leave it for cooling,

(2) Transfer the solidified sample on the lid into an agate mortar. To the
ctucible, add 15 ml of water for dissolving the residual fiised sample and transfer the
solution into the agate mortar, With special care te flying off of the sample, crush the
solidified sample by the agate pestle. Wash down the suspended solution from the
mortar into a beaker (50 ml). Cover the beaker with a watch glass and heat it for
dissolving soluble CL

(3) After cooling, separate the insoluble residue with suction filtration using a
glass filter (G 4)"2% . Wash the residue with a small amount of water*?® , Collect the
filtrate and washing water into another beaker (50 ml). Add 9.5 ml of HNO; (1+1.5)
to neutralize the solution. Then, transfer the solution into a measuring flask (50 ml)
and make the volume of the solution exact 50 ml with water. )

(4) Aliquot exact 20 ml of the solution into a color comparison glass tube (30
ml) with cap. Add precisely 4.0 mi of ferric ammonium sulfate - HNOj3 solution and
2,0 m! of mercury (II) thiocyanate alcoliol solution and mix the solution well,

(5) Leave the tube for 15 minutes, so that the color becomes to stabilize. Then,
measure absorption at the wavelength of 460 nm in comparison with those of water.

(6) Aliquot 0.0, 3.0, 5.0, 7.0 and 10.0 m! of Cl standard solution (0.01 mg/mi)
into the respective glass tubes (30 ml) and dilute precisely to 20 ml with water. Follow
the procedures of (4) and (5) above, Using the results of measurement for the standard
solutions, make a calibration curve from which the concentration {C mg) of Cl in the
sample can be obtained.

Note: System diagram below is referred as a flow chart.

Vil-4. Calculation

*26 The amount of sample depends on Cl content of the sample. Less than 0.25mg Cl in 50 ml of
sample solution 15 recommended,

*27 The fused sample should sohdify in a sphere shape,

*28 This indicates mesh size of glass fifter.

*22 Total volume of the filtrate should be less than 30 ml.
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CI (%) = [C/1000/(20/50)/W}*100

VIII. MOISTURE AND COMBINED WATER:

The same procedures as V and VI in the silicate rock analysis can be adopted.

IX. CARBON DIOXIDE

The same procedures as V in the carbonate rock analysis can be adopted.

=N
(* —Z —— T
1 Yo
6
O
1
14 « Air

Figure 1. The design of pyrohydrolysis apparatus
(D flowmeter, @ flask heater, @ flask for generating steanm
@ thermometer, ® guartz twbe introduction for steam and air
@ thermocouple, @ silicon plug, @ quartz reaction tube
@ tube furnace, @ quartz boat, @@ quartz discharge tube
@ polyethlene bottle, @ labo-jack, & furnace control
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System Diagram of Phosphate ore Analysis {Ti,Al,Fe, Mg, Mn,Ca,Na, K, P)

Sample 0.2g

Pt.Dish{100ml)
——IIC104 5ml
~—1IN0s  2ml
—HF 10ml

Sand bath
Dryness

Wash inside wall of Pt.Dish
—HC10.  3ml
Dryness

~—-HC1 (1+1) 5ml

—Water 10mi

Disselve by heating
Cooling, Transfer meas. flask(100ml}

LaCls (5%) 10ml

Quantification >

Icp

(11, A1, Fe Mg, Mn,Na,K,)

48

Aliquot (5ml}

Meas. flask (100ml)
lIC1(1+1} G5ml
LaCls (5%) 10ml

Quantification

ICP

(Ca,P)



System Diagram of Phosphate ore Analysis (5i0z, Cal)
Sample 0.5g
Beaker (200m})
(HC104 (142) 50°C+H B0, (5%) ] 30mt
Sand bath
¥hite fumes(Smin.)
¥ash inside wall
¥hite fumes(Smin.)
——HC1{i+1} Sml

—— %ater 30mil

Dissolve by heating
Filtration(No.6)
Wash—HC1{1+50) Stimes

Wa?h——-Hot water 10times

Preciéitate Fillrnte
Pt.Crhcihle Meas.Tlask (250ml)
lleating (1050°C) lhr. Quantification
Weighing (A} Aliquot (25ml)
HCI0. 5d. Conical beaker (500ml)
HF  3nm) -—Triethanolamine {141) 5ml

Evaporation to dryness ¥ater (300ml)

Ignition(10009C) 10min. —KCN (10%) 2ml
Weigh!ng(H) — ¥/ 4o EDTA St.sol.(expect’)4m1]
(Al -{B)= SiD, —KOH (25%) 10m1 pll13

—~—NN indicator 0.1g.

Titration (®*/.cEDTA St.sol.}
Red=> Perfectly Blue

£a
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System Diagram of

Sample 2g

Beaker (200ml)

Ar Water 20ml
— 1IND2 20m]

Sand bath
Dryness
—— HC1 10m1(ND:2 T}

Dryness 3~4times{N0.T)

HCL(1+41)  5ml

Water 50ml

Dissolve by heating
Filtration(No.0)
Wash—HC1({1+50) Stimes
Wash—Hot water Stimes
Beaker {300m1) Si0z no need./
Quantification 250ml
Boiling
BaClz (10%) 10m1
Boiling{l5min. <)
Stand for ! night
Filtralion(No.G)
Wash—HCL (1450) Stimes
Wash—Hot water Btimes
Precipitation
Porcelain crucible
Ignition (800 °C)10min.
Yeighing

Basgq X34.30 +2 = S0.%

Phosphate ore Analysis (S0s. Po0s)

Si0: Filtrate (Blank)

Aliquot (Sml)

Beaker (100m1)

L——HNOy Gml

Sand bath

Dryness

—1[NOs  4.0ml P20s_st.sol.

L — Water 20ml — 0.0 mg

Dissolve by heating F—2.0 mg

I——d—

Cooling (Bl?nk]———4.ﬂ me
1 —

t -
Transfer meas.flask(100ml)} L 65.0 mg

——NH.VDs *sol. 5.0mi{precise)

Water 50ml
—— [NH4) aMos024 *sol.10ml

Quantification

30 min

Measuring of absorbance (460nm)

P20s

+ NHl.VDs 1.25g hot water 100ml

s, HNOs 5ml } 250ml

# (NIl,) eMo10z24+4H20 12.5g in 250ml
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System Diagram of Phosphate ore Analysis (F,Cl)

Sample 0.1g (Rock 0.25g) Sample 0.5¢
V206 0.5g mix. Pt.Curcible {30mi)
Quartz boat Na:C0s 3g
Quartz tube(950°C) Fusion {30min.)
Stuam(90;;;:;]Air{0,2-0.5 1/min.} Cooling
N2{SiFs) Shifting Agate mortar
Water 50ml+Na0ll{0.5%)5ml+PP 2d. Hot water
Cool Poly.battle(100ml) Crushing
Fractional distill, {20min.) Beaker {60m})
HC1 {1+450) dropping Filtration(Sintered-glass filter}
Slightly pink(pll < 8) Wash—Ilot water
Transfer Meas.flask (I00ml) Beaker (50ml)
ﬂuant!fication HNOa {1+1.5)9.5ml
Aliquot I ml (Rock 5ml) Neutraiization (pll=8)
Meas. Tlask (50m1) Meas. flask (58ml)
— Al fusone (5%) exactly 5ml Quantigication
— Acetone 10ml Aliquot (20ml)
Quantification Color comparison tube{30ml)
90 min. ——(NH.) Fe (S04) 2 (6%) 4ml
Measuring of absorbance (620nm) lg(SCN):  (0.3%) 2ml
é 15 min.
ZﬂmJ Cell

Measuring of absorbance {460nm}

cl
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Recommended Analytical Method for Carbonate Rock Samples

Komi Kata**, Shiro Itolt** and Muhammad Naseem*

*Geoscience Laboratory, Geological Survey of Pakistan, Islamabad
Y IICA Expert, Geoscience Laboratory Project, Islamabad

I. SILICON DIOXIDE
I-1. Summary

The powdered sample is decomposed with hydrochloric acid and perchloric
acid. After white finne ceases to cvolve, the soluble matter is dissolved by hydrochloric
acid. The residue in the solution is separated by filtration and then it is ignited. Afler
cooling, the residue is weighed. Then, hydrofluoric acid is added to evaporate silicon
dioxide. Again, the residue is ignited and weighed afier cooling, Sificon dioxide
content can be caleulated from the difference of the weight before and after
hydrofluoric acid digestion,

I-2. Reagents

(1) Hydrochloric acid (1+1) and (1+50)
(2} Percliloric acid
(3) Nydrofluoric acid (50%<)

I-3. Analytical Procedure

(1) Weigh 0.5g (W g) of sample correctly into a bepker (200 ml). After
moistening the sample with small amount of water, cover the beaker with 2 watch glass
and add slowly 10 ml of HCI (1+1). After disappearance of bubbles, add 10 ml of
HC10; and heat the solution in the beaker on a sand bath.

(2) Remove the waich glass and continue the heating of the beaker up to thick
white fumes. Again cover the beaker with the watch glass® , heat for 10 minutes, then
leave it for cooling.

(3) Add 5 ml of HHCI (1+1) and 30 m] of water, By heating, dissolve the soluble
matter, then filtrate the residue with a filter (No.6). Scrub the inside wall of the beaker
with a policeman to remove the residue adhered and wash it down into the filter paper.

(4) Wash the residue 5 times by warm IICI (1+50) and 10 times™ by warm
water All the filtrate is collected by a measuring flask (250 ml), which is made to a
constant volume by water and stored for determining Ca and Mg (solution C).

* If the beaker becomes to dry at thus stage, some SiO, will adhere to the wall of beaker resulting
low value in Si0, content.

*2 IF the washing by water is inadequate, explosion may eccurre during ashing of the filter paper due
to remaining HCIG,. -
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{5) Thansfer the residuc together with the filter paper into a Pt crucible (30 mi),
then, heat the crucible at low temperature until the filter paper is bumt to ashes. After
that, ignite the crucible at 1000 ~ 1050°C for one hour, then leave it in a desiccator for
cooling. Afler cooliug, weigh the crucible and again ignite it for 20 minutes. Again
weigh the crucible (w1 g)*.

(6) Moisten the impure Si0, by water, add 3 drops of FICIO, and 5 mi of HF,
and then heat it on a sand bath up to complete dryness™ .

{7) Afler dry up, ignite the crucible at 1000 ~ 1050°C for 10 minutes and then
teave it in a desiceator for cooling. After cooling weigh the crucible (w2 g).

Note: System diagram below is relerred as a flow chart.

I-4, Calculation

Si05 (*0) = [(w! - w2)AV]*100

II. CALCIUM OXIDE
II-1 Summary

A part ol the solution C of [-3-(4) is allocated to determine CaQ, The masking
reagent and KKOTI solution are added. After adjusting pH to 13 so that the interfering
elements arc masked, Ca is determined by the titration with M/40 EDTA standard
solution using NN indicntjgr.

b
11-2, Reagents

{ 1) Triethanolunine (1+1)

(2) Potassium cyanide {10%)

(3} Potassium hydroxide (25%)

{4) NN indicator {refer. Appendix 1-3-2-Table 4-(vi) for preparation) °

(5) XO indicator (refer. Appendix 1-3-2-Table 4-(vi) for preparation)

(6) M/40 EDDTA standard solution (refer. Appendix 1-3+1-(3) for preparation)
(7) M/40 Zinc standard solution (refer. Appendix 1-3-1-(3) for preparation)
{8) Hexaming

11-3. Analytical Procedure

(1) Aliquat 25 ml (v ml) of the solution C of I-3-(4) (250/W g) into a beaker
(500 ml). Add 5 mlof Triethanolamine (1+1) and make it around 200 ~ 300 ml™ with
water.

(2) Add about 2 ml of KCN (10 %) solution and 8 ml of KOH (25 %) solution,
so that the sample solution is adjusted to pH 13%.

*3 Repeat the procedures of ignition and weighing until the difference of weight is less than 0.5 mg,

*+ By tlus procedure both $i0; and HCIO, are expelied.

** In order to avoid the adsorption of Ca ton to Mg(OH), preerpitate, the volume of the solution
should be 200 mi for Timesione sample and 300 ml for delomite sample.

*6 After addition of 8 ml of KOH (25%) solution, the pH of the solution becomes 13 and Mg(OH), is
precipilated completely.
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(3) Add about 0.05 ~ 0.1g of NN indicator™” , then titrate by M/10 EDTA
standard solution*3,;At-the end point (V1 m!), color of the solution will change fiom
red to complete blie.

(4) Aliquot precisely 20 ml (v1 ml) of M/40 Zn standard solution to a conical -
flask and add 5g of Hexamine™. Using XO as an indicator, titrate the standard solution
by M/40 EDTA standard solution. Around the end point the titration should be carried
out slowly and mixing the solution well. At the end point (v2 ml), claret color of the
solution will be changed to bright yellow. From this titration, determine the factor (1)
of M/40 EDTA.

Note: System diagram below is referred as a flow chart,

1I-5, Calculation

factor of M/40 EDTA (I) = vi/v2
Ca0 (%) = [0.001402+*V 1 +(250/W)/v]*100

HI. MAGNESTUNM OXIDE
TE- 1. Summary

A part of the solution C of I-3-(4) is allocated to determine MgO. The masking
reagent is added to mask the interfering clements. After adjusting pil to 10, sum of
Ca0O and MgO can be titrated by M/40 EDTA standard solution using BT indicator.
The MgO content is determined by subtraction of CaO content from the sum.

Ii1-2. Reagents

(1) Hydroxylamine hydrochloride {10 %)

(2) Triethanolamine (1+1)

(3) Potassium cyanide (10 %)

(4) Ammonium chloride - Ammonia water solution (pH 10 bufler solution);
70g of NH4Cl and 570 ml (ca, 500g) of NH4OH water (28 %) are mixed,
then it is made to 1000 ml by water,

(5) BT indicator (Eriachrome Black T)

(6) XO indicator (Xylenol Orange)

{7) M/40 EDTA standard solution (refer, Appendix 1-3-1-(3) for preparation)

(8) M/40 Zinc standard solution (refer. Appendix 1-3-1-(3)for preparation)

111-3. Analytical Procedure

*7 Because of the instability of coloring matter in the solution of NN indicatar, it is diluted by K,S0,.
Therefore, it is better to add the smatl amount of the indicater for easy recognition of color change.

*B The factor of this standard wifl be determined in 13-3-(4).

*? By this addition the pH of the solution is adjusted to 6. However, care should be taken for impure
reagents.
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(1) Aliquot 25 ml (v ml) of the solution C of I-3-(4) (250/W g) precisely into a
beaker (300 mt). Add about 5 ml of Hydroxylamine hydrochloride (10 %) and mix
the solution well,

{2} Add about 5 ml of triethanolamine (1+1)"!! and make it to about 100 ml by
water. Add about 2 ml of KCN (10 %) solution and about 10 ml of NII4CI-NIT,OH
water mixed solution®'?, sa that the sample solution is adjusted to pIT 10,

(3) Add 2 ~ 3 drops of BT indicator, then with continuous stirring titrate it by
M/40 EDTA standard solution™. At the end point (V2 mi), color of the solution
changes from red to complete bhee.

{4) Aliquot precisely 20 ml (v1) of M/40 Zn standard solution into & conical
flask and add 5g of Hexamine™s. Using XO as an indicator, titrate the standard
solution by M/40 EDTA standard solution. Around the end point the titration should
be carried out slowly and mix the solution well. At the end point {(v2), claret color of
the solution changes to bright yellow. From this titration, determine the factor (f) of
M/40 EDTA. )

Note: System diagram below is referred as a Mlow chart,

11I-4. Calculation

factor of M/40 EDTA () = vi/v2
MgO ()15 = [0.001008*(V2Z - V1) (250/W)v]*100

1V, OXIDES OF Fe, Al AND OTIIERS
IV-1. Summary

The sample solution C of 1-3-(4) is used for the determination of Fe and Al by
AAS and ICP-AES. Also, Mg in limestone can be determined by the same method.

IV-2, Reagents

(1) Mixed standard stock solution; Ig equivalent each of Fe,03, MgO, Ca0,
N250 and K50, 0.1g equivalent each of MnO and P,05 and 2g equivalent of AlO;
are atiquoted precisely from each standard stock solution into a measuring flask of
1000 ml. After mixing well, 10 mi of HCI (1+1) is added and it is made exactly 1000
ml by water.

(2) Standard solution series for making the working curves of each clements;
Exact 0.5 ml, 1 ml, 2 ml, 3 ml, 4 ml, and 5 ml of the mixed standard stock solution of

10 This reagent acts as a reducing reagent and masks some interfering elements like Cu

*11 This reagent reacts with Fe, Al and Mn and forms stable chelate contplex with them, so that they
are masked

*12 A 10 m of tlus buffer solution is enough to make solution pH 10, as such it 1sn't always necessary
1o measure pH.

*13 By this titration sum of Ca and Mg are determined.

*14 By this addition the pH of the solution is adjusted to 6 Howuver, eare should be taken for impure
reagents,

*13 V1 1n the formula means the volume of EDTA standard solution for Ca in 11-3-(3)

*15 Magnesium content 1n imestons is generally low, so that the element can be correctly anafyzed by
this method.
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IV-2-(1} are aliquoted into the respective 100 ml measuring flask. A 5 ml o TIC] (I“i 1)
is added to eaclt flask, then the solution of each flask is made up to 100 ml preciscly by
watcr.

TV-3. Analytical Procedure

(1) Select optimum conditions of TCP-AES and AAS such as the wavelength,
power input to the plasma, argon gas fow rate and (he height in the tail fame for the
clements to be analyzed.

(2) Using the standard solution series of TV-2-(2), make a correlation curve
between concentration and intensity of emission®? or absorption®® for each element to
be analyzed. From the correlation curve and the measuring intensity or absorbance of
elements in the sample solution, calculate the concenration (C mg) of each clement,

Note: System diagram below is referred as a flow chart.

IV-4, Calculation
Element (%)"1° 20 = (C/1000) *(250/100/W }*100

V. CARBON DIOXIDE
V-1. Summary

Using apparatus for carbon dioxide determination, carbonate in sample is
decomposed by sulfurie acid. The cvolved CO» gas is absorbed with sodium
hivdroxide-barium chloride solution. Then excess sodium hydrovide is titrated by N/10
HCH standard solution. From the result of the titration, content of carbon dioxide can
be caleudated

V-2. Apparatus

The apparatus is shown in Figure 3, in which
(A1) Rubber stopper

(B) Sample decomposition flask

{C) Spherical cooling device

(D) Gas absorption flask

(5, ) Rubber tube

(G) Glass tube -

(11) Pinchcock

(1) Insulation plate

(K) Burctte

V-3. Reagents

(1) Barium chloride selution; BaCl, 2H;0 50 g/l + PP indicator (0.2 %) 2 ml

*17 In the case of ICP-AES, the intensity of enission 1s measured,
*18 Iy the case of AAS, absarbance is measured,

*19 The myg unit of standard solution 15 converted to g unit

20\ 15 the sampling amount of 1-3-(1)



(2) PP indicator (0.2 %) (phenolphthalein)

(3) N/10 Sodium hydroxide standard solution (0.45 %); standardization is not
required.

(4) N/10 Hydrachloric acid standard solution, {refer Appendix 1-3-1-(1) for
preparation).

(5) N/10 Sodium carbonate standard soltion: (refer Appendix 1-3-1-(1) for
preparation),

(6) Sulfuric acid (1+1)

(7) Dubble stones for boiling

V-4. Weighing out amount of sample

CO» content (%) Sanple {g) NaOH (ml)
<1.0 1.0 10,00
1.0~ 2.5 0.5 10.00
25~ 175 05 25.00
7.5~15,0 0.25 25.00
>15.0 0.1 25.00

V-5, Analytical procedure

(1) According to the table of V-4, weigh 0.1 ~ Log (W gy of sample
precisely and put it into the sample decomposition flask (B in Figure 1)*22, Set the
rubber stopper (A in Figure 1} and hold the flash by a steel stand as seen in Figure 1.

(2) To the gas absarption flask (D in Figure 1), add 150 m! of BaCl, and 150
ml of water. Then, add suitable amount of N/10 NaOIl according to table V4.
Immediately, put the spherical cooling device (C in Figure 1) and fix it using a spring.

(3) As scen in the Figure, connect the decomposition flask (B) 1o the cooling
device (C) and the absorption fask (D). Then, open the pincheoch (H) and the stopper
of the cooling device (C). Add 2 ml of 11,804 (1+1) to the decomposition flask (B),
and immediately*?? after that close the flask completely by the rubber stopper (A)

(4) Shahe the decomposition flask (B), so that sample and the acid are mixed
well. Then, heat the flask (B} to the extend that the entrance of the cooling device (C)
is not possible to touch by finger any more. After reaching that condition, continue
gentle boiling™? for 10 minutes,

{5) Immediately after heating is stopped, close the rubber tube (F) using a
pinchcock (IT) and then separate it from the glass tube (G). Close the stopper of the
cooling device {C) also, Cool the absomtion flask (D) being connected 1o the cooling
device (C) up to room temperature.

(6) Keeping the connection between (C) and(D), shake them hard up and down
for 2 minutes, and then open the pinchcock (H) and the stopper of cooling flask (C).

*21 CO, content ean be estimated roughly by means of dropping HCl 1o the small amounts of the
sample moistened by water previously

*22 [t is better (o put several particles of boiling bubble stone into the flask for preventing vialent
boiling.

‘2% The flask must be elosed quickly to avoid any CO, leakage

" Heating should be adjusted to obtain only one or two drops of condensed water Nowing down the
£lass tube in o few second
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After that, low down the remaining solution in the spherical part of the cooling device

(C) to the flask (D).

(7) Separate the device (C) from flask (D). Wash the inside of the device (C) 3
times by water, all of which is collected by the flask (D). Put a stirring bar for magnetic
stirrer into the flask (D). Put the rubber stopper () and burette (K) to the flask (D).
The end of the burette should be inserted deeply*? into the flask,

(8) Switch on the magnetic stirrer. Titrate the solution with N/1¢ TIC! standard
solution using PP indicator during which red color will disappear at the end point {v1
ml).

(9) Blank test; fill procedures without sample input should be carried out {v2).

Note: System diagram below is referred as a llow chart.

V-4, Calculation

CO, (%) = [0.002201%(v1 - v2)/W]*100

{ mm)

Figure 1. Apparatus for carbon dioxide determination

*25 As the rubber stopper (J) keeps the air elesed, the air inside the flask must be leaked several times
during the titration,
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System Diagram of Limestonec and Doleomite Analysis

Sample 0.5g
BenLer(ZﬂUml)

HC1(1+1) 10ml

€104  10mi
Sand bath

White fumes{l6min.}

HCI (1+1) 5ml

Water 30ml

Dissolve by heating
Filtration(No.6)
Wash——NC] (1450) GStimes

Wafh———-ﬂnt water 10times

Prccikitate
Pt,Crhcib]e
Heating(1000°C) 1hr.
Weighgng(ﬁ)
H:80, 3d.
IIF 3ml
Evaporation to dryness
Ignition(10min.)
Weighrng(n)

(A}-(B)= 8i0,

Filﬁrate
Meas. flask (250ml)

Quant%fication

t ]
Icp A]gquut {25m1)  Aliquot
{Fe, A1) Beaker {500ml) Beaker (300m])
i
{Lime. Mg} Hydr?FEJFmJSFﬂgl,

Yater {300m1)

Triethanolamine
S (1+1)] Smj———>
¥ater
——KCN {10%) 2m]-—>
=K0H (25%) 10ml plil3
——NN indicator
NU.CI-NIl,ON 10ml
{7H)

(60K} toHiof ™

BT indicator-—-——

Titration (/. .EDTA St.sol.)}

Cal
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Methed for Determination of CO: in Limestone and Dolomite
Sample 0.1~1.0g
~—¥ater 100ml
{B)Sample decomposition [lask
{C}Spherical cooling device {D)Gas absorption flask
BaCl: (5%} 100mi
Water 200m}
NaOH (0. 45%) 10~25m]

a3

Connect
(B} H2S04(1+1) 2m]
|
Dissoclve by heating
Boiling (8~10min.)
Apparatus CP’ Reagents .
(A, J) Rubber stopper (c) {1)BaClz sol.: BaCl. 2120 50g/1
(B) Sample decomposition flsk i +PP (. 2%) 2ml
(€} Spherical c?oling device (D) {2)¥/10 NaDH St.sol. (0.45%)
{D}Gas absorption flask . u (3)*/.10 HC1 St.sol.: HCI 8.4ml/1
:E) giﬂubh:rbtube (i} Close % */,0Na2C0, Standardization
ass tube
{H)Pinchcock (B} Separate (€, D)
{I) Insulation plate Cooling
(%) Buret

Shaking {2~3min.)
€0z % Samplelg} NaOH{ml)

(1) Open 1.0 > 1.0 10.00

1.0 ~2.5 0.5 10,00

{C) Separate (D) 2.5 ~T.5 0.5 25 00

Wash {3times) 1.5 ~15 0.25 25.00
15 < 0.1 25.00

Connecting Buret

|ﬂi

Titreate(¥/,0HC1l St.s0l.)

Pinkﬁsh=° Colorless

CO;

s OF_

il

C0: (%)= 0.0022 X fx [Vl-Vz, % 10D

— b

sample(g)

]
—

where vi : "/(oliCl st.sol.of blank titration(m})
vz ¢ M/yelIC] st.sol.of sample titrationi(ml}

| S—r; p—
' f : factor of “/(olIC! st.sol.
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System Diagram of MagnesiLe Ore Analysis

Sample 1 g
Beaker (200m1)
———ICL{1+1) 10ml

iclo.  10ml

Sand bath

¥hite fumes{10min.)

HCL{1+1)5ml
Water 30ml

Dissolve by heating

Filtration (No. G}

¥ash —-IIC1 {1+50)

Wﬁsh-——-ﬂot water

btimes

SLimes

Precfpitate
Pt.Crucible
fleating {1000°C) lhr.
Weighing (A)
HCi0. 1d.
HF 3ml
Evaporation to dryness
Ignition{10min.)
Feighing (D)
(A)-(B)= §i0s

Filtrate
Meas. Tlask(250ml)

Quantﬂficntion

Aliunt{SDml)
Mcas.flgsk(lﬂﬁml)
LaCls {5%) 10ml
ICL(1+1) 2. 5ml
Quantification
ICP or AAS

Ti,Al,Fe,Mn,Ca,Na, K, P

Ai;huntIZGml)

Beaker (300m1)
—HydroxylaminellC1 {10%) 5ml
—Triethanolamine (1+1)5ml
—Water (100m1) shaking
—KCN (10%) 2m1

—pll10 Buffer sol.l0m}

—DBT indicator 2d.

Titration (*/4oEDTA St.sol.)

Red=> Pfrfectly Blue

{Ca0+Mg0) -Cal=NeD
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I. SUMMARY

In the presence of KMnOy4 as an oxidant, the samples are decomposed by HNO;,
HICIO, and HF. After drying up the solution, the residue is dissolved by IICL Then, KI is
added as an accelerator of reaction and successively the solution is made up to a constant
volume. Sb and As in the solution are converted to the hydrides with NaBIly, then
determined by an atomic absorption spectrophotometer.

I, APPARATUS

(1) Atoniic absorption spectrophotometer (AAS)
(2) Hydride formation system (HFS)

(3) T shape quartz cell

{4 Platinum dish (100 mt)

T REAGENTS

(1) Nitric acid

(2) Perchloric acid

(3) Hydrofuoric acid (Electronic grade chemical)

{(4) ydrochloric acid (1+1) and (5 %)

(5) Potassium penmanganate solution (3 %)

(6) Potassium iodide solution (50'%)

(7) Sodium borohydride (NaBH,) solution (1 %); prepared by dissolving 1 g ol
NaOH and 10 g of NaBIY, with 1000 ml of water.

{8) Antimony standard solution (1 mg/ml) and (10 pg/ml). A precise ! ml of |
mg/mi Sb stock solution is aliquoted into a measuring flask (100 ml), then 15
mi of TIC1 (1+1) is added and a constant volume (100 ml) by water is made.
For the preparation of the standard stock solution (1 mg/ml), refer Appendix
§-3-2.

(9) Arsenic standard solution (1 mg/mi) and (10 ptg/ml): A precise 1 ml of | mg/ml
As stock solution is aliquoted into a measuring flask (100 m), then 15 ml of
TICI (1+1) is added and a constant volume (100 ml) by water is made. For the
preparation of the standard stoch solution (1 mg/ml), refer Appendix 1-3-2.
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IV. PROCEDURE

(1) Weigh 0.5 g (W g) of sample precisely and put it in a platinum dish (100 ml).
First sample in a batch is sampled three times for standard addition method, and the
solutions from this same sample may be numbered as No. 1a, 1b and le.

(2) Add 5 ml of TINO;, 5 m! of IICIO4 and 10 ml of HF. Mix them with a Pt wire
and leave it for a few minutes. Add appropriate amount of KMnOy solution {3 %)M and
heat® it on a sand bath, so that the sample is dissolved without any loss of As and Sb.

{3} Teat continuouslyt™™ and generate thick white fimes, so that silica is expelled
completely, and then dry it up.

(1) After cooling, wash inside wall of the Pt dish with small amount of water. Add
2 ml of HCIOy and heat it again on the sand bath till stightly®® dry up.

(5} After cooling, add 8 ml of TICI and 20 ml of water. Cover the dish with a
watch glass and heat to dissolve the residue. Leave it for cooling. After cooling, transfer
the solution into a measuring flask (100 ml) along with washing water.

(6) For standard addition method® sample No. 1a is assigned as an original. To the
No.1b and Ic solutions add 0.5 ug and 1.0 pug Sb respectively taken from the Sb standard
stock solution (10 pg/ml). To all sample solutions including these threc 10 m! of KI (50
%) solution is added and then they are made up to a constant volume (100 ml) with water,
from which Sb is determined (solution A).

{7) A precise 10 ml of each sample solution (A) is aliquotzd to another measuring
flask (100 m1). The aliquot selution from e same solution assigned for standard addition
method in (6) are again added 0.0 pg, 1.0 pug and 2.0 pg As respectively taken from the
As standard stock solution (10 pg/ml). All sample solutions including these three are
added 9 ml of KI (50 %) solution and 15 ml of HCI (1+1), and then they are made up to a
constant velume (100 ml) with water from which As is determined (solution B).

{8} Fill the Carrier bottle attached to the hydride generation equipment (HFS) with
distifled water, similarly fill the HCI bottle with HCI (5 %) and the NaBIl; bottle with
NaBIl, (1 %) solution. These bottles are connected correctly to the FIFS with tubes.

(9) Set the sampling timer of HFS to 1.0 (60 sec.), the reaction timer to 0.5 (30
sec.), and argon gas flow rate te S0 mUmin. After confinmation!® of all setting, tum the
power switch ON.

(10) Set a quartz celi on the air-acetylene bumer of AAS. Connect the cell to the
HFS using a support clamp lever and rubber tube through which metal hydrides will be
sent to the cell, Ignite the flame and heat the cell.

1Y Some As wil{ evaporate easily, if the sample is decomposed under the conditioq.of 12ss oxidation.

() At first heat weakly, so that the decomposition of sample by HF is complete.

) If the pink color of the solution is disappeare at this stage, supplement additional KMnO, salution till
the solution 1s stained pink,

4 If the solution is strongly dried, both Sb and As evaporate.

) To avoid the ervor from the difference of hiquid composition, the standard addition method is adopted.

{8} Before turning the power switch ON, argon gas should be run through the system. Otherwise, the gas
flow meter will be invaded by water and make trouble.
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(11) Set the analytical conditions of AAS for Sb such as a wavelength of 217.6
nm, standard addition measurement, caleulation peak height and calculation time of 20
seconds. Then, tam the switch of AAS ONCI,

(12) Tnsert the suction tube into the measuring flask of sample solution (A), then,
push the start button for starting measurement. From the measuring data of absorbance® |
determine Sb concentration (jug).

(13) Set the analytical conditions of AAS for As; a wavelength of 197.2 nm, others
are the same as those for Sb. From the measuring data of absorbance for sample solution
{B), determine As concentration (ug).

Note; System diageam below is referred as a flow chart.

V. CALCULATION

Sb (ppm) = Sb (g} / W
As{ppm}= As(ug)/ W

M After turning the switch ON, repeat the measurement 2 ~ 3 times for stabilizing the measurement
systent,

(8) At first, make the calibration curve using the data of the solution added with standard Sb solution.
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System Diagram of As,Sb lydride Analysis

Sample 0.5g
Pt.Dish (100m1]
—HNOs 6§ ml
——~HC10. 5 ml

—HF 10 ml

Sand bath

Bryness

L——E¥n04 (3 %) 1 ml

Wash inside wall of Pt.Dish

——C10. 2 ml

Dryness
-—1HC1 § ml
——¥Water 20 ml

Dissolve by heating

Cooling

No.1' St.As I.I}.u.g\

Na.l™ St.As 2.0n¢g

Transfer Meas. flask{100ml)—

— KI{50%) 10 ml

Guantification IQO ml

N

No.1' St.Sb 0.5ug
No.1™ St.5b l.0ug

|
Sb

Wavelength 217.6nm
Atomizer Quartz cell
Flame Callz-Air
Heasurement Std. add.
Calculation Peak height
Calc. time 20 sec.
Sampling time 60 sec.
Reaction time 30 sec.

Ar Flow 50 ml/min.

Aliquot 10 ml
Heas.f}ask(lﬂﬂml)
—KI(50%) 9 ml
"’HCI{1+1115 nl

Quantification 100 ml

As
Wavelength 197.2nm
Atomizer Quartz cell
Flame CiH:-Air
Heasurement St.add.
Calculation Peak height
Calc.time 20 sec.
Sampling time 60 sec.
Reaction time 30 sec.
Ar Flow 50 ml/min.
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L. SUMMARY

Powdered samples are decomposed by ignition with additives using a tube
famace. The released mercury vapour i€trapped by gold as amalgam, so that dominant
other vapours like carbon dioxide and water can be separated from the mercury. Then,

the Au-Ilg amalgam is heated. The atomized mercury released from the amalgam is .

transferred to an absorption cell. The amount of Hg is determined by flameless atomic-
absorption method,

IL. APPARATUS

(1) Mercury detector, Nippon Instruments Model SP-3D (Figure 1); This
consists of Sample Processing (SP), Mercury Atomizer Controller (MA),
Mercury Detector (MD) and Others for a complete set of gold amalgam
methed, :

(2) Electric furnace: Temperature adjustable tube fumace.

(3) Porcelain crucibile {50 ml),

(4) Sample boat (L 110 mm, W 15 mm, D 13 mm).

TII. REAGENTS

(1) L-cysteine solution (0.001 %): A Smg of L-cysteine is weighed into a
measuring flask (500 ml} and 1 m] of HNO; is added to the flask. Then, the
flask is filled up to the mark with water. .

(2) Hg standard stock solution {1000 ppm): An exact 0.1354g of HgCl, is
weighed and put it into a measuring flask (100 ml). The flask is, then, filled
upto the mark with L-cysteine solution (0.001 %). This stock solution can
be preserved up to 6 months.

(3) Hg standard solution (10 ppm): 1 ml of the stock solution {-(2) is
aliquoted precisely to a measuring flask (100 ml) and is difuted 100 times
with L-cysteine solution (0.001 %). This solution can be preserved upto one
month,

(4) Hg standard solution (50 ng): 0.5 ml of the stock solution [HI-(2)] is
aliquoted precisely to a measuring flask (100 ml) and the flask is filled upto

* the mark with L-cysteine solution (0.001 %), This solution can be
preserved up to three weeks,

(5) Additive B (active alumina): Before using the reagent, it should be ignited
at 750 °C for 3 hours using a porcelain crucible, so that Hg in the reagent
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may be expeiled. Thc‘rengent previonsly ignited can be used after one hour
ignition at 750 °C and the ignition should be carried out every three hour.
(6) Additive M (sodium carbonate phts caleium hydroxide): The reagent should
be used after the same treatment as given to Additive B above.
(7) Standard pH 7 bufTer solution {1+1); A 3.40g of KH,PO,4 and a 3.55g of
NaaHPO; are dissolved by 1000 m! water. Tt is, then, further diluted to
(1+1) with water.

IV. ANALYTICAL PROCEDURE

V-1, Measuring conditions and calibration curve

. (1} Add 20 mI*! of standard pH 7 buffer solution (1+1) to the scrubbing hottle of
SP (Scrubber in Figure 1). Turn ON the respective power switch of MA and MD. The
power must be 100~ 110V,

(2) Adjust the pressure of carrier gas (air) to 0.4 kg/em?2. Also, adjust the NMow
rate of the gas to 0.5 I/min for both buming side (lefi side flowmeter) and ce!l side (right
stde flowmeter),

(3) Tum up the leak-test switch on the backside of SP and shut ofT altemately*2
the gas flow at the exhaust exit of buming side and cell side by a finger. The respective
flowmeter should indicate zero flow rate, so that no leak is confirmed.

{4} When the flowmeter suggests some leak of carrier gas, check each of the
Teflon joint throughout the fowing system and tight the loose joint. After confirming the
zero indication of both sides flowmeter, tum down the leak-test switch and run the
apparatus in the steady conditions for more than 20 minutes, so that optics and Deat
system is stabilized.

(5) Take the reagents (Additive B and M) and the sample boat out of the electric
fumace at 15 minutes before starting measurement, and leave them for cooling. Using
alcohol, clean the spatula, the pincette (forceps) and the rod for inserting boat.

'(6) Push the Mode 1 Key for calibration procedure (refer Figure 2) Input the
range of measurement (in this case, 20 ng) from the Range Key on MD (refer Figuie 3).

(7) Cover the floor of the sample boat with Additive B in thickness of 2 ~ 3 mm.
Using the insertion rod, insert the boat into the fixed place of the tube Fumnace, Then,
close the entrance of the tube with the cap and push the Start Key of MA.

(8) After pushing the start button, IIg measuring procedure starts automatically
and finishes with a sound of buzzer. The display of MD-1 shows like Figure 4. After
finalizing the measurement, input the concentration of the added Heg (in this case, 0 for
blank mcasurement} to the x1 position of the LCD from the numeric keys on MD-1 (see
Figure 4). Then, push successively the Enter Key and Adopt Key of keyboard, resulting
presentation and printing of the value y1°? (for Enter Key and Adopt Key refer to Figure
3).

*! The height of the solution in the scrubbing bottle should be kept at the level of approximate 20 mm
higher than the level of the air blow out meuth, The solution should be changed after every 30
measurement,

*2 1t is not allowed to shut off both gas flows at the same time

"3 Because at the beganning of first measurement the result 1nclude contamsnation in the SP system,
the blank procedure should be repeated.
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(9) Take out the sample boat from the tube fumace. Preparc another boat
covering the floor with Additive B in thickness of 2 ~ 3 mm and add 5 ng of Tig standard
solution precisely using a micropipette. Proceed the same procedure as blank test above.

(10) Same procedure should be applied for 10 ng and 15 ng of Hg standard
solution.. All results of standard series are memorized in MA.

(11) After completion of standard solution, push the Menu button to end the
calibration status. This will give the best fitted straight line for calibration (see Figure 5).

1V-2. Measurcment of samiples

(1) Cover the floor of a sample boat with Additive M in the thickness of 2 ~ 3
mm. Weigh sample powder of 0.5g (W g) precisely and spread it on the Additive M in
the boat (refer Method 2 in Figure 6).

(2) Cover the sample in the boat with additional Additive M on which Additive B
is spread in the thickness of 2 ~ 3 mm. Finally, spread again Additive M on the Adilitive
B layer* (Figure 6).

(3) Push the Mode 2 key™ of MA. Insert the prepared sample boat into the fixed
place of the tube fumace of SP. Close the cntrance of the tube with the cap and then
press the start key.

{4) According to the program of MA, SP will proceed from Ready to Atomize,
then, through Trans, Heat and Cool, will reach to Ready automatically. Finisling the
measurement is informed by the sound of buzzer and the result of the 1lg measurcment is
presented in the LCD of MA.

(5) Input sample No, and sample weight (W mg) to the LCD from keyboard. Push
the Enter key and then Adopt key. Hg (ppb) will be caleulated and printed automatically
on the Printer recorder.

Note; System diagram below is referred as a flow chart.

V. ANALYTICAL RESULTS FOR SOME STANDARD ROCKS
Some standard reference materials (SRM) issued from Geological Survey of
Japan have been analyzed by this procedure. The results are summarized in Table 1

showing in very good agreement with the values found in a literature.

Table 1 Analytical results of mercury for some standard rock samples (in ppb).

SRM - RANGE MEAN OTHER VALUES™
JG-I 18.9-220 20.48 19.0

JB-1 28.0-329 30.77 300

JA-1 107-16,0 13.45 150

iB-1a 5.0- 726 647 5.30

*4 After finishing the preparation, the battom side of the sample boat should be wiped off by a paper, so
that contamination of the inside of tube fiurnace can be avoided.

*5 In the case of Mode 2, the furnace ignites at 350 °C for 4 minutes in the first step and at 700 °C for
6 munutes in the second step.

*6 Shigeru TERASHIMA, 1994, Geost. Newsl, vol. 18, 199-202
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AT RANGI MODE STATUS
sp 20 PEAK CALIB
xl= y1=10.6
y=1.000 x + 0.000

Figure 4. LCD on MD-1 in Calibration Status waiting for the entry of x1 value,

AT RANGE MODE STATUS
sp 20 - PEAK READY

vy = 1.060 x -+ 0.000

Figure 5, LCD in Ready Status with best fitted straight line.

Additive Application method-2 (for solid/powder sample)

Spread a layer of additive M on the bhottom of the
.sample boat, Weigh the solid/powder sample and
place it ontoc the layer of additive Y,

Put a layer of additive M over the sample,

Put a layer of additive B over the layer of
additive M,

Finally, cover the layer of additive B with
a layer of additive M,

i Sectional view nf a2 finished sample boat,
Additive B

X Mditive ¥

Figure & Additive Apphicatios method-2 (I solid/ powdesr simple).

70



@
\ \MERCURY D!:'i‘l:;{ MD—1 4

/ MERCULRY TETGHT /

\ [N N R
o o | i [
& | 8| s [vest ng @
e[ | i) /_,._.’
- ol 22 228 o

=== =]

[) ]

o] [ | LY

S\ R
\\ \\\\

=g

@
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Figure 3. Schematic diagram of MA-1 Front Panel
@ POWER Switch @ MODE Selector Keys @ STEP Indicators @ RESET Key ® START Key

® READY Indicator ® ATOMIZE Indicator @ TRANS Indicator O HEAT Indicator
O COOL Indicator
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System Diagram of Hg Measurement Procedure

Power ON MA & MD :Both the MA mercury atomizer conlroller
and the MD mercury detector

Raising temp. of :It takes 50 min. for the furnace temp. to
decompesing furnace stabilize at 850°C

leating mode 1 [St.sol.) :Atomization time

mode 2 (sample) Hode 1, lst. step 1 min., 2Znd. step 4 min.

Mode 2, 1st. step 4 min., 2nd. step 6 min.

Set sample boat into :IT necessary apply additives I' & M
the atomizer

Start measurement

lleat decom. and {lg cellec- :1st. step approx.350°C, 2nd.step approx.700°C
tion by lst.collector tube automatic valve changes from A to B

fleating Ist.collector :Pre-heating approx.150°C

tube heating approx.600°C 1.5 min.

Hg collection by 2Znd. :Pre-heating approx.150°C

collector tube

Heating 2Znd. collector
tuhe

llg detection al 253.7 am

Completion of measurement

He pph
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APPENDIX T -

1. PREPARATION OF STANDARD SOLUTIONS
1-1. Chemical reagents

Reagent being used for chemical analysis should be of the purest and highest
grade. Table 1 shows some properties of liquid reagents which are used regularly
for chemical analysis.

Table 1. Liguid reagents in common use
(ca. means approximate)

reagent sp. gr. (d) cone, normality boil. point

{760 mmHg)

HCI 1.13 ca, 35% ca. 12N 108.6 °C (20.4 %)

Ha80, 1.84 e’ 97% ca. 36N 330°C  (98.3%)

HNO, 1.38 © ca, 60% ca. 14.5N 120.5°C (68%)

HCIO_, 1.54 ca. 60% ca. 9N 203°C (72%)

HF 1.14 . ca. 47% ca. 27N 120°C  (34%)

H,PO, e 1.7 ca. 85% ca. 15N

CH,CO,H Los ca. 99.5% ca. 17N

NI1,0H ca. 0.90 cr. 28%(NH,) ca. 15N

H,0, ca. 30%

1.2. Expression of concentration for standard solution

The concentration of solution being used as standard for titration is denoted
by N (normality), M (molarity) and T (titer).

1) Normality: Normality is usually abbreviated to N. The solution of IN is
dissolving g cquivalent of solute in 11 of solution. A Ig equivalent of compound
contains lg atom of hydrogen (1.0079g) or corresponding amounts of other
clements. An advantage of the use of normality is that the solutions of the same
normality react with the same volume of each counterpart solution. For instance, 10
ml of N/10 HCI standard solution is equivalent to 10 ml of N/10 NaOH standard
solution, so that the mixing of these two solutions make a complete neutrat solution,

2) Molarity: Molarity is commonly abbreviated to M. The solution of 1M
contains 1 molar of compound in 11 of the solution. In the cases such as the acids of
one unit of base or alkalis of one unit of acid, molarity is equal to normality. In the
cases of the compounds of multi-unit of base or acid, molarity is always larger than
normality.

For the complicated example of the relation between molarity and normality,
the cases of potassium dichromate solution can be shown as follows. In oxidation-
reduction titration, potassivm dichromate reacts as an oxidant reagent as;

K,Cr,0; = K,0 + Cr,0; + 30 (molecular weight; 294.18)
Thus, unit molecule of potassium dichromate releases three atoms of oxygen which
oxidize counter-compound and is equivalent to six atoms of hydrogen. It is
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therefore, in this case that [N solution of potassium dichromate is M/6, which
means 294.18/6 = 49.030g of K,Cr,0; in 1.

On the other hand, in precipitation titration, potassium dichromate behaves
like the compound of different valence. For example, potassium dichromate can
react quantitatively with barium chloride under the presence of sodium acetate as;

K,Cr,0, + 2BaCl, + 2NaC,H,0, + H,0 —

2KC1 4 2NaCl + 2HC,H,0, + 2BaCrO,

Thus, unit molecule of petassium dichromate reacts with two molecules of barium
chlaride and precipitates two molecules of barium chromate, which are equivalent to
four atoms of hydrogen. Therefore, in this case IN solution of potassium
dichromate is M/4, or 294.18/4 = 73.545g in 1. So, it should be noticed that the
normality of the same potassium dichromate solution is different in the different
type of titration. The same examples can be seen for potassium iodate and potassium
permanganate,

3) Titer: Titer is a value in mg of counter-compound corresponding to 1 ml
of standard solution being used for titration. For example, the titer of N/10
potassium dichromate standard solution to ferric oxide is 7.985 mg. The titer of
various kinds of standard solution to various counter-components are given in the
second chapter of this Appendix,

1-3, Preparation of standard sclution

Standard solution is classified into three types i.e. for titration, for
calibration curve and conductivity measurcment. In this Appendix, standard
solutions are distinguished {from each other according to these types. The amount of
reagent mentioned below are of 100% purity, so that for the reagent less than 100%
purity the amount should be recaleulated to adjust. The use of glass cover, washing
the cover and well mixing of the solution after making a constant volume are
omitted from the procedures of preparation described below. The prepared solution
should be stored in a polyethylene made bottle, if there is no specific bottle
mentioned.

1-3-1. Preparation and standardization of the solution for titration

In the following paragraph, f, P and S are designated to factor, preparation
procedures and standardization procedures, respectively. Also, the mark + means
adding, dissolving and mixing subsequent reagent or water, and —> Mmeans
proceeding to next procedure,

The factor (f) is used as a multiplication factor to normality or molarity. The
water used in the following procedures should be the distilled water (or pure water
which is distilled after deionizing with resin).

Abbreviations for indicators which are used in standardization are given in
Table 4.

1) Standard solution for neutralization titration

N/3 Hydrochloric acid (HCl ca. 17 ml/T)
P: Hydrochloric acid 17 ml + water 11
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S: Sodium carbonate Na,CQ, (standard reagent) 0.2650g (W g) + water ca. 25 ml
+ BPB indicator 2~3 drops ~» titrate by N/5 HCI (to be standardized) — end point

(bluish purple — yellow, v mi).
f = W/H0.01060+v)

N/10 Hydrochloric acid (HCI ca. 8.5 ml/1)

P: Tiydrochloric acid 8.5 ml + water 11.

S: N/10 sodium carbonate standard solution 25.0 ml (V ml) + BPB indicator 2~3
drops — titrate by N/10 HCI {to be standardized) —> end point (bluish purple —

yellow, v mi).
f=Viv

N/20 Hydrochioric acid
P: Dilute precisely the N/I0 hydrochloric acid stand. sol. 2 times by water.

N/6 Nitric acid (HNOQ, ca. 11.5 ml/l)

P; Nitric acid 11.5 m} 4 water 11.

8: N/3 sodium hydroxide stand. sol. 10.0 ml (V ml) + water excluded carbon
dioxide ca. 50 ml + BPB indicator 2~3 drops — titrate by N/6 HNO; (to be

standardized) — end point (bluish purple —» yellow, v ml).
f=Vsdlv

N/10 Nitric acid (HNO; ca. 6.9 ml/l)
P: Nitric acid 7 ml + water [,
§: N/10 sodium hydroxide stand. sol. 25.0 ml (V ml) + BPB indicator 2~3 drops
—> titrate by N/10 1INOy (to be standardized) — end point (bluish purple = yellow,
v ml}.

T (=Viv

N/10 Sulfuric acid (H,S50, ca. 2.8 mi/l)
P: Water 100 ml + sulfuric acid 3 ml = coo! + water 900 ml.
8: N/10 sodium carbonate stand. sol. 25.0 ml (V ml) + MR-MB mix-indicator 3~5
drops ~» titrate by N/10 H,SOy4 (to be standardized) —» end point (green —> grayish
purple, pH 4.8, v ml),

f=Viv

N/20 Sulfuric acid
P: Dilute precisely the N/10 sulfuric acid stand. sol. 2 times by water,

N/50 Suolfuric acid
I"; Dilute precisely the N/10 sulfuric acid stand. sol. 5 times by water.

N/3 Sodium hydrovxide (NaOH 13.33g/1)
P: Sodium hydroxide ca. 15g + water 11 4 barium hydroxide solution (saturated,

prepared fresh) up to no maore precipitation ~» leave 2~3 days without carbon
dioxide — decant.
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Preservation: Store in a polyethylene bottle being attached with a tube filling soda
lime.
S-I: Weigh precisely sulfamic acid (amidosulfuric acid) HSO,NH, (standard
reagent) 0.8091g (W g) + water 25 ml + BTB indicator 2~3 drops —» titrate by
N/3 NaOH (to be standardized) — end point (yellow — blue, v ml).

: = W/(0.03236xv)
S-IT: Weigh precisely benzoic acid Cgl1;CO,H (standard reagent) 1.0178g (W g) +
cthyl alcoho! (95 vol. %) ca. 20 ml + PP indicator a few drops —» titrate by N/3
NaQlIi {to be standardized) — end point (slightly reddish, v ml).

f = W/{0.04071xv)

N/5 Sodium hydroxide (NaOIl 7.999g/1)
P: Sodium hydroxide ca. 9.5z + water 11, other procedures are the same as the
case of N/3 sodium hydroxide.
Preservation: The same as the case of N/3 sodivm hydroxide.
S-I: Weigh precisely suifamic acid (standard reagent) 0.4855g (W g) + water 25
ml, other procedures are the same as the case of N/3 sodium hydroxide.

f = W/H0.01942+v)
S-1I: Weigh precisely benzoic acid (standard reagent) 0.6110g (W g) + ethyl
alcohol (95%) ca. 20 ml, other procedures are the same as the case of N/3 sodium
hydroxide.

{ = W/(0.02443%v)

N/10 Sodiom hydroxide (NaOl 4.000g/1)
I’: Sodium hydroxide ca. 5g + water [l, other procedures are the same as the case
of N/3 sodium hydroxide.
Preservation: The same as the case of N/3 sodium hydroxide.
S-I: Weigh precisely sulfamic acid (standard reagent) 0.2428g (W g) + water 25
ml, other procedures are the same as the case of N/3 sodium hydroxide.

f = W/(0.00971xv)
S-TI: Weigh precisely benzoic acid (standard reagent) 0.3053g (W g) + ethyl
alcohol (95%) ca. 20 ml, other procedures are the same as the case of N/3 sodium
hydroxide.

f = W/0.01221xv)

N/20 Sodinm hydroxide (NaOH 2.000g/1)

P: Dilute precisely N/10 sodium hydroxide stand. sol. 2 times by water excluded
carbon dioxide.

Preservation: The same as the case of N/3 sodium hydroxide.

N/50 Sodium hydroxide

P: Dilute precisely N/10 sodium hydroxide stand. sol. 5 times by water excluded
carbon dioxide.

Preservation: To be prepared fresh every time.

N/10 Sodivm carbonate (N2,CO, 5.299g/1)
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P: Weigh precisely sodium carbonate Nn,CO; (standard reagent) 5.299z (W g) +
water up to 1000 ml (precise).
f = W/5.299

N/20 Sodium carbonate
P; Dilute precisely N/10 sodium carbonate stand. sol. 2 times by water.

N/10 Barium hydroxide [Ba(OH), 8.567g/1]
P: Barium hydroxide ca. 10g + water 1] — leave 2 days without carbon dioxide —
decant.
Preservation: Store in a polyethylene bottle being attached with a tube {illing soda
lime,
S: N/10 hydrochloric acid stand. sol. 25.0 ml (V ml) + PP indicator a few drops
—» titrate by N/1Q Ba(OH), (to be standardized) — end point (stightly reddish, v
ml).

f=Vi

2) Standard solution for oxidation-reduction titration

N/5 Potassium permanganate (KMnO, 6.322g/1)
P: Potassium permanganate 6.5g + water 1050 ml — Erlenmeyer flask — boil
gently for [~2 hours — leave over night at a dark place —» filter using a glass filter
(without washing befare and after filtration)
Preservation: Transfer into a brown bottle which was washed by steam for about
30 minutes and store at a dark place,
S: Weigh precisely sodium oxalate Na,C,0, (standard reagent} 0.3350g (W g) +
hot water ca. 200 ml <+ sulfuric acid (1+41) 10 ml ~> titrate by N/5 KMnO, (to be
standardized) —> end point (slightly reddish, vi ml).
Blank test: Hot water ca. 200 ml + sulfuric acid (1+1) 10 ml —» titrate by N/5
KMnQ; (to be standardized) — end point (slightly reddish, vz ml).

f = W/]0.0134*{v1 - v2)]

N/10 Potassium permanganate (KMnQ, 3.161g/1)
P: Potassium permanganate 3.3g -+ water 1050 mi, other procedures are the same
as the case of N/5 potassium permanganate,
Preservation: The same as the case of N/5 potassium permanganate.
S-I: Weigh precisely sodium oxalate (standard reagent) 0.2g (W g) -+ hot water ca.
200 mi, other procedures are the same as the case of N/5 potassium permanganate.

f = W/[0.0067*(vi - v2)]
S-1I (for antimony determination): Weigh precisely antimony metal 0.2g (W g) +
sulfuric acid 20 m] ~» dissolve by heating (until disappearing free sulfur) — cool +
hydrochloric acid (14-1) 40 ml — Erlenmeyer flask (500 ml) + water up to ca. 200
ml — boil for 2~3 minutes — titrate by N/10 KMnO, ¢to be standardized) —> end
point (slightly reddish, vi mi).
Blank test: Sulfuric acid (1+1) 40 ml in a Erlenmeyer flask (500 ml) +
hydrochloric acid (1+1) 40 m! + water up to ca. 200 ml = boil for 2~3 minutes
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—> titrate by N/5 KMnO, (to be standardized) —> end point {slightly reddish, vz
ml).
Sb (mg) = [W/(v1 - v2)]+1000

N/20 Potassium permanganate (KMnO, 1.581g/1)

P: Potassium permanganate 1.7g + water 1050 ml, other procedures are the same
as the case of N/5 potassium permanganate.,

Preservation: The same as the case of N/5 potassium permanganate.

S: Weigh precisely sodium oxalate (standard reagent) 0.1g (W g) + hot water ca.
200 ml, other procedures are the same as the case of N/3 potassium permanganate.

f = W/[0.00335%(v1 - v2}]

N/40 Potassium permanganate
P: Dilute precisely N/10 potassium permanganate stand. sol. 4 times by water.
Preservation: To be prepared fresh each time. .

N/10 Potassiumn dichromate (K,Cr,0; 4.904g/1)

P: Weigh precisely potassium dichromate (standard reagent) 4.904g (W g) + water
up to 1000 m! precise.

S (when pure potassium dichromate reagent is not available): N/10 ammonium
ferrous sulfate stand, sol. 25.0 ml (V ml) -+ phosphoric acid 5 mt + water ca. 100

ml + sodium diphenylaminesulfonate indicator 4~5 drops — titrate by N/I0
K,Cr,0, (to be standardized) - end point (reddish purple, v mi).
f=Vi

N/20 Potassium dichromate
P: Dilute precisely N/10 potassium dichromate 2 times by water.

N/30 Potassium dichromate
P: Dilute precisely N/10 potassium dichromate 3 times by water.

N/100 Potassium dichromate
P: Dilute precisely N/20 potassium dichromate 5 times by water.,

N/10 Ammonium ferrous sulfate [FeSO,(NH,),580, 6H,0 39.21g/1]
P: Ammonium ferrous hexahydrate 40g + sulfuric acid (149) 300 ml — cool +
water 700 ml
S-I: N/10 FeSO,(NH,),50, (to be standardized) 25.0 ml (V ml) + water ca. 25 mi
+ phosphoric acid ca. § ml -» titrate by N/10 potassium permanganate stand. sol.
~» end point (slightly reddish, v mi).

f=vv
S-II: N/10 FeSO,(NH,),S0, (to be standardized) 25.0 ml (V ml) + water ca. 25
mi -+ phosphoric acid ca. 5§ ml = titrate by N/10 potassium dichromate stand. sal.
— end point ( reddish purple, v ml).

f=viV

N/30 Ammonium ferrous sulfate
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P: Dilute precisely N/10 ammonium ferrous sulfate stand. sol. 3 times by sulfuric
acid (1-+32).

N/10 Ammonium ferric sulfate [FeSO,(NII,)SO,- 12H,0 48.22g/1]
P: Ammonium ferric sulfate 12-water 48.3g + sulfuric acid (1429) 300 mi +
potassium permanganate sol. (ca. N/10) — slightly reddish + water 700 ml.
S§: N/10 FeSO,(NH,)SO, to be standardized) 25.0 ml (V ml) + sulfuric acid (1-+1)
15 ml + water ca. 100 ml — reduce with amalgam reduction apparatus® +
phosphoric acid ca. 5 ml — titrate by N/10 potassium permanganate stand. sol. —>
end point (slightly reddish, v mi). )

f=v/V

N/10 Sodium thiosulfate (Na,5,0; 24.82g/1)

P: Sodium thiosulfate pentahydratc 26g + anhydrous sodium carbonate 0.2g +
water without carbon dioxide 11 -+ isoamy! alcohol 10 ml — leave 2 days.

S-I: Weigh precisely potassium iodate (standard reagent) 0.1g (W g) + water ca. 25
m! -» Erlenmeyer flask with cap (100 ml) + potassium iodide 2g + sulfuric acid
(1+5) 5 ml = mix well immediately after adding the reagent and then leave it ina
dark place for 5 minutes —> titrate by N/10 sodium thiosulfate {to be standardized)

-» slightly yellowish + starch indicator ca. 2 ml —» end point (bluish purple —
colorless, vi ml).

Blank test: Erlenmeyer {lask with cap (100 m{) -+ potassium iodide 2g + sulfuric

acid (145) 5 ml = mix well immediately after adding the reagent and then leave it
in a dark place for 5 minutes —> titrate by N/10 sodium thiosulfate (to be
standardized) — slightly yellowish + starch indicator ca. 2 ml - end point (bluish
purple —> colorless, v2 mi).
f = W/{0.003567*(n1-v2)]

S-11 {for Cu determination): Weigh precisely copper meta! (standard reagent) 0.2g
(W g) + sulfuric acid {1-+1) 2 ml + nitric acid (1+1) 10 ml - dissolve by heating
— generate white fumes = cool + water ca. 25 ml + ammonium water (1+1) up
to smell of ammonium — boil up to non-smelf of ammonium — cool + acetic acid
2 ml + water 60 ml + potassium iodide 5g —> titrate by N/10 sodium thiosulfate
(to be standardized) —> slightly yellowish -+ starch indicator ca. 2 ml =» end point

(bluish purple > colorless, v ml).
Cu (mg) = (W/iv)*1000

N/20 Sodium thiosulfate
P: Dilute precisely N/10 sodium thiosulfate stand. sol. 2 times by water.

N/40 Sodium thiosulfate
P: Dilute precisely N/10 sodium thiosulfate stand. sol. 4 times by water.

N/50 Sodium thiosulfate
P: Dilute precisely N/10 sodium thiosulfate stand. sol. 5 times by water.

* Refer JIS M 8311; Determination of Titanium in Titanium Ores.
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N/100 Sodivm thiosulfate
P: Dilute precisely N/I0 sodium thiosulfate stand. sol. 10 times by walter,
Preservation: To be preparad fresh every time.

N/10 Todine (I 12.69g)
P: Potassium iodide 40g + water 25 ml 4 dissolve -+ water 350 ml.
Preservation: Store in a brown bottle and dark place.
S-I: N/10 iodine (to be standardized) 25.0 ml (V ml) — titrate by N/10 sodivm
thiosulfate stand, sol. = slightly yellowish 4 starch indicator ca. 2 ml = end point
{bluish purple = colorless, v ml}.

f=vV
S-II (for arsenic determination): Weigh precisely arsenic trioxide As,0, 0.2g (W
g) + warm sodium hydroxide sol. (20%) 10 ml — dissolve -+ PP indicator 1 drop
4 sulfuric acid (1-+10) up to slightly acidic + water 150 ml + sodium hydrogen
carbonate 10g — cool + potassium jodide sol. {10%) 3 ml + starch indicator ca. 2
m! — titrate by N/10 iodine (to be standardized) — end point (bluish purple =
colorless, v ml).

As {mg) = [(W=x0.7574)/v]+1000

N/20 Iodine
P: Dilute precisely N/10 iodine stand. sol. 2 times by water.

N/50 Iodine
I': Dilute precisely Nf10 iodine stand. sol. 5 times by water,

NAQO Iodine
P: Dilute precisely N/10 iodine stand. sol, 10 times by water.
Preservation: To be prepared fresh every time.

N/10 Oxalic acid (H,C,0, 2H,0 6.304g/1)
I: Oxalic acid dihydrate 6.3g + water 11,
S: N/10 oxalic acid (to be standardized) 25 ml (V ml) + sulfuric acid (14-1) 20 ml
— heat until ca. 70 °C — titrate by N/10 potassium permanganate stand. sol. —
end point (slightly reddish, v ml).

f=vlV

N/10 Sodium oxalate (Na,C,0, 6,700g/1)
P: Weigh precisely sodium oxalate (standard reagent) 6.700g (W g) + water up to
precisely 1000 mi,

f=W/67

N/40 Sodium oxalate
P: Dilute precisely N/10 sodium oxalate stand. sol. 4 times by water,

N/50 Arsenious acid (As,0; 0,.9892g/1)
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P: Weigh precisely ansenious oxide (arsenious acid, standard reagent) 0.9892g (W
g} + warm sodium hydroxide (20%) (5 ml — dissolve + PP indicator 1~2 drops
+ sulfuric acid (1-+1) = (reéd = colorless) + sodium hydrogen carbonate 1g +
water up to precisely 1000 ml,
{ = W/0.9892

S (when pure arsenious oxide reagent is not available): N/S0 iodine stand. sol.
25.0 ml {V ml) + sodium hydrogen carbonate 2g + water 150 ml —» stir for 2~3
min, - titrate by N/50 As,0; do be standardized) — light yellow + starch

indicator ca. 2 ml — end point (violet — colorless, v i),
f=Viv

N/100 Cerium(IV) sulfate  [Ce(SO,), 4H,O 4.043g/1,

Ce(50,), 2(NI1,),80, 2H,0 6.326g/1] '
P: Cerium(IV) sulfate tetrahydrate 4g or Ce(SO,),- 2(NH),S0, 21,0 6.5g +
sulfuric acid {(6-+100) 500 ml — filter cloudiness —» leave 2 weeks.
S-I: Arsenious oxide (Arsenious acid) As,0, (standard reagent) 0.2g (W g) +
sodium carbonate (5 %) 20 ml = dissolve by heating — cool <+ sulfuric acid (15)
25 ml 4+ water up to 100 m! precise = aliquot 5.0 ml + sulfuric acid {1-+20) 50
ml + 0s0,; (0.25%) 3 drops + ferroin indicator (o -phenanthroline monohydrate
ferrous complex salt) 1 ml —» titrate by N/100 cerium sulfate {to be standardized) —
cnd point (red = colorless ~ light blue, vi ml}.
Blank test: Sulfuric acid (1-+20) 50 ml — titrate by N/100 cerium sulfate (to be

standardized) -» end point {red -> colorless ~ light blue, v2 ml}.
[ = Wa5/100/[0.0004946x(v1 - v2}]

S-T1: N/10 {IFeSO,-(NI1,),50, ] (standard solution) 2.0 ml (V ml) + water 50 ml +
phosphoric acid 5 ml + ferrein indicator 1 ml - titrate by Nf100 cerium sulfate (to
be standardized) — end point (red — colorless ~ light blue, vi mi).

Blank test: Water 50 ml + phosphoric acid 5 ml + ferroin indicator 1 ml —» titrate
by N/100 cerium sulfate (to be standardized) — end point (red — colorless ~ light

blue, va mli).
f = VlOf(vi-v2)

3) Standard solution for precipitation titration

N/10 Silver nitrate (AgNO; 16.99g/D

P: Silver nitrate 17g <+ water 1000 ml.

Preservation: Transfer into a brown bottle which is stored at a dark place.

S: N/10 sodium chloride stand. sol, 25.0 ml (V mi) + water 50 ml + potassium
chromate indicator 2 ml — titrate by N/10 silver nitrate (to be standardized) — end

point (slightly brown, v ml).
f=Vi

N/50 Silver nitrate
P: Dilute preciscly N/1O silver nitrate stand. sol. 5 times by water,
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N/10 Sodium chloride (NaCl 5.844g/1)
P: Weigh precisely sodium chloride NaCl (standard reagent) 5.844g (W g) + water
up to 1000 ml {precise),

f=W/5844

N/10 Ammonium thiocyanate (NH,SCN 7.612g/1)
P: Ammonium thiocyanate 8¢ + water 1000 m).
S: N/10 silver nitrate stand, sol. 25.0 ml (V ml) + water 25 ml + ferric
ammonium sulfate indicator 1 ml + nilric acid 2 ml — titrate by N/10 Ammonium
thiocyanate (1o be standardized) —» end point (dark red, v ml),

f=Viv

N/20 Ammonium thiocyanate
P: Dilute precisely N/10 ammonium thiocyanate stand. sol. 2 times by water.

4) Standard solution for chelation/complexometric titration

M/10 Zinc (Zn 6.538g/1)

P: Weigh preciscly zinc metal (standard reagent) 6.538z (W g) + water 50 m] +

nitric acid 25 ml — dissolve by heating — cool + water up to precisely 1000 ml,
f= W/6.538

M/50 Zinc (Zn 1.3076g/1)

P: Weigh precisely zinc metal (standard reagent) 1.3076g (W g) + water 10 ml +

nitric acid 5 ml ~» dissolve by heating — cool + water up to precisely 1000 ml,
f= W/.3076

M/100 Zinc
P: Dilute precisely M/10 zinc stand. sol. 10 times by deionized water.

M/10 EDTA [Ethylenediamine tetra-acetic acid disodium dihydrate (EDTA)
37.22g/)
P: EDTA 37.5g + water 1000 ml,
S: M/t0 zinc stand. sol. 25.0 mi (V m1) -+ water 100 ml + buffer solution {pH 10,
NH,Cl 70g -+ NH,OH 570 m! + water up to 1]) 2 ml + BT indicator 3 drops —»
titrate by M/10 EDTA (to be standardized) ~» end point (red — perfectly blue, v
ml}),

f=Vi

M/50 EDTA (EDTA 7.445g/1)
P: EDTA 7.5g + water 1000 m!.
S: M/50 Zinc stand. sol. 25.0 ml (V ml) + water 100 ml, other procedures are the
same as the case of M/10 EDTA (v ml).
f=Viv

M/100 EDTA (EDTA 3.722g/l)
P: EDTA 3.8g + water 1000 ml.
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S: M/100 Zinc stand. sol. 25.0 ml (V mi) 4+ water 100 ml, other procedures are the
same as the case of M/10 EDTA (v ml).
f=Viv

5) Standard solution for other titration

N/100 Thorium nitrate [Th(NO,),- 4H,0 5.521g/1]
P: Therium nitrate 5.5g + water 1000 ml.
S (for NMuorine determination): Standard stock sol. of fluoride ion (1.0 mg F/ml)
5.0 ml (W mg) + water 15 ml + sodium alizarin sulfonate (Alizarin red S)
indicator 1.5 mi + sodium hydroxide (0.02%) — violet + hydrochloric acid
(14400} — colorless + buffer sol. (pH 3.5) 3 ml + ethyl alcoho! 30 mlex»> titrate
by N/100 thorium nitrate (to be standardized) ~» end point { the same pink color as
blank test, vi ml),
Blank test; Water 20 ml + alizarin red S indicator 1.5 m} — subsequent procedures
arc the same as above + N/100 thorium nitrate (to be standardized) 0.1 mi {precise,
v2 ml) - pink color (referred to the titration above). Correspondent fluorine to 1 ml
of the N/10O thorium nitrate can be calculated as follow;

’ I (g) = W/1000/(v1 - v2)

Mercury(Il) nitrate [Hg(NO;),- H,0 2.42g/1, 0.5 mg Cl Tmi]

P: Mercury(IT} nitrate hydroxide 2.4g + nitric acid (1-+80) 20 m! + water up to
1000 ml.

S (for chloride ion determination): Standard stock sol. of chloride ion (1.0 mg C1~
/ml) 50.0 m! (W mg) -+ water 50 ml + s-diphynylcarbazone mixed indicator 5
drops + nitric acid (1+-100) — blue > sca green ~ olive {(pH ca, 3.7) - titrate by
mercury(IT) nitrate (to be standardized) ~> end point (sea green —» gray ~ grayish
violet — perfectly violet, v ml). Correspondent chloride ion to [ ml of the mercury

stand. sol. can be calculated as follow;
Cl {mg) = Wiv

Diphenylthiocarbazone-Carbon tetrachloride (abbreviation to Dithizone 0.1g/300
ml)

P: Dithizone 0.1g + carbon tetrachloride 300 ml — filtrate (No. 5A) — separating
funnel (1000 ml) [+ ammonia water (1+100) 400 m! - shake —» rest — discard
organic phase + carbon tetrachleride 10 mi — shake — rest = discard organic
phase + carbon tetrachloride 300 ml 4+ hydrechloric acid (1+10) up to water phase
becomes blackish violet —> shake — rest —» transfer organic phase to another
separating funnel (1000 ml)! — [ repeat ] — transfer organic phase to another
separating funnel {500 ml} + water 100 ml — shake —» rest -» separate organic
phase (Dithizone-Carbon tetrachloride) to be stored.

Preservation: Transfer into a brown bottle (500 ml).

S: Silver nitrate stand. sol. [100pgAg/ml, prepared by the dilution of stand.stock
sol. {1.0 mgAg/ml)] 1.0 m] — separating funnet (30 ml) + water 10 ml + nitric
acid (1+2) 2 m! {+ Dithizone stand. sol. 0.20 ml with microburette —» shake for
30 second —> if organic phase is yellowish brown —» discard organic phase] —
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[repeat] until end point (organic phasc shows green). Total consumption of
Dithizone stand. sol. {V ml). Another sitver nitrate stand. sol. (100ug/ml) 1.0 mi
(W pg) = separating funnel (30 ml) -+ water 10 mi + nitric acid (1+4-2) 2 ml +
Dithizone stand.sol. (V - 0.2)m! al! at once — shake —» discard organic phase [+
Dithizone stand. sol. 0.20 m! — shake for 30 sec. —» rest —» il organic phase is

yellowish brown — discard organic phase] — {repeat] until end point (organic
phase shows green). Total consumption of Dithizone stand, sol. minus 0.10 mi (v
ml), Repeat three times the titration, then calculate average. The correspondent

silver (11g) to 1 m! of Dithizone stand. sol. can be calculated as follow;
Ag (pp/ml) = Wiv

1-3-2. Preparation of standard stack salution

Table 2. Procedures for the preparation of standard stock solution (1.0 mg/ml) of
common use, { For 1000 mi stock solution, otherwise mentioned)

Element Reagent Weight Procedures

or oxide {g)

Ag AgNO, 1.575 + HNO, (1+9) 100 ml + 1,0

Al Al 1.000 + HCI (1+1) 100 ml - heat = cool + HCI
(1+1) 100 ml + H,0-

ALO, | Al 0.5293 | + HCI (1+1) 40 ml = heat - cool + 11,0

As As,0, 1.320 + NaOIl (4 %) 20 mi — heat — cool + PP

1 drop -+ HCI {141} - neutral + [1CI
(1+1) 2 ml + 11,0

Au Au 0.100 + aqua regia 8 ml — heat (water bath) —
evaporate to dryness + HCI I m] = dryness
+ HCI {1+ 1) 20 ml + H,0 — 100 m!

B,0, H,BO, 1.776 <+ hot water ca. 200 ml = cool + H,O

Ba BaCO, 1.437 + H,0 < HCI (1+1) 100 ml —> heat —>
(€0,T = coo! + 11,0

Be- I Be 0.100 + HCI {1+1) 20 ml -» heat — cool + 11,0
= 100 ml

Be- 1l | BeO 0.1388 | + K,S,0; 2g (porcelain crucible) - fuse -

(0.1 mg) cool + HCI (1+90) — 500 ml

Bi Bi 1.000 -+ HNO, (1+41) 30 ml — heat = (NO,T) —»
cool + H,0

Br- KBr 1.489 + H,0

CN- KCN 1.251 + H,0 - 500 ml, standardized by N/10
AgNO,
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Ammamum Iron(IH) Sulfate bLrick red 10g + H.SO; (1+42) 10 ml
FeNH ,(50,),:1211,0 + H,0 90 ml
v} Anion titration indicators

Indicator Discoloration Procedures

Sodwm Alizarin
Sulfonate

strong violet —> colorless
— pink

0.02g -+ 11,0 = 100 m!

Diphenylearbarone-
Bromophenol Blue
{Diphenylearbazone mix)

sea green ~> grayish blue
= violct

DC 0.5 + BI'B 0.05g + XC-I'F
0.12g -+ cthano! (95%) 100 mi

vi) Chelation/complexometric titration indicators

* keep in a brown botlle

Indicator Ahbr. Procedures Preservation

Eriochrome Black T BT 0.2g -+ Triethanolamine 15 ml | ~ 1 year
+ethanol (905%) 5 ml

2-1ydroxy-1-(2-hydroxy-4- | NN lg + K,S0, 50z —> crush + stable for a

Sulfo-1-Naphthylazo)-3- mix in a mortar long time

Naphthoic Acid

1-(2-Pyridylazo)-2-Naphthol | PAN | 0.1g + ethanol(95%) 100 m! very stable

1-(2-Pyridylazo)-2-Naphthol | Cu- PAN 0.1g + Cu-EDTA 1.3g + | very stable

+ Cu-EDTA PAN | Dioxane(50%) 100 mi

Cresolphthalein Conmplexon | PC Q.tg + methanol 100 ml ~ & months

Thymalphthalein Complexon | TPC 1g + KNO, 100g ~» crush & very stable
mix in a mortar

Calcein 0.2g + K,S0, 20g— crush & less than 1
mix in a mortar year

Xylenol Orange X0 0.1g + 1,0 100 mi 3 ~ 6 months

Methylthymol Blue MTB | 1g + KNO, 100g - crush & ~ 1 year
mix in a mortar

Prrocatechol Violet PV 0.1g + H,0 100 ml ~ 6 months

Pyrogallol Red PR 0.05g + ethanol (50%) {00 ml | very stable

Chromazurol S 0.2g + H,0 100 ml very stable

Salicylic Acid 2g - ethanol (95%) 100 mi very stable

Sullvsalicylic Acid 2g -+ H.O 100 ml very stable

Tiron g + H,O 100 ml very stable

Zircon 0.13g + NaOH (IN) 2 ml + ~ 1 week
H,0 — 100 ml

Alizarin § 0.1g + H,0 100 ml ~ 6 months

Murexide MX 0.4g + K,SO, 100g —» crush & |~ 1 year
mix in a moriar

Variamine Blue B VBB 1g -+ NaCl 100g — crush & -~ 6 months
mix in a mortar in a cool &

dark place
p-Dimethylaminobenzylidene 0.0tg + acetone 50 ml
rhedanine
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Methyl Orange -
Xylene Cyanel FF
- Phenolphthalein

4.2 (lcad gray), 8.8 (lead gray), (alkali)
pink <> violet «» lead gray (pH 8.8) &
green <> grayish green <3 lead gray (pll
4.2) <> claret <> vermilion (acid)

MO - XC-FF sol. 10
ml + PP sol. (1%) 6ml

Bromocresol Green
- Methyl Red

5.0 (claret) (alkali) green <> claret <>
pink {acid)

BCG 0.3g + MR 0.2g
+ ethano!l (90%) 400m]

Methyl Red -
Methylene Blue

5.4 (grayish blue) (alkali) green <>
grayish blue ¢ claret (acid)

MRO.1g + MB0.1g
+ ethanol (95%) >
200 ml

Bromocreso! Green
- Clilorophenol Red

6.1 (pale purple) {atkali} ultra- marine <
pale purple ¢ blue <> sea green < olive
(acid)

BCGO.1g + CPR U 1g
4 ethanol (90%) 200ml

Neutral Red -
Bromothymo! Blue

7.1 (light red) (alkali) blue <> grayish
green <> light red « vermilion (acid)

NRO.1g + BIB0.1g
+ ¢thanol (90%) 200ml

Bromothymol Blue
- Phenol Red

7.4 (light violet) (alkali) violet ¢ light
violet <> dark grecn < yellow (acid)

BTRO.1g + PR O.1g
-+ ethanol (90%) 50 ml

+ 11,0 = 200 m!

Cresol Red -
Thymol Blue

8.3 (orange red) (alkali) violet «> orange
red < yellow (acid)

CRO.1g + TBO0.3¢ +
ethanol (95 %) 100 ml

+ 11,0 - 400 ml

Phenolphthalein - o

8.9 (light green) (alkali) violet <> light

PP O.15g + NP 0.05g

-Naphtholphthalein | green <> light red (acid) + cthanol (95%) 100m}
Thymoi blue - 9.0 (green) (alkali) violet <> green <> TBO.1g + PP 0.3g +
Phenophthalein yellow (acid) ¢thanol (50%) 400 ml
Phenolphthalein - 9.9 (red) (alkali} violet <> red <> PP O.1g + TPO.1g +

Thymolphthalein

colorless (acid)

cthanol (90%) 200 ml

iit) Indicators for Oxidation - Reduction titration

* keep in a brown bottle

Indicator

Discolor Reduction —
Oxidation (elec. V.)

Procedures

Diphenylamine

coloricss - ultra-marine
(0.76}

1g + H,50, 100 ml *

4-Diphenylaminc
sulfonic acid sodium

colorless —» claret (0.83)

0.25g + H,0 100 mi

o-Phenanthroline-
FFerrous Sulfate
(Ferroin)

red ~» light blue (1.14)

PT-monohydrate 0.49g -+ Ferrous
sulfate 0.23g + 1,0 100 ml

Starch

colorless —» ultra matine

time)

lg + H,0 ca.t0ml = mix — pour
into hot water 200 ml — boil for 1
min. = cool {make it freshly every

iv) Precipitation titration indicators

Indicator

Discoloration

Procedures

IPotassium Chromate (K,Cr0Q,)

light brown

5g + 1,0 100 ml
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Bromocresol Green

BCG

yellow 3.8 > 5.4 blue

0.04g + ethanol (95%) 20 ml
+ 11,0 (= 106 ml)

2,5-Dinitrephenol

colorless 4.0 & 5.8 yellow

0.1g + ethanol (95%) 20 ml
+ H,0 (- 100 m!)

Methy! Red

MR

red 4.2 <> 6.3 yellow

0.2 4 ethano! (95%) 90 mi
+ 1,0 (= 100 ml)

p-Nitrophenol

PNP

colorless 5.0 <> 7.6 yellow

0.2g + 11,0 (= 100 ml)

Bromocresol BCP  yellow 5.2 ¢> 6.8 purple  0.05g + ethanol (95%) 20 ml
Purple + H,0 (= 100 ml)
Chlorophenol Red  CPR  yellow 5.0 <> 6.6 red 0.lg + ethanol (95%) 20 mi
+ H,0 (= 100 ml)
Bromothymol Blue  BTB  yellow 6.0 < 7.6 blue 0.1g + ethano! (95%) 20 ml
+ H,O (= 100 ml)
Phenol Red PR yellow 6.8 <> 8.4 red 0.1g -+ cthanol {95%) 20 ml
+ H,0 (= 100 ml)
Neutral Red red 6.8 < 8.0 yellow 0.1g + ethanol (95%) 70 ml
4+ 1,0 (= 100 ml} *
Cresol Red CR  yellow 7.2 > 8.8 red 0.1g + cthanol (95%) 20 ml
+ H,0 (= 100 ml)
m-Cresol Purple MCP  yellow 7.4 <> 9.0 purple  0.1g + ethanol (95%) (-
100 ml)
Thymol Blue TB  yellow 8.0 <> 9.6 blue 0.1g + ethanol (95%) 20 ml
(alkali) + 1,0 (= 100 ml)
Phenolphthalein PP colorless 8.3 <> 10.0 pink  0.1g + ethanol (95%) 90 mi
+ 1,0 (= 100 ml)
o-Cresolphthalein ~ OCP  colorless 8.2 ¢> 9.8 pink  0.1g + ethanol (95%) 90 ml
+ 11,0 (= 100 ml)
Thymolphthalein TP colorless 9.3 <> 10.5 blue  0.1g + ethanol (95%) 90 Jpl

+ H,0 (- 100 m)

Alizarin Yellow GG

yellow 10.0 <> 12.0 tan

0.1g <+ H,O {=> 100 ml)

Tropaeolin O

yellow 11.0 & 13.0 brown

0.1g + 1,0 (> 100 ml)

1,3,5-
Trinitrobenzene

colorless 11.5 <> 14.0 orange

0.1g + ethanol (95%) 70 ml
+ 1,0 {— 100 m])

it) Mixed indicators

Indicator

Discolor range {(pH)

Procedures

Methyt Orange -
Xylene Cyanol FF

3.8 (lead gray) (alkali) green <> grayish
green > lead gray <> brick (acid)

MO lg + XC-FF 1.4g
+ ethanol {(50%) 500mI

Methyl Orange -
Indigo Carmine

4.1 (lead gray) (alkali} green <> lead
gray < violet (acid)

MO 0.1g + IC 0.25g
+ H,0 = 100 ml

Bromocreso! Green
- Dimethyl yellow

4.2 (yellow) (alkali} blue <> green <>
vellow < red (acid)

BCG 0.8g + DMY
0.25g + H,0 = 100m!
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U0y U;0, 1.000 -+ 11C1 20 ml = heat = cool + H,0

V-1 NI, VO, 2.296 + hot }£,0 200 ml = cool + HCI (1+1) 50
ml + H,0 ”

V-1l NI VO, 2,296 + hot {50 200 ml - cool + H,50,(1+1)
10 ml + 11,0

W Na,WO 21,0 | 1.794 + 150

w WO, 1.261 + fiot NaOfl (2%) 100 m} — dissolve —»
cool + 11,0

WO, Na,WQ,2H,0 | 1.423 + 1,0

Zn Zn 1.000 + HCIL (1 +1) 20 m} = heat = cool + 11,0

Zr Zr 1.000 + (NI1,),50, 10g + 11,50, 25 ml — heat
- cool + H,S8C; (1+1) 120 ml = cool +
11,0

Table 3. Preparation of standard stock solution for sea water

L:lement or Reagent Weight Procedures
ion (ug ad () .
NIl (10) (NI .50, |0.6607 + 11,0 + chloroform 0.2 ml
NO. (1) NaNQO, 0.6900 | + 1,0
“NO(10) KNG, 0.1011 + H.0
P2.0) Kii,lro, 1.2722 + H,Q + chloroform 0.2 ml
51(5.0) Sio, 0.300 + Na,CO,y 1g (Pt crucible) — fuse 4+ hot
11,0 + NaOl 5g = dissolve = cool + 11,0

Table 4, Preparation of indicators for titration

i) Neutralization indicators

* keep in a brown boule

Indicator Abbr. Discolor range (pll) Procedures
Metanil Yellow red 1.2 > 2.3 yellow 0.tg 4+ H,0 (= 100 ml)
Thymol Blue (acid) TB  red 1.2 & 2.8 yellow 0.1g 4+ ethanol (95%) 20 ml

+ 11,0 (=> 100 ml)
m-Cresol Purple MCP  red 1.2 ¢ 2.8 yellow 0.1g + NaOH (0.02N) 13.6

ml + H,0 (= 250 ml)

Tropaeolin GO

red 1.3 «> 3.2 yellow

1.0g + H,0 (= 100 ml)

2.6-Dinitropheno)

celorless 2.4 ¢ 4.0 yellow

0.1g + ethanol {(95%) 50 ml
+ H,0 (= 100 mi)

Methyl Yellow MY red 2.9 <> 4.0 yellow 0.1g + ethanel (95%) 90 ml
-+ 11,0 (— 100 ml)

Bromophenol Blue BB yellow 3.0 < 4.6 violet O.1g + ethanol (95%) 20 ml
+ H,0 (- 100 ml)

Methyl Grange MO red 3.1 «> 4.4 orange 0.1g + 11,0 (= 100 m))

Congo Red

violet 3.0 < 5.0 red

0.1g + H,0O (— 100 m})
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Rh Rh 0.100 ¢ + K,S,0, | ~ 2g(quartz crucible) —» fuse —
+ hot H,S0, (1+35) = cool + 11,50,
(t+35) —» 100 ml

Ru RuCl, 0.2 +HCI 2 ml 4+ H,020 ml + HCI {5 ml +
H,0 — 100 ml, aliquot 10 ml precisely.
Standardized by gravimetric method

50, K.S0, 1.814 + [1,0

Sb Sb 0.100 -+ aqua regia 30 ml = heat — cool + 1ICI
{14-1) = 100 ml

Se Se 1.000 -+ HINO; 20 ml — heat — dry up (water
bath) = cool + H,0

Se 5¢0, 1.405 + H,0

Si Si0, 0.214 + Na,CO, 2g (Pt crucible) = fuse —> cool
+ hot H,0 — cool + 11,0 = 100 ml

Sio, Sio, 1.000 + Na,CO, 10g (Pt crucible) — fuse — cool
+ hot H,0 = ceol + H,0

Sn-1 Sn- 1.000 + HCI (1+1) 100 ml - heat — cool + HC!
(1+1)

Sn-1I | Sn 1.000 + 11,80, (1+5) 50 ml = heat — cool +
H,80, (1+5)

St $rCO, 1.685 + HCI (141) 100 m! = heat = (CO,T) >
cool + 11,0

50 $rCO, 1.425 + HCI (1+1) 100 mi = heat => (CO,T} —
cool + 11,0

fa Ta,0;4 0.1221 | + K,S,0, Sg(quartz crucible) — fuse ~»
coot + (NI1),C,0, (4%) 75 ml + 11,0 —
100 ml

Te Te 1.000 + HC! 30 ml + HNO, 10 ml = heat (water
bath) — dry up [+ HCI 10 ml = dry up | =
[repeat] 2 times + HCI 80 ml + H,0

Th Th(NO,),: 1.5 + 1,0 + HNO; 5 ml + 1,0 — 100 mi,

41,0 aliquot 10 ml precisely —» titrate by M/100

EDTA stand., according to result, aliquot
(Th 100 mg) precisely + 11,0 =100 m]

Ti Ti 1.000 + HCI (1+1) 50 ml = heat -+ cool -+ 1CI
(1+1)

TiO, -1 [ TiO, 1.000 + K,S.0, 10g(quartz or Pt crucible} — fuse
— cool + 11,80, (1-+19) 100 ml — heat (<
50 °C) —> cool + H,S0, (1+41) 90 ml -
cool + H.0O

TiO, - Il { TiO, 1.G00 + K.8,0, 10g (quartz or Pt crucible) = fuse

— cool + H,50, ([-+9) 50 ml = heat (<50
°C) — cool + 11,50, (1+9)
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Mn-11 | Mn 1.000 + HNO, 20 ml + H,80, (1+1) 20 ml—>
heat (SO;1) — cool + H,0

MnO Mn 0.7745 | + HNO4 10 ml + H,80, (1+1) 20 mi—>
heat (SO,T 10 min.) = cool + H,0

no (NH Mo, O,; | L.B40 + 1,0

4H,0

Mo Mo 1000 |+ HNO, 50 ml — heat (NO,T) - cool +
11,0

MoO; | (NII)Mo,0,; | 1.227 | - H,0

AH,0

NH,* NH,CI 2.965 4+ H,O

NO,” NaNO, 1.500 + 11,0

NO; KNO, 1.631 4+ 1,0

Na NaCl 2.542 + H,O + HCl(1+1) 20 ml 4- H,0

Na,O NaCl 1.886 4+ H,0 + HCI (1+1) 20 m! + 11,0

Nb Nb,O;4 0.1431 | + K,S,0, 3g(quartz crucible) = fuse —
cool + 11,80, {5 ml — heat — cool +
11,50, (141) 50mi<4- 1,0 — 100 m!

Nb Nb, O 0.1431 | + K,S,0, 3g(quartz crucible) —> fuse — cool
+ (NH,),C,0, {(2.5%) = 100 ml

Ni-1 Ni [.000 + HNO, (1+1)100 m! — heat (NO,T) -
cool + H,0

Ni-Il [N 1.000 + HNO, (1+1)40 ml - heat + 11CIO, 10
m! —» heat (white fumes) = cool + 11,0

Os 0504 1.0 + NaOH (8%) 200 m! + 11,0 — 700 ml.
standardized by N/40 stand. Na,$,0,

P K, PO, 4.394 + H,0

PO Kil, PO, 1.433 + H,0

P,0, KH, PO, 1.917 + H,0

Pb-1 Pb 1.000 + HNO; (1+2)100 ml = heat (NO,T) =
cool + H,0

Pb -l PH{NO,), 1.599 + H,0 + HNO, | ml 4- H,0

Pd Pd 0.100 + aqua regia 20 ml — heat - dry up —=
coof [ + HCI(1+1) 10 ml =>dryup | —
[repeat] 3 times + HCI 9 ml + 1,0 = 100
ml

Pt I 0.160 + aqua regia 20 ml = heat = dry up -
cool [ + HCI{(14+1) 10 ml - dryup ] >
[repeat] 3 times + IICl 4 ml + 11,0 = 100
ml

Rb RuCI 0.1415 [+ 15,0 + 11CI (1+1)2 ml + 1,0 - 100

ml
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Ca CaCO, 2.497 + HCI{1+1) 100 ml = heat = (CO,T) —
cool + H,0

Cd-1 Cd 1.000 -+ HNO; (1+1) 20 m| - heat ~> evaporate
to dry (water bath) + IICI 5 ml ~ dry up -
cool + TICI (1+1) 100 ml + 11,0

Cd-1I |CdO [.142 + HCI(1+1) 10 ml = heat = cool + 1,0

Cl NaCl 1.648 + 1,0

Co Co 1.000 + 1INO, 50 ml — heat -» (NO,T) = cool -+
11,0

Cr(lll) | Cr 1.000 + HCI 50 ml = cool + H,0

Cr(Vl) | K.Cr,0, 2.829 + 11,0

Cr.0, K.Cr,0, 1.936 + H,0

Cs CsCl 0.1267 | + H,0 - 100 ml

Cu-1 Cu 1.000 + HNO;, (1+1) 20 ml — heat - (NO,T) —
cool + H,0

Cu-1l" |Cu L.000 [+ HNO, (14+2) 20 mi + H,580, (1+2) 5 ml
= heat— almost dry — cool -+ 11,0

F NaF 2210 [+ H,0

Fe e 1.000 + HCI (141) 30 ml = heat — coo! + (1,0

Fe,0, [Fe 0.6994 | -+ HNO; (1+1) 30 ml > heat + H,S0,
(1+1) 20 m! - heat (white fumes) = cool
+ H,0

Ge GeO, 0.1441 | + Na,CO, 2g (Pt crucible) — fuse — cont +
H,O + TLSO, (141} = slightly acidic —
heat (CO,T) = cool + H,0 -» 100 ml

Hg HgCl, 1.353 + H,0 + HCI (11} 20 ml + 11,0

I KI 1.308 + H,0

In In 0.100 + HNO, 10 ml = heat (NO.T) = cool +
H,0 —> 100 ml

Ir Ir 0.100 + Na,0, 2g (Zr crucible) — fuse — cool +
ILO + HCt (1+1) = neuiral -+ [1CI 5 ml
—> heat —> dry up [+ HCI 5 m! - dry up] —
frepeat] 2 times + HCI (1+10) | ml + H,0
30 ml = filter — filtrate + HCI (141) 2 mi
+ 1,0 — 100 ml

K KCl 1,907 + H,0 + HC (1+1) 20 ml + 1,0

K,0 KClI 1.583 + H,0 + HCI (141} 20 ml + 11,0

Li LiCl 0.6108 + HCI(1+1) 2 mi + 11,0 = 100 ml

Li,O LiCl 0.2837 + H,0 - 100 m!

Mg Mg 1.000 + HCI (1+1) 20 ml —> coo! + 11,0

MgO Mg 0.6031 | 4 FICI (1+1) 20 ml —> cool + 11,0

Mn-t Mn 1.000 + HCI (1-1) 20 ml ~ heat + 1,0
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2. TITER OF STANDARD SOLUTIONS

N/10 KMnQ, 3. 1607g/1
Iml=  5.585mgle 7.185mg FeQ 7.985 mg l'e,0,  2.004mg Ca
2.804mg CaQ 4.790mg Ti 7.990mg TiO, 3.198mp Mo
6.088mg Sb 7.287mg Sb.0, 1.733mg Cr 2.533mg Cr,04
10.360mg P 11.901mg U 10.449mg Bi 11.649mg Bi, O,
3.948mg Se 6.330mg Te 10.218mg Tl 6.700mg Na,C,0,

1.648mg Mn — (Volhard method)

1.693mg V & 3.031mg V,0; = (Zn amalgam - reduction method)

5.09%mg V & 9.094mg V,0; = (FeSO, - SO, -reduction method)
14.012mg Ce & 17.212mg Ce0, -+ (11,0, method)

N/10 K,Cry0, 4.9031 g/l

The titer of this standard solution is the same as those of potassium permanganate.
In comparison to potassium permanganate standard, the advantages of this standard
are; 1) ro be able to titrate the components in hydrochloric acid solution, ii) less
sensitive to organic compounds, iii) to be able to preserve for long period, and iv)
may be used as a basic standard without any further standacdization.

N/10 FeSO,- 71,0 27.8011 g/l

N/10 Fe(NTL),{S0),-611,0 39,2130 g/l

Tal = £.733mg Cr 2.533mg Cr20s

N/10 Na,S,0,511,0 24,8174 g/l

N/ 1 12.690 g/l

Iml= 0.8300mg O 3.545mg Cl 1.733mg Cr 4,903mg K,Cr,0,
1.099mg Mn  6.355mg Cu 6.907mg Pb 3.161mg KMnO,

6.088mg Sb 5.934mg Sn
7.990mg Br — (KI method)
1.069mg § — (BaCrOs method)
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N/10 1,80, 4.9037 g/l

N/10 {INO, 6.3013 g/t
N/10 11C] 3.6461 g/
Tml= 3.9i0mg K 4. 710mg K,0 5.61Img KOH  10.061mg Na,B,0,

2.299mge Na 3.099mg Na,O 4.000mg NaOll
4.216mg MgC0,

5.004mg CaCO,

N/ NaOII 3.9997 g/l

Iml= 0.135mg P 0.309mg 1,0, 2.192mg W 6.183mg 11,80,
NI10 AgNO, 16,9873 g/1 (10.7868 g Ag/l)

Iml= 2935mg Ni 3.735mg NiO 3.545mg Cl 14.332mg AgCl

7.990mg Br 12.690mg

3. CONVERSION COEFFICIENT TABLE FOR THE WEIGIITS OF

CIIEMICALS

A=A =B B el =4, where A and B are the weights equivalent of cach chemical

A Y B (I A A B B*
Ap 88198 1 Na,B,OyI101,0  0.1134
13287 Ag AgCl 0.7526 1.7763  B,0, H,BO, 0.5630
IS8 Ag AgNO, 0.6350 27390 B0, Na,B,0,+1011,0 0.3651
1.0742 A Ag,0 0.9310 Ba
[.1486 Ar Ag,S 0.8706 1.4370 Ba . BaCo, 0.6959
02474 AgCl Cl 4.0426 1.5163 Ba BaCl, 0.6595
0.4078  AgCl NaCl 2,4523 1.8446 Ba BaCr0, 0.5421
0.8437  ApNO, AgCl 1.1853 1.1165 Da RBaO 0.8957
Al 16995 Ba BaSO, 0.5834
1.8%895 Al ALDO, 0.5293 0.8455  RaSO, 8aC0, 1.1827
4.5198 Al AlPQ, 0.2213 0.8922  BaSO, BaCt, 1.1208
17.5816 Al KAKSO,), 12H,0 0.0569 0.6570  BaSO, BaQ 1.5221
As 0.8220 BaCrOQ, BaCl, 1.2165
13203 As As,0, 0.7574 0.6053  BaCrQ, Ba0Q 1.6522
1,5339 As As, O, 0.6520 Be
1.6419  As As,S, 0.6091 7.6527 Be BeCO, 0.1306
L0698 As As,S¢ 0.4831 27753  Be BeO 0.3603
20718 As Mg, As,0, 0.4827 | 10,6505 Be Be,P,0, 0.0939
LIGIT A0, As,0, 0.8608 Bi .
P35 A0, As,S, (.8042 [.1148 Bi Bi:O_1 0.8%70
15676 Av04 As S, 0.6379 1.2462 Hi BiOClI 0.8024
1.5692 A0, Mug,As,0; 0.6373 1.2301  Bi Bi,S,; 0.8129
13507 As,0, MEg,As,0, 0.7404 1.1178  Biy0, RiOCI 0.8946
Au 1.1034  Bi,0, Bi,S, 0.9063
15400 Au AuCly 0.6494 Br
20910 Aun HAUCI41,0  0.4783 23500 Br AgBr 0.4255
B ) 1.0126  Br HBr 0.9875
320! B B,0, 0.3106 1.3500 Br Ag 0.7408
57199 1 IR0, {.1748 1,7937 Br AuCl 0,5575
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A A B B’ A’ A I3 R’
0.1001 Br 0 0.0881 | 3.1347 Cr K,CrO, 0.2678
C 62158 Cr PHCIO, 0 1609
3.6641 C co, 0.2720 | 2.8289 Cr K,Cr,0, 0.3535
49962 C co, 0.2002 | 13158 Cr0, Cr0, 0.7600
16,4299 C BaCQ, 0.0609 | 1.3045 K,CrO, BaCify, 0.7666
83331 C CaCO, 0.1200 Cs
4.6600 C Ca0 0.2142 | 12668 Cs C:Cl 0 7894
2.5028 CN KCN 0.3996 | 1.0602 Cs Cs,0 0.9132
1.3635 €O, €O, 0.7334 | 25342 Cs Cs,Cl, 0.3946
4.4340 CO, BaCO, 0.2230 | 2.0006 CsCI Cs,MCl, 0.4999
227143 CO, CaCo, 0.4397 | 23903 Cs,0 Cs,MiCl,, 0.4184
127142 CO, Ca0 0.7848 Cu
Ca 11259 Cu Cu,0 0.8882
249712 Ca CaCo, 0.4004 | 12518 Cu Cul 0.7989
3.1961 Ca CaC,0, 0.3129 | 12523 Cu Cu,8 0.7986
1.9480 Ca CaF, 0.5133 | 3.0201 Cu CuSO-SI,0  0.2545
13992 Ca CaQ 0.7147 | L1118 Cu0 Cu0 0.8994
3.3967 Ca CaSo, 0.2944 | 11122 Cu0 Cu,S 0.8991
0.4397  CaCO, co, 2.2742 | 1.0004 CuO Cu,8 0.9996
1.1089  CaCO, CaCl, 0.9018 | 12019 CuO Cus 0.8320
1.3602  CaCO, CaSO, 0.7352 | 3.1388 CuO CusO-511,0 03186
05603 CaCoO, Ca0 17848 | 1.2014 Cu,S Cus 0.8323
19791 Ca0 CaCl, 0.5053 { 3.1376 Cu,§ CuSO,511,0 03187
24276 Ca0 Caso, 0.4119 T i
0.7818  Ca0 co, 1.2742 | 20548 F Cal, 0.4867
L7144 CaSO, BaSO, 0.5833 | 1.0531 F 1R 0.917
cd 19513 HF CaF, 0.5125
L423 o Cdo 0.8754 Te
12852 €d Cds 0.7781 | 1.2865 TFe FeO 0.7773
Ce 1.4207  Fe Fe,0, 0.6994
L1713 Ce Ce,0, 0.8538 | 1.3820 Fe Fe,0, 0.7236
1.2284 Ce Ce0, 0.8141 | 15741 Fe FeS 0.6353
10487 Ces0, CeO, 0.9535 | 2.1481 Fe FeS, 0.4655
cl 49781 Fe reso 74,0  0.2000
40426 «C AgCl 0.2474 | L1113 FeO Fe,0, 0.8998
1.028¢ HCi 0.9724 | 1.0742 FeO Fe, 0, 0.9309
21028 CI KCI 0.4756 | 0.9660 Fe,0, Fe,0, 1.0346
1.6485 CI NaCl 0.6066 | 1.5025 Fe,0, FeS, 0.6656
3.0426 Cl Ag 0.3287 | 89723 TFe,0,  (NIL),Fe(§0,), O0.1115
24H,0
0.6485 CI Na 1.5421 Ga
0.2544  AgCl HCI 3.9308 | L3442 Ga Ga,0, 0.7439
0.5202  AgCl KCl 1.9224 Ge
0.4078  AgCl NaCl 2,4523 | 1.4408 Ge GeO, 0.6941
Ca H
12715 Co CoO 0.7865 |36.1751 H et 0.0276
13620 Co Co,0, 0.7342 | 89370 H 11,0 0.1119
1.0712  CaO Co,0, 0.9336 | 48.6524 M H,S0, 0.0206
Cr nr
1.4616  Cr Cr,0, 0.6842 | 1.1793 Hf neo, 0.8480
19231  Cr Cr0, 0.5200 g
48722 Cr BaCr0, 02053 | 1.1767 Mg lig,Cl, 0.8498
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A A B B A A B B'
13535 Hpg 11gCl, 0.7383 1.5836  Mn Mn§ 0.6315
1.0399  Hg Hy,0 0.9617 | 22278 MnO KMnO, 0.4489
1.0798  Hg HgO 0.9261 1.0752  MnO Mn,0, 0.9301
LIS9R g HgS 0.8622 1.1128  MnO Mn,0, 0.8987
1.0384  Hg,O 120 0.9631 1.2255 MnO MnO, 0.8160
LISt 10 11gS 0.8966 1.2264  MnO MuS 0.8154
10742 11g0 11gS 0.9310 1.1399  Mn,0, MnO, 0.8773

1 11013 Mn,Oy MaQ, 0.9080
LBR0O I Agl 0.5405 Mo
1.0079 1 Hi 0.9921 1.5003 Mo MoO, 0.6665
11294 1 AzCl 0.8855 1.6683 Mo MoS, 0.5994
1835 I Agl 0.5448 1.8402 Mo (NH,);Mo,0,, 0.5434
A4H,0
In 12266  Mo0, (N1 )Mo,0,,  0.8153
“4H,0
L2090 In Tn, 0y 0.8271 11120 MoO, MaoS, 0.8993
K N
19068 K KCl 0.5244 12159 N NH, 0.8225
3536 K KClO, 0.2822 | 3.8190 N Nil,Cl 0.2619
L2046 K K,0 0.8302 | 47168 N (NH),50, 0.2120
62152 K K,PtCl 0.1600 | 3.2845 N NO, 0.3045
03184 K,CO, Co, 3.1403 | 44268 N +  NO, 0.2259
1.8584 KOl KCio, 0.5381 4.4982 N HNO, 0.2223
0.6318 KO K,0 i.5820 | 3.6408 NH, NO, 0.2747
32595 KQ K,PiCl, .3068 1.4937 NO, NaNO, 0.6663
19224 KCI AgCl 0.5202 1.6306 NO, KNO, 0.6133
2918 K.0 KC10, 0.3399 NH,
11672 K,0 K,CO, 0.6816 | 0.7765 NH, 1.2878
51595 K0 K,PtClg 0.1938 | 2.9654 NH; NH,C! 0.3372
La 1.9428  NH, NH,OH 0.5147
V1728 L La,0, 0.8527 | 3.6626 NH, (NH,),80,  0.2730
0.6612  LaCl, 2,0, 1.5056 Na
Li 25421 Na NaCl 0.3934
S308 0 Li Li,CO, 0.1879  1,3480 Na Na,O 0.7418
61078 Li LiC 0.1637 | 0.9068 NaCl Na,CO, 1.1028
21528 Li Li,O 0.4646 | 0.5303 NaCl Na,0 1.8859
29196 Li Li,80, 0.1263 1.1440  Na,0 Ci 0.874]
18375 LyL,0 Licl 0.3524 Nb
16792 Li,O Li,50, 0.2718 1.4305 Nb Nb,Oy 0.6990
Mg Ni
34690 Mg MgpCO, 0.2883 127126 Ni NiQ 0.7858
16583 Mg MgO 0.6030 Os
4.5783 Mg Mg,P,0, 0.2184 1.3365 Os 050, 0.7482
1.0919  MgO co, 0.9158 P
2.0919  MgO MgCO, 0.,478!1 22914 P P,0; 0 4364
27609  MgO Mg.P,0, 0.3622 | 3.0662 P ro, 0.3261
0.5220 MgCO, Co, 1.9158 | 3.5926 P Mg,P.0, 0.2783
Mn 1.9174  P,0; KI,PO, 0.5215
12912 Mn MnO 0.7745 1.567% P,0q Mg, 1,0, 0.6378
13883 Mn Mn,0, 0,7203 1.0001  P,0q Nall,PO, 0.9999
14368 Mn Mn,0, 0.6960 Pb
15825 Mn MnO, 06319 1,5598  Ph PhCrO, 0.6411
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T

A A B B N A B 13

10772 Pb o 0.9283 Sn
111544 Db PhQ, 0.8662 I.1348  Sn SnG 0.8812
1.1547 Pb PhS 0.8660 1.2696  Sn $no, 0.73877
1.4636 Ph PhSO, 0.6833 1.5402  Sn Sn8, 0.6493
1.4480 PhO PhCrO, 0.6906 0.8938  Sn0, SnQ 1.1188
1.0717  PhO PhO, 09331 Sr
1.0720  PhO PhS (,9329 1,6849  Sr S1C0, (.5935
1.3587 PhQ PhSO, 0.7360 [LI826  Sr SrQ {.8456
1.3512  PhO, PhCr(, 0.7401 2,023 Sr S50, 0.4770
1.26718  PhO, PhSO, (.7888 14247 S0 S§CO, 0.7019
1.3508 PhS PhCr0, 0.7403 [.7726  Sr0Q S50, 0.5041
1.2675 PhS PhSO, 0.7890 Ta

M 11,2211 Ta Ta O 0.3190
265488 M HL,PCl-611,0 0.3767 Te

Rh i 1.2508  Te TeO, 0.7995
14148 Rb RhCI 0.7068 Th
3.3857 Rk Rb,MCl, 0.2954 1.1379  Th o, 0.8788
2.3931 RILCE Rb,PCl, 04179 Ti
12937 Rb,G RbCl 0,7730 1.6680 Ti Ti0, 0.5995
3.0960 Rbh,O Rb,PtCl, 0.3230 Tl

§ 11735 Tl TICI 0.8522
1998t S 30, 0.5005 1,0391 I TI,0 0.9623
2497F S 50, 0.4005 L1174 Ti TI,0, 0,8949
29962 § - 50, 0.3338 U
7.2797 8 BasS0, 0.1374 11344 U ua, 0.8815
10620 § H.$ 0.9408 1.2017 U uo, (8322
12498 SO, S0, 0.8002 | 11792 U U0, 0 8480
14995 SO, 80, 0.6669 | 1.0395 UO, 1,0, 0.9620
3.6433 80, Bas0o, 0.2745 0.9814 UOQ, U0, 10190
29152 50, BaSO, 0,3430 v
24207 SO, BaSO, 0.4116 1.6282 V VO, 0.6142
23797 H,50, BaSO, 0.4202 | 17832 v v,0s 0.5602

Sb W
11971 S§h 55,0, 0.8353 | 12611 W wo, 0.7930
1.3285  Sh S0, 0.7527 Y
1.3950 Sh Shy8y 0.7169 1.2699 Y Y,0, 0.7874
1,6583 Sb Sh,S, 0.6030 Zn
1.1098  Sh,0, Sb,0¢ 0.9011 | 1.9179 Zn ZnCOo, 0.5214
1.1653  $h,0, Sh,S, 0.8582 | 12447 Zn Zn0 0.8034
1.3853  §h,04 5h,5; 0.7219 1,4904 Zn Zn$ 0.6710
1.0500  Sh,04 §h,S, 0.9524 4,3986 Zn ZnS0,7H,0 0.2274
1.2482  Sh,0, Sh,Ss 0.8011 1.5408 ZnO ZnCO, 0.6490

Se 1.1974  Zn0 Zns 0.8352
1.4053 Se 8e0, 0.7116 Zr

Si 1.3508 Zr 210, 0.7403
2.1393  S5i §i0, 0.4674
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APPENDIX I

4. A LIST OF INSTRUMENTS FOR CHEMICAL ANALYSIS
IN TIIE GEOSCIENCE LABORATORY
(Symbols , * Type, ® Maker and Model, * Attachment)

1. X-Ray Fluorescence Spectrometer (XRF)
+ Wavelength dispersion and sequential-type
= RIGAKU ; System 3370
* Read sampler {Fusion machine)
* Manual oil pressure briquetting press

2. Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES)
+ Multi-clements sequential-type
o SEIKO INSTRUMENTS , SPS-1500VR

3. Atomic Absorption Spectrophotometer {(AAS)
+ DPolarized Zeeman-type
o HITACHI; Z-3100
« Graphite atomizer and auto-sampler
¢ Hydride formation system

4 Ultra-Violet Spectrophotometer (UVS)
+ Double Beam-type
o HITACIII; U-2000

5. Mercury Analyzer
o NIPPON INSTRUMENTS ; MERCURY / §P-3D

6. Fluorine Analyzer
s LINDBERG/BLUE M , New Minimite Laboratory Tube Furnace
+ VITRO KAGAKU ; Quartz Tube
7. Karl Fischer Moisture Titrator
s KYOTO ELECTRONICS , MKA-210
* Evaporative Ore Titration Adaptor (Furnace)

8. Automatic Titrator
o ITIRANUMA ; COM-101

9. Conductivity Meter
s TOA ELECTRONICS ; CM-60S

10. Ion Analyzer

97















Proceedings of Geoscience Colloquium
Geoscience Laboratory, Geological Survey of Pakistan, Islamabad
Volume 10 Special Issue
Recommended Methods of Chemical Analysis for Geological Samples

Editors’ Note 3

1. Abdul Aziz and Shiro ltch 5
Geological Reference Samples Prepared for Analysis

2 Shiro Itoh and Komi Kato 8
Decomposition of Geological Samples

3. Komt Kato, Shiro Hoh and Muhammad Nascen 14
Recommended Analytical Method for Silicate Rock Samples

4. Komi Kato, Adnan Iqbal and Shiro ftoh 23
Recommended Analytical Method for Chromite Ore

5 Komi Kato, Adnan Igbal and Shiro ftoh 38
Recommended Analytical Method for Phosphorite Ore Samples

6. Komu Kato, Shiro Itoh and Muhammad Naseem 52
Recommended Analytical Method for Carbonate Rock Samples

7. Konu Kato, Adnan Igbal, Shiro Hoh and Muhammad Naseem 62
Analytical Method for Antimony and Arsenic in Geochemical
Prospecting Samples

8. Adnan Iqbal, Komi Kato and Shiro Itoh 66

Analytical Method for Mercury in Geochemical Prospecting Samples

Appendix I (compiled by Komi Kato and Shiro lioh)

1. Preparation of Standard Solutions 73

2. Titer of Standard Solutions 92

3. Conversion Coefficient Table for the Weights of Chemicals 93
Appendix 1

A List of Instruments for Chemical Analysis in the Geoscience Laboratory 97

August 1995
Printed in Pakistan by
GRAPHIC PUBLISHERS
Karachi-Rawalpindi




	Cover
	Title Page
	CONTENTS
	Editors' Note
	1. Abdul Aziz and Shiro Itoh Geological Reference Samples Prepared for Analysis
	2. Shiro Itoh and Komi Kato Decomposition of Geological Samples
	3. Komi Kato,Shiro Itoh and Muhammad Naseem Recommended Analytical Method for Silicate Rock Samples
	4. Komi Kato,Adnan Iqbal and Shiro Itoh Recommended Analytical Method for Chromite Ore
	5. Komi Kato,Adnan Iqbal and Shiro Itoh Recommended Analytical Method for Phosphorite Ore Samples
	6. Komi Kato,Shiro Itoh and Muhammad Naseem Recommended Analytical Method for Carbonate Rock Samples
	7. Komi Kato,Adnan Iqbal,Shiro Itoh and Muhammad Naseem Analytical Method for Antimony and Arsenic in Geochemical Prospecting Samples
	8. Adnan Iqbal,Komi Kato and Shiro Itoh Analytical Method for Mercury in Geochemical Prospecting Samples
	Appendix Ⅰ(compiled by Komi Kato and Shiro Itoh)
	1. Preparation of Standard Solutions
	2. Titer of Standard Solutions
	3. Conversion Coefficient Table for the Weights of Chemicals

	Appendix Ⅱ A List of Instruments for Chemical Analysis in the Geoscience Laboratory
	Cover

