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SLPMVARY

The dolomite rescurces ¢f Thailand have beon surveysd and
sevaral surface deposits located. Trom their occurrence anc nature
some knowledce of the cecleey of Thailand has «merged.  Several
dopesits werc of excellent auality and equivalent tc the best

industrial ly-employed dolemites of YWastern Furcne.

The dotomite industry, rarticuiarly in furcope, has been
examined with especial reference to the conditicns recuired for
producing dolemite ~efractories ard sea water magnesia from dolc-
mites., The main user industrics have been identificd and the

likely apntication ir Thailand,

Frem the techniques which have been 2cquirad, macnesia cf
+987 quality with a vield in excess of 7% has beer produccd under
laboratory conditions from sea water from the Gulf of Thailand and
Karchanaburi dclomite, Ceramically-bondod btricks from Thailand
colomite have also been preoduced and these have been shown to have

properties sauivalent to the best Eurcpean qualities.

A feasibility aexercisc has proved that dolomite refractories

&

nroduction will be viatle in Thailand and will have considerahli
economic benefit, The praduction of sea watoer magnesia would be
less favourable hut tho titterns frem sea salt production wnould
form a more acceptable starting moterial, 1f agreemsnt to supply
other ASEAM countries could be reached larce scale industrics fer

both refractorias and maonesia would be viable in Thaitand,
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CHAPTER |

INTRADUCT 1N

The name doilomite is riven +~ minerals which are solid solu~
tions of the carhonates o»f calcium ane mamaesium and 4~ rock for-
maticns which are assentially comnoszd of these miner=ls, An
alternative name used to dascriha many formations Is macnesian

limestone,

Dclomites ars farmed in marine envirenmonts by nrecinitation
and sadimentation in a similar fashion to iimrstones. Although
they ara not as common in cccurrence 2s calcium carhenate dennsits,
dolomites occur widely in many rarts of the w~rid, Hut only

relatively few ara of commercial sionificance.

The rock forms can vary from saft (similar +n chalk) +n very
hard (as is limestone) and thay contain varyine amounts nf imuri-
ties which are assnciated with the sodimantaticn cycle. The hardest
dolomites are of value as annrenatas hut for nther industrial
annlicatinns only those dannsits which are low in ftntal silica, alumina

and iron cxide are accentahie.

Delemi+as ara usad in meny industrias such as a2ariculture,
glass-makin~. industrial fillers, chemicals atc., but the mrst imnr-

tant = lientinng ara as A hasic rafractory for the jron, steel and

cemgnt incustrios 2yl A 2 o ei= it of mannosium nn rxide from
s@a we=t -, thy croount ~f whics (¢ m3amnaesia) s ite-~if 2 refractery
vital o the stocl oot aknsg Aish Famnerature industios,

Withaor Basie mfracteriss, tha medam stec] industry enuld not
axist, 'iancy A-lnmits has an imeartant rale in industrial society
and nond Aanncitg ~f it are In considarabia demand,

Th2 sciance =2nd technolrny of hasic refractories arm crmnlnax

and, even 1f nncd quallty raw materials are availahle, tn convert them Inin
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a suitable vorm for industrizl use requires a detailed knowledge of
their properties and expert mznufacturing techniques. Fer these reasons, -
basic refractories of all types, aithough widely used, are manufactured
only in 3 few centres and there is considerable intemational trade in
these commodities. Many countries have indigenous iron, steel and other
industries rsquiring high temperatures but import virtually all their
basic refractories.

THAILAND INDUSTRY

The iron and steel industrias have been developing rapidly in
Thai'and during the pasti ten years. The steel industry is by far the
major user of basic refractories and the present consumption for con-
structicn and repair of the furnaces is estimated at more than 15,000
tons annually valved at more than 150 million bahts (£3.5 x 106).

Other industries requiring basic refractories in their cperation incluce
cement, ceramics and glass. With further expansion of iron and steel

to meet the annual consumptici growth rate of about 14 percent, increa-
singly large supplies of basic refractories will undoubtedly be required.

At present only alumino-silicate refractories are manufactured
locally and ail kasic refractories are importe¢. Magnesite is generally
preferred because of its high refractoriness and availability even
though it has relatively low thermal shock characteristics, For many
applications other basic refractories such as chrome-magnesite and
dolomite can be used. A limited quantity of these are imported but so
far none have bren manufactured within Thailand from inaigenous raw
materfals.,

DOLOMITE IN THEILAND

Al though the geological survey of Thailand is far from complete,

it has been known for some time that there were dolomitic occurrences
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some of which were of high qualitv. I+ is now a local reovirement that
all minerals, includira acqgrenates, which are extracted in Thailand
should be notifiad to +he Nenartnent of Lard, Interior. As a conseaquence
and laroely to facilitate and extend the ceolecical survey, samples of
poientially commercial minerals are sent to the Department of "ineral
Resources (N.M,R.) in "anckok for routine cherical aralysis. |t was

from these and other records thazt delomite was discovered in several
rarts of Thailard. Some occurrences wer: of potential acod cuality end
were found in areas near to the established industrial centres for iron,
steel, cem-nt and ceraric manufacture, Others beordered the Culf of

Thaitand with the fotential of produinc sea water magnesia,

Pecause of the hinh cost of imperting basic refractories, princi-
pally from Japan, U.S.A. ard Furcpe, the user industries approached the
then Applied Science Rescarch Corporaticn of Thailand (A.S.F.C.T.) tc
irvestigate the developrent of basic refractories ir Thailand., These
would be based on Iccel raw materials and would replace the imported
aualities., In addition to assessing the notential of delormits as 2
rofractory in its cwn riqht, the nroductior of hich crade maonesia fron
sea water usinng dolomite as 2 rreciritant was also to be considered.

An important aspcct of the survey was +o assess the commercial viability
of such exzrcises in Thailand and 1o review the legistics in setting up

manufacturine industries,

FSTABLISHMENT OF RESFARCH PROSRAMME

¥ithin Thailand, there was ncither the expertise nor the resources
to investiocate dolomifﬁ to the ertent vbich was necessary. The Unifed
Mations Industriat Developmont Oraanisation was apnroached for assis-
tance and threouah its heln, prelimirary' surveys and assessments were
‘

complated which indicated that thors was considerable potentizd,
I
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Dr. R. W. Grimshaw visited Thailand and he recommended that a research
programiie should be established which would associate the work on
dolomite with European industry, particularly the Steetley Co. Ltd.,
Worksop, U.K., and with the Bepartment of Mining and Mineral Sciences,
The University of Leeds.

In 1978, UNIDO awarded a research grant to second a research
worker from the now Thailand Institute of Scientific and Technological
Research (T.I.S.T.R.) to work full time on the dolomite project; part
of the study to be geological and industrial surveys in Thailand and
part to be based in Europe, particularly the U.X., examining fundamental
aspects of dolomites and their firing behaviour in comparison with
material already established as suitable quality.

SCOPE AND OBJECTIVES OF THE PROJECT

The work plan for the project was sub-divided as follows:-

1. To examine known deposits of dolomite in Thailand
and from their study to elucidate the geolcgy of the
formations in relation to each other and to the general
istribution of minerals.

2. If the geological study were successful, to predict
vinere suitable quantitiec and qualities of dolomites
are likely to be fuund in Thailand and hence to
establish a "resource bank”.

3. To compare the qualities of Thailand dolomites with
other world sources of this mineral which are being
used for industrial purposes. The qualities to be
examined include not only detailed chemical analyses,
but also physical propérties, microstructures and

crystallographic data.
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To study the firing behaviour of Thailand dolomites again in
comparison with European qualities to determine their suitability
for the manufacture of pitch-bonded or ceramic-bonded refractories.
In this context not only are high temperature properties of
importance but also intermediate temperature characteristics

to predict the probable behaviour in pre-firing in rotary or

shaft kilns.

To assess the suitability of doiomites and also the sea water
conditions around the Gulf of Thailand for the production of
magnesia of high quality.

Provided that the results justified it, to consider the feasi-
bility of a sea water magnesia and 2 dolomite refractory plant

in Thailand. The study would take into account the probable
indigenous requirements and also potential export markets. Very
recently the latter aspect has assumed increased importance
because of the extension of collaboration within the ASEMN
community. Thailand could anticipate becoming the suopiier of
basic refractories to all countries within the community. India,
Japan and possibly Australia all have export potential.

The feasibility study would also include plant design and costing
and would, therefore, require that part of the research programme
would be closely linked to British and other Eurcpean manufacturers.
At some stage it might be worthwhile to consider a pilot olant
scale of cperations in Thailand which would be based on the
research findings.

Other uses for Thailand dolomite besides refractories would also be

considered, These would inciude glass, filler and fertiliser

industries.
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9. To develop the technical capability of the T.1.S.T.R. in the field
of mining, mineral processing and exploitation and in particular
dolomite technology for carrying out research investigations into

the potential utilisation of Thai dolomite as a basic refractory.




CHAPTER 1

GEOLYGY AND NCCUTRENCES "F DOLMITE

IN THAILAND

General Gaolcay

The land mass of Thailand is unusum{ in shane and a|thnuch
nciitical boundarias contrihute, it is fdue in the main o rfaclio-
aical factors. The country stretches in a N-S direction swr
1452 mls, (2000 Km) but, over half its extent, the width in the
E-¥ direction is under 100 mls. (1497 Km)., Thailand north of
Bannkok and the Gulf of Thailand is mnstly comosed ~f 2l luvial
denosits of recent nriagin from the rivers Cheo Phraya, Mae Kilenn,
Paszk, Mun and Mekono. In the axtreme north the cruntry extends
into tha fonthills of the Himalayas hut it is the eastem and
wastern houndaries, narticul=riy the latter, which Aominate the
country.

N-S ranqes ~f mruntains make un thesec boundaries. The
eastem extremity is not Imn~ tant in the nresent oontext hecause
the Thallanc houndary with Lans is the Mekona river and the
mountains are mainly in Vietnam, Laos and Camhodia. There is a
central small rance of hills which am2 of interest in that they
form the eastem seaboard of the Guif nf Thailand hut the dominant
foeature is the western ranre which forms the Isthmus cof Kra and
uttimately the Malay Peninsula,

Whon the varinus Incatinns of dolomite, the analyses nf which
were availzble in DM.R, filas and from other snrurces, ware
insartz on +he man nf Thailand thare emeraed 2 virtual continuous
arearassion ~f this minaral alen~ th2 "snina™ ~f this westem
mountain ridnes ther> wera also some rannrts of dolemite in the
hilly ranion ~n the eastem side of the Gulf of Thailand and on

ona of tho off-sh~ra islands (K~ Si Chann),

In the early studies and suhsaquant field work nn the nrojact
thare emerned a tenahie thenry to account for the neclonical

foaturas nf the "snine" or neninsuia of Thaitand,
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Virtually all the formations of dolcmite which have been iden-
tified and examined snowed staeply-dipping, hichly contorted strata.
This was a feature armund Kanchanaburi In the north, through
doposits near to Ratburi and Phetburi (west of dangkek), Prachuab
Khiri Khan,  Ciumphon, Suratthani, Nakhom Si Thammarat, and
finally in the south in the region of Songkhla and Satun (Fig,
11.1). The dolomite was not continuous becauss there wore a multi-
plicity of faults, subsidiary anticlines, roverse folds and cthar
naolngical anomalies but the trend was unmistakeabla.

Various authors 2-6 have raportaed that In Thalland thare is

to be found 2 sequence of rcck formiticns In the neninsula ranging
from Ordovician, Silurian, Dovonian, Carbanifarous, Permian,
Triassic to Jurassic in geeclngical ag3. Bocausa nf prassure
motamorphism and intense folding, deonsits are frequantly difficult,
if not Impossible to date becausa of tho =bsance of fossils, but

in genaral terms tha sequenca can bs accented. There are frequont
Igeeous Intrusions almost always to the centre of +ha "spine”;

these are mainly granites or ralated acid rocks.

To the north of Ranong, the border batween Burma and Thailand
runs almost along the apex nf the mountzin ridns but tn the south
tc the border with Malaysla naar Songkhla/Satun the whaie of the
peninsula Is In Thz!land bordarsd by the Addaman Sea in tho west and

the Gulf of Thalland in the =ast,

I+ was this ragion which provided tha most Important clus to
the qecloqgical structura. In this reolirn, dolomite depnsits of
similar mineralcgical appearanca were found in both the east and
the wost saparated by clder depnsits and In the centra by an

Igneous intrusicn,
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A1l the evidence points to the “"spine" of Thailand being part of a
ceolegical foid sy;tem and consequential erosion not unlike the Pennine
Chain of the U.K. Subsequent evidence revealed that the formations in
the centre of Thaiiand and along the eastem coastal region of the Gulf
of Thailand are similar and represent another major fold in the system

although not as intense, topographically, as the western complex.

With our Timited geological prospecting facilities, the difficulty
of the terrain and the major faulting and structural complexity of the
region, only a simpiified picture can be presented, but the concept of
& major anticiine explains many of the interesting features of dolomites

in Thailand - a point which will emerge later in this chapter.

The age of the anticlinal folding cannot be predicted because

. e s cos 5
there is evidence of unconformity in the depositional cycle. Alexander

"has suggested that it probably occurred in the late Triassic/early
Jurassic era, namely 150~200 x 106 years ago because this is the
probable age of the under-lying granite. It would be safe to conjecture
that it pre-dates the formation of the Himalayas to the north of the
country, The northem extremity of the anticliné is much more elevated
but the exposures are mcstly Devonian/Carbonifercus; there was also
evidence of some E - W folding superimposed on the main anticline. This
secondary uplift and folding could be attributed to the massive £ - W

folding which was responsible for the Himalayan formations.

Fig. 11.2 is a simple, generalised representation of the folding
followed by weathering erosion pattem which has led to the formation
of the Thailand “"spine"” and to the outcrops of dolomite, throughout
the length of the country. It must be stressed, however, that the
actual geology is highly complicated because of secondary wave anti-
clines, a massive fault pattem and later uplift and folding from the

Himalayan formation.
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Erosion Line

Triassic¢ (T)
Paxcian (B)
Carhaniferaus. (CF)
Devonian (D)
Ordovician (0)
Silurian (5)
Carl:rizn (Ch)

Original Strata Layeis

A

Granite

Uplift Followed by Erosion

Granite

Final Land Surface and Outcrops

Fig. 11,2, Pepresentation of the Ceological Formaticn of

the Peninsula of Thailand




Geology of Dolomite in Thailand

6 that there were many rock

It has been known for some time
formations in Thailand which were carbonates and whi:-h have been
generalised as limestones in the 1literature. . ‘Chemical analyses
have shown that some of these limestcones are dolomite, the mixed calcium/

magnesium carbonate.

These formations have not been studied in detail as part of a
geological exercise so it is not certain whether all dolomites in
Thailand are of the same age. The situation is further complicated
because the dolomites are frequently inter-stratified with true lime-
stone; they are virtually fossil-free and they are highly pressure '

metamorphosed.

Buravas has cla‘med that dolomites occurring around
Kanchanaburi  (N.W. of Bangkok) are of the Carboniferous era { Kanchana-
buri series). Whereas Alexander 5suggests that formations in the south
of the peninsula near to Songkhla and Satwn are Permian/Ca,honaceous
( Ratburi series ).

These contentions are difficult to substantiate and our work
suggests that the dolomites which we have examined throughout a large
area of Thailand are mostly of the same geological age and most
probably Carbonaceous/Devonian. No fossils have been found to substanti-

ate this theory but there is some structural evidence.

In the ‘Ratburi area, carbonate rocks are quarried on a large
scale for aggregate. These deposits are in the form of low hills which
run parallel to the main direction of the anticlibe. Most of the hills
where exposures occur were composed of true white limestone with a

bedding which was near to horizontal. In some areas there were other
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hills with a difforent contour profilc of grev rock and which proved
to be dolomita., In the exposures, tha delomite was seen to be
highly contoried with a steeply-inclined din dlrection. From the
fault pattern In the areza, it is likely that the dolomite formations
were a localised up-11ft and that in the normal serles they underiie
the limastons, which was, aimost certainly, of the Ratburl series

in that a few fossil graptolites were idantified.

In the south -f Thailand near to Hat Yal we located a quarry
where the lower formations were »f groy, contorted, nsar-vertical
rock above whizh was a whiter formation with a diffzarant badding
much nearer to horizontal. Tha lower Isvels proved tc b2 dolomitae
wher2as the upper was limestone, which rested unconformablvy on the

dolomite.

Steeply~dipping strata were » feature nf dolomites throughout
Thai tand, but In some localities, particulzrly near Kanchanaburi and
K> Si Chang there were associsted levais of |Imestone which were
of the same geolngical age. Frequently the limestone and the
dolomite were Interstratifind, In these locations I+ was extremoly
di fficult to differentiate betwaen drlrmite and limestona in tha
field. Where a quarry was cparating soms of tha sanior workmen
could tell the difference by observing the fracture plane but

neither my supervisors nor | could acquirm the technique.

In the initial stages cf the survey only analysis In the
laboratery could & fferentiatz batwaan the twa rocks, but eventially
a field tost was daveloped which has orovod reasonably successful,

This 1s described In Chapter |V,
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in summary, tharefore, ocur work suggests that dolomites in

Thailand occur mainly in carbonatc rocks of the Kanchanaburi series
which is cf the Carb-naceous/Davonian era. Thase underlle,
unconformab ly, other carbon=te mcks of ths Ratburi saeries which
are Permian/Carbonaceous. No dolomite has been found in this

younger series.

The Naturm »f DBclomita

Delomite is 2 double carbonate of calcium 2nd magnesium but
it is a ccmpownd rather than 2 mixture nf c2lcite and magnesite.
Delcmite was first recognised as a distinct minaral by the French
Geclogist, Dnlomicu in 1791. The dulomite mountains ~f tne
Southem Tyrol where he carried out his ninnser geologic2l work
wera subsequantly named in his honour as was th2 minera) [tself.

The ideal mineral dolomite contains equimolecular 2munts of
CaCO3 and M9003 sn that thesretically pure doiomite should contain

45.7% MgCO5 and 54.3% of CaCO, by weiaht which i5 2quivalent +0

3
Ca0 30.4%, Mq0 21.7%, co, 47,9% (58.3%2 CA0, 41.7% M0, on a

calcined basis), in the ideal structura 8 CP,?" and Mgz’ i~ns

altamate in the iattice but thers is nrobably considerable inter-
substitution of the two ifons and mostly there is an excess of
calcium over magnesium, but this may be due tr calcite assnciation,

Substitution of Fez+ for Mg is common (Ankerite), Small amounts

2+ 2+

of M2 md n2° my substitute for Mg2® and similarly Pb%" for

Caz'.
Crystal lography Th~ crystal habit of dolemites Is usually rhombn~

hedralg but mostly tha

deposits are massive; 3 fracture surface will frequently show the
rhombohadral form undar the Scanning Electron Micrnscope (Fig.
11.,3), Crystals of othar forms are rare but not unknown, Daposits

range from coarse, granular, cleavable masses to fine-grained and

compact varieties with nthaers vitrecus and nearly., Twlinning on

[
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Fig. I1.3 - Scanning Electron Micrographs of Rav Dolomites
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0001 is commn, also iameliar twinning on 0221, Hardness Is
between 3! +o 4 nn Moh's scale and spacific gravity is about 2.85.
The cejour is usually some shade of white, qray, brown, yellnwish
or black depending on imourities. Oclirmite fs slawly soluble in
di lute HCI, hut it may be distinquishad from limestone by its less

vigorous reaction with the acid,

Major Gccurrences. Dolomite is found in many narts of the world

chiefly as ex*ensiva sedimentary strata, D~iomite, as a rock mass,

18]

is now considerad by most excerts to be secondary In origin 7,

formod from limestone by the replacement of calcium hy magnesium
in percolating water. The replacement may be only partial and
thus mest formations are mixtures ~f dolomite and catcltz, The
mineral occurs 2lso as 2 hydretherm2! vein mineral. The thecry

that it may precipitate directly from san watar is no longor fenable".

Natural occurrances usuzlly contain Impurities, thas main ones
being SiC,, F.eZO3 nd A!ZO3 nresent mostly as sadimentary minerals
e.g9. clays, quartz, For dolomite to he used as a refractory it
must be low In these Impurities. Other ¢ontaminants such as
compcunds of boron, phosphnarus and vanadium must nnt be prasent in
greater than trace quantities, In qeneral deolomite for refractory
grades should montain not less than 18% ¥q0 with the maximum amount
of impurity not to exceed 4% and preferably less than 2.5%. Si0

2
should not be more than 0.8%, AIZO3 not more than 1.5% and FeZO3
alsc not more than 1.5% ‘2. M lomite for tha sea water magnasia
process must be of purer quallity and manufacturers are nowadays
looking for less than 1,08 total impurity I3 hut such depnsits are

very rare.
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Dolomi tes for use as fefractories need to possess other important
properties cver and above chemical purity. They must calcine readily,
and at high temperatures (+1600°C) they must sinter to a mass of low
porcsity. Commercial deposits must be massive and unitorm in quality.
Above all they must be easily mined, need little or no mineral benefici-

ation and they must be low-priced when delivered to the user.

It was these considerations which governed the scope of the present
survey. There are known deposits of dolomite in north-west Thailand but
because of the centralisation of industry in the areas near to Bangkok,
it would be impractical (because of transport problems) and uneconomical
(because of cost of transpert) to give consideration to deposits north
of Kanchanaburi. However, because of the close proximity of the sea,
all dolomite occurrences in the peninsula and near to the east coastline

of the Gulf of Thailand might be of value for a sea water magnesia plant.

The preliminary survey was, therefore, conducted on the basis cf
samples analysed as dolomite by D.M.R., reports from several other
sources and our own geclogical inspection particularly in areas where

industrial development might be viable.

Dolomite in Thailand

Fig. I1.1 i5 a map of Thailand showing from geological data (not
necessarily accurate) probable areas in which dolomitic sirata might
outcrop. It was in these areas that superficial surveys were carried
out to collect the initial samples. At the same time, a search of
D.M.R. records enabled further locations to be established, These
dolomite occurrences are identified on the map and their analyses are

shown in Tabla II.I,
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Fedicr:»

TABLE II,1. CHEMICAL ANALYSES OF THATILAND DOLOMITES

i
l Chemical Analysis %
Location M0 | Can | Si0, |10, Fe0,| LOI
l 1. Lampang 16.2 | 32.1 4.07 § 1.36 0.45 -
. 2. Loei 19.2 1 30.6] 2.14]| ns5a| n.a0| -
3. Tak-Mae Sot 19.8 | 31.2) n.23! n.30| 0.92] 45.6
4. Nakhonratchasima 18.2 | 34.8] n.0| - 0.18| -
' 5. Prachinburi 17.8 | 30.5 - - - -
6. Kanchanaburi
' 6.1. Khao Wang 18.7 { 32.8 N.39 ] N.66 N.60 -
6.2. KXhao Poon 18.4 | 32.8 N,36} 0.34 0.13 -
l 6.3. Khao Ban Thum | 21.4] 29.6| 1.80i 0.18! 0.35| -
6.4. Khao Ban Rai 20.7 | :1.7| c.03] n.oni n.28! 47.4
' 6.5. Ban Wang Dang 20.9 | 30.6 - - 0.60 -
6.6. Huai Mang Lak 19.7 | 32.3 - - - -
' 6.7. Ko Sam Rong 19.3 | 34.7 n.04 | 0.35 n.33 -
6.8. Khao Rad 18.6 | 33.8] 0.23: 0. | 0.25| -
6.9. KhaoPhu Lom | 20.7 | 31.0| 0.8¢] 0.02| 0.03! 47.0
| 5.1C. Khao Laem 19.5 1 31,5 0.49! 0.03] 0.07] 47.0
6.11. Ban Chao Nen 19.1 | 32.5; 0.96! 0.00i 0.28! 47.2
' 7. Ratburi '
7.1. Khao Klang Noen| 20.2 | 32.4 0.26 | 0.47 0.19; 46.7
' 7.2. Khao Nom Nue 19.4 | 31.4| 0.08! n.an! n,33| 46.3
7.3. Khao Lom Rue 6.4 | 35.2| 0.28, 0.281| 0.48] 455
l 7.4. Khao Kak 21.6 | 31.2| 0.23} 0.35| 0.5, 46.5
7.5. Khao Nqu n.2 ; 54.4 N.481 0.59 0.28 43.1
7.6. Krao Lak Waw | 21.2 | 31.81 0.01] n.01| o0.46| 46.7
' 7.7. Khao Pra Than '
Chang 19.4 | 32.7| 0.41| 0.3¢| 0.56! 45.8
l 8. Phetburi
8.1. knao Yoi 21.0 | 31.5| on.08} 0.14! 0.14! 46.5
l 8.2. Knao Bandi It. |21.3 | 31.2| .0.18] 0.12) 0.15| 45.8
9. Chonburi ' f
9.1. Bang Pra 17.9 | 23.6| 3.41) 1581 0.62] 43.4
i 9.2. KoSicChang | 16.3 1 36.0| 4.37] 2.1 ¢ o0.48] 43.1
| 9.3. Xo khang Khao | 17.4 | 33.2| 2.5| 0.67 0.47! 45.3
' 9.4. Khao Choeng S
‘ Tean 20.6 | 31.8 | 3.32! 1.60 n.72| 42.5
C ‘ o o Cont.
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Table II.1 cContinued

Chemical Enalysis %

Location —

: : Mg0 Can 5102 A1203 Fezﬂ3 LnI
10. Rayong

10.1. Klaeng 20.1 | 30.8 N.951 N.65 0.85| 46.0

10.2. Klang Tung [18.1 | 3a.8 | n.m2| na| o036 -
11. Prachuap(Khiri Khan)

11.1. KM 378/9 18.8 | 32.9 0.04; n.nn 1.4 445
11.2. Pranburi 21.6 | 30.9 - - - -
11.3. Bangsapan

Yai 22.2 | 31.3 - - - -
11.4. Hua Hin 20,3 | 32.6 0.04! n.38 0.67 | 45.9

12.  Chumphon

12.1. La Mae 19.9 | 33.4 0.171 - 0.34 | 46.7
12.2. Pha To 21.3 | 30.5 0.231 0,17 N.41 | 47.2

13. Surat Thani
13.1. Kirirat Nikom| 20.9 | 31.7 - - - -

13.2. Kuan Sak 20.6 | 31.9 | 213! 0.m0 | 050 46.9
13.3. Chai Ya 20.3 | 31.6 | 0.31] 0.26 | n.62 | 46.7
13.4. Khao Ro Nam

Ron 21.2 303 | 0250 0.11 | nag | 47.3
13.5. 17P/BB1 15.271 35.4 | 1.64 | 0.06 | 0.70 | 44.7
13.6. Kanchanadit |19.1 1 32.9 | n.i51 0.00 | 0.69 | 46.5
13.7. Plai Mas 21.3 125.8 | 6.81 | 0.35 | 6.40 | 46.8
13.8. Tha Chana 18.2 1 36.7 | 0.17 ] n.00 | 1.53] 45.2
13.9. ¥hao Noi 21.2 1313 | 0.1 | 032 | o.m | 47.2
14. Makhon Si Thammgrat !
14,1, Khao Hua
Chang 17.7 1 35.4 | 0.11 | 000 | 0.46 | 6.1
14.2. Khac Wang 18.9 {33.5 | 0.64 | 0.13 | 0.61 | 45.9
14.3. Cha Uat 21.0 | 30,9 | n.21{n.18 | n.20| 7.0
14.4. Knhao Kof 21.1 | 311 | n.22 | 0.24 | 0.31 | 46.8

i5. Phang Nga 18.0 | 34.5 | 1.14 | 0.07 | 0.56 | 45.7

16. Krabi 205 1 32.2 | n.12lon | o030 -

17. Phatthalung 20.3 1 29.7 | 2.99 | - 0.95 | 84.1

18. Songkhla '

18.1. Khao Rung 20.9 [ 31.8 | n.oo {000 | 0.27 | 46.6
18.2. 28  [17.6 132.0 | 4.88 | 1.18 | 0.73 | 44.4
19. Satun ! 7.2 137.5 | 6.25 | 0.99 | 0.83 | 38.6
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Unfortunately not all reports of dolomite werc substantiated
and there were several areac which could not be visited because of
military restrictlions but some promising deposits were located. Some
of thesc were small working auarries usually for aocgrsgate and in

these places extensive sampling was pessible.

Detailed Occurrences of Dolomite

The preliminary survey estahlished that dolomite formations
were to be found in many parts of Thailand anc that they wcre
probably of simitar geclogical origin and age. |t is likely that
denosits outcrep at many rlaces on the eastern side of the Thailand
peninsula and alsec along the east coast of the Gulf of Thailand.
Whethar all or any of the deposits could he of value industrially i
remains to be provad hecause, in addition +o chemical purity, deposits
must be of sufficient size, uniform in cquality and accessible for

davelcpment,

For +hese reasons several dolomite locations were examined and

sampled in letail.

Five principal areas were sclected as follows:-
€. Kanchanaburi 7. Rathuri (both YWest or Bangkeck),

9. Ko Si Chang an island offshore the cast coast of the Gulf

of Thailand.

18. Songkhla jo, Satun (both in the extreme south of the
penirsula with +the former being on the ~ast an! the latter

on the west coast),
in addition, areas near Phetturi an’ Chumphon should have been
examinad in detail but the reported dolomite exposures.were inacces-
sible and in areas subject to military contrcl. These should be

sarpled at 2 later date.
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In all tha arsas selected, the Aolomites occurred as expos-
ures along the face of a hill or ranqge of hills so that the mineral
could be Identified and sampled over a considerable extent.
Kanchanaburi. There were several promising locations of potential
dolomite in the Kanchanabur! area, The positions of these deposits
are shown in the map (Fig. I1.4), All of these were quarries, some
df which were still being worked, mostly for aggregate and soms

for burmnt lime or fluxes.

In seven cases, a complote faca was sarpled both horizontally
and vertically usuvally at 10 or 20 mts. intervals. The analyses
of material from all these collection points are shown in Table

Materials from KMN and KS were the mnst promising in terms of
dolomite -quality, consistency and in dotal volume and these were

selected for further work in the research nroaramme.

KMN was a quarry along the east bank of the river kKhwae Noi.
I+ was part of a small range of hills known as Khao Laem which
extends for about 25 Km along the river. The exnposure KMN was 120 mt
long and 40 mt. high but the hill attained a heioht of about 120 mt
and It extended about 3 Km in an easterly direction, Dolomite was
found at locations over the complete hill range. With confidence,
it can be predicted that over 500,000 tonnes of good quality
dolomite would be present In the KMN area but there could be over

2 x IO6 tonnes,

K was a smal ler quarry to the west of KMN., Much of I+ was
dolomite of good quality but there was an Interstratified hand of

calcite which reduced the average MgO content,

KS was a massive quarrying complex (by Thalland stan-ards)
again In the Khao Laem range and owned by the Suthasahathai Company.

There were six exposed faces all of which were sampled systematically.

The extracted stone was being used mainly for aggregate and as a flux
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TABLE !'1.11 - ANALYSES OF DOLOMITE OCCURRENCES IN KANCHANABURI AREA

Number Chemical Analysis, %

Location of MO can S10, | AlNy | Feply Ll
Samples| high Tow median| high low median | (ave) (ave) (ave) (ave)

Kanchanaburi Area

i Khao Phu Lom 36 22.0 10,2 20,9 [40n.9 30.3 32.90 0.85 0.02 n.67 45.9
Khao Ma .7 16.2 0.7 4.4 [52.7 34.5 47.9 2.85 n.21 n.83 43.4
Khao Laem K$
Face 1 19 21.4 19,1 20,1 |32.9 3.0 31.3 0.38 Nn.02 0.03 47.1
Face 2 32 20.6 6.1 18.8 |47.2 31.2 35.7 0.31 0.2 0.n5 46.6
Face 3 12 21.0 20.4 20.7 | 31.5 30.7 31.1 0.22 n.n?2 n,n2 47.3
Face 4 9 20.8 3.5 16.1 |50.3 31.2 35.6 0.34 0.n2 0.03 46.6
Face 5 26 20,9 0.6 17.6 |54.2 31.0 37.0 0.28 0.01 0.n5 46 .9
Face 6 14 20,7 1.5 12.5 |54.0 30.8 41.3 c.3 n.02 0.05 46.4

Khao Laem K) 10 19.9 0.6 13.n0 153.4 30.2 39.1 0.13 0.1n 0.07 45 .4
Khao Laem KMN 28 21.4 19,9 20.8 | 32.0 26.8 30.7 0.15 H.07 n.03 48.0
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for the steel industry. The limestone faces were being bumt for

agricultural time.

Three faces of the XS quarry compl2x showed good and consis-
tent dolomite and from geological and topoloqglical observation it
would be safe to predict that at least 1.5 x |O6 tonnes of dolomite

could be extracted.

ithao Ma was a quarry in a hill on the north bank of the
river {in the area called Khwae Yai which has been angliclsed to
Kwai). |t appeared to contain dolomite but the quantity of high

Mg0 material was small.

kKhao Phu Lom, the most northerly formation examined, was
di fferent in appearance from other dolomite forrmations but it proved
to be of consistently good quality. A large face - about 40 mt,
high and 200 mt. lateral extent - was exposaed, The entire hill
which was sampled over its whole extent was good quality dolomite
and could contain over 3 x l()6 tonnes of mineral. Suhsequent tests
showed that In parts of the deposit there was talc (hydrate magnesium

silicate) assoclated with the dotlomite.

The samples from the best faces
of KS and from the whole exposure of KMN were each separately
compounded and representative samples of about 80 Ka sent to the

U.K. for research purposes,

Ratburi, There were reports of working quarries of |imestone
in the Ratburl area, and the records showed some locations containing
high quality dolomite and meny others with a lower Mq0 content. Ten
locations were sampled as shown in Fig, 11.5 with chemical analyses

included In Tahble (f,Iff,
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TABLE IT.IIT. ANALYSES OF DOLOMITE OCCHRRENCES IN RATBUPL AREA

!

Chemical Analysis ¥

Number i
of | Mgl a0 30 LYy Fe, 0. | LOI
Samoles! high low median| high low median (avg) (a3e7 (a%ef (ave)
Ratburi Area l
Khao Ngu 6 ; 1.2 0.3 0.4 | 54.2 53.2 54.0 0.68 0.31 n.42 44 .n
Khao Kang 21 ¢ 21.1 1.1 20.0 | 54.3 30.8 32.0 0.26 0.02 0.23 47.2
Khao Kwang 22 21.8 16,5 21.4 | 36.0 30,2 30.6 0.08 0.n2 0.22 47.5
Khao Chong Pran 11 20.1 0.3 0.7 } 54.2 31.1 43.%5 0.80 0.04 0.28 44.0
Khao Thalu 2 0.6 0.6 0.6 } 54.1 54.0 54.0 n.80 0.n4 n.28 44.0
Khao Thum Pra 2 0.6 0.5 0.5 } 55.5 54,7 55.] 6.25 n.ng 0.7 43.8
Khao £ San 2 0.9 0.5 0.7 | 54.9 53.5 54.2 0.84 n.36 n.ne 43.8
v Khao Pra Ek ] 0.6 52.3 4.12 N.67 n.07 az.3
Khao Chompol 2 0.6 0.6 0.6 } 5§3.0 53.0 53.0 2.38 n.35 0.14 42.9
Khao Pra Thap Chang 2 18,5 10,9 14,7 ] 32.8 3.5 31.6 5.06 0.08 n.2n 43.5

9z
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Khao Ngu was the iargest quarry In the area of massive grey
I imestone; there were sevaral axposed working faces and a crushing
plant for road stone. Samples were collacted at random and they
wera all of limestone. This was a different stone from the folomite
axposures and it is probably Carbonacecus/Paermian 1.e. younger than

the dolomite formations.

Khao Kang was a hill about 50 metres high and 150 metres
long, There was no quarrying but samples were collected system-
atically from north to south which were all grey doclomlte of
contorted vertical strata except for a white Intersetratified rock

Tp me Arca whick was 1iks marsle w3 swtalnad virt,al o onn M0,

Khas Kwang was a hill about 4 Km north of Khao Keng; it
®as abcut 80 metres high, 400 metres long and 200 metres wide;
the rock was exposed ovar all the a2rea. It was extensively sampled
both vertically and horizontally, and 21! samples nravesd 1o ba good
dolomite, There could be over 20 x 106 tonnes of useful material
in this area, but systemztic drilling would he required t» prove

this assertion,

Khao Chong Pran was annther hill ahout 3 Km further along the
road; there was a similar type of rock expnsure but there proved te

be much more Interstratified limestone In this farmetion.

Six areas south and wost of Ratburi were sampled, most of which
had a2 low Mg0 content (See Table I1.111) and for tha mos* part they

were of the Carboniferous/Parmian strata found in Khao Ngu quarry.

Khao Kwang was salected as the bast msterial In this are» and
a large quantity was sampled for shipment,

Ko Si Chang and KXo Khang Kha, These two isiands nff the

cast coast of the Gulf »f Thalland were both samoled systematically
with more than 200 samples taken for chemical analysis, (Fig, 11.6,

and Table 11,1V), Most of the dninmite denosits were frund at Laem

Ng'1, Laem Si Chang and area | of K» Khang Khao nf which the ‘
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first was the most significant. This was bulk samoled.

Sonakhla and Satun Area. Five locations were sampled from this

argas as shown in Fig.II. 7 and chemical analysis in Table 11.V.

Khao Rak Kaet was a quarry in a small hill which supplied a
product for road stone. Samples were taken at 10 metre intervals from
north to south; the quarry face was about 80 x 400 mts. Two caves in
the limestone were found, one of which contained phosnhates from bat-
dronpings and was bzing worked on a small scale. This was an interesting
exposure in that the dolomitewas a highly contorted grey rock underlaying
a moré horizontally bedded true limestone probably of different oeological

ages.

Khao Khuha, had many quar-ies working for aggregate, with an
associated large crushing and grinding plant. Samnles were all low in

HMg0 and the material was a true limestone.
Khao Changlon was a similar rock formation to Khao Khuha.

Khao Nui had a smail quarry exnosure which looked 1ike dotomite
but which proved to be limestone. There was an infilled cave with well

developed calcite crystals.

Khuan Lek was a hill along the side of the road about 3N Km from
Satun but in the western coastal strio. It was a massive hill but it
was difficult to sample systematically because of the thick vegetation
and steep contours. Twenty three samples were collected along a level

near to the road over the 400 mt. of exposure. Most were dolomite.

The visit to the Songkhla/Satun areas involved considerable
travelling. The denosits of dolomite were rich in magnesia but the
impurity levels {particularly silica) were much higher than those from
deposits further north, Rather than collectirg a bulk sample from one

location which would have required an additional visit, materials from




29

LtEAM NGU

LEAM S1 CHANG
5
° 31\
3 sy

KO KHANG KHAQ

THA BO THONG LAN

LAEM KHAO KHAT LEAM THAM PHANG

4

FIG. 11.6 - KO SI CHANG AREA OF DOLOMITE EXPOSURE



TABLE TI.1v. ANALYSES OF DOLOMITE OCCURRENCES IN KO SI CHANG AREA

Nufioer _Chemical Analysis. % i
Location Samples Mg0 Ca0 Si0y o Alplgf FeyNy | LOI '
high low median| high low median| (ave) (ave) (ave) (ave)
Ko Si Chang Area '
Laem Ngu [
Face 1 26 18.8 3.4 15.9 (44.3 30,3 33.4 3.87 1.04 1,22 42.9
Face 2 12 17.9 14.8 17.0 |32.6 31.3 32. 6.30 1.24 n.sn aa
Face 3 12 19.2 14.0 17.2 (3.5 30.4 32.4 4.54 n.R7 n.72 44,3
Face 4 24 19.6 1.1 8.1 {52.0 *¥.n 39.9 8.72 n.89 1.04 39,0
Face 5 8 0.8 0.2 ne6 |35.2 28,2 3n.0 |25.82 8.0 1.4 24.0
Face 6 N 3.1 0.7 2.1 ]55.2 27.6 4A.5 8.15 N.55 1.07 4n,2
Face 7 7 2.0 1.0 1.2 }43.5 33,1 40.1 6.78 1.22 n.44 40.4
Laem Khao Khat 4 1.2 0.6 0.7 {30.1 17.4 19,6 47.74 1 11.99 1.95 8.65
Laem Si Chang 10 19.5 6.6 16.6 |44.2 33.5 35.7 4.03 0.€0 n,86 45.3
Tha Bo Thong Lang 6 19.7 6.4 17.4 {34.6 33.2 - 33.4 2.05 n.67 n,47 45.3
Laem Tham Pang 3 0.3 0.0 0.1 [ 12.0 10.5 1n.9 | 76.n7 1.12 n.23y 1n.5
Ko Khang Khao
Area 1 32 16.6 Nn.2 8.9 | 50,2 3Z.0 40 5.79 0.92 n72 £3.1
Area 2 15 19.2 15.1 12.4 ; 34.6 33.4 33.6 2.48 0.60 n.ss a2.7
Area 3 12 8.5 0n.9 2.6 | 46.7 37.4 43.3 9.0 4.,n4 1.04 34 .1
Area ¢ 22 2.7 0.2 0.8 1 5n.2 4n,9 44.n 9.2¢ 1.72 n,32 40.0
Area 5 18 4.3 n.9 0.9 % 4.0 42.9 43.8 | 18.60 0.80 n,72 35.6
Area 6 18 i 2.5 0.4 2.1 g 49.7 43.8 48.2 i 9.21 n.94 ' n,9n 40,0

1619
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TABLE 1T,V . ANALYSES OF DOLOMITE OCCURRENCES IN SONGKHLA AND SATUN AREAS

Chemical! Mnalysis, %

Number
Location Somles Mg0 Ca0 siny, | AN, | Fe,ny [ LoI
’ high low median| high Tow median{ (ave) (ave) (ave) (ave)
Songkhla and Satun Areas
Khao Rak Kaet 16 19.9 0.9 17.2 1542 29.9 32.1 6.58 n.88a 1.2n 42.5
Khao Khuha 3 2.2 0.3 N.6 {54.2 44.4 46.9 3.83 n.83 n.n9 41.5'
Khao Chang Lon 2 0.7 0.7 0.7 [ 44,9 42.9 43.9 9.18 1.83 1.28 39.4
o Khao Nui 5 2.3 0.7 1.7 1 61.7 42,9 509 4.83 1.20 1.04 40.9
23 19.4 0.9 1i6.2 | 49.2 31.5 33.0 6.94 n.70 n.92 42.1

Kuan Lek

A
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khao Rak Kaet and Khuan Lek were mixed together to nrovide a bulk

sample typical of southern Thailand dolomites.

General Observations on Thailand Dolomites.

Several interesting observations and conclusions can be drawn

from the survey of Thailand dolomites.

1. There are many depesits in the country and surface
formations are to be found in manv areas which would
be convenient for exploitation by simnle quarrying,

2. There is a wide range of qualities throughout th2
country. Many deposits were close to the theoretical
maximum ratio of MgD:Cal contents. Within this
classification,devosits ranged from those of very low
impurity levels (51'02 + A1203 + Fezﬂa) of less than
0.5% to those where in excess of 6% was nresent. It
should be possible to find suitable denosits to match
any required specification.

Several deposits wihich were examined in detail should
contain over 1 x 106 tonnes of consistent material.

4, In most Thailand dolomites, the iron oxide content was
Tow when compared with other world sources. This is
probably an advantage.

5. 0ne of the most significant features when surveying
the 2nalyses of the dolomites wnich occurred from
north to south in the westerm anticline was the
variation in impurity content - marticularly the
silica.

Near to Kanchanaburi in the north, silica levels were consistently
low at 0.1 - 0.2% whereas in the Songkhla/Satun southern area the silica

was high - frequently above 6%. showing the north - south trend.
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Table 11.Y1 taken from the information in earlier tables

i1lustrates this point.

Table II.VI. Silica Centent of some Thailand Dolomites

Area : e uSiOZHContent %
Kanchanaburi n.15
Ratburi 0.25
Phetburi 0.18
Prachuap Khiri Khan Cc.04
Chumphon n.21
Suratthani 0.35
Pang Nga 1.1
Naknon S$i Thammarat . n.8
Phatthalung 3.0
Scngkhla 6.5
Satun 6.9

Inspection of the various deposits shows that the major nortion of
the impurities present in dolomites is in the form of Pagmatic- veinlets
which have arisen from volcanic activity - nrohably hydrothermal

intrusions.

The nearer the dolomite deposit to one of the igneous granitic
masses which outcrop along the “spine” of Thailand, the more likely it is

that it will be contaminated with pegmatic silica imourity. (See Fig.
i1.3).

In the Kanchanaburi /Ratburi area, the nearest granite intrusion
js about 50 Km, whereas in the Songkhla/Satun area, the granite is only

5 - 10 Km away from the dolomite.
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A1l evidence boints to the fact that the anticiinal fold was
much more intense in the south of the Thailand peninsula than it
was in the north and therefore hydrothermai activiiy has been much
mere prominent with the consequent higher level of impurity in )

southern delomites.
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CHAPTER 1Tl
EUROPEAN AND WORLD RESOURCES AND UTILISATIMN

OF DOLOMITE

Until the advent of basic steel-making the only commercial uses
for dolomite were as an aggreqgate, as a flux in glass-making and as a

fertiliser.

In the early days of basic open-hearth furmace nractice, dolomite
had only a limited use because of the technological difficulties of
stabilising the mineral for use as a refractery. From about 1936, its
value as a precipitant of magnesia from sea water was recognised hut the
lime compenent was a deterrent to using the mineral as a refractory in

its own right.

In recent years, the importance of dolomite has increased sub-
stantially. It is a relatively chean raw material and its high temper-
ature properties are excellent. By various devices the tendency of the
fired product to rehydrate has been minimised. Many more annlications
have been found for dolomite-based refractories narticularly in the

modern oxygen steel-making processes,

Much of the technology of dolomite utilisaticn is a closely guarded
secret by the major manufacturers and only ore bodies with snecific
vroperties are of value. For these reasons an imnortant aspect of the
present research was to survey the dolomite market and to visit manu-
facturing units and users to assess whether material found in Thailand

could be of value in locai industries.
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Werld Production of Dolomite

Although it is of widespread occurrence and nroduced commercially

on a large scale (world production probably exceeds 100 x 106

tonnes/

year), dolomite is not always recognised as a mineral in its own right. '
Dolomite is closely related to limestone in its formation, occurrences

and even commercial usage. For many purposes the fact that, chemically,

dolomite and limestone are different is of little significance and in

many countries official records do not differentiate between them. The

building, construction and aggregate industries are the major tonnage

usars of dolomite but they are not interested in the chemical features

of the mineral, only the fact that it is hard and durable.

The main industrial uses of dolomite may be classified as follows:-

1. Censtruction, aggregates etc. which is the largest tonnage use hut

where chemical quality is of no imuvortance comoared with hardness,
cheapness and the location of the deposits which must be close to the

area in which it is used.

2. Fertilisers, mainly to control acidity of soils. Normaily true
limestone is preferred for this application; it is bumed to remove
carbon dioxide and then usually slaked to produce agricultural lime.
When dolomite is used,the magnesia content may be troublesome in that
Mg(OH)2 is insoluble so the material is less reactive. However, for
some horticultural purposes including tea, rubber, sugar beet, magnesium

is assential for plant growth and, in these cases, dclomite is of value.

3. Glass-making, where dolomite is an important flux. Careful
selection of the mineral is important for this industry; the essential
requirement ic a Tow iron-content preferably below §.2% Fe,03 but users

also usually stipulate Mg0 in excess of 15%.




4. Fillers, extenders for pigments, olastics etc.  The chenicel

neality of the dolomite is of littlo importance in thesc applications;
a 200d white colour, henca law iren end carbonacecus material, is of
prime importance. oclomite frequently is preferrcd to [imoeston:
because it is less raactive *o minzsral acids. |In recent vecrs,
dclomite has been increasingly used as a nctential fire retarder

in plastic compesitions. I+s initial temperature of decomprsition

Iz icwer than that cf timestone znd i+ liberatos carben dicxide

over a wider temaerature rannc.

5. Flux in steel-making. The presence of the twc alkaline earth

— .

oxides, lime ard magnesia is c¢f vulue in controlling the viscosity i
of slags irn stee!l vessels. Hence dolomites, particular those low
in cilica, have hecome increasinglv used for this purnose, especially

for fast converter processes.

6. Precipitapt of maonesia from sea water. ODclomitc has the

advantage of providing additional magnesia to the process and hence
is usually preferred to limestona, Howover, in recent years, the
trend in magnesia oroduction from sex water has been towards purer
qualities which demand high nurity precipitants. Few dolomite
depcsits can meet the rigic low content of imouritias now being
specified ~ total SiOz, AlBOS’ szﬁz rot to exceed 0,47 - and some
manufacturers are reverting to limestones. Abcout three tonnes of

raw dolomite are required to produce one tonre of manpesia.

7. Rcfractory uses., ‘sw techrolony cruplod with the fact that

dolomite is a cheap raw material but with excellent refractory
qualities, has led tc substantizl increases in itc use either in

brick or Llock form or as 3 monofithic,

When calcined at high tomneratures, the |imc component cannot be
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stabilised by heat alone and it will rehydrate. A stabilised form of
dolomite refractory was produced in which talc or a similar silicate
was added to form a calcium silicate but this was not an outstanding
success. In modermn practice, the dolomite is firstly calcined to a high-
temperature to sinter fully the oxide ccmponents. Careful crushing
and grading coupled with high pressure~forming produces a dense
compact which can then be given more stability either by bonding with
pitch or tar or by ceramic bonding which involves an additional firing.
A recently introduced technique involves low temperature firing

(circa 1200°C) which gives a highly active oxide mixture, followed by
fine grinding and then briquetting. The compact is then refired at
very high temperatures to ensure cemsification and stability. From
the resulting product excellent refractories can be produced and this

technique 1s particularly annlicable to dolomites of high purity.

Dolomite refractories are now being used in many steel olant
applications where rehydration nroblems can be avoided. These include
linings for various new steel converters, ladles etc. Dolomite bricks

are also being used for lining cement kilns.

In countries with a highly develoned refractory technology
coupled with available good raw materials about 3,000 tonnes dolomite
refractory per 1 x 106 tonnes steel are being used and in the cement

industry about 1,000 tonnes dolomite refractory/1 x 136 tonnes of cement,

Although detailed figures broken down into various categories of
dolomite utilisation are available from only a few countries, Table JI11.1

js a compilation of the most recent published data.




TASBLE 111,1 - WORLD CONSUMPTION OF DOLOMITE

1 .
Country 1 Rafrac- Sea Water | Othars I Tntal ‘1
l tories Hagnesia Fgrﬁ liseq Froduc- Crude Calclned
Procass Filler tion
I Australia 30,000 400,000
Belgium | 320,000 2.6x10° 330, 000
' Brazil 30,000 30,000
. Canada 100, 000 2.6x10°
. Eire 350, 000 350, 000
Finland 80, 000 80,000
l "France | 555,000 |.5x10° 1. exic®
Greace 350,000 352,000 350,000
l India 1.3x10° 1.3x1c®
|l ltaly 1axic®
Japan 3.0x10°
I New 6
Zoaland 25,000 4.3x10
l Norway 600,000 600,000
Mzaxi co s 500,000
I Pakistan 40, 000 40,000
Portugal 55,000
' Spain 2 .5x!06
I Sweden 50, 000 240,000 500,000 | 164,000 37,000
South
l Africa 225,000
Turkey 450,000
l U.K. 250,000 | 500,000 8.3x10°
U.S.A. 7001 0%*
l West 6 6 6
Germany 1.2x10 5,0x10 S1.AxI0™* 616,000
| :
* lime and dolomite
' ‘

| Figures collacted from Board of Trads statistics and from Incustrial Mincrals
o | | | 1976 and 1978,

| 11 L L | W L1
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Dolomite in Eurcpe

Many Furopean countries have exnloitabla deposits of dalomite
but only a few possess the high qualities requiraed for the se2 water
process or for refractories' oroduction. Intersst in the refract-
tories sida, particularly, has Increased In recent years bacause
only Austria and Greece have natural dendsits of magneslte and
only the U.K. and ltaly nroduce refractory grade sea water magnesia
(new niants are ormposad for Eire, Greece and Netharlands). Dolomite Is
therefore an attractive altemative to magnesite many of the
main European stz2el nroducers narticularly if qood, chean, raw

material is available near at hanc.

Germany, Luxambourg, 3algium, France and the U.K, have all
advanced technclogy ~n dolomite nroduction and usage and nermission
to visit severai of the major operations was kindly grantec.

WEST GERMANY -~ The strata most extensively expleited for refractory
grade dolomite in Westem Eurcpe arz the Masselkalk levels in the
Devonian sedimentary deposits. These form the southem flank of
the Ardennes from Charleroi/Licge/Aachen and extend across the
Rhine into Wastfalen, north »>f Colngne (Kein) throuch Dortmund
towarqs Hannover,

Dolomitwerke Wulfrath - is the largest nroducer of dolomite in

West Germany and although the company has many Intarests In cther
areas, its main mining and nroducing complex is at Haqen-Hal den
near to Wyppertal 2nd virtual ly within the Ruhr coal an steel-
making districts. Tha compmy Is a joint subsidiary of som of

its major customars, August Thyssen-Hutte A.G, and Hoasch Werke A.G.

The company has a large quarry of consistent
dofomite adjacent to the manufacturing comnlex which provides aboul
3 x IO6 tonnes/year ~f rock, most of which Is used? as aagregate.

A selected high quality material is nroduced for refractnry manufacture

MR Ak SR R A S A Nk S R AN . E S Bk A Ay e ..

at a rate of abhnut 2400 tnnnes/day. This Is pre-crushed thmuah 2

% 25 mm screen and 2ny size loss than 6 mm, Is removad. The qraded rock
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is calcined in a rotary kiln, of which there are four - tws with
350 t/day and two with §0C t/day output canaclty - tc a maximum
temperature of 2000°C. The kiln construction nermits a relatively
siow bum to 1200°C to remows (‘»‘3.2 followad by a fast rise tc the
maximum temperature. The total firing cycle Is about 3-4 hours,
The fuel used is pulwerised coal, the ash of which contributes

3.5% FeZO3 imurity to the product. This assists sintering.

Most of the dolamite which passes the 6 mm. screen is con-
verted into sinter for iron ore treatment. A small nroportion
of -4 + 6 mm material is calcined at 1000°C and the product used

for water treatmznt or for qlass manufacture.

Large lumps of dnlomite (50-110 mm) are mixed with coka
amd iron ore 2nd sintered senarzstely at abhout 1600°C in shaft

kilns on another sita.

The completz flow diagram is shown in Chant~r Vv,

The main sinterad product fmm the rotnry kilns is crushed
and carefully graded and used 1o orcruce bricks or blocks of dolo-

mite tafractory. Some of thase are bondad with tar or nitch

" "whTIst others are diract ceramic-honded by a refiring process.

Dr. W. Munchberg, Technical Director cf Dolomi twerke
Wul frath kindly providad samles and gave much technical infor-
mation conceming the raw material and its derivad products.
It was his oninion that the important characteristics of a

dolomite for refractory manufacture should be as foflows:-

I. Impurity level (Sf()2 + A1203 + FeZOB) in the range

I - 3% with a good balanos between the three.
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2. The impurities should he wail gistritute! ard no
impurity nineral, particularly guartz, should
exceed 20u in size.

3. The diameter nf the dolomite crystallites should
be small and preferatly should not exceea 100u.

4. The porosity of the raw dolomite should be low
and the pere size small in corder to ensure

adecuate sintering.

Cur test results on Hacen meterial are included in Table

b1, I These agrec with the spucifications provided by Dr. Munchberg.

Table 111,11 ¢ Proparties of “ulfreth (Fagen) Dolomite,
T =

Chemical Anzlyses ; 810, 0.5%  MgD 15-257

: !

{ (Raw Dolomite) : A|203 0.1 Cal 30-32

' Fe0p 0.5 LOI 46-48
Crystallite Size 200 - 50Cu
Firing Changes Raw Oclomite Calcined Full

Sintered

Crystallite Size p 200~500 <] 8-12
Porosity 7 -3 50 [0-15
Pore Size u | 3 ! 5
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The principal uses of dolomite refractories manufactured by

Wul frath were: -

2.

Torpedn ladies - direct bonded
L.D. Converters
0.8B.M, " tar or nitch bonded
LDAC "
AOD C»onverters
diract bondad
voD "
Ladles
Cemont kiln
Dolomite kilns  direct honded

Lime burhing kilns,

80%

20%

Trier Kalk at Wellen, mine by underground methods a Triassic

dolomite which is part of the Paris basin denosition cycle. An

almost identical deposit was also beinq osroduced across tha

River Moszl iIn Luxembourg by Refralux SARL, Both works were

similar in size and in their calcined nroducts.

The denosits were more or less horizontally badded In

strata which was rising steeply along the sides nf the valley.

The total thickness of dolomite was about 20 mts. but only the

fower 10 mt. was good refractory quality although the upner level

was extracted for agqregate or for fluxing nurnoses.

To remve

overburden would not bz nractical so the denosit was worked by

room anc plllar mathnds with roadways ahcut 5 mts, wlde.

The extracted dolomite was crushed Into the size rangas:

0 - 6 mm fer road stons, concrete.

6 - 40 mm, for a flux in steel manufacture

60 =120 mm frr bumt dclomite,
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The dolomite was bumt in shaft kilns at 1600°C tc make
sintered dolomita for ramming mixes; at 1200°C for fluxing
aplications,
The total plant capacity at both works was about 2500 t+/day
In four shaft kilns,

The analyses of the materials which we cnllected ware:-

Ca0 MaO Si9, Al,0 Fe,0 Lot

2 2°3 2°3
£ 3 A 3 Z 3
Trier Kalk 2.1 21.4 1.5 0,9 0.4 46.7
Refral ux 30,2 20.6 2.0 .1 0.3 45.8

BELGIUM ~ Rocks of similar age (Devonian) to those at Hacen, West
Germany and mined by Dolomitwerke Wulfrath,outcrop also in the
Southem area of Belgium near to Philinneville, Because they are
nearer the edge of the Ardannes unlift, tha Belgian formations am
more heavily contorted but thoy are lower In Impurities than other
occurrances and hence they are actively nroduced mostly for exnort
to other European countries.

ProduitsDolomitiques de Meriemont - producss only crushed and

graded raw dniomite at a rate of 1500 tonnes/day. Qualities with
size ranges - 40 + 8 mm, and -8 mm, are generally marketed and
ahout equal quantities of the two grades are produced,

The coarser grade Is solcd althar to Valenclennes, France or
+o Wul frath, Wost Germany for calcining, The finer crades are
usad in 1ron nre agglomoration, in fertiiisers for glass manu~

facture and In soil bheneficiation.
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The samles collected have niven the following analysas:-

S0, 0,08 - 0.21 ¢ Ca? 3.2 - 30.8 ¢
A1,04 0.19 - 0,28 ¢ MgC 22.4 - 229 %
Fe,0y 0.04 - 0.25 ¢ Lo! 46,3 %

Other measured properties are Included in a later chapter. )
There are other nroducars of simitar qualities In Belglum

and 1978 figures show exports of over 1,75 x 6 tonnes.

FRANCE - Refractory grade dolomite Is nrincipally mined at Neau

(Mayenne), about 100 Km, west of Paris., The formation Is Devonian;

It is quarried by the company Dolomie Francaise and the calcination

capacity is about 202,000 tonnes/ycar. (950 t/day).
Tha chemical analyses of a typlcal samle collected from
the Neau deposit was:-

Cad 31.,2%; Mg0 19.3%; Si0, 0.83%; AlL,04 0.72%; Fe,0, 0.69%;

2 23

Lol 47.2%,

At Neau, there are crushing and screenlng facllltles to
nroduce @ =30 + 8 mm, quality for calcining and - 8 mm, for
agriculture, glass-making, iron ore agglomeration etc. There
are two rotary kiins, one 110 mt, tong and 3.20 mt. diameter,
the other 68 mt. long and 2.50 mt. diameter, together capable of
producing about 600 tonses/day of sintered oroduct. There are
also fcur shaft kilns which oroduce about 350 +/day of sinter
calcined at about 1600°C or less.

About 50,000 tonnes/year of high quality calcined dolomite
frem Neau is transported to Flaumont (Nord) where an assoclated
company, La Comaqgniedes Rofractalires Basiquas produces high

quality bricks and blocks both pitch and ceramic-bonded in 2

fully automated plant which was completed In 1977.




Dolemia Francaise prmduces ovar 572,000 tonnes of ¢alomite
nar year for varicus annlications. (Sze Tabie 1i1.1),

Elff - There is no preoduction of dolomite refractories in Elre
and although there are occurrences of dolomite, none that we have
examined are sufficiently qure to be satisfactory for this
purpose,

A deposit of Carbonifercus doiomite Is belng mined by the
Juigley Magnesite Division of Pfizer Chemical Corncration near
Rennetshridge, in Co. Kilkenny, calcined to comaratively low
temperature, slaked and then used as a nrecinltant of macnesia
from sea water. Because the macnesia so produced is used
entirely for fertiliser and related products, high-qgrade material
in terms of chemical purity is not essentlal,

An analysis of the dolcmite being extracted at Bennetsbridge
at the rate of 320,000 tonn»s/year in September 1977 was:-

1.3%; Fe. 0, 2.8%.

0.8%; Al 293

Cad 36,8%; Mg0 14.8 %; Sio2 03
Another orocessing plant tc recover refractory quality
magnesia from sea water has recently heen comnleted near Drogheda,

Co. Duttin for Hepworth Ceramic Co, Ltd,, but in the operation a

high purity limestone will be used as a preciplitant,

UNITED KINGDOM ~ There are many outcrops of dclomite material in

the Unlted Kingdom particularly in Carboniferous/Devonian strata
levels but few of these are exnlolted as a source of refractory
or high grade material although many are used as agqgregates.

The important dolomites In Enniend are confined to the
Permian rocks which outcrop in the north on the coastliine of
County Durham and are exposed in a narrow band of surface rock
formations in approximately a north-south direction. valuable
material ls extracted in Durham, Yorkshire, Derbyshilre, Nottingham-

shire, with smalier amounts in Shropshlire and Glamorgan,




Over 8.5 x IO6 tonnes of dclomite Is extracted per annum in
England but most of this is aggregate quality.
The largest comnany to extract and nrocess dolcmite In the

U.K. is the Steetley Co. Ltd. and the varlous dlivisions®of this

company are Involved In all aspects of dolomite technology. The

Denni ff group Is concerned with the quarrying, nreparation and
marketing of aggregares; the chemical division controls the sea ,
water magnesia process at Hartlepool which uses dolomite as a
precipitant; minerals division In Ilalson with the refractories
division produces and utilises the high quality materlal for use
In brick and monolithic compositions.

The two main quarries for refractory or chemical grade
dolomites are at Thrislington In Co, Durham and Whitwell, near
Worksop In Nottinghamshlire,

Typlcal analysés of these two maln materials, the first of
which Is used as a precipltant for magnesia, the second for the

production of refractories was as follows:-

Table 111,111 : Analyses of Steetley Dolomites.

Ca0 MgO 10, AIZO3 Fe203 LOI
Thrisliington 35.0 17.1 0.3 0.2 0.6 46.5
Whitwell 29.5 21.6 0.6 0.2 .0 47,1

At Thrislington, the dolomite to be usad in the precipitation

of magnesia from sea water Is firstly crushed and then calcined in

a two stage rotary kiln to about 1200°C, The calcine Is then
hydrated but 1f the heating has been correctly carried out the j
resultant product is a mixture of MO + Ca (OH)Z'

The quarry produces over | x 106 tonnes of material/year;
the strata is about 10m +thick and Is near-horlizontally bedded.
Long-hole blasting loosens the rock which Is then loaded Into
lorries by face shovels.

*Recently there have been chanres In the structure of tho Company so

the divislons listed aré no lonaer strictly correct.
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The crushing and grinding nlant is cne of the most modern in
the world. The main size reducticn units are cone crushers which

reduce run-of-mine moterial,

The coarser -5 + | cm material is screered and calcined
whereas the finer dolomite is used for a variety of cther purpcses
principally as a slagaina cr agglomeration material for iron-ore or

In agriculture.

The calcined, partially siaked material is sent by rail to
Hartlcpool where the sea water magnesia ptant is sited. This

operation is described in a later chapter,

The Whitwell plant calcines dolomite in retary kilns to
1860°C or above sc that a cood sinter is cbtained suitable for
manufacturing into refractericss, Hiah tempsrature calcination
capacity is ahout 400,000 tonncs/year. The quarry operation is
similar to that of Thrislington and so alsc is the ccmminution

plant,

The calcined material is fransported abtout two miles to the
Worksep factery which manufacturcs over 130,000 +onnes/year of
varicus bacsic refractories of which 40,000 tonnes are pitch and

direct ceramic-bonded dolomites or saleablz sintered grades.

Careful size selcction and grading is absolutely essential to
produce high quality shapes, achieved only by efficicnt screening
and re-blending followed by prossing waighed batches of material tc

10 tonnes/sn.in, or abeve,

Tar or pltch bonded prcducts are prepared by mixing the hot
craded dolomite with heated tar an< then pressing into shan», Dlrect
bonded dolomites are, firstly, nrossed into shape with additives and
then refired to 1600°C or above in tunnel kilns, Thase may then be

dipped to impregnate them with tar. Further details are given in

Chapter V.
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Much cf tha tachnology is & elesely guarded secret but
sufficient test information has besen forthcoming to nredict

whather or not Thailand materials would be suitable for dolomite
fefractory brick production.

Various mcnolithic formulations and ramming mixes are
also manufactured by Steetley who also nroduce delomita at Tafts
Well Quarry in South Wales for use as fluxes etc., in the British
Steel complexes at Port Talbot and Llanwen,

Italy, Norway, Swecen, Snain and Greece also produce “olomite

(Tabte I11.1) in considerable quantities hut these countries have
not been visited. Italy, Spain and Greece have a small nroduction
of refractory quality and the Grecian dolomite is sufficiently nure
(less than 0.5% SiO2 + Al,O, + F9203) +o0 he used In’ the production
of sea water magnesia. The Norwegian and Swedish dolomites, which
are produced,are low in fren and are therefore much valued elther
for alass-making Hr as a flller/extender., Oolomite Is used In
Norway for the manufacture of magnesium metal. Both Scandinavian

countries export a considerable proportion of thelr high-orade

dolomites, crushed and slzed into a2 large variety of grades.

Users of Refractory Dolomite

Dolomite belongs to the very limited class of materials which
are capable of withstanding very high temperatures and at the same
time resisting alkall conditions which are features of modem steel
nlant nractices and of cement kilns, |[+s advantane Is that It is
considerably more common and cheaper than magnesia, but the ime
which 1t contains cannot ba stabilised by heat alone so that there
is the ccnstant nrchlem of rehydration.

In recent years, improvements In technology have raduced
qut not eliminatad the rehydration tendency and the modem high
quality dolomite refractory has properties which maks I+ superior

to magnesia and othar hasic refractory compositions in some

annlications,
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I+ is in turcpe that dolomite technolaey and its consequent
anplication is batter developed than in most othar areas and mest
steel nlants in the mejor ccuntrias use dnlomite refractesries on
2 comparatively larox scale. Howover, the amcunt of dclomite
used relctive tc othar altemative refractories varies widely in
countries within the Eurcpean Community, There are twe main
rzasons a) the aveila2hility of indinenous dolomite of suitahle
quality and b) the relative price Adifferential between dolnomite
refractories and those nroduced from magnesia and high aluming
which may he regarded as technical altematives.

In West Germany, for examnle, dolomite rofractories of
excellent quality ar2 nroducad; thera s ne sea water magnasia
production and high alumina materials have o he imorted at
considarable cocst. Dolomite refractorias have commercial
advantages in many steel plant annlications an~ about 150,000
tonnes/year cf piich and direct bonded bricks an+ shasas an<
monclithic compasitions are used in a steel Industry of 45.6 x
12 tonnes/year (i.e. 3.3 Kg/tonne).

Tha United Kingdom is fortunate in havin~ Indloenous sea
water magnesia, access tn relatively low-nriced high alumina
material and a sunaly of dolomite. About 40,000 tonnes of dolemite
rafractories are sunnlied to 3 steal industry of 23,0 x IO6 tonnes
(i.e. 1.7 Kg/tonne).

The situation 1s “fluid” and with the ever-increasing costs
of importad raw materials and of eneragy, the future for dolomite
rafractories in thaose countrias which have suitahle resources locks
very enccuracing.

The ahove fiaures do not take inte account fettiing and
patching grades, sintercd dolomite used In slar modification cr

in fron-ore pelletisation,
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The cement indusiry uses much lass mafractory than the steel
industry but the situation is much the same. Dolomite, high alumina,
magnesia-basad comositions ars 2li adequate and it Is a commercizl)
axarcisa to decid: the nreferred selectinn,

Dolomita refractories have heen used in steai-melting

fumaces since tha early days of the basic open hearth fumace.

Bricks, blocks an” ramming mix»s were used and hecause shut-downs

ware infrequent thers ware few problems with rehydration once the

refractory was installed.

Tha new oxya:n converters are more demanding in temerature

and stag msistance but the salaction of superior grades nf raw
material counled with advances in the technoloay nf manufacture

In some cruntries, e.n., the U.K,, there has been a trend
ovar tha nast five years 1o menlace th2 all-dofomite linings »f
basic oxygen furmaces with elther mamesla-enriched dniomite ~r
macnesia itsalf. This trend has nnt baen as ranid as predicted
and in 1977 Leonard reonrted about 507 of LD-vessels wore still
lined with “olomite refractories and waere presumably more
acnnomical 1o onerate, even though there was a hinher wear-rate
than with magnasita,

In Balgium and Wast Germany, maonesite rafractories have
mrde even less Inrnads in fheir replacement of driomite In LD
vasszls, but in Janan and the U.S.A,, linings of such vessels
are mainly mamesite,

Magnasita linings hacauss of thelr great resistance to wear,
z1low agreatar fumace availability and less "down—fime’', but dclom'e
rafractorias may 2 only 25% of tha onst of magnesia in 3ome

countrios. Perinds of racessimn in steel-making favour dolomit .

l have kept dcliomite in the forefront as a haslc refractory,




LD conwverters are likely to become the main steel nreducina
unit in Thailand and nthar narts of S.E. Asio over tha next fow
years andg i f suitabie tar-honded dolomite refractories or deloma
enriched with magnasite arc availahle they wauld satisfy the

lining requirement to the exclusion of impcrted magnesites, :

Electric Arc Fumaces are alsc imortant steel nroduction

units., In West Germany and Belqium, dlrect-honded dolomite hlocks

are the nrincinal hearth materials and comrise a large nercentage

of the total tonnaqe of refractories. e Tl At the slag

line, magnesite or chrome-magnesite are preferrmd, In recent

years roofs in rammed dolomitic materiels have been successfully }
Installed, In the U.K. and elsewhere in the world, magnasite-

hased refractories are nreferred throuschout the E.A.F. bacause

the cost diffarential cf dolomite is not so great,

Elactric Arc fumaces are the main steel-making fumaces
employed in Thailand at the noresent time. They use imported
mqgnesia=~based refractories mst of which could he renlaced by
indigenous dolomite qualities.

Argon-Oxyaen Decarbonisation (AOD) nrocess is the maln

method of nroducing stainiess steols.

The nower units of the stesl
industry involving gassous injaction or vacuum deqassinn require
a hasic lining t¢ withstand the orolonged and sometimes violent
contact with metal an< slag, Direct~heondod dolomite hricks have
precved superior in aconamic Imnortance to all others in these
as lications particularly In Eurencan countries.

Stenl Ladle practice is chanjina and more "work” on steel
qual ity control is being carried out in these vessels than was

the practice Whon simnle filllng of Ingot moulds via a stonper

assemhl, was their only function, Holdino times of steel in ladles
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may be more than druble particularly wher continuous casting is
aml~yad, Doloma=based Ziract-honded rofractorias are nroving
t~ he excaptiznally sincd as linine materials in mrdem ladle
practice., Thay ~r: commonly employed in Waest Germany ond thelr
uss is increasing in the UK, Pratfiald an<? Ssaencer claim that
doloma cuts refractery ccsts, reduces arosinmn rates, Is resistant
to snalling and to basic siag attack ond furthermore any |~sses
from the rofractory will n~t adversaly affect sl~g cymnesition.
Either firad, caramic-honded bricks nr temrerad nitch-bonded
hricks are proferrad hut exneriments are nroceading ~n rammed
doloma linings.

Slag additions of dnlomite have brought ahout some of the

most romarkablce imrovemants in steel nractice in raceant ysars.

I+ was nradictod from 2quilibrium diacram studies that lime
slags would dissolve magnesia from vessal lininas until saturation
occurred, but above this paint thars would he little or nn
chamical reaction,

Additicns of relativaely soft-fired dolomite (which 1s thus
chemically reactiva) to the 1ime normally addad tn nrocduce slag
has improved vessel lives dramatically and this ha2s become
standard nractice in most BOS onerations. Tho amount of dolomite
which Is added +o0 tha slaqg is critical and idoally shruld be in
tha ranga 25-30 Kq/tonne of steel which corrasnonds tn about 67
M30 in the slag. Under thasn conditions chemical attack on the
Iining refractory (which contains MeD) Is virtually aliminated and
the more viscous slaq confers othar advantanes, Tha result of
these additicns has haen fully documonted in the U.S.A., and Janen
and has shown that BOS 1ining lives havo heen Increased from
about 400 tn over 5000 with a reduction in refractory consumptinon

frem around 6 Kg/tonne stael to about 1.5 Kg/tonne stezl,




Th additien of such large ammunts of A lomitec tec the slan
does not maat with univzrszl annrnval., Only meterial with a very
low imrurity content - »articulzarly silica - Is 2accentable and
the cost of this in mony countries is prohibitive,

In Thailand, high quality dslomite is nlentiful and it would
e a safz nrediction that the orimary stecl fumaces planned for
the carly 1980's would use the nptimum dolomlte slag addition
(20-25 Kg/tonne of stoel) and line th vossels with tar-bonded
doloma bricks which woul? be required at sbout 2.5 Kg/tonne nf
steel.

If 2 sea water meqgnasia nlant s constructed anc the steel
industry fol lows Eoropean trends, enriched dolomz with mignesia
is likely to b2 the preferrad refractory which woulZ reduce
slightly the total quantity required but th2 2pnortunities for

substantial exports would Increase as a consequence,

Price Structurs

Our resaarches into producticn and usage of dnlomite
refractories in Surope and elsawhere revealed that the ec~nemic
aspects varied within ecach country and aoovem=ad the axtent of
their application in some cases tc a greater doare~ than tachnlcal
mrit,

Dolomite must compete with magnesia and frequently with
high alumina qualities and much depends on the relativa nrice of
each, At the nresent time there is so much varltation month-by-
month in somo importad onsts that a true nicture Is difficult
to derive.

In general terms, good dolomite from indlgenous sources is
avai lable In most of the cnuntries in W, Eumds at a relatively
low cost. The meterial s less avallable near to stecel-making
areas in U.S.A. and Janan, Magnesia Is nroduced In the U.K, but

cnly in italy of other European countries. Grecce 3and Austria

have depesits of mamnesite but France and West fGormany rely on
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imorted matarials, U.S.A, and Janan nrmduce high quality sea
watar magnesia and the former has hich alumina raw material. High
alumina .aterial from calcined bauxitas has to be imnrrted into
Euroxe frem Guyanz, Surinam or China 3and nricas for qons calcined
quality zre escalating.

In the Euronean z-ne,2lomite costs (Jan. Ist 1980) were

asproximotaly as follows:-

£/ trnna (ax works nrice)

Quarried snd rouch qrader .79
Pulverised and size controlled 4,50 - 10
Soft-fired 30 - 40
Dead-burmerd (dcolomz) 35 - 45

Bast quzlity raw dolomite pulverisad and gradad for thz glass
an4 filler industries is quoted in the ranqe £20-100/tonne.
Dsad-hurned magnasia is £120-150/tonna (ex works nrice) and
&3alcined alumina £118/tonna C.ILF, Eurcnean Port. Transnort,
duty atc. hava all to be omsidered in the delivemd nrice. From
srivate figures which hawe been given the relative prices »f each

cometitive rmfractory arada Is as tollows:-

De:iomite Mamesita Hioh Alumina
U.S.A. ! 1.5 I.6
Japen | l.4 1.8
U.K, | 2.1 2.4
wWest Garmany I 3.2 3.6

This is nnt the whole story, because the "I1fa" of the
rafractory and the “down-tim" for renalirs and replacamnts noon
vo be fittad inte the equati-n hut 1+ can be concludacd that
whare “clomite has z large nrice advantage - as it would In
Thalland and 5,6, Asia -~ many uses will e found for 1t in

refractory an»lications,
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©  PZHTIES OF THAILAMD AND OTHER mOLOMITTS

"olamita is 2 minaral which is ralatively ahopcant throuchaut
Thattons, (Chanter 1) 5ot the “anosids suitanhio »s a raw material
tor mfracteriss must nat oonly bs jars an- clase +» 2 eonsumer hut
must als~ p 3s~ssa ennsistont chemicsl 2n” minarnlenicnl annlysis, '
few in imourity and have shysicnl nrenertlas which anahla T4 +o ba
sintarcd +~ 0 high density,
The foliowinn oronartias of Anismite were thamfere mersura!
and invastinatad: -
I. Ann2araence an~ rcenar2l ~renertics.
2. Chemicm! Analysis,

3, Micrrstructurc analysis.,

-~

4. Ciffarentis~t Thermzl “nalvsis (DTA). |
5. X-Ray Diffracti~n ‘nazlysis (XRD),

5. Bulk Density, True Density ant Prpesity,

7. Chan-es in these nronarties n hastins +~ varirus

temar-turas,

Chemical_Analvsis. Standard methods wors used far the chamical

analysas ~f dolemites but mostly they invnlved tha now atrmic
ahsomtion unit (A, 775 Tectmn) which was surchased for the
resgarch and hos arovad invaluahin,

The analysas have haan ronartad in Chantars 11 = ' |1} Syt
raferznce must B2 med> 0 oA staininn mathed which was us~d +n
i*sntify cuickiy “clomite samles in tho fiald,

't was difficult o Al fferontiate hatween |imstone and
delomito tn many of tha Thailand axzosurss seo » fiol? kit was
drvigns? fasad ~noa stainin~ tochnicus attributed to Wame,

Tha nrzliminary tast an = “reken mck franment inv~lvad

adcdinr 1t t2 dilute hyimchlsric aci~ in 3 suitah|a S~t+]a,
E{farvescance Indfcatad = cartrnate rock, cthamulse the rack wng

discardaid,
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The samnl: wis withi rawn and woshad with frosh watar and
then immerso? in 2 snlution ~f Alizatin Rod S. 1 th: materizl
were cricite a dean ro! stain “ovelnne? on the surface auitc
quickly; “slomit2 did not take th2 stain and with a little nractice

nasitive identification was easy.

This method nroved mrst usa2ful and sawed considerahie
time. The small fiald kit which was devised could be carrisd to
tha outernp 2reas, [+ has heon axtended to diffarentiote batwaen

and identify all tha majur carhonate rncks.

Hicroscopic Analysis

Both emmventional and =lectiron microscones have baen
usad to measure several imporiant characteristics ~f Thallznd
dolomites in compzrisan with European materials which ars in

industrial use.

Traasai Hed Licht analyses showed clearly the nature nf

imurities which ware nrasant, Not only were the main tynas
identifiabla but also their size and distribution which »re so

imortant in fI. ngq reactions,

In every case examinad the main imrurities coui be
identifisd as quartz oceurring 2s small pegmatito velinlets cr
stringars hotween the dnlomite crystallitas (Fig, IV.1), Ths
fmourity particles ranged from |[-2 micmns In Kanchanaburi

matorial o + 201 in Satun matsrizl, I[ron-stalning was also
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Fig.

Iv.1.

PHOTOGRAPH SHOWING QUARTZ PEGMATITE VEINLET
IN DOLOMITE

(Magnification x 340)
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obsarved in some soacimens associated with the vainlaets of quartz.
in ona samle, namely XKPL from the Kanchanaburi area a white fine-

arainad powdery immurity was noted which nroved to he tale.

In all Thallond delomites, including those from tha
Scngkh 1a/Satun area whers the impurity level was hioh, tha
negmatite weinlets ware composad of small crystzllites which
should react quickly and completely with the dolomite at high

tamperatures., This would resuit in efficlent sinterina,

Raflected Light analysis was used +n idontlfy the actual

crystaliites of dolomite undar polarised light, Careful
nolishing was vital to securs ciarity »f grain but, once the
tachniqua had bHeen mastored, the crystallite size could he
astabl ished with accuracy using a calibrated scale In tha
eyeniace >f the micrrscnoe which was a Vickors M55, The othar
important featurc shown under roflocted licht was the slze and

distribution of nores,

Photomi creqraphs of Jdolomite spaecimens In reflacted |ioht
showing the features of crystallite siza and nore siz2 are

in Fig. IV,2, ab ¢c 4

&)

f gh and tha relevant narameters in
Table IV.1,

One interesting point has emerged from microscrnic
examination which has se far not been fully explained. Dnlomite
from Ko Si Chang is comncsed of twinned crystals (Fig, 1V.,2d)
whereas all other samplas showad nc twinnina whatsoevar,

The crystallite sizos nf the dolomites showard substantizl
differencas. Merlemont, Belgium material was tha larqest with 207
microns but most of the Thal lan” dclomitas wore composed ~f smal'
crystallitzs about 75-10C microns, Thailand material was similnr

+0 Wulfrath delomito and was nhviously haavily metamorphosad, wh st
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UK, was much l255 comsclidatad with a mora norous structure and

a different qrain conflguraticn.

The Scanning Clactron Microscene cnablaed the fractured surface of

snacimens tc be examinad at high magnificaticns (un to 10,000
times) but with considerable doanth of fncus. The charactaristic
rhomhohedral shapes of olemite and thelr plate-1like nature were

clearly ravealad (see Fig., 11.3).

Minarazlogical Tasts

Both Differential Thermal Analysis and X-Ray Analysis wars
usad to compare the mineralogy cf the selected Thailand and
Eurapean samnles,

G.T.A, gonfirme? the natura of dolomite (Fig. 1V.3);
z2lthough the results wers similar there wers Interesting noints
of differente which have not yet been exniained.

X.R.D, is the mothod most commonly used for mineral
idantification and analysis and als~ for studyling changes that
taka place on firing.

Table V.l is a compilaticn of the maJor dolomite
spacinas in all samplaes under investigation, The nurity »f the
dolomite was established clearly, |

In some samnles other lines in the X.R.D, pattermn were
noted which corresnonded with Impurities such 2s calcite and
quartz,

Physical Properties

The physical propartias of dolomite, narticularly the
true and bulk densities, porositias and nore sizes and thelr
changes on firing are at least as imnrtmnt as chemical and
minaralcgical characteristics in determininn the sultability

of the material for industrial use,




I
|
I
I
I
I
N
I
I
I
|
|
|
|
|
|
!
l
L

Oc )

17

AT(I1CM

\/\/\MM
WWW
4‘”‘*~\\/q\//-——SKL
ﬁ\\/q\//’“——‘KSC
W
— N\[—\KMN
| ‘\Vp\//"_~KS
200 400 600 800 1000 ‘
TEMPERATURE  *C
fWG IV. 3. THERMAL CURVES OF DOLOMITES




67

TASLE IV.II - X-RAY OIFFRACTION PATTERNS NF DOLOMITES.

Figures quoted are relative intensities of the line,

|
I -spacing T ]
A° AEI” g% KS KMN RKW RKS SKL |WW [WF MM
l 4.03 3 3.8) 3.8 3.8| 2.8| 2.2| 3.8 3.6] 2.9| 3.5 ,
3.69 5 7.1 6.0 | 6.3| 6.5| 5.7 6.71 5.5[6.3] 6.0
' 2.89 100 100 | 100 {100 |100 |100 | 100 {100 {100 {100
2.67 10 9.6 | 12.6 | 13.0]12.3|10.6]| 9.7 | 9.8{14.2[12.4
' 2.54 8 8 8 8 8 | 8 8 8 |8 |8
2.41 10 121 9.2 | 9.9 8.9 9.2{ 9.7 [11.9] 7.3] 7.7
2.19 30 26.8 | 28.6 | 30.0028.3 |20.3[+28.6 |25.5|26.3]26.3
I 2.07 5 5.4 | 45 | 4.6 4.6 2.0 3.8 3.6{ 3.0{ 3.0
2.02 15 18.3 | 17.9 |18.7 |11.5 {11.8] 12.7 {11.9]13.7{14.9
' 1.8 5 4.8 4.0 { 45| 3.8{ 1.8( 3.2/ 3.0{ 3.0{ 3.2
1.81 20 21.8 | 26.3 |26.9 |25.8 {23.7] 26.0 |23.7|27.7]|28.3
l 1.79 30 24.6 | 26.8 |27.6 {26.5 {19.1] 23.5 [21.9]24.7|26.0
1.567 8 3.8 3.4 | 3.5] 3.2 25 2.712.71 2.8 1.3
' 1.545 10 8.2 9.2 | 7.0{ 6.5 3.5{ 3.2 | 4.4/ 5.0[ 2.9
1.496 ] 1.2 ) 1.2 | 1.8 1.2)1.7] 1.7 1.2] 1.0{ 1.6
1.465 5 58| 5.6 | 6.2|5.1]4.9{ 4.7] -] -15.2
l 1.445 4 2.9 | 7.2 | 7.5 | 8.2 {20.3| 1.0 | 7.9[13.7| 7.6
1.431 10 16.8 | 15.7 |16.6 |15.5 |17.5|15.9 |14.8/18.0{16.2
' 1.413 4 2.0 | 1.5 | 1.6 |15 1.7 1.6 | 1.5 1.7 1.9
1.389 15 6.3 { 5.5 | 5.1]5.1]3.4] 4.0/ 3.0/ 5.3/ 4.0
l 1.335 8 3.8 | 5.0 [.5.0{5.1]7.1] 5.96.0] 5.3 5.1
1.297 2 1.9 | 2.2 | 2.6 )2.211.8] 1.6 1.5/ 2.2] 1.9
| 1.269 2 2.5 | 2.3 (2.6 |2.2]|2.6] 2.4 2.2] 2.3] 2.2
1.238 5 2.8 ] 3.1 | 3.5|3.02.3] 2.6} 2.2| 2.4/ 2.0
l 1.202 3 1.2 1 1.1 {1.1]0.9]0.8| 1.0 0.9/ 1.0{ 0.9
1.168 4 2,2 | 3.2 | 3.2 3.1 {2.8| 3.3|25]|2.8 2.7
|
|
|
|
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Tha rasults ~f the measumment of the nhysical nronerties
of raw dolomite ar. in Tahle V.11, The calcinad chemical

analyses are alsc included in this table for comparison nurposes.

TABLE IV.111 - PROPERTIES OF DOLOMITES
Sarmlae Chemical Analyses (calcined) Physical Properties l Crystal- 1
. lite Sizo
M Ay ! 3 ! n
Cald Mg0 SIO? |203 F(,ZO3 L0t  Truea Bulkse Porosity u(maan)
KS 59.7 39.8 0.42 0.04 0.15 [47.7|2.84 2.84 0.0 75
| K 59.1 39.2 .67 0.04 0,08 147.0|2.86 2.86 0.0 8n
RKW 59.4 39,9 0.25 0.04 0,55 [47.D12.83 2,79 1.4 75
KSC 59.8 34,8 2.38 1.95 1.09 43,9 12.78 2.76 1.8 270
SKL 56.4 32,2 8.57 1.18 1.43 |45.1 |2.76 2.66 3.6 150
Sﬁie*'ey 56.8 40.8 1.07 0.40 1.0 |46.5 |2.78 2.68 3.5 75 ;
iyl freth 59.5 39.3 0.98 0.32 1.00 {465 12,82 2.80 0.7 220
) kelil'y !
Morlemnt | 57.042.1 5,20 0.45 0.3 [45.82.81 2.78 1. 200
Neau, . ! '
h 58.2 38.0 1.60 1,40 1,30 147.2 12,81 2.74 2.6 179
rance
KS Kanchanaburi (Khao Laem) KMN Kanchanaburi (Kamnam)
RKW Ratburi SKL Sonckh la
KSC Ko Si Chang

I+ may he concluded that KS, XMN and RKW dolrmitas have

excellant physical characteristics which comare favourahbly with
Serman and Beloium materials, Both KSC and SKL dolomites have
lower values of true densitias - probably because of relativaly
high imourity values - and hulk densitlas - due to a higher
nornsity. However, thesa still comare favourahly with Whitwell.

UK, matorial from which excel lent refractoriss are manufactura.,
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FIRED PROPERTIES

To he of industrial valua in the manufacture ~f refractory
gradas, dolomits must Ye fired to high temeratures to complete
al | chemical raactions and 1o nroduce a hinhly sintered nrncuct
which Is canable of withstanding Intense heat and resisting

corrosiva slags and oases.

During the firing nrec:ss, there are two critical
temerature ranjes. The first frem about 803 - 1209°C is the
region in which the mineral decrmoses with the loss of carbon
dioxide 2and harmful sulphur. Almost 50% »f thd tot2l weight is
lost in this region; the crystal Iattice and rock texture are
hrokan down and complete disruption may nccur, |f the rate of |
deccmposition is tao graat and the stresses hecore excassive the
rock fragments axnan:! and shatterine will occur, In extreme
casaes, the materizl is reducaed to 2 powder and it would then be
virtually uscless for calcining further. |In recent yaars,
Amarican practice has overcome this nroblem; the powdary low-
temperature calcine, which Is highly reactive, is pressura-
briquetted and the analomerates can then b2 sinterad at very
high temperatures to extremely dense fragments. However, the
mra usual nractice is to calcine dolomite In one firine
process either in a shaft or rotary kiln and, under thes:
conditions, rock disintegratinn can he 2 serinus nroblem.

The second critical temperature rance Is +he final
sinterinn stage which takes placa hatween 1600 - 2700°C.  Untid
thase temperatures aro attalned calcined dolomite Is nrone to
ranid hydration, it is highly porus and lacking in strength,
The sintering conditions rosult in crystal growth of the
nericlase (My) ohasa and to chemical comhination of the im:

componant with the impurity oxides., The greater the content

~f impurities, the 2asiar it is to donsify the calcined mass
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but tha noorer will be the quality ~f the fin2l sinter, In

modern tachnoiogy of dolemite, the trend is t2 usa the pursst

grades of rock and accent that high temnaratures and nrolongad

sintering will be essentialshut for qualities requirad for less

arduous duty, Imurities, such 3s iron oxide, arc frequently !

daliberately introcduces to increase the case of sinterinng,

The criteria of gomd sintering are high bulk donsity,
low porositias and aoed intar-linking betwaan the various
crystal phases som: of which crystallise from a liquid when
the sinter is ouled,

Low temperature firing nroperties

Tha selactad Thailng lolemites were tested undar
stancard conditicns with European aualities in the temperature
o, . O . .
range 1000°C ~ 130X07C =nd nrenerties ~f importance measurad,

Thase rasults are included in Tables {1V, IV and [V.,V,

The abradability values of hoth Ko Si Chang (KSC) and
Ratburi (RKW) doiomites were approciably higher than ather

materials and hoth would probably be difficult to calcine In

mtary kilns withaut large lossas of fine material,

The Kanchanaburi matarials (KS and KMN) wers excellent

and shoul? srasant n~ oroblems in any calcining tachniqu~,

High temoarature firing pronertias

When fired to sintering temperatures (IGOO-Z.’}OOOC), dolo-
mites are composer of 'O (periclase), lime (Cad) and various
compounds of lim: with alumina, silica and fron oxide., A liqui-
phase devslcps which increases in quantity with the maximum
temparature of firing and from this nhass, varlious c-mnounds

crystallisa on cocling,




TABLE 1V.lV, = CALCINING CHARACTERISTICS OF DOLOMITE AT LOW TEMPER/TURES

TEMPERATURE  C
SAMPLE 1000°¢ [ 1239°¢ 1400 B
Truen Bulko $ Porosity ‘ Trus & Bulko % Porosity Tr.a l,»..:,‘ ik D ¥ Per'(;‘;l’:f"y"
KS 3.0 1.0 41 | 3.45 é .81 ; 47.5 xn w3- 91 § 44,2
KMN 3.36  1.78 47.1 3.47 . 1.83 | 41.3 3.42 . 1.86 ; 45.%
o 3.35  1.69 49.6 345 1.7 1490 3,47 f 1.85 2 46,7
KSC n.d. n.d, § 3.2 ; 1.97 g 38.6
Whitwall UK 3.33 ¢ 164 1 51.5 3.3 ¢ 1.56 E 54,3 3,52 f .87 ; 46.9
Wirerath ar | 3039 o143 1 s7.s 51165 osie 3.48 1 1,65 | 460
Jiericm at Bl 3.3 0 186 E 51.0 3,42 11,72 § 49,7 3.51 § 2,71 i 2.7
Bor notss ri dg» j 3 5 § é §
et | 3,48 § 1.59 é 53.8 3,47 1.A3 i 53, 3,45 § 1.7° g 51,9
L | : : : 3 3

K5C samplas wars

ton fraaile t~ tost balow 1420°C,

1L



TABLE 1V.V, - CALCINING CHARACTERISTICS OF DOLOMITE AT LW TEMPERATURES

" TEMPERATURE OF FIRING °C

SAMFLE

KMN
RKW
B\ S

Wnitwolt
UK

Wil frath
Gor

Martemont

Bl

Bennats-
bridge
Elrs

%5

SRS S

% Ahr,

33.8

7.9

L

3.9
0,
.78

3,037

.04

2.3

.07

7,75

Oy AU

4.9

8.5

33,1

Fc >tnotes:

Thare was

2 oan
VAN 4

abrasion under - st-r 'ard tast,

insufficiant samla of SKL (Sonckhla/Satun) tc comlets thass tasts,
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Thasc raactions cause sinterinn an? dansification in calcinad

cotemits and larczly determing [+s notential Industrial vhlue.

Thesz channas in Thailand Anlomite ware investinated fully.
The czmposition of lhe mgterials after firing t~ varicus tompeve-
tures was studiaed by X -¥ay wethods an under the microscop: and tha

shysical nronartias alse measurc,

X-Ray diffractinn pattams have been rrocucad from all samles at

i~

temparatures from 16 +C unwards, Time has not nermitter a full
analysis 1t~ be comlatad as yat but tyntcal serlos (KMN and
Wulfrath) are shown In Tahles IV, VI, Thz characteristic

Itnes of Mgl and Ca” are marked; the othaer linas corres~ond to
interstitial minerals, !+ will he n~tod that after the hicher
temparatures of firine, the intensities ~f the lines corresprndine
to Cz. hacoma docreascd and, to o a3ssar extent, so 7~as the line
sattermn of Mg™, hut the anciliary minaral content increoases.

Microscone tests particularly of reflacted 1ight sectinns and

fracture surfaces In tha scannina stectrcn microscone hava alsn
sroved most intaresting in revealinn the changes iIn structure
which are nrcduced ~»n firinn, An illustration of thase results
is in Fig, IV.5,

Physicz! Pronarties of Aslomites fired un to 139°C are shown In

Tabla IV,VII ,

In general the dolomites from the south of Thaiian sintercd
and dens!fiad at low temeraturaes hecausa of thelr high imuriry
foval, whersas the nurer varieties from tho north densified 1.5
readily, and szme would nrohahly be unaccantablia haczuse thay
are too nura,

Tha materials from the Kaman ara and from Ko S1 Chanc
have considarablo notential, The f~rmer would need to ha cri-
cinad at 1890°C hut 11 would then Aansify adequately and it i~

sxcantionally sure, Tho lattor would be ensler to traat and would

|
ba aceantahla for me lum duty use,




d-spacing Reletlve Paak Halght o . Likely
a© KMN 1500001 KN 16000C] KG4N 170003 KN 18000C) Phasa

3.105 3.0

] 3.043 2.5
2.771-2.778] 93 > 93 > 93 88.0 Ca0
2.684-2.686 | 2.5 - - 3.0
2.614 2.5 - - 7.0
2.429-2.433 ] 13.5 15.0 16.5 15.0 MqO
2.401-2.398 | > 94 > 94 > 94 > 93 Ca0
2.338 12.5 14,5 24.0 20.0
2.217 - - 1.5 -
2.181 - - 2.0 -
2.105 > 95 > 95 > 95 > 93 Ma0
2.024-2.025 | 23.5 26.0 31.5 30.3
1.933 - - - 2.5
1.762 - - - 2.0
1.699-1.700§ >96 > 96 > 96 > 93 Ca0
1.490 50.5 52.8 58,0 59.5 MAO
1.451 33.0 32.0 33,5 | 35.5 Ca0
1.433 42.0 45.5 50,0 53.5
[.388 33,5 29.5 32.5 27.8 Ca0
1.271 7.2 6.5 7.0 7.0 MA0
1.221-1.222 | 41.5 42.6 50,0 50.5 MgO
1.201-1.203 | 12.8 12.0 12.0 1. Ca0
I.103 1.2 19.3 1.3 9.0 Cal
1,072 31,0 28.5 32,9 25.0 ca0d
1,055 5.0 6.0 6.0 6.5 Ma0
1.0l - 2.5 - 2.0
0.931 23,0 20,7 22.5 16,0 Cad
0,965 2.5 2,3 3.2 2.5 M)
0,941 14,5 14,0 | 16.8 19.0 M0

: |

TABLE {V.Vla- RELATIVE INTENSITIES OF X-RAY DIFFRACTINN LINES OF

FIRED SAMPLES JF KMN DOLOMITE
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d-spacing Relative P22k Height o Likely
A wF 15005 | wF 16707 | wF 1700°¢ fwF 1900 § Phse
3.121 - - 3.5 -
3.033 - - 1.2
2.869 - - 17.5 -
2.776-2.139 | > 92 > 93 59.5 66.5 Cal
2.694-2 695 - - 6.0 7.0
2.510-2.514 - - 3.5 5.0
2.429 16.2 16,0 16,0 13.9 MaD
2.350-2 402 > 92 > 33 > 95 > 97 Can
2,335 16.5 13.5 20.7 22,2
2.185-2.191 - - 3.0 2.5
2.105-2.106 | > 94 >.94 > 93 .92 Mq"
2.025-2,029 | 25.5 25.3 27.7 3.5
1921 - - - 1.5
1.207-1.315 - - 3.5 2.2
1.229 - - - 2.0
1,765 - - - 2.9
1.699-1.701 > J5 >.95 > 93 88 Ca
1.630-1,634 - - 3.5 2.0
1.489-1.4901 57,0 64,0 63,10 47.5 Ma"
1.450-1.451] 37.0 37.5 30.7 22.5 can
1.434 43,0 48,2 46.5 62.5
1.328-1.390} 37,7 34.0 27.9 22.3 Ca’:
1.270-1.271F 9.0 9.7 £.2 5.5 MA?
[.221-1.,223} 41,0 44,5 A3.A 57.5 M)
|.202-1.203{ 15.5 14.5 10.5 £, can
[, 103~1,404) 13,7 13,5 16,9 7.5 Can
1.075~1,0761 37.9 35,0 26.5 12,2 Can
1,053-1.,254) 7.2 2,0 7.0 6.0 "an
1,016 - - 2.0
0.9%1 25.0 25,0 17,0 14,9 Cal
2,955 4.5 3,0 3.0 3.9 Mg
0,241 27,0 21,0 16.0 14,7 M

TAZLE 1V.VE 8 - RELATIVE INTENSITIES NF X=RAY DIFFRPACTION LINES FOU

FIPEN SAMPLES 7F WULFRATH DOLOMITE

|
|
|
!
|
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Fig. 1v.5. - CHANGES IN MICROSTRUCTURE OF DOLOMITES ON FIRING,
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The 1w ir-n oxlAg c-ntent ~f many Th=il=nA dol-mites is of

intarast hacause as -~ cansequane their refract~ry qualitias could

ha axconticnally nond 1F thay can b2 calcine” at 3 sufficiontly
hich temeratura te oebtain » §ord sintar.  Undeuttedly, 74 Anjn-
mites of this gquality wars +o ° 3 »vailahle in Furong thoy wouls he

hichly rrize? 2n? a now technnoicqgy micht davalan armuns tham,

As far as Thailand is concamerd, tha manufacture of refrac-
toriaes from the hich quality materials may reauire the 244ition
of imurity 9 a2nsury adoau=te sintering at a2 comarativaly Iow
tamneratura., lron oxiae 2ither as an ash from snli” fue) or
as che=~ hoilar scale Is an 2ffaective a“ditiva in Increasine
sinterino as measured by the hulk donsity (Tahia 1V VETD), 1+

is commonly emloyed in Eurorean nractico.

TASLE IV, VI - BULK NENSITY %F FITCG DOLOMITE WITH 120N ~XYIDE ADDITIONT

Sam1a Firae at 187°7C,2 hours P F rad &t
{ ; ad?itinn
KS 2.%9 ‘ 2.09 | 310 32" 1,93
KN 2.% : 2,69 I 3,1 1,00 3,12
KW 2.2 | 2.%2 ' 2,94 3,M 2.72
W 2.3 ! 2.7 ¢ 3.3 l 1,3 3,7
WF 2,44 ’ 2.9° ; 2 32 313
, ' i’

I+ may he conclued, thorefrr, that soveral Asrosits nf
Aniomite in Thailand would ha excallont for the manufacture ~f
hinh ~rads refractary qualitias and athars for madium Auty an”
as slan afditi=ns. Some ~f the formrticns are suffliclently ~urs

te ne usad as A hith ~roads arocinitant ~f manastia from saa w-ber,
!

l
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CHATER ¥

POTENTIAL USES NOF DALYMITE

Fapr mrgt ~f the intustrias which micht use “nlomite- o.n.
acgrogate, acricultur | Ql»ss-makina =sim~ie minine, crushi:~ an

aracine of the minoral 2> alt 2t is requires? to nr-tuce =2

n
-+
>
6]

suitatle nmduct. The mfracterics Industrv which erhiro g
arnductinn nf sea-water macmnesi» and the manufacture ~f “ricks,
Yincks and rammin~ mixas from delemite involves much mare comnlex
technolnay and a raw matarizl of nraecise charactaristics.

Caa Wotnr “arnesin

The 2varan content of marnasium ions Adiss~lvad in sea water
is ahaut 1377 p.nom. Simly by makinn the saa water sufficiantly
atkaline +~ a nH in excass ~f 10, causas monestum hydroxide +o
nrecisit+ate virtually auantitatiwly. To achievs this conditi~n,
ecrnmmically 2nd industrially,invaives the use rf Anlamite or
cthar lime-contalinina mineral,

1f dolomita fs calcined at comarativaly low temneratures it
loses carbon dinxidn and is convartad intn 2n intimate mixture of
the ~xides of mannesium and calcium., Crroful rohvdration of this
calcine forms calcium hvirexide which s sufficiently seluhin In
water 1~ nrmduce the maquired alkalinity to ~recinitats mamesium
hytraxida from soa watar,

Tha chemical eauntians renresantine tho reactions which nccur

]

are as fol lrws:-

(1) CaC”E, Mgcn3 5 CAM s MAN
dotmita 120
(11) Ca” & M s H7f;_____-> C?(ﬂH)Z + Man
slinhtty inseiu:la
solurlo
(i m "t a o

! /

2(H), + M2y () 0 117 4 027
ot

. insnlu~ln |
| 4.,7""“'-, n ) !
(1v) Me(H), o+ My ey 2 M (arTelasn) ‘

! f [ f
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Arnrximately 3 tonne nf nure raw dAolomite are require” to
nroduce | tonna of mamasium ~xide an” this would involva treatina
5 x P-A oallons (22.5 x |’*~4 Its.) i.~. 225 tonnas of sea water,

The delomite or other ~racinitant contains imuritias -
nrincinally silica, alurina an” irmn oxide - and these ton 4~ hn
insnliuhle and eventually contaminata tha final nrecinit»at of
magnasium hydroxide and recducz the nurity nf the final calcined
macnesia.

Giloin has illustrete? the nrncess as cnardtad at Hartlenrni,

UK. (Fia. V.1) and frem his finures a comnlgte mass and chamical

halance can he derived for any starting material.,
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e . YTenntos Dolune
Sty |.‘ (2
A suiptur 12y, AL, e
' - [ Si0, 477 - - Foa, 04
Cone ! L AL, 84, b doaite Cat? RPN
. 17 5 tens Ash 10-5% \ff‘,(}‘. 2% ; 1830 tons ! MO QeD
, ! ! R Lone 470
'_ - e - _>l ]l;xr-(; Exhuus? Gaser
l Caleining 7 B 4
©
v
8i0, 1-9
AL, 15
. o - - ’ Fe, 0,  1-0
Fresh Water Dalime ! Cal 5e- 8
i IR 10" gal 1000 tons ‘ MpO 355
[ e A _ <O, 1-0
SU: 05 Water Vajour
,,,,,,, U, . —— 3-2 x 10®gal.
100-0
Hydrating
% + 510, 42
Si0), 1-2 Reject Hydrated Doliwe ALO, 34
- T T T ALO, 09 16-7 tons o0y 1-4
4-2 tons for Process Grade Fegldy 08 APprox. 30-5—Ca) 4~-4
' softening -~ - e i nyd"l?t"“““ Ca()  49-7 450 Active Active MpO  Uv-y
(See Fig. 2) l 101-2 tons MeO  30-3  1-7 luactive [q¢ 24
N e CUy ©0-6 resulting from SU: [ER5
S0, 0-4 CO, 0B H,L ve
H,0 16-1 SO, 0-3 —_—
— - §iQy juu-u
l"’A"_"’""" *MgO 21-51 1b. /1000 gal 100-0 etc. 0-6
Softened *Cs 4-%29 1b./1000 gal.
Sea Water *(aCO, 0-60 1h./300C gal.
I 363 x 104 gal. | Suspended Sobds 005 ib.[1000 gal.
T . . = - e
340 x 10° gal. Reacting
Magnesis
Suspension
| = 062-8tons MgO
14 x10¢ | i
\gal. |
' Settling *
Tons Spent Sea Water *MgO Zero
- S0, 1-15 to drain *Ca 2562 1. /1000 pal
Aaugnesia Slurry | ALO, 0-86 coutaining *CaCo, U-4U 1L /1o gal.
l 696 x M gai ¢ fr,‘}:, (‘);E’ v-62 tons NgO
. ‘ ‘s :
' | B | MgO 6220
! Tutal Solids 6678
~ - - _ L Jgnited basis
* Washing
'; o Joue -
’ . S §i0, 1-15 Spent Wash Water *AlgO 15w b il vas
. ! Washed Magnesia AlLO, o0& to drain “Ca 117 1w gan
i ; slurry e, 0, 77 18 = 10% gal. *CaCO 04U 1L T pu
: 69-6 x 10* gal. (‘Y‘n(:) ely-(;(.
H . ~ . Mg 2-20
: Filtering - -
: , Tota) $0lids 66 -64
LN p—— Tgnited basis
. 1 i Touns
, o ' Mazuesip Filter | Si0,  1°15
l Cual i {810, 479, ! Cake ! AL O, OBt
l 20-8 tone ) Ash 5% ALY, U4 ! 1820 tous ] Fe.00, 037
L I LFeqOa 129, ‘ Ce0 1-80
} MgO  €2-33
>
Calcining Total Solids 6691 Ezhaust Gases
' Tgnited basis
- - “! % Dust
Dead -burned 8i0, 211 2-34 tons, containing
H Magnesia f Al), 1-38 1-25 tons MgO dplus
i 66-07 tons FesOp 1:38 all ar'ons an
e Ca0) 2-70 otassium and sodivm
MgO 92-43 6 liguor arsocliated
] ) [ with cake.
* Magoesiuw salts ss MgO, Calbium salts as Ca. Carbon 100 -00
dicxide as CaCO, Tunited basie
I (after Thorp and Gilpin)
' |
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The lower the crntent of Imurity In the dolomite, ths nurer
will be the final nroduct. So imoertant is this factnr, that the
Stzetley Co. Ltd. has had tn change from dolomite to a nure lime-
stone 1o obtain the hinh quality magnesia now required in high

.grade refractories. Thailand Anlamites, narticularly thnse
from the Kanchanahuri/Fathuri areas are excentionally rure anc are
equivalent to the nurest limestone whilst still nnssessing the
advantage of a2 high mranesium content which thereby increases the
yield frcm the plant by a substantial amrunt.

Tahle V.Il. compares the analysis of Thalland material with
delomites and limestones currently heing used In the sea water
maognasia prcesss in the UK.

TABLE V.1, - ANALYSIS CF CALCINED MATERIALS FOR SEA WATER MAGNESIA.

n 8 2 n
Sample Can M1 Slﬂz Alzv3 Fe2.3
KS ) Ranne 59-67¢  33-47% 9,2-0.7% N.04% 1.09-0.57
KMN )
RKW ) Moan 59.4 33.2 n.42 n,n4 n.26
Hartlepool dolomite 5566 31-33 n.5 n,3-N.4 1.0
Hartlenool limestcne +99 -1 .2 n-n1 &92.1

The analysis of the final nroduct shown In Fig. V.l. contains
a high prooartion of time as Ca%. This is the result of co-precini-
tation or ahsomtion of lime on tha maonesium hydroxids which Is
much mcre nrevalzant when the sez water Is cold, Sardaman (Sardinien
magnesite) nroduced in the warmer Mediterranean Sea Is annreciably
lower In lime content,

So anothar requlrement for se> water mannesia Is an ocean
near at hand which crntains the normal nronortion nf mamesia in
solution (clrca 137" anm), Is relstively free from susnended

matter, has a rocky bottom, good circulatinc currents and ldoally,

4En MEN A AER IR IR Y SR AR AEE SEE GEN AN AN MR AN AN eaae -

Is warm at' all sezas~ns,
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Tha Zulf »>f Thalland has heen surveyes and nver 17 samnles
c~llacted at varicus timas »f the year. Arnart from the extreme
north where rivers aonter the Gulf, the salinity and macnesia
ccntents are within accontable limits., Tahle V.1l summarises

our results,

TA3SLE V.I1 - ANALYSIS 7F THAILAND SEA WATER (PPM)
* ca 't 1 i A Fa.n n_ smrera n
Ma Ca T Salinity S!,Z Fa,"3 87 3 H Tem eru?ure. C
Max Min
1257-145) 4Dn-47" 31-34 7-1" 2.0~ 7-12 2.0~ 3 26
n.3" £.2 '

Thase fioures indicate that the chamical crntent and the
temeratures in the sea water of most of the Gulf ~f Thallend would
be ideally suited 1o the axtraction o~f marnesia. The nature of the
sea bottom i< also Imvoartant in “h=t I+ shculd be rocky rather than
sandy or sltity; In cmnjunction with the Naval Denartment this esnaect
is belng surveved,

I+ Is of intemst that in tests on sea water hmught to Leeds
from the Gulf of Thailand and »recinitated with Kanchanahuri dole-
mite calcined at 117°C and then rchydrated, 2 nroduct analysinn
to over 387 MaD (on a calcined hasls) was nroduced. This would
comare favourably with the best in the world,

Wnrld Praductinn nf Se» Water Maonesia

Over IN% of the world's reauiremants of mamnasia for ~ll
surmosaes Is now nproduce? by nrecinitation from sea water or from
brines or fmm bitterns,

Some authoritlies consider that there Is ~ver-nreduction bHut,
nevartheless, as Table V.1 shows there are sevaral new vantures
in course of construction. “ver the nast fow ysars thare has
been an Incraasing deman for hiosh guality mamesia, This Imlilas
2 high content of M0 (+ 979 Mo"), low cntant nf heron and a

vory donse pm-uct., Cnruntries ahle tn nroduce such » auality would
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TABLE V.III : HORLD SEA WATER MAGNESIA PLANTS (1978)

1. Europe and the Mediterranean Area

] _ Country

Seuwater und brines
Irish Republic

Quigley Magnesite Co.
Israel

Dead Sea Periclase
Italy

Sardamag SpA

CO.GEMA SpA
Norway

Norsk Hydro . .
United Kingdom

Steetley Refractories
USSR

Sivash Works

Location D/b*
Dungarron 75 900
Arad 50,000
Sardinia 120,000
Sicily 65,000
Heroya -— 120,
Hartlepool 250,000
Crimea n.a.

C/C**

Remarks

-~ Subsid. of Pfizer Inc. of the USA
-~ Owned by Israel Chemicals Ltd. and OEMAG
-~ Fxpansion to 180,000 tpa in progress. Owned by
Steetley, Didier-Werke, Casar , SANAC,
- Owned by SIRMA (itselfl part of FIAT)

000 At present bulk used for Mg metal production

n.a. Capacity possibly as high as 100,000 tpa

Hungary -The Magnesite Company  proposed 50,000 tpa plant producing magnesia from dolomite

New seawater MgO projects

Greece  Scalistiri group:  proposed 100,000 tpa scawater magnesia plant at Euboea
Irish Republic- -Cement Lid. proposed 100,000 tpa scawater magnesia plant at Dhrogeda
Netherlands - Billiton'Norsk Hyvdro -propuosed 100,000 tpa magnesia-from-brines operation at Delfzijl
Yugoslavia -Magnohrom —-proposed 100,000 tpa seawater magnesia plant in Montenegro

*D!b Dead-burned c/¢ «uustic-calcined

2. Asia and Oceania

- 4B MR B NN S R Ak B AR A AR A NN D B AR Bl A e

Country Location D/b* Remarks
Scawater magnesia
China -
Manchurian Scawater Works YLiaoning 10,000
Japan B
Ube Chemical Indusiries Ube City 450,000 Owned by Ube Industries L.td.
Shin-Nihon Chemical Industries Minamata 198,000 Owned by A<ahi Chuemical Industry
Nibon Kaisui Kako Nasetsu 50,000 Owned by Asahi Glass Co.
Asahi Glass Co. Tho 15.000
5. North America and Latin \merica
Country Location Capacity Remarks
Seawater magnesia
USA
Rarcroft Co. 1ewes, Del. 5,000
RBasic Magnesia Inc. Port St. Joe, Fia. 100,000 Suhsid. of Basic Inc.
Corhart Refractories Co. Paxagoula, Miss, 40,000 Subsid. of Corning Glass
FMC Corp. Chula Vista, Calif. 5,000
A. P. Green Refractories Freeport, Tex. 45,000 Magnesium hydroxide purchased from Dow Chemical
Harbison-Walker Refractories Cape May, NJ 100,000 Subsid. of Dresser Industries
Kaiser Aluminum & Chemical Moss Landing, Calif. 150,000
Merck & Co. Inc. South San Francisco, Calif. 15,000 Specified magnesia
Magnesia-from-brines
Harbison-Walker Refractories 1.udingion, Mich. 200,000 Magnesium hydroxide purchased from Dow Chemical
Martin Marietia Chemicals Manistee, Mich. 250,000 Tncludes 80,000 tpa caustic-calcined capacity
Midland, Mich. 65,000
Michigan Chemical Corp. St. Louis, Mich. 25,000
Morton Chemical Co. Manistee, Mich, 5,000 Specified magnesia
Seawarer mugnesia ’
Mexico
Quimica del Mar SA Tampico 50,000 Subsid. of Industrias Penoles
Magnesia-from-brines
Mexico
Quimica del Rey SA 1.aguna del Ray ‘ 34,000 Subsid. of Industrias Penoles
|
* D/b Dead burned ** C/c Caustic/calcined
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find a mady oxnort markst which could he world-wide, The U.S.A.,
for examle, sunnlies oonsldzrahla quantities ~f hich ~rade material
to Eurona,

Pracessing nlants are usually desioned +n nmduce at lanst
177,907 tonnes D/annu~ Sut smallar units (50,500 fonnes/annum) are
not uncemmon and at the other en of the scrle Janan haz ~ne
Instal laticn canable of nreducina 570,227 tonnes/annum.

In late 1977, the nrecessina nlents I!s?gﬁ in Ta~te V. I
were in oparation, Not all ~f the oneraticns uszs dnl-mite as =
nracinitant simnly bacause this mineral In a sufficiently oure
form Is not common narticularly near tn suitable seahnards,

Plant Requirements~- Fin, V.2 shrws tha comlate schematic lay-rut

of the Steetley Hartlenoel nlant to arcduce refractery arade
magnasia from sea water usinn drlemite as the nrecinitant. Al
other nlants are based on the same2 -~rinclinles.

A three part oneration is required. Firstly, dolomite is
lishtly calcined (circa 12°C) and then slaked. Secontly, s23
water Is npumped into hune concrete tanks after it hzs heen
mixed with a2 slurry nf the siaked, calcined dnlomite. Thirdly,
nrecinitated magnesium hydrcxide settling in the tanks is
filtared and then calcinaed at hiah temerature (+170°C) +o
araduce a stable nroduct for refractories. For chemical and
agricultural uses, the hinh temeraturs calcination is n~t
requi red,

If a fully interratad delomite refractory and sea weter
manesia olant ware tn he constructed in Thalland, mne mtary
kiln wouls nrohably hbe able 40 handle 2l) calcinina requirmments:

a) hioh temnerature trzatmant ~f datomite at 17°9°C,

h) lrw temarature calcinztion r~f dnlomite for saa wator

srecinitation at |200°C and
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¢) dehydration ard calcination ~f maonosia nroduct at + 17007°C

d) rnreduce a slag aldition quatity of dolonite calcined at

- o
1200~13557C,

In this way a rotary Kilr of nconomic zize could be installed.

This reotary kiln would he the major cost and powsr item of
the sea weter nlant., The main reactors involve civil apoincering
construction ir concrete and other items include pumns, filters,

conveyors. aaclomeration units, sizing and bagging equipmont,

For 13C,002 tonnas of maanasiz 2 vear, capital cost, af

e 6
present day rcricas, should not excecd 25 x 10 (1200 x 167 Pants)

jo)

] e CL
and might be nearer £20 x 107 (1200 x 107) in Thailand,

Cood cuality crushed and graded macnesia conmands FIZ0 -
18C/tcnne in werld markets and a prefit merain would normally be

ufficient to recovar capital outlay in rct rere than flve years,

Thare vould be a feed back of marnesia o the refractories
rlant nroducina dclemita aroducts which would increase its
capacity and rapce of finished refractories.

Refractory Crade Dolomite

There are many gualitics of dolonite refractorics used in a
wide rangc of hioh tanperature industrios such as Iron and steal,
cement, ceramics, olass-makirg, coprer sm-lting etc. Althousk it
is an excellant refractory. dolonite suffore from the nrablem that
its lime ccmponant canncet ba stabilised by heat zlone and i1 will
ranidiy rehydr2te on axpesure to the atmosghers,  Thie causes
serious nrot lems of cracking, duszting ard cventually complete
disintegration., Sqmo mears of nrotecting the |ime has, therefore,
1+c he, found. The main 2rours of refractories tased on dolomite arc
tar-bonded, ceramic-hended, tar or ~iteh imoreonatod, stabilised
ﬁué|i+ies, chemically bendod tricks and nlocks and ramming mixes,

I+ ie common practice ‘to vix sintrrod naqncsia and dolomite togcthor

Wik 4 A AR AR A B A AR AR S AR IR A AR AR A BN O EE O
5]

| I
te aive an arrich~d product which i then manufacturad in the
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varicus qualitics listed below. The main manufacturina nrocasses

tor refractories are as follows:-

Tar bonded. Carofully araded calcinad drlomite is
intimately mixad with 6-10% hot tar or nltch. The
mixture ts foermed Inte shane under very hich nrossure
up to 8#/!n2. Tha tar-ccating raduces the rate of
rehydration and subsequent disintegration and

minimises Adust fermation durinag handliing or storage;

--this process is called semistable because the

oroducts have a very short storage Iife but, neverthe-
less, nrovided nrecanticns are taken and the bricks
used quickly, they are an excallent refractory and
relativaly chean.

Temnered Quality, The tar-bonded bricks ars heated

between 300-500°C to remove volatiles from the tar
and induce snme "granhitisation'., These bricks are
less subject to "fuming" in nractice and are

frequ:ntly prefarrad In steal fumaces.

Caramic-Bonded. [n this quality, dniomita which has

been sintered at very high temeratures is crushad
and careful ly aradad and then nressecd Into shzoe at
8-IO’r/in2 with a non-aqueous lfquid bend., The
nroducts are then refired In a tunnel kiln tn a
maximum temerature in the ranos |350-|650ﬂC,under
which conditions, reactions occur which nroduce nerma-
nent caramic bonding,  Ceramicalfy-banded bricks are
liahle tc rehydration so that storaae for more than

a few waeks (days In som: cases) must be avniAad,

but thelr advantage 1s that they are "fume-free" in

service,
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T

ar or Fitch-impregnation. Tc improve final durability

still further, the coramic-bonded product, whilst still
hct from the kiln, is dipred in a hot, very fluid bath of
special tar or nitch. 1In some industrial practices this

nrocess can be carried out under vacuum,

The pitch penetrates and fills the pores of the
bricks or blocks so that when the: product is removed from
the batch and colled there is almost complete saturation
and protection of the dolomite by the organic bond which

hardens on cooling,

Such dolomite products are much more resistant to
rchydration and mey be able to withstand several months of
outside storage befeore sericus deterioration occurs, This
cuality is accepteble for expcrt and, indeed, tar-impregnated
dolomite refractories from both the U.K, and West Germany
have been Imported successfully intc Thailand in recent

years,

in a1l tar-contazining products the protoctive qualitics
of +he organic additiva are dastroyed when thay arc heatod
under oxidising conditions in 2 furnacc. Hence care has tc¢
be taken In any installation where dolomite refracteries are
used, not to allow cocling and exposure to the atmosphere
tc occur once the furnace has been burnt in.

A “Stat =" dolomite brick was fcrmerly manufactured by

persuading the Iime component +o react with another

ingredient tc form a compound which was not subject tc re-
hydration and did not have other injurifcus qualities. The
most successful venture was to induce the formation cf +tri-

calcium silicate by intimately mixing a finety=divided
siiica=containing/..
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mineral with the calcined delomite berch in carefully
controlied proporticns, The maaresium silicates, Talc
and/or scrpentine were prefaerrad in that these woere
naturaily of small crvstallitc size and contributed soms
additional magnesia which improved the refractery
quality.

Atthouoh such rafractories had axcellent
pctential, in thecry, they were net abie to live up to
expectation because of +he problems in scecuring the
precise conditions of manutecture in terms of correct
blending, intimate mixing and careful firine to ensure
that the correct mineral phascs developed.

As far as can be ascertained ne “chemically-
stabilised” dclomite refracteries ere now being made
ir Eurospe 2lthouch thev were cuite popular up fo about
1970,

Chemical hondinc of delomite refractories is being

actively investinated by the research sections ¢f

most of the major producers. Their findings are a

closely auarded socret but the aim is to stabilise the

lime comnonent cither by increasing crystal qrowth

or by medifying the lattice structure or t+ developing

new cry~tal phases which arz not subject to rehydration,
Additives being invastigated include iron oxides, beric and
phosphoric acids, chrenates, aluminates sometimes in

conjuncticn with siticates,

Althcuah the ultimate answer to dolomite statilisation has
net yot heen found, the modern tar-treater shape:, perhaps with
chemical zddition to increasec sintering, ic an axcellent refractory

pcssessing many advantanes over alternative materials. In addition,

!

it is muct, chcaner +- rroducr than otter basic refractorios.
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wortd Preduction of Delomite Refracteries

This aspect has been covercd in Thartor 1H(p.40). It is
sufficient hers ¢ emphasise that dolorite as a rofractery s
important whon there ars indicencus supnlies of high quality riceral
near to steel cor cement nroducing areas and in countrics where
supelies of magnesiz and high aluminas are not readily available.

at en economic nrice,

The qreatest emrhasis on doleomite has been in Yestern Curopc

with West Germany, France and the WK, domingting the market and

rroducing sxcellent nualities hacksd by advancod technology and

science. ;
This situation could be mirrored in Thailand, vhore there

are n~ local reserves of oither racnesite or bigh alumipa minerals,

tut large deposits of excellent dolemite which the present rosearch

has shown to have great pctentizl in the manufacture of raefractories.

Plant Penuirements

The first cssential step in producing aocd quality delemite
refractories (s to manufacture an excellent calcine which must b
cf high chemical ~urity and extremely densc and well-sintered. This
must then be carafully crushed, scraensd and 2 compesite regraded

10 nive the maximum packing density.

in dolomite techncloqy, mor~ 50 thar In mwst other refrac-
tories, the nrinciples of dense nacking of composite materials

must be riofdly observed by strict attenticn to blending ant mixing,

The rock, 26 mined, has to be reduced in size in cone or
impact crushers and fractions with a narrcw size range (e.q. 5-20,
20-40, 40-120 mm) are screenad for calcining in a rotary cr shaft
kiln ¢ a tomnerature between 160G - 2000°C,  Dust is produced in

+he carly stages of caleining and +this has t+ bte withdrawn,

!
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The calcined product from the kiln is further crushed and
screened intc various fractiors, accurate proporticns of which

are then retlended for the final refractory shapes.

At all stages, rejection has to occur and it is adviatle
that a multi-product ptant is designed, of which only a minor ,

sroportion of the tonnage ray be for refractories production.*

Fig. V.3 a, b, is a complete lay-out of a processing nlant
for dolomite. [Inferior grades are screened into anqregate sizes
after crushing; nart cf the nroduct is diverted for agriculture
cr alass making and other qualities are acceoptable for sieg
additions. Refractory hlock and brick nroduction is frem the

best cuality calcine which is correctly crushzd, graded and

reblended (Fig. Y.3b). Any rejects are used as fettling arades.

This is a generalisecd plant ambracing tho essential features
of the liulfrath works in West Germany but it is similar tco that
of most other nrcducers and it could form the basis of a manu-
facturing plant in Thaitand.

i+ would he advisable to design a multi~purpose plant
particularly for products from a rotary kiln which would be
essential for the high quality dolomite from the Kanchanaburi
area, The larger the size of a rotary kiln, the greater is its
cfficltency but the requirements of dolomite refractories within

Thailend would justify only a small unit.

Smali rotary kilnc to produce sintered doloma at 1800°¢
at a rate of 10,000 t/year are avallable and might be justified
economically in Thailand, A tvpical ranae of tar-bonded,
ceramical ly=bonded and tar impregnated bricks and blocks and
various ramming and patching compositions could then be manufactured.
Alternatively shaft kilns or even turnsl kilns could be cmployed,

* The remainder is used as slan additiors cr fettling grades,

f
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FIG. V.3.a : PREPARATION PLANT
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FIG. V.3.b: CALCINING PLANT
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I+ Is calculate” that for an annuai nroduction of 20,000
tonnas, capital c¢osts would ba of tha ordar of 65 x IO6 (207 x

10°

Bahts) (August 1923). Tnis would includa a rotary kil-
crushing, scresning 2nc oradirg “=cilitles, mixina, nressini and
full tar troatmant. Produciioa “0s*s ~re not easy to predict
without a more dotallzd knowlodge of financtal Invastment con-
ditiaons, fuel charges and labour costs but In Wastern Eurcpe an
average figure of £140/teonne may be taken which includes all

charazs and full amortisation. The selliing nrice is about £190/

teonna,

Prepartias ~f Dolomite Refracterias

With the assistance cf Steatlay (Refracteries) Lid.,
Worksop, U.K., full sized Aci-mit> hricks have been nrzsared from
Thailand rew materials under Industrial conditions which would

nrevail In a larne scala nlant.

Samrles from Kanchanaburi KMN and KS had been shiosned in

quantity for the trial.

The raw matarial was crushed ancd 2 sufficlent quantity of
stza 5 mm +~ 20 mm was screencd out for calcining in » piljot

C
scale tunnzl kiln +0 2 tamoerature in excess of |702°C,

Tha product was then furthar crushad and agradeg t~ the
Steetley spoci fication, mixed with non-2quacus addi+iv. gnd
nresses Into brick shane at 12 +/s3. In, These ware reflr-:

in 2 tunnel kiln o 1600°C to ~roduce B ceramicelly hondad
sroduct,
Tha bricks wars ~f axcellant shasa and auality, Thelr

prcnarties have haon comiared with UK, and Garmen dolorites

and tha results prasented In Tehle V.1V,
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7 TARLE V.IV. : PROPERTIES OF DOLOMITE REFRACTORIES
r 7
\ Steetley Steetley Wulfrath Wulfrath Thailand Thailand
o ; Properties U.K. U.K. Germany Germany KMN KS i
) : Pitch Ceramic Pitch Ceramic Ceramic Ceramic i
- ; Bonded Bonded Bonded Bonded Bonded Bonded
' Chemical Analysis %
' Ca0 ! 54.0-58.0 | 54.0-58.0 59.2 L 59.2 59,1 59,7
i Mg0 39.0-41.0 38.0-41.0 38.2 38.2 39.2 39.8
L sio, 0.9- 1.4 | 0.9- 1.3 1.0 1.0 0.67 0.42
% ATZO3 0.5- 0.8 | 0.3-0.6 0.8 3 0.8 0.04 0.04
E Fe203 3 1.5- 2.1 g 0.9- 1.3 0.8 0.8 0.08 0.15
i Bulk Density g/cm 2.80-2.95 | 2.75- 2.90 2.85 2.85 2.82 2.80
: i Porosity % - | 16-20 14 16 18 18
g Cold Crushing Strength !
; N/mn f 40 70 65 62
# Comprsssive Strength i
: N/mn¢ at 200C ' 21-42 § 25-60 |
- | at 120°C - ! 3
! at 180°C RS !
| at 300°C o o2-6 | |
. Thermal Conductivity ! i !
- W/mK at mean 900°C ; 2.4-2.9 ‘ 2.5-3.0
. , Carbon Retention aft?r ! f
E coking at 1000°C wt 7 i 1.5-1.9 !
, Loss on Ignition wt.?% v 3.4-4.2 |
i Permanent volume change % | ! 5 o
- . 5 hrs. at 1600°C : ;<15 to -2.5 o
_ } ) il
| |
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This test confirmed that excellent dolomite refractories could
be made from Thailand materizis. There was insufficient quantity
available to nermit a larqge scale industrial *riai in a steel plant
furnace, but the laboratery tasts are a sufficient indication that
they would be of excellient charactaristice althouah rather more prone
to hydraticn - because of thelir greater purity - than their
Eurcpean counterparts. This could tc mitigated if not eliminated

by using a higher caicining temperature,
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CHAPTER Vi

FEASISILITY 7F DILOMITE UTILISATION IN THAILAND

Te ha 2 feasible nropasition, 2 production nlant invalving
mininc an or: body and then processing i+ Into a suitable form for

industrizl use, must satisfy tha fcllowing conditions:-

(i) the ore body must he avaiiable In sufficiently larce
quantities and it must ha of consistent and adequate
quatity,

(i1) the industries which usa the finlshad nroduct must require
it in sufficient quantity and at a nrice which will justify
castructing and nnarating a niant.

(1i1) as a consacurnce the catital cests and runnin-g costs of
the mining and nrocassing orneraticn at the ronnanc required
must yield an economically attractive nruct.

(iv) The manufacturing unit must be sited in a nnsition

convenient for hoth raw material sunplies and +o tho user
industries and thora must he reacdy accass.

(v) Ancillary mxterial susnlies such as fuals, chemicals,
watar must ho readlly available.,

{vi) The arous chosen must hava adaquate services and 2 readily
availahle work-forca and skilled technical and mwnanerial

staff.,

Raw Material Rosarves

Thailand has many surfacs denosits of delomites nf excelient
quality. The haest, sn far, examinod in tarms of surity are In
Kanchanaburi/Ratburl areas; other districts nat surveyad are likely
tc have geod grades, Thara ars othar depnsits of siinhtly Infericr
gra-z (Ko SI Chang) which could be usad in many annlications,

Many tndividual formations arc likely +n yiald In oxcess of | x IOﬁ

|
tennes ~f consistantly ancd A-lemita, | \




Industri=1 Use=sg

The twn industries which ame establishad »n 2 larne scalse In
Thiiland and which could use refractory materials hased on or de-
rivas from dolomite are (i) iron and stesi. (ii) cement., “nly
minor amcunts could be envisaced in other areas hut raw cr tichtly
calcina? ?~lomita would ha needoed in quantity in slarc contrnl, 2s
an accranate or in anriculturs and there micht he sevaral outlats

for magnasia i f it were nroduced,

Tha feasihility and size of a notential doinmite industry
must, therafore, he hasaed on the demends for it in the two major

consumin? industries,

I. Steel. Tha nhilosaonhy of dniomite/marmnasta utilisation has

besn dovaloned Tn Chantar il en the conclusicns annly also
t5 Thal land.

F~r the major m2itinn and nrocessing furmaces for stesl,
basic refractory linings ara required, Strictly nn the hasis ef
quality and nerformance, mannasia-hasad refractoriass are nrafer-
ra? but whare a country has 2 nood resource of Zdolnmita,
refracterias can be nroduced relativaly cheanly from it and
heneo it can b2 widely used., Countries with no suitable
dolomite, use nradominantly maanesia.,

Thailand has qret and nientiful sudnlias ~f dolrmita
hut 1+ could also davalop maognesiz from sea water, |f the
nrosortions of aoach wers +n mirror UK, nractica the ratlo
~f mranesia: Zolomite refracteries would hn 3-4:4, 1f
marnasia ware not nroduced Indinensusly ant had t¢ e
Imartad, mro dolamita could be utllisad and tha ratic would
Yo 2,5-3:1,

Tha stec! Industry will he develonad aleng modom
linos an s also will fhe crment Industry, s~ that it can

! |
. P S A
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rofractory nroducts will bor-
-
Mannesia-basad refractories 10,000 + par | x 10° cf steel.
Delemite-basad refractorios 3,000 t+ ner | x 107 ~f steel.
Dolomita-basad refractorioas 1,000 t ner | x 105 nf cement,

in aldition, for slan control in the major convarters, 25-30
Ka/tenna stezl of lichtly calcined raw deolomite would ha utilised,
Fattlin. qrades of sinteresd 4Aolomita would also be neaded un to

3 Kg/t steel.

Steel Production in Thailand and the ASEAN Community.

Tha feasihility of manufacturing d~lomite refracterias or
astablishing 3 se2 water mannasia niant in Thailand Adarends to 3
larne axtent on an accur~ta nrediction of the nroduction ~f
arimary stael and stasl nreducts and on sxaort notentizal to other
ASEAN countrias for use ir thelr steel industry. Thesa Issuss
involve many imponderahlas anc danand on declsions which are

political rather than technolngical,

Every ASEAM country has a well-astahlishec steel Industry
but with capacities wnich areatly excasd production, At orasent
steel consumntion is much larcer than actual nroducticn hacause
thara are :onsiderable imorts of innots and of finishad steel
nmducts mainly from Japan, 1t Is a consequence of the nrasent
world recassion that impnrted stsel nroducts into Thailand are
frequently cheaper than thz equivalent articla nrneassed by the
Incal industry., It is not easy to foracast when and 1f the

situation will chanae.

Dr. Kasem Balajiva of ASPCT in 1975 nredicted that the
arowth rate in steel consumtion in Thalland would he about 0%/
annum And 1f his calculation should nrove correct it weuld reach
~ least 2,5 x 106 +rnnas oy 1985 and 7,3 x IO6 tonnas h. the
year 2000, Thase figures ara nnt unraason=hle whan viawad In

thy contaxt rf the aronosed davalonments in the country.' The
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cnly 2rahlen ic o aredicting the nreportion which will ha home

aroduce: and that which will ba immorted,

The stoal industries of Thalland and octhor ASEAN countrles
usa stuol scranp as o raw material about 527 of which is Imnorted.
Most ~f this is mitad in electric arc fumaces to nroduce inarts
and tillats, Accurate fisuras are noteriously difficult +o
ohtain hut it may b2 hazarded that the steel consumtinn fiqura
of 1.57 x 17 tonnes In 1977 for Thailand was mads un ~f:

500,000 srimary smeiting and mfininn
532,000 renrocaessed scran (electric arc furnaces mainly)

442,000 imeorted finished nroducts,

This situatinn must changa within the next faw yaars hecause
scran st:el supplias will be drastically reducad and ther: are firm
pronosals fer the Thal steel industry to become Independant of
importard srurces of steel, In 1377, an Austri=an nre-foasibility
study nroncsed a 430, )07 tonne/year snonca fron niant and
Mannesmann Demag £.G, of W2st Garmany is collinborating with Thalland
rolling mill aparatnors in a nronosal for a comletely intenrated
stosl mill of 1,2 x RE t/yaar canacity. lron 2ro would be Imerted

and natural gas from of f-shors fields would srovide the main fuel,

Whother thesa schams came to fruition ~r not, tha stoc!
Industry of Thailand is expected to requirs batwean 16,077-33,70
tons of hasic refracterias in 1295 of which ahnut nne=third could
ha dolomita; those figuras would riso tn 47-95 x lﬁs trnnas by
22010 (15=32 x I03 tannns dnlomite), Within the ASEAN community,

over five times thess tonnages would he requlired,

At aresant all basic rafractoriss ara Imnorted Int~ Thalland,
eithar In tha form ~f finishad bricks, blacks or ramming mixos or
as fully sintera2d grains t5 ha manufacturad Intn shapos Incally;

all =ra majnasia~bascd, In D79 aheut 3,7 +onnes Af maanzsia
‘ .

refract rizs wore Tmcrta! for tho steel Industry =l~na at an
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astimita! totnl cost of ~var 157 x |77 3ahts (£3.5 x 177).

Comant Industry in Thailand

Thailand is 2n imortant nreducer of cemont in the Far East
with an annual orduction (1972) in excess of 4 x I¢5 tonnes.
Thare are nlans 12 increase and it is confidently nredicted that
by 1225 avar 5§ x l?ﬁ tonnes will be menufactured,

So successful has dclomite bean in cement kilns, Soth

economically and tachnningically, that if rzfractories from it
ware nrmduced in Thaltlznd, it would he an 2utomatic choice 23 a
lring material in nraferenos to the ~resent expensive imortad

magnaesia an<d high aluminas,

3y 1975, therefora, dniomite rafractory consumntion in

cement kilns is likely tc be 2,200 tonnes/anrum,

Viahility of Refractory Production

Taking the twec major v industries tanather, therafore,
the total demand for dolomite refractories In Thailand in '37°5
3 .3
shouls b3 setwacn 14=20 x 17° +onnas risinn 0 229-45 x |77 tonnes

by the turn of the century,

Tha demand for macnasia 2s a rafractrry for tha steel
Industryv, ~n th2 s2m: hasis of calculation, will ba in the rann2
=22 x 15° fonnes 1n 1995 risina o 31-63 x 13° +onnas Tn 297

(assumino all cemant kilns usa dolomite),

If 20reemant could ha reached within the ASEAN community for
Thaitan< +r supnly 2ll the dol~mite refractories and mannesia which
are requirad for the stoel and camant industrias the fallowine
nrasicticns could he mada:

TABLE VI 1. ¢ HYPOTHETICAL USAGE NF BASIC REFRACTONIES IN ASEAM
COMMUNITY 1385 - 2.7

Year Dzlemita T fractarios Cralcinast Secawater mannasia
1992 40,20 tonnes (avaraned) 75,7 tennes (averacsd)
I ! !
2 4,00 (ovaranad) 207,00 (Aviarmredd)
i i

no
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From tha finures “2.fTwed In the nrovinus snctlon, ma based
sclaly ~n Thailand's necds, 14-20 x I}3 tennes of delamite
rofractsry will Ye requirad by 13%5, Taking into accaunt th2 loss
nf carhon dinxide and fine materials (which can be used for other
aurposas) tha raw stone te kiln will he 45-6D x l‘3 tonnes i.e.
133-172 tonnas/day in 1975, 3y 2073 it will have risen to a

minirmum of 257 tonnes/day.

i f agresment within the ASEAN natinns for the sunnly ~f
dnlomits rofractorias is assured, a manufacturine nlant besad on

rotary kiln firing woul? be comietaly viable,

Even If therc were no cartainty ~f exrert, 2 dolomite
refractorias plant using hinh grade raw material weuld he 2
noscessity 1f only 5 reduce the high cost af imonrted basic
rofractorizs., Rotary kiln firino would he thae boast technicue
to procducs 2 high density sinterad nroduct avin thouch this
would ha a smill, relativaly hinh cost unit. Some shaft kilns

narform wall in small acuantity manufacturs and are much less

ccstly hut their nraduct Is lass uniform,

Corractly dagisned, a rafractoriss plant con he constructed
s tho+ additionzl streams can b2 introducedd as demn? increasas

hut sintering kiins are the major cnst item,

Viahility of Sea water Maanasia Production

Althounh smell units have been constructzd o meat
roqui rements in sneclalisad areas, It is considors unnconemical
t~ huil)! s water magnesia nlants with 2 sanaclty ~f lass than
57,72 tinpes/annum,and 170,070 tennes/annum capacity and

upwards ar: nowadays pmferrad,

°n this hasis, a piant to manufacturs for Thalland's naeds
alae ¢ ul” nat be justifindg avan on 2 year 27 srejacti~n, |f
|
it wors supolyina =1t ASEAN countrlas there 'w-uld Yo justification
|

CpEoun iy Yrlemite prfeactering ) matnasia Af hinkh qunlity 1S
| | |
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rerciactura? clsavhere In thg Far East in [3ar~ 2conamic=) units,

Thar: w-cld ' v intensa comatition,

In favour cof a Thaitn? vonture would he notantially a very
aur: nraduct and ona which should he chemar thmm Jananass and
othar Far East producars in that ~rod dolnamite s aval Iahis as a

nmcinitant whareas mst 2ther nroducers hawe to us> calcite.

This asnact o f cur research nrearamme weul? reoculr2 ~ore
Aatailad eesnomic study and Jecisions at ton lovel within ths
ASEAH Community, bHut with the ~resent information wa could not
recommen< the estabiishmont of a2 conventional se~ water monesia

oplant »t nrosant,

Howavar, a significntly imortent advantana muy accrus if
dot~mite ~ctivitios wore cantra? on Pathuri, On the crazt read
to 3rnskek and not mre than 30 Km from the dalemite cutcre-s,
thera is a larwe solar - or se» salt activitv., Th> hittems
frem this nrrcess ars enrichad in maonesia s~ much 5o, that a
much smal lzr wmit with = consequently I~war ca~ital »utlay ~nd
runninn costs can ~rouen substantial »mounts ~f macnasia by
tho 4~lemite “raci~it=tien route., This ~racess 5 in coeration
in Maxie~ and Israel. Furthrmrz, nraduction units o manu-
facturs 25 little 2s 19,700 +nonas/anndm Of mannasta are
aconcmical iy and tachnel~rically fessible. The calcining and
doas-buming ~f tha macnesia can be comiated In a shaft+ ~r
tunnzl kitn onerating 2t +1799°C,  This would he an extramly
attractive venture and sheuld he investicated further, In 1275
252,020 +~nnes ~f Rittern contrinin~ an astimated 16,977 tennos

My aautvalant was discarded.
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FIG. VI.1 :

LOCATION OF EXISTING STEEL AND CEMENT WORKS

IN THAILAND AMND POTENTIAL DNLOMITE AREAS,
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Liistics of Potaptial Prrcassing Flants

- v————— = v —— e e —— v~

Tha at+ractivenass of tha hich quality d~lemite amund
Kanchanahuri/Rathuri in comrarison with ~ther formations so fer
axaminz makosthis tho Ideal area for nrccassin~ nlants 1 he
astatlisha?!, The area is alsn favouratly nlaced with renard +o

thz mai~r user Industries as is illustrated In Fie, Vi.I.

If a saa water maonasia plant wore 1o nrove viabls ultli-
mataly, it could he nositinned ~n the crast hetwean Patchhuri an
Practuas and thy calcined dolemita transnerted by reil,

Transnart to Bangkok and the ~ther industrial centras from
Rathurl is by ccot fast ronds,

Thara is a ncor fresh watar sunnly and +ha ama hns a

suhstantial nanulation with some industry already established,

fual to be used in the nrocissns of calcining md

3

sintaring neads careful thought, The altematives would he
li~nits from the Lamnhun arza of Thailand, Tmorted Australian

coal, imarted il or natural qas from the Gulf ~f Thailand,

Seme lionites In northern Thailand are law in 2sh and
sulnhur, that from Li s resarted to enntain 3.7% ash an” 1,67
sulrhur, Sut at nresent thase are oxpensiva, and not yet fully
dovaloned, In the pulvarised fual sunnliies demanda” in Wastemn
Curode 37 ash Is consicdared the maximum, Prchahly Australian
cral Imylamonted with natural nas will he the most s2tisfactory
an4 2conomical cecmnromise, but much will denand on the success-

ful devalepment of the n~ff-shore areas.

Ths nrasant ~lan Is to hrinn the natural nas 2shors on the
sastam coast of the Culf of Thaliland and hencs t~ fhe Banoknk are=,
It may nt Ss extondad 1o Rathurl far some considarahla time,

H-w-var, anay cil tarminal and nart installation Is nronnsed for
an arma around Potchburi which weuld thus favoaur Pathurt as tha

Nand gidn 0 \ .
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CHEITER VI,

CONCLUS | INS AND PECOMMENDAT I NS

Th2 research srogremme has astablished the following facts:-

Thers are many oxtensive surface dennsits of

‘clormite In Thailend, some of which, narticularly in

the ar2a of Kanchanahuri/fathuri are axcentionally '
ture when comsared with other world rescurces.

Thase dnlomitnas cen he calcines satisfacterily and

althrugh a2 high temnorature Is roquiras they can

ho sintersd to a dense, hard mass suitahi> for manu-
facturing refractcry qualities. fricks and sh=anes

have haen men :factured from them which have nrovad

1o ba ecuivalent in croarty tn the hast Euranaan

nrnducts,

Tha waters ~f the Gulf of Tholland are warm, in many

nlaces fraez from imuritias, and with averana amounts

of manesium irns in solution. This ¢an ha nracini-

tated with oond-qrade caleines dolemite to nr-ruce

= Ainh orade mannesia, A + 957 M2 has hoan nrducad

undar laboratory conditions from s2a water fmm the

Gulf and caleined Kenchanahuri deiomita, The vield

was 97,47,

A similar nrocaess cculd he usad +~ axtract maonesia

from the bittams of tha sea salt nrocess which s

close 4o tha dolomite formations, This could yield

un to 16,700 + of high arade Mg“/yaenr,

The turmnaan and YWarld refractorias fndustrias hava

basn survayed, It is concluded that all steal

industry requires an avaranc 13 Kg of basie refractories per
tonn: of stacl of which dolomite, 1f 14 is availahie in good
Jualitins, constitutes ~no-third; the rest is
reonasin=hasad,  Coment kilns ranquire | Ko hasic

rofractory/tonne af camont for which A-l~mite




]

- s L] L] [ ] F ] e - R . L - - - S ] e PR

120
bricks mre wall-suited,
) T oynis tinte Thailand industry will recuire:-
Dol~mit~ Refractorics San Water Macnesia
1375 16 - 23 x> Ha 1 -22 x 17 t/a
250 20 - 46 x 3 31 = AR3 x |13

7) 1% 2qreament can he reached within the ASEAN Community
for Thziland to become the sunnlier of hasic refractories
these fiqures could Ha increased fiw» tims, There Is
also o possihillty of exporting hisch arada hasic refrac-

teries to othor countries of the Far East.

Nur recormmendations aro:i-

i) T.1.5.T.2, should collahcorate with the Thailand
irn and stacl industry with the intontion of establishinn
immadiataly a dalemite refractories nlant with an init'zl
cutaut of hricks and blncks of 27,707 t/year. This will
Y %2524 on Kanchanaturi or Rathurl ars and will nreduce
addition=l l~wer ~rde nuarry materi~l f-r angrenate, Irw
firad Anlomite f4r sian additive (sheut 279,07 +/annum)

an 17,700 t/yaar ~f fattling arade colcined Arlomita fired

’

~C
+. about 17707°C,

ii) N2 are advisino acainst nursuln~ a saz water
mrmesia onaration at this stace »n aconmmic 2rounss 2lone
avon theush the oneration weul @ he technically viahls,

ifi) Thare shruld e discussinns arranced within tho

=
[
1
Pl
=
Q

cmmun ity concaminn tha antential raauirements ~f
calecine? dol~mite, maqnosia and rofractaries made from
them t- fermulate bath 2 short and lona term plan for

tha ircustry in Thailand, A workina narty nossihly undar
the ae~is ~f UNIDT exnerts shoul” he estahlishad far this

f il
|

DUrITSa, \
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iv) Vore detailed study is renuired of the bittemn
rescurces in Thailand and a faasibilitv exarcise initi-
atz1 to assess their rotential in the omduction of the
quantities of refractory ngrade maanesia required for
local usz ~ UNIDO sunnort is recommended,
v) The Denartment of Mineral Pesources (N.'1.P.) should '
b2 requested to carry out an intansiwe survay of dolomite
occurrances in the ¥anchanaburi, Rathuri and Petchhurl areas
to quantify the dolomite rescurcas and nerhans indicate
avan more suitable formations for develonment than we hava
baen able to covamine,
vil T.1.5. 7.0, should communicate thasne findings +o the
Steetlay Co, Ltd., Worksen, H.K. and seck advice on all
tachnical, design 2nd aconomic asnects raisead in the
sronosaz? now nreojects., This companvy has qiven invaluable
assistance in the rascarch nrogramme and will be willing to
consider llcensing their unrivalled "know-how" on both
dolomite refractorins ard sea water mannesia, The company
may alsc be interested in holdine 2cuity in any new venture
nd assisting with axnort schames,
vii) The award +o Mrs. L. Thotimonakol who oonductad the
research nroaramme should he extanded immediately for a
furthar twelve months. This would enable har:
a) +n continue her Investinations and resaarch
into funiamental aspects of Thailand dolnmite
at Laads tUnivarsity and so acauirz a Hinher

Nzaree and nrofessional. quali fications,

b) to visit and discuss in detail, the operations
of manufacturing dolomite and other hasic
rafracrories throuchout Furona. Largely at

har own ~xpanse she has cnllactad material

from tnrmany, Luxemhoura, "alnium, France and
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the U.K, =nd aainad valuahie coontacts
but a longer naricd nf exnerience in
nroduction methods is essential. She
would nead to study all asnects of
design and oneration of rew niants in
Thailand.

c) to visit Israel and/or Mexico where
maqgnesia-recovery nlants from hittems
and brines are in operation at tonnanes
simi lar in size to the nronosed oneration

in Thaiiand.

The sum reauired will be €3,000 to include the f~llowina items:-

i)

ii)

i)

iv)

£
Additional University fees and costs 2,300
Accommodation and living axnenses 2,800

Travel ling Expenses and Euronean visits 2,200

Visit +o lsrasl or Mexicn 700

£8,000

Dr. Rex W, Grimshaw
Senlor Lecturer, Leeds University,

Mrs, L-~dawal Chotimonakol,
Research Nfflcer, T.1.5.T.°,
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l BELGIUM
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I FRANCE

ATPENDIX

~Gditionol work th contract 77/112/0R marced 29.17,73.

Ciractory of Producers.

This has “oen dealt with in Chantar 111 which was extended
to include a doteiled descrintirn of a nrivate visit to
Eurcnaan contres of sroduction.

Frr commlatensss tha full list is as follows: -

EURDIPE

Carridres at Fours % Dolomie do 13 Sarbra (SA)- Carsambre
Produits Dolomitiques do Marlemont S2 (main producer)
Oclomie 4z Marche-les-Dames SA

Drinmie do Sambre et Meuse SA

Saint-Antoaines Carrilres SA

SA de Marche-las~Damas

(all the 2hove, quarry and/or mins dnlomite and crush

an arade mostly for axnort),

Quiglay Magnesite Division of Pfizer Chemical Corneration,

RPznnattshridge, Cn, Kitkenny.

{(dclomita for sea water maonesia nroduction)

Magn@siz 2t Dnlomic do France SA., Pas-de=Calals
La Dolomie Francaisn, Neau, Mayenns and alsowhers
(main nrnducer of France)

Blancs Mindraux de Paris SA, Auda
Denaln=Anzin-Mindraux SA, Pyréndes

La Mzandsiennae and Snior Pdunlas, HArault

Randon SNC, Pas=ro=Calais

Sanr-mine SA, fLuda

)
Seming Lrzdrs
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Fimiscr, nart »f Scolistiri Crhun, Tadinsss, Euh~en

(sez watar macnasia an? refractories)

I TALY

Oolemita di Montinnns~ SnA, Massa
Dolomite i Sastri S»%, Ganeva, Sestri-Ponente
Sanac, Massa (hricks)
Delomite Franchi SnA, Marone
Sociata Dolemite |taliana SnA, Rardone Va2i Tromia
Mineraria Valtellinase SnA, Crstalaesio
Fahbriche I+aliane Mannasia (ol Intta-CIS and Figli), Yolina
LUXEMBOURG ;

Rafralux SARL, Luxamhourg

A/S Norwenian Talc, Hammerfall (marmesium eetal)

Franzefoss Bruk, 2alianaen

Productss Dolemiticos SA, Santander (refractories)
Dolomi tas del Norta SA, “viede

Steetley Fsnahola SA, Santoha

iherdol SA, Metril (alass nuality)

Roca Dolomitica SA, Cein

Strabuckan A3, Sala (rofractories)

Dvrkatorps Dolomitbrudd  (sinterad auallties)

Ernstram Mineral A3, Glanshammar
THUEKEY

Fartilisar Industry Corm,, Kutahya
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UNITTED (INCD7M

Stastlay Co. LiA., Worksop (comp'ets rance) - many works

Raishy Quarries Ltd., Coxhoe (humed qualities)

Tarmac Roadstone Lid., (annrenats)

Lockwond, 3lzaden & Crawshaw L+d4,, Noncaster

Man-Abel |l Ltd., Coleford (aqnrmaates) )

6. R. Stein Ltd., “arkson (refractoriaes)

WEST CERMANY

U.5.A.

Dolomitwerke GmbH Wulfrath (refractories, anriculture etc.

9%% German nroducts)
Garsheimer Steine un- Erdan GrbH, Tershaim
Marmorkalkwark Troesch KG, Holenkrunn
Kalk-und Dolomit-Yark GmbH, Aachen ‘
Dolomitkalkwerk Anton Linnebom, Fratter
Stahl'sche Dolomit-und Kalk~Werka GmhH, Runprachsteqgen
Kiocknar Durilit GmhH, Salzhemmendorf
Dolomitwerk Salzhemm:nderf GmbH, Salzhemmendorf
Gravenbrucker Kalkwerkz GmhH, Lennestadt
Tricrer Kalk Dolomit-und-Zementwerke OmbH, Wasserblillin
Dolomi+ hartsteinwerk Wassarhillin CmhH, Wasserbilliq
Harzzr Dolomitwarks GrhH Wulfrath, Scharzfeld

NDORTH AMERICA

Basic Inc., Manle Grove, Thic (raw and refractories)

(main U.,5.A. Producer)

ohio Lime Co, (General Rafractories Co.) Wondvilliz, Ohio
(raw and refractorias)

Pfizar Inc., Gihsonburn, Nhin (mainly fartilisar)
Kalser Aluminym and Chamical Corn., Natividad, Cal,

(all grades, orincinally for sea water magnasia »lant

at Mr3s Landina) |
| |
Dotomits drick Tarn, of America, York, "2, (bricks)
| | | | | | | |
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CANADA

MEXICO

Staetley Industries Lid., Hamilton, ™mt. (mining, calcinino
hricks)

Chromasco Com., Haley (maqgnesium metal)
Sydney Steel Com., Nova Scotia (bricks)
Moshsr Limestena Cn, Ltd,, Nova Scotia (mainly agriculturs)

Dresser Industries Canada Ltd,, (raw and calclined)

Dolomita de lonclova SA,, Ciudad de Monclova (raw)
Fundas Dolomita LA, Ciudad de Monclova (raw)
Cia RafractaricsFasicns, (bricks)

Quimica del Ray SA, (mamnesia from hrines)

Mher imertant countries which nroduce dolomite for

purposes basldas anrenate and anriculture include Australia,

3razil,

2)

3)

Indiz, Japan, Fakistan, S. Africa,

Diractory of Users and Asplications

I+ would he imnossible to nrnduce a list of all users of
delamite excant hy setting down 2ll steel nlants in
Surope, U.S.A., Janan and alsewhere anr most of the

cement works of Curone,

In Chapter V, a comnrehensive dascrintion of all annli-
catinns of Aolomite has heen Includad which is imortant

for the narrative of the main renort.
R and D Organisations and Univarsitias Workina on Dolnmitas

Arert from the major Eurcpean nroducers »f dolomite
rafractories there {s surnrisingly [It+le research halng
carried out on dolomite in any nart nf the world, The maln
rzason s that manufazturing comanies have, themssives,

|
large = & D donartments and nrefer to keep tholr work secmt,
|
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Thare iz alse much cellahorative work batwean stee! comoanies
(users of dolomita) and srocducers; not much of this work is
nuhlished in onan joumals. Tecause nof our contacts with Steetley
Co. Ltd,, and the 3ritish Steal Comoration and with Wulfrath and
the German steal Incdustry we have been able to oucte from private
communicztions and rroducse facts which would not otherwisa be
avai labla,,
3) Steetley Co, Ltd., U.K. have research and developrent
facllities into dolomite 2t all their divisions. Cantral
? & D was abandonad about thme years aco.
1) Hartlapool laboratories am constantly seekinn
to imorove s~a water maanesia nroduction.
i) Minerals Division, Carl+tnn HilIl, Worksop, is
concemed with new denosits of dolomite Hoth
in UK, and througjhout the World,
ifi) Refractories 2ivision, Workscn, has R & D
facilities in Hrick manufacture and use of

dolomite in steal industry,

The Steetley 7rnanisation snensor work on dolomite at
the DBritish Caramic Research Assnciation Labnratories,
Penkhurst, Stcke-on-Trent., This is mainly »n pronarty
assessment. Also at University of Sheffisld, on Jow
terperature firing properties. Thers are training pro-
grammaes for R & D nersonnel at University of Lasds and
alsawhere, GR-Stein at Shefficld also hava R & D sectlions

workina on dolomi+e,

b) Dolomitwarke Gmbr, Wulfrath, at Hagen/Halden, West
Sarmany has large facilities for 2 & D but confine thelr
activities to Germany, Luxemhourq, aiaium matarials and
provida a3 service to producers In these countries, There

i3 8 dossier on dolomites from all over the world,
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)

4)

Th2 R & D deoartrmont at Wulfrath is intimately linked with

+he Gaerman steel Industry rartlicularlv as the refractorles

cornany is a subsidiary cof August-Thyssen Hutte A.G., and

Hogsch Werka A.G. which are its m3ajor customars,

Thaere is no other research beinn undertaken nutsida the

industry in Germanv, but thern are training nreqrammes at

Universities.,

c) miomie Francalse have extensive R & D facilities at

Neau (Mayenns) which are linked to the main dolomite brick

producer at Flaumont (Nord) La Crmnaanic des Refractaires

dasiques and in tum to major French steel works,

Roster of Exparts in Nolomite

This is difficult +» compile. Manv naonle are exnerts In

one aspact cf dnlomita sciznce or tachnolngy, such as minina,

heneficlation, brick making, utilisation, s2a water manneslia,

but enly a few have a wide nxnerience. Virtually all »f these

complete exparts are attached o a major comany and | can only

refar to tham,

Or. W.C, Gilpin)
Mr. ©. Bown )

Mr, D, Clarke )

tir, E, Parry

- Dr. D.R.F. Spencar)

or, M, Peatficld )

Mr. G, Plant
Dr. J. Laming
Mr. J.C, Drum )

“r. 5. Tangney)

Or. W, Munchbar:
Technical Director

Arts(t P
Kronart W

Koronicky

Steet lay Chemicals Co, Ltd., Hartlepool, U.K.
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