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SUGARY

The dolomite resources c f Thailand have been surveyed and 

several surface deposits located. From th o ir  occurrence and nature 

some knowledge of the geology of Thailand has emerged. Several 

deposits were c f excellent q u a lity  and equivalent to the best 

industrially-em ployed dolomites of Western Europe.

The dolomite industry, p a rtic u la rly  in Europe, has been 

examined with especial reference to the conditions reouired for 

producing dolomite re frac to ries  and sea water magnesia from dolo­

mites. The main user Industries have been id en tifie d  and the 

l ik e ly  app lication  ir  Thailand.

From the techniques which have been acquired, maonesia of 

♦98? qua lity  with a y ie ld  in excess of 97? has been produced under 

laboratory conditions from sea water from the Gulf of Thailand and 

Karohanaburi dolomite. Ceramically-bondcd bricks from Thai land 

dolomite have also been produced and those have been shown tc have 

properties ecu¡valent to  the best European q u a litie s .

A fe a s ib i l i ty  exercise has proved th a t dolomite re frac to ries  

production w ill be vial le in Thailand and w ill have considerable 

economic b en e fit. The production of sea water magnesia would bo 

less favourable but the b itte rn s  from sea s a lt  production would 

form a more acceptable s tarting  m ateria l. I f  agreement to supply 

other ASEAN countries could be reached large scale industries for

both re fra c to ries  and magnesia would be v iab le In Thailand.
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CHAPTER I 

INTRODUCTION

The name dolomite Is oi ven to minerals which are so lid  solu­

tions of the carbonates of calcium and meqnosium and to  rock fo r­

mations which are ess en tia lly  comoosed of these m inerals. An 

a lte rn a tiv e  лапе used to  describe many formations Is maonesian 

I î mestone.

Dolomites are formed in marine environments by o rec îofta tlon  

and sedimentation in a s im ila r fashion to  iinmstones. Although 

they are not as common In occurrence as calcium carbonate denosf+s, 

dolomites occur widely in many ^arts of the w^rld, but only 

re la tiv e ly  few are of commercial si on i f  icance.

The rock forms can vary from s o ft (s im ila r  to  chalk) to  very 

hard (as Is limestone) and they contain varyino amounts o f Imouri- 

t ie s  which are associated with the sedimentation cycle. The hardest 

dolomites are of value as aopreoates Kut fo r other industria l 

applications only those deo^sits which are low In to ta l s i l ic a ,  alumina 

and iron oxiHo are acceotable.

Dolomi+es are used in many industries such as ao ricu ltu ro , 

glass-maklnp; industria l f i l l e r s ,  chemicals e tc . but the most imnor- 

ta n t s"r, I ?с -ь ions его as о basic refractory for the f r^n, steel and 

cement Î ndustrie ; as. a«, a ■■ i ; . c :  ~ : 'ant of marnes i um bv eoxl dg from 

sea ws-t tb 3 r. - uo;- ,-f «s î o- (os ma ones! a) is i ts o ! * a refractory  

v ita l ta  th - s br-l ' v : oln.;i PHb -¡-omerature Induct:- ias.

Wf+Vvit asi c n f  ract^oT'-s -;-ho modem stool industry could not 

e x is t , bancs do | о mi to has an îa r-'r ta n t rale in industria l society  

and pood 03,-,;'c ifs  ~.f ¡+ are in considerable demand.

Tbs science and technolopy of basic re frac to ries  are comnlex 

and, even i f  rood q u a lity  raw m aterials are a v a ila b le , to  convert them Into
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a suitable fora fo r industria l use requires a detailed knowledge of 

the ir properties and expert manufacturing techniques, fo r these reasons, 

basic refractories o f a ll types, although widely used, are manufactured 

only in a few centres and there is  considerable international trade in 

these commodities. Many countries have indigenous iron, steel and other 

industries requiring high temperatures but import v ir tu a lly  a l l the ir 

basic refractories.

THAILAND INDUSTRY

The iron and steel industries have been developing rapidly in 

Thai’and during the past ten years. The steel industry is  by fa r the 

major user of basic refractories and the present consumption fo r con­

struction and repair of the furnaces is  estimated at more than 15,000 

tons annually valued at more than 150 m illion  bahts (£3.5 x 10^).

Other industries requiring basic refractories in the ir operation incluoe 

cement, ceramics and glass. With further expansion o f iron and steel 

to meet the annual consumption growth rate o f about 14 percent, increa­

singly large supplies o f basic refractories w il l  undoubtedly be required.

At present only alum ino-silicate refractories are manufactured 

lo ca lly  and a il basic refractories are imported. Magnesite is  generally 

preferred because of it s  high refractoriness and a v a ila b ility  even 

though i t  has re la tive ly  low thermal shock characteristics. For many 

applications other basic refractories such as chrome-magnesite and 

dolomite can be used. A lim ited quantity o f these are imported but so 

fa r none have been manufactured within Thailand from indigenous raw 

materials.

DOLOMITE IN THAILAND

Although the geological survey o f Thailand is fa r from complete, 

i t  has been known for some time that there were dolomitic occurrences
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sore of which were of high q u a lity . I t  is now a legal reouirerent that 

a ll  minerals. includirp aggregates, which are extracted in Thai land 

should be n o tifie d  to  the nepart:’.ent of Lard, In te r io r . As a consequence 

and larqoly to  f a c i l i t a te  and extend the qeolooical survey, samples of 

p o te n tia lly  commercial r in e ra ls  are sent to the department of Mineral 

Resources (D.M.R.) in nanpkok fo r routine chemical analysis. I t  was 

from these and other records tha t dolomite was discovered in several 

parts of Thailand. Some occurrences were of potential qcod q u a lity  and 

were found in areas near to  the established industria l centres fo r iron, 

s tee l, cement and ceramic manufacture. Others bordered the Oulf of 

Thailand with the potential of producing sea water magnesia.

Because of the high cost of importing basic re fra c to rie s , p rin c i­

pa lly  from Japan, U.S.A. and Rurcpe, the user industries approached the 

then Applied Science Research Corporation of Thailand (A .S .P .C .T .) to 

investigate the development of basic re frac to ries  in Thailand. These 

would be based on local raw m aterials and would replace the imported 

q u a lit ie s . In addition to assessing the potential of do!o r ito  as a 

refractory  in its  own rig h t, the product ion of high grade mapnes i a from 

sea water using dolomite as a p rec ip itan t was also to  be considered.

An important aspect of the survey was to assess the commercial v ia b i l i ty  

of such exorcises in Thailand and to reviev; the log is tics  in setting  up 

manufacturing industries.

Cf. TABU 5HMHNT OF Rii STARCH PRCCRAMHF * I

Within Thailand, there was neither the expertise nor the resources 

to Invest I pate 'do I on ito  to the extent wMch was necessary. The United 

Nations Industria l Peve I opinent Organisation was approached for assis­

tance and through its  help, prel imir.ary'surveys and assessments were
I

comp Io+ed which Indica+ed that there wad considerable notent la i .



Dr. R. W. Grimshaw v is ited  Thailand and he recommended that a research 

programme should be established which would associate the work on 

dolomite with European industry, p a rt icu la r ly  the Steetley Co. Ltd., 

Worksop, U.K., and with the department of Mining and Mineral Sciences, 

The University o f Leeds.

In 1978, UNIDO awarded a research grant to second a research 

worker from the now Thailand Institu te o f S c ie n t if ic  and Technological 

Research (T.I.S.T.R.) to work fu l l  time on the dolomite project; part 

o f the study to be geological and industria l surveys in Thailand and 

part to be based in Europe, p a rticu la rly  the examining fundamental

aspects o f dolomites and the ir f ir in g  behaviour in comparison with 

material already established as su itable qua lity .

SCOPE AND OBJECTIVES OF THE PROJECT

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

1. To examine known deposits o f dolomite in Thailand 

and from the ir study to elucidate the geology o f the 

formations in re lation to each other and to the general 

d istribution  of minerals.

2. I f  the geological study were successfu l, to predict 

where suitable quantities and q ua lit ie s  o f dolomites 

are lik e ly  to be found in Thailand and hence to 

establish a "resource bank".

3. To compare the qua lit ie s  o f Tnailand dolomites with 

other world sources o f this mineral which are being 

used fo r industria l purposes. The qua lit ie s  to be 

examined include not only deta iled chemical analyses, 

but also physical properties, microstructures ar.d

crystallographic data.
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4. To study the f ir in g  behaviour o f Thailand dolomites again in 

comparison with European qua lit ie s  to determine the ir s u ita b ility  

fo r the manufacture o f 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 p re -fir ing  in rotary or 

shaft k iln s .

5. To assess the su ita b ility  of dolomites and also the sea water 

conditions around the Gulf o f Thailand fo r the production of 

magnesia o f high quality.

6. Provided that the results ju s t if ie d  i t ,  to consider the feas i­

b i l i t y  of a sea water magnesia and a dolomite refractory plant 

in  Thailand. The study would take into account the probable 

indigenous requirements and also potential export markets. Very 

recently the la tte r aspect has assumed increased importance 

because of the extension o f collaboration w ithin the ASEAN 

community. Thailand could antic ipate becoming the suoplier o f 

basic refractories to a l l countries within the community. India, 

Japan and possibly Australia a l l  have export potential.

7. The fe a s ib ility  study would also include plant design and costing 

and would, therefore, require that part o f the research programme 

would be closely linked to B r it ish  and other European manufacturers. 

At some stage i t  might be worthwhile to consider a p ilo t  plant 

scale of operations in Thailand which would be based on the 

research findings.

8. Other uses for Thailand dolomite besides refractories would also be 

considered. These would include glass, f i l l e r  and fe r t i l is e r  

industries.
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9. To develop the technical capab ility o f the T.I.S.T.R. in the f ie ld  

o f mining, mineral processing and exploitation and in particu la r 

dolomite technology for carrying out research investigations into 

the potential u tilisa t io n  o f Thai dolomite as a basic refractory.



CHAPTER I I

GEOLOGY AND XCURRENCES X  DOLOMITE 

IN THAILAND

General Geology

The land mass of Thailand is unusual in shape and althoaoh 

DOli+ical boundaries contribute, i t  is rlue in the main to  oeolo- 

gical factors. The country stretches in a N-S d irection  over 

1400 mis. (2000 Km) but, over h a lf  i ts  ex ten t, the width in the 

E-W direction is under 100 mis. (140 Km). Thailand north of 

Banokok and the Gulf of Thailand is mostly composed of a llu v ia l  

denosits of recent o rie ln  from the rivers Chao Phraya, Mae Klcno, 

Pas&k, Mun and Mekono. In the extreme north the country extends 

into the fo o th ills  of the Himalayas but i t  is the eastern and 

western boundaries, p a rtic u la rly  the la t te r ,  which dominate the 

country.

N-S rannos of mountains make un these boundaries. The 

eastern extrem ity is not imp'* tan t In the present context because 

the Thailand boundary with Laos is the Mokono r iv e r  and the 

mountains are mainly in Vietnam, Laos and Cambodia. There Is a 

central small ranoe of h i l ls  which are of In te res t in th a t they 

form the eastern seaboard of the Gulf of Thailand but the dominant 

feature is the western ranoe which forms the Isthmus o f Kra and 

ultim ately  the Malay Peninsula.

When the various locations o f dolomite, the analyses o f which 

were ava ilab le  in D.M.R. f ile s  and from other sources, were 

Inserted on the man of Thailand there emeroed a v irtu a l continuous 

nr^-oression ' ' f  th is  mineral alon^ the "seine" of th is  western 

mountain ridoo; there were also some resorts of dolomite In the 

h i l ly  region on the eastern side of the Gulf of Thailand and on

one of the off-shore islands (Ko SI Chano).

In the early  studies and subsequent f ie ld  work on the project

tnere emeroed a tenable theory to account fo r the neolooical 

features o f the "seine" or peninsula of Thailand.
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V ir tu a lly  a l l  the formations of dolomite which have been iden­

t i f ie d  and examined showed steeply-dipping, highly contorted s tra ta .  

This was a feature around Kanchanaburi in the north, through 

deposits near to  Ratburi and Phetburi (west of Bangkok), Prachuab 

Khiri Khan, Chumphon, Suratthani, Nakhom Si Thammarat, and 

f in a lly  in the south in the region of Songkhla and Satun (F ig .

11. 1) .  The dolomite was not continuous because there wore a m ulti­

p l ic ity  of fa u lts , subsidiary a n tic lin e s , reverse folds and other 

geological anomalies but the trend was unmistakeable.

2-fiVarious authors have reported tha t In Thai land there is 

to  be found a sequence of rock formations in the peninsula ranging 

from Ordovician, S ilu r ia n , Devonian, Carboniferous, Permian,

Triass ic  to  Jurassic in geological age. Because of pressure 

metamorphism and intense fo ld ing , deposits are frequently d i f f ic u l t ,  

i f  not impossible to  date because of the absence of fo s s ils , but 

in general terms the sequence can be accented. There are frequent 

Igeeous Intrusions almost always to  the centre of the ''spino'’; 

these are mainly granites or re lated  acid rocks.

To the north o f Ran.ong, the border between Burma and Thailand 

runs almost along the apex of the mountain ridge but to  the south 

to  the border with Malaysia near Songkhla/Satun the whole of the 

peninsula is In Thai land bordered by the Addaman Sea in the west and 

the Gulf of Thailand in the east.

I t  was th is  region which provided the most Important clue to  

the geological s tructu re . In th is  rc o lm , dolomite deposits of 

s im ila r mineralogical appearance were found in both the east and 

the west separated by o lder deposits and in tho centre by an 

Igneous in trus icn .
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A ll the evidence points to the "spine" o f Thailand being part o f a 

geological fo ld  system and consequential erosion not unlike the Pennine 

Chain o f the U.K. Subsequent evidence revealed that the formations in 

the centre o f Thailand and along the eastern coastal region o f the Gulf 

o f Thailand are s im ila r and represent another major fo ld  in  the system 

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

With our lim ited geological prospecting fa c i l i t ie s ,  the d if f ic u lty  

o f the terra in  and the major fau lting  and structural complexity o f the 

region, only a s im p lified  picture can be presented, but the concept o f 

a major an tic lin e  explains many o f the interesting features o f dolomites 

in  Thailand - a point which w il l  emerge la te r in  th is  chapter.

The age o f the a n tic lin a l folding cannot be predicted because
5

there is  evidence o f unconformity in the depositional cycle. Alexander

has suggested that i t  probably occurred in the late Triass ic/early  

Jurassic era, namely 150-200 x 10̂  years ago because th is  is  the 

probable age o f the under-lying granite. I t  would be safe to conjecture 

that i t  pre-dates the formation o f the Himalayas to the north o f the 

country. The northern extremity of the an tic line  is  much more elevated 

but the exposures are mostly Devonian/Carboniferous; there was also 

evidence o f some E - W folding superimposed on the main an tic lin e . This 

secondary u p l i f t  and fo ld ing could be attributed to the massive E - W 

folding which was responsible fo r the Himalayan formations.

F ig . I I . 2 is  a simple, generalised representation o f the fo lding 

followed by weathering erosion pattern which has led to the formation 

o f the Thailand “spine" and to the outcrops o f dolomite, throughout 

the length o f the country. I t  must be stressed, however, that the 

actual geology is  h ighly complicated because o f secondary wave an ti­

c lines, a massive fa u lt  pattern and la ter u p l i f t  and fo ld ing from the 

Himalayan formation.
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F ig .  I I . 2 . R e p r e s e n ta t io n  o f  th e  G e o lo g ic a l  F orm ation  o f
i

th e  P e n in s u la  o f  T h a ila n d
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Geology o f Dolomite in Thailand

It  has been known fo r some t i m e t h a t  there were many rocfc 

formations in Thailand which were carbonates and whiih have been 

generalised as limestones in the lite ra tu re . . Chemical analyses 

have shown that some o f these limestones are dolomite, the mixed calciunj/ 

magnesium carbonate.

These formations have not been studied in  deta il as part o f a 

geological exercise so it  is  not certain whether a l l  dolomites in 

Thailand are o*  the same age. The situation  is  further complicated 

because the dolomites are frequently in te r-s tra t if ie d  with true lime­

stone; they are v irtua lly  fo ss il- fre e  and they are highly pressure 

metamorphosed.

4
Buravas has cla-med that dolomites occurring around

Kanchanaburi (N.W. o f Bangkok) are o f the Carboniferous era { Kanchana-
5

buri series). Whereas Alexander suggests that formations in the south 

of the peninsula near to Songkhla and Satun are Permian/Ca.bonacpous 

( Ratburi series ) •

These contentions are d if f ic u lt  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 fo s s ils  have been found to substanti­

ate this theory but there is  son© structural evidence.

In the Ratburi area, carbonate rocks are quarried on a large 

scale for aggregate. These deposits are in the form of low h i l ls  which 

run paralle l to the main d irection o f the an tic line . Most of the h i l ls  

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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h i l l s  with a diffoment contour p ro file  o f grey rock and which proved 

to be dolomite. In the exposures, tho dolomite was seen to be 

highly contorted with a steeply-inclined dip direction. From the 

fau lt pattern In the area, i t  is like ly  that the dolomite formations 

were a loca lised up—11 f t  and that in the normal series they underlie 

the limestone, which was, almost certa in ly, of the Ratburl series 

in that a few fo ss il graptolites wore Identified.

In the south of Thailand near to Hat Yal we located a quarry 

where tho lower formations were of aroy, contorted, near-vertical 

rock above which was a whiter formation with a d ifferent bedding 

much nearer to horizontal. The lower levels proved to bo dolomite 

whereas the upper was limestone, which rested unconformablv on the 

dolomite.

Steeply-dipping strata were a feature of dolomites throughout 

Thailand, but In some lo ca lit ie s , particu la rly  near Kanchanaburi and 

Ko SI Chang there were associated levels of limestone which were 

of the same geological age. Frequently the limestone and the 

dolomite were Interstrati fled . In these locations It was extremely 

d if f ic u lt  to  d ifferentiate between do|<-»nIte and limestone in the 

f ie ld . Where a quarry was operating som of the senior workmen 

could t e l l  the difference by observing the fracture plane buf 

neither my supervisors nor I could acquire the technique.

In the In it ia l stages of the survey only analysis In the 

laboratory could ilffe ren tia te  between the two rocks, but eventually 

a f ie ld  tost was developed which has provod reasonably successful. 

This Is described In Chapter IV.
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In summary, therefore, our work suggests that dolomites In 

Thailand occur mainly in carbonate rocks of the Kanchanaburi series 

which Is of the Cart)onacoous/Devonian era. These underlie, 

unconformeb ly, other carbonate rocks of the Ratburi series v/hich 

are Permian/Carbonaceous. No dolomite has been found in th is  

younger series.

The Nature of Dolomite

Dolomite is a double carbonate of calcium and magnesium but 

i t  is a compound rather than a mixture of cal c ite  and magnesite. 

Dolomite was f ir s t  recognised as a d is tin ct mineral by the French 

Geologist, Dolomieu in 1791. The dolomite mountains of doe 

Southern Tyrol where he carried out his oionoer geological work 

were subsequently named in his honour as was the mineral I tse lf.

The Ideal mineral dolomite contains equimolecul^r amounts of 

CaCOj and MgCÔ  so that theoretica lly  pure dolomite should contain 

45.7? MgCOj and 54.3? of CaCÔ  by weight which Is equivalent to 

CaO 30.4?, MgO 21.7?, C02 47.9? (58.3* CaO, 41.7? MgO, on a 

calcined basis). In the Ideal structure  ̂ Ca2* and Mq2 Ions 

alternate in the la tt ice  but there is probably considerable intor- 

substltutlon of the two Ions and mostly there is an excess of 

calcium over magnesium, but th is  may be due to ca lc lte  association. 

Substitution of Fe2* for Mg Is common (Ankerlte). Small amounts 

of Mi2+ and Zn2* may substitute fo r Mg2* and slmi larly  Pb2 + for 

Ca2+.

Crystal lography The crystal habit of dolomites Is usually rhomb -̂ 

hedral9 but mostly the

deposits are massive; a fracture surface wi II frequently show the 

rhombohedrai form under the Scanning Electron Microscope (Fig. 

11,3). Crystals cf other forms are rare but not unknown. Deposits 

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

comoact varieties with others vitreous and nearly. Twinning on



!
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a. Wülfrath» Germany Dolomite

b. Kanchanaburi Dolomite

Fig. 11.3 -  Scanning Electron Micrographs o* Ra" Dolomites
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0001 Is common, also lamoliar twinning on 0221. Hardness is 

between 31 to 4 on Mob's scale and spec ific  gravity is  about 2.85.

The concur is usually some shade of white, grey, brown, yellowish 

or black depending on tmourities. Dolomite Is slowly soluble in 

d ilute MCI, but i t  may be distinguished from limestone by its  less 

vigorous reaction with the acid.

Major Occurrences. Dolomite is  found in many narts o f the world 

ch iefly as extensive sedimentary strata. Dolomite, as a rock mass,

|A
is now considered by most exoerfs to be secondary in orig in ", 

formed from limestone by the replacement o f calcium by magnesium 

in percolating water. The replacement may be only partia l and 

thus most formations are mixtures •-'f dolomite and cafclt* . The 

mineral occurs also as a hydrothermal vein mineral. The theory 

that It may precipitate d irectly  from sen water Is no longer tenable**.

Natural occurrences usually contain impurl+Ies, the main ones 

being SiC^, 9̂2̂ 3 *̂2̂ 3 ?resen  ̂ as sedimentary minerals

e.g. clays, quartz. For dolomite to be used as a refractory it  

must be low In these impurities. Other contaminants such as 

compounds of boron, phosphorus and vanadium must not be present in 

greater than trace quantities. In general dolomite for refractory 

grades should contain not less than 18? MqO with the maximum amount 

of impurity not to exceed 4? and preferably less than 2.55?. SiÔ  

should not be more than 0.81, not more than 1.5? and Fs jOj

also not more than 1.5? . Dolomite for the sea water magnesia

process must be of purer quality and manufacturers are nowadays 

looking for less than 1.0? to ta l Impurity *̂  but such denosits are 

very rare.

i
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Dolomites fo r use as refractories need to possess other important 

properties ever and above chemical purity . They must calcine read ily, 

and at high temperatures (+1C00°C) they must s in te r to a mass o f low 

porGsity. Commercial deposits must be massive and uniform in  qua lity . 

Above a ll they must be eas ily  mined, need l i t t l e  or no mineral benefic i- 

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

I t  was these considerations which governed the scope o f the present 

survey. There are known deposits o f dolomite in north-west Thailand but 

because o f the centra lisation  o f industry in the areas near to Bangkok, 

i t  would be impractical (because o f transport problems) and uneconomical 

(because o f cost o f transport) to give consideration to deposits north 

o f Kanchanaburi. However, because of the close proximity o f the sea, 

a ll dolomite occurrences in the peninsula and near to the east coastline 

o f the Gulf of Thailand might be of value fo r a sea water magnesia plant.

The preliminary survey was, therefore, conducted on the basis o f 

samples analysed as dolomite by D.M.R., reports from several other 

sources and our own geological inspection pa rticu la rly  in areas where 

industria l development might be viable.

Dolomite in Thailand

Fig. I I . 1 is  a map of Thailand showing from geological data (not 

necessarily accurate) probable areas in which dolomitic strata might 

outcrop. I t  was in these areas that superfic ia l surveys were carried 

out to co llec t the in i t ia l  samples. At the same time, a search of 

D.M.R. records enabled further locations to be established. These 

dolomite occurrences are iden tified  on the map and the ir analyses are 

shown in Table I I .1.



TAB LC II Д . CHEMICAL ANALYSES OF THAILAND DOLOMITES

Chemical Analysis %
Location • MqO CaO Si02 412°3 Fe2°3

LOI

1. Lampang 16.2 32.1 4.07 1.36 0.45 -

2. Loei 19.2 30.6 2.14 0.54 0.40 -

3. Tak-Mae Sot 19.8 31.2 0.23 0.30 0.92 45.6

4. Nakhonratchasima 18.2 34.8 0.10 - 0.18 -

5. Prachir.buri 17.8 30.5 - - - -

6. Kanchanaburi 

6.1. Khao Wang 18.7 32.8 0.39 0.66 0.60

6.2. Khao Poon 18.4 32.8 0.36 0.34 0.13 -

6.3. Khao Ban Thum 21.4 29.6 1.80 0.18 0.35 -

6.4. Khao Ban Rai 20.7 31.7 C.03 0.00 0.24 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 0.04 0.35 0.33 -

6.8. Khao Rad 18.6 33.8 0.23 0.00 0.25 -

6.9. Khao Phu Lom 20.7 31.0 0.84 0.02 0.03 47.0

5.10. Khao Laem 19.5 31.5 0.40 0.03 0.07 47.0

6 .П . Ban Chao Nen 19.1 32.5 0.96 0.00 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 0.03 0.40 0.33 46.3

7.3. Khao Lom Rue 16.4 35.2 0.84 0.28 0.44 45.9

7.4. Khao Kak 21.6 31.2 0.23 0.35 0.15 46.5

7.5. Khao Ngu 0.2 54.4 0.48 0.59 0.28 43.1

7.6. Khao Lak Waw 21.2 31.8 0.01 0.01 0.46 46.7

7.7. Khao Pra Thao 
Chang 19.4 32.7 0.41 0.34 0.56 45.8

8. Phetburi

8.1. Khao Yoi 21.0 31.5 0.08 0.14 0.14 46.5

8.2. Khao Bandi It. 21.3 31.2 .0.18 0.12 0.15 46.8

9. Chonburi

9.1. Bang Pra 17.9 33.6 3.41 1.58 0.62 43.4

9,2. Ko Si Chang 16.3 34.0 4.17 2.11 0.48 43.1

9.3. Ko Khang Khao 17.4 33.2 2.05 0.67 0.47 45.3

9.4. Khao Choeng 
Tean 20.6 31.8 3.32 1.60 0.72

--t - - —
42.5
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Table ïl-1  Continued

Location

Chemical Analysis %

MgO CaO s io2 1
Д12П3

Fp„n„
2 3

LOI

10. Rayong

10.1. Klaeng 20.1 30.8

— H

0.95 0.66 0.45 46.0

10.2. Klang Tung 18.1 34.8 0.02 0.14 0.36 -

11. Prachuap(Khiri Khan) 

11.1. KM 378/9 18.8 32.9 0.04 n.no 1.4 44.5

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 0.38 0.67 45.9

12. Chumphon 

12.1. La Mae 19.9 33.4 0.17 _ 0.34 46.7

12.2. Pha To 21.3 30.5 0.23 0.17 0.41 47.2

13. Surat Thani

13.1. K ir ira t  Nikom 20.9 31.7

13.2. Kuan Sak 20.6 31.9 0.13 0.00 0.50 46.9

13.3. Chai Ya 20.3 31.6 0.31 0.26 0.62 46.7

13.4. Khao Po Nam 
Ron 21.2 30.3 0.25 n .n 0.49 47.3

13.5. 17Р/ВБ1 15.2 35.4 1.64 0.06 0.70 44.7

13.6. Kanchanadit 19.1 32.9 0.18 0.00 0.69 46.5

13.7. P ia i Mas 21.3 25.8 0.81 0.35 0.40 46.8

13.8. Tha Chana 18.2 34.7 0.17 0.00 1.54 45.2

13.9. Khao Noi 21.2 31.3 0.П 0.32 o.m 47.2

14. Nakhon Si Thammarat

14.1. Khao Hua 
Chang 17.7 35.4 0.11 0.00 0.46 46.1

14,2. Khao Wang 18.9 33.5 0.64 0.13 0.61 45.9

14.3. Cha Uat 21.0 30.9 0.21 0.18 0.20 47.0

14.4. Khao Koi 21.1 31.1 0.22 0.24 0.31 46.8

15. Phang Nga 18.0 34.5 1.14 0.07 0.56 45.7

16. Krabi 20.5 32.2 0.17 o . n 0.30 -

17. Phatt.halung 20.3 29.7 2.99 - 0,95 44.1

18. Songfchla 

18.1. Khao Rung 20.9 31.8 0.00 0.00 0.27 46.6

18.2. KM 28 ! 17.6 32.0 4.88 1.18 0.73 44.4
19. Satun ! 7.2 37.5 6.^5 0.99 0.83 38.6

---• • — -----— ' ' 'i “и Г '"i--*"
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Unfortunately not a I I reports of dolomite were substantiated 

and there were several areas which could not be v is ited  because of 

m ilita ry  res tric tio n s  but some promising deposits were located. Some 

of these were small v/orking quarries usually fo r aggregate and in 

these places extensive sampling was possible.

Detailed Occurrences of Dolomite

The prelim inary survey established th a t dolomite formations 

were to be found in many parts of Thailand and that they were 

probably of s im ilar geological o rig in  and age. I t  Is l ik e ly  tha t 

deposits outcrop at many places on the eastern side of the Thailand 

peninsula and also along the east coast of the Gulf o f Thailand. 

Whether a ll  or any of the deposits could he of value in d u s tria lly  

remains to be proved because, in addition to chemical p u rity , deposits 

must be of s u ffic ie n t s ize , uniform in q u a lity  and accessible for 

development.

For these reasons several dolomite locations were examined and 

samp led in deta i I .

Five principal areas were selected as fc llow s:-

8. Kanchanaburi 7. Rathuri (both West or Bangkok).

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

of Thai'and.

18. Sonpkhla 19. Satun (both in the extreme south of the 

peninsula with the former being on the "ast and the la tte r  

on the west coast).

In add ition , areas near Phetburi and Chumphon should have been 

examined in d e ta il but the reported dolomite exposures, were, inacces­

s ib le  and in areas subject to m ilita ry  con tro l. These should be 

sampled a t a la te r date.
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In a ll tha anas selected, the dolomites occurred as expos­

ures along th9 face of a h i l l  or range of h i l l s  so that the mineral 

could be Identified and sampled over a considerable exten*. 

Kanchanaburl. There were several promising locations of potential 

dolomite In the Kanchanaburl area. The positions of these deposits 

are shown In the map (Fig. 11.4). Al l  of these were quarries, some 

4f which were s t i l l  being worked, mostly for aggregate and some 

for burnt lime or fluxes.

In seven cases, a complote face was sampled both horizontally 

and ve rtica lly  usually at 10 or 20 mts. Intervals. The analyses 

of material from a ll these co llection points are shown In Table

Materials from KMN and KS were the most promising In terms of 

dolomite qualIty, consistency and In (total volume and these were 

selected for further work In the research orograrrme.

KMN was a quarry along the east bank of the river Khwae Nol.

It was part of a small range of h i l l s  known as Khao Laem which 

extends for about 25 Km along the river. The exposure KMN was 120 mt 

long and 40 mt. high but the h i l l  attained a height of about 120 mt 

and It extended about 3 Km in an easterly direction. Dolomite was 

found at locations over the complete h i l l  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 10̂  tonnes.

KJ was a smaller quarry to the west of KMN. Much of It was 

dolomite of good quality but there was an Interstrati f led hand of 

cal c ite  which reduced the average MgO content.

KS was a massive quarrying complex (by Thailand standards) 

again In the Khao Laem range and owned by the Suthasahathal Company. 

There were s ix  exposed faces a ll of which were sampled systematically. 

The extracted stone was being used mainly for aggregate and as a flux



FIG. П .  4 DOLOMITI DEPOSITS IN KANCHANABURI AREA



TABLE H .  Il - ANALYSES OF DOLOMITE OCCURRENCES IN KANCH AN AB UNI AREA

Number
o f

Chemical Analysis. %

Location KigO CaO $i0? A12n3 Fe2°3 LOI

Samples high low median hi gh low median (ave) (ave) (ave) (ave)

Kanchanaburi Area

Khao Phu Loin 36 22.0 10.2 20.9 40.9 30.3 32.0 0.85 0.02 0.07 45.9

Khao Ma 7 16.2 0.7 4.4 52.7 34.5 47.9 2.85 0.21 0.83 43.4

Khao Laem KS

Face 1 19 21.4 19.1 20.1 32.9 30.0 31.3 0.38 0.02 0.03 47.1

Face 2 32 20.6 6.1 18.8 47.2 31.2 35.7 0.31 0.02 0.05 46.6

Face 3 12 21.0 20.4 20.7 31.5 30.7 31.1 0.22 0.02 0.02 47.3

Face 4 9 20.8 3.5 16.1 50.3 31.2 35.6 0.34 0.02 0.03 46.6

Face 5 26 20.9 0.6 17.6 54.2 31.0 37.0 0.28 0.01 0.05 46.9

Face 6 14 20.7 1.5 12.5 54.0 30.8 41.3 C.31 0.02 0.05 46.4

Khao Laem KJ 10 19.9 0.6 13.0 53.4 30.2 39.1 0.13 0.Ю 0.07 46.4

Khao Laem KMN 28 21.4 19.9 20.8 32.0 29.8 30..7 0.15 0.02

_______ 1

0.03 48.0
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for the steel industry. The limestone faces were being burnt for 

agricultural lime.

Three faces of the KS quarry comp lax showed good and consis­

tent dolomite and from geological and topological observation it

5
would be safe to predict that at least 1.5 x 10 tonnes of dolomite 

could be extracted.

Khao Ma was a quarry in a h it I on the north bank of the 

river (in the area called Khwae Yaf which has been anglicised to 

Kwai). It appeared to  contain dolomite but the quantity o f high 

MgO material was small.

Khao Phu Lom, the most northerly formation examined, was 

d ifferent in appearance from other dolomite formations but f t  proved 

to be of consistently good quality. A large face - about 40 mt. 

high and 200 mt. lateral extent - was exposed. The entire hi II 

which was sampled over its  whole extent was good quality dolomite 

and could contain over 3 x 10̂  tonnes o f mineral. Subsequent tests 

showed that in parts of the deposit there was ta lc  (hydrate magnesium 

s ilic a te )  associated with the dolomite.

The samples from the best faces 

of KS and from the whole exposure of K!1N were each separately 

compounded and representative samples of about 80 Kg sent to the 

U.K. for research purposes.

Ratburi. There were reports of working quarries of limestone 

In the Ratburi area, and the records showed some locations containing 

high quality dolomite and many others with a lower MgO content. Terr 

locations were sampled as shown In Fig. 11.5 with chemical analyses 

Included in Table II . III .



FIG. 11 • ̂  • DOLOMITE DEPOSITS RAT8DRI AREA



TABLE I I .  I I I . ANALYSES OF DOLOMITE OCCURRENCES IN RATBIJPI AREA

Number
o f

Samples

T

i Chemical Analysis %
i
i high

HgT
low median high

CaO
low medi an

Si 0, 
(ave) (ave?

' LÔÏ 
(ave)

Ratburi Area
i

Khao Ngu 6 I 1.2i 0.3 0.4 54.2 53.2 54.0 0.68 0.31 0.42 44.0

Khao Kang 21 j 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 0.02 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 0.80 0.04 0.28 44.0

Khao Thum Pra 2 0.6 0.5 0.5 55.5 54.7 55.1 0.25 0.06 0.06 43.8

Khao E San 2 0.9 0.5 0.7 54.9 53.5 54.2 0.84 0.36 0.06 43.8

>. Khao Pra Ek 1 0.6 52.3 4.12 0.67 0.07 42.3

Khao Chompol 2 0.6 0.6 0.6 53.0 53.0 53.0 2.38 0.35 0.14 42.9

Khao Pra Thap Chang 2

1i.........  1

18.5 10.9 14.7 32.8 30.5 31.6 5.56 0.08 0.20 43.5
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Khao Ngu was the largest quarry In the area of massive grey 

limestone; there were several exposed working faces and a crushing 

plant for road stone. Samples were collected at random and they 

were a ll of limestone. This was a d ifferent stone from the dolomite 

exposures and It Is probably Carbonaceous/Pormlan f.e. younger than 

the dolomite formations.

Khao Kang was a h i l l  about 50 metres high and 150 metres 

long. There was no quarrying but samples were collected system­

a t ica lly  from north to south which were a ll grey dolomite of 

contorted vertica l strata except fo r a white In teretratifled  rock

In one area which w.»s I 1!'.3 m a r ? i •«?'. 1 *.''r>t-a!r,ed v ic tu a l /  n -1 *'>¡0.

Khao Kwang was a h i l l  about 4 Km north o f Khao Kang; it  

■ as about 80 metres high, 400 metres long and 200 metres wide; 

the rock was exposed over a ll the area. It was extensively sampled 

both ve rtica lly  and horizontally, and a ll samples proved to be good 

dolomite. There could be over 20 x 10̂  tonnes of useful material 

in this area, but systematic dri I ling would be required to prove 

th is assertion. -

Khao Chong Pran was another h i l l  about 3 Km further along the 

road; there was a simi lar type of rock exposure but there proved to 

be much more Interstra+itied limestone in th is  formation.

Six areas south and west o f Ratburi were sampled, most of which 

had a low MgO content (See Table l l . l l l )  and fo r the most part they 

were of the Carbon I ferous/Psrmi an strata found In Khao Ngu quarry.

Khao Kwang was selected as the best material In th is  area and 

a largo quantity was sampled for shipment.

Ko Si Chang and Ko Khang Khao. These two Islands o ff the 

oast coast of the Gulf of Thailand were both sampled systematically 

with more than 200 samples taken fo r chemical analysis. (Fig. 11.6. 

and Table 11,1V). West of the dolomite deposits were found at Laem 

Ng i, Laem Si Chang and area I of Ko Khang Khao of which, the



28

f i r s t  was the most s ig n ific an t. This was bulk sampled.

Sor.gkhla and Satun Area. Five locations were sampled from th is  

areas as shown in  F ig . i l .  7 and chemical analysis in Table II.V .

Khao Rak Kaet was a quarry in a small h i l l  which supplied a 

product fo r road stone. Samples were taken at 10 metre interva ls from 

north to south; the quarry face was about 80 x 400 mts. Two caves in 

the limestone were found» one o f which contained Dhosohates from bat- 

dronpings and was being worked on a small scale. This was an interesting 

exposure in that the dolomitewas a highly contorted grey rock underlaying 

a more horizonta lly  bedded true limestone probably o f d iffe ren t geological 

ages.

Khao Khuha, had many quarries working fo r aggregate, with an 

associated large crushing and grinding plant. Samoles were a l l  low in 

MgO and the material was a true limestone.

Khao Changlon was a s im ila r rock formation to Khao Khuha.

Khao Nui had a small quarry exposure which looked lik e  dolomite 

but which proved to be limestone. There was an in f i l le d  cave with well 

develoDed cal c ite  crysta ls.

Khuan Lek was a h i l l  along the side o f the road about 30 Km from 

Satun but in the western coastal s tr io . It was a massive h i l l  but i t  

was d if f ic u lt  to samole systematically because of the th ick vegetation 

and steep contours. Twenty three samples were collected along a level 

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

The v is it  to the Songkhla/Satun areas involved considerable 

travelling. The denosits of dolomite were rich in magnesia but the 

impurity levels (pa rticu la r ly  s i l ic a )  were much higher than those from 

deposits further north. Rather than co llecting  a bulk sample from one 

location which would have required an additional v is it ,  materials from
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TABLE I I . IV .  ANALYSES OF DOLOMITE OCCURRENCES IN KQ SI CHANG AREA

Number
of

Samel es

______ Chemical Analysis.__% i

Location
high

MgO

low median high
CaO

low median

Si09

(ave)
P > 2 ° 3
j (ave)

Fe2°3
(ave)

LOI

(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 32.1 6.30 1.24 0.80 41.1

Face 3 12 19.2 14.0 17.2 32.5 30.4 32.4 4.54 0.87 0.72 44.3

Face 4 24 19.6 1.1 8.1 52.0 ’ 0.0 39.9 8.72 0.89 1.04 39.0

Face 5 a 0.8 0.2 0.6 35.2 28.2 30.0 25.82 8.0 1.41 24.0

Face 6 11 3.1 0.7 2.1 55.2 27.6 46.5 8.15 0.55 1.07 40.2

Face 7 7 2.0 1.0 1.2 43.5 33.1 40.1 6.78 1.22 o.44 40.4

Laem Khao Khat 4 1.2 0.6 0.7 30.1 17.4 19.6 47.74 11.99 1.95 8.95

Laem Si Chang 10 19.5 6.6 16.6 44.2 33.5 35.7 4.03 0.60 0.86 45.3

Tha Bo Thong Lang 6 19.7 16.4 17.4 I 34.6 33.2 33.4 2.05 0.67 0.47 45.3

Laem Tham Pang 3 0.3 0.0 0.1 12.0 10.5 10.9 76.07 1.12 0.21 10.5

Ko Khang Khao

Area 1 32 16.6 0.2 8.9 50.2 32.0 40.1 5.79 0.92 0.72 43.1

Area 2 15 19.2 15.1 12.4 34.6 33.4 33.6 2.48 0.60 0.84 42.7

Area 3 12 8.5 0.9 2.6 46.7 37.4 43.3 !1 9.01 4.04 1.04 34.1

' Area 4 22 2.7 0.2 0.8 50.2 40.9 44.0 9.22 1.12 0.32 40.0

Area 5 18 4.3 0.9 0.9 ! 49.0 42.9 43.8 18.60 0.60 0.72 35.6

Area 6
18_ _ i

2.5 0.4 2.1 !1 49.7 43.fi 48.2 '
-  —.... , \

9.21 0.94 | fi,9n 40.0 l
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FIG. I I .  7 ; DOLOMITE DEPOSITS IN SONGKHLA/SffTUN AREAS.



TABLE II »V . ANALYSES OF DOLOMITE. OCCURRENCES IN SONQKHLA AND SATUN AREAS

i

Number
Chemical Analysis, % •

Location o f
Samples

MgO CaO sm 2
A,2n3 Fe2n3 LOI

high low median high low median (ave) (ave) (ave) (ave)

Songkhla and Satun Areas

Khao Rak Kaet 16 19.9 0.9 17.2 54.2 29.9 32.1 6.58 0.88 1.20 42.5

Khao Khuha 3 2.2 П.З 0.6 54.2 44.4 46.4 3.83 n.83 0.09 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

Khao Nui 5 2.3 0.7 1.7 51.7 42.9 5П.9 4.83 1.20 1.04 40.9

Kuan Lek 23

!
19.4 0.9 16.2 49.2 31.5 33.0 6.94 0.70 0.92 42.1
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Khao Rak Kaet and Khuan Lek were mixed together to Drovide a bulk 

sample typ ica l o f 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 deposits in the country and surface 

formations are to be found in many areas which would 

be convenient fo r explo itation by simple quarrying.

2. There is  a wide range o f qua lit ie s  throughout the 

country. Many deposits were close to the theoretical 

maximum ra tio  o f MgO:CaO contents. Within this

cl a ss if i cation, deoosits ranged from those o f very low 

impurity levels (SiO  ̂ + A l2n3 + êss t>ian

0.5% to those where in excess o f 5% was nresent. I t  

should be possible to find  su itab le deposits to match 

any required specifica tion .

3. Several deposits which were examined in deta il should 

contain over 1 x 10̂  tonnes of consistent material.

4. In most Thailand dolomites, the iron oxide content was 

low when compared with other world sources. This is  

probably an advantage.

5. One of the most s ig n ifican t features when surveying 

the analyses of the dolomites which occurred from 

north to south in the western an tic lin e  was the 

variation in imuurity content - na rticu la r ly  the 

s il ic a .

Near to Kanchansburi in the north, s i l ic a  levels were consistently 

low at 0.1 * 0.2% whereas in the Songkhla/Satun southern area the s i l ic a  

was high - frequently above 6%. showing the north - south trend.
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I Table II.V I taken from the information in e a r lie r  tables
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illu s tra te s  th is ooint.

Table II .VI. S ilic a  Content o f some Thailand Dolomites

Area S i0̂  Content %

Kanchanaburi 0.15

Ratburi 0.25

Phetburi 0.18

P.rachuap Kh iri Khan 0.04

Chumphon 0.21

Suratthani 0.35

Pang Nga 1.1

Naknon Si Thammarat. 0.8

Phatthalung 3.0

Songkhla 6.5

S atun 6.9

Inspection of the various deposits shows that the major norti.on of 

the impurities present in dolomites is  in the form o f pegmatic veinlets 

which have arisen from volcanic a c t iv ity  - orobably hydrothermal 

in trusions.

The nearer the dolomite deposit to one o f the igneous gran itic  

masses which outcrop along the “spine" o f Thailand, the more lik e ly  i t  is  

that i t  w ill be contaminated with pegrnatic s i l ic a  imourity. (See Fig.

I I . 1).

In the Kanchanaburi/Ratburi area, the nearest granite intrusion 

is  about 50 Km, whereas in the Songkhla/Satun area, the granite is  only 

5 - 10 Km away from the dolomite.

L

!



A ll evidence points to the fact that the an tic lin a l fo ld  was 

much more intense in the south of the Thailand peninsula than i t  

was in the north and therefore hydrothermal a c t iv ity  has been much 

more prominent with the consequent higher level of impurity in 

southern dolomites.



CHAPTER III

EUROPEAN AND WORLD RESOURCES AND UTILISATION 

OF DOLOMITE

Until the advent o f basic steel-making the only commercial uses 

fo r dolomite were as an aggregate, as a flu x  in glass-making and as a 

fe r t i lis e r .

In the early days of basic open-hearth furnace practice, dolomite 

had only a lim ited use because o f the technological d if f ic u lt ie s  o f 

s ta b ilis in g  the mineral fo r use as a refractory. From about 1936, its  

value as a precip itant of magnesia from sea water was recognised hut the 

lime component was a deterrent to using the mineral as a refractory in 

its  own right.

In recent years, the importance o f dolomite has increased sub­

s ta n t ia lly . I t  is  a re la tive ly  cheao raw material and it s  high temper­

ature properties are excellent. By various devices the tendency o f the 

fired  product to rehydrate has been minimised. Many more applications 

have been found fo r dolomite-based refractories pa rticu la rly  in the 

modem oxygen steel-making processes.

Much of the technology o f dolomite u t ilis a t io n  is  a closely guarded 

secret by the major manufacturers and only ore bodies with spec ific  

properties are of value. For these reasons an important aspect of the 

present research was to survey the dolomite market and to v is it  manu­

facturing units and users to assess whether material found in Thailand 

could be o f value in loca l industries.
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World Production o f Dolomite

Although i t  is  o f widespread occurrence and nroduced comsiierciany 

on a large scale (world production probably exceeds 100 x 10® tonnes/ 

year), dolomite is  not always recognised as a mineral in it s  own right. 

Dolomite is  closely related to limestone in it s  formation, occurrences 

and even commercial usage. For many purposes the fa c t that, chemically, 

dolomite and limestone are d ifferent is  o f l i t t l e  significance and in 

many countries o f f ic ia l records do not d iffe ren tia te  between them. The 

build ing, construction and aggregate industries are the maior tonnage 

users o f dolomite but they are not interested in  the chemical features 

o f the mineral, only the fa c t that i t  is  hard and durable.

The main industria l uses o f dolomite may be c la ss if ie d  as follows:-

1. Construction, aggregates e tc , which is  the largest tonnage use but 

where chemical quality is of no imoortance comoared with hardness, 

cheapness and the location of the deposits which must be close to the 

area in which i t  is  used.

2. Ferti 1 iseris, mainly to control acid ity  of s o ils .  Normally true 

limestone is  preferred fo r this application; i t  is  burned to remove 

carbon dioxide and then usually slaked to produce agricu ltura l lime.

When dolomite is  used.,the magnesia content may be troublesome in that 

Mg(OH>̂  is  insoluble so the material is  less reactive. However, fo r 

some horticu ltu ra l purposes including tea, rubber, sugar beet, magnesium 

is essential fo r plant growth and, in these cases, dolomite is  o f value.

3. Glass-ni3king, where dolomite is  an important flux . Careful 

selection of the mineral is  important fo r  th is industry; the essential 

requirement is  a low iron-content preferably below 0.2% Fê Ô  but users 

also usually stipu late MgO in excess o f 15%.
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4. F i lte r s ,  extenders fo r p i g m e n t s ,  r-iastics etc . The chemical 

r e a l ity  of the dolomite is of l i t t l e  importance in these applications; 

a rood white colour, henco low iron and carbonaceous m ateria l, is of 

prime importance. Dolomite frequently is preferred to  I imestop.-- 

because i t  is less reactive to mineral acids. In recent years, 

dolomite has been increasingly used as a notentiaI fire* retarder

in p las tic  compositions. Its  in i t ia l  temperature of decomposition 

is ¡ewer than that of limestone and i t  liberates carbon dioxide 

over a wider temperature ranee.

5. H ux in steel-m aking. The presence of the twe a lk a lin e  earth  

oxides, lime and magnesia is c f value in co n tro llin g  the v iscosity  

of slags in steel vessels. Hence dolomites, p a rtic u la r those low

in s i l ic a ,  have become increasing!'/ used fo r th is  purpose, especially  

fo r fas t converter processes.

6. P rec ip itan t of magnesia from sea water. Dolomite has the

advantage of providing additional magnesia to  the process and hence 

is  usually preferred to  limestone. However, in recent years, the 

trend in magnesia production from see water has been towards purer 

q u a litie s  which demand high purity  p réc ip itan ts . Few dolomite 

deposits can meet the r ig id  low content of im purities now being 

specified -  to ta l SiO^, A 1^0^, n0+ e x c e e c l  9.4,? - and some

manufacturers are reverting to limestones. About three tonnes of 

r a w  dolomite a r c  required to  produce one tonne of magnesia.

7. Refractory uses. Hew technology coupled with the fa c t that 

dolomite is a cheap raw m aterial but with excellent refractory  

q u a lit ie s , has led to substantial increases in its  use e ith e r in 

brick or block form or as a m onolithic.

When calcined at high temperatures, the lime component cannot bo



stab ilised  by heat alone and i t  w ill rehydrate. A stab ilised  form of 

dolomite refractory was produced in which ta lc  or a s im ila r s ilic a te  

was added to form a calcium s ilic a te  but th is was not an outstanding 

success. In modem practice, the dolomite is  f i r s t ly  calcined to a high' 

temperature to s in te r fu l ly  the oxide components. Careful crushing 

and grading coupled with high pressure-forming produces a dense 

compact which can then be given more s ta b ility  e ither by bonding with 

pitch or ta r o r by ceramic bonding which involves an additional f ir in g .

A recently introduced technique involves low temoerature f ir in g  

(circa 1200°C) which gives a highly active oxide mixture, followed by 

fine grinding and then briquetting. The comoact is  then re fired  at 

very high temperatures to ensure densification and s ta b il ity .  From 

the resulting product excellent refractories can be produced and this 

technique is  p a rticu la r ly  apnlicable to dolomites of high purity.

Dolomite refractories are now being used in many steel plant 

applications where rehydration problems can be avoided. These Include 

lin ings fo r various new steel converters, ladles etc. Dolomite bricks 

are also being used fo r lin ing  cement k iln s .

In countries with a highly develoned refractory technology 

coupled with availab le good raw materials about 3,000 tonnes dolomite 

refractory per 1 x 10̂  tonnes steel ane being used and in the cement 

industry about 1,000 tonnes dolomite re fractory/l x 13̂  tonnes o f cement.

Although detailed figures broken down into various categories o f 

dolomite u t il is a t io n  are available from only a few countries, T ab le JII . l 

is  a compilation of the most recent published data.



TABLE I l i .  I -  WORLD CONSUMPTION OF DOLOMITE

—

Country Refrac- 
tories

Sea Water 
: fegnes i a 
Process

Others 
Fert? 1 i sor 
Fi 1 ler

Total 
Produc- 
t  Ion

Crude Calcined

Austral la 30,000 400,000

Be 1g i un 320,000 2.6xl06 330,000

Brazl 1 30,000 30,000

Canada 100,000 2.6xl06

Eire 350,000 350,000

Fin 1 and 80,000 80,000

France 555,000 I.5xl06 I.4xl06

Greece 350,000 350,000 350,000

1 ndi a I.3xl06 1,3xl06

1 ta ly 1.2x106

Japan 3.0xl06

New
Zealand 25,000 4.3xl06

Norway 600,000 600,000

Mexi co 500,000

Pakistan 46,000 40,000

Portugal 55,000

Spai n 2.5x!06

Sweden 50,000 240,000 500,000 164,000 37,000

South 
Af ri ca 225,000

Turkey 450,000

U.K. 250,000 500,000 8.3x106

U.S.A. 700x106*

West
Germany I.2xl06 5,0x106 5l.4xl06* 616,000

* lime and dolomite

Figures co llected from Board of Trade s ta t is t ic s  and from Industria l Minerals 
1976 and 1978.
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Dolomite in Europe

Many European countries hove explol+abla deposits of dolomite 

but only a few possess the high qua lities required for the sea water 

process or for re fractories’ production. Interest in the refract- 

tories side, particu larly , has Increased In recent years because 

only Austria and Greece have natural denosits of magnesite and 

only the U.K. and Italy produce refractory grade sea water magnesia 

(new olants are oroposed fo r E ire , Greece and Netherlands). Dolomite Is 

therefore an attractive alternative to magnesite many o f the 

main European steel producers particu larly  i f  good, cheap, raw 

material Is available near at hand.

Germany, Luxembourg, 3elgium, France and the U.K. have a ll 

advanced technology on dolomite production and usage and nermlsslon 

to  v is it  several o f the major operations was kindly granted.

WEST GERMANY - Tho strata most extensively o xd lofted fo r refractory 

grade dolomite In Western Europe are the MasseIkalK levels In the 

Devonian sedimentary deposits. These form the southern flank of 

the Ardennes from Charlerol/Lioge/Aachen and extend across the 

Rhine Into Westfalen, north of Cologne (Ko|n) through Dortmund 

towards Hannover.

Dolomitwerke WuIfrath - is  the largest producer of dolomite In 

West Germany and although the company has many Interests In other 

areas, its  main mining and producing complex Is at Hagen-Halden 

near to Wuppertalani1 virtual ly within the Ruhr coal and s tee l­

making d is tr ic ts . The company Is a Joint subsidiary o f somp of 

its  major customers, August Thyssen-Hutte A.G. and Hoesch Werke A.G.

The company has a large quarry of consistent

dolomite adjacent to the manufacturing complex which provides about 

3 x 10̂  tonnes/year of rock, most of which is used as aggregate.

A selected high quality material Is produced for refractory manufacture 

at a rate of about 2400 tonnes/day. This Is pre-crushed through a 

25 mm screen and any size less than 6 mm. Is removed. Tfie graded rock



is  calcined in a rotary k iln , of which there are four - two with

350 t/day and two with 6 X  t/day output capacity - tc  a maximum

temperature of 200CTC. The k iln  construction permits a re lative ly

slow bum to I200°C to remove CO., fo l lowed Ky a fast rise tc the
z

maximum temperature. The total f ir in g  cycle Is about 3-4 hours. 

The fuel used is pulverised coal, the ash of which contributes

0.5jt ^ 2^3 impurity to  the product. This assists sintering.

Most of the dolomite which passes the 6 mm. screen is  con­

verted into s in te r fo r iron ora treatment. A small proportion 

of -4 ♦ 6 mm material is calcined at |000°C and the product used 

for water treatment or for glass manufacture.

Large lumps of dolomite (50-110 mm) are mixed with coke 

and iron ore and sintered separately at about I600°C in shaft 

k iln s on another s ite .

The complete flow diagram is shown in Chanter V.

The main sintered product from the rotary k iln s  Is crushed 

and carefu lly graded and used to produce bricks or blocks of dolo­

mite tefractory. Some of these are bonded with ta r or pitch 

whTfSt others'are d irect ceramic-bonded by a re fir lng  process.

Dr. W. Munchberg, Technical Director of Dolcmitwerke 

Wulfrath kindly provided samples and gave much technical in for­

mation concerning the raw material and its  derived products.

It was h is opinion that the important characteristics of a 

dolomite for refractory manufacture should be as follows:-

I. Impurity level (ST0̂  ♦ * ê2̂ 3̂  ’ n ran9°

I - 3i with a good balance between the three.
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2. The impurities should ho w - ! l  d is trib u te  ! and no 

impurity m ineral, p a rtic u la rly  quartz, should 

exceed 20p in s ize .

3. The diarneter of the dolomite c ry s ta llite s  should 

be small and preferably should not exceed IOOp.

4. The porosity of the raw dolomite should be low 

and the pore size small in order to  ensure 

adequate s in te rin g .

Our tost results  cn Hagen material are included in Table 

I I I .  I I  These agree with the spec ific a tie n s  provided by Dr. Munchberg. 

Tab le l l l . l t  : Properties of WuIf rath (Hagen) Dolomite.

i t
1 >  .  «  .. __w ^ J

| Chemical Analyses 

1 (Raw Dolomite)

SI CL 0 .5 i  MgO IL -20 i ?
A.I D 0.1 CaO 30-32 Z 3
Fe20 , 0 .5  LGI 46-48

Crystal 1ite  Size 200 -  500p

F irin g  Changes Raw Dolomite Calcined Full
Sintered

Crystal 1 ite  Size jj 200-500 <1 8-12

Porosity 1- 1-3 50 10-15

Pore S i ze p 3 1 5 j
iI
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The principal uses of dolomite refractories manufactured by 

WuIfrath were: -

1. Torpedo ladles - direct bonded

2. L.D. Converters

O.B.M. " ta r or nltch bonded

LDAC "

3. AOD Converters
df rect bonded

VOD "

4. Ladles

5. Cement klIn 

Dolomite k ilns direct bonded 

Lime bunhlng klIns.

T rie r Kalk at Weller% mine by underground methods a T rlass lc 

dolomite which Is part o f the Paris basin deposition cycle. An 

almost Identical deposit was also being produced across the 

River Mosel In Luxembourg by Re fra lux SARL. Both works were 

sim ilar in size and In the!r calcined products.

The deposits were more or less horizontally bedded In 

strata which was ris ing  steeply along the sides of the valley.

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

lower 10 mt. was good refractory quality although the upper level 

was extracted for aggregate or for fluxing purposes. To remove 

overburden would not bo practical so the deposit was worked by 

room and p i l la r  methods with roadways about 5 mts. wide.

The extracted dolomite was crushed Into the size ranges:

0 - 6 mm for road stone, concrete.

6 - 40 mm. for a flux In steel manufacture

Ì

80$

>

> 20$

I

J

60 -120 mm for burnt dolomite.
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I

The dolomite was burnt In shaft k iln s at I600°C tc make 

sintered dolomite fo r ramming mixes; at I200°C fo r fluxing 

applications.

The total plant capacity at both works was about 2500 t/day 

In four shaft k iln s.

The analyses o f the materials which we collected were:-

CaO MgO sjo2 A,2°3 Fe2°3 L0I

t % % % % t

T rie r Kalk 29.1 21.4 1.5 0.9 0.4 46.7

Refralux 30.2 20.6 2.0 1.1 0.3 45.8

3EL0IUM - Rocks of slmi lar age (Devonian) to those at Hagen, West 

Germany and mined by Dolomftwerke WuIfrath,outcrop also In the 

Southern area of Belgium near to  Phi llpoevl I le. Because they are 

nearer the edge of the Ardennes up l if t , th e  Belgian formations are 

more heavily contorted but they are lower In Impurities than other 

occurrences and hence they are actively nroduced mostly for export 

to other European countries.

ProduitsDolomltlques de Mbrlemont - produces only crushed and 

graded raw dolomite at a rate of 1500 tonnes/day. Qualities with 

size ranges - 40 ♦ 8 mm. and -8 mm. are generally marketed and 

about equal quantities of the two grades are produced.

The coarser grade Is sold e ither to Valenciennes, France or 

to Wulfrath, West Germany for calcin ing. The finer orades are 

used In Iron ore egg I omo rati on, In fe r t il is e rs  for glass manu­

facture and In so il beneflelation.

j
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The samples co llected have ni von the following analyse br­

SI0, 0,08 -0 .21  % CaO 30.2 - 30.8 %

Al2°3
0.19 - 0.28 % MgC 22.4 - 22.9 %

Fe2° j 0.04 - 0.25 % LOI 46.3 %

other measured properties are Included In a later chapter.

There are other producers of s im ila r qua lit ie s  In Belgium 

and 1978 figures show exports of over 1.75 x  ̂ tonnes.

FRANCE - Refractory grade dolomite Is o r ln c lp a lly  mined at Neau 

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

|t is quarried by the company Dolomie Française and the calcination 

capacity is  about 200,000 tonnes/year. (950 t/day).

The chemical analyses of a typ ica l samole co llected from 

the Neau deposit was:-

CaO 31.2%; MgO 19.356; S102 0.83%; A l ^  0.72%; F e ^  0.69?;

LOI 47.2?.

At Neau, there are crushing and screening fa c i l i t ie s  to 

produca a -30 ♦  8 mm. quality for ca lc in ing and - 8 mm. for 

agricu lture, glass-making, Iron ore agglomeration etc. There 

are two rotary kl Ins, one I 10 mt. long and 3.20 mt. dt arrêter, 

the other 68 mt. long and 2.50 mt. diameter, together capable of 

producing about 600 tonoes/day of sintered product. There are 

also fcur shaft k iln s which produce about 350 t/day of s in te r 

calcined at about I600°C or less.

About 50,000 tonnes/year of high quality  calcined dolomite 

from Neau is  transported to Flaumont (Nerd) where an associated 

company, La Comoagn|«des Réfractaires Basiques produces high 

quality bricks and blocks both pitch and ceramic-bonded In a 

fu lly  automated plant which was completed In 1977.



Dolomie Française produces ever 500,000 tonnes of dolomite

per year for various appIications. (See Table l l l . l ) .

EI PE - There Is no production o f dolomite refractories In Eire 

and although there are occurrences of dolomite, none that we have 

examined are su ffic ie n t ly  cyure to be satisfactory for th is 

purpose.

A deposit of Carboniferous dolomite Is being mined by the 

Quigley Magnesite Division of P fize r Chemical Corporation near 

Bennetsbrldge, In Co. Kilkenny, calcined to comparatively low 

temperature, slaked and then used as a precin ltant of magnesia 

from sea water. Because the magnesia so produced Is used 

en tire ly  for fe r t i l is e r  and related products, high-grade material 

In terms of chemical purity is  not essentia l.

An analysis of the dolomite being extracted at Bennetsbrl dge 

at the rate of 320,000 tonn?s/year in September 1977 was:- 

CaO 36.8$; MgO 14.8 $; SI02 0.8$; A l ^  1.3$; F e ^  2.8$.

Another processing plant to  recover refractory quality 

magnesia from sea water has recently been completed near Drogheda, 

Co. Dublin fo r Hepworth Ceramic Co. Ltd,, but In the operation a 

high purity limestone w ill be used as a precip itant.

UNITED KINGDOM - There are many outcrops of dolomite material In 

the United Kingdom particu la rly  In Carbon!ferous/Devonlan strata 

levels but few of these are exploited as a source of refractory 

or high grade material although many are used as aggregates.

The important dolomites In England are confined to the 

Permian rocks which outcrop in the north on the coastline of 

County Durham and are exposed in a narrow band of surface rock 

formations In approximately a north-south d irection. Valuable 

material Is extracted In Durham, Yorkshire, Derbyshire, Nottingham­

shire, with smaller amounts In Shropshire and Glamorgan.



Over 8.5 x 10̂  tonnes of dolomite Is extracted per annum in 

England but most of th is  Is aggregate quality.

The largest company to extract and process dolomite In the 

U.K. is  the Steetley Co. Ltd, and the various dtv!stons*of th is 

company are Involved In a ll aspects of dolomite technology. The 

Dennlff group Is concerned with the quarrying, preparation and 

marketing of aggregares; the chemical d iv ision oontrols the sea 

water magnesia process at Hartlepool which uses dolomite as a 

precipitant; minerals d iv ision In lia ison  with the refractories 

division produces and u t ilis e s  the high quality material tor use 

In brick and monolithic compositions.

The two main quarries for refractory or chemical grade 

dolomites are at Thrlsllngton In Co. Durham and WhJtwell, near 

Worksop In Nottinghamshire.

Typical analysés of these two main materials, the f ir s t  of 

which Is used as a precip itant for magnesia, the second fo r the 

production of refractories was as fo llows:- 

Table 111. 111 : Analyses of Steetley Dolomites.

CaO MgO s io2
a .2°3 Fe2°3 LOI

Thris 1 Ington 35.0 17.1 0.3 0.2 0.6 46.5

Whi+well 29,5 21.6 0.6 0.2 1.0 47.1

At Th ri s 1Ington, the dol omi te to be usod In the précip itâ t

of magnesia from sea water Is f i r s t ly  crushed and then calcined In 

a two stage rotary klIn to  about I200°C. The calcine Is then 

hydrated but If the heating has been correctly carried out the 

resultant product Is a mixture of MgO ♦ Ca (OH^.

The quarry produces over I x 10̂  tonnes of materlal/year; 

the strata is about 10m th ick and Is near-horl zontal ly bedded. 

Long-hole b lasting loosens ttie rock which Is then loaded In to  

lorries by face shovels.

* Recently there have been changes In the structure of the Company so 

the d ivisions lis te d  arb no lonoer s t r ic t ly  correct.
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The crushing and grinding plant is one of the most modern in 

th<= world. The main size reduction units ore cone crushers which 

reduce run-of-mine m ate ria l.

The coarser -5  ♦ I cm material is screened and calcined  

whereas the fin e r  dolomite is used fo r a varie ty  of ether purposes 

p rin c ip a lly  as s slagging or agglomeration material fo r iron-ore or 

in ag ricu ltu re .

The calcined, p a r t ia lly  slaked m aterial is sent by ra il  to  

Hartlepool where the sea water magnesia plant is s ite d . This 

operation is described in a l3 te r  chapter.

The Whitwell p lant calcines dolomite in rotary k ilns to  

I800°C or above sc that a good s in te r is obtained suitab le  fo r  

manufacturing into re fra c to rie s . High temperature calc ination  

capacity is about 400,000 tonnes/year. The quarry operation is 

s im ila r to  that of Thrislington and so also is the comminution 

plant.

The calcined m aterial is transported about two miles to the 

Worksop factory which manufactures over 1.30,000 tonnes/year of 

various basic re frac to ries  of which 40,000 tonnes are pitch and 

d irec t ceramic-bonded dolomites or saleable sintered grades.

Careful size selection and grading is absolutely essential to  

produce high qua lity  shapes, achieved only by e f f ic ie n t  screening 

and re-blending followed by pressing weighed batches of m aterial tc  

10 tonnes/sn,in . or above.

Tar or pitch bonded products are prepared by mixing the hot 

graded dolomite with heated ta r  and then pressing into shape. D irect 

bonded dolomites are, f i r s t ly ,  pressed into shape with add itives and 

then re tire d  to !600°C or above in tunnel k iln s . These may then be 

dipped to impregnate them with ta r .  Further d e ta ils  are given in 

Chapter V.



Much of the technology is a-eJese-ly guards secret but 

su ffic ien t test information has been forthcoming to predict

whether or not Thailand materials would be suitable fo r dolomite

fofractory brick production.

Various monolithic formulations and ramming mixes are 

also manufactured by Steetley who also Droduce dolomite at Tafts 

Well Quarry in South Wales for use as fluxes e tc ., in the B ritish  

Steel complexes at Port Talbot and Llanwen.

Italy, Norway, Sweden, Spain and Greece also produce dolomite 

(Table l l l . l )  in considerable quantities but these countries have 

not been v isited. Italy, Spain and Greece have a small production 

of refractory quality and the Grecian dolomite Is su ffic ie n tly  pure 

(less than 0,5  ̂ SiO  ̂ ♦ + ê2°3̂  +0 usec* *n oroduction

of sea water magnesia. The Norwegian and Swedish dolomites, which 

are produced,are low in Iron and are therefore much valued either 

for glass-making or as a f i I ler/extender. Dolomite Is used In 

Norway for the manufacture of magnesium metal. Both Scandinavian 

countries export a considerable proportion of the ir high-grade 

dolomites, crushed and sized Into a 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 a lka li conditions which are features of modem steel 

plant practices and of cement k iln s. Its advantage Is that It is 

considerably mere common and cheaper than magnesia, but the lime 

which it  contains cannot be stab ilised  by heat alone so that there 

is the constant problem of rehydration.

In recent years, Improvements In technology have reduced 

but not eliminated the rehydration tendency and the modem high 

quality dolomite refractory has properties which make It superior 

to magnesia and other basic refractory compositions In some
i

applicat ions.
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It is in Europe that dolomite technology and its  consequent 

asp li cation is better devefooed than in most other areas and most 

steel slants in the major countries use dolomite refractories on

5

a comparatî ve I y large scale. However, the amount of dolomite 

used relative to other alternative refractories varies widely in 

countries within the European Community. There are two main 

reasons a) the ava ila b ility  of Indigenous dolomite of suitable 

quality and b) the relative price d iffe ren tia l between dolomite 

refractories and those produced from magnesia and high alumina 

which may be regarded as technical alternatives.

In West Germany, fo r examp le, dolomite refractories of 

excellent quality are produced; there Is no sea water magnesia 

production and high alumina materials have to be imoorted at 

considerable cost. Dolomite refractories have commercial 

advantages in many steel plant applications ana about 150,000 

tonnes/year of pitch and d irect bonded bricks and shapes an̂  

monolithic compositions are used in a steel Industry of 45.6 x 

lo6 tonnes/year ( i.e . 3.3 Kg/tonne).

The United Kingdom is fortunate In havin^ indigenous sea 

water magnesia, access to re lative ly low-priced high alumina 

material and a supply of dolomite. About 40,000 tonnes of dolomite 

refractories are supplied to a steel industry of 23.0 x 10̂  tonnes 

( i.e . 1.7 Kg/tonne).

The s itu a tio n  is " flu id "  and with the ever-increasing costs 

of imported raw m aterials and of energy, the future fo r dolomite 

re frac to ries  in those countries which have su itab le  resources looks 

very encouraging.

The above figures do not take into account fe t t l in g  and 

patching grades, sintered dolomite used in slag m odification cr 

in iron-ore oel le tis a tio n .
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The cement industry uses much less refractory than the steel 

industry but the situation is much the sane. Dolomite, high alumina, 

magnesia-based compositions are a ll adequate and i t  is  a commercial 

exercise to decide the preferred selection.

Dolomite refractories have been used in steeI-me11ing 

furnaces since this early days of the basic open hearth furnace. 

Bricks, blocks an'4 ramming mixes were used and because shut-downs 

were infrequent there were few problems with rehydration once the 

refractory was insta lled.

The new oxygen converters are more demanding in temperature 

and stag resistance but the selection o f superior grades o f raw 

material coupled with advances in the technclooy of manufacture 

have kept dolomite in the forefront as a basic refractory.

In some countries, e.g. the U.K., there has been a trend 

over the past five years to replace the all-dolom ite linings of 

basic oxygen furnaces with e ither magnesia-enriched dolomite or 

magnesia it s e lf .  This trend has not been as raotd as predicted 

and In 1977 Leonard reported about 50̂  of LD-vessels wore s t i l l  

lined with dolomite refractories and were presumably more 

economical to operate, even though there was a higher wear-rate 

than with magnesite.

In Belgium and West Germany, magnesite refractories have 

made even less Inroads in the ir replacement of dolomite In LD 

vessels, but in Japan and the U.S.*\., linings of such vessels 

3re mainly magnesite.

Magnesito linings because of the ir great resistance to wear, 

,-.llow greater furnace a va ila b ility  and less "down-fJmeir, but dol mife 

refractories may bo only 25% of the cost of magnesia in some 

countries. Periods of recession In steel-making favour dolomit



LD converters are lik e ly  to  become the main steel oroducino 

unit in Thai land and other parts of S .E . Asia over the next few 

years end i f  su itab le  tar-bonde'* dolomite re frac to ries  or dcloma 

enriched with magnesite are ava ilab le  they would sa tis fy  the 

lin ing  requirement to the exclusion o f imported magnesites.

E le c tr ic  Arc Furnaces are also important s t°e l nreduction 

un its . In West Germany and Belgium, d!rect-bcnded dolomite blocks 

are the principal hearth m aterials and comprise a large percentage 

of the to ta l tonnage o f re fre c to r ie s . ' • . At the slag

lin e , magnesite or chrome-magnesite are preferred . In recent 

years roofs in rammed dolomitic m aterials have been successfully 

In s ta lle d . In the U.K. and elsewhere In the world, magnesite- 

based re fracto ries  are preferred throughout the E .A .F. because 

the cost d iffe re n tia l c f dolomite is not so great.

E le c tr ic  Arc furnaces are the main steel-making furnaces 

employed in Thailand at the present tim e. They use imported 

magnesia-based re fracto ries  most o f which could be replaced by 

indigenous dolomite q u a lit ie s .

Argon-Oxygon Decarbonisation ( A00) process is the main 

method o f producing stain less stee ls .

The newer units o f the steel

industry involving gaseous in jection  o r vacuum degasslno require 

a basic lin in g  to  withstand the prolonged and sometimes v io len t 

contact with metal and slag. Di rect-bondod dolomite bricks have 

proved superior in economic Imoortance to a ll  others In these 

applications p a rtic u la rly  In European countries.

Steel Ladle practice is changing and more "work’1 oir steel 

q u a lity  control is being carried out in these vessels than was 

the practice When simple f i l l i n g  of Ingot moulds via a stopper 

assembly was th e ir  only function. Holding times of steel in ladlo
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nray bo more than double p a rtic u la rly  when continuous casting is 

employed. Doloma-based r!i roct-honded re frac to ries  эго proving 

to  be exceptional ly good as lin in g  m aterials in modem ladle 

practice . They ^r^ commonly employed in West Germany and th e ir  

use is increasing in the U.K. Poatfte ld  and Soencer claim that 

dolomfi cuts refractory costs, reduces erosion rates, is resistant 

to spa lling  and to basic slag attack and furthermore any losses 

from the refractory wi l l  not adversely a ffe c t sl^g composition. 

E ither f ire d , cerami c-bonded bricks or tempered pitch-bonded 

bricks are preferred but experiments are proceeding r n  rammed 

doloma lin ings.

Slag additions of dolomite have brought about some of the 

most remarkable improvements in steel practice in recent years.

I t  was predicted from equilibrium  diagram studies th a t lime 

slags would dissolve magnesia from vessel lin ines un til saturation  

occurred, but above th is  point there would be l i t t l e  or no 

chemical reaction.

Additions of re la tiv e ly  s o f t - f ir e d  dolomite (which Is thus 

chemically reactive) to  tho lima normally added to  produce slag  

has improved vessel lives dram atically and th is  has become 

standard practice in most BOS operations. Tho amount of dolomite 

'which Is added to  tho slag is c r it ic a l  and id ea lly  should be in 

the range 25-30 Kg/tonne of steel which corresponds to  about 6 %

MgO in the s lag . Under those conditions chemical attack on the 

lin in g  refractory (which contains MgO) Is v ir tu a lly  elim inated and 

the more viscous slag confers other advantages. The resu lt of 

these additions has been f u l l y  documented In tho U.S.A. and Japan 

and has shown th a t BOS lin ing  lives have Ьеэп Increased from 

about 400 to over 5000 with a reduction In refractory  consumption 

from around 6 Kg/tonne steel to  about 1.5 Kg/tonne s te e l.



The addition c f such large amounts of dMomitc tc the s i no 

does not nwet with universal approval. Only material with a vary 

low imnurity content - pa rticu la rly  s i l ic a  - is accentable and 

the cost of th is  in many countries is prohib itive.

In Thailand, high quality  dolomite is o len tlfu l and it  would 

be a safe prediction that the orimary steel furnaces planned for 

the early l9S0’s would use the optimum dolomite stag addition 

(20-25 Kg/tonne of steel) and line the vessels with tar-bonded 

dolcma bricks which would be required at about 2.5 Kq/tonne of 

s te e l.

If a sea water magnesia a I ant is  constructed and the steel 

Industry follows European trends, enriched doloma with magnesia 

is like ly  to be the preferred refractory which would reduce 

s lig h tly  the total quantity required but the opoortunities for 

substantial exports would Increase as a consequence.

Price Structure

Our researches into production and usage of dolomite 

refractories in Europe and elsewhere revealed that the economic 

aspects varied w ithin each country and governed the extent of 

th e ir application in some cases to a greater doareo than +echnlcal 

reri t.

Dolomite must compete with magnesia and frequently with 

high alumina qua lit ie s  and much depends on the re la tive price of 

each. At the present time there Is so much variation menth-by- 

month in some imported costs that a true picture is  d if f ic u lt  

to derive.

In general terms, good dolomite from indigenous sources is 

available In most of the countries in W. Europe at a re la tive ly  

low cost. The material is  less available near to steel-making 

areas in U.S.A. and Japan, Magnesia Is produced In the U.K. hut 

only in Italy o f other European countries. Greece and Austria 

have deposits of magnesite but France and West Germany rely on
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imported m ateria ls . U.S.A. and Japan produce high q u a lity  sea 

water magnesia and the former has high alumina raw m ateria l. High 

alumina ..« to n a l from calcined bauxites has to  be Irvy'rted in to  

Europe from Guyana, Surinam or China and prices fo r good calcined  

q u a lity  are esca la ting .

In the European zone,dolomite costs (Jan. 1st 1980) were

approximotoI y as fellows:

£,'tonne (ex works price)

Quarried and rough graded 

Pulverised and size controlled  

5 o f t - f i  red 

Dead-burned (dcloma)

1.70

4.50 -  10

30 -  40

35 -  45

Best q u a lity  raw dolomite pulverised and graded fo r the glass 

and f i l l e r  industries is quoted in the range £ 2 0 - 10 0 / t o n n e .

Dead-burned magnesia is £l20-l5G/tonn9 (ex works price) and 

calcined alumina £M 8/tonna C.l .F . European P o rt. Transport, 

duty e tc . have a ll  to  be considered in the delivered p rice . From 

private figures which have been given the re la tiv e  prices of each 

competitive refractory  grade is as to llow s:-

U'.S .A.

Dolomite

!

Magnesite

1.5

High Alumina 

1.6

Japan 1 1.4 1 .8

U.K. 1 2.1 2 .4

West Germany 1 3.2 3.6

This Is  not the whole s tory , because the " l i f e "  of the 

refractory and the ''down-tiro” fo r repairs and replacements noon 

to  be f it te d  into the equation but I t  can be concluded th a t  

where dolomite has a large price advantage -  as I t  would In 

Thailand and 5.E.  Asia -  many uses wi l l  he found fo r i t  In 

refractory app lications.



счар т е з  iv

Г -«.r^PTlES OF THAILAND AND OTHER DOLOMITE

n'lom ito ¡ 5  a mineral wh; ~h is  re la tiv e ly  .Y* enfant throuohout 

That Ian-'’, (Cheater I i) !i ,j + the d.?nosits su itab le  as a raw material 

tor re fractories trust not -nly ho I area anJ close fa  a consumer hut 

must also p ••ssossa consistent chemical an* r>iпего loot col analysis, 

lew in irm uritv and have physical nronertlas which eneh lo i t  to v? 

sintered t~ a hIo|h density.

The to I Icwine orenerties of doiomito were the rotor? measure'' 

and inV’OStiqeted:—

1. Appearance an'4 penoral nropertJos.

2. Chemical Analysis.

3. Microstructure analysis.

4. D‘ f to rent i ->l Thermal Analysis (DTA).

5. X-Ray D iffrac tion  Analysis (XRD).

5. Bulk Density, True Density an'4 °o r"s ity .

7. Chan nos in these nronorties -an hoHtne various 

temperatures.

Chemical Analysis. Standard methods wore used fo r  the chemical 

analyses of dolomites hut mostly they involved the new atomic 

ebsoroti on un it (A .775 Tectron) which was aurchased fo r  the 

research and hos a roved invaluable.

The analyses have Aeon ronort:?'4 in Chanters I I  *r ’ l l !  but 

reference must he mad» to a stain inn method which was usM to 

i e n t i ty  quickly dolomite sermles in the f ie ld .

I t  was d i f f i c u l t  to d i f fe re n t ia te  between limestone and 

do|omito in many of the Thai land exposures so a f ie ld  k i t  was 

dovl so,J based -.n a stain in0 technioim attr ibuted to Wane.

The nroliminery tost on a broken mck frapmont involved 

addin'? i t  to  - ' ¡ 1^+0 hydrochloric ac?d in a suitable **ott|n. 

Effervescence Ind* csted ~ carbonate r^ck, otherwise the rock was 

d i г, со rde d.
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The samole w>rs withdrawn and washed with fresh widar an••* 

then immersed in a solution •'* A liz a t in  Rod S. I f  the- materiel 

wore cel c ite  a deep rod sta in  developed on the surface oui to 

quickly; dolomite did not take the stain and with a l i t t l e  practice  

pos itive  id en t if ica t io n  was easy.

This method craved most useful and saved considerable 

time. The small f ie ld  k i t  which was devised could be carried  to 

the outcrop areas. It h is bean extended to d iffe ren tia te  between 

and id en tify  a ll the major carbonate rocks.

Mic ros cop i C An 5 I ys is

Both conventional and electron microscopes have been 

used to measure several important characte ris tics  of Thailand 

dolomites in comparison with European materials which are in 

industria l use.

Transm itted L igh t analyses showed c le a r ly  the nature o f 

impurities which were present. Not only were the main types 

id en t if ia b le  but also th e ir  s ize  and d is tr ibu tion  which are so 

important in f l . ng reactions.

In ever/ case examined the main im purities couM be 

id en tif ie d  as quartz occurring as small pegmatite vein lets c r  

stringers between the dolomite crystal I i tes (F la. IV.I).  The 

impurity p a rtic le s  ranged from 1-2 microns in Kanchanaburi 

material to + 20;: in Satun m aterial. Iron-stain ing was also
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Fig. IV.1. - PHOTOGRAPH SHOWING QUARTZ PEGMATITE VEINLET

IN DOLOMITE

(Magnification x 340)

! j
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observed in some specimens associated with the velnlets of quartz.

In one sample, namely KPL from the Kanchanaburi area a white fine­

grained powdery impurity was noted which proved to be ta lc .

In a ll Thailand dolomites, includino those from the 

ScngkhIa/Satun area where the impurity level was high, the 

pegmatite veinlets were composed of small c ry s ta llite s  which 

should react quickly and completely with the dolomite at high 

temperatures. This would result in e ff ic ie n t sinterino.

Reflected Light analysis was used to Identify the actual 

cn /sta llite s  ef dolomite under polarised ligh t. Careful 

polishing was vita l to secure c la r ity  of grain but, once the 

technique had been mastered, the c ry s ta llite  size could be 

established with accuracy using a calibrated scale in the 

eyepiece of the microscope which was a Vickers M.55. The other 

important feature shown under reflected ligh t was the size and 

d istribution of pores.

Photomlcrographs o f dolomite specimens In reflected light 

showing the features o f c ry s ta llite  size and pore size are 

In Fig. IV.2, a b c d o  f gh  and the relevant parameters in 

T&ble IV .I.

One Interesting point has emerged from microscopic 

examination which has so far not been fu lly  explained. Dolomite 

from Ko Si Chang Is composed of twinned crystals (Fig. IV.2d) 

whereas a ll other samples showed no twlnnlno whatsoever.

The c ry s ta llite  sizes of tho dolomites showed substantial 

differences. Merlemont, Belgium mote r ia l was the largest with 20' 

microns but most of the Thai land dolomites wore composed of smal ; 

c rysta llite s  about 75-IOC microns. Thailand material was sim ilar 

to Wulfrath delomito and was obviously heavily metamorphosed. Wt>i 1st
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Fig. IV.2. a, b, - POLISHED SECTION OF RAW DOLOMITES
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ТАГ l:. IV. I .  -  PROPERTIES OF SELECTED DOLOMITES
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U.K. was much lass consolidated with a more oorous structure and 

a d iffe rent grain cenfl curat fen.

The Scanning electron Microscope enabled the fractured surface of 

specimens to be examined at high naqrificaticns (un to 10,000 

times) but with considerable death of *ocus. The characteristic 

rhorrbohedral shapes of dolomite and the ir p la te-llke  nature were 

clearly revealed (see Fig. 11.3).

Mineralogies I Tests

Both D ifferentia l Thermal Analysis and X-Ray Analysis were 

used to compare the mineralogy cf the selected Thailand and 

European samples.

D.T.A. (tonf i rm ethe nature of dolomite (Fig. I V.3); 

although the results were sim ilar there were interesting nolnts 

of difference which have not yet been exnlained.

X.R.D. is the method most commonly used for mineral 

identifica tion  and analysis and also for studying changes that 

take place on fir in g .

Table IV.11 is a compilation of the major dolomite 

spacings in a ll samples under Investigation. The nurity of the 

dolomite was established c learly .

In some samples other lines in the X.R.D. pattern were 

noted which corresponded with Im urltie s  such as ca lc ite  and 

quartz.

Physical Properties

The physical properties of dolomite, oarticu larly  the 

true and bulk densities, porosities and pore sizes and the ir 

changes on fir in g  are at least as important as chemical and 

mineralcgi cal characteristics In determining the su ita b ility  

of the material for industrial use.
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FIG IV. 3. THERMAL CURVES OF DOLOMITES
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TABLE IV.II - X-RAY DIFFRACTION PATTERNS OF DOLOMITES.

d-spacing

A0 H KS KMN RKW RKS SKL WW WF MM

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 6.7 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 12.1 9.2 9.9 8.9 9.2 9.7 11.9 7.3 7.7

2.19 30 26.8 28.6 30.00 28.3 20.3 +28.6 25.5 26.3 26.3

2.07 5 5.4 4.5 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

1.85 5 4.8 4.0 4.5 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

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 2.5 2.7 2.7 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 1.2 1.2 1.4 1.2 1.7 1.7 1.2 1.0 1.6

1.465 5 5.8 5.6 6.2 5.1 4.9 4.7 - - 5.2

1.445 4 2.9 7.2 7.5 8.2 20.3 11.0 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 1.5 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

1.335 8 3.8 5.0 5.0 5.1 7.1 5.9 6.0 5.3 5.1

1.297 2 1.9 2.2 2.6 2.2 1.8 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 3.0 2.3 ZA 2.2 2.4 2.0

1.202 3 1.2 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 2.5 2.8 2.7

Figures quoted are re lative in tensities of the lin e .
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The results of the measurement o f the physical properties 

of raw dolomite am in Tab|q IV .III. Tho calcined chemical 

analyses are also included in th is table for comparison purposes. 

TABLE IV.III - PROPERTIES OF DOLOMITES,

S aoo1o Cbamical Analyses (calcined) 1 Physical Preparties C rysta l- ! 
11 te Si zc j 
y(meen)CaO MgO SiO? At 0 

f2 3 Fa2°3
LOI 1 

1

---  i
T r u e B u l k *  Poresity

KS 59.7 39.8 0.42 0.04 0.15 47.0 2.84 2.84 0.0 75

| KMN 59.1 39.2 0.67 0.04 0.08 47.0 2.86 2.86 0.0 80

1 RKW 59.4 39.9 0.25 0.04 0.55 47.0 2.83 2.79 1.4 75

KSC 59.8 34.8 2.38 1.95 1.09 43.9 2.78 2.76 0.8 200

SKL 56.4 32.2 8.67 1.18 1.48 45.! 2.76 2.66 3.6 150

Steetley 
UK

56.8 40.8 1.00 0.40 1.00 46.5 2.78 2.68 3.6 75

Wul frath 
Ger.

59.5 39.0 0.98 0.32 1 .00 46.5 2.82
■

2.80 0.7 220

Me rlament 
Bel.

57.0 42.1 0.20 0.45 0.34 45.8 ¡2.81
i

2.78 1 . 1 200

Neau,
France

58.2 38.0 1.60 1.40 1.30 47.2 j 2.81 2.74 2.6 170

KS Kanchanaburi (Khao Laem) KMN Kanchanaburi (Karmam)

RKW Ratburi SKL Sonrkhla

KSC Ko Si Chang

It may ho concluded that KS, KMN and RKW dolomites have 

excellent physical characteristics which compare favourably with

German and Belgium materials. Both KSC and SK.L dolomites have

lower values of true densities - probably because of re lative ly

high impurity values - and bulk densities - due to a higher

porosity. However, those s t i l l  comoare favourably with Whltwell-

U.K. material from which excellent refractories are manufacture".
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FIRED PROPERTIES

To be of industria l value in tho manufacture of refractory 

grades, dolomite must be fired to high temneratures to complete 

al I chemical reactions and to produce a highly sintered product 

which is capable of withstanding intense heat and resisting 

corrosive slags and gases.

During the f ir in g  process, there are two c r it ic a l 

temperature ranges. The f i rst from about 800 - IZ00°C is the 

region in which the mineral decomposes with the loss of carbon 

dioxide and harmful sulphjr. Almost 50% of thé total weight is 

lost in th is  region; tho crystal la ttice  and rock texture are 

broken down and complete disruption may occur. If the rate of 

decomposition is too great and the stresses become excessive the 

rock fragments expand and shattering w ill occur. In extreme 

cases, the material is reduced to a powder and i t  would then be 

v irtua lly  useless fo r calcin ing further. In recent years, 

American practice has overcome th is problem; the powdery low- 

temperature calcine, which Is highly reactive, is pressure- 

briquetted and the agglomerates can then bo sintered at very 

high temperatures to extremely dense fragments. However, the 

more usual practice is  to calcine dolomite In one fir in o  

process e ither in a shaft or rotary k iln  and, under these 

conditions, rock disintegration can be a serious problem.

The second c r it ic a l temperature range Is the final 

sintering stage which takes place between 1600 - 2000°C. Until 

these temperatures are attained calcined dolomite Is prone to 

rapid hydration, It is highly porous and lacking in strength.

The sintering conditions result in crystal growth of the 

oericlase (KgO) phase and to chemical combinat I on of tho lime 

component with the impurity oxides. The greater the content 

of impurities, tho easier i t  is to donsify the calcined rtass
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but the poorer wi II be the quality the f lm l s in ter. In 

modem technology of dolomite, the trend is to use the purest 

grades of reck and accent that high temperatures and nrolonged 

sintering w¡ 11 be essential;"but for qua lities required fo r less 

arduous duty, impurities, such as iron oxide, are frequently 

deliberately introduced to increase the ease o f sintering.

The c r ite r ia  of good sintering are high bulk density, 

low porosities and good inter-Iinking between the various 

crystal phases sons of which crysta llise  from a liqu id when 

the s in te r is cooled.

Low temperature f ir in g  properties

The selected Thailand dolomites were tested under 

standard conditions with European qua lities in the temperature 

range I000°C - I40Q°C and nrr oer+ios of importance measured. 

Those results are included in Tables IV.IV and IV.V.

The abradability values of both Ko SI Chang (KSC) and 

Ratburi (RKW) dolomites were appreciably higher than other 

materials and both would probably be d if f ic u lt  to calcine In

rotan/ k ilns without large looses of fine material.

The Kanchanaburi materials (KS and KM) were excellent 

and should present no problems in any calcin ing technique.

High temperature fir in g  properties

When fired  to sintering temperatures ( l600-2C00oC), dolo­

mites aro composed of r,1gQ (noriclase), lime (CaO) and various 

compounds of limn with alumina, s i l ic a  and iron oxide, A liqui ' 

phase develóos which increases in quantity with the maximum 

temperature of f ir in g  and from this ohase, various confounds 

crysta llise  on cooling.



TABLE IV . IV . -  CALCI NI NO CHARACTERISTICS OF DOLOMITE AT LOW TEMPERATURE5

TEMPERATURE °C
1--------------------

SAMPLF IOOO°C J I200°C
»

/400 C

True a Bulk & $ Porosity
i

True A Bulk Ck % Porosi+y
f

Tr,* U f  Porosity

KS 3.40 1.80 4711 3.45 :i 1.81 47.5 3.41 1 1 .91 44.0

KMN 3.36 ; 1.70 47.1 3.47 : 1.83 47.3 3.42 ; 1.36 45.0

RKW 3.35 1 .69 49.6 3.45 1.76 49.0 3.47 ; 1.85 46.7

KSC n.d. n .d . 3.21 ; 1.97 33.6

Whìtwal1 UK 3.33 : 1.64 ;i 51.5 3.37 ■ 1 .56 54.0 3.52 | 1 .87 46.9

jWulfrath Gar 3.39 ; 1.43 • 57.8 3.41 1.65 51.6 3.48 | 1 .05 45.0

1 .'•'.jrtv.iT nt Bai 3- ’ 3 ; 1.66 31.0 3.42 ; 1.72 49.7 3.51 | 2 .:i 42.7

Bernotsb ri dga 

E lr ,

L  _____!

*
3.44 ;

•

»

1.59 ;1ì
53.0 3.47 ; 1.63 5 3 . '

1
; i

3.4?; | 1.70 51 .9

K3C ^amples waro too frao ì lo to  +oa+ balow I400°C .



TABLE I V .V .  -  CALCINING CHARACTERISTICS OF DOLOMITE AT L^W TEMPERATURES

' TEMPERATURE OF FIRING °C

F< itnotes: There was in su ff ic ie n t sanrslo of SKL (SonekhIa/Satun) tc corn-, leto those tests.

/: A r .  -  '  abrasion  under etcr lord tost.



Those ru ction s  cause sinterino an'* donsiftcation in ca lc ined

dolomite and lares ly determine its  notent I a I industrial v-'lue.

These changes in Thailand dnlomlte «ere investigated fu lly . 

The composition of Ihe materials after fir in g  to  various tv;mnera­

tures was studied by x-*x»y methods and under the microscope and the 

physical properties also measure-'’.

X-Ray d iffraction  patterns have been produced from a ll sarnies at 

temperatures from 16 ; C upwards. Time has not permitted a fu ll 

analysis to he completed as yet but tyntcal series (K̂ N and 

Wulfrath) are shown In Tables IV.VI. The characteristic 

lines of MgC and Cab are marked; the other lines correspond to 

in te rs t it ia l minerals. It w ill be noted that a fter the higher 

temperatures of firfno , the intensities of the linos correspond!nr 

to Co . become decreased and, to o lesser extent, so d̂ es the line 

pattern of MgC, but the ancillary mineral content increases.

Mi croscope tests parti eu Ia rly of reflected ligh t sections and 

fracture surfaces In the scannino electron microscope have also 

proved most interesting in revealing the changes in structure 

which are produced on fir in g . An illu s tra tio n  of these results 

is in Fig. IV.5.

Physical Properties of dolomites fired un to I ûC">°C are shown in 

Table IV.VII .

In general the dolomites from the south of Thailand sintered 

and densified at low temperatures because of the ir high inouriry 

level, whereas the nurer varieties from the north densified I- ;s 

readily, and some would probably be unaccentab Is because they 

art? too pure.

The materials from tho Karman area and from Ko SI Chang 

have considerable potential. Tho farmer would need to be ca l­

cined at I800°C but it  would then donsffy adequately and It \r. 

exceptionally pure. The la tter would lie easier to treat and would 

be accentahlq for me ! urn ^uty use.
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d-spacing

A°

Re let! ve Deak Height LI ke ly

KMN 15000C KMN I600°C KMN 1700°C KMN 18000C Ph ass

3.105

3.043

2.771-2.778 >93 > 93 > 93

3.0

2.5

88.0 CaO

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 MgO

2.401-2.398 > 94 > 94 > 94 > 93 CaO

2.338 12.5 14.5 24.0 20.0

2.217 - - 1.5 -

2.181 - - 2.0 -

2.105 > 95 > 95 > 95 > 93 MgO

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 CaO

1.490 50.5 52.8 58.0 59.5 MgO

1 .451 33.0 32.0 33.5 35.5 CaO

1.433 42.0 45.5 50.0 53.5

1.388 33.5 29.5 32.5 27.8 CaO

1.271 7.2 6.5 7.0 7.0 MgO

1.221-1.222 41.5 42.6 50.0 50.5 MgO

1 .201-1.203 12.8 12.0 12.0 1 1.0 CaO

1 .103 11.2 10.3 11.3 9.0 CaO

1.072 31.0 28.5 32.0 25.0 CaO

1.055 5.0 6.0 6.0 6.5 MgO

1.01 - 2.5 - 2.0

0.931 23.0 20.7 22.5 16.0 CaO

0.965 2.5 2.3 3.2 2,5 MgO

0.941 14.5 14.0 16.8 19.0 MgO

TABLE IV.via- RELATIVE INTENSITIES OF X-RAY DIFFRACTION LINES OF

FIRED SAMPLES OF KMN DOLOMITE
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i

d-soaci rn

A°

Relative Paak Height
i

Li ke ly 

Ph ase
WF 1500CC WF I600f'c WF !700°C WF 1OOG°C

3.121 - - 3.5 -

3.033 - - 4.2 t

2.039 - - 17.5 -

2.776-2.739 > 92 > 93 09.5 66.5 CaO

2.694-2.693 - - 6.0 7.0

2.510-2.314 - - 3.5 5.0

2.429 16.9 16.0 16.0 13.0 WgO

2.303-2.402 > 92 > 93 > 95 > 97 CaO

2.330 16.5 13.5 20.0 20.9 j
2.106-2.19! - - 3.n 2.5

2.105-2.106 > 94 >.94 > 93 9Z Mo"»

2.025-2.029 25.5 25.3 27." 36.5

1.90 1 - - - 1.6

1.907-1.915 - - 3.5 2.2

1.329 - - - 2.0

1 .765 - - - 2.0

1 .699-1.701 > 95 >.95 > 93 88 Ca

1.630-1.634 - - 3.5 2.0

1.409-1.490 57.0 64.0 60.0 47.5 Mqo

1.450-1.451 37.0 37.5 30.0 22.5 CaO

1 .434 43.0 40.0 46.5 62.5
1.330-1.390 37.0 34.0 27.0 22.3 CaO

1 .270-1 .27! 9.0 9.0 6.2 6.5 m o

1 .221-1.223 41.0 44.5 43.4 57.5 MeO

1 .202-1.203 15.5 14.5 10.5 n0 Ca"

!.103-1.104 13.0 13.5 10.0 7.5 CaO

1.075-1.076 37.0 36.0 26.5 19.2 CaO
1.053-1,054 7.0 n ^• ■' 7.0 6.0 MgO

1.01C -

\
! -

- 2.0

0.931 20.0 25.0 19.0 14.0 CaO

0.956 4.5 3.0 3.0 3.0 MgO

0.941 20.0 21.0 16.0 14.0 MgO
1 ■ n

TAHLE IV. VI a - RELATIVE INTENSITIES OF X-RAY DIFFRACT (ON LINES FOR

FI PEP SAMPLES OF WULFRATH DOLOMITE
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FIRED, 

X 600

Fig. IV.5. - CHANGES IN MICROSTRUCTURE OF DOLOMITES ON FIRING,

1700°C

1800°C
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The low i r-n  oxtde con ten t • 'f many Thai Isn '1 Ho Io n ite s  is  o f 

in te re s t  because as -* censequsnco th e ir  re fra c to ry  q u a l i t ie s  could 

be excep tiona l ly  nc-od i f  they can h? ca lc ine d  a t a s u f f ic ie n t ly  

hiqh tonne ra t uro t c  o b ta in  ^ -pod s in + a r. Undoubtedly, ■ *■ dolo­

m ites c f  th is  q " a l i t y  were t c  ‘ o a va ila b le  ¡n Eurooo they m U  he 

h io h ly  p rized  and a now technology m irh t devote* ar^un-: them.

As far as Thailand is concerned, the manufacture of refrac­

tories from the hi oh quality materials may reeuiro the »tuition 

of imnurity to ensure adequate sinterlnq at a comparatively low 

temperature. Iron ry! dn e ither as an ash from so lid  -fuel or 

as die a* bo ile r scale is an effective additive in Increasino 

sinterine as measured by the bulk density (Table IV.VIII). It 

is commonly employed in Euronoan practice.

TABLE IV.VI I I  -  BULK HFNSITY BF F IT D  DOLOMITE WITH I TW r YIQF AOOITI^ir

Sarrn le U -
Fired  a t

—

hours
r

Fi red a t

no add i­
t io n

If F~> O
1 "2 3

2 b Fe U
? 3

3? Fe?o, 1C™ C, 2 
h rs . no 
add!t ie n

KS 2 . "0 2 .B9 3.10 3.2" 3.03

KUN 2 .B9 2 . *9 3. r 3. 1° 3.12

BKW 2.25 2.52 2.94 3.^0 2.72

ww 2.31 3.13 3.35 3. ~

WF

!

2.44 2.-r 3. 12

\

3.22 3. 17

It may ho concluded, therefore, that several deposits of 

doiomite in Thailand would be excellent for the manufacture of 

h ir,h prade refractor/ qua lities and others for medium duty and 

as slap additions. Some of the formations are su ffic ien tly  pure 

to pq used as a hi-*h '■ redo prociritant of naqnosfa from sea '-r.
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CH/^TFP V

PCTE'IH/U USES OF CPLvMI TP

F^r most of the irrbjs trie s  which *nfoht use dolomite- o.p. 

aogregate, aprlcu ltur  ̂ 9 ! ass-maklno -simMe minlno, crus1" i 10 anH 

orar'inc of the mineral ar> a ll fhat is required to o n t 'c c  a 

suitat le pmduct. The rnfrac+orfos Industry which e n h '.••■ •5 the 

production of sea-water names i* and the manufacture of aricks, 

Mocks and rnmmirr' mixes from dolomite involves much more com lex 

technolooy and a raw material of oreclse characteristics.

S a  kfptor Ma on e s i a

The aver-apo content of maonesium ions dissolved in sea water 

is about 130?- o.o.m. Sirmly by '’•akino the sea water su ffic ien tly  

alkaline t "  a nH in excess of 10, causes rrp^ncsium hydroxi de to 

orecipi-tato v irtu a lly  ouantItetivaIv. To achieve th is condition, 

economically end industrial!y,involves the use of dolomite or 

cther Ii me-ccn t ?i n i no mi ne re I .

If dolomite is calcined at comparatively low temperatures it  

loses carbon dioxide and is converted into an Intimate mixture of 

the oxides of maonesium and calcium. Careful rohvdration of This 

calcine forms calcium hydroxido which is su ffic ien tly  soluble in 

water to produce the required a lka lin ity  to ^reclnitntv maonesium 

hydroxide from sea water.

The chemical eouatiens ronrr-sentfno the reactions which occur 

are as follows:-

(i) CaC°3, ______ > Cad ♦ VnO

dolomite 12'hÔ c

( ii)  Co"' ♦ Moo + H?C-------- > C?(CH)2 ♦ Mô

s lio h tlv  Insoluble
so I u'o lo

( if!)  Mo ++ ♦ C ♦ Mod--------*Mo(bH).♦  M-9 ♦ Co~
" v..?

insoluble
♦ 17" 7 0

(i v) Mo( >l)2 + Mn.'i ............... y ? Mn~ (eeri claso)



Anop^ximately 3 tonne n i oure raw dolomite an« required to

produce I tonne of maonesi urn oxide and th is  would involve tre a tin '-»

4 45 x | V  gal Ions (2?.5 x P  I ts . )  i .o .  225 tonnes of sea water.

The dolomite or other ->r?cinitant contains impurities - 

erincfoa lly  s i l ic a ,  alumina anH iron oxide - and those ton»-' to he 

insoluble and eventually contaminate the fina l nrecf pitat--» of 

magnesium hydroxide and reduce the purity of the fina l calcined 

magnes? a.

G iloin has illu s tra te d  the process as operated at H artleoon|, 

U.K. (F in . V . I ) and from his fioures a complete mass and chemical 

balance can he derived fo r any s ta rtin g  m ateria l.

80
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, r ' j SIO. *7-v
-  -

Fresh W ater 
I 7-2 x 10* gal.

A!,*», « ;»
l * :n t N

\ U  i t  uO 32 c
I S h l ' t o i t s  I Mgi> 19

_t l,< v* 47-0

io n  0
Calc ining

SiO,
AM»,

T v
i i

- -  - - 1 F*tO, 1 0
Ik d im e ! < » o i s  4

100 0 to n s  1 MgO 39 7
CO, 1 0
s o . 0 5 

100-0
Hydrating

4-2 ton» for 
softening 

(See Fig. 2)

Softened 
Sea W ater 

363 x  10* gal

Process U rade J 
H yd ra ted  I)o lim ej 

1012 to n s

•MgO
•Ca
*CaCO,

21-51 lb .0 0 0 0  ga!. 
4 -29 lb  /1000 gal. 
0 -6 0  lb . /1000 gal.

Suspended SoUdi 0 -0 5  ib ./1000 gal.

349 x 10* gal.

14 xIO* 
;gal.

R eac tin g

M agnesia 
Suspension  

' 62 8 to n s  MgO

S ettlin g

M agnesia S lurrv 
69-6  x 10* gal.

I

s i o t
•/«
1 2

AIjO, 0 9
FetO, O h
CaO 49 7 4S 0 Active
Mk’O 3o-3 1 7  Inactive
CO, 0 6 resulting from
s o . 0 4 CO, O b
H.O 16 1 SO , 0 3___ SiUt

100 0 etc . 0 -6

E xhbu tt U * ifi
f

Wfcter Vapour 
3 2 x 10* gal.

Reject H yd ra ted  Dolime 
16 7 tons

SIO, 4-2
A l,0 , 3 4
F e ,0 , 1 4

»—CaO 4 - 4
MgO 2v-9
t o , 2 4
SO , 0-5
h ,o V p

luu  u

V ash ing

Washed M agnesia 
S lu rry  I 

| 69-6  x 10* gal- j

F ilte rin g

SiO,
Al.O ,
Fe,U ,
CaO
MgO

Tons 
1-15 
0 86 
0 77 
1-80 

62-20

S pen t Sea W ate r 
t o  d ra in  

con tain ing  
0 62 Iona MgO

•M gO
•C a
•C aC o,

Zero 
25-62 U

0-40 U

»tal Solids 66 - 76 
Ig n ited  basis

SiO ,
AI,Of
F etO,

Ton-
l l i
0-86 
0 77

S pen t W ash W ater 
to  d ra in  

18 x 10* gal.

•M gO
•Ca
•CaCO

1 j  ■ o I t 
11-7 It
0 40 1'

CaO
MgO

1 • 60 
62-20

T o ta l Si-lids 66 -64 
Ig n ited  basis

Coal
29 -S tons AljOf 34°,

LFesO. I-1:

M ai'i.fsia F ilte r  
Cake

182 0 tons

Calcining

l> rad-burned  ! 
M agnesia |
60 -07 to n s  I

s i o ,
Tons 
i  i:>

Al.O, 0 86.
W > , 1» 77
CaO 1 80
MgO 62-3;;

il SMids f»6 91
Ign ited bit si?

SiO.
c/O

2 11
AltO , 1 -38
F e ,0 , 1 36
CaO 2-7U
MgO 92-43

* M igDeiium «alts i 
dioxide as CaCO,

, MgO. Calcium  sa lts  as Ca. Carbon 100-00 
Ignited  basis

( a f t e r  Thorp and  G i lp in )

Kxhaus? Cases

.... ~ t
O ust

2-34 to n s , ro n ta in in g  
1 -25 to n s  MgO blue 

all ar ons and
fioU ssiurn an d  sodium  
n liquor associated 

with cake.

gat
* ga!.

; j ■ w’a»
. It*»' pa..
[. 1*1' “ f n .
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The lower the ô n+en+ Qf 4mnurity In the dolomite, the ^urer 

w ill be the fin* l product. So Important Is th is  factor, that the 

Steetley Co. Ltd. has had to change from dolomite to a oure lime­

stone to obtain the hioh quality magnesia now required In high 

grade ref rectories. Thailand dolomites, particu la rly  those

from the Kanchanaburf/Patburi areas are exceptional ly nure and are 

equivalent to the nurest limestone whilst s t i l l  nossessing the 

advantage o f a high magnesium content which thereby Increases the 

y ie ld  from the plant by a substantial amount.

Table V .I. compares the analysis of Thailand material with 

dolomites and limestones currently being used In the sea water 

magnesia process in the U.K.

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

Sample CaO MqO sio2 a i2o3 Fe o 
e2 3

KS ) Range 59-6Of 39-40* 0.2-0.7* 0.04* 0.00-0.5*

KMN ) 

RKW ) Mean
59.4 39.2 0.42 o. 04 0.26

Hartlepool dolomite 65-66 31-33 0.5 0.3-0.4 1.0

Hartlepool 11 mestone ♦ 99 0-1 0.2 O - O . l <0.1

The analysis of the final product shown In Fig. V .l. contains

a high proportion of lime as CaO. This Is the resu lt of co-precip i­

tation or absorption of lime on the magnesium hydroxido which Is 

much more prevalent when the sea water Is cold. Sardamao (Sardinian 

magnesite) produced In the warmer Mediterranean Sea Is appreciably 

lower In lime content.

So another requirement for sea wa+er magnesia Is an ocean 

near at hand which contains the normal proportion o f magnesia In 

solution (c irca  IJG-opm), Is re la tive ly  free from suspended 

matter, has a rocky bottom, good c ircu la ting  currents and Ideally,

Is warm at a ll seasons.



The Gulf of ThaJi-and has boon surveyed and over 100 sarnies 

co llected at various times of tho year. Apart fron the extreme 

north where rivers enter the Gulf, the sa lin ity  and rvaenesla 

contents are within acceptable lim its. T*ble V .ll summarises 

our results.

TA3LE V .ll - ANALYSIS OF THAI LANG SF.fi. WATER (PPM)

♦ ♦
Mg Ca " f  SalIn lty SIC Fp 0 i t  -2 e2 3

q o r.u 
2 3 J

n
Temperature C 
Max Mi n

1250-1450 400-470 31-34 7 - P  0.GG- 
0.3G

7-12 n.O- 
F.2

31 26

These figures Indicate that the chemical content and the

temperatures in the sea water of most o f the Gulf of Thailand would 

be Ideally suited to the extraction of maonesla. The nature of the 

sea bottom is also Important in -'Tv=>t i t  should he rocky rather than 

sandy or s ilty ;  In conjunction with the Naval Denartment th is  aspect 

is being surveyed.

It Is of interest that in tests on sea water brought to Leeds 

from the Gulf of Thailand and precip itated with KanchanaKuri dolo­

mite calcined at IIG0°C and then rohydrated, a product analysino 

to over 98? MgO (on a calcined basis) was produced. This would 

compare favourably with the best In the world.

World  Production of Sea Water Maonesla

Over 90? of the world’ s reaulrements of maonesla fo r a ll 

purposes Is now produced by o reel r l ta t I on from sea water or from 

brines o r from b itte rns.

Some authorities consider that there Is over-production but, 

nevertheless, as Table V .llI  shows there are several new ventures 

In course of constructlon. Over the oast few years there has 

been an Increasing demand fo r high Quality maonesla. This Imolles 

a high content of MoO (♦  97? MgO), low cgntent of boron and a 

very dense product. Countries able to produce such a ouall+v w"uld
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TABLE V.III : WORLD SEA WATER MAGNESIA PLANTS (1978) 

1. Europe and the Mediterranean Area

Country Location D/b* C/c** Remarks
St ubaier and brines
I r i s h  R e p u b l ic

Q u ig le y  M a g n e s i te  C o . D u n g a r r o n 75 0 0 0 S u b s i d .  o f  P f iz e r  I n c .  o f  t h e  U S A
I s r a e l

D e a d  S e a  P e r ic la s e  . . A r a d 5 0 ,0 0 0 O w n e d  b y  I s r a e l  C h e m ic a l s  L t d .  a n d  O E M A G
I t a l v

S a r d a m a g  S p A S a r d i n i a 1 2 0 ,0 0 0 E x p a n s i o n  t o  IS O ,0 0 0  t p a  in  p r o g r e s s .  O w n e d  by

ro .G E .M A  S p A .................................... S ic i ly 6 5 ,0 0 0
S te e t le y ,  D id i e r - W e r k e ,  C a s a r  , S A N A C .  

O w n e d  by S 1 R M A  ( i t s e l f  p a r t  o f  F I A T )
N o rw a y

N o r s k  H v d r o  . H c r o y a - - 12 0 ,0 0 0 A t  p r e s e n t  b u lk  u s e d  f o r  M g  m e ta l  p t o d u c t i o n
C n i t r d  K in g d o m

S te e l le y  R e f r a c t o r i e s  
l  S S R

S iv a s h  W o r k s

H a r t l e p o o l

C r i m e a

2 5 0 ,0 0 0

n .a . n . a . C a p a c i t y  p o s s ib ly  a s  h ig h  a s  1 0 0 ,0 0 0  tp a
H u n g a r y  - T h e  M a g n e s i te  C o m p a n y p r o p o s e d  5 0 ,0 0 0 t p a  p l a n t  p r o d u c i n g  m a g n e s i a  f r o m  d o l o m i t e

A t  * se a w a te r  M g O  p ro jec ts
G r e e c e  S c a l is t i r i  g r o u p  p r o p o s e d  1 0 0 ,0 0 0  t p a  s e a w a te r  m a g n e s i a  p l a n t  a t  E u b o e a  
I r i s h  R e p u b l ic  -C e m e n t  L t d .  p r o p o s e d  1 0 0 ,0 0 0  I p a  s e a w a te r  m a g n e s i a  p l a n t  a t  D h r o g e d a  
N e th e r l a n d s  B il l i to n  N o r s k  H y d r o  p r o p o s e d  1 0 0 ,0 0 0  t p a  m a g n e s i a - f r o m - b r in e s  o p e r a t i o n  a t  D e l f / i j l  
Y u g o s la v ia  - M a g n o h r o m  - p r o p o s e d  1 0 0 ,0 0 0  t p a  s e a w a t e r  m a g n e s ia  p l a n t  in  M o n t e n e g r o  

* D ,'b D ea d -b u rn ed  r / r  tu iisr ic -ca lc in e d

2. Asia and Oceania

Country
S e a w a te r  n taynesia  
C h in a

Location D/b* Remarks

M a n c h u r i a n  S e a w a te r  W o r k s  

J a p a n

l . i a o n i n g 1 0 ,0 0 0

O w n e d  b y  U b e  I n d u s t r i e s  L t d .U b e  C h e m ic a l  I n d u s t r i e s L ib e  C i ty 4 5 0 .0 0 0
S h i n - N i h o n  C h e m ic a l  I n d u s t r i e s M i n a m a t a 1 9 8 ,(XX) O w n e d  b y  A s a h i  C h e m ic a l  I n d u s t r y
N i h o n  K a is u i  K a k o N a s c t s u 5 0 ,0 0 0 O w  n e d  b y  A s a h i  G l a s s  C o .
A s a h i  G la s s  C o . I h o 1 5 .0 0 0

3. North America and Latin America

Country Location Capaci ty Remarks
S e a g a te /  nu i'tu '.sia
U S A

B a r c r o f t  C o . L e w e s ,  D e l . 5 ,0 0 0
B a s ic  M a g n e s ia  In c . P o r t  S t .  J o e ,  F i a . 1 0 0 ,0 0 0 S u h s id .  o f  B a s ic  I n c .
C o r h a r t  R e f r a c t o r ie s  C o . P a x a g o u l a ,  M is s . 4 0 ,0 0 0 S u b s id .  o f  C o r n i n g  G la s s
F M C C o r p C h u l a  V is ta ,  C a l if . 5 ,0 0 0
A . P . G r e e n  R c f r a c lo r ie s F r e e p o r t ,  T e x . 4 5 ,0 0 0 M a g n e s iu m  h y d r o x id e  p u r c h a s e d  f r o m  D o w  C h e m ic a l
H a r b i s o n - W a l k e r  R e f r a c t o r ie s C a p e  M a y ,  N J 1 0 0 ,0 0 0 S u b s id .  o f  D r e s s e r  I n d u s t r i e s
K a i s e r  A l u m in u m  A  C h e m ic a l M o s s  L a n d i n g ,  C a l if . 1 5 0 ,0 0 0
M e r c k  A  C o .  I n c . S o u t h  S a n  F r a n c i s c o ,  C a l i f . 1 5 ,0 0 0 S p e c if ie d  m a g n e s i a

M a g n esia -fro m -b rin e s
U o A

H a r b i s o n - W a l k c r  R e f r a c t o r i e s I . u d i n g t o n ,  M ic h . 2 0 0 ,0 0 0 M a g n e s iu m  h y d r o x i d e  p u r c h a s e d  f r o m  D o w  C h e m ic a l

M a r l i n  M a r i e t t a  C h e m ic a ls M a n i s t e e ,  M ic h . 2 5 0 ,0 0 0 I n c l u d e s  8 0 ,0 0 0  t p a  c a u s t i c - c a l c i n c d  c a p a c i ty
M i d l a n d ,  M ic h . 6 5 ,0 0 0

M ic h i g a n  C h e m ic a l  C o r p . S t .  L o u i s ,  M ic h . 2 5 ,0 0 0
M o r t o n  C h e m ic a l  C o . M a n i s t e e ,  M ic h . 5 ,0 0 0 S p e c if ie d  m a g n e s i a

S ro H o fe r  m a g n es ia
M e x ic o

Q u ím ic a  d e l  M a r  S A T a m p i c o 5 0 ,0 0 0 S u b s id .  o f  I n d u s t r i a s  P e n ó le s
A1 ag n es ia fr o m -b r in e s
M e x ic o

Q u im ic a  d e l  R e y  S A l a g u n a  d e l  R a y 3 4 ,0 0 0 S u b s id .  o f  I n d u s t r i a s  P e n ó le s

* D/b Dead burned ** C/c Causti c/calcined



find a ready ox^ rt market which could ho w r̂l d-wl de. The U.S.A., 

for example, supplies consl derab le euantttles of hloh ^rade material 

to Europe.

Processing plants are usually designed to produce at least 

I "¡0,000 tonnes Mq0/annu~ ‘-'ut sm aller units (50,0^0 tonnes/annum) are 

not uncommon and a t the other enH of the scale Janan has ^ne 

in s ta lla t io n  capable o f producing 500,00° tonnes/annum.

In late 1977, the procession slants listed  in TaMe V . l l l  

were in operation. Not n il o f the operations use dolomite as a 

precip itant simply hecauss th is mineral In a su ff ic ie n t ly  oure 

fcrm Is not common particu la rly  near to suitable seaboards.

Plant Requirements- Fin. V.2 sh^ws the complete schematic lay-out 

of the Steetley Hartlepool slant to oroduce refractory grade 

magnesia from sea water using dolomite as the orecln itant. A ll 

other slants are based on the same -rin c ln les.

A three part oneratlon Is required. F irs t ly , dolomite Is 

ligh tly  calcined (c irca  I2°0°C) and then slaked. Secondly, sea 

water Is pumped Into huoe concrete tanks a fter It h? been 

mixed with a s lu rry  of the slaked, calcined dolomite. Th ird ly, 

precipitated magnesium hydroxide se ttling  in the tanks is  

f ilte re d  and then calcined at hleh temperature (♦ I700°C) to 

oroduce a stable product fo r refractories. For chemical and 

agricultural uses, the hl^h temperature calcination Is not 

regui red.

If a fu l ly  Integrated dolomite refractory and sea water 

magnesia plant were to he constructed in Thailand, one rotary 

ki ln would probably he able to handle a ll ca lcin ino requirements:

a) high temperature treatrrvpnt of dolomlte.at l7r,0°C.

h) low temperature calcination of dolomite for so? water 

precle ltatlon  at I290°C and

r'5
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c) dehydration end calcination of magnesia product a t  ♦ I7QGcC

d) produce a slap addition quality  of dolomite calcined at  

1200 -13?0°C.

In th is  way a rotary kiln  of economic size could be insta lled .

This rotary k iln  would he the major cost and power item of 

the soa water plant. The main reactors involve c iv i l  engineering 

construction in concrete and other items include pumps, f i l t e r s ,  

conveyors, agglomeration units , sizing and bagging equipment.

For 100,000 tonnes of naanesie a year, capital cost, at  

present day prices., should m t  exceed c 2 5  x 10' (1200 x I0f> Gants) 

and might be nearer £20 x I O'' (1000 x 10") in Thailand.

Good nua lity  crushed and graded magnesia commands £120 - 

150/tcnnr in world markets and a p r e f i t  nargii” would normally be 

su ff ic ie n t  to recover capital outlay in net mere, than f 5ve- years.

There would be a feed back of magnesia to the refractories  

plant producing del cm I ts  products which would increase its  

capacity and ranсe of finished re fractories .

Refrectory Grade Do Iomi t e

There are many q ua lit ies  of dolomite re fractories  used in a 

wide range of high temperature industries such as iron and steel,  

cement, ceramics, glass-making, copper smelting etc. Although i t  

is an excel lent refractory., dolomite, suffers from the problem that  

i ts  lime component cannot bo stabilised by heat alone and i t  w il l  

ran Id ly rchydr-'te on exposure to the atmosphere. This causes 

serious problems of cr icking, dusting and eventually complete 

dis in tegration . Some means of protecting the lime has, therefore,, 

to he found. Thu main groups of refractories  based on do I omits are 

tar-bonded, ceramic-bonded, ta r  or pitch, impregnated, stabilised  

q u a lit ie s ,  chemically hrndod tr icks  and blocks and ramming mixes.

I t  is common practice to • ••ix s 1 nte-rod naqnr.sia and dolomite tocK.tirr 

to nivn an nr. rich->d prqduct v/ipiqj> is tjv .m anufactured in the
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various q u a li t ie s  l is ted  below. The main manufac+urfno processes 

for re fractories  are as fe llow s:-

1. Tar bonded. Carefully  graded calcined dolomite Is

In tim ately  mixed with 6-10» hot t a r  or Ditch. The

mixture Is formed Into share under very hlah pressure 
2

u d  to  8 t / In  . The tar-coat!no reduces the rate of 

rehydration and subsequent d!sintegration and 

minimises dust formation during handling or storage; 

• th is  process is ca lled  semi stable because the 

oroducts have a very short storage l i f e  but, neverthe­

less, orovided precautions are taken and the bricks 

used quickly , they are an exce llent refractory and 

re I a t Iv e ly  cheap.

2. Tempered Qual i t y . The tar-bonded bricks are heated 

between 300-500°C to remove v o la t i le s  from the ta r  

and induce some "granh lt lsa tlon" . These bricks are 

less subject to  "fuming" in practice and are 

frequently preferred In steel furnaces.

3. Coramic-Bonded. In th is  q u a li ty ,  dolomite which has

been sintered at very high temperatures ! b crushed

and ca re fu l ly  graded and then pressed In to  shaoe at 
?

8 - IO t / in ^  with a non-aqueous liqu id  bond. The 

products are then re f lred  in a tunnel k i ln  to  a
A

maxi mum temperature in the range 1350-1650 C#under 

which conditions, reactions occur which produce perma­

nent ceramic bonding. Ceramical ly-bonded bricks are 

l ia b le  to rahydratfon so th a t  storage fo r  more than 

a few weeks (days In some cases) must be avoided, 

but t h e i r  advantage Is that they are "fume-free" In

servi ce.
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4. Tar or Pitch-Impregnation. Tc improve f in a l  durabi i i t y  

s t i l l  fu rther,  the ceramic-bonded product, whilst s t i l l  

hot from the k i ln ,  is dipped in a hot, very f lu id  bath of 

special ta r  cr Ditch. In some industrial practices th is  

nrocess can be carried out under vacuum.

The pitch penetrates and f i l l s  the pores of the 

bricks or blocks so th a t  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 res is tant tc 

rchvdration and may be able to withstand several months of 

outside storage before serious deter¡oration occurs. This 

quality  is acceptable fo r  expert and, indeed, tar-impregnated 

dolomite re frac tories  from both the U.K. and West Germany 

have been imported successfully into Thailand in recent 

years.

In a l l  tar-conta ln ing products the protective qua lit ies  

of the organic add itive  are destroyed when they are heated 

under oxidising conditions in a furnace. Hence care has to 

be taken in any in s ta lla t io n  where dolomite re frac to r ies  are 

used, not to  allow cooling and exposure to the atmosphere 

tc  occur once the furnace has been burnt in.

5. A "Stable'1 dolomite brick was formerly manufactured by 

persuading the lime component to react with another 

ingredient tc form a compound which was not subject tc  re­

hydration and did not have other injurious q u a li t ie s .  The 

most successful venture was to induce the formation of t r i -

calcium s i l ic a te  by intimately mixing a f in e ly -J K  I dot*

sillca-contaIn !ng/..
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mineral wi+h tho calcined dolomite batch in ca re fu l ly  

controlled proportions. Tho magnesium s i l ic a te s ,  ta lc  

and/or serpentine were preferred in that these wore 

natura lly  of small c r y s ta l l i t e  size and contributed some 

additional magnesia which improved the refractory  

au a lity .

Although such re fractories  had excel lent 

potentia l,  in theory, they were not able tc  l ive  up to 

expectation because of the problems tr, securing the 

precise conditions of nanuTaetur»- in terms of correct 

blending, intimate mixing and careful f i r in g  to ensure 

that the correct mineral phases developed.

As fa r  as can be ascertained no 'chemically- 

stabilised ' dolomite refractories  ere now being made 

in Europe although thov were quite popular up to about 

1970.

6. Chemical bonding of dolomite re fractories  is being 

active ly  investigated by the research sections c-f 

most of tho major producers. Their  findings are a 

closely guarded secret but the aim is to s ta b il is e  the 

lime component e ith e r  by increasing crystal growth 

or by modifying tne la t t ic e  structure or t *' developing 

new cryotaI phases which are not subjec+ to rehydration. 

Additives being investigated include Iron oxides, boric and 

phosphoric acids, chromates, a I urn¡nates sometimes in 

conjunction with s i l ic a te s .

Although the ultimate, answer to dolomite s ta b il is a t io n  has 

not yet boon found, the modern ta r -trea ted  shape, perhaps with 

chemical addition to increase sintering , is an excellent refractory  

possessing many advantancs over a l te rn a tive  m ateria ls. In addition ,  

i t  is much cheaper t'- produce than other basic re frac to r ies .
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World Production of Dolomite Refractories

This aspect has been covered in Chanter 11 | (c .4 0 ) . I t  is 

s u ff ic ie n t  here to emphasise that dolomite as a refractory is 

important when there arc indigenous supplies of high qua lity  mineral 

near to steel cr cement producing areas and in countries whore 

supplies of magnesia and high aluminas are not readily available, 

at en economic price.

The greatest emphasis on dolomite has been in Western Europe 

with West Germany, France and the U.K. dominating the market and 

^reducing excellent on? |¡t ies  hacked by advanced technology and 

science.

This s ituation  could he mirrored in Thailand, where there 

are n<*. local reserves of c ither ragnosit.j or high alumina minerals, 

tu t  large deposits of excellent dolomite which the present research 

has shown to have great potential in the manufacture of re frac to r ies .

Plant Requ?re-men15

The f i r s t  essential step in producing good qua lity  dolomite 

refractories  is to manufacture an excellent calcine which must be 

cf high chemical purity  and extremely dense and we I I-s in tered . This 

must then be care fu lly  crushed, screened and a composite regraded 

to give the maximum packing density.

in dolomite technology, more so +h3n in most ether refrac­

to r ies ,  the principles r f  densf socking of corr.cosite materials  

must bo r ig id ly  observed by s t r ic t  attention to blending an"1 mixing.

The rock, as mined, has to be reduced in s ize in cone or 

impact crushers and fractions with a narrew size range (e.g . 5-20, 

20-40, 40-100 mm) are screened for calcining in a rotary cr shaft 

kiln  to a tomocraturc between 1600 - 2000°C. Dust is produced in 

the early stages of calcining and th is  has t' he withdrawn.
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The calcined product from the k iln  is fu rther crushed and 

screened into various fractions, accurate proportions of which 

are then reblended fo r  the f ina l refractory shapes.

At a l l stages, rejection has to occur and it  is adviable 

that a multi-product plant is designed, of which only a minor 

proportion of the tonnage may be for refractories production.*

Fig. V.3 a, b, is a complete lay-out of a processing plant 

for dolomite. In fe r io r  grades are screened into aggregate sizes 

a f te r  crushing; part c f  the product is diverted fo r  agricu ltu re  

cr glass making and other qua lit ies  are acceptable fo r  slag 

additions. Refractory block and brick production is from the 

best oua lity  calcine which is correctly  crushed, graded and 

reblended (Fig. V .3b). Any rejects are used as fe t t l in g  grades.

This is a generalised plant embracing the essential features  

of the Wulfrath works in West Germany but i t  is s im ilar  to fhat 

of most other producers and i t  could form the basis of a manu­

facturing plant in Thailand.

I t  would be advisable to design a multi-purpose plant 

part icu la rly  fo r  products from a rotary k i ln  which would be 

essential for the high qua lity  dolomite from the Kanchonaburi 

area. The larger the size of a rotary k i ln ,  the greater is i ts  

effic iency but the requirements of dolomite re frac tories  within  

Thailand would ju s t i f y  only a small un it .

Small rotary kilns to produce sintered doloma at I800°C 

at a rate  of 10,000 t /y e a r  are ava ilab le  and might be ju s t i f ie d  

economically in Thailand. A typical range of tar-bonded, 

ceramically-bonded and ta r  impregnated bricks and blocks and 

various ramming and patching compositions could then be manufactured. 

A lternative ly  shaft k ilns or even tunnel k ilns  could be employed.

* The remainder is used as slag additions or fe t t l in g  grades.
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It Is calculate^ that for an annual oroductlon of 20,000 

tonnes, coDltal costs would bo of tho order of to x 10 (200 x

10̂  Bahts) (August I9?C}. This would include a rotary k it-  

crushing, screening and :ir-?dirg '^ d u t ie s ,  mixino. Dressing and 

fu ll ta r treatment. Production cos+s -re not easy to predict 

without a more detailed knowledge o f financia l Investment con­

d itions, fuel charges and labour costs but In Western Europe an 

average figure of £l40/tonne nay be taken which includes a ll 

charges and fu ll amortisation. The se llin g  orlce Is about £190/ 

tcnrv3.

Properties of Dolomite Refractories

With the assistance of Steetlay (Pafractories) L td .,  

Worksop, U .K ., fu l l  sized dolomite bricks have been prepared from 

Thailand raw materials under Industria l conditions which would 

prevail In a large scale p lant.

Samples from Kanchanaburl KMN and KS had been shipped In 

quantity fo r  the t r i a l .

The raw material was crushed and a s u f f ic ie n t  quantity of

size 5 mm to 20 mm was screened out fo r  calc in ing in a pi lo t
£

scale tunnel k l In  to  a temperature In excess of 1700 C.

The product was ihen fu rther crushed and grade c t -' the 

Steetley spoclfI cation , mixed with non-aquaous ad d ft iv ;  8nd 

pressed Into brick shaoe at 19 t /s q .  In . These were r e f f r o :

In a tunnel k i ln  t o  I5 0 0 T  to '>roduce e ceramlcel ly bonded 

product.

The bricks were of excel-lent shape and o u a ll ty .  Their 

properties hove boon compared with U.K. and German dolomites 

and the results presented In Table V . IV .



TA3LE V . IV .  : PROPERTIES OF DOLOMITE REFRACTORIES

Steetley S teetley Wulfrath Wulfrath Thailand
----------------------------------1

Thailand |

Properties U.K. U.K. Germany Germany KMN KS j
Pi tch Ceramic Pitch Ceramic Ceramic

1
Ceramic j

Bonded Bonded Bonded Bonded Bonded Bonded

Chemical Analysis %

CaO 54.0-58 .0 54 .0 -58 .0 59.2 59.2 59.1 59.7

MgO 39.0 -41 .0 38 .0 -41 .0 38.2 38.2 39.2 39.8

S i02 0 .9 -  1.4 0 .9 -  1.3 1.0 1.0 0.67 0.42

Al 2°3 0 .5 -  0 .8 0 .3 -  0 .6 0.8 0.8 0.04 0.04

Fe2°3C O  ^
1 .5 -  2.1 0 .9 -  1.3 0.8 0.8 0.08 0.15

Bulk Density g/cm 2.80-2 .95 2 .75 -  2.90 2.85 2.85 2.82 2.80

Porosity % - 16-20 14 16 18 18

Cold Crushing Strength 
N/mnZ

Compressive Strength 
N/mn2 a t  20°C

40 70 65 62

ro 1 4* ro 25-60

at  120°C 5-21

at 180°C 4-14

a t  300°C 2- 6

Thermal Conductivity  
W/mK a t  mean 900°C 2 .4 -2 .9 2 .5 -3 .0

Carbon Retention a f te r  
coking a t  1000°C wt % 1.5-1 .9

Loss on Ig n it io n  wt.% 3 .4 -4 .2 !

Permanent volume change %

5 hrs. a t  1600°C ♦ -1 .5  to -2 .5
_____________
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This te s t confirmed th a t excellen t dolomite re fra c to ries  could 

be made from Thailand m ateria is . There was in s u ffic ie n t quantity  

ava ilab le  to  nermit a large scale industria l t r i a l  in a steel p lant 

furnace, but the laboratory tests  are a s u ff ic ie n t indication th a t  

they would be of excellent characteris tics  although rather more prone 

to hydration -  because of th e ir  greater purity  ~ than th e ir  

European counterparts. This could be m itigated i f  not elim inated  

by using a higher calcin ing temperature.
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CHAPTER Vt

FEASIBILITY EF DOLOMITE UTILISATION IN THAILAND

To be o feasib le  proposition, a production o lan t involving  

mining an ere body and then processing i+ Into a su itab le  form for  

industria l use, must sa tis fy  the follow ing conriittons:-

( i )  tho ore body must be available in s u ff ic ie n t ly  large 

quantities  and i t  must be of consistent and adequate 

q u a lity ,

( i i )  tho industries which use the finished nroduct must require 

i t  in s u ff ic ie n t  quantity and at a orfce which w il l  ju s t ify  

constructing and ooorating a p lan t.

( I i l )  as a consequence the cap ita l costs and running costs of

tho mining and processing operation at the Tonnage required 

must y ie ld  an economically a ttra c tiv e  oroduct.

( iv )  The manufacturing un it must be s ite d  In a nos Itio n

convenient fo r both raw material suoplles and to  the user 

industries and there must be ready access.

(v) A n c illa ry  material suoplles such as fu e ls , chemicals, 

water must bo readily  ava ilab le .

(v U  The area chosen must have adequate services and a readily  

ava ilab le  work-force and s k ille d  technical and managerial 

s ta f f .

Raw Mate r ia l Rose rves

Thailand has many surface deposits o f dolomites of excellent 

q u a lity . The best, so fa r , examined in terms of o u rlty  are in 

Kanchanaburi/Ratburi areas; other d is tr ic ts  not surveyed are lik e ly  

tc have gcod grades, Therc3 are other deposits of s l i nh tly  in fe r io r  

grade (Ke Si Chang) which could be used In many am 11 cat Ions.
A

Many individual formations arc lik e ly  to y ie ld  In excess of I x 10

tonnes r,f consistently good d-lom ita.
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I

Industria l Uses

The two industries which are es ta b l ish e d  on a I erne scale in 

Thailand and which c-'uld use refractory  m aterials based on or de­

rived from dolomite are ( i )  iron and s te e l, ( i i )  cement. Only 

minor amounts could be envisaged in other areas but raw c r lig h tly  

calcined dolomite would be needed in quantity in slag control, as 

an aggregate o r in agrtculture and there might be several outlets  

fo r magnesia i f  i t  were produced.

The fe a s ib i li ty  and size of a potential dolomite industry 

must, th ere fo re , bo based on the demands fo r i t  in the two major 

consuming industries.

I .  Stee I . The philosophy of dolomite/maonosia u t ilis a t io n  has 

bean dove Icoed in Chanter I I I  and the conclusions apoly also 

to  Thai land.

For the major me I t in e  and processing furnaces fo r s te e l, 

basic refractory  linings are requi rod. S t r ic t ly  on the basis of 

q u a lity  and performance, magnesia-based re frac to ries  are p re fer­

red but where a country has a pood resource of dolomite, 

re frac to ries  can be produced re la t iv e ly  cheaoly from i t  and 

hcnco i t  can bo widely used. Countries with no suitable  

dolomite, use predominantly magnesia.

Thailand has good p le n tifu l supplies of dolomite 

but I t  could also develop magnesia from sea water. I f  the 

proportions o f each were to m irror U.K. practice the ra tio  

pf magnesia: dolomite re frac to ries  would be 3 -4 :1 . I f  

magnesia were no-t produced fndioenously and had to be 

Imported, more dolomite could he u t il is e d  and the ra tio  would 

be 2 ,5 -3 : I .

The steel industry wi l l  he developed along modem 

linos «end so also wi l l  {he cement Industry, so that i t  can

r
e
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refractory  product» wi l l  bo:-

Maonesla-basad re frac to ries  10.000 t  per I x 10* c f s te e l.

Dolomite-based refractories 3,000 t  per 1 x I05 of s te e 1.

Dotomito-based refractories 1,000 + per 1 x t05 of cement.

In add ition , fo r slag control in the major converters, 25-30 

Kg/tcnne stool o f lig h tly  calcined raw dolomite would be u t il is e d .  

Fettling grades o f sintered dolomite would also bo needed uo to  

3 Kg/+ s te e l.

Steel Production in Thailand and the ASEAN Community.

The fe a s ib ili ty  o f manufacturing dolomite re fracto ries  or 

establish ing a sea water magnesia p lant in Thailand denends to  -a 

large extent on an accurate prediction of the production of 

primary steel and stool products and on export potential to other 

ASEAN countries fo r use In th e ir  steel industry. These Issues 

involve many imponderables and danend on decisions which are 

p o lit ic a l rather than techno log ical.

Every ASEAN country has a w ell-estab lished  steel industry 

but with capacities which greatly  exceed production. At present 

steel consumption is much larger than actual nroduction because 

there are ;onsi derab le imports of ingots and of finished steel 

products mainly from Japan, i t  Is a consequence of the present 

world recession th a t imported steel products into Thai Ian'1 are 

frequently cheaper than the equivalent a r t ic le  processed by the 

local Industry. I t  Is not easy to  forecast when and i f  the 

s itu a tion  wi l l  change.

Dr. Kasem BalaJIva of ASRCT in 1975 predicted that the 

growth rate in steel consumption In Thailand would he about 10^/ 

annum and i f  his calculation should prove correct i t  would reach 

at least 2.5 x 10  ̂ tonnes oy 1985 an* 7.3 x 10  ̂ tonnes b / the 

year 2000. Those figures are not unreasonable when viewed In 

thp context of the proposeH developments in the cou ntry .' The
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only p r o b l e m  i c  i n  predicting. the proportion which wi l l  h a  home 

produce .! ond th a t which wi II bo Imported.

The steel industries of Thai lone* эп<1 other ASEAN countries 

use stan I scrap os о raw material about 59^ o f which Is Imported. 

Most - f  th is  is malted In e le c tr ic  arc furnaces to produce Inputs 

and b i l l e t s .  Accurate figures on? notoriously d i f f i c u l t  to

obtain but i t  may he hazarded tha t the steel consumption figure
q

of 1.57 x I ) tonnes In 197°, fo r Thai land was made uo of:

500.000 primary smelting and rnfin inn

'"'30,000 reprocessed scrap (e le c tr ic  arc furnaces mainly)

440.000 imported finished products.

This s itu a tion  must change within the next few years because 

scrap steel supplies wi l l  be d ra s tic a lly  reduced and there are firm  

proposals fo r the Thai steel industry to become independent of 

imported sources of s te e l. In 1979, an Austrian nre-foaslbl I ity  

study proposed a 400,300 tonne/year sponpe Iron slant and 

Mannesmann Demag A.G. of West Germany is collaborating with Thailand  

ro llin g  mi l l  operators In a oroposal fo r a completely Integrated  

steel mi l l  of 1.2 x 10 t /y e a r  enoaefty. Iron ere would bo inserted  

and natural gas from off-shore fie ld s  would srovlde the main fu e l.

Whether these schemes come to  fru it io n  or not, the stool 

Industry of Thailand is expected to  require between !6,00°-33,T>0  

tons of basic re fracto ries  in 1905 of which about one-third could 

be dolomite; those figures would rise  to  47-95 x И"5 tonnes by 

2''00 (15-32 x 10  ̂ tonnes dolom ite). Within the ASEAN community, 

over five  tlmos these tonnages would be required.

At present a ll  basic re frac to ries  are Inserted into  Thailand, 

e ith e r  in the form of finished bricks, blocks or ramming mixes or 

ns fu l ly  sinter?"! grains td> be manufactured Into shapes local ly; 

a ll are mngnosi a-basod. In 1970 about 9,f>T) tonnes of magnesia 

refractories  were Imocrte i ' f o r  the stee I ' industry H^no a t an
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estimate-* to ta l cost of over 159 x I'' " 3ahts (£3.5 x 17"').

Cement Industry in Thailand

Thai lane! is  an important orcducer of cement in the Far East

with an annual oreduction (1)79) in excess o f 4 x 10̂  tonnes.

There are plans to  increase and i t  is  con fidently nre'Hcted that

g
by 19 35 over 8 x 13 tonnes wi II be manufactured.

Sc successful has dolomite been in cement k iln s , both 

economically and techno log ica lly , that i f  re fractories from i t  

were oraduced in Thailand, it  would he an automatic choice aa a 

lin in g  material in oreference to the oresont expensive Imoorted 

magnesia and high aluminas.

3y 1905, therefore, dolomite refractory consumotfon in 

cement k iln s  is  lik e ly  to  be 0,000 tonnes/anrum.

V ia b i l it y  o f Ref rectory Production

Taking the two major u r industries together, therefore, 

the to ta l demand fo r dolomite re fracto ries  in Thailand in !9°5 

should be between 14-7.0 x IT> tonnes r is in g  to  20-40 x I" tonnes 

by the turn o f the century.

Tho demand for magnesia as a refractory fo r the steel 

Industry, on the same basis o f ca lcu la tion , w i l l be In the ran0-3 

11-22 x 10̂  tonnes in 1905 r is ln o  to 31-63 x 10  ̂ tonnes In 2090 

(assuming a ll cement k iln s  use dolomite).

If agreement could ho reached w ith in the ASEAN community fo r 

Thailand to supply a ll tho dolomite re fracto ries  and magnesia which 

are required fo r tho steel and cement Industries the fo llow ino 

predictions could be made:

TABLE V I .| . : HYPOTHETICAL USAGE OF BASIC REFRACTORIES IN ASEAN
COMMUNITY 190$ - 20P0‘

Year Dolomite ~:frectories CaIcino'1 Seawater magnesia

1905 40,CD9 tonnes (averaged)1 75,0-0 tonnes (averaced)

200 • "4,0'>0 !* (averaged)1 (nve
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From th-o fig u re s  derived  In the  previous s e c tio n , an/* based 

s o le ly  on Thai long 's  needs, 14-20 x \ ?  tm nes o f  do lom ite  

r > f n c t * r /  w i l l  be requi rod by 1905. Taking in to  account the loss 

o f  carbon d iox ide  and f in e  m a te ria ls  (which can bo used f o r  o the r 

purposes) the  raw stone to  k i In wi11 he 45-60 x I tonnes i . a .

139-179 tonnes/day in  I9B5. By 2Cr'') i t  w i l l  have r is e n  to  a 

minimum o f 2 5 ' tonnes/day.

I f  agreement w ith in  the  ASEAN na tions f o r  the sunoly o f 

do lom ite re fra c to r ie s  is  assured, a m anufacturino o la n t based on 

ro ta ry  k i ln  f i r in g  would be como la te ly  v ia b le .

Even i f  then ) were no c e r ta in ty  o f  e x p e rt, a dolom ite 

re fra c to r ie s  p la n t using high grade raw m a te ria l would be a 

necess ity  i f  on ly  to  reduce the h igh cos t » f imoorted b a s ic  

re fra c to r ie s .  Rotary k i ln  f i r i n g  would bo the  b es t technique 

to  produce a high den s ity  s in te re d  nroduct ev?n though th is  

would be a sm a ll, r e la t iv e ly  h ioh cost u n it .  Some s h a ft  k i ln s  

perform  w a ll In sm all q u a n tity  manufacture and are much loss 

c o s t ly  but t h e i r  p roduct Is less un ifo rm .

C o rre c tly  designed, a re fra c to r ie s  p la n t can bo construc ted  

so th a t  a d d it io n a l streams can bo in troduced as demond increases 

b u t s in te r in g  k i Ins are the major c o s t Item .

VI abi l i t y  o f Sea Water Magnesia Production

Although sm all u n its  have been constructed  to  meet 

roqui rernents in s p e c ia lis e d  areas, I t  is  considered uneconomical 

to  b u ild  sop w ater magnesia p la n ts  w ith  a capa c ity  o f  less than 

59, COO tonnes/annum, and 100,000 tonnes/annum capacity and 

upwards are nowadays p re fe rre d .

'n th is  b a s is , a p la n t to  manufacture fo r  T h a ila n d ’ s nae^s 

a I ana c ~ u lJ not <*o ju s t i f i e d  even on a year 2 ■00''' p ro je c t io n .  I f  

i t  were supp ly ing  H I ASEAN co u n trie s  th e re  'would ha ju s t i f ic a t io n

'•■¡f ;jq | i p -*•- |-n i + f. r -  f r-ncir r\ ;>s , ep-nesia '"f h | pK n ij- |1 ty  1 S
!
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miifiictur».'! Isewhore in the F-*r East in lar'-*? economical units. 

Thar.- w e ld  1 ' i n ten so comet itl'-n.

In favour r f  a Thailand venture would be no-tentfally n very 

pure product and o n e  which should he cheaper than Japanese and 

other Far East producers In that 'v>o<j dol<^nito is  available as a 

pnoci nitant whereas most other producers have to use ca lc ite .

This aspect o f our research programme would require ^ora 

-total led economic study and decisions at ton level within the 

ASEAN Community, hut with the present information we couM  not 

recommend the establishment of a conventional sea water mnnesia 

plant a t  present.

However, a s ign ifican tly  imnortant advantage moy accrue i f  

dolomite a c t iv it ie s  wore centred on patbur!. On the coast rood 

to Bangkok and not ^ re than 30 Km from the dolomite rutcre-s, 

thorn is a largo so lar - or sea sa lt activity» The bitterns 

from th is process are enriched in magnesia ŝ > much so, that a 

much smaller unit with n consequently lever capital outlay and 

runnfno costs can oreduce substantial amounts o f magnesia by 

the d'lomite 0 racial ta t i<jn route. This process Is in one rat Ion 

in ’toxic* and Israe l. Furthermore, production units to manu­

facture ?s l i t t le  os 10,000 tonnes/annum O f  magnesia are 

economically and technologically feasible. The calcin ing and 

dead-burning of the magnesia can be completed in a shaft or 

tunnel k iln  operating at ♦ I700°C. This would be an extremely 

attractive venture and should bo investigated further. In 1776

252,000 tonnes r f  b ittern  e rtr in fn *  an estimated 16,000 tonnes

M g '1 equivalent was discarded



FIG. V I.1 : LOCATION OF EXISTING STEEL AND CEMENT WORKS IN THAILANO ANO POTENTIAL OOLOMITE AREAS.



Logistics c f Potential Processing Plants

Th ; n+4-nctl vonoss of the hi eh quality dolomite around 

Kanchanaburi/Ratburi in comparison with other formations so far 

examined makes th is  the Ideal area for processIn^ plants to ho 

establishe4. The area is  also favourably olaced with reoard to 

the major user Industries as is illu s tra ted  in Fie. V l. l.

If a sea water magnesia plant were to Drove viable u l t i ­

mately, i t  could he oositinned on the coast between Petchburi and 

Praduap and th:. calcined dolomite t  ran snorted by ro ll.

Transoort to Bangkok and the ^ther industria l centres from 

Ratburi is by qcod fast roods.

There is a pood fresh water supply and the area has a 

substantial population with some Industry already established.

The fuel to be used in the procossos c f  calcin ing and 

sintering needs careful thought. The alternatives would be 

lign ite  from the Lamnhun area of Thailand, Imnorted Australian 

coal, imported o il or natural gas from the Gulf -'f Thailand.

Some lign ites In northern Thailand are low in ash and 

sulphur, that from Li Is reported to contain 3.1$-, ash an'J 0.6$ 

sulohur, but at present these are expensive, and not yet fu lly  

dovelooed. In the pulverised fuel supplies deman̂ ê  In Western 

Europe ¿5$ ash Is considered the maximum. Probably Australian 

coal Implemented with natural gas wlII be the most satisfactory 

and economical compromise, but much w ill depend on the success­

ful development of the off-shore areas.

The present "'Ian Is to brino the natural pas ashore on the 

eastern coast of the Gulf of Thai land and hence to -(he Bangkok area. 

It may not, be ox+ondod to Rathurl for some conslderpMe time. 

However, anew o il terminal and port Installation is proposed for 

an area around Pjtchburi which r u M  thus favour Pathuri as the

b ■*'-,+ s !'fo .
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COMCLUSHMS AMD ¡TĈ HMENDATIONS

Tho research programme has established the fallowing facts:-

1) There are many extensive surface dee^slts of 

V lo r ito  In Thailand, some of which, particu larly  in 

the area of Kan chan aburi/Rath uri are exceptional ly 

euro when compared with other world resources.

2) These dolomites can he calcined sa tis fa c to r ily  and 

although a high temperature is required they can

be sintered to a dense, hard mass suitable for manu­

facturing refractor/ qua lit ie s . Bricks and shapes 

have been man :factured from them which have proved 

to be scuivalent in property to the best European 

products.

3) The waters of the Gulf of Thai land are warm, in many 

places free from im u r it ie s , and with average amounts 

of magnesium ions In solution. This can be procinf- 

tnted with good-grade calcined dolomite to  or-duce

o high grade magnesia. A  ♦ 90# MgO has been produced 

under laboratory conditions from sea water from the 

Gulf and calcined Kanchanabur? dolomite. The v ie ld  

was 97.4#.

4) A s im ilar process ecu Id he used to extract magnesia 

from the bitterns o f the sea sa lt process which is 

close to the dolomite formations. This could y ie ld  

ijd to 16,000 t  of high grade MgB/yoer.

5) The European and World refractories Industries hove 

been surveyed. It Is concluded that a ll steel

industry requires an overage 13 Kg of basic refractories per 

tonne of stool of which dolomite, i f  i t  is available In good 

qualities, constitutes pne-third; the rest Is 

r-yjiesl a-hns^d. Cement k iln s roquf re I Kg, basic 

r~froct'"'P//tonnp of cement, fgr which, d*|pmfte
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b ri cks •:'re we 11 -euitod.

‘ i ; i 1 3 ’ i ’ c ThTJIsrul industry w ill renui ro:-

Del omit'-: Refractories Sea Water Maonos i a

m 5 14 - 20 x 3 t/a II - 22 x |03 t/a

2 J jO 20 - 45 x 3 31 - 53 x n 3

7) If agreement can bo reached within the ASEAN Community 

fo r Thailand to become the supplier of basic refractories 

these figures could be increased five times. There is  

also a p o ss ib ility  of exporting high grade basic refrac­

tories to other countries of the Far East.

Our rocomnendot ions are:-

i) T.l .S.T.R. should collaborate with the Thailand

iron and steel industry with the intention of establishing 

immediately a dolomite refractories olant with an in i t ’ al 

output of bricks and blocks of 2'\DCD t/ye^p. This w ill 

•:>e based on Kan chan ab uri or Rath url ore «n<̂ w ill n reduce 

additional lower grade guarry material f~r aggregate, low 

fired  dolomite for sloe additive (about 2'^,000 t/annum) 

and ID,h00 t/year of fe tt lin g  grads calcined do|emits fired  

to about I700°C.

T i ) We are advising nst oursuin~ a sea v'ator

magnesia one rat ion at th is stage on economic grounds alone 

¿■ v'n though the operation would be technically viahI--», 

i l l )  There should '~>o discussions arranged within the

ASEAN Community concerning the notential ranuirements of 

calcined dolomite, magnesia and refractories made from 

them to formulate both г short and long term plan for 

the industry in Thailand. A working party oossIMy under 

the aegis of IJNIDD exocrts shoulJ be established for th is
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i v) 'tor? detailed study is required of the b ittern 

resources in Thai lend end a fe a s ib ility  exercise i n i t i ­

ated to assess the ir potential in the dreduction of the 

quantities of refractory grade magnesia required for 

local use - UNIDO support is recommended.

v) The Department of Mineral Pesources (n.M.P.) should 

be requested to carry out an intensive survey of dolomite 

occurrences in the Kanchanaburi, Patburf and Petchburi areas 

to quantify the dolomite resources and perhaps indicate 

even more suitable formations for dove I on rent than we have 

been able to examine.

v i) T.l .S.T.P. should communicate those findings to  the 

Steetley Co. Ltd., Workscn, U.K. and seek advice on a ll 

technical, design and economic aspects raised in the 

proposed now projects. This company has given invaluable 

assistance in the research programme and w ill be w illin g  to 

consider licensing the ir unrivalled "know-how" on both 

dolomite refractories and sea water magnesia. The company 

may also be interested in holdino equity in any new venture 

and assisting with export schemas.

vi ?) The award to Mrs. L. Chotlmongkol who conducted the 

research programme should be extended immediately tor a 

further twelve months. This would enable her:

a) to continue her Investinations and research 

into fundamental aspects of Thailand dolomite 

at Leeds University and so acquire a Higher 

Decree and professional, qua lifica tions.

b) to v is it  and discuss in deta il, the operations 

of manufacturing dolomite and other basic 

refractories throughout Europe. Largely at 

her own expense she has collected material 

from Germany, Luxembourg, Pnleiun, Franco and
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the U.K. and gained valuable contacts 

but a longer oericd of exoerience in 

nroduction methods is essentia l. She 

would need to study a ll asoects of 

design and one rati on of new slants in 

Thai I and.

c) to v is t t  Israel and/or Mexico where 

maqnesl a- recovery olants from bitterns 

and brines are fn ooeration at tonnages 

si mi lar in size to the pronosed ooeration 

in Thai land.

The sum requi red w ill be £T,OQO to include the fo| lowino items:-

£
i) Additional University fees and costs 2,300

i i)  Accommodation and I i ving exoenses 2,800

i i i )  Travelling Expenses and Eurooean v is its  2,200

iv) V is it  to Israel or Mexico 700

£8,000

Or. Rex W. Orlmshaw

Senior Lecturer, Leeds University.

Mrs. L-'dawal Ohotimongkol,

Research O fficer, T .I.S .Y .p .
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APPENDI X

Additional work to contract 77/1 12/OR agreed 29 .r.77 .

ì) Directory of Producers.

This has been dealt with in Chanter III which was extended 

to include a dotai led description of a private v is i t  to 

European centres of production.

For completeness the fu ll l is t  is  as follows:-

EURDPE

BELGIUM

Carrières et Fours è Dolomie do la Sambre (SA)- Carsambre 

Produits Do len iti quos de Merlemont SA (main producer)

De Ionie de Marche-les-Dames SA 

Dolomie do Sardi re et Me use SA 

Saint-Antoines Carrières SA 

SA de Marche-los-Dames

(a ll the above, quarry and/or mine dolomite and crush 

an"" qrado mostly for export).

EIRE

Quigley Magnesite Division of P fize r Chemical Corporation, 

Goonettsbri dge, Co, Kilkenny.

(dolomite for sea water magnesia production)

FRANCE

Magnèsie at Dolomie do France SA., Pas-do-Calals 

La Dolomie Française, Noau, Mayenne and elsewhere 

(main producer of France)

Blancs Minéraux de Paris SA, Aude 

Donain-Anzìn-MInéraux SA, Pyrenees 

La Magnésienne and So lo r Réunies, Hérault 

Randon SNC, Pns-do-Cal ai s 

Scorami ne SA, Aude
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Greece

Fim?scr', part of Scoi is t i ri Cr'ir», Ce'M ns^s, Eub'ien 

(•se? water magnesia anM refractories)

ITALY

Gol emits di Mention'^'-' SoA, Massa

Dolomite di Sestri SnA, Genova, Sestri-Ponente

San ac, Massa (s ricks)

Dolomite Franchi SnA, Marene

Società Dolomite Italiana SnA, Gardens Vai Tremai a 

Mineraria Vaitei linose Ŝ A, D^stalesio

Fabbri che Italiano Magnesia (Collotta-CIS and F ig li) ,  Molina

LUXEMBOURG

Refra lux SARL, Luxembourg

NORWAY

A/S Norwegian Talc, HammerfalI (magnesiurn ©etai)

Franzofoss Rruk, Ba ilangen

SPAIN

Procluctos Dolcmiticos SA, Santander (refractories)

Dolomitas del Norte SA, Oviedo 

Steetley Esoahola SA, Santona 

IbordoI SA, Metri! (n|ass quality)

Roca Dolomitica SA, Coin

SWEDEN

Strabrucken A l, Sala (refractories)

Dyrkatorps Dolomitbrudd (sintered nualltles)

Ernstrom Mineral A3, Glanshammer

TURKEY

F e rt ilis e r  Industry Ccrp,, Kutahya
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Steetley Co. Ltd., Worksop (complete ranee) - many works 

Raishy Quarries Ltd., Coxhoe (burned qualities)

Tarmac Roadstone Ltd., (aggreoate)

Lockwood, Tlaoden & Crawshaw L+d., Doncaster 

Man-Abell Ltcf., Coleford (aggregates)

G. R. Stein Ltd., Worksoo (refractories)

WEST GERMANY

Dolomitwerke GmbH Wulfrath ( ref rectories, agriculture etc.

9n!% German products)

Gorshelmer Staine un'1 Erden GmbH, Gersheim

Marmorkalkwerk Troesch KG, Holenbrunn

Kalk-und Dolomit-Werk GmbH, Aachen

Dolomitkal kwerk Ал ton Linnebom, Fretter

Stahl’ sche Dolomit-und Kalk-Werke GmbH, Rupprechstegen

Klockner Duri l i t  GmbH, Salzhemmendorf

Dolomitwerk Sa!zhenmonderf GmbH, Salzhemmendorf

Grevenbrucker Kalkwerke GmbH, Lennestadt

Trie rer Kalk DolomIt-und-Zementwerke GmbH, Wasserbllllg

Dolomit hartsteinwerk Wassert I I I Iq GmbH, Wasserbillig

Harzer Dolomitwerke GrrbH Wulfrath, Scharzfeld

NORTH AMERICA

U.S.A.

Basic Inc., Maple Grove, Ohio (raw and refractories) 

(main U.S.A. Producer)

Ohio Lime Co. (General Refractories Co.) Woodvi I le, Ohio 

(raw and refractories)

P fizer Inc., Gfbsonburg, Ohio (mainly fe r t il is e r)

Kaiser Aluminum and Chemical Согр.» Natlvidad, Gal.

(a ll grades, p rinc ipa lly  for sea water magnesia plant 

at Moss Landinn)

Dolomite Trick Corn, of America, York, â. (bricks)

л è «



CANADA

5+aetley Industries Ltd., Hamilton, >it. (mining, calcin ino
bri cks)

Chromasco Com., Haley (magnesi urn metal )

Sydney Steel Com., Nova Scotia (bricks)

Mosher Limestone Co. Ltd., Nova Scotia (mainly agriculture) 

Dresser Industries Canada Ltd., (raw and calcined)

MEXICO

Dolomita de Monclova SA., Ciudad de Monclcvs (raw)

Fundos Dolomita SA, Ciudad de Monclova (raw)

Ci a Refractarics Fasi cos, (bricks)

Oui mica del Roy SA, (magnesia from brines)

Other imocrtant countries which produce dolomi+e for 

purposes besides aggregate and aoriculture Include Australia, 

B raz il, India, Japan, Pakistan, S. A frica.

2) Directory of Users and Ago I i cations

It would be imnossible to produce a l is t  of a ll users of 

dolomite except by setting down a ll steel olants in 

Europe, U.S.A., Janan and elsewhere and most of the 

cement works of Eurone.

In Chapter V, a comprehensive description o f a ll appli­

cations of dolomite has been Included which is important 

for the narrative of the main report.

3) R and D Organisations and Universities Working on Dolomi+es

Apart from the major European producers of dolomite 

refractories there is surprisingly l i t t le  research being 

carried out on dolomite in any part of the world. The main 

reason Is that manufacturing companies have, themselves,

I a roe R & 0 departments and prefer to keep the ir work secret



There i3 also much col lahorati ve work between steel companies 

(users of do Ionite) and "¡reducers; not much of th is work Is 

published In open journals. Because of our contacts with Steetley 

Co. Ltd., and the B ritish  Steel Corporation and with Wülfrath and 

the German steel industry we have been able to ouote from private 

communications and produce facts which would not otherwise be 

aval lab le ..

a) Steetley Co. Ltd., U.K. have research and development 

fa c i l it ie s  Into dolomite at a ll the ir d iv isions. Central 

R & D was abandoned about three years ago.

I) Hartlepool laboratories are constantly seeking

to Improve sea water marries! a production, 

i i )  Minerals D ivision, Carlton H i l l ,  Worksop, is 

concerned with new deposits of dolomite both 

in U.K. and throughout the World, 

i l i )  Refractories Division, Worksop, has R & D 

fa c i l i t ie s  in ’¡rick manufacture and use of 

dolomite in steel industp/.

The Steetley Grganisation sponsor work on dolomite at 

the British  Ceramic Research Association Laboratories, 

Penkhurst, Stoke-on-Trent. This is mainly on property 

assessment. Also at University of Sheffield, on Jow 

temperature f ir in g  properties. There are tra in ing pro­

grammes for R & D personnel at University of Leeds and 

elsewhere, GR-Steln at Sheffie ld also have R & D sections 

working on dolomite.

b) Dolomitwerke GmbH, Wülfrath, at Hagen/Halden, West 

Germany has large facl t i t les for R A D but confine the ir 

a c tiv it ie s  to Germany, Luxembourg, Rololum materials and 

provide a service to producers In these countries. Theme

is a dossier on dolomites from a ll over the world



1пэ R & D department at Wülfrath is Intimately linked with

the German steel industry particu larly  as the refractories 

company is a subsidiary cf August-Thyssen Hutte A.G., and 

Hoesch V/erke A.G. which are its  major customers.

There is no other research be inn undertaken outside the 

industry in Germany, bu+ there are tra in ing programmes at 

Uni varsities.

c) Dolomie Française have extensive R & D fa c i l i t ie s  at

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

producer at Flaumont (Mord) La Compagnie des Réfractaires 

Basiques and In turn to major French steel works.

Roster of Experts In Dolomite

This is d if f ic u lt  to compile. Many oqodIo &re experts in 

one aspect of dolomite science or technolog'/, such as mining, 

bene fi cl at ion, brick making, u tilisa t io n , sea water magnesia, 

but only a few have a wide experience. V irtua lly  a ll of these 

complete experts are attached to  a major company and I can only 

refer to them.

Dr. W,C. Gilpin) 
Mr. B. Bown )

Mr. D. Clarke )

Mr. E. Parr/

Steetley Chemicals Co. Ltd., Hartlepool, U.K. 
(dolomite for sea water magnesia)

S+eetley Minerals Co. Ltd., Worksop 
(dolomite raw materials)

■ Dr. D.R.F. Spencer) Stsetley Refractories Co. Ltd., Worksop
(dolomite refractorles)Dr. M. Pea+fiold ) 

Mr. G. Plant

Dr. J. Laming

Mr. J.C. Drum )
Mr. S. Tangney)

Dr. W. Munchborg 
Technical Director

Arfe It P

Krone rt W

Koropicky К

Steetley Minerals Co. L+d., Worksop
(oxnert on plant design, construction, costings etc.)

OR-Steln Co. Ltd., Worksoo 
(dolomite bricks)

Cement Ltd., Ireland
(dolomite for sea water magnesia)

Dolomitwerke Wulfrath, West f̂ ermany.

Verein Deutscher Eisenhüttenleute, W. Germany. 

Institu t für Gesteinshuttenkunde, W. Germany. 

Deu+chos Kieramlk, W. Germany.
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Berthounieux G Bureau de Recherches Geolonìgues e t Minières,
Orleans, France

Verger]o J .'1. Compagnie des Réfractaires Basiques, Paris.

Al lard G. La Dolomie Française, Neau, Flaumont, France.

Kraner H.M. Kaiser A1umimum Co. Ltd., Berkeley, C a lif .  USA.

Zhukov A.V. U.S.S.R.

Al ¡prandi C. Ita ly .
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