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ABSTRACT

Assistance to Ceylon Mineral Sands Corporation
DP/SRL/78/031

CMSC has been producing ilmenite since 1960 and of recent years, rutile
and Zircon at Pulmoddai, Sri Lanka. Assistance was given as an institution
building project in maintenance, laboratory procedures, ilmenite. upgrading,
upgrading of existing operations, materials handling and future olanning.

Improvements were achieved in many fields.

CMSC has a rich deposit, utilized mainly in the manufacture of ti-oxide
pigment. It is already an important industry but is nowhere near achieving
jts potential whi c;\n;nvowes better maintenance, operations, product
handling, marketing,/ proposed new p'lant_,but mainly upgrading of the low
value ilmenite produ?t to more valuable intermediate products such as

artificial rutile, titanium slag,or,the end product,ti-oxide picment.

A number of future scenarios are examined and the one sﬁom'ng most promise
involves pre-reduction of tha iron content of the ilmenite, then electro
smelting to produce raw fron and titanium slag. The latter is treated by
the sulphate route process to make ti-oxide pigment. Phosphate fertilizer
js made as a bv -product using phosphate rock from Eppawela, sulphuric acid

and waste acid from the sulphate plant.

Trincomalee has special advantages as a si e for such a plant in waste

disposal, and good harbour, water and power facilities.

Work remains mainly in establishing the technical feasibility of the
brocess. however certain conditions should be met before committing further

funds,
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2.7 T CONCLUSTONS 'AND RECOMMENDATIONS

(1) Sri Lanka has one of the worlds richest deposits of mineral sands utilised
mainly in the manufacture of titanium oxide white pigment which, in turn, finds
its way into paints, enamels, plastics, paper, artificial fibre, ceramics and

numerous other products.

Indicated reserves are in excess of
12 million tonnes ilmenite(Fe €, Ti0 )
1.3 millon tomes rutile (Ti0 )
1.3 million tonnes zircon (ZrS§04)

(2) Mineral sands exports are already an important industry by developing

country standards but the full potential is nowhere near being realized.

Reaiizing this potential involves

(a) Upgrading maintenance

(b) Better shipping arrangements.

(c) establishing a wet grayity upgrading and wet magnetic separation plant
(WGU & WMS plant) |

(d) tidying up management procedures

(e) a rise in morale at Pulmoddai, and better worker participation

(f) marketing

(g) converting the iImenite into more valuacie products such as artificial

rutile, titanium slag or, ultimately, ti-oxide pigment.

(3) The process of commissioning the plant was compieted. Serfous rutile losses
were elindnated and zircon was made to standard grade; Premium grade is
possible. The Wet Grayity Separatfon Plant and Dry M{11, first commissioned in
1977, now work to design specifications although there are still problems with
the former, A higher grade feed, anticipated from the 'GU & WMS Plant, will

largely solve these and allow higher zircon recovery.

|
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(4) Marketing of the products isn't satisfactory eithker in terms of tcnnage

disposed cf or unit prices.

(5) There are immediate and long term problems with product handling. The
shipping jetty is in danger of ccllapse. The short term solution appears to
be a bridge for the Yan Oya crossing so that the product can be road carted
to Trincomalee and loaded there. A further report from Mr. G.K. Jones,

Expert ir Materials Handling is to be made.

(6) There is a lean period ahead as production must fall due to the exhaustion
of "non-magnetic tailings" stockpiles. The WGU & WMS plant must be commissioned

before praducticn will pick up again,

(7) eMsC is jespardising its current ilmenite market by mixing together the
ilmenites emanatiny from the dry magnetic separation plant and the dry mill.

These products are svitable for two different purposes;

(8) The WGU & WMS Plant should be mobile and follow the mining operations if
the building of a new puwer line ix to be avoided,and power costsare to be

reduced. Even so, power factor correction will be necessary.

(S} CMSC needs to estabilish its reserves through an internal exploration
division and investigate future mining areas for potential separation and other

problems.

(10) Mr. Kings preyentative maintenance programvwe sfould be completely
adopted.

(1] Changes are necessary to the combustion system of the main dryer DR401 or

it may become unworkable.

(12] A number of possibile foture development scenarios were examined and the
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/showinq. mos*. promise involved pre reduction of the ilmenite, then electro

smelting, then sulphate route pigment production. Raw iron and phosphate
fertilizers are by-products, the latter emanating from phosghaie rocks at

Eppawela. Capital involyed is of the order of $300 million. The products are

85000 tpa ti-oxide white pigment

52000 tpa raw iron

260000 tpa super-phosphate fertilizer
worth about $200 million.

(13) For such a scheme CMSC will need a foreign partner(s] for capital,
expertise and marketing. A profit shareing arrangement should Ee possible
with the partner(s] putting up most of the capital.

(14) Much work remains to be done, mostly in establishing the technical
feasibility of the aboye scheme and estahlishing a proposal for a foreign
partner. CMSC should enter negotiations weil prepared and well advised.

(15) There is scope for more UN inyolyement and potential for a major export
industry for Sri Lanka But the DN may want certain assurances on the

utilisation of :its outputs and other matters Before committing more funds.

(16] Without an upgrading facility of its ewn the future market for Pulmeddai
ilmenite may gradoally dtni.n*'?sﬁ; ‘
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INTRODUCTION AND BACKGROUND INFORMATION

Location and Products

The Ceylon Mineral Sands Corporation (CMSC) operates at Pulmoddai 35
miles north of Trincomalee on the north east coast of Sri Lanka (Ceylon).
Operations commenced in 1960 in the first instance extracting only
ilmenite but in the late 70's considerable tonnages of rutile and zircon.

Its present production capacity is :

75,000 tonnes ilmenite

O 15,000 " rutile
7,500 " zircon
(per annum)

These rutile and zircon figures however cannot be maintained with
existing equipment since current production draws on non magnetic "tailing”
stockpiled over previcus years from the ilmenite operations. Sustainable

figures are about half the avove.

Sales of ilmenite have declined and 30,000 - 35,000 tonnes has been the
range in recent years. Prviously an excess of 80,000 tonnes per year was
sold., Recent sales prices realised are:

Rutile  § A 256 (Australian) FOB
Zircon $A 30
Ilmenite % US 17,50

Current market prices are:
Rutile $ 270 A
Zircon $ 75A
Imenite $ 22 A

see appendix 7




These prices, howeyer, yary with grade and time.

A major investment was the dry mill wet gravity separatien plant
for rutile and zircon production constructed in 1977 with. technical

assistance from the Australian Mineral Development Laboratories. (AMBEL].

Operation

Mining is by means of tractor trailers collecting wind dried sand
previously deposited in wind row-s by drag Tine excavators. These work
only on the beach which assays about 85% heavy mineral. Most of the
MM is iimenite but there are valuable amounts of rutile, zircon and

monazite.

Tractor trailers deposit in a large holding shed via a weigh bridge
and from there the mineral is fed by front end loader to a dry magnetic
separation plant, separating the magnetic ilmenite from non-magnetic

rutile, zircon and partly magnetic monazite.

The ilmenite passes to a large go down (storage building) of 50,000
tonnes capacity. The “non inagnetics" passes first to the wet gravity
separation plant for removal of quartz and other 1ight minerals then to a
concentrate storage shed for intermediate storage and draining; Dry
milling is the next stage. The mixed minerals are dried, then separated
into the mineral constituents by means of their different electrical
conductiyities, magnetic susceptabilities and specific gravities. There is
an intermediate stage of wet gravity separation in which remaining quartz

and "others" are removed.

Rutile is conducting and non magnetic., Thus it is separated from
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remaining ilmenite, conducting and magnetic; and zircon, non conducting and

non magnetic; monazite, non conducting and partially magnetic and so on.

Rutile and zircon products pass to separate go downs of approximately

12,00C tonnes capacity each. See anoendix 1

Shipping
A single 20 inch conveyor system connects the goAdown to a 900 foot jedty
with watér deen- . enough to load flat bottom barges of 100 tonne and 200 tonne
capacity. The Corporation has a "shipping fleet" consisting of 3 tugs and

6 of 100 tonne and 200 tonne capacity flat bottomed dumb barges with removable

hatch covers.

During the shipping season, from Aprif to September inclusive (but
somewhat variable) medium sized ships call at Pulmoddai and anchor about a
mile off shore. The barges are brought alongside and their bulk mineral
contents transferred to the ships hold by mechanical grabs operated by ship

derricks.

A minor amount of mineral is shipped in paper sacks of 50 kilo capacity.
When this happens the bagging is done in the hold of the barge at jetiy end
since no facility exists for bag material handling. The bags are transferred
to the ship by cargo nets filled by hand labour and then re stacked by hand

labour.

Pulmoddai is an open coastline with no protection from wind or sea. So
rain or sea conditions precludes shipping in the October - March period and

sometimes interferes with shipping during the so-called shipping season,
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Facilities

Also at Pulmoddai the Corporation has a laboratory for chemical and
physical analyses; mechanical, electrical, carpenters and mobile equipment
workshops; a necessarily well stocked store; an administration office; and
two housing complexes, north and south for officers and workers
respectively.

A1l of these facilities are connected to power and running water,
although the latter is not potable.” The water comes from wells and from a
water treatment facility fed from a 4 mile canal system from an anicut

(small dam) on the Yan Oya river.

Water Supply

A 10 inch asbestos cement pive line, 6 miles long, conveys the water
to a 200,000 gallon (imp) elevated storage tank at Pulmoddai. The water is
hard during the dry season from February to September, most of the 60 inch
rainfall occurring during the October to December period during the north

east monsoon. See appendix., 9 & 11

Power supplv

Power is supplied by the Ceylon Electricity Board from hydro schemes. A
33 KV, 50 hertz pbwer line was constructed in 1976, predominantly for the
Corporations needs, and takes a round-about 46 mile route from the 132 KV

supply at Trincomalee to the Corporations 3 MVA substation at Pulmoddai

which. incorperates automatic tap changing transformers capable of accommodating

a 15% sopply voltage drop; The 1ine however could not supply 3 MVA without
excessive 1ine losses and a yultage drop beyond the 15% capacity. The CEB
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has recommended that to obtain 3 MVA, another 33 KV Tine must be run in
paraliel (by a more direct route) to the existing lire at a cost to the

Corporat{on of approximately 12 miTllion rupees. There are however, means by

which this can be avoided at less cost especially if power drafts are kept

Tow, (Appendix. 8a)

The currect peak power draft is about 1100 KVA, 720 K.W., but wiil grow
dramatically with proposed new plant. Until a few years ago unit power costs
were Tow by y:orld standards at 0.12 Rs./unit, but have escalated since due
to the cost-of‘imported fuel for emergency gas turbine generators and the
capital costs of snew hydro schemes which will greatly expand the countries’

generating capacity, currently a Tow 440 MW,

Due to poor rainfall seasons and rapidly rising electricity demand there
have been power cuts which are Tikely to extend to 1984 when the large hydro
schemes are due to come on stream. At that time unit costs will remain high

because of the large capital cost of the schemes, An estimate of Rs.1.40 /unit

has been given. (see appendix Gb)

The Corporation has its own emergency power generators, twin 750 KVA V
Diesel sets, but fuel costs are high and the sets have not been properly

commissioned by the suppliers.

‘anmunicati ons

Pulmoddai is linked by sealed road to Trincomalee and via Medawachchiya,
to Colombo, The Road to Trincomalee however, has two ferry crossings, the

second of which can be avoided by a short detour containing some 2 miles of

grayel road, The first is a low capacity hand drawn ferry,
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Trincomalee has an excellent natural harbour and was previously a
major British naval base. Many storage and handling facilities remain from

those days.

~ Administration

The Corporation has a head office §n Colombo for administration,
purchasing and, prev iously, sales. Sales are now handled by the Tenders

Board which advertises the products for sale by.tender.

The Corporation is wholly state owned, one of 22 in the country
including such corporations as the Cement Corporation, Steel Corporation,

Plantatior. Corporation, Hardware Corporatior etc.

CMSC has some 850 employees and is administered by a Board of Directors,
a Chairman/Managing Director and a General Manager. There has been a long
standing association with the Ishihara Cofporation of Japan which remains

the major customer,

“!Npediate Pl‘ags-

In 1979 the Corporation called tenders: for a wet gravity upgrading
plant and wet magnetic separation plan (WGU &% WMS) and, separately, for a pipe
line transportation system to supply material! to same., This was on the basis
of a tender document drawn up by previous consultants. The purpose of this
plant is to allow the lower grade ‘'back' deposits to be mined as the beach
deposits will eventually be worked gqut. Also this plant can supply the
existing dry mill /wet gravity separation plant to capacity (and more) and
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will replace the dry magnetic plant in this function.

Current Problems

The dry magnetic plants' machinery is largely worn out and spares are
not available. These are the only machines of their type operating in the
world. No tender has been awarded to date and old stocks of non magnetic

tailings from the early ilmenite operations are nearly gone.

When these are exhausted rutile production must be cut by half until
the new plant comes on stream, an estimated 18 months from award of
contract. Zircon production can proceed from an approximate 60,000 tonnes
of stockpiled material., Zircon however is a lower value product, so cash

flowwill suffer,

*Brief description of Products and Uses

Rutile:~ is a granular mineral, predominantly titanium dioxide Ti10 . It is
used for making titanium dioxide pigment (ti oxide pigment) by tﬁe?chTOride'
process and is the major component of most welding rod coatings. It is also
the main source of titanium metal via the Kroll process. For pigment and
metal manufacture rutile is first converted to titanium tetrachloride, Ti C1
(nick-named “tickle) by chlorinating with coke in a fluidized bed reactor.

World production of rutile is some 360,000 tonnes.

Zircon:- is granular zirconium silicate Zr Si 0 , a smaller grained version
of the gemstone zircon. It is used for steel ca:tings, for replacing silica
sand in mechanized foundrys, for ceramics and refractories. A small tonnage
is used in the manufacture of zirconium metal and zirconium alloys. World

production is around 500,000 tonnes.

4
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Iimenite:- a granular mixed oxide of iron and titanium, nominally Fe 0,TiO
but of varied composition due to solid solution and partial oxidization 6f2
the iron content from ferrous to ferric iron. Most Ilmenite is converted to
titanium oxide pigment by the "sulphate route" process either directly, or
after conversion to a high titanium slag with pig iron as a by product.
Recently increasing amounts have been converted to ti-oxide pigment directly

by the chloride process.

Another type of high titanium slag made from ilmenite is converted to
ti-pxide pigment by the chloride process and to titanium metal by the Kroll

process.

Minor uses are for adding to the iron oxide charge of iron hlast furnaces
for slag forming and protection of the linings; for ceramics; and for

we}ding rod coatings.

Some ilmenite is now converted to artificial rutile (ilmenite upgrading)
by removing the iron oxide content.. World production is around 4:5”miﬂ1inn

tonnes some of which is,strictly speaking, titaniferous magnetite.

Monazite:- is the phosphate of the rare earth elements plos tﬁoria; ThDZl
Its uses are too diverse and numerous to 1ist except to state that thorium is
a nuclear fuel used in certain reactors which breed uranium 233 feom tﬁbrium;

World production is around 20,000 tonnes.

Ti-oxide pigment:- the end product is arguably the most ubiquitous man made

substance, It has only been produced since the early 20s but;having shed some

early undesirable properties, is now found in a wide variety of products;
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paints, enamels, ducos, varnishes, opaqued plastics, ceramics, paper,
rubber goods, artificial fibres, wall and floor coverings, printing ink

and cardboard facing etc.

It is chemically inert, non poisonous and has five times the
covering power of its nearest rival in the white pigment field. It has
replaced its lead and zinc based rivals in all but a few specialised

fields. World production is around 2% million tonnes.

It should be noted that rutile, ilmenite and monazite are stritedic
minerals, Titanium metal producticn emanating from rutile and ilmenite is
small (90,N00 tonnes) compared with pigment production and only dates
back to 1949 but it is of vast military significance. In practice this
strategic significance is more of a nuisance than a blessing as it leads

to interference.

UNITED NATIONS ASSISTANCE AND INPUTS

Introduction

The scope of . the programme is set out in project document, the budget

and in the various position descriptions. Summarising :=

Scope of Project

A number of areas in the on going operations were seen as deficient.

These included mechanical maintenance, laboratory operations and separation;-.

In addition a need was seen to determine long term strategy, meaning

either better marketing for existing products or further processing of

ilmenite to produce higher value products such as high titanium slag,
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artificial rutile or ultimately, titaniup axide pigment itself. The

latter is the end product, the others intermediate in its production.

The production of titanium metal was not considered as this is a

high technology-and highly capitalized operation with sensitive overtones.

Whether the Corporation officials considered the UN teams functions
as these is another matter. It was difficult to have a meaningful dialogue
on Tong term strategy for a number of reasons, chiefly because the
Corporation officials involved were in Colombo preoccupied with other

matters and seemed to regard it as their business oniy.

Another major weakness identified was the material handling of the

finished products i.e. ship loading.

History of Involyement

CMSC applied for assistance to the U.N. in 1978 to assist them with.
their on going operations. This was largely at the instigation of a
consultant who was instrumental in writing the job descriptions; The
project was approved in 1978 and the first expert arriyed in the field in
late December 1979. This was Mr, King, Expert in Engireering Services;

The Yeam leader, myself, arrived in April 1980, Mr.Walter Harrach,
(Hungarian), Consultant, Electro Metallurgical Titanium Slag Production
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arrived in April 1980, for 2 months and wrote a report. Professor

Seppo Wilska, Consultant, Titanium Dioxide and Synthetic Rutile
Production arrived in AUGuSt1980 for €our months and also weote a

report on his findings. Mr. Arno Leskinen (Finnish), Expert in Mineral
Processing Laboratory Design and Management arrived in OctoPer 1980

and is due to finish his appointment in February 1982. Leave allowances

will bring this back to December 1981.

My own term ends on December 8, 1981, but leave entitlements will
bring this forward to late November. Total man month input will be

King 6 months
Little 20 months
Harach 2 months
Wilska 4 months
Leskinen 16 months

Total 48 months

Mr Jones

A materials handling consultant is also approved. (2 months)

UN inputs are scheduled to end in December 1981 unless there are

further developments.

INPUTS

Mechanical Maintenance

Mr. King drew up a scheduled maintenance programme which has been
partly implemented. He concentrated on mobile equ. ment maintenance which
is his particular field of expertise. He was not told to do otherwise. I
feel however, the main problem is in the maintenance of the separation
equipment where breakdowns and unscheduled downtime were afferting production.

This situation has improved somewhat due to the maintenance programme
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and due to training the maintenance personnel. There is a severe shortage
of trade skills due to poor training and lack of a mechanical background
in the maintenance personnel. Many problems arise from initial poor

trade work and snow-ball into major ones.

With the proposed new wet gravity upgrading and wet magnetic separation
plant the need for mobile equipment maintenance is greatly reduced. This
will remove a major problem as the foremen 1in the mobile equipment workshop
does not hcve the respect of the men who spend their time talking, sleeping
etc., only coming alive for overtime. The problem has been pointed out
many times without results by Mr. King.

It is recommended that Mr. Kingds scheduled maintenance programme

be fully implemented.

Iimenite Upgrading

Electro metallurgical Smelting - SLAG

Mr. Herrach's report is on electro smelting of ilmenite in electro
furnaces using locally prdduced char as reductant to produce titanium
slag suitable for either the sulphate route process or the chloride process
for making ti-oxide pigment. He drew upon the results at a large scale
trial smelting of CMSC ilmenite with Sri Lankan char at the All-Unian
Research and Design Titanium Institute, Zaporozhie, in the Soviet Union,
performed in 1976 and on the results of ﬁ feasibility study carried out by

a Hungarian organisation drawing upon the Soviet technology.
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He estimates “he&wwunt of pig iron produced as a by product and
-compares this withi the ~ountry's raw steel needs and gives an estimate
of its compaosition. He siites that the iron material coulc be converted
easily to the Steel Corpora tions needs which are about 50,000 « 60;000 t.p'..a..

Mr, Harrach zencludes that the project is "feasible and competitiye™
but gives no cost .estivnates sc that this project can be compared with
the other possible scenarios in terms of capital costs, operating costs,
balance of payments {(Fxports or Imports), return on investment and so on;
Nor does he indicate how the r~rcblem of marketing is to be handled.

I have doubts about the feasibility of using char as a reductant.. Sri
Lanka is short of timber and coconut char sells at a high pri‘ce: according
to a repcrt listed by Mr, Harrach, My feeling is that anthracite coal of
specified and known quality would have to be imported. Relying on a cottage
industry for char would yield varying quality and there would he attempts:
to dilute the char with worthless material to increase its weight. Dilutien
with calcium and magnesium is serious for slag destined for the chloride
process and the country has many limestone reefs and lime soils. For the

sulphate route process the presence of chromium and niobium is a proB.‘lem:

Pigment & Synthetic Rutile

Professor Wilska produced a report on manufacturing ti-oxide pigment
directly from ilmenite by the sulphate process and on making artificial
rutile (upgraded ilmenite) from CMSC 1‘1men1te; He examined a number of
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processes for the latter and gives details of them but favours the Benelite
process, mostly on the basis that it is an industrially tried process;

Others have never been tried beyond the experimental or pilot stage.

He goes further and proposes a scheme for integrating the ti-oxide
pigment plant with a sulphuric acid producing plant and with a proposed oil
refinery at Trincomalee. He points out that waste acid from the sulphate
process could be utilized in making super-phosphate fertilizer from phosphate
deposits at Eppawela., These deposits are currently exploited in a small
way by mining and crushing the rock and selling it as a fertilizer. Without

treatment by acid, nowever, phosphorous release to the soil must be very s1ow;(AFP.3

The oil refinery would provide sulphur if treating a high sulphur crude
and could produce ammcnium for mixing with the cuper phosphate fertilizer
for the manufacture of the more usual mixed NPK fertilizers incorporating

the three main plant nutrients, nitrogen, phospherous and potassium,

Professor Wilska's report is tlﬁ'ough. and gives the theoretical back~

ground, Some comments:-

1) It is difficult to foresee both a titanium dioxide pigment plant and

a synthetic rutile plant, The latter is an intermediate product in prodocing -
pigment and is of much lower value, $ 200/tonne against $ 1600/tonne for
pigment, Up tc a point the economics of producing any commodity improve

with the volume of output. Conversely there is a minipum break-eyen size

of plant below which the operation would lose money.' It is a matter of
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examining the yarious alternatiyes to determine which is the best in
this particular instance.

(2) Professor Wilska has dealt with the envirommental aspects of the
sulphate route pigment production and has suggested that much. of the
waste acid, normally one of the effluent problems, be utilized in making

a necessary product, fertilizer,

The government of Sri Lanka should be clear about the enyironmental
problem which has plagued sulphate.plants'overseas; The U.S}A; has not
built a new sulphate plant since the early 1950"s and many of the original
plants have been f]osed down, many due tec stringent pollution control
requirements. Du Pont de Nemours, the worlds ‘eading producer of pigment
had moved entirely out of sulphate route production into cﬁf§¥¥ﬁs,ﬁﬁéﬁixx¥5*"9
as feed. The normal feed for chloride route production is rutile and Do
Pont is one of only two companies which can handle the technological
complexities of thevflmenite feed, and has the necessary integrated and -
wide chemical industry base. '

Sulphate route plants have been :losed down by environmental agencies
(at least temporarily) in Germany, Italy, Japan and Framce. In 1975 the
EEC called for the phasing out of the process by member countvies-ﬁyx1585: '
This wi]i'not be done since the EEC has no powers to enforce its:call and
many countries question that they have a genuine pnob1eﬁy but it shows ™
how seriously the problem is taken in a world increasingly enyironment
conscious.

Also the product (gigment) is very nearly indispensitle so enyironmental

agencies usua11y content themselyes with. 1imiting outflow of po11ntants: A
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Thann et Mulhouse plant in France has had an artificial ceiling placed on its

output for this reason.

The problem, briefly, is that for each tonne of pigment made from ilmenite
(by the sulphate process] 2 tonnes of sulphuric acid (H SO ) diluted with
water; and 5 tonnes of hydrated ferrous sulphate, Fe 502, 74H 0 known as
"Copperas" must be disposed of,When dumped at sea, the4su1ph5ric acid is not
the main problem. As Wilska points out, sea water is -mi ldly alkaline from bi-
carbonate jons and the acid is neutralized. The main problem is the copperas
which oxidizes, when close to the sea surface, into hydrated ferric oxide, a
fine red rust, forming a suspension which can affect marine life. When

deposited into shallow water it stains the sea red and is washed up on the

shore 1ine as a red scum, particularly after heavy weather,

A way of minimizing this problem now adopted is to convert the ilmenite
first to slag by the electro metallurgical smelting operation. The iron content
of the jlmenite is largely removed as a useful product and it is not necessary
to add scrap iron to reduce the ferric iron to ferroﬁs. Hence copperas effluent
is reduced some 85 to 95% with the better slags. Also slag is more acid soluble

than iImenite so less acid 1is used and disposed of,

Slagging operations are carried out by Quebec Iron and Titanium Corporation
(Q.1.7.), at Sorel in Canada, by Richards Bay Iron and Titanium (fty) Ltd. in

South Africa, using Q.I.T. technology and at Zaparozhie as already mentioned,

Another problem is the sulphur dioxide (SOZ), sulphur tri-oxide (503) and
small amount of sulphuric acid given off to the air in the final "calcining?

operations.

The east coast of Sri Lanka has a special advantage for the sulphate route

Id

process. This is the proximity of the continental shelf allowing
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effluent to be piped into very deep water where the problems described are
not likely to arise, and the single wind direction minimizing wind carry

problems. Sri Lanka airports are built with only one rumnway.

3. It should be pointed out that chloride process producers claim that their
pigment is of inherently higher quality. In their process titanium tetra
chloride (tick}e) is produced as an intermediate producf. This is a liquid
and is refined by fractional distillation to a high level of purity so that
when it is reacted with pure oxygen there is virtually only titanium dioxide.
By contrast, in the sulphate process, many impurities in the ilmenite are
taken up along with it into sulphuric acid, and follow the titanium dioxide
into the final product. Also the addition of scrap iron adds more contained

impurities.

Harmful impurities are chromium, vanadium and niobium, since they colour
the pigment. Nothing can be done about this except to put a 1imit on the
waximm level of tﬁese impurities in the ilmenite used. The "Q" grade of
ilmenite from Quilon in India lost most of its markel when lower clireme.
iimenite became available. Q ilmenite commonly assays 0.15% cﬁromium—oxiﬂe;‘

€ro .
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Sulphate producers however, counter that there is no real difference between
the pigments produced by the two processes, given good ilmenite feed; Tﬁéy

dismiss the claim as a sales gimmick.

Foreign Partner

Wilska has, I feel rightly, pointed out that a foreign partner would be
almost a necessity. For the sulphate route plant package that Wilska proposed
capital of the order of $150 ~ $200 million would be required: Also necessary
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are expertise and, above all, marketing.

Pigment is made in at least 20 different grades differing in crystal
structure, rutile or anatase type; grain size(normally 0.3 to 0.5 microns);
and after treatment. The after-treatments protect the pigment from
photochemical reaction in sunlight which causes "chalking" and also from
reactions with the various chemicals used in the different pigment

applications,

Hence the customer needs high class technical advice and probably . the
assurance of buying a familiar brand name product. The producer needs
research laboratories to investigate customer complaints and problems and

to keep abreast of technical developments, partic ularly by riyals.
Neither the capital nor the expertise is likely to be available in Sri
Lanka and the product is unlikely to be sold successfully by the tender

board system,

Future Strateqy Scenario

The Harrach & Wilska reports need tying together. Pour tutore strategy

scenarios emerge,

1) Complete the proposed WGU & WMS plant and then stop large capital input.

Concentrate on marketing the ilmenite, rutile and zircon products as is.

Rutile and zircon have a market, if somewhat variable,and the iimenite

is a reasonable product close to the southern European and Japanese'markets:
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Its’ sale should present no great difficulty. See App (3

This strategy probably represents the greatest percentage return on
capital invested, but Sri Lanka needs hard currency for its balance of payments,

Processing of ilmenite to higher value products serves this need Better;
Or get a foreign partner(s) and:-

2) install a sulphate route plant for processing the iimenite to titanium
oxide pigment, Utilize the higher concentration waste acid to convert

Eppawela phosphate rock to superphosphate. Construct a sulphuric acid plant
with excess capacity for the acid needs. The remaining production can form the

basis of a chemical industry.

3) Additionally install an electro smelter to convert the ilmenite te high

t
titanium slag - -~ = and iron. Use the -iwen. for the countrys now imported
App. 2
steel needs (fairly simply arranged). The sulphuric acid plant is again

required and the same comments regarding waste acid apply.

4) Additionally to 3 install a pre-reducer to largely reduce the iron oxides
content of the ilmenite to metallic iron. This requires imported coal but
reduces the number of electro smelting units by 60%, reduces their coal
requirements and reduces the electro smelting power draft by 60%.

These proposals are shown diagrammatically in the appendixs 4,5, «6

Each proposal has to be assessed for capital expenditure, operating




- 27 -

costs and personrel requirements, the latter to include the various levels

of skills. Also the environmental effects of each should be assessed;

"~ Then the decision can be made as to which proposal best fits the
circums tances énd a flexible basis for negotiation drawn up for approaching
foreign partners, 1 have attempted to do this as shown in the appendix but
it needs more work. The figures are not intended to be final. One possible
difficulty may be in obtaining Soviet technology but there is the Q.F;T.

alternative availabie,

A number of scenarios have been rejected. These are listed with brief

reasons,

1) Sit tight. Dont do anything. Don't go ahead with the wet gravity upgrading

plant and wet magnetic separation unit.

Not advisable because current rutile and Zircon production, the main cash
flow producers must drop by half, This will make the operatinn‘marginaT; The
high grade beach reserves will eventually be worked out and tfie existing plant
cannot handle the lower grade reserves.AIXmenite sales will continue to

decline, unless markets are actively sougnt,

2) Install more dry magnetic separation capacity. This briefly- solves the
rutile and zircon production problem but not the high and low grade problem
above. The present machinery is nearly worn out and is obsolete, It reguires-

more power input than wet magnetic separators of the same capacftyQ
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3) establish a synthetic rutile plant.

Wilska has examined many possibilities and rejected tﬁem; He proposed
the Benelite process,but this has proﬁ]ems; The Kerr Me Gee plant at
Mobile,Alabama was closed down at least partly due to technixcal proE]ems:
A large benelite plant is being established in India and already; before

commissioning, the outlook is poor..

The commercial process with. the best track record; the Western
Titanium process at Capel, Western Australia may not be available for

Ticencing.

Synthetic rutile also is an intermediate product of moderate valoe
requirdng an expensive plant and a high level of tecﬁnology: the latter
more so than for a sulphate route pigment plant. After 60 years of*
operations most of the problems with. sulphate route production are Khown;
Any plant presents a problem in the comissioning stages, the sulphate

plant probably Tess than for a synthetic rutile plant, all of which have

given problems on commissioning,

4) Establish a chloride route plant to make ti-oxide pigment from ruotile

and ilmenite,

The capital requirements are high. and the technology is known to only-
two companies to my knowledge. They are not Tikely to be partners. Aiso
this ilmenite is not particularly suitable. A higher Ti 0, is preferred.
(See appendix 13)




Although under US Law Du Pont de Wemours which developed the chloride
process in the late 50s, has to licence its use by other companies, this
applies only to the information available from patent applications. They
do not reveal "tricks of the trade" knowhow and a number of companies
have tried unsuccessfully to adopt the chloride process which is only
superficially simple. Some have failed and some have been nearly broken

in the effort.

Team Leader/Expert in Mineral Sand Processing

The team leaders function is outlined in the job description and two
tripartite review reports have been submitted. This is the final report on

his activities.

However a number of extra duties were required, First the process of
comnissioning the dry mill and wet gravity separation plant had not been
completed. This was an immediate problem and needed attention: Second the
tenders for new plant as described had to be evaluated and negotiations:

held with the suppliers. This took some time also.

Expert in laboratory Design and Management _

Mr. Leskinen arrived early QOctober 1980 and is due to complete his- term-
in December 1981. One aspect is the non-arrivg1b?; Jaboratory: equipment
ordered in January. UNDP Colombo is understarda/concerned at this equipment
arriving without an expert in the field to supervise its insta11atinn: Some

equipment has now arrived.

Mr. Leskinen will write a report on his activities.
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Other inputs

The main UNIDO input was technical expertise and advice. Equipment and other
inputs were minor by comparison. The equipment budget was $31,00Q at the last
revision dated May 1981. This is mostly in laboratory equipment necessary to
upgrade laboratory services. A number of standard text and reference books
were purchzsed for a plant library and formally taken into stock by the

Corporation,

These are the types of books which normally form part of a professional’s
private library for constant reference. However pay scales in developing
countries do not allow the purchase of such jtems which can represent a large
portion of a years salary; so engineers, chemists etc. u ially struggle on
without them. They represent a good investment for aid agencies and for the

Governments themselves, and it is recommended that the Tibrary be extended.

Budget
The reVision of May 1981 shows a total budget of $ 282,583 divided
accordingly.
allocated
11. Experts 46 man mont:s 237,483
13. Support personnel 2,000
15, Experts travel 5,000
16. Other personal costs 2,500
31, Fellowships 2,000
49, Total equipment 31,000
52. Reports - ca_3,000
282,583

This includés 2 man months for a Consultant in Materials Handling

but does not include a n extension for the Laboratory expert, partly made
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necessary by the non arrival of equipment on schedule.

There have been some savings on the budget.
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REVIEW OF OPERATIONS

EXPLORATION

The first question any prospective foreign partner will ask is "What

are the reserves?", At present this cannot be satisfactorily answered.

Recently a team from the Netherlands was engaged to conduct an
exploration programme. A team of three expatriates assisted by local labour
spent some 3 months in the field. They brought with them a mechanical
drilling rig mounted on a trailer capable of being towed on site by their
“range rover" vehicle. They set up a section in the Pulmoddai laboratory
and analysed the samples, with local labour, by sink float separation in
bromoform, a liquid with 2.9 specific gravity. The heavy mineral "sink"
was forwarded to the Netherlands for analysis by quantitative x-ray
fluorescence spectroscopy, a fast instrumental technique capable of
determining the heavy mineral breakdown i.e. what percentage ilmenite,

rutile,zircon, monazite etc §s 1in the sample.

10 million rupec. was budgeted for the work, which was to delineate
reserves identified in a scout type survey by the Geological Survey in

1979.

An interim report and a full report are awaited.

AN

T have my doubts as to the worth of the results for two reasons. First

the type of drill,and second the wide grid.

The mechanical auger drill had a Tong screw flite, The auger was lowered
into the ground and the drillings scraped away as they emerged on the

surface. When the maximum depth required had been reached, the drill was

T
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withdrawn and material adhering to the drill was removed and added to the
sample. Samples were taken for different depth intervals but, in fact,it
could not be said with certainty that material emerging at a given time
was from a particular depth, Material emerged Z:at the surface at varying
ratesand, in some instances, the drill advanced for considarable distances
without any material emerging .-at all.. -~ There was also the
possibility of material from different layers mixing on the way to the
surface. A "Proline" drill of this type was tried and rejected in
Australian mineral sand practice many years ago. It was found that the
results did not correlate with those of a hand auger drilling, the normal

method.

The hand auger takes a core sample, normally 2 feet at a time. After each
two foot increment in depth the drill must be raised, the core removed and
the bit re-lowered adding extra lengths of shaft as required. With high
labour costs it can be imagined that this procedure is expensive and the
faster mechanical method was not rejected lightly. With the core taken by
the hand auger the sample can be positively identified with. a depth interval
and there is no cross contamination between different depth intervals
unless sloppy procedure is adopted. Results correlate closely with results

obtained when the area is mined.

There is now a mechanical type of drill in use but it too takes a core
which is forced up a hollow stem with compressed air, It was not adopted
until after extensive trials showed the same results as with hand drilling

were obtained,

In Sri Lanka conditions the hand auger is quite suitable because of the
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Tower laboor costs and the need to employ un-skilled people.

Secondly the grid used was coarse. The closer the grid the more holes
drilled and the more accurate the results. The object "is to make the grid
as coarse as is consistent with accurate results or the desired accuracy
of resu]ts; Scout drilling is done on a coarse grid, but the results
obtained are not claimed as "prcyen" reserves. "Proven”, "Probable" and
“possiﬁ]e“; or the alternate classification "measured”, "indicated" and
finferredf applied to reserves are terms with a legal meaning. It is, for

. ’ . . » »
instance, an otfence to desciribe reseryes as proven in a company prospectus

if the term does not apply, To'prove”the deposit the grid is closed up, usually

By dril1ling lines and rows of holes hetween the original Tines and rows.

What constitutes a“coarsevofafiné"grid depends on the variability of
the deposit. A large deposit of uniform grade can be proved with a
relatively few holes on a coarse grid. Mineral sand deposits are wave
taid and have lens concentrations parallel to the shore. A typical fine
grid is 10 metres transverse by 40 metres along, and this is closed up to

5 metres by 20 metres if there is a large variation in grade.

Hence it is hard to describe a grid of 100 metres by 200 metres as a
fine grid. In one case the grid completely straddled a Tow dune likely to
contain mineral values and the previous survey showed that there is
considerable grade variations in 100 metres in many cases as, for instance,
holes AHI08 to AH103 near the plant site which are approximately 100

metres apart,

The Corporation needs an internal exploration division to delineate
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reserves in the Pulmoddai area i.e. from Mullaitivu to Nilaveli and to
investigate deposits elsewhere, Deposits are known to exist at Dondra at
the extreme south of the island where 20% rutile in the beach makes it
the richest known rutile deposit. It is, however, small, There are dune
deposits in the south of some size indicated to contain 5% rutile

mixed with much fine garnet, (information from Geological Survey) and
this also makes them rich when it is considered that on the east coast
of Australia dune deposits containing as little as 0.3% heavy mineral
with 0,12% rutile are economically worked. There are also small areas of
rich monazite deposits on the west of the island at Kalutara a::;::utha

These have useful amounts of rutile and zircon and ilmenite associated

with the monazite.
There is even a thorianite deposit with contained uranium at Indurawa.

These deposits all need delineating for the Corporations information
and that of prospective partners. .Ia - normal practice it is usual to
take exp]orations'on1y to the "probable" stage unless mining is due to

take place’'within the next three years,

An exploration division would consist of a leader, probably a geologist,
a surveyor for laying out the grid lines and plgtting the results, a
draftsman or tracer to assist him and a number of 3 man drilling crews,
probably 4, The techniques are adequately dexcribed in Eion McDonalds
hﬁhnua] of Mineral Sand Mining“avai1ab1e from the Australian High Commission

published by the Foreign Affairs Department.

The laboratory would need to be able to process 200 samples a day by
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sink float separation in bromoform or TBE 1iquid and would need grain
counting facilities (now developed) to analyse the sink fractions. A
mineralogist would be very helpful in this regard and for mineral

identifications generally.

One argument against having an internal exploration division is that
overseas investors would have no confidence in its findings. They would
suspect an attempt to inflate the reserves oy that the drf11ing crews had
spent the day in a trees'sbade.presenting, at the end of the day, "samples"
Trom holes that were never drilled. The latter, and sloppy procedures,

can conly be stopped by good supervision,

The confidence problem has arisen many times when companies seeking
capital or changing from private to public companies present a prospectus
or when one corporation "takes over" another. What then happens is that the
internal exploration findings are checked by an independent consulftng
concern which presents a report. It is.only necessary for the consultant
to put down a relatively few: holes alongside some original bore holes
chosen at random., Discrepancies are soon apparent so the original results

are easily checked,

T Drilling results are presented as a bore plan showing heavy mineral
values above and below water table and the type of bottom, silt, clay, rock
etc; and also on cross sections with the HM assay of each 5 foot or 2 foot
increment shown together with the water table and bottom. The vertical
scale of crnss sections is usually exaggerated and the value ranges are
colour coded, 0-5% H.M., 5-10% H.M, etc. This greatly assists in mine

planning,

Again, the technique is adequately described in the McDonald manual.
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Other information required is grain sizing,both of the heavy mineral

ﬂ grains and of the quartz grains or any other light mineral grain, i.e, "floats".

- < \s\
- o e b
The Geological Survey exploration programme in 1979, while limited in
scope as already stated, investigated some 45 miles of coastline centred on
Pulmoddai and identified new areas of mineralization., The cut of{ grade was

set at 5% heavy mineral (S.G.> 2.9) which is an economically realistic figure

but, even with the new wet gravity upgrading plant, is beyond the range of
the Corporafi‘ons equipment. The new plant will be able to accept feed down
to about 30% heavy mineral. The present cut off grade is set by the equipment

available, not economics, and is about 80% H.M.

The areas of mineralisation identified were at Nayaru 16 miles NeW of
the plant at Pulmoddai; Pudavakaddu, 7% mides= SSE; and Thevikallu 1 5% miles
SSE. These deposits extended upto 1% miles inland. In other stretches of
coastline there was mineralisation but in a much narrower band, generally less

than % mile wide,

The report gives the following figures,

Locéﬁdﬁ No; of Area of  Average Average H.M.
holes depogit  thickness H.M. % tonnes
&.pits .. in acres .. - feet (mwtrs) mitlions

Theyi%a11z 40 631 7.21 16.1 1.78

(35,5 wls senth] (2541 (2.20)

(7% mls south] (587) (2.10) :

Nayaru 13 1316 7.7 18.4 1.09

(16 mls north) (127), (2.36)

Remainder 61 3578 6.4 10.3 5.74

excluding present (1433) (1.95)

mining area,

12.92
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By my calculations, working on the areas, depths and KM, 'percentages
given,the tonnes of.HJﬁ.given are about 6% high, but this is of little

consequence,

Drilling was done only to the water table because of the hand auger
used, so, in most cases, the holes finished still in heavy mineral values.
If a "sludger" had been used in addition to the auger to sample the
material below water table, the reserve figures would undoubtedly be a lot
higher. Mining is not confined to material above water table so there is

no reason to reject values below water table.

There was no analyses done on the heavy mineral to break.it down into
its constituents, ilmenite, rutile, zircon etc. so it is not possible to
state with any certainty the reserves in terms of these minerals, ¥ the
relationship between the minerals is as at Pulmoddai i.e. 72% ilmenite,
7.7% rutile and a similar amount of zircon these 'new' reserves amount to:-

9.3 mt ilmenite

1.0 mt rutile

1.0 mt. zircon
(see note above)

The 'o1d’ reserves in the 53 mile stretch presently mined between

Kokalai to the north and Arasimalaji (the headland 1 mile to the south) amount

to some 5 million tones of heavy mineral at a higher grade.

It is again emphasized that these figures must be taken with caution as

they cannot be claimed as 'proven' reserves.

"= ~Wet:Bravity Uparading and Wet Magnetic Separation Plant

One of the tasks which befell the UNIDO team (at Corporation request)

was the assessing of tenders called in 1979 for the above plant. This was
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on the basis of a tender document drawn up with the aid of previous
consultants who recognised the need for such a plant. The reasons have already

been given.

A separate tender was called for“part C"meaning a pipe line system to
transport raw sand feed as a slurry from the mine site to the plant site, pres-
umabiy next to the existing "washing plant" used occasionally to remove
slime content and surface coatings from back deposit material, The tender
document obviously had in mind that this washing plant be incorporated. In
addition, a godown to store 150,000 tonnes of ilmenite product was called for,
although it is difficult to'see what is thé point of storing ilmenite in a
$2 mi1lion plus godown if there is no prospect of sale. When that godown

fills up,then what? Do you build another?

It is not now intéaed to build a godown unless there are sales prospects .
Alternate arrangements for storing using traditional skills have been proposed

as described in the separate report,

The tender evaluation turned into quite an undertaking as negotiations

with the tenderers had to be entered into as none of the original tenders
fulfilled the Corporations requirements., Four tenders in all were received and
negotiations were conducted with all tenderers, although one tenderer would
appear to have been out due to high cost and another due to technical

deficiencies.

In evaluating the tenders a technical committee was appointed, Evestually
1 was unable to agree with the Committee and submitted a separate :report to
tEE.Ministby; The wain point of contention was the technical ability of one of the
tenderers to construct the p1ant; Both. the original tender and revised tender

sfiowed serions techinical deficiencies and lack of understanding of the problems
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involved. This was to such an extent that it was difficult to imaging a

successful plant being built by this tenderer,

- The point was resolved when it was agreed that the tenderer would be
required to retain the services of a consulting firm to supply the necessary,
but missing expertise. This consultant happened to be the same as that
retained by mnother tenderer. I do,however, question the assumption that
seems to have been made that the same technically accaptable proposal will
now be offered at the lTower price., For ethical reasons the consultant must
now place a completely new team of people on the tender and draw up an
entirely new proposal without these people even looking at the original

proposal,

Two long reports were written on the tender and a number of supplementary

reports. These are available,

At date of writing the tender, to my knowledge, still has not been
awarded and this will invariably mean a period of reduced rutile production as
the new plant is constructed. It is estimated that construction will take
at Teast 18 months from date of award of tender. The total cost of the
project, some $10 million, obviously exceeded original estimates, so a

financial justification was done. (appendix io)

Some aspects have changed in the 2% years or so since the projects
parameters were set in the tender document; Chief among these is an
escalation in electric powkr costs, previously amongst the worlds cheapest,
and the realisation that the capacity of the available electric supply fis
limited. The Pulmoddai substation has a 3 MVA capacity but the line supplying

it does not . unless 11 million rupees is spent on a

paralletl line.
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The projected electrical load is made up thus,

KVA KW Ku
drawn installed
Present peak load, Pulmoddai plant 950 650 -
plus " " " Yan Oya pump station 110 80 -
less Dry magnetic separation p]ant(existing) 140 85
plus sea water pump (existing) 75 55 75
plus wet gravity upgrading and wet
magnetic plant 900 est. 630 est. 750-1090
plus pipe line system part C 850 est. 550 est. 780-900
2745 1880

The load drawn by the new plant is uncertain as installed K.W. figures vary
with different tenderers, but it can be seen that the total load is beyond
the capacity of the power Tine. The KVA Toad can be reduced by installing
power factor correction capacitors for a cost of 500,000 to 600,000 Rs, to
bring the power factor up from 0.68 to 0.95. Then the load above should be
within the lines' capacity; but there is some uncertainty in the above figure
and it must bz remembered that at some time in the future, a tailings line
will have to be added to depesit the tailings back at mine site. Only a
short line is required for quite some time but eventually a line drawing
about 300 KW must be added. There will also be an increased domestic Toad as
more workers will be needed and alterations in the present dry mill and wet
gravity separation plant will add further load, so it is easy to imagine the
lead cree#ing opto the 2500 KW mark, That would also almost certainly be
beyond the capacity of the line and the transformer system as well as
representing a large operating cost with power currently at 60 cents per unit,
plus- 25% foel adjustment, plus Rs;22 per month per KYA maximum demand. The

power Bi11 would then be about 1.25 million rupees a month, assuming no
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increases in rate; and could erode profit margins if there was a
substantial increase as during the recent power cut period when the unit

cost rose to Rs.2/unit.
Hence need of cutting power consumption must be found.

It has been proposed that the pipe line system be dropped from the tender
and that the plant be fed by tractor trailer units as at present. This
presents serious problems both in cost and in logistics. To feed 120 tonnes
per hour to a plant from 3 miles distance requires 60 tractor trailer

units on contract. There would be congestion at the loading point and it
would not be possible to cycle the units through the weighing and unloading
operations at a rate of one a minute. The weighing operation alone takes

2 minutes and the existing facilities at the unloading point do not have a
capacity of 240 tonnes per hour as required; nor is there storage capacity
to tide the plant over the midd1eﬂof the day period when the noon-day heat

is=teo-harsh on the 1abourers,.stopbing onerétions.

In addition the mobile equipment workshop facilities would have to be
greatly expanded,as even contract equipment draws upon them. There are

enough problems now with maintaining mobile equipment without adding more.

The best way to handle the problem would be to make the wet gravity up-
grading plant and wet magnetic separation plant mobile, so that it moves
to follow the mining operations as they progress, :hence. for the 3 mile
stretch that is to be mined there would perhaps be 8 plant sites, so that
neither feed nor tailings would need to be pumped more than a short

distance.

The procedure is common practice. The separation plant is mounted on
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skid bases so that it can be towed {or winched) by bull dozer. Mining is
done with a Tow leyel feeder, sometimes known a= a pot ﬁoler: or with a
front end Toader fed unit and the plant tailings are deposited directly to
previously mined areas. A levee bank is made across the mining pit behind
the feeder unit and a pumping unit collects the water draining from the

tailings to be recycled to the Tow level feeder to slurry the sand feed.

The procedure is the same as described to the vapious tenderers, except that
the Tong pipe line system is omitted. In will be necessary however, to instal
a three mile 11 KV power line with a trifurcating pole and with an 11 KV/415V
3 phase transformer unit skid mounted to supply the wet gravity upgrading and
wet magnetic separation plant and mining system and to supply copious sea
water to the plant for washing the sand. A pumping unit will be required to
pump excess 1ter from the WGU & WMS plant back to the small lagoon adjacent
to the present washing plant if pollution of the sea or adjacent Kekkilai
lagoon is to be avoided. Such pollution could have disastrous conseguences,
kiliing sea life and rafsing the ire of the fishing communities Tiving at
Kokkilai. Large bo~e pipe 1line (12") should be used to minimise power

requirements.

Only the relatively small amount of refined products, ilmenite (if there
is a sale for it) and the non magnetic concentrate need then be carted to the
I moddai plant. Tractor trailer units may be used but a small gaoge railway
should be seriously considered as these usually represent the cheapest means:
of moving moderate tonnages over short distances.

It should be pointed out that the WGD and WMS piant has excess capacity.

Operating 7000 hours per year, a not unreasonable expectation, the plant has
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the capacity to produce 230,000 tpy ilmenite and about 50% more rutile and
zircon than the dry mill can currently handle. During the years to 1984-1985
however, there will be power cuts and it is proposed that the electrical

load of the WGY and WWS plant be shed while CEB power is off, The plant will
then have the 150,000 tpy capacity called for in the tender document.

Ex§sting Separation Plant

*Dry Magnetic Separation plant

The dry magnetic separation plant is due to be phased out with the new
Wl and WI.S Plant and there is 1ittle incentive to improve its operation.
The equipment is in poor condition, The grooves on the rolls,which give the
convergence of magnetic field necessary for separation,have largely worn
down:and the rotors need regrooving and, in some cases, roll replacement.
Parts are not available as these are the only machines of their type in use in

the world and their manufacture has long ceased.

Dry Mi11 & Wet Gravity Separation Plant

It was understand from the job descriptions, the project document and
the various briefings that the above plant was fully commissioned. It had
commenced operation in 1977, This, however, was not the case and some months

were devoted to the urgent task of completing the commissioning process.

There were serious losses in the rutile circuit and useful zircon
production was almost nil, Some zircon was produced but of substandard grade,

That rutile product which. was produced was to standard grade.

Incredibly, most of the rutile loss , amounting to over $2000 per day,
was caused by the non availability of some 1 7/16" inch roller bearings for

use in the Carpeo magnetic separators in the dry mill, Such an item would be
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easily obtained by a Maintenance Superyisor and a Purchasing Officer who
knew bearings in a developed country. Here the problem was of long standing
and not on the way to solution, The American supplier, Rexnord of the original
bearing type could or would not supply within 6 months. An equivalent was
worked out by UNIDO personnel and bearings obtained by air freight from
Singapore, but not before both the Team Leader and the Chairman of the
Corporatidn had spent much time personally cn the problem., It seemed to be
beyond the scope of the personnel who were handling the problem or they gave
up too easily. The fact that there is no effective communication bet.een the
Colombo Office where purchasing is handled and the plant did not assist. If
a telex system was working it would be much simpler to :#i& down suppliers

and Colombo office officials without having to write letters.

This is an example of how normally small problems become big ones. Good
technical knowledge in purchasing personnel is important, especially if they
are not in easy daily contact with the person writing the requisition who

should also know exactly what is required and what .are the alternatives,

The larger part of the rutile loss problem was solved when replacement
bearings were obtained, The Tosses were further alleviated by installation
of two new;magnetic separators of a more modern type at the annual shutdown
in January"?gk present losses of rutile in the dry mill ilmenite amount to
less than 5% by assay compared with 50% previously. It is doubtful whether

significantly better results can be obtained.

Dry mill ilmenite~

The dry mi1l ilmenite was assayed separately from iimenite from the dry
magnetic separation plant. It was suspected that this ilmenite (dry mill

ilmenite) being less magnetically susceptable, contained oxidized ilmenite
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not suitable for the sulphate procegs. This was so. It also has a signifi-
cantly higher titanium ox’ZJe [Ti Q') content. Also the dry mill ilmenite is
significantly higher in chromic ox?de (Cr .0 ),a feature buyers do not 1ike.
It was "ecommended that 8his ilmenite be s%oied and, if possible, sold
separately. If not, then it should be dumped.

Zircon product

According to design the dry mill was to produce zircon in both premium
and standard grades with recovery of around 50% (rutile recovery is much higher)

The accepted standards for these grades are

standard ~ premium
Zr.0 ' 65% min 66% min
Ti 62 0.30% max 0.10% max
Fe. O 0.10% max 0.05% max

22

There is very little market for zircom of lesser grade than standard.

Zircon was being made but of much lower grade than standard (about
0.7% Ti 02) and recovery was low. The standard grade was achieved and premium
is possible in all but the Fe2 03 content limit.

The Fe2 03 content is attributable chi.r"y to a Timonite and goethite
coating on the grains which must be removed by attritioning and chemical actidn..
A circuit is set aside for this purpose. The circuit was set in order, slowly,
and trial runs commended.

Unfortunately the locally made rubber 1injﬁg of the attritioner cells and
paddles soon 1ifted off and, at date of report, epoxy paddles are being
produced. It is still doubtful if premium grade can be achieved as 0.05% max
Fe2 03 is a tall order and can only be achieved by proper operation 6f both
attritioner units, the existing unit in the wet gravity separation plant as

well,
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Results were obtained from change in electrode positions in the ES-senarators,
from attention to tonnage loading on the rolls and by temperatare control. In
addition utilisation of the screen plate separators was increased:

The plant can now produce 24 tonnes per day of a good standard grade
Zircon product which amounts to 50% recovery. The losses are in the tailings:
of the zircon wet tables where rejection of quartz creates~proﬁ1ems: The
tables must treat a zircon concentrate containing 10% quartz and rednce this
to less than 1%, Much zircon is lost in the process, A further fault was
corrected b§7§1§22§r cut on the tables in addition to concentrate;‘miﬂdTTngs
and tailings cuts. Previously excessive water was going to the small tailings
bin and carrying quartz as it overflowed to the wash'water bin in the closed
water circuit.

This wash water returned to the tables and entered the concentrate stream;
with the quartz, both directly,and via the water added to the concentrate
Taunders to assist their flow. Hence separation performed on the tahle was:
being undone.

Wnen the proposed WGU and WMS plant is commissioned a much Better grade
of concentrate will be presented to the existing wet gravity separation p1ant;
Instead of receiving feed at 60% heavy mineral grade it will receiye feed at
95% plus. This is as high as it currently outputs its concentrate., Its
requirement will then be greatly reduced and it should Be abile to aptput its
concentrate at 99% plus grade allowing the feed to the zircon wet tables to
be 98 to 99% heavy mineral. The zircon tables will then have a much reduced
function and zircon recovery should rise to above 75%, becanse it will not be
necessary to reject so much zircon in eliminating the 4uartz:

Wet Gravity Separation Plant

This consists of spiral and Wilfley wet shaking tables plus a Stokes

o
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Hydro-sizer to divide the feed material into coarse and fine fractions. The
hydrosizer is not essential for separation; For a trial period the mill was
run on unsized fecd taking all the material into coarse by reducing the
upflow current on the hydrosizer which carries the finer and lighter particles
up into the overflow by rising current efféct;

The hydrosizers function is to reduce the amount of minus 200 mesﬁ.iﬂe;
minus 75 micron size rutile in the normal rutile product:, $ince mest rutile
finds its way into chlorinators for pigment and tftaninm'ﬂetaI'mannfactnre:
(Some 20% of it is used for welding rod coating but here too,a coarse product
is preferred.) In the fluidized bed chiorinator the minus 20Q -meshi-material is
a nuisance being carried away with. the rising chlorine currents:

There is a market for both fine rutile and fine zircon separately in the
rutile flour and zircon flour fields.

The hydrosizers performance is yariable because the pressure of watar
supplied to it is variable. A new water pump for its sole 5upp1y-ﬁas-
contemplated but when the water circuit is inspected i¢ is foond that the
original provision was quite adequate if water is conserved: In particolar,
on the spiral separators wash water taps are either not working or are torned
full on resulting in water running to waste. Attention to detail in the
water circu{t will result in sufficient water being available for hydrosizer
operation,

The fihe fraction is generally small and makes up only- aboot 10% of the.
concentrate deposited in the concentrate storage shed, Runs- on fine material
in the dry mill are infrequent as it is usually not possible to make a rutile

product in one pass through the mi11; This is of no great consequence
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as the amount involved is small and can be discarded, or rerun when enough is
accumulated.

The coérse wet gravity separation ci+§uit is not performing well for a number

of reasons.

1. 1nsuffi€§ent stroke on the wet tables; It may be that modifications. are
necessary if the stroke is to be increased.

2. “The rubber linings on the spiral separators are: worn.

3. “Poor standard of operation. Workers in the plant seem to have no idea what
they are supposed to be doing.

4, At times more tabling capacity is required, This can be supplied by
u tiTising one of the fine tables which is always available. A 0.75 inch
hole cut in the bottom of the steady head distributor will provide 10 gallons
per minute of feed which can be conveyed to the fines table via a 1% inch round
plastic launder, The direction of the cons, mids and tails launders
underneath the table needs changing accordingly.

5. operation invariably falls off on the afternoon and night shifts.

While something can be done about all aspects mentioned above major
alterations are not called for since the problem will solve itself when the
new WGJ and WMS p1ént‘is cmnnissioned; The problem is, specifically,

a, the grade of .concentrate emerging from the mill at 95% is too low,

b. Tlesses of rutile and zircon from the circuit are too high.

Main Dryer '
The main dryer DR 401 has an incredibly complex combustion system, It was

intended to produce é reducing atmosphere in the dryer which assists high
tension roll separation, but this effect can be produced in a much simpler
fashion by visual control of the air fuel mixture. It is best to observe the

flame from a peep hole at the opposite, feed end of the counter current dryer
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and adjust the flame Trom observations., A bright narrow flame is oxidizing:a
dull, red spreading flame with just a wisp of brown smoke emerging from the stack
is a reducing one. The effect can be obtained by cutting back the air supply in
a "Major 30 burner",if necessary by restricting air supply to the blower. Such
burners have a single lever control which is easily connected to a pneumatic
actuator worked from a pnewmatic controller which takes its signal from the

dryer outfall temperature.

A fan and cyclone on the exhaust system is unnecessary. A natural draft
steel exhaust stack with a butterfly valve damper fitted is all that is necessary.

The stack should bes of at least 24 inch internal diameter,

The present control system is too complex and has not worked to design from
time of commissioning. Even the team of experts sent out from England could not
make. it function. It has only ever worked Yafter a fashion" with, from time to
time, some complicated instrument ceasing to function and remaining so. Spares

cost $60,000,

Eventually it will cease to function altogether and then production will

stop.

It is recommended that the small fire box be replaced by a brick lined fire
box of similar internal diameter to the barrel of the dryer and that aﬁipjor 20 or
major 30 burner with single arm control be installed. Armstrong Holland should be
able to supply such a unit working from the original drawings. A natural draft
exhaust system should be fitted., This results in a considerable fuel saving. The
consumption figures should range between 1 gallon and 2 gallon (imp) per tonne of
material dried.A figure near 1 gallon per tonne can be achieved but not with an

excessively reducing flame.




Maintenance

Mr. King put together a very comprehensive preventative maintenance
programme and this has been partly implemented. He concentrated heavily on the
mobile equipment maintenance, since this was his field of expertise and for
want of better guidance. He arrived nearly four months ahead of tther team
members.

The mobile equipment maintenance does indeed leave much to be desired. Of
the eight Corporation owned tractor trailer units it is rare to find 3 operational.
However the position is not likely to improve until organisational changes are
made to the workshop. The foreman does not have the respect of the Jen who do

as they please. This was pointed out by Mr; King and has since been repeated.
However there seems to be some problem in replacing Rim.

When the WGU and WMS plant is commissioned there will be less need ¥ mobile
equipment, since tractor trailer use will be decreased; But if the plan to use
tractor trailers to feed the plant is implemented there will be greatly increased
demands on the mobile equipment workshop and its staff and facilities will
need increasing. It would then be critical to improve its organisation.

Hopefully it will be possible to dispense with the problem-personnel. on
downgradihg the operations.

The main maintenance problem however is the separation equipment in the
dry mi1] and wet gravity separation plant where breakdowns contribute greatly.
to lost productions; Plants of this typé can, and do, operate.witﬁ:avafia-f
bilities of 98 and 99 percent., This is the result of planned maintenance
which need not, however, be fonma11y»p1anned; A single plant fitter with

enough experience and cunning can see problems before thay start. In this
case lack of trade skills leads to problems snowballing. A fitter fails to

align a V velt drive on a slurry pump and overtightens the belts, so the motor
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bearing fails, but not before "screaming" for days. Noc one notices, so the
motor burns out because the tbermal overloads are not set correctly. This in
turn causes a problem 1ike 'sanding' a bin and causing another pump motor to
butn out; and so on. The electfical workshop gets a collection of burned-out
motors in this and similar ways.

The only cure is improved trade skills and vigilance on the part of
maintenance and operating personnel. There is usually some warning.

It may be added that the level of staffing in the maintenance sections is

higher than for similar plants in developed countries, but this is not confined

to the maintenance sections. All sections appear overstaffed by western standards,

particularly in unskilled personnel. This certainly helps with the unemployment
problem; but not necessarily with operétiona] and maintenance problems as many
men can do one mans job worse than he alone can.

Before leaving Dry Mi1l and Wet Gravity Separation plant operations it is
necessary to point out that the present Supervisor, Mr Fernando, is overpromoted.
Many of the problems described arise from lack of leadership. He cannot see his
way around small problems and expects consultants to spoon feed him with solutions,
virtually taking over the running of the operations. This officer has a pleasing
personality and could adequately fill a Tower position. He may well develop with
more experience. For this critical position. however, a person with a more semior
outlook is required.

The Toading jetty is in  danger of ccllanse.. It has been damaged by high
seas and by impacts with tugs and barges and in places the tension reinforcement
of the RC construction has been exposed and corroded away. A contract for repair
work has been let with another Corporation But there has been no action. It would
be disastrous for 1oadin§ operations in 1982, but preferable to haying the jetty

collapse while men and machines are operating upon it.
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Morale

There is a morale problem at Pulmoddai which manifests itself at most
levels. Several senior staff positions remain unfilled after staff members
have left, often openly stating their dis-satisfaction.

At junior staff and worker level there is general slackness. Workers
don't seem to know their jobs and it is hard to instruct them through a
language barrier., Officers concede there is a discipline problem. Sleeping
on the job is an obvious one. However, they contend there are special problems
in maintaining order. Classic sacking offences go unchallenged because, they
c1aim, it is extfeme1y difficult to sack anyone,

The problem goes beyond this,however, as the workers don't identify
with the Corporation, as they should. They are looking after their own
personal interests without recognizing that, if the Corporation performs well
(along with others), it is better able to give them a comfortable living and

a few of the better things of life. - =~ ..~ ... 2T Ty

A particular complaint is that there is not enough delegation of authority,
"Officers are treated like school kids". Certainly senior staff seem to spend
their time endlessly signing paper work. While there is no doubt,need to guard
against pilfering and wasteful practices, it should bé possible to see an overall
report, of say, overtime worked in a section, expendibles issued from stores
etc., without signing every form., It is impossible to build an organization

of any size without delegating authority.

Accgunts

I do not intend to go deeply into this subject as there are many people
capable of reading accounts. A number of comments :

(a) The process of attributing costs to each product, iIlmenite, rutile,

zircon etc., is rather artificial since, to produce one it is necessary to
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produce the other. It complicates the reading of the reports and is not
usual for establishments of this kind,
(b) the amounts set aside for the wet magnetic plant reserve seem low in

comparison to the gquotes of the tenderers.

T Marketing
The marketing of the products could not be considered satisfactory

either in terms of tonnages disposed of or prices received. The ilmenite
industries scarted at roughly the same time in Sri Lanka and Western

Rustralia, that is around 1960. In the intervening years Australian produc-

tion has grown 6-fold while Sri Lanka's exports have declined to less than

‘half their peak in the late 60s. Négther do prices realized compare favourably.
(See chart in appendix- 7a)

Shipping of large tonngges of rutile and zircon is relati~ - recent
so no firm trends have emerged, but production of both could have to stop
before the 1982 shipping season, since storage.space at Pulmoddai will be full,

The products are all reasonable products (now that the zircon is on
grade) comparing well with others available., There is a slight problem with
grain size with rutile and zircon but fine grain is an advantage where ilmenite
is concerned,

The relative advantages of Pulmoddai ilmenite are its fine grain, its
higher than normal T 0, content at 54% and its reasonably Tow Crp O3 content
(at about 0,07%). Its disadvantages afe slightly high ferric iron to ferrous
jron ratio which adversely affects the acid solubitity and the fact that the
Cro03 content is qonetheless higher than some Western Australian ilmenites,
Sulphate producers 1ike it as low as possible. {See Aomendix T3)

One advantage Pulmoddai should be able to exploit is the closeness to

the European market, particularly Italy and France. 70 to 80% of the landed
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cost of ilmenitc can be represented by freight; Australia, Polmeddai*s -main
rival, is badly off in this regard, being the furthest place from-almoest anywhere.

The method of loading may have much to do with this as shall be dealt
with later.

Buyers for sulphate ilmenite are hard to get but, once obtained; will not
readily change suppliers. They value an assured supply of uniform grade material.
If the feed to the plant is changed there is a long process of commissioning
to the new feed, so care should be taken with bulk samples to potential buyers
and no oxidized ilménite emanating from the dry mi1l should be sent. Bayers
will also be discouraged if they know there are plans to instal a sulphate
route plant at Pulmoddai. They may feel that they will just get their plant
attuned to the new material and then have their supply cut off for Pulmoddai’s
own use. It could, however, be a trial shipment to a potential partner to
allow them to determine the parameters of the p1ant;

. CMSC formerly handled its own marketing arrangements. Th.s function has
now been taken over the Tenders Bbard; Some 11,500 tonnes of bolk rotile has
been sold but with a large delayed payment component and it now-appears- it
will not be possible to ship the material as the shipping season is-over; The
monsoon has broken and shipment will have to wait ti11 next season, probably
rext April. Before then, available storage will be full and production must,
therefore cease; a situation which is hardly desirable.

The sale was made to a local private organization acting as agent;
Marketing of mineral sands is ¢ specialized field and is usually handled by a
marketing division or by agents such as Associated Minerals and Derby & Co;
Associated Minerals Ltd, (a different company But also an agent for smaller
Australian producers) of Australia, the world's largest mineral sands

producer has a Marketing Division with a Marketing Manager; who travels

extensively visiting customers and keeping abreast of developments.
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He keeps market statistics and draws graphs of production and sales from:
which he attempts to predict stock movements; AMA's Marketing Diyision has
correctly predicted major swings in the market and is seldom-caught making
the wrong move. Consolidated Rutile has an associate company, Mineral Sales
Pty. Ltd. with a Manager who holds an interest in the company and receiyes a
commission on sales. Allied Minerals also handle their own sales with an
jnternal sales division, and Rutile & Zircon Mines (Newcast1e)lLta; fipld a
number of long term contracts; One of their rutile contracts witﬁ.Dﬁ Pont
de Nemours ran for nearly 20 years.

Rutile is usually sold on average of 5 to 10 years ahead of production
and relatively little is sold on the spot‘market; Hence spot market prices
swing dramatically with re1ative1)-smal1 changes-fn\stock.

A11 these marketing divisions are sophisticated organizations run by
specialists with extensive experience; and are perhaps Geyond the scope of
C.M.S.C. Other companies se]T’or have sold,through. agents, Dil1ingham-
Mining had sales conteacts w%th.Associated Minerals (Both of them) which ran
for various periods in which the agent contracted to accept the full production
at a fixed minimum price with a 50% split of the remaining price.rea1izéﬂ.
These usually ran for 5 years but at one stage the Austra1ién Government took
a hand and restr.cted the duration to 2 years.

This is the kind of arrangement which, perhaps; would best spit C:M;SﬁC:
for its rutile & zircon, but it does not mean that C;M.S;C; can afford to remain
ignorant of developments in the market: A close watch.-must be kept on
developments, otherwise the agent will sign C;M.S;C; to a Tow price contract
just as they know the price is about to rise from-watching stock figures
decline,

Ilmenite is best sold direct to*a buyer since it is a less standard

product.
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It is doubtful if any of the products will ever be successfully sold
on the tender system. C.M.S.C's competitors are selling tor aggresively for

that.

Water Sugn]y
Water is obtained from a pumping station sited at Yan Qya after passing

through 4 miles of open unlined channel from an anicaut (small dam) of negligible
storage capacity on the Yan Oya river, This river has a catchment area of

570 square miles so there is usually ample flow, However, there have been

times when the Corporation's requirements of 600 gallons per minute could not

be met and production was interrupted, this during the dry season.

Another problem is the hardness of the water during the dry season
rendering it unsuitable for the sulphatz process or for cegiing-water in
electro metallurgical smelting operations without extensive treatment.( App 9d)

Lastly, the water is supposed to be chlorinated and filtered to drinking
water standard but is not, although of reasonable clarity except during the
monsoon season. A chlorination and filteration plant was installed in 1973
but has never worked to specification. The problem was that the slow sand
filters were s1ightly undersized (3 of 100' x 40') and clogged after 2 to 3
days service. It is standard practice with. this filter type to manually
shovel off the top 1 to 2 inches of sand and wash out the accumulated mud,
then replace the sand. But this is usually done only after 4 to 6 weeks of
service, so that the work Toad is tolerable,

At Corporation request,the filtration system became a UNIDO problem
and a number of reports were written, The UNIDQ team claimed no special
expertise, but then expertise in this field seems to be at a premium in the
country, I consulted with Mr, Jack Sell, Chief Water Engineer with UNICEF

and another water treatment Enginecr, showing them my reports in which I

recommended a rapid gravity sand filter system as being more in keeping
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with modern practite; They agreed this was so, but felt that the slow filter
system could be made to function adequately with. the addition of floeculant
and a mixing system immediately thereafter. Mr. Sell fe]t‘that 60' x 40'
existing settling tank should be adequate if 40 ppm of aluminium sulphate

was added and adequately mixed before the raw water entered ' ..  it. The
burden of removing the bulk of the sediment would then be taken from the
filters as it would be settled in the tank. Mr. Sell made the point that
slow sand filters remove 99% plus of dangerous organisms, an important factor
where chlorination systems are seldom operated effectively.

The simplest way of implementation would be to add aluminium subphate
as a concentrated solution from an elevated tank as the water enters the
system from the open channel. The water should then be 1ifted with a Tow
head pump and passed through 2000 feet of 8 inch-N:B. pipe before entering
the existing settling tank,gently from a weir. The tank is divided into two
sc that one side can have cettected-mud rémovmd  while the other side remains
in operation. Normally, of course, both sides operate.

The physical labour of cleaning the filters can be relieved, if
necessary, by a simple washing plant consisting of a bin, pump and hydro-
cyclone. The top sand-mud layer is shovelled into the bin and pumped to the
cyclone. The thickened cyclone underflow redeposits in the filter for spreading
and the muddy cyclone overflow is run to waste. If small enough the unit can

be Towered into the filter bed for ease of operation,

MateriaIS’Bandling

The shipping system is described in the. introduction and was correctly
jdentified as a problem area in the job. descriptions and progect document.

Apart from the inconvenience (and cost) of not being able to ship from

October until mid-April inclusive, there is the slowness of the operation
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adding significantly to costs, sometimes hjdden; and the direct considerahle
costs of maintaining the jetty and the "shipping fleet™ meaning the barges
and tugs.

The Corporation undertakes to Toad at the rate of 2000 tonnes-pér day and
there is a penalty applied for delaying a sﬁjp; The penalty has been $2000/day;
recently increased to $7000/day, but cannot represent the full cost of delaying
a ship which is upwards of $10,000/day; In any case, force majenre is

Tiberally interpreted the Corporation's way: A more realistic fignre is abont
1200 tonnes/day as bsua11¥ something goes wrong.

Rain stops loading as does even a mildly rough sea, particolarly with
certain types of ships which roll bad1y: One Japanese ship was weeks loading
a few thousand tonnes. In addition there are problems with. the ships gear
which must be used. There have been instances of inadequate winches, winches
running at the wrong speed, small holds so that only one winch can operate, and
so on. When more than one product is loaded the loading system»must'ﬁe
thoroughly cleaned between products to prevent cross-contamination:"Thé
barges present the main prohlem here.

Finally the operation is obyiousiy-spi11y; There are wind 19sses on the
conveyor, the jetty loading station, on the barges,and the mineral grabs 1eaE:
With the normal form of bulk loading a 1% loss is about average withsut there
being a.y apparenttsource of it. Although there is no way of measuring, it is
quite easy to imagine, in this case, that 3 to 4 percent is lost in the
loading operation. |

Most products.are shipped in bulk which is fortunate since no system
exists for handling in bags. At present, when bagged material is: called for,
it is bagged in the hold of the barge at the jetty{ If the material iSaEégged

before hand there are many prob]ems; The bags deteriorate and are eaten by

white ants causing leakage, and to move the bags from storage to sfips hold
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requires some 20 manual handling operations.

In thevcynics view a ship is a hole in the water into which you
continually pour money. The budget for the shipping fleet in 1981 is 4.1
million rupees, 100 rupees per tonne of material shipped, and it has
already been stated the jetty is badly in need of repair.

Some aspects of the operation can be readily improved upon. The
conveyor throughput capacity can be raised simply by fitting a different
electrical starter to the drive moter, but it is not usually the bottle neck;
and a pneumatic conveying system could be used for transferring the mineral
products into the ships hold. This could be mounted on each barge or have
one separate barge mounted unit. These, however, are only marginal improve-
ments and do not solve another problem. Ships' captains are unhappy,claiming
Pulmoddai is not a “"safe port" as described in their papers. Even a mile off
shore keel clearance is only a fathom or so, and the consequences of dragging
at anchor in a sgdden blow could be disastrous. There was an incident some
years ago when-ihe-barges and tugs; were. qroumded.

A11 these problems must reflect on the Corporation's profit and/or on
the price realized for the products,2yen if the cost is hidden. Standard
practice is to road haul the pfoducts to a port with an alongside berth and
to store in silos or bulk sheds. In the latter case during shipping, the
material is reclaimed with large sized front end loaders, Caterpillar 988 size.
In either case material is conveyed direct to the ships hold by 36 inch (at
least) conveyor systems at rates upto 1000 tonnes per hour., Often two holds
are loaded at once and there is provision for "trimming" the hold with
"flingers" as the last is being loaded. I Trimming"is another hold up at
Pulmoddai, although frequently an excuse to delay departure to a time more

convenient to the captain or the shipping company. It means levelling out

the mineral in the hold,
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The obyinus moye is to adopt a similar system. Contract cartage rates
are about Rs:1.25 per ton mile so material could be into store at Trincomalee
for 60 Rs/tonne, less than the apportioned cost of maintaining the shipping
fleet, It was not possible to think in these terms for the first shipment
in early 1962 since there were then three ferries on the Pulmojdai-Trincomalee
road, none of which would have taken a truck of any size. There are still two,
still inadequate for trucks but bne can be by-passed by adding 5 miles to
the 35 mile journey, and building a bridge in place of the other, presents
less of a problem than the necessary repairs to the jetty. There is also the
possibility of building a causeway across the anicut at Yan Oya, adding a few
miles to the journey but at small capital cost.

Certainly the maintenance problems of maintaining a bridge will be less
than those of maintaining the jetty, in its exposed position. At the Trinco-
malee end there are a number of large storage sheds left from the days when
Trincomalee was a large British naval base and a disused oiling jetty in the
harbour which lends itself to use as a bulk loading facility. Adjacent to
this jetty is a large portal framed building with solid cement floor 100* x 40°'
capable of storing 40,000 tonnes of one product, less if more: are stored
simultaneously. The Petroleum Corporation is presently using one third as a
workshop. C(MSC has another third, and the remainder is leased by a French
company which has a 1imited term contract building facilities for the Prima
Flour Mill. The foundations would have to be checked to see if they could
take such a load, which is by no means certain. The jetty has a number of
berths ranging from 6% fathoms to 5% fathoms, adequate for the type of merchant
ship which currently hauls from Puimoddai. These draw about 4% fathoms to the
Plimsol1 1ine. Conveyor runs from the building divide naturally into three

of 310 feet, 750 feet and 500 feet respectively. The 310 feet run would have

to be elevated a5 there is a road and train iine to cross. These runs could
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be adequately covered by the present loading conveyor transferred to Trincomalee.
This is a total of 1800' long in 3 sections. Naturally a larger conveyor than
the existing 20 inch is preferable tc load at a higher rate but would involve
capital expenditure not only on the conveyor but on larger front end loaders

to feed it as well and, it is doubtful if the added expense is warranted or
available.

If this building is not available or has unsuitable foundations then
there are other disused storage buildingsin Trincomalee and material could
be carted from them at time of shipment by a fleet of trucks, as is another
standard practice where wharf-side storage is not available. The switch to
Trincomalee need not cost the Corporation any capital as money would be realized
by the sale of the shipping fleet. The main capital items would be an elevator
to initially raise the material over the rail level and the bridge, some of
the cost of which should be borne by the Goverrment.

Apart from this there is the possibility of sharing loading facilities
with a proposed cement works, which is to use some of CMSC's land at Cod Bay,
in Trincomalee harbour.

A move to Trincomalee would also be in keeping with long term plans
since the obvious place to site a sulphate plant is Trincomalee, not Pulmoddai
for a number of reasons :-

1. There is a port to move large tonnages:-of material out and in,

2. proximity to deep water for effluent disposal,

3. there is an adequate power supply, 60 MVA,

4, there will be an adequate water supply of good quality needing only

removal of about 100 ppm of temporary hardness (not cheap though,
8 Rs/1000 gallon indicated).
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CMSC's shipping history for 1981 is :-

Ship Month Loading Time
Indus Maru June 8 days
Alps Maru June/July 7 days
Shinwa Maru August 7 days
Carmilla Star August 4 days
Cardiff September 13 days
Vainci September/October 6 days
TOTAL 45 days

Average : 1,120 tonnes/day.

1980 would not be any better.

Tonnes loaded

11,019
10,480
8,935
5,427
7,392
7,167

50,420

So, reckoning the costs of shipping 50,000 tones per year

(a) From Pulmoddai :
Ship waiting time - 45 days at $11,000/day
Cost of keeping shipping fleet:

1979 : 2,3 m.,Rs, 1980 : 2.2 m Rs,
1931 budget 4.1 m. Rs,

Loading out charges, stevedoring labour etc.
Jetty & conveyor maintenance

Spillage 3 percent
1,500 tonnes at $100/tonne

$ 495,000

$ 150,000
$ 14,000
$ 20,000

$ 150,000

——————————

$ 829,000
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(b) From Trincomalee :

Ship waiting time - 50,000 tonnes - dav.  § 85,000
6,500 tonnes/day * $ 11,000/day:

Road haulage :
50,000 tonnes x 43 miles x 1.5 Rs/tonne mile

20.7 Rs/dollar $ 156,000

Loading out charges, stevedoring labour etc. $ 5,000

Conveyor maintenance $ 500
Spillage 1 percent

500 tonnes at $100/tonne $ 50,000

Rental on storage facilities & jetty $ 25,000

$ 321,500

Note: certain items, such as front end loaders, power etc. not calculated
since they are essentially the same cost for both operations.
Hence a saving of $500,000 is possible, some of which would be in higher

prices realized since the ship waiting time charges are largely hidden.

With greater tonnage moved there are two more possibilities :
1. Move the material by barge to Trincomalee since the cost of maintaining
a shipping fleet is largely a fixed charge with only a small element varying
with the tonnage shifted,
2. construct a railway line, whfch would cost about $10 million, but result
in lower cartage rates.
Also with greater tonnage a wider conveyor would pay as an inyestment.

The time to Took at changes is now, since the 800 feet long jetty must
be re-built (building another alongside is the cheapest way of repairing it)
and the shipping conveyor re-located anyway and 11,500 tonmes of rutile is now

frozen at Pulmoddai untii next shipping season and the storage space is required.

-y
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FUTURE STRATEGY

Overall

It is obvious that there is scope to develop a medium sized industrial
complex around mining mineral sands and processihg ilmenite to ti-oxide pigment.
Such an industry will have significant impact on Sri Lanka's exports and balance
of payments position as can been seen from the table below extracted from
"Statistical Pocket book of the Democratic Socialist Republic of Sri Lanka -
1980", published by the Department of Census & Statistics.

Pigment and mineral sands related products could weil replace rubber as
Sri Lanka's second largest export as well as replacing imports from hard currency

areas.

TABLE 59~COMPOSITION OF IMPORTS(})

(Rs. milllon)
1975 1976 1977 1978 1979
1. Consumer ' 2,651 1,732 2,534 5618 7824
.(0) Food drink 2,520 1,534 2,181 4.127 4,807
() Rics 1,02 642 916 689 sis
(i) Flour 1,02 671 g7 2,192 1,691
(iif) Sugar 248 63 196 620 929
() Textils (inc. clothing) 20 49 150 31 1,536
(c) Otber consumer goods 111 149 203 959 1,481
2. Intermcdiate goods 1,888 2,256 2,648 5591 9,143
3. Iavesiment goods 653 643 746 3,367 5459
4. Uoclassified imiports » M ” 110 134
5. Towal 5,291 4,634 6,007 14687 22,560

Source : Centrs] Bank and Customs Return.

(3)Customs dats adjusted for Food Commissioner’s sod Petroleum
Corporation's actual imports.

TABLE 60—~COMPOSITION OF EXPORTS
(Rs. Million)

Commodity 1975 1976 1977 1978 1979
Tea 5,932 2,100 3,502 6401 S572
Rubber 654 830 931 20285 2302
Major Coconut products 397 383 34 971 1,298
(a) Copra 7 ? 2 10 13
(b) Coconut Oil 188 118 40 322 S0
{¢) Desiceated Coconus 193 180 292 639 TS
(d) Fresh Nuts 9 $8 - —_ 1
Precious and Semi Precious Stooes 180 261 297 531 &0
Other Domestic exports 487 1,167 1,103 2,580 3,8%)
Bunkers Domestic 293 46 448 667 1,38
Total Domestic exports 3923 4,787 6,615 13,175 15318
Re-exponis 10 14 2 N 43
Towmt 4933 4,801 6637 13,206 15173

Source ; Cantral Bank and Customs Return,




The deposits are good by internatianal standards, particularly gradewise,
and the ilmenite is of reasonable quality for sulphate route pigment production,
Quantity-wise the hundreds of millions of tennes of titaniferous”magnetiie at
Lac Allard, Canada overshadows the Sri Lanka deposits but this material is

only 35% T 0,, whereas Pulmoddai ITmenite is 54%,quite high. compared with

ns
the hard rock deposits mined in Norway, Finland and New York State and Lac
Allard. (see appendix,13 )

An industry supplying 80,000-100,000 tonnes of pigment per annum-would be
supplying less than 5% of world production. Long term growth rate of pigment
consumption is around 5-6% per year; so, on average; such an operation most
be started every year somewhere in the wor]d: The added production capacity
should not strain the market, but this- is something for a foreign partnér to

decide on the basis of their inside know1edge;

LTl s T e e Aspects Already Mentioned

A number of aspects to do with strategy have already bBeen mentioned;
these include:
1.  The need to set up an exploration to determine the reserwe position
with sufficient accuracy to satisfy a potential foreign partner, This should
include the preparation of mineral samples~from the areas. Iﬂﬂznite'frcm/say;
the Thevikallu area may contain excessive chrome or fhave some other problem.
Such a fact should be known before the area is perhaps wrongly classified as
a reserve,
2. The need to improve the materials handling operations as- far as shipping
is concerned.

3. The need to expand the ilmenite producing capacity so that the on~going

rutile and zircon needs of the dry mill are ﬂet; The existing dry magnetic
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separation plant can proyide only half the dry mills capacity.

4, The need to set up a pilot plant to see if there are any nasty shocks:
in store in treating material from prospective areas. This need is:some way
off since the Pulmoddai deposit will proyide the ore reseryes for sometime to
come. The area of immediate interest is the back of beach. deposit at
Pulmoddai which is to be worked by the new WGU and WMS p'lant‘.‘

5.  Marketing, the need to actively promote and sell the product or to
upgrade the ilmenite to a higher value intermediate product or finished
ti-oxide pigment. These needs are, in fact; somewhat contradictory as-

explained, and as below}.-

> e T Ilmenite Strateqy

Also as previously explained the number of possible scenarios regarding

iimenite processing to higher value products was reduced to 4,

1. No further processing: just concentrate on marketing the ilpenite as it i‘sr’.
This represents the best return on capital inyested since there is yirtoally
none., Good grade sulphate route 1"lmen1"te; such as this, should realize
$ A21 per tonne F.0.B. ($24.3) according to recen’ figures (appendix- 7 L
" adding some $2% million with the expanded production.

i.e. (150,000 t.p.a. - 40,000 t.p.a. x $24.3 = $2,673,000 ).
It should be realized that the average export price of $A 21 for Amstralian
ilmenite in 1979 was for a range of ilmenites, some of which realized only
$A 15 because of impurities rendering them unsuitable for certain uses. Also

Du Pont has a majority holding in ~llied Minerals and gets its- ilmenite from

them at a price somewhat below its true market pmce.
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The "straight" sulphate process is, however not the géowth~§rocess.
In fact it is sometimes referred tq as "yesterday process" because of the
environmental problems pre&iously explained and the fact that the quality
of the finished product is claimed to be inherently inferior.. "“Straight"
sulphate production from ilmenite may even decline. The growth potential
is for a different kind of ilmenite to Pulmoddai's, i.e. the oxidized
ilmenites in which the Jucoxenigation process has partially leached out the
irun oxides giving a higher average Ti @2 content. These are destined
for upgrading to artificial rutile, as at Capel W.A., and for the chloride
process to produce ti-oxide pigment,

Such ilmenites are represented by the Eneabba W.A., type where Ti 02

is 60% and where the higher chrome content does not matter because of the

“above processes.

There is still scope for slagging Pulmeddai type ilmenites, but this
is best done on site since the iron content can be recovered for local use.
So the long term market potential is uncertain.
Also, while $2% million p.a. is undoubtedly a boost to Sri Lanka
economy it pales into insignificance beside some of the other schemes as

foreign currengy earners,

Scheme 2 i.e. the straight sulphate process combined with sulphuric acid

and superphosphate production.
This scheme is attractive economically showing 33% return on Capital
(see appendix) and about $130 million nett foreign exchange advantage.

Capital investment of $230 million is involved.
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It is the simolest of the three schemes, a considerable advantage,
not only from the point of view of lacals handling the technology, but
also from the point of view of putting together a consortium to handle
the scheme. It might even be possible to get one single party, like
Kemira or American Cyanamid to handle the lot. Only three tachnologies
are involved, i.e,
sulphate route pigment production
sulphuric acid production
superphosphate production.
The disadvantages of the scheme are largely in the intangible category.
(1) the pigment quality is inherently lower than for schemes 3 and 4 which
are agdin lower than for chloride production. Colouration causing impurities
are lost both the pre-reduction process and the slagging process. As
already explained, there is douby whether the quality difference is notice-
able in tche final product and this justifies %he added productions expense
of the chloride process.
(2) the quantity of effluent disposed of is the greatest of all the
schemes viz

Tonnage ‘000 tonnes

Effluent scheme 2 scheme 3 scheme 4 ‘
Copperas 350 44 7
acid (diluted) 50 70 48
dust nil 7.5? 3?
hydrogen fluoride ? ? ?
HF
sulphuric acid we-es ? ? ?

(gaseous)
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Copperas is the chief disposal prohlem and the chief source of annogyance,
although it is not critical in this-case; Hydrogen fluoride is a_nasty
effluent but the quantity is not large and it can be neutralized to form
fluorides necessary to treat water supplies.

(3) The iron content of the ilmenite is not recovered to supply the
countries steel needs.
(4) Superphosphate production is the lowest of the three. There is also
some doubt about whether what is shown on paper can be done, i.e. treating

) phosphate rock with roughly equal quantities of strong and weak acid, A
higher proportion of strong acid might be needed.
(5) The quality of the superphosphate will be lower since it will contain
appreciable amounts of ferrous sulphate. The trend recently is to reject
superphosphate for the more concentrated phosphate fertilizers wuch as triple
phosphate or ammonium phosphate, the latter also supplying one of the three
necessary plant nutrients, nitrogeﬁ. Hence any doen grading of superphosphate

could render it unsaleable. (Sri Lanka currently imports about 40,000 t.p.a.

superphosphate at $257/t C.I.F.,selling with a considerable subsidy):

S Scheme 3 1i.e. additionally to scheme 2 electrosmelt the ilmenite to prod uce
slag for the sulphate plant and raw iron.
This scheme is the least attractive on paper indicating only 29% return
for a considerably increased investment indicated in the order of $300 million.
Also, the economics are excessively sensitive to power costs because

of the big power component and increases in power charges are anticipated

(appendix).
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Another aspect is the dust nuisance as much of the ash content .. .
coal, together with 4% of the Ti 02 and iron qontént, and considerabie..
quantities of the other impurities of the ilmenite charge are discharged to
the atmosphere as dust. This amounts to some 10,000 tonnes of dust p.a. The
dust nuisance is reduced (but not eliminated) in Scheme 4.

Scheme 3 represents a furthur degree up the ladder of sophistication

but everything shown on paper is possible, which it might not be for stheme 4.

Scheme 4 1i.e. additionally to 3 and 2, add a pre-reduction stage which effects ////'[
)

a 60% reduction in electro smelting capacity and in power consumption,
This is an attractive scheme on paper indicating a 35% return on investment

of the order of § 300 miillion. Nett foreign currency gain is about $ 170 million

There are additionally many intangible benefits.
(1) thousands of jobs.
(2) maximum opportunity to exploit two good natural resources.
(3) general development of the Pulmoddai, Trincomalee and Eppawela areas.
(4) import replacement.

Specific advantages over the other schemes are:-
(1) the best pigment quality. Chromium,6vanadium and niobium,the discolouring
impurities are partially removed in the pre-reducing and electro smelting
stages, and there is no need for scrap iron to be added -in the sulphate process,
so nc further impurities are added.
(2) dramatic reduction in copperas effluent output and considerable reduction
in waste acid output,

(3) reduced dust nuisance compared with scheme 3.

(4) greatest output of pigment, iron and fertilizer for the same inputs.

|
|
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(5) It is less sensitive to power charges than scheme 3 and uses a
cheaper and more available coal.

Specific disadvantages are
(1) it represents the highest level of sophistication and some of the
processes are not properly de-bugged.

It took some time to work out some &f the problems with the pre-
reduction process and the technology is supposed~to be proprietary. A :
paper on tke process "Direct Reduction Technology - The Western Titanium
Process for the Production of Synthetic Rutile, Ferutile and Sponge Iron"
by B.F.Bracanin, R.J.Clements and J.M.Davey, The Aus. I.M.M. Conference
at Western Australia, 1979, refers to a "process licence fee payable to
AMC",

None the less, a plant is being installed in India and at other places,
and would be available for trial runs.

The electro smelting operation is not without its probleins either.
0.I.T. commissioning at both Serel,Canada and Richards Bay, South Africa
was a painful process. The Richards Bay slag for some time was not acid
soluble and early operations at Sould lost money. So even if QIT was engaged
as a partner or consultant, there is no guarantee of success initially at least.
(2) Since so many technologies are involved in sulphuric acid making, super-
phosphate, sulphate route pigment making, electro smelting and direct
reduction it is hard to imagine a single partner as distinct from a consortium
being involved.

The latter would be harder to find and arrange.

There is also the potential problem ¢f matching Soviet technology, if the

A1l Union Titanium Institute is involved, with western corporations.
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(3) Many of the operations shown on paper haven't been tried yet.
The pre-reduction operation requires plant scale testing. To
quote the paper;-

“Not all ilmenites and coals will prove totally suitable for the
process and the relative value of these raw materials may not be apparent
from their compositions alone but will require laboratory and plant scale
testing."

Also the electro smelting has not been tried with the prereduced feed.

The acid, sunerphosphate and sulphate plants are long established
technologies but tests should be run with a dressed Eppawela phosphate
sample feed for the superphesphate operation to establish its suitability
and the parameters of an operation; and there could be some surprises
in adopting this particular slag for the sulphate process. Acid solubility

tests at least, should be performed.

Summarv of Schemes

. Summing up, it seems from this analysis that scheme 4 represents the
( .éhgst solution from the point of view of balance of payments and return for
capital investment, but many questions remain to be answered. 1
Scheme 1 represents the best return on capital. but the foreign currency

benefits from a balance of payments point of view are minimal, and there is

the danger of a limited future for this type of ilmenite.
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- YHAT REMAINS TO BE DONE

It is obvious from the foregoing that work remains to be done, both because
more was involved that was anticipated and hecause the scope of the project
expanded as the phosphate possibility became apparent.

A number of these needs have already been identified. These will simply

be 1isted with appropriate comments.

e Identified Needs

(1) Establish the heavy mineral reserves both in the Pulmoddai area
and in other parts of Sri Lanka. This includes mineral species make up
and sizing information and pilot plant tests to identify potential
problems.
(2) Since many millions of dollars are involved,carefully rework the economics
of the four schemes using accurate figures. The lack of library facilities
and reference material hampers this work in Sri Lanka especially at
Puimoddai. It would also be helpful to talk to personnel from chemical
companies manufacturing ti-oxide pigment to get their point of view and
identify any points missed.
(3) Conduct plant scale pre-reduction tests on a hulk sample of Pulmoddai
ilmenite and laboratéry and/or plant scale tests on bulk samples prepared
from other areas if differences are seen to exist.

This work may be done in India at the new sponge iron facility.
(4) Conduct electro-smelting tests on the pre reduced sample. These
tests would be plant scale and should establish the parameters of an
operation i.e. fumace size, units per tonne, coal pe tonne etc. It may
be necessary to identify coal sources for both this and the pre reduction

tests.
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Nther Needs

Other needs, needing more elaboration are:-
(1) establish the Eppawela phosphate reserves. These reserves need to be
established to the point of being satisfied that there are sufficient
reserves to support the operations described. Ideally, the phosphate
reserves would last as long as the ilmenite reserves, an indicated 60 years.
While it is indicated that the reserves are extensive, not enough is
known at this stage.
(2) The phosphate deposits need technical evaluation in two forms -

(a) mineral dressing tests tc determine what treatment is necessary
to reduce the I & A (iron oxides and alumina) content. Possibly
a mixture of flotation and magnetic separation is involved, after
crushing.

(b) fun tests to determine the parameters of the superphosphate
producing operation and to determine the minimum strength of acid
that can be used in economic operations. It may turn out that
the operation shown in schames 2 and 3 and, for that matter, even
4, are not possible economically and the whole scheme has to be
rethought.

(3) Establish potential sources of the coals, o0il and sulphur required.
The coals need to be walched from the point of view of introducing unwanted
and deleterious impurities.

it is anticipated that the sulphur may be available from a proposed oil

refinery at Trincomalee if it is treating a high sulphur crude.
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(4) Establish the suitability of the raw iron emanating from the electro
sneiting furnaces for upgrading to steel in the sountry's  available
equipment, It is anticipated that this is possible and some discussions

with the Steel Corporation have been encouraging, but the point needs to be
definditely established. Some information is shown in appendix {2

(5) Conduct preliminery discussions with the other Corporations involved,
both with the Eppawela phosphates and with the Steel Corporation. This may
need to be initiated at higher government level, to bring thz plans into line.
The Steel Corporation, for instance, is promoting 2 small underground iron
ore deposit at Seruwila as the source of Srk Lanka's future steel needs,
eitner by blast furnace or by a direct reduction process. I find it difficult
to take this plan seriously, being somewhat familiar with the deposit.

(6) There is some doubt that superphosphate is the right ferilizer

to make, particularly for export. The stronger phosphate fertilizers,

triple phosphate and ammonium phosphate are more modern and find a readier
market,

To make them it is necessary to make orthophosphoric acid H3 PO4 from
sulphuric acid and react the phosphate rock with this. In the case of
ammonium phosphate a furthur processing step is needed to form ammonium
phosphate.

A preliminary market study is needed 30 see if the extra compiication

is warranted, remembering that projected outputs of superphosphate exceed

Sri Lanka's needs.
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PROJECTED UN ROLE

I see the UNIDO role as putting together a package to offer a foreign
partner or consortium of foreign partners, as a basis of negotiations. It
is anticipated that a deal would run along the lines that the partner
would contribute the capital cost of the ilmenite upgrading project(s),
paying a fair price for phosphate rock, or bringing the mining and
processing of this rock intc the scheme as well.

The Sri Lankan Corporation would contribute the reserves and the
existing plant. Management would be the responsibility of the foreign
partner who may require certain assurances as to the disposal of the
raw iron product, repatriation of profits, security from nationalization,
and an agreement on handling labour probiems.

Profits would be split 50/50 or 60/40 (60 to the foreign partner)
after paying taxes depreciation, etc.

The Government may requtre a royalty of 1 to 2 percent on the value
of minerals extracted from the ground and certain assurances that the '
products would not be sold at an artificially low price to, say, @
subsidiary company of the foreign partner.

In negotiating such a scheme the Corporation would need to have thoroughly
done its homework, i.e. have hefore it a study showing the technical
feasibility and economics of every scheme proposed. If the feasibility
work is done by reputable organizations in good faith the foreign partners
may well see no necessity of repeating it.

To enter such negotiations prepared in this way would greatly increase
their chunces of success and of an outcome favourable to the Corporation
and the Sri Lankan people and economy. A foreign partner is needed for

capital, expertise etc but Sri Lanka needs to make the best deal possible.

It shouldn't enter negotiations underprepared.
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“;biﬁre'aN_iﬁVolveménf

Obviously there is scope for a modest outlay in aid funds to Tead ‘to
the start of a major industry, but I am still reluctant to recommend
further expenditure, both for general and specific reasons.

The general reasons are the general shortage of aid funds which
must be shared amongst many projects most,admittedly, without the
potential of this one.

The specific reasons are to do with the way the affairs of the
Corporation are being conducted and with having the teams recommendations
implemented. The former will be apparent from remarks earlier in the
report and from the Audétor Generals remarks in recent annual reports.

The latter means that Consultants must be Tistened to and should not
have artificial restraints imposed upon them. Wilska and Harrach, for *:.
instance, worked on the premise that the site of future upgrading of’
ilmenite operaiions must be Pulmoddai, which is clearly out,considering
power, water;-eff1uent disposal and materials handling problems.

Presuming the Corporation and Ministry can meet UNDP half way, I
see the following as the scope of future aid involvement,

(1) Aid in establishing reserves, both mineral sand and phosphate rock.
The services of a geologist with experience particularly in wineral sand
exploration would be required for at least 12 months.

(2) Aid in establishing the technical feasibility and parameters of the
flow sheet shown in scheme 4. Involved would be

(a) large scale prereducing tests with Pulmoddai ilmenite, probably

~ . in BndtacorsAustralia.

(b) large scale electro smelting tests of the prereduced {iimenite,

probably at Zaporozhee
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(c) acid solubility tests on the slag produced by (b) above; also

probably Eaporozhie

(d) An investigation on a sample of Eppawela phosphate to establish

the mineral dressing required to reduce the I & A content and then
on the dressed sample, establish the process parameters for
preductions of both superphosphate and triple phosphate fertilizer
using sulphuric acid. This should include tests to establish the
lowest concentration of sulphuric acid it is possible to use and
whether the in-evitable entrainment of some ferrous sulphate with
the medium strength sulphuric from the sulphate process will wa
materially affect results.

(3) Having done the above or, to save time, in conjunction with the above

aid the Corporation in putting together a proposal to offer potential

foreign partners. There will necessarily have to be some flexibility about

the proposal. This work involves Both technical and business matters

and would need at least 2 persons, one of whom was described in the job

description "Expert in Titanium Di-oxide Pigment Technology" together

with his functions. To these duties should be added the over-seeing of

- the work described in 2 above.

The second would be a management consultant who would assist in the
financial aspects of drawing the proposal and suggest commercial consider-
ations. He would also assist in upgrading of current operations implementing
management schemes along standard business lines and attending to the
aspects raised by the Auditor General.

Both these experts would need a 12 month tewmto have the necessary

impact.

“
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(4) In addition, assistance is needed to upgrade current maintenance
operations, mainly by imparting trade skills and the ability to foresee

problems .

Such a person would need to take up the tools and show by example.
He w~ould have long experience in operating maintenance with this type of
plant or a trade teaching background in fitting, turning, welding etc.

The person need not necessarily be profe ssionally qualified.

Again at least 12 months would be required for the necessary impact.
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Appenc\\x 2

SIMPLIFIED FLOWSHEET OF DOUBLE-CONTACT SULFURIC ACID PLANT

PRIMARY
HEAT
EXCHANGERS ABSORPTION

TOWER
| ;ﬁl
WASTE | - SECONDARY
= ‘ ABSORPTION
CONVERTER ’ ria
////// =

TOWER
|§§§I Zv 0. CATALYST PRODUCT
“i 27 EESF I l ACID

ACID COOLER ACID COOLERS

DRYING
TOWER

AIR BLOWER
AR

SULFUR

SOURCE: INDUSTRIAL MINERALS AND ROCKS, AIME.

- .
Figure 2. —Simplified flowsheet of a double conract sulfuric acid plant.

From: "ineral Facts & Problems"
US Bureau of Mines
Centennial Edition

1975




83

Annendix 3A

In Sri Lanka phosphate rock (apatite) was discovered by the Geological Survey Department
in April, 1971 at Eppawala (Fig. 15) which is located in the North-Central Province (16th mile stonc—
Kekirawa - Talawa road). The deposit is estimated to occupy an area of 3 square miles. The
apatite-bearing crystalline limestone (carbonatite) is well expc-ed and the surrounding country rock
includes gramite gmeisses, charnockites, crystalline limestone, thin quartzites and biotite gneisses
which belong to the charnockite — metasedimentary series.  Drilling has revealed that the deposit
extends to 400 feet or more from the surface. Initial studies reveal a leached zone (apatite in a matrix
of iron oxides — also the phosphate rich are zone) up to about 200 fect followed by fresh carbonate
rock with apatite. The apatite is tentatively classed as a chlorine-rich fluorapatite. The average
P,0, content is 35 percent or more for the phosphate rich ore zone. Samples containing 39 to 40
per cent P,O, are not uncommon. The fresh carbonate rock at depths contain less than 10 percent
P,O,. Dirilling investigations up to now (mid 1975) have proved about 25 million tons of ore. Taking
into consideration that the apatite occurs to great depths and covers a wide area the inferred ore
reserve may be over 50 million tons. Tabie 20 is presented to show the chemical analyses of the
phosphate rock from the phosphate rich ore zone. The mineralogy is also listed.

Phosphate rock when finely ground has a limited use as a fertilizer because of its relatively slow
availibility of the P,O,. The rock consists principally of tricalcium phosphate which is insoluble
and therefore cannot be used by plants. By acidulation a large proportion of the material is con-
verted into the monocalcium phosphate (superphosphate), a watcr soluble from which is readily
available to plant lifc. Superphosphate is produced by mixing sulphuric acid with finely ground
phosphate rock. The mixture reacts to form supernhosphate with 16 to 20 percent available P,0,.
Triple phosphzte is a much more congentrated fertilizei which contains from 45to 50 psrcent availabic
P,O,. Triple phosphate is made by the action of phosphoric acid on the phosphate rock. The
largest consumer of sulphuric acid is the superphosphate industry. This acid is used for so many
different purposes that it has been called * the foundation of the ciemical industry.”

TABLE v

CHEMICAL COMPOSITION OF PHOSPHATE ROCK
(APATITE) — SRl LANKA

Theorefia Phosphare rich ore zone
Constituents
o] EP/1/P /2/P EP/3/P
Lot
Sio - 0.50 0.50 0.60
A| 1 :201 - 0.95 2.23 7.05
O - 0.70 0.70 0.54
F103 - an 2.30 7.70
TI0 - 0.78 0.78 0.60
R A i 48
O s K K
(n:a‘ -35.6 0.20 0.23 0.29
Si - 0.66 832 gg
. - 0.13 X
E:?o 7 0.09 0.08 0.19
1-§8 240 243 1.74
Ci - 0.88 1.04 0.98
ThO - 0.02 0.0l 0.01
Hi0* 1.46 2.65 360
Total 101.39 101.32 101.15
Less O for Cl. and F. 123 1.34 1.08 5
__Fxcegg Ca 0 4,48 AN &4
Total 100.17 99.96 100.07

MINERALOGY — Apatite (primary) insoluble, Francolite (secondary apatite) partly soluble, Martite (secondary iron)
Rutile and geothite.

Geological Survey Department,

Colombo 2.

64
From: " Mineral Resources of Sri Lanka"

J. Herath

Geological Survev publication

S R B -~
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Appendix 3a From:- "Proceedings of the 7th Annual Sessions of

Institute of Chemistry” " Colombo 24-6-78

Apatite.

The apatite deposit occ:rs as six clevatcd jhillocks at Eppawela in  the
Anvradhapura district. The mineralogy and chomistry of this deposit has been
studied in sorae detzil both at ths Giclogical Survey Department laboratorics and
at the Instituts of Geoiogical Sciezzes, U. K. A brief stedy oa 2 single poiwde-
red sample was also made ia the laboratories of the Tenoesses Valley Authority,

U. 5. A. A summary of ths morc important characteristics of this deposit is
given below :—

(1) The rock phosphats forms a so-called *Jcached zome® which is derived
from a fresh ¢ carbopatite™ rock seen at a depth of about 200 ft. below
the higher clevations of toe deposit. The [resh primary apatite wkich is

green in colour is of ignecous origin. Because cf its low water and citrate
solubilities, this variety is of little or po value as a scurce of plant
nutrient phosphorous if epplied in the raw state.

(2) Apart from the green primary apatite this *Jeached ore™ zome -consists
largzcly of the sccondary apatite, franmcolite, togsther with martite and a
pale brown mineral consisting of rutile and goethite.

Francolite - Cas{PO,CO;0H); F is a secondary carbonate fluo-apatite, soft and
powdery, forming the bulk of the matrix of this deposit. Francolite is very
characteristic of some sscondary phesphate deposits developed on carbonatites
elsewhere in the world (e g. Uganda).

Martite - Pe.O; = is a secondary iron mineral derived from magnetite. This
mineral too occurs in the matrix of the rock as large grains, brown io colour,
which is the hard material that ccments together the green primary apatite. A
mixture of rutile and gocthite (FeO - OH) also occurs in the matrix of the leached
apatite zone and is pale - brown in colour.

From thz chemistry and mineralogy of the Eppawcla apatite bearing ore it is
establisbed that the material which is mined for direct application is composed
of the following materials ‘== :

(3) The primary apatite that occurs as a greenish vitreous mineral forming
crystals,

(b) Tbe matrix forming the binding materials for the primary gresn apatite
composed of the following minerals.

(i) Francolite Cas (PO, CO; OH), F.

(ii) Martite ~ secondary iron oxide, with rutile and gocthbite (FeO - OH).

When this bulk apatite is crushed, ths matrix ic also crushed and there will
be a combination of all these minerals.

A model analysis of a samplzs at the T. V, A, has given the following
approximate composition :—

" Prospects for Future Mineral Development In Sri Lanka 0. C. Wickremasinghe




Apatite 727
Calcite 90
Dolomite 02
Goctbite 60
Quartz 290
Amorphous

Al-silicates 5-5.

The Sr§ Lan.ka a.pnt'itc bas a complex chemical composition. It is basically
a fluo-apatite with significant amouats of ciloride and hydroxyl ions.

TAB& 4.—Chemical Composition of Apatite

Sample MR 564 EP[Z|P .EP3/P

Consiiiueni |
S0, 470 0-30 L 060
Al,0, 271 2:23 ' 7405
FeO - 0-70 . 054
Fe,O; 5-40 2:30 L7470
Tio, - 078 060
P.O;s 2910 26:04 . 33.00
CaD 4520 51-60 . 43-63
MgO 017 023 L 029
srO — 0.65 060
BaO - 0.26 0-62
Na,0 c-16 0.08 0:19
K.O 0-06 - —
CO; 510 — -
s 0-i1 - -
F 2:20 243 1-74 ~
i _ . 0T 1-04 0-93
ThO, - 0-03 0-0!
H,O - 2:63 ' 3+60

Less O — F and CI 1-C9 1-34 {-03

94-55 99-92 100-07

Anslysis of MR/564 at T.V. Authority, U.S.A., ED/2/8 and EP/3/3, Geolegizal Sucvey
Dept., Colomt»,

In an cvaluation of this ore the fcllowing points are thersfore noteworthy :—

(i) The comparatively high content of rhombic carbonates (normally the
caleite) can cause a large CaO: P,Os ratio which can make it not
very favourable for wet-process superphosphate manufaciure,

(i) If we denote R.O; to represent iron and aluminivm oxld:s preseat im
the ore, the R;0; contens of this ore (8-1%) would bc considered bigh
(using industry standards) for feed materials ia the wet-process super-
phosphate masufacture. The maximum valusz gencrally preferred is
abou: 5% R,0,.

(iiiy The chloride contcat of the Sri Lacka apatite is high (0:72%) compared
to the industry standard of about 002% The releass of chiorides at
this cooceotration during acidulation represents a potentiaily csrious
cotrosion problem for plant equipment. The mineral study hzs chiown
that the cbloride is associatsd with ths cpatite in the lattice.
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(iv) Reacitvity The apatite in the Sri Lanka pkosphate ore is not very
reactive. The neutral ammoninm citrate solubility is about 2:8% wkich
is about 40% of the solubility cf Tunisian pkosphate and 20% less
than the minimum value reccommenced for direct application so that
grinding would have to be finer than usua! for use even in scperphosphate
production. From the chemistry and mineralogy of this ore, it is
evident that some beacficiation will be necessary before it could be
used effectively for fertilizer manufacture.

Physical beneficiation such as aitrition grinding cf this rock, to
remove iron ovide coating from the surface of the apatite particles,
followed by de-sliming, should remove most of the R.O; in the ore,
significantly iscreasing its grade and improving its poteatial use in
fertiliser process.

(v) Free Carbonates: Removal of free carbonates by calcination (about
700 - 1000°) can csignificantly increase the RsOj; contents of the ore.
Because the Sri Lanka apatits is of igneous origin, calcination temperatures
necessary to decomposz the carbonates should have little effect on the
characteristics of the apatitc. A calcination could also result in a
reduction ¢f R;0; solubility in the wet process.

(vi) Fluoride ~+d Chloride: It has been cstablished that F, Cl are present
within the apatite structure and cannot be easily removed. Calcination
of the rock at about 1200° in the presence of steam will cause the
apatite to expel the ckloride and fluoride from its structure and be

converted to bydroxy apatite. Thermal de-flucrination -is considered to
cffer several important advantages in the case of the Sri Lanka apatite.

The climination of fluorine and chlorine is assisted by mixing an
acidic additive - silica is commonly used for thc purpose.

Another possible alternative for the manufacture of a fertiliser end product

"is .to fuse the Eppawela apatite with serpentinite (which is a magnesium silicate)

in an electric furnace at about 1550°C, quencih with water, drv aad grind to a
fine powder. The final product is known as fused magnesium phospbate.

As serpentinite of a high quality has besn noted in the Uda Walawe area
this material could be rcadily used for this pro.ess. Initial ficld surveys carric
out by the Geolcgical Survey Dspartment reveal that the serpeatinite is spread
over an area of about 3C0 acrcs in tke Uda-Walawe. Some cxperiments have
been carried out both in the Geological Survey laboratorics and. clsewhere, with
encouraging results. The fused maognesium phosphate fertilizer is as good or 2ven
superior to soluble superphosphate as a source of phospborous under the right
tropical soil conditions. This type of thermal phosphate fertiliser will not be
subjected to -serious phosphate losses as - compared to water-soluble fertilisers
especially in tropical countrics. Adcquate field trials' by the various' agricultural
organisations would be necessary to ascertain ihe suitability of this * product for
our soils, before embarking on large scale produstion.
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b Y

With regard to the world situation in respect of apatite, it should be poted
that Phospnate rock is at prescnt no longer a. chcap mineral raw material as it
used to bein the pre-1973 era. The increase in prices and changes in supplies
of oil and pectrochcmicals has had its effects on prices of raw materials such as
phosphate rock. A buyer formerly paying $ 14 per ton of N. African phosphate
rock, in 1974 paid $63 per ton.

The Sri Lanka apatite deposit is estimated at about 25 million tons with an
inferred ore reserve of an additional 15-20 million tons. Considering the price
hikes of phosphatc rock and the properties of our apatite arising Ei'.-om its complex
character, carcful consideration should bes given to the dcv¢10pmcnt of the
Eppawcla phosphate deposit as a potential end-vsc for fertiliser. More detailed
investizations are obviously necessary both on laborztory and Pilot Plant scale
followed by field trials before any decision shouid be takcn concerniag the futurs
use of tlis valvable deposit or tke kind of process which should be adopted for
conversion to a fertiliser product, that would be most advantagcous to Sti Lankz
As 1 mentioncd earlier, phosphate rcci: beneficiation could also lead to a recovery
of rare-carth mincrals in the apatite evia at low levels of coancentration, and
when one comsidered the magnitude of the ore and its cstimated reserves the
recovery of the rare-earths from our apatite could be considerable.




Appendix 3 B 88

Phosphate rock

The main mining areas are Florida and Morocco. The rock is sold on a
moisture free basis rated as "bone phosphate of line" B.P.L. which is
Ca (PO )
3 42

The grades and their corresponding P O contents are shown below.
25

Grade B PL (%) PO (%) I& A max(%)
(miagFEFEE)
77-76 35.0 3 to 4
75-74 34.1 3to4
73-72 33.2 3 to 4
72-70 32.5 3 to4
70 68 31.6 3 to 4
68-66 0.5 3 to 4
66-64 29.8 5

1 & A is "iron oxides and alumina”". In the range 3 to 4%, 2 units of BPL are
deducted for one unit 1 &A. Assays are on a moisture free basis but moisture
limits are

HO not more than 3,5% for grades 1 to 5.

2
" not more than 5% for grades 6 & 7,

Prices, Oct. '74

Grade $/ST,FOB Tampa $/ST, FOB Morocco
77/79 - 69.4 calcined
77/76 56.25 -
75/77 - 61.7
72/70 43,55

66/64 32.66
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'73 " '85 est

112 million S.T. 200 million S.T.

On this basis EP/1/P and EP/2/P represent high grade phosphate except
for I & A, EP/3/P is a Tower grade. Magnetic separation should remove the

iron oxides.

See also appendix 7d.
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Appendix 3C

Phospherus Fertilizer Maternials

YHistorically, hones served as a source of phosphonus, vetas recentdy
as 1846 the value of bones as a fertilizer was found to result largalv
from their phosphorus content. At about this same time, Liehig sug-
cested that bones be treated with sulfuric acid to increase *he solu-
bilits or availability of the phosphorus. This marked the beginning
of the modern day fertilizer industry because it led, in 1842, to the

-+ patenting of a process for the mannfucture of superphospnate by the
. reathient of mineral rock phosphate with sulfuric acid.

The only tmporiant source of mineral phosphute used o manu-
facture fertilizers today is rock phosphate (see Fig. 12-3). The pro-
duction of ordinary superphosphate by the acidulation of rock phos-
phate with suifuric acid is shown in Equation 2.

27Ca, (1 0,;-]- & CaF. + TH.SO, — 3Ca{H.PO,). + 7CaSO, + ZHF {2}
(rock phosphate} sulfuric monocalcium gyvpsum hydrogen
acid pbospliate fluoride

“The ordinary super phosphate produced by reaction Z consists of
about half monocalcium phosphate and about haif gypsum. The hy-
drogen fiuoride can be recovered and in some cases is used to fluor-
inate water. Ordinary superphosphate has a phosphorus content of
about 9 percent P or 20 percent P,O;

Under proper ennditicns the reaction of rock phosphate with sul-
furic acid will vield phosphoric azid. By treating rock phosphate with
phosphoric acid, a more concentrated superphosphate can bhe pro-
duced as follows: -

rock phosphate + 14H,PO, — 10Ca{H.PO,}, + 2HF (&

The same phosphorus compound is produced with sulfuric acid and
phosphoric acid, but without the production of any gypsum when
phosphoric acid is used. This more concentrated superphiosphate
contains about 20 percent phosphorus or the equivalent of 45 percent
P,Os. Concentrated superphosphate is commonly called triple super-
phesphate. Both types of superphosphates are of about equzl guality
as fertilizers when the same amount of phosphorus is applied.
Ammoniumn phosphates are produced by neutralizing phosphoric
acid with ammonia. The two popular kinds produced are mono-
ammonium phosphate and diammonium phosphate. Ammonium
phosphates are zood sources of both phosphorus and nitrogen, the
phosphorus being water soluble. Some ammonium phespharte is

produced as a by-product of the coking industry by using the ammonia.

produced in the coking of coal to neutralize sulfuric or phosphoric acid.

tindamentals of Soil Science
H.D.Foth @ L.M.Turk

Wiley Eastern Private Limited
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APPENDIX 4

Scheme 2 based on Wilska Report

Treat 175,000 t.p.a. of Pulmoddai ilmenite into 79,000 t.p.a. of

ti-oxide pigment by the sulphate process. This is integrated with a 250;000

t.p.a. sulphuric acid plant and the waste acid from the pigment plant and

some from the acid plant used to treat phosphate rock from Eppawela into

superphosphate fertilizer,

Location assumed:- Trincomalee

(a) Capital Costs
79,000 t.p.a. pigment plant (sulphate route)
115,000 t.p.a. superphosphate plant
250,000 t.p.a. sulphuric acid plant

infrastructure, ware houses, loading and unloading

facilities, housing

allow 25% contingency

Total
(b] Running Expenses, per annum
175,000 tonnes ilmenite @ $ 25/t 1landed
17,000 tonnes scrap iron @ $120/t 1landed
80,00 tonnes sulphur @ $145/t landed
2,100,000 ¢ metres water 7 Rs8/~ per 1000 gall,

chemicals, spares, consumables
2,500 workers @ $750/a

expatriate supervision

20

BN
T8
- 46

NN
m.

221

4,37
2.04
11.60
0.18
3.50
1.88
0.15

;;.-/ Over
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7,500 tonnes distillate @ 3400/t g.go
3,750 tonnes kerosene @ 3350/t 1.31
205,000 tonnes sulphuric acid - supplied
750 tonnas titanium tetrachloride - supplied
ex rutile (252 tonnes reqd) @ 250/t 0.06
54,500 tonnes heavy fuel oil - @ $200/t 10,90
8,000,000 units of electrical power @ 4c/u ' 0.32
68,000 tonnes Phosphates(Eppawela)@ $50/t 3.0
Sub-total _ 42.7
allow 25% contingency - 10.68..
Total 53.39
(¢) Outputs.
Tangible
79,000 tonnes ti-oxide pigment @ 72¢/1b 1%5?36
115,000 tonnes superphosrhate fertilizer @ $210/t 24,15
. Rarin
> less running expenses 53;39
less depreciation 19.25
(straight 1ine over 12 yearsl o
nett profit‘ 76.87

% return on investment = 76,87 33.3%
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(d) Outputs. intangible (or not accounted for in above)

(1) shipping problem for rutile and zircon solved since facilities
will be available at Trincomalee.

(2) jobs for 2500 workers

(3) assured sale for ilmenite, vielding $4 million

(4) assured sale for phosphate yielding $3.4 middion

(5) 72,000 tonnes of contained sulphuric acid in the waste at
10 - 20% concentration available for making super phosphate
fertilizer from Eppawela phosphates, together with 45,000 tonnes
of concentrated acid.

(6) construction jobs offered and skills developed.

(7) general development cf Pulmoddai and Trincomalee.

Notes.

Capital cost based on VéIska estimate factored upwards.
Infrastructure :- estimated
Quantities
Sulphate plant quantities based on figures in the Kilska report plus
some estimates. Credit has been allowed for the heat output of the sulphuric
acid plant in arriving at heavy fuel oil consumption figures, The 54,500
tonnes of fuel o1l could be replaced by 86,000 tonnes of coal for steam
raising purposes at a saving of $ 5m per annum but at extra capital cost;
Other
(1) See remarks regarding effluents
(2) Plant should be sited carefully with regard to air borne effluents.
(3) Recovery of Ti 0, assumed to be 85%

2
(4) Sulphur cost may be 2 to 3 mi'lion lower due to chailability from a

proposed oil refinery at Trincomalee.
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SCHEME 2 SCHEMATIC ILMENITE TREATMENT C.M.S.C. Pulmoddai

Sri lanka
Town Weter2.ixoM-pa 1981
Water Treatment
(softening with
slaked lime)
1 Ilmenite 175000tpa
54‘7. TLO,_
23.27 Fe Oy
tg8.1]. FeoO
!
Grinding
—--—Power4—wto‘upa
Sulphur gocostpa
\
Water
2100000 t pa Heavy Puel 0il S4sootpa
T4-oxide Pisment‘ Distillate 7500 tpa

Sulphuric Acid
Flant | __Steam __ | Plant | __Kerosene 3700 tpa

Sulphate Route

250,000 tpa. . Power 4=x 0* ups

| Acid 95%.
, 79000tpa 0/P
205000 tpa |« Chemicals (trade
Acid 95% ‘ \ 1 secret)
Eppawela |©80C7 Tee
Phospha tes Waste Acid 20% app
67800 | ,
7860 pa a2o000 tpa Copperas Waste
(PQSO4.7H20)
350000 PR
Superphosphate Dilute Acid plus
Plant l Waste Tio2 Loss
Pigment Product 40000 tpa tpa
79000 tpa (cm“’una‘)
Superphospha te
110,000 tpa

ot 97 P
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Appendix 5 3

Scheme 3 based on Harrach and Wilska reports ard on Zaporozhye
report and figures.

Frocess 175,000 t.p.a. Pulmoddai ilmenite (54% Ti O 18.1% Fe 0, 23.2% Fe203)

o
into 85,000 t.p.a. of ti-oxide pigment and 43,000 t.p.a. of raw iron by
first electro smelting the ilmenite with anthracite coal into titanium slag
and iron, cooling and crushing the slag and then converting the slag to
pigment by the sulphate process.

A sulphuric acid plant produces the necessary acid and some of the heat
requirements of the sulphate plant. Excess acid from the sulphuric acid

plant and waste acid from the sulphate plant is used to convert Eppawela

phosphate rock to superphosphate fertilizer.

(a) Capital Costs

$m
Pigment plant, sulphate route, 85,000 t.p.a. 85
Sulphuric acid plant, 250,000 t.p.a. 35

Electro smelting & crushing plant, 105,000 slag t.p.a. 60

Infrastructure - warehouses, loading and unloading

facilities, housing, etc 23
Superphosphate Plant 220,000 t.p.a. 45
AN NN

Sub~total 248

allow 25% contingency 25

Total 310




—— e

(b]. Running Expenses

175,000 t
80,000 t
2,100,000 t

96
Ilmenite @ $25/torne landed
sulphur @ $145/tonne landed
water @ Rs8/- per 1000 gall

chemicals, spares, consumables

9,000 t  distillate @ $400/t
4,000 t kerosene @ 350/t
52,000 t  heavy fuel oil @ $200/t
230 x 10° units electricity @ 4c/u
2050 t  electrodes @ $1750/t
30,000 t coal (anthracite) @ $85/t
170,000 t acid 95% (supplied)
800 t titanium tetrachloride manufactured
but needing 260 t of rutile @ 250/t
500 t oxygen @ 250/t
3,000 workers @ $750 p.a.
expatriate supervision
120,000 Phosphate rock, Eppawela @ $50

Sub~total

allow 25% contingency

Total

$m
4.37

11.60
0.18
3.70
3.60
1,40

10.40

9.20
3.60
2.55

.07
.13
2,25
.20
&6.00

59.25
14,81

74.0¢
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(c) Outputs tangible
, $m-
85,000 t.p.a. pigment @ 72¢/1b . 134.9
43,000 t.p.a. carboniied pig iron @ $230/t 2.9
220,000 t.p.a. superphosphate @ %210/t K 46,2
191.0
Tess running expenses 74 .06

less depreciation, straight 1ine over

12 years $m 254/12 -25.83..

nett profit g.nu

Return on investment =~$9K01 . 149 - 29 &%

(d)  Outputs intangible
as for schemes 2 and 4 excepting
(1) 1arge reduction in copperass effluent output, compared with
scheme 2 (but less than for scheme 4)
(2) opportunity to make 210,000 t.p.a. superphosphate fertilizer
worth $46.2 million

(e) Note.
(1) The economics are 1ikely to be affected by power costs, The above
is based on a factored present cost of pcwer, Estimated unit cost

of power for 1984 is Bs,1.4/unit (6.75c/unit)
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(2] The 52,000 t.p.a. heavy fuel oil could be replaced by approx.
85,000 t.p;a. coal at a cost saving of about $ 5m bot at slightly

increased capital cost.

(3) There is considerable dust given off in the electro smelting process.




S CHEME 3 SCHINATIC  ITMENITE TREATMENT C.M.S.C. Pulmoddai
‘MB Sri Lanka
Waterl
Town Waterl.xwoM pa 1981
Ilmenite 175000 +4pa
Water Treatment 547 Tioa
(softening with l:-?_" g‘;os
slaked lime) et [————‘ Electrodes 2c50tpa
water Coal3o000 tpa

1 —oeld- 5 of 5 M.W. {anthracite)
= Electric Arc ——— Oxygen SOO tpa

Furpace Power 20x1w0® upa
Raw Jron430c0tpa
S71. Fe,2.5%C ,o.(s-lr st Oxygen
r <
Cooling Tower ‘ g:;;gﬁo memmmde— -
] 2 | Besic |
water (hot) tpa Oxygen '
| ]
I i Converter !
1 {possible)
— —_—————_ ===
13
Cooling !
A
‘ ¢rushing3 SteelAwwostpe
Grinding
Sulphur —— Power4xt0‘upa
) goooo tpa
Water thO‘MBpa ‘
{ - ——=—— Heavy Puel 0il 52000%pa
Sulphuric Acid Steam
Plant L ri-oxtae Pigment|—— Distillate Scco tpa
250000 tpa Acid 95% Plant |—.. Kerosene 4coo tpe
170,000 ¢ pa an
83000+pa | Power 4xio® upa
Aeid 95% j—=—— Chemicals (trade secret)
Eppawela
Phosphates! ‘ ! ‘ 1
\Zoced  tpa Waste Acid 20%app
75000 +tpa
1 acid centent
Pertilizer
Plant 4
Product Dilute Aci Copperas Waste
220000 Tpa Ti-oxide Pigment 73ocotpa  (PeSO,.7H,0)
82000 tpa conteined acid
P ( :aste. ) AA350 tpa
f ° tpa
Supeérphosphate

210000 tpa (87 p)




Aopendix 6

“Scheme\4

Pre-oxidise and reduce 175,000 t.p;a: ilmenite with assay
o
to make 154,000 t.p.a. of reduced ilmenite with 35% conyersion of iron
oxides to metallic iron. Then to electro-smelt this to prodoce 10,000 t.p.a.

of 90% Ti 0, titanium slag plus 52,000 t;p.a; of raw iron suitable for

2
conversion to steel or cast iron,

The slag then to be treated by a sulphate route plant to manufacture
35,000 t.p.c. of titanium oxide pigment of various grades. A sulphuric -
acid plant is inc]udgd to manufacture the sulphuric acid required.

Some waste acid from the sulphate plant (20% plus H2504I and acid

from the sulphuric acid plant used to prouduce superphosphate fertilizer,

Location assumed :~ Trincomalee

( a) Ccapital Costs

85,000 t.p.a. pigment plant, sulphate route ;g
250,800 t.).a. sulpharic acid plant 35
175,000 t.p.a. thruput reduction plant 25

2 a?/Mw electric arc furnaces with ancilliary
transformers etc 25
265,000 t.p.a. superphosphate plant 55
infrastructure, warehouses, loading and
unloading facilities, housing \\\>;g§u
240
allow 25% contingency o 60 -

Total 30




)

(b)  Ronning Expenses per annumm

45700

80,000

175,000

875

80,000

2,250,000

’ 200
105,000

800

100 x 10°
9,000
4,000

48,000

150,000

3.500

tonnes heavy fuel oil
tonnes coal

tonnes ilmenite
tonnes electrodes
tonnes sulphur
tonnes water

tonnes oxygen

@ $200/t landed cost

@ $65/t
@ $25/t
@ $1750/t
@ $145/t

$.m

0.94
5.20
4.37
1.53

11,60

@ Rs.8/- per 1000 gall .20

@ $250/t

tonnes Suiphuric acid supplied

tonnes titanium tetrachloride (made from rutile

units of power
tonnes distillate
tonnes kerosene

tonnes heavy fuel oil

260 t @ $250/t)

8 4c/u

@ $400/t 1landed
@ $350/t 1landed
@ 200/t 1landed

(for sulphate plant]

tonnes phosphate rock (ground] @ $50/t

chemicals, spares, consumables

workers -

@ $750/year

expatriate superyision

Sub total

allow 25% contingency

Total

.05

.07
4.00
3.60
1.40
9.60

7.50
4.00
2.60
0,20

N

~~

56.86
14,22

71,08
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(c) ‘*OytputS‘vﬁépgibJe

(d)

(a)
(b)

(c)
(d)
(e)

(f)
(g)
(h)

)
(3)

$m-
85,000 t.p.a. higment @ 72¢/1b 134.9
52,000 t.p.a. carbonized pig iron @ $230/t 12;0
265,000 t.p.a. superphosphate @ $210/t .. 55,7
AN
A 202.6
less running expenses (as above) 71.08
less depreciation (striaght line over
12 years}) ....25.00
L
nett profit 106.52
= 35,5%

% return on investmenf = ‘ﬂidé.éé
300

OQutputs intangihle

Jobs for 3500 workers

95,000 tonnes of contained sulphuric acid waste .(JO - 20% concentration)

for superphosphate manufacture from Eppawela pﬁosphafe.deposits.
assured sale for ilmenite @ $22/tonne
large reduction in effluent output (as against scheme 2]

steady electrical load for hydro electric schemes
(to help pay these off).

su1phdric acid to form the basis of a heavy chemical industry,
construction jobs generated and skills developed

shipping problems for rutile and zircon solyed by handling
facilities generated. |

general development of the Trincomalee, Pulmoddai area

sale for 150,000 tonnes phosphates worth. $.4s¢ymillion
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Notes

Basis of estimates.
(a) Capital.
‘Sulphate plant - S. Wilska estimate factored upwards. This is a smaller

plant than an ilmenite fed stlphate plant and therefore does not cost the
same dollars per tonne output.

Pre-reduction plant - factored estimate in "Direct Reduction Technology -

The Western Titanium Process for the Production of Synthetic Ratile, Ferutile
and Sponge Iron" by B.F.Bracamin, R.J.Clements, J.M.Davey;
- The Aus. IMM Conference Western Australia 1979 bapers; This is allowing
for no "wet" end components
Electro Smelting Plant -~ estimate
Infrastructure - estinate

Super phosphate plant -~ estimate

Quantities

Pre-reduction plant - estimates giyen in paper named above.

Electric arc furnaces - Zaporozhye figures and W.Harrach figures. The power
consumption and coal use cre well down because of the pre-reduction Electrodes
consumption is based on power consumed.

Sulphate plant - based on figures in the Wilska report and other material.
Sulphuric acid consumption is lower Pnd recovery of Ti 02 is higher because
of the increased solubility of the clag and lower consumption of sulphuric
acid in making copperas (Fe §O4 7H,0 )

Credit has been allowed for the heat output of the sulphuric acid plant
for steam raising, This has replaced some 60,000 t.p.a. heayy fuel ofl
consumption, The %%‘%gg‘ t.p.a. heavy fuel oil net consumption allowed can
be replaced by 76,006 t.p.a. coal at a cost savirg of $4 m per annum but

for added capital expense.
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Wilska"s estimate of sclphuric acid consumption is Tower than figures
given in other pﬁﬁTTcations.
Other
(1) Care needs to be taken with the siteing of the plant since splphor
dioxide SOZ » sulphur trioxide 503 and some sulphuric acid is emitted in the
air,
(2) Associated Minerals Corporation AMC, now RGC regard themselyes. as
entitled to a process licence fee for the reductions process, according
to the paper..
(3) Coal for the reduction process should have'none, or weakly caking
properties and the free swelling index as measured by British Standard 1016,
part 12 should not exceed 1,5". Sub-bituminous coals with. the above are.
suitable.
(4) Recovefies assumed,
Ti 02 - 99% reduction
98.5% electric arc
92% sulphate
overall 89,9% recovery
This may be Tow.
(5) Sale price of the pigment is somewhat Tow to allow for 3 cents a 1B
levy for customer services and research. and development.
(6} The sulphur price may be considerably reduced due to availability

of a proposed 0il refinery at Trincomalee. 2 to 3 million would thos be

saved,




Schene 4 SCERMATIC ZITIMENTTT TRE-WIIT T L.M.S,C. Tulmociad
9 Sri lanka
Town Water13-$M3pa 175000 tya 1981
Ilmenite
S-\-I. Tiol
21.27 RO
18.1/. faO
" Pre-o¥idation
Jater Treatment] Xiln Heavy fuel cil 4motms
refracteory
lined ——Dbower xto* pe
\
Reduction |——~Coal 8occotua
Kiln (sub-bitumernous)
refractory
lined Dower 1x0® upa
1 1S6000 " pa.
water — -~
Cooling Kiln
Cooling Tower
water Power (x 10® upa
|
i
- (4 R
2 of Tlectric |——Power 88x0 units p..
875 tpa Electrodes Arc Furnace .
| 5000 tea — Coal CO-L“W-N’G) i > M.u. Raw Ir%?:‘g’o:g?(_
200 tpa — OXyZen - each
Oxygen
100,000 tpeo. ;
water 54 T X
] 3.7 F-o--- .._..'--..
water y Basic Oxygen ,
Sulphur Crushing i Converter :
80000 I .
1%%*  Power &xw‘upa & ! !
) o - Cooling . '
[
100000 Cpa.. Steel
Sulphuric Acid (ingots)
\O‘tp
151;1::: coa Steam . ' L Heavy fuel 0il 48000 tya
. P Ti-Oxide Pigment Distillate scoo tpa
Plant
Acid Acid 95% Sulphate Route Kerosene aoccc tea
145 000 tos000 Lpa. Power 4x10° upa
tpa. 85000 tpa b, —— )
Phosphates | . Chemicals \
180,000 t D8 _ - _ (trade secret;
- 4 1
1 [Weste scid (20%ap. ) 1
— 50000t pon acil combual
Super-phosphat

Plont 2
Mixing

2,66 coe tp1 (‘5'/. P)
Super

Produ[t

Ti-oxide Pigment

gsooo tpa Dilute

agoo0 . toa

acid

COpLeras Waste

(FeS0 .7320)

| 4 (@000 tpe

Acid + 1710, Loss

6800 ‘tpo.
K L.

content
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Ilnenite Production and Unit Price /‘ .Au;f. P
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N ote:- Final production tonnage shown (Australian) may be unreliable.
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RUTILE Production, Exports end Unit Price

400 | trali -

Export @ Aus r: 8 .

Production . ’ @ .
1000 tomnes | 7 /ﬁ\b_g ./;k\ R

r / N . N / ! AY °

Unit Price | ! //\\J(? ‘\-: 5 .

$4/tonnegn, | o ' Y
-ﬂ rd \ p -/.

/ﬂf/ \'.//

(]

200} J NS

/;_ Pre FOB .S Lowwa

$A1=4US 1.16 | - /
r . *
i . _ /aPree FOB (Avemje_) Avst.
e Phd
100 + ; ] .
o e P —— Preduction
[P
—
--- - Exporls.
b
"6 EECS "@0
Year.

The chart covers three distinct phases, '60 to '70 2 period of steady

growth as the "chloride"” market expanded, '70 to '76 & no growth period due
to & number of ressons (a) ilmenite was taking over some of the rutile
chloride market (b) production problems with environmertal pressure on

mining areas (c) general slow-down in Western economies,and '76 on, a
sharp fall in production., For '78 @'79 demaad much exceeded production
according to the figures shown above but recent figures arent reliable
2t times, During much of the period shown the above represents virtually
the whole of the world production. In the last few years significant
tonnages have been produced in South Africa, Sierra Leone, Sri Ianka and
U.S.A.

The chart shows the effect of relatively small changes of stock
levels on both production &nd price, In '74 stocks ran out and this lead
to 2 sharp rise in both price and production. The spot price rise was much
more spectacular pesking at over $400/tonne but 1little rutile is sold on
the spot marke+, so it would be misleeding to graph it.
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ZIRCON Exports, Producticn, and Unit Price (average)

Austrslia '
! ' A
400 L O\ ]
/' .-.l ." /
//snﬁ\J/‘\}/
Production —/ \ ANy
- —|{Exports =~ ;,
300 J ‘ .
Exports @ r i
Production ZIRCON i
000 tonnes ﬁ
200 | -
Unit Price \\
$./tonne . ‘
3 Unit
L Price __ .
100 P - Avst. '\\
$A1=$0S1.16 | g ——
(october '81) t
I _ o S e e ¢ e e ;::r p”"'"_‘“
o A i L '3 r'y 1 i L i [l [y L ' A 1 L 1
60 70 180

Year

The zircon chart shows a steady period of demand growth from '63
to '73. From '66 to '72 stocks were accumulating. Zircor. was being
produced as a by product of rutile productio., demand for the latter
governing production.After '73 stocks ran out, triggering a spectac-
ular price rise (even more so on the "spot" price chart), and a
subsequent drop in sales volume. Since zircon is sold only an average

[

2 to 4 years ahead, against rutiles' 5 to 10 years, the average unit
price peaked and fell fast.

If the figures given are correct {(and it seems to take the
Australian department about 2 years to settle on a figure) a short
supply situation is developing for both rutile and zircon.

At times of high price zircon is replaced in the foundry applic-
ation by chromite.

The charts illustrate the value of market intelligence in

obtaining a good price for the product.

For much of the period shown Australia produced the bulk of the

worlds zircon output.
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8 ' Metal Bulletin Friday, Decemter 19, 1930

UK f ; '
UK non-ferrous semts
ALUMINIUM Por WOII Selivered
Prices for selacted Alcan roiled products in “product of an Ingat™ quantity Rods (2.5—I8mm . . £142. 19
{uniess ozherwise staced) delivered K £, redrunry [, 1980 Per kg HC wire 1. 15mm |m<zcoon ess ’i‘/. . .. .. .. £111.60
EQ vlate—3rd sizes, 12.5mm thick 5033M £1.618 Shoets=-CR basis . . il ‘2.90
€23 sneets=-3cd sizes and widths up to 1524mm. 6.35mem chick CR 1220 % 600 x Imm ton lots: US} 15 V.Imm £149.55
L2SiM L1 4510 S454M {1 .433-(1.453 IC8IM £ 48 Stip==CR coiis t3n o ISCx O.2mm £182 55 G 8mm €161.70
£Q shewt—Std sizes and temoers tmm chick Tubes——s:d basis . .. £90.30-£113.563
1260 L1.146 3103 £1.166 5251 1.2 1"od<ibswy soo<| kx .. (lﬁ’ 8C-£177.€9
EQ wide oil—Std sheet price less 22 per metric ton BS 28711571 Yabic~’_500mor -om-; lou 'zr 100 metres ¢:¢
£Q narrow coil (50-399mm wide) mm thick . 1Smra od £47.50-€48.60 Tmm €60.50=(52.30 22mm (Im 60-€103.0C
1200 £1.1% 3y L1206 5251 £1.2B6 BS 2871/1971 Table X 2500mm or 1000kg lots
Ouraicota coil (one side ceating) AD20, | .7mm over 9C0mm 3105  £1.863 15mm od £53.30-£51.3C 22mm £92.03-£93.9Q 23mm {117, MI 19.¢0
€Q circies—Stg diams and cempers. Imm thick, 20 won erdu. Tube Per 20 metre coil oe' ivare
1 ingot icem 1209 . .3 $° od —2.'1 swg refrig 500 x 1000kg . .. . 5.2
Airceait plats, AQDI\.AA one side ultratonic cested sed s COPPER NIZKEL Per HOI. qeu-cm
. 30mm thick, min 2 tons 1024 (2.496 74875 T735l £2.564 Condenser tubas 70/30 basis .. . . 77.20
The following s:ockist prices are for ex-stock and forward defivery: spot Pance per ft unvma
.vim ars not necessiriiy gesred to current 'JK mills prices { ton lots. I8 swg 500 < 1000kg 3" 00 68.80 1”0od £8.40
Saurce: Imernatienal Metcls Led.) LEAD Per mretric ton deliverwd. Ef Dez. 18
Pure sheet, 0.9mm and chicker std mmlmctm .. . Pipes 2200kg lcs  £544 Sheets 2000kg flota  £544
A34 Shest standard szca bémm - S MAGNESIUM Per metric wom delmered
re sTip-in coil mm. m . . ar
. Nps’hz' 95 < 4Bir-.. 0. 5i o o o 8ars 17 dia. 10CCKkg lots. . .. .. .. . n.a.
SERYLLIUM co»eu '10Cke lots and over Bauis price P NICKEL SILVER Per |00n defivered. Eﬂ Dec. 15
BS2870 CB 10! Strip. 3.018° «.3° Li0.18 Rod. I +=4 ove: £9. H Sheet & Scrip 10% Masis £207 65 Strip 150 x C.6mm i00< !S0kg £27,.15
ZaAsS —S337 b Fer 100k 3 d{elgszr;g Wire: 10% basis £259 .65 1:5mm coil lw<l55kz £336.15
seris saect 33is - ! PHOSP?HOR BRONZE Per 100k delivered
Shoets, ton (acs, 1200 x 600 x Imm L767 ‘S 0 Tmm £173.40 Wire 95/5 Spring cerper, 3-3 9mm £190. 25 émm and ou: £18& 25
Serip ton lots, 1539 x tmm  £149. laU X 0~5mm £15€.39 Rods-Solid BS140 P8I (per kg) . 77
Tubes—s/d 70/30 basis . ' . £74 89 Scrip PB 162 156 « 0.9mm . .. . {205 40
16 swg 5CO < {000Ky | £217.90 itto 14 od £211.30 .
WiTe 133737 30 Shmm (126, co-uzs 03 émm and om r 124 20-6135 00 TITANIUM QCOOxg lots Mr"r“ Apprax. price) Per kg
Rois—BS 2074 & 2372 21-30m: T 9778 Rod SGmm <ia. £18.74 Wire 2mm dis (27.47 Sheet Imm thick (le.ll —r—
Condenser Tubes: 3" od X 18 "‘ 200< !030&; Pence per ft delivered Piace 1Zmm thick Z]4.84 &/4 Alloy Billet, 202mm dia.  £14.59
70/30 3914 7012911 40.7% 76222 33.57 Tube 17 04. ~ 10 swg. (1500 metra lm‘ .. Ci1.7} oer metze
COPPEN hr metric ton delivered ZINC -worcheuse, hr '00&: €7, june 16
C.Z.R. pciviad reds 8.Imm coils .. . . 1891.19 Sheets (0. Smm tasis) flac on umu paileta (5 tons) .. (79.65
Mon-ferrous ores in EJrope
ANTIMONY Per metric ton unit b, Cif Conc. some other origins CIF, . . $7.75-53.50
Suichide ore cons, 505572 %5 . . .. .. .. _nom. MONAZITE Australion per metric tan
Lump sulpnide are, 60°% o .. . .. $13.50-$25.00 Conc. min. 60% REO + Thorm. FCB/FID .. . AS3IS0.AL400
SETYL ’o' thart tum umit of Bed TANTALITE per id. 12,0,
Cobbed 'umg min. {57, 3¢O Cif .. . . .. $80-386 Ore mm €0%, T2,0, CIF . .. .. .. $110. oo-s' 15. 00
BITMUTM " Per k( 8i SIS, tasis 30%2 73,0, CIF | .. . . $103.00-%115.0C
Cunc. oxidc min. &E‘/. BiQF . .. .. TiIN CONCENTRATES RiC per metric ton
CAESIUM L hr mun: un unit Cs,O T0/7234 5n (including deduction) - .. .. .. .. €205-£255
Paiucire eonc. . 24% Cs,0 FOB .. .. .. . $12.40-$13.00 30‘6"/ $n {including dacuction) .. .. .. . £275-€325
CHRCIISTE . . Per metric tan mrox Sn (inciuding deduction) . . £310-¢368
Trunsvas!, irizble lumpy, basis 44% Cr, O, FO9 . . .. $60-370 TITANIUM ORES "Australian D‘r matric fon
Albanizr. hard lumpy, min 42% FOB . . .. .. $82-393 Rutile conc. 95/97% T:0, bagged, FOB/FID . 320-ASIEL
Albani:r. iine 519, FOB . .o $96-3110 Rutile buik con- ’51""/, TiO, FOB/FID .. .. .. Aﬂ’O-ASJJU -
Turkich, lumpy, 4% 5:4 (scale pro rlol FOB .. . - S130-$135 timenite.bulk cone. min. 54%, TiO, FOB .. - .. A$10-A322
Auuur lumn-s, 40% min 36%, . nom. TYUNGSTEN ORE Per metric ton unit W0.
LUHNUH 53 ) ’r lb m'vd' centent Weliramite std. min_ 85%, CIF . $139.00-5142 S0
(‘alumr.u min. §5%% Cb O, + Ts,o., 10:8 Cll . .. $9.00-$11.00 17! December Ist half: tons {, W? J (7I 56/,) . . .. S141.97
Fyrachiore cone. FOB B'ull .. - . . .. .. $2.58 URANIUM U,0, Per Id U0,
LEAD CONC. R/C per metric ton Canc. coazrace basis. FOB mine 337442 Hexsfluorice $36-547
6357, Py £16 basis CIF . .. . . %$90-$100 VANADIUM Fer it V.3,
LITHIUM OAES Por I‘ng ten urit Li,0 - Mighveld, fused min. 98%, V,O, CiF . RN .. ¥3 14
Fatuiite, 395-4.5 LI,O (basis 3’/) (=] .. - £).60~02.00 Other sourzes .. $3.50.83.i°
Fresumene 4.7 L O (basis 6%) CI¥ .. . .. €1.80-£3.30 ZINC CONZ, R,’permnzdn ton. Moybuub,mucurmq cd'u':: nnt
M. NGANZSS 0 Sulohide 52,25% Zn basis $825 CiF .. £%C-3108
N 47/70%, Mn mex, Q. I %% P CIF Metolivrgicel per me M .. $1.70-81.73 ZIRCON truha" per mg["‘ ron
M'--‘-YDSINH’! L Per Ib. Ma ir M2 Sand Min 659, ZrO,std. FOB/FID . .. . AZIC-ASTS wtr
Conz FOB Climax basis min. 85% .. .. .. ..$9.20 (Sept. 26) Premium max. 0.03%, Fe,Cy FOB/FID .. .. ..  A$S35-A395 =ae-
k] -
P :_‘,. ; stOCks Waek ending December |1 198G {in metric tons)
. COPPER: Wireharx TiIN: H.G, firse, LEAD: d;f firse, ZINC: H.G. first, SILVER ALUMINIUM
firgt, Cats sccond Std. second bond jegond GOB second® . (Troy os.)
L'dngs Delv's Taul L'dnps Oelv's Totst L'dngs Deivs Fotal L'dngs Delv's Total U'dngs Deiv's  Total L'dngs Deiv's  Total
Londan —_— -— 900 — - 13 - - 500 - — —_ - 4480 -— i
—_ - §75 -— - 1 -— - p - —_ —_ pas — - -— -— P
Sirmingham -— —_ 150 - - - -— -— - - - —_— — — - - —_ -
— 25 2,800 . -— —_ -_ —_ ~— - — —_ - - pa - — —_
Liverpoo! - 25 38.425 -— S 28 - - 800 - -— 175 -~ - _— - - -
150 100 6,300 — S s -_— -_— — - -— 75% -— -_— -_ -— -— -—
HMull — -_— 50 — — 50 306 - 8475 -— -— -_— - - — - - —_
- - 2235 150 15 1,565 - - -— - - 875§ - —_ -— -— - -
Newcastlie - - - - -— -_— - - 4.80C -~ -— 125§ - - -— - -— -
Glasgow - —_ —_ - - - - - 4,250 - - - - - - - —_ —
e - = S e e e e e e 2 2 A e e e = =
Avonmouth -— - g; -— - - - -— 2% -— - - -— -— -— -— - —
Rotterdam - S0 22328 495 308 1135 - - - 1,928 5 18.350 - - 7.820t 3,200 100 67.100
- 378 2,300 -— 75 130 -— 350 44200 4C0 - 46250 -— -— — -~ - -—
Bremen 02s. —_ 6,4(7).50 - - -— - —_ - -— - — - - - - - -—
HMamburg 250 725 17,325 - —_— -— -— -— - —_ - 2.050 -— - 3260t -— - -
¥0C 600 6,400 - - 100 25 - 425 - - -— - -— -— - - P
Antwerp 100 - 3,618 a5 13 275 - - -— — -— - — B3580; 975 - 1,75
- -_— $0 - - 5 - - 8,850 - - 175 —_ - pd g - -
Gothenburg -— ~ 1,300 - -— — - — -— - - 87s pu— - -— - - P
X - - - - 10 ¢ - 2% 450 —- - 200 - — - - - _
Genoa -— 50 400 —_ 5 10 -— - - -— —_ 428 . - - - -— 1%
. -— - — - - - — -— — -— - 50 — - - - - _—
‘Toeal L1735 850101373 598 380 2510°* 100 ~ 18,950 1,928 15 32,500 20000 — 25, MO? 4,175 100 70875
450 1,100 21,028 130 ! 1.838 25 275 S4.35C1 400 - 48,228 — -—
4 '000 Troy 0. % Amyrerdom '000 Troy oz. § Duty fres ®inbdord ¥ Incl. 100 WB in Fiushing **incl. IS HG in flu.hm. 1" lnd 425 in lond n Flu:hmz
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Fie.,, Cet 30 196

UK non-ferrous semis

Aluminium
Pricas 10 solCteq AlCan roied Droducts in ““product of an
ngot™ quantity { /Stated) ux en
July 13. 1981 Ly Per kg
EQ piate — Sta sizec. 12.5mm thuck S083M £1.747
EQ st.oets — Sic s:zes and wids up to 1524mm.,
6.35mm thck S251M £1.52¢
5454M £1.558
5083Mm £1.602
EQ shest — Sta u:zes ana (emMpers 1Tmwh thck
1200 £1.14S
3103 £1.166
$251 £1.236

Copper Per metnc ton desvered
CCR peciied roas 8.0mm cods £1.01950
Per 100kg Oekversa

Rods 10—18mm . £163.90
HC ware 3.15mm 1000<2000xg less 2¥2% €125 40
Sheets — CR bess £127.50
CA 1200x 600 * 1mm ton lots £165.7%
£162.15

Stnp — CR coss on jots 150x0.2mm £195.15
0.8mm £€173.80

Tubes — s:d bass £€108.10-€113.68
1° ¢d+ 16 Swg S500< 1000xg €177.68-£195.10

BS2871/1971 Tabse 2

EQ wede cos — Sid shest prce less £20 per metnc 100 2500m or 1000kg lots Per 100 meves ad
EQ narrow coi 150-399mm wide) } MM icx 15mm od £51.70
1200 £1.196 2mm £88.70
N0ILI216  28mm £111.00
5251£1.286  BS2A71/1971 Table X 2500m or 1000kg lots
Duraicow cou (one so8 coanng) AD20, 1.7mm over 15mm ot £55.60
200mm 3105 £1.863 22mm £103.00
EQ cucies — Sid 3ams and tempers, 1mm thick, 20 28mem ) £133.00
ton oraer, 1 INQO! rem 1200£1.332 Tube Per 20 metre cod dewvered
Awcraht piaie. AQG CAA. 0w 5iiS uitrason testad /4" 00—22 % g reing 500< 1000xg £5.94
O BIES
0mm thick, men 2 tons 2024 €2.496  Copper Nickel Per 100kg Owiversd
7075 T7351 £2.564 Concensar tubes 7030 Dasss £23290
The 1040WING SI0CKASE PRCES are 107 Bx-$10CK and lorward Pence psr it devered
aakvery: SOt PACEs a8 NOL NECESSaNly gesred I current UK 18 swyg 500<1000kg ¥a~ >0 .16
rnilig pricas 1 10N 1018, (Source: infemanons! Metals Liat 1" o0 102.44
Pure sheets, 0.9mm and trwches SId Mmp metnc £0.950
NS4 Shes: siancard sizes. 1.6mm gro20 Lemd Par mewnc 1on celvered. EN. Oct 24
Pure sinp-n cou 250-499mm. 1.6mm t1.055  Foes 2000kglots £635
NP8 piste, 96<48in., 0.5n f1450  Sheets 2000kg lots £635
um Per metnc on dekversd
Bars 1 ;aa. 1000kg lots na.
Berylllum Copper Per i Nicke! Sliver Pur 100ng debverod. Seot. 30
100Kg lots and Over Dasis PNCe g & Suip 10% basis
8S2870 C8 101 Sing, 0.015°x3" £10.08 Shest . £233.35
Rod, 1° 8nd over £9.48 Stnp 150 x 0.6mwm 100<150kg £295.85
Wire: 10% bass £28235
1.5mm coil 100<150kg £355 85
Phosphor Bronze Per 100xg dukvered
Brass Por 100kgovivened oy 008 Sorng temper. 3-3.99mm £219.75
Suwp sheel — 6117 basis £122.90 Sm and Over 215
Sheets, 1on lots, 1200 x 800 x 1mm £18528 F Sod 851400 PBI (per kg) -
0.7mm £197.00 Strip PB102 150 %0 9mwm
Stnpton iots, 150 x 1mm £167.45
150x0.5mm €17400 ( Titanium
Tubss — 3/d 70/30 basss £92.20 200083 iots deivered. o )
16 pwg 500<1000Kg 1° 00 £21290 | 1o Somm o pprox: prce ,
Omo 1200 £235.30 | wwe2mmais - 4?L
Ve (63.37) 3-3.99mm £150.75 | Sneet 1mm thek £10.18
6mm and over £148.75 | Piate 12mm tcx £14.84
Rogs ~ BS2874 & 2872 22-30mm €117.00 6/4 Aoy Biliet, 200mm cis. c1r7s
Conaenser Tubes: Tube 1"0dx20 swg. (1500 Metreiots)  £11.71 gr mere
¥ odx 18 swg 500< 1000ug Pence per Nt oeliverad
70:30 4224 Ine Ex-warenouse. Per 100kg. EN. Sepi 9
70,201 44.25 Sheets (0.5mm oasis) flat on 1000xg paiets
e 4230 (5 1one) £101.20
IS —

UK non-ferrous foundry ingots

5 100 iots
Aluminium £ per meinc ton
BS 1490 LM2 detvered 625-670
L4 deivered 715-755
LME (secondary) devered 805-840
LM24 debvered 835-670
LM25 (seconcary) ashvered 795-838
LM27 oelverad 865-700
AFFIMET prices (Fir.A) Novemoer
AS 12 0]
AS 12 UN 8700
AS 0 B3 7300
AS 5 0 8880
Aluminium Bronze
8S 1400
ABY deivered 10951
AB2 dewvered 11301
Brass
60140 (10 BS 218 or 249) sx-works  695S
6538 (BS 1400 SCB3) dekvered 741¢
B8S 1400 SCBS gevereo 10187

Tensie HTB1 (30 tons) denverec90dt

i

Gunmetal

8BS 1400

(G2 8NS5 geiverad -
LG4 87/7:3/3 oeivered 12541
G1.1'2 Pb dewversd 1827¢

Magnesium
Etekiron C oy 10 ton iols dewvered 1238.00§

Phosphor Bronze
P81

18181
PB4 17041
Lo 1273¢
Phosphor Copper
10% P ex-woms 99510073
18% F ox-works 1002-1087%
Phosphor Tin
5% P ex-works 9670t
Znec
88 1004A 10-10n ois deirered 84228
B85 10048 10-10n iots delvered 652.2%

10cr 28 prows. $Oct 29 poces. §EN A 1. “EN Oct 1.

Non-ferrous ores
in Europe

Antimony Por matnc 1on unit S&. C

Sulphude ore conc. 50-55% Sb nor
Lump Sulprde ore, 80% Sb $21.00-822.2
Beryl Per short ton unit of Be
Cobbad lump rmn. 10% BeO C4 $80-5¢&-
Bismuth Peragt
Conc. onoe mn. 60% 6 Cut aor
Cassium Ore Pur metrec (o0 unit Cs:.
Polkucite conc. min. 24% C$20 FOB $12.40-$73<
Chromite Por merc 2
Transvaal, inabie wmpy, basis 44% Cr203 FOB $60-57
ARuan, nard mpy. fmen 42% F0B $82-59
Alaman, conc. 51% FOB $96-$11
Tumesh, lumpy, 48% 3.1 (scae pro rata; FOR $130-5:3
Aussien, umpy, 40% mn 36% ner
Columbium Ores Per ip. peniaaxde conter
Columtste men. 65% CozOs~Ta20s. 10:1 CiF
$6.50-37.50 nor
Leed Conc. ARCpermainc ic
70:80% Po £160 basis CIF $30-$10
Lithium Ores Per long ton upif L2,
Petakte, 3.95-4.51.20 (basis 3%) CiF £1.60-£2.0
Spooumene 4-7% Liz0 bess 8%) CIF £1.60-£2.2
Minganess Ore Metalkagecal per My M
48/50% Mna max. 0.1% P CIF $1.70-87.7
Molybdenite Py b Mo 10 McS
Conc. 708 Chmax basis min. 85% $7.90 (Aug .
Canc. some other angwns CIF $5.00-56.0
Monazite AUSITBkEn DO MeLrc I1c
Conc. mun, 60% REO-+Thona, FOBFID AS350-A$4C
Tantslite per . ToC
Ore mwn. 80% TazOs CIF $48.00-560 C
25/40% Dasis 30% Tax0s CiF 544.00-855C
Green bushes 40% Daus &
Tin Concentrates AC par meinc (o
TUTS% Sn (inchucng deduchon) £205-£23
30/65% Sn (inclucang deduction) £275-€32
20:30% Sn {iNchding deduction) £310-£2€
Titer ium Ores 3U78MEN PBe MBINC 12

Autie conc. §5/97% TiOz2 Dagged, FOBFID  AS300-AS3:

Hile Dulk conc. 95/97% TiQz FORFID A$280-A33C

-k conc. men. $4% TiOz FOB AS24-ASC
Tangaten Ore Por menc 1on urvt W(
Woltrprode sid. men. 65% CiF $132-$1°
i Ot 1t hal; tons 1,027.5(72.47%) $142¢
Uranium Poro. L.
NUSKLC exchnangs vaiue $23¢<
Vanadium Perio vaC
rhghveid, lusec mn. 98% Va0s CiIF <3
Other sources $2.90-83.C

AC per meinc ary 10

Zinc Cone. M8y D@ SUDNCT IC CLITINCY SGIUSIMe
Sulphude 52/55% Zn bass $925 CIF $85-81°
Zircon AusuaLan Per MeUK I
Sena 66/87% 202 wmd. FOBFID AST75-ASE
Premeum ma~. 0.01% TiO2 FOBFID ASHO0-AS1(
UK oxides, etc.
Arsenic Trioxide Pov metrc ic
M. 10 ions (cf Ewrope) £850-9C
Cobait Oxide Per metrc ic
{Oekvered UK) Biack 71.5% Co £12.64¢
Lesd Per menc i
Whae (ary} 2000 10<5000 kg. 0/d £654.25
Caicum Plumbate 2000 10< 5000 kg,
da £637.0c
Red (dry) 2000 10< 5000 k9. cawvered £565.7¢
Litnarge 2000 10< 5000 kg, dekvered £566.7°
Unec Per matric .
Oust 95/07% 10 10N iots detvered £795.00
Orices 10 ton 1013 dewweved.
Red Seal £6289 Green nom. White nos
Zirconium Oxide Por meinc!.
Caramic grace 1 10n ex-works £1 497.00

TER. Ocr 1, 81.°3N Oct 1. 81:2EN Sept 7. 80 besed or
2nc procucer pnce of $828; *EN. Oct 23, ‘81 11EN. Jwy
».
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UK non-ferrous scrap

The loliowing table repiesents our evaiuation of current market values in the UK. The pnce
ranges cover the normal vaniation between the Selling price of smailer and larger merchants: the
higher pnces thus typity consumers’ buying leveis. There are, however, normally some regionai
variations. Prices of lead scrap are the consumers buying prices delivered 10 their works in
London and the Midiands. Owing 10 the nature of the scrap marke! it 1s impossibie 1o Guote
precise prices and It 1S important that the indications should be read in comjunction with the
relevant market commert. Prices are £ per meinc fon uniess otherwise staled.

Attention is drawn to the tact that the toliowing are based on Wednesday's markets.

Copper £

No ! Bnght Wwe {proc.} 750-820
No 1 Bngnt Wre 755-828
No 1 Wire (Bumi) 700-740
NO 2 Wre (baus S4%) §30-700
Tnneg Wire 690-735
Clean Heavy 680-730
Eiectro Culungs 735-800
Branery 545-635

Ashas and residues refining

For 10 ton lots and over deiwversd Duysr's wors with Cu
contens of up 10 30%. 8 GeduChon of 2.5 units 1 made, whie
for Mmatens) contmmng 30%-50% Cu and for mutens: contain-
ng over 50% Cu. & ceduction of 2 umts 1s mace. Cu content s
pad lor at lowes! LME Cu quotakon on ihe Gay iess £60. A
restment 3 then deducied: £130-£145 per ton tor
maienat up 16 30%. £145-£155 per 1on Jor matenal 30%-50%
and £152-£165 per on tor melanal aver 50%.

Brass
Heavy 395-470
Cutnngs 575-655
Rod ends 495-550
Rod swart 465-525
Cantnage cases 545-620
Masd Drass 375440
RBOIONS (COMD.) 475-570
Gunmetal
Commercisl 740-795
Acmsraity 845-915
Nickel-Silver
Cosecisd 400-440
Nickel
Pue rechel scran 2600-2900
Nimonec 75 1850-2150
Monel' {1ab. scRp) 1353-1600
Lead
Scrap 317-330
Cable sppngs Ne-3x2
MR

Banery piates Geage A

Banary piates Grace B

Whole battenes (ormned)

Slorage piaies

Ashes and residues -
Lsad contents 65% anc upwerd pat lor

143-158
133-147
106-123
156-176

&l the iowest Longon

Masal Exchange prce 088 8 Treatmeni Charge of £130-€140

por on of matenal.

Zinc

Remekeo (98%)

Remelted 2nc a0y {94%)
Oig znc

Cumngs
2Znc base (90%2Zn)

205.215

$0.70-$1.00
$0.45-30.55

Poro.
235255

Japanese home special steel
Yorvmetnc 1on (gross pnoes.) Oct 19 {40 mm Dars uniess

SKi-7 215.000
SKXS2-3 400.000
SKD3 £50.000
SKD4 580,000
High speec steel (HR):

SKH4(BTY) 5,000.000
SKHHBT4) 1.800.000
SKHS5(BTS) 2.800.000
SKMS7(BM2) 4.700.000
Spring slesé (SUP 6-9):

fats 117.000
rounds 122,000
Bearing steel (SUJ 2):ounds 195 00
Sisiniess sisei: bars (25-100 mm)

SUS 403 (13 &) 270.000
SUS 204 (108) 470.000
|18 316 (1412} 700.000
shest SUS 403 (13 C1) +.0 mm 370.000
sheet SUS 430 (18 Cr)

0.3 mm 465.000
0.7 405,000
1.0 mm 375.000
2-3 mm 335.000
shests SUS 04 (188)

0 mm . 620,000
0.7 mm 570.000
1.0 mm 545.000
2-:3 mm, 510,000
heavy piaies (7-14 mm):

SUS 316 (1812) 760.000
Frew cutlng sieei: ST5CF.SS5CF 112,000
Mot resletent steel: SUM 3 na.
— )

Japanese home stee!

ton Oct 19

Reirdorcing rounds:

9 mm 57.000
16-25 mm 48,000
Light engles: 5x40 mm 62,000
Megium angies: 9x 130 mm 70,000
Heovy angies:

10%100 mm 62.000
12%150 mm 71,000
Jolsts: 7x100x200 mm 81.000
10x150%x300 mm 105.000
Medium pistss: 3.2 mmx4'x8’ 79.000
Hesvy piates:

6 mmx4é'x8’ 79,000

9 mmxS x10° 80,000
CR ehoots: 0.5 mmx2 x§’ $9.000
Chexporec pidies, 4.5 awinss' 43 36300
Owslormed Bars (S030):

10 mm 85,500
13 mm 54 000
16-25 1am 54,000
32 mm 55.000
Spanish home steel

Maednd PesetawXg. Oct 14

Sowrce: MyM.

Pan rounds dmm .50-2.00
gt angles 35mm 35.40-35.80
reavy angies 80mm 33.40-30.80
Fiate 40100 x 10me 38.00-35.45
PEs J00mm 31.60-32.00
Chennels 160mm 31.40-31.80
CR sheets 0.90<1.25mm 49.20-52 10

Ferrous scrap

MB Ferrous Scrap Index
Followng ¢.3ces ol UK termraus Scrap pncls were compne
Met: B trom by UK privale
Publc sector S ang wank {Sept-Nov
average 10C;.

Week snded Oct 17 Oc
“A” Baesic Scrap 902 902
“8" Low Residusl Screp 337 83"
“C” Cast Won Scrap 90.1 [ o
“D” Low Grade Screp 94.0 S4..
Master index [T} ] 88.

UK ferrous scrap —=—

Siesimaners’ Duyng pNCes. CMeMC w00, Jekvered Mid:
(™8 ot recx prcas)

OA Oud neavy steel 30-32
OB Oiad heavy siset 30-32 nom
1 Olg sieel 23-26 nom
2 Ol Sise! 24 nom
3A fragmenbssd nom

3B tragmentised 37-40 nom
3C iragmenused nom

4A New sisei Daivs 4347

48 New sisel Dales nom

4C New swel bales 4143

40 New 3tse! Deies nom

4E Now stes! Dales nom

4F New tiesl Dales nom

5 On gt compressed 11 nom
6 O iight steel 14-16 nom
7A Heavy sl trengs 1718

78 Heavy swel turmengs 15 nom
8A New l00se ight Qsungs -2

88 New 0088 hght Cuttngs 30-32 nom
9 Heavy cast von 28-%

10 Light cast won 28-30 nom
11 Cast won borngs nom

12A New produchion stest 335
128 New ProouCton steet nom

12C New proouction steet 35-37
120 New productor. sieel B

Alloy steel scrap

18/8 soiide £280-300
14 £230-2401
12-14% Cr solics £50-60
16-18% Cr solds £65-75
Ci Europe stainiess (Metnc ion)
108 agids $810-640
ki) i
UK home high spesd (Per kg)
18-4-1 solids 143.0-153.0p
18-4-1 tumings 88.0-100.0p%
652 eoinss 80.0-86.00
552 wmngs 55.0-62.0p
UK prces My aiso refiect export dusmess
tNomina!
Japan
Ex yard, yervmeinc on Oct 22
No. 1 heavy meling 20.000
No. 2 heavy meing 17,500
Basic open hearth 22,500
Electric fumace 21,500
Founary 32,000
No. 1 busheis 22.500
No. 1 bundies 23,500
NO., 2 Dunuies 14 5w
Baled turnngs 17,500
Reroling: over mm 32.000
vnder Smm 29,000
Belgium
Source: L'Uene-tel Beory!, Begam Oa 21
Merchents' selng pnces, drd
BWv/metric 1on
Heavy open heanth 3.000
Elsctric fumace 3,100
Mined Wmege 1,700
Short sisel (UMngs 2.500
Mactunery cast won (pame) 4,800




Fevr M T (Stated \ 112
GYPSUM ’
Crude, ex-mine or CIF UK . £5.00 min.

MENTTE  ote——
Butk concentrates, Australian, min. 54% Ti0, FOB gaA24-SA25
Indian, "Q’ grade, 58/60% Ti0;, FOB Neendakara nom.

Sorel titanium stag, TiO,, long tan, FOB Sore! .. $135.00
IODINE
Crude iocine crystal, 50 I'g drums, 99.5% mini-
mum, perkg .. - . $14-%15
IRON OXIDE PIGMENTS
Spanish ochre
Standard grinding (53 microns), FOB Spamsh
port . $115min,
Micronised grades, FOB Span-sh pon $200 min,
Qchre, FOB Carterswilie, CL’T L, short ton
Light N, $210
Dark $145
KAOLIN
Refined, principal grades, bultk FOB:
Coating clays . £50-£70
Filler clays £15-£40
Potrery clays £20-£55
LEUCOXENE
W. Australian, min. 87% TIO;, max. 1% 2rQ;
bagged. FOB .. - $A220-230
LITHIUM MIFIERALS metric ton C-F ,
Petalite, 34-4':% Li.O minus 200 mesh .. £125-€165
Spodumene, 4&-7% Li,0 .. . £185-£23%
Lithium Carbonate, FAS E. Coast USA CLor TL.
bagsor drums, perlb - ... $1.41
MAGNESITE
Greek, crude lump, CIF .. £55-£60
Calcined, agricuitural grades oF . .. £70-£80
Caicinec (natural), industriai grades CIF .. £100-€140

Calcined (seawater) industrial grades, ex works . £140-£240
Dead-bumed, maintenance grades, ex UK works ... £110-£130

Dead-bumed, brickmaking grain, ex UK works ... £130-£200
MANGANESE
Battery grade MnQ,, unground, 78-85%, CiF ... ... £33-£110
Chemical grade 74-84% MnO,, bulk, CIF ... " €56~186
MICA
Ground mica powders, ex-woﬂ:s. UK
Dry ground . £115-£180
Vet ground £220-£300
Mine scrap. muscoVnte fvee “of forelgn maner
CIF £60-£80
Micronised . £160-£210
NEPHELINE SYENITE
Canadian, CL-car lots TL-truck lots
Glass grade, 30 mesh, bulk CL/TL Sh. tun C$22-CS25
Ceramic grade, 200 mesh, b.gged 10-ton lots
Sh.ton $42-C$47
Norwegian,
Glass grade, 32-mesh {Tyjer), bulk, CIF . . £38
Ceramic grade, 325-mestiTyler), bagged CIF . £58
NITRATE
Chiiean. sodium nitrate, about 98%, metric tons,
ex-siors: e e e £109
OLIVN‘
£11-£14
€17-£23
£45-£50
£35-£40
LaF 18 Stent e
Foundary 4rag. o s ... $49-862 50
baq:, ... $62-$75.50
riour, bags $78-8710
Aggrugate, bulk .. $36
PERLITE
Raw, crushed and graded, icose in buik, Clr ... E£25-£3
Filter-aids, expanded, milled, del. ... ...£245-£270
Aggregate, expanded, ex-works, UK .. ..£155-£205
PHOSPHATES et
Florida, 1and pebble, run of mine, dry basis, un-
ground, bui'k, ex-mine, average Domestic Export |
60-66% EPL .. .~ . $23.46 $23.05
66-70% 8PL ... .- $19.14 $26.87

Industrial Minerals September 1981

70-72% BPL S24.61 $28.65
72-74% BPL $22.82 $22.i%
74% BPL . $2344  $36.26
Morocco, 75-77% BPL. metric ton, fas Casablanca $3B.5C
70-72% BPL, metricton, tas Casablanca S
Tunisia, 65-68% BPL. metric ton, fas Sfax —_
Nauru, 83% GPL, iong ton, FOB . €33-532
POTASH
Muyriate of potash, standar3. bulk, 60% K;Q, CIF ... £58-£65
N(l:%naxe of potash standard 60% K,0. FOB Van-
uve - 100-512¢
FOB Saskatchewan bulk per K;O urm $100-512
Standard ... .. - 3
Coarse s1 20
Granular .. S $31.22
FOB Carlsbad. bulk, 62 K:O Tur. per unit
Coarse Muriate ... . .. . STl
Standard Muriata <o
Granular . . . . s
FOB Vancouesr - R Tl
PYROPRHYLLITE
Austrahian. Suis, ex-sicre
Relractery grade . . §25-S5
Ceramic and Filter Grades .. . 535-841
US, min 20 tan iot, for export, short ton, FOB $73-380

RARE EARTH MINERALS: REQ = rare earth axices
Bastnaesite concs, 70% leached, per lb. REQ . s
Monazite, muin. 5% REQ. tong ton, FOB Australia  $A350-40
Xenotime, Matayan mun. 25%ger 1b. Y; 0,, CIF ...

R'm A
Australian concentrate, min. 35% Ti0,, FOB/FID

Bulk {large volume, for pigments) - SA28C-3C
_ Bagged {small parcels, for weiding rods ‘etc.) ... SA300-32
SALT
Ground rocksalt, 10 ton lots, av. price del. UK £15-£1:
SILICA SAND
Foundry sand, ex-works ... ... o £7-£8.5(
Glass sand, flint container, "ex-works .. £6.5¢
SILLIMANITE MINERALS .
Andalusite, Transv~2!, 52-54% Al,0,, bulk, CIF ... £7
Andalusite, Travsvaal, 60% Al,Q,, CIF
Kyanite, USA, 59-62% Al,0,, 35-325 Tvler mesh,
raw caicined, 18 ton lots, CIF . .. £90-£35
US kyanite FOB plant CL
HAaw . . $80-514
Calcined .. " .. $120-81¢€
Sillimanite, South African, 70% AI;O; bags CIF . £17

SLATE bulk powder ex-works (Fullersite) 90%-200 mesh o1
SODA ASH

US natural, FOB Wyoming, Dense.... $S
US synthetic, FOB Syracuse.... $12
STRONTIUM MINERALS
British celesute, ground, washed and graded, min.
94% SrS04, bagged, ex-works. 240 mesh £78.
| SULPHUR oot
US Frasch, liquid, bright, ex-terminal, Tampa ... $1<
US Frasch, liquid, bright, CIF N. Europe . $137-81¢
French, Polish, liquid, CIF N. Europe .. $138-51
Canadian, solid/slate, FOB Vancouver, spot .. $120-81.
Canadian, solid/siate, FOB Vancouver contract
(average) $110-81°
TALC
Australian, cosmetic (ex-store) UK £105-€1
Norwegian, ground, metric ton {ex-store} UK . £55-€
Norwegian, micronised, metric ton (ex store) UK. £85-£1
French, fine ground CIF £105-£1

Italian, cosmetic grade CIF . . £1

Chinese normal, ex-siore UK, 200 mesh .. £110-£1°

Chinese normal, ex-store ! 'K, 300 mesh L £115-£10

NersYork, ceramuc, min 20 ton lot, for export,
A

New York, paint, min 20 ton lot, for export, FAS $111-81¢
VEAMICIILITE
South African crude, bagqged, short ton, CIF . £80-£1C
bulk, FOB, N. Europe ... . .. 3125-512
Raw, FCB US ptant, bulk, sh. tons ... $81-81(
South African, crude bulk FOB barge Gu&f coast,
sh, tons .. $105-$1°
WOLLASTONITE

>3 ton lots, bagged, del. UK, approx. 300 mesh approx £1°
FAS N.Am. port, 20 ton iot, for export, short ton ... $100-81¢

Z2IRCON bulk, FOB, Australia el
Standard {foundry) grade, min. 65% 2rO, .. $A90-SA
Intermediate, 65.5-66% 2r0;, 0.06~0.1% Fe;0; $A95-SA1

Premuum min. 66% 2rO,, max. 0.05% Fe,0, $A100-8A1

Industrial Minerals September 1981 '
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S Office wf Tlie Dellelie,
_—""" " Ccrloa Clectricity Bosrd,
e - pnuracha ura. 1981-07-14.

T.xeFeL.Pe au 3ilve,
Cheizman/ianagin_ Director,
ceylon riueral Sauds Corporation,
167, Sri wipulasena liawatha,
Cwlowbo 10.

Desr Sir,

Susply of Electricity to Pulwoddsi Plant
Ceyion Mineral Sands Corporation

Witk refercace to your letter of 1981-July-4th, it is ot possiitle o
clau e the conducters on the existing pele line a: it would necessitate the
chial:;g2 of the other couponents o. the line.

1t ic su,,.csted tlat a xew line te crawn £:ux the Trincomclee Grid
suw: tuTion to Pulioduul taking a dlrrct route, a Jistzuce of z-pproxinmately
3¢ uilse using pole structures ard 7/161 conductur, or r tower desism and
lyux couductor tc meet tihe prorosed load dewamnd of 5 iVA.

Yuu oay rlenge dizcucs with the Cuief En.izcen, Systex Planid.yy CeZeSe,
J 25 oY =)
Jolinie oo eriip, tac leasicility of above :ropesal.

J .

a0 aooTuxiante cezt of 3 lakels der wile will be reguired for tihe cusztruction
of a zew line. jfi.c C.i={ Ea iaeer, Coustructicn Deci_iis, Celele, Coloubo will te
avle 10 wivice az tu the agnroxiuwate cost of the new line vused on standard tendered
costs.

Your. faithfully

-

Davisivial henager(liozth)

Coxy 193 Coebe, Syelew Pine iy = ileace advice Couswwer r- a:dlig thic feasibility
of sroviding 2 § VA sucply withim 7eomiscille
voltage re;ulztion liwdite.

" CeZe, cuumtructlos Deziens = ihe Consuwsr reguwests an zpprosicate cost
basis ;er wile tv srovice a 5 LVi sup;ly to
Puluoddzi iiner:l Zanas Coxporations

.

" Lese, Irincauaslcc.
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Qavdins SSTUCUTHST WA Fal [§555TUSTID
CEYLON MINERAL SANDS CORPORATION

(ESTABLISHED UNDER THE STATE INDUSTRIAL CORPORATIONS ACT. NO. 49 OF 1957)

gasn : g@dQes 9
QeQui: yaQuriae 9
Telephone: PULMODDAI 9

Telex: “SANDSCOMIN™
COLOMBO-1219

The Chief Engineer,
Systeas Planning,

Ceylon Electrieity Board,
P.0. Box 54,

Colombo 2.

Dear Mr. Kotandeniya,

2ed Pma -
adser (o3
Your Ref :»
0od Qo= -
ahsw B0
Qur Ref

eOmBY, 508 slonist
auigmoda, gfRed
Bewla, geends GenGanesm
Qenipesle, dluomian
Iimenite, Rutile Zircon Factory
Pulmoddai

30th Sept. 1981,

Re Supply of Electricity to C.H.S.C, Plant at Pulmoddai.

in rog}z to your letter dated 31st Jhl
SBEESS REREE

1981 - CB

B/SP/AD/150

In viev of proposed new plant‘tho adequacy of the Trincomales to
Faluoddal pover line to supply the 3 MVA capacity of the Pulmoddai
Subestation has come into Question and has been the subject of
discussions with yourself and correspondence from the Divisional

Manager (North).

I also recently had discussions with Mr, Sivathasan, Chief Engineer,
Maintenance, who acted as the Corporatioa's Consultant for the
construction of the subestation,

The Divisional Manager (North) suggests that the existing line is
inadequate and that & nev line costing some 11 milliom rupees be
constructed in parallel to the existing line. The cost of this would

be to the Corporation.

Mr. Sivathasaa, hovever, points out that the 33 XV/11 XV transformers
at Pulsoddai are the antomatic tap changing type desigied to
accommodate a 5% rise in supply voltage and a 15% fall (in lupply

voltagc at the transformer).

gomn wectea : 167, 8 Sgerdds ©:00, omgh 0.
shms speasc: 167, f dyslem wragms, Qengpuy (0.
Hed Office : 167, Srl Vipulasena Mawatha, Colembo 10.

L~}
QetaluP:
Telephons:
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Ee feels that the existing power line will be *jJust adequate' for the
10.‘. ’

My owa calculations indicate that, from the Corporation's point of viev,
voltage regulation would be too high (at 20%){ and, frow the C.E.B.'s
point of view, line losses at 16% '.ould be excessive. This is calculated
for 3 MVA lov woltage supply at 0.7 power factor (2100 Xw). The present
550 Kw load has & power factor of only 0,65 (850 KVA).

Bowever, by correcting the power factor (by the use of capacitors) to
0.95 the voltage regulation can be reduced to en acceptable 12% and line
losses to 7.7% using the exising line. This should be acceptable to the
C.E.‘.

In addition, from the Corporaiic='s viewpoint, the inmstallation charges

of around 6 lakhs would be recouped in less than 3 years in savings on

ssxisum demand charges (N, 22/KVA/month), and & slight saving on unit
charges through lower IZR copper losser in the transformers.

This is 41lustrated by the attached wector diagrams,

Pleass let me knov if you are agreeabl® to this solutiosm.

Tours faithfully,

(EN

KoLe LITTLIE,

Team lLeader/Expert in Mineral Sands Processing,
United Nations Industrial Development Organisation
attached to Ceylon Mineral Sands Corporation.

KLL/on}

c.¢t The Chairman/¥ :ging Director.
The Plant Haﬁﬁgor/bpcrationl Manager.
Mr. Sivathasan (Chief Engineer - Maintenance, C.E.B.).
General Manager,
Electrical EIngiseer.
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Appendix 8B 17

Pulmoddel.,
14th August, 1981.

MENO TO THE CHAIRMAN/MANAGING DIRECTOR.

SUB : REPORT CN DISCUSSION WITH THTZ CEYLON ELECTRICITY BOARD RE -

(1) Adeguacy of Trincomalee - Pulmoddai Power-Line.

(2) Availability of large supplies of electrical erergy for a
possible electro-smeliing operatica.

£3), . Ruture price of Electrical Bncrey: . escccemssssmsssszceas

(1) Adeguacy of Trincomalee;Pulmoddai Power-Line @
The adeguacy of Trincomalee-?ulmo&dai power-line tc supply the
3 MVA capacity of the Pulmoddai subestation has been ir doubt
for sometime and has been the subject of a number of reports
and of correspondence with the CFB. A recent letter received
from the Divisional Manager (North), CEB, suggests the ccnstr-
uction of 25 miles of power-line taking a direct route from
Yrincomalce to Pulmoddai %o run in parallel with the existing

45 piles power-line. The cost of such a nower-line at 3 lakhs

per mile would be of the order of 10 to 12 million rupees.

To see if this expenditure can be avoided I had discuscions
wita Mr. Kotindeniya, Chief Engineer, Systems Planning for
CEB.,

The installation of power factor correcting capacitors has been
sugcested by an independend electrical consultant as & possible
solution. Mr. Kotindeniya zsave the capacity of 7 = .161, 33 KV
power-lins as 68 MVA miles. For the 45 miles power-line this
cal.. lates to 1,5 MVA, He s2id, however, that the power-line
should take the 2 MVA without !'further regulation'., Mr. Kotine
deniya was ir favour of the installation of & parallel line for
tYe purpese cf guarantese performance, However, he sug:ested that
the existing line should bs sufficient 4if a number of steps were
taken.

Contd coe 2
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{a) The installation of power facto> correction by means c? lew
vcltage cepacitors connected directly to the larger motors.

(b) The use »f the voltage taps oz the secondary translormers
at Pulmoddai., These transformers tramsform 11 XV to LS50 volts.
They have taps for voltage correction which are no: currently

used,

(¢) The transferencs of ons tap on the main transformers (33 KV
to 11 KV). These transformers currenily have 3 lower %t2ps
and 2 higher t;pa, each of 2j percent. He suggested that the
highes taps wers not pecessary since the instance of excess~
ively high voltage would almost never erise and if one of
the highsr taps was to a lower tap it would allow voltage
regulstion over the, larger expected range of low incozing
voltage. '

-

For (2) above 3

The unnsed voltage taps on the low voltage tramsformers should
be made to operate automatically as on the high voltage traps-
former.

Effecting ths abcve three (3) steps should allow 2.1 kilowattis
at 2 power factor in exceas of .9 to be tramsmitted by the
existing line.

The cost of power factor capacitors was ascertained from Walzers
Ltd., who have abmnilable 20 KVAr capacity urits which 2re made
ap in banks. These cost by, 7,000/ each. Scme 1,100 KVA> is
necessary, switched directly with the larger motors. The cozt

of these capaciiors would be #. 335,000/=, Installation costs
are ninimal.

I left in abeyance the larger legal question of how the Corper-

ation came to have a 3 MVA subestation fed by 2 power-line vhich
is inadequate to transmit 3 MVA, The original contract with the.
CZB gnom1d de studied to see if the CEB wzs not in fact obliged

to supply 2 power lines &t CLZ expense.

(2) Awvaiiability c? Power
I questioned Mr. Kotindeniya on the awvailability of electrical

) ! ! ! ! éontd XN 4 5
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pover wil:iz the next few years and in the longer term. Mr. Kotin-
deniya c2:id that eluctriceal power would de in short supply until
mid 1984 when the large hydro electric power etations of the Mahaw
vel! Schere come into operation. The present generating capacity
in Sri lLanka im 485 megawatts, It is plenned to add to this scus
1,070 megawatts over a period extending into the 1990's. The
attached table givea the names of the power staticns and their

capacities.

Hencz, emple power should bte aveileole frum mid 1984 onwards.

Trincomalee is &t the end of a 132 KV line currently of 30 mega-
wastc capacity. However, it is plenned to upgracde this to 60 meg-
awatts as the line is a Inulle tower structure only singly strung.
At preseat Trincomalee has 20 MVA sub.staticms, of which 10 are
alresdy taken. The Prima Flour Mill ftself tekes ? to 8 MVA,

Cost of Future Pover Suvply ¢

Electric:l epergy in Sri lLapka has historically “een lnexpensive,
However, in the last 30 months cost per unit has escalated alarm-
ingly. As recexntly as 30 months 2go power costed 12 cts. per unit
rlus a emall curcharge for the KVA mexizum & montk. A recent power
bill shows the cost of energy at Bs. 2/= per unit. This is largely
due to the intrsduction of gas turbines which are notoriously fuel
hungry and were introduced only as an emergency measure until

Tarther Lydro capacity was introduced,

In the future it is intended to use the gas turbines only for
peaking, i.e¢ : to tuke some of the load orly during peak hours.

I was referred to the Commercial Manager of CEB, Mr, Senathipathi
for estimates of future power costs. Mr, Senathipathi estimated
that hydro power alcne in 1982 and 7983 wculd be i3 ¢/uait,

He sald that in the past commercisl power had been heavily sube
sidised by the domestic sector and this would not be the policy in
the future., The days of cheap power apparently are over.

QOntd see h
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In 1985 and 1536 whea ample supplics of power will be availehle
the cost will not be cheap becmuss of the large capitel costs of
the hydro schomide

AB aﬁ inatance, ne gave the ccet ¢ the Rotmal?2 Projecdt vhich uas
originally estisated to cost 3 Billlon Fupees, The current estipa-
te of the cost 45 § Billion Rupees but it is widely expected that
the ead cost ¢ill be scmewhere {n the raumge of § to 12 Billion
Rupues, this is for 270 MVA power ctation which is fairly sasll
by world standarids,

Mr. Senathipsthi caid that the hydro schemo would be handed to
the CiB on completion and they would then be eaddled with a2 large
e loan re-paycect. Hence, t-@ unit cost of the power could act be
' gpall. He estimated that power sn 1984 Go 1986 weuid cost
B. 1.50 per unit vithout the present oil surcharge. 4 Quick
ealculation shows that 1.5 S per unit 4s of the right order
aince the interest and depreciatica charges cn 9 Billion Rupses
: would be erocund 2 Billion Rupees per annuam and the 210 megawatts
| pover statioz would produce arcund 1 Billiom units per annum a%
€5 perceat utilization factor, Hence, the money cost alope of
this power station would be b. 2/= per unit to which must be
E added tlLe running cost and the ccst 0? the distritution systexm,

' Mr. Xotindeniya zaid that he wonld bs writing a letter to the
Corporation including the outcome of the discussion.

|
é
; (</ﬁ\ (< =% — B

Kele II 'T&z.

'*UNIDOY Team Leader,

o KLL/ang
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MEMO T0 THE CHAIRMAR/MANAGING DIRECTOR.

Analyses 0f Electrical Load - Pulmoddai

BT R s e R S S e T RS SRR EEEEESETEIESEINE

An apalyses of the electrical load at the Pulmoddai Plant is necessary
both for reierence and to determine how much electrieal capacity recains
for the proposed Wet Gravity Upgrading and Wet Magnetics Separtiom Plant.

The existing sub-station is a dual 1.5 MVA, 33,000 V system (giving
3 MVA) but the power line feeding the sub-station is of iower and some-
what indeterminate capacity (sec separate cemo).

1. Incoming Load :

on 10th August, 1981 CEB Ergineers serviced the mein meters measur-
ing units and KVA maxipmum demand. Previocusly, caly the watt hour
meter appeared to be working. The KVA meter was cbviously reading
low and not responding to changes irn lcad. Tne Bngineers said thet
the metershimd preoviously been calibrated in the workshop to an
accuracy of ¢ 2% but had been wrcngly connected.

The new reading of the meters is comsiderably higher than the older
reading, by at least 50 Kv and by some hundreda of KVA, At present
pover rates, the Corporation may well be paying an extra B.70,00C/a
per month, viz 2=

60Kw x 30.5 days x 24 hrs x 1,40 M/Xw hr + (950KVA - 620KVA)
X 20 B/KVA demand = 68,083 Ms/month.

With abcut 1 million B/yr. probably involved it ic of some concern
to the Corporation to cee that the CEB meters are not reading in
excess of the correct amount. Unless the Corporation power factor
seters sre repaired there is no way of checking the Xw demand,
hence the units charged. The XVA now indicated by _he CEB meters
i8 considerably in extess of that indicated by the Corporation
meters, S0 the latter should be checked.

Contd (2)
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Nor are the Corporatioas ammeters coasistcat withia themselves,
The sum of the current metars on low woltage indf{cates highcr KTVA
than the main Corpcration metier in {he subeatation. Also; meters
supposedly readizg the same currert do not agree. It is therefors
recomnended that one exzeter, one woltmeter and one p.wer factor
meter preferably working on the bus bars for the 11 KV suprply ex
the main transicrmers be aent for calibration to the CLE laborze
tories tog~thor wilh thelr current transformers. There would then
be an independent check on the CED's charges.

According to the CLE meters theam the maxmimunm denmand is likely to
be
950 KVA
5
620 Ew,
and power factor from 0,62 ta 0.75, average 0.66.
Individual load

The XVA demands of individual sesctions such as Dry Mill, Southemn
(V] '
Bonaing Complex eto. can be obtained from curreat and voltage

meters, but thess are of doudtful accuraey.

The Ev load of individual statiocns can not be cutained because

there are no power factor wmeters or watt hour meters. Liowever, it
is posaidble to make an educated guess from the overall power factor,
the nature of the load (heating, lighting, small induction motors
partly loaded, ete) and from overall power factors at times vhen
one load predominates in the overall lced.

Bearing all this in mind the follewing is the approximate positicn 3

Section KVA Kw Estigate Remarics
Dry MA11 205 131 Constant loads
wet Mill 300 192 when
Ilzmenite Plant 150 92 operating.
0ffice zin 01 01 Variable loads peake
sax 15 11 ing at different
Workshop min 01 01 times.
max 15 11
Contd (3)
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Section RVA Kw Estipate Rerarks
leading min co 00
rax 35 24

Soutcern min 35 30 Variable loads
Housing max 1385 150 peaking at
Northera min 06 cS different tizes
Housirg nax 25 22 3

Total Maxirun 930, 643

30 Load iimits I~>osed On New Plant :

The proposed plant will have to be confinnd to certain elestrical

load limits depending on what changes are mads,

According to CEE2's own formula the present power line has a capacity
of 1.5 MVA, viz : 68 MVA miles & 45 miiea = 1,51, The Chief Systec:
Plaaning Engineer says however that 2.0 MVA could be obtained with-
out regulation. Hence, tiie mew load would be confized to 2.0 HVA
minus the existinz load, which equals 1,05 MVa, '

With power fsctor correction to the existing and new load azd full
use of the tap changing facilities of the transformers the available
supply for the new piant would be approximately 1,459 kilowatts at

povwer factor in excese .of 0.9.

With a new power line in parellel to the existing power lire the

available load could be extended to the capacity of the subestation

miqg:wgge existing locad, L.e2 3 MVA minus 0.95 KVA e 2.05 MVA, s0 ;
with/Zactor correction 2 megawattt could be cobtained for th> new

! plant.

] A
KL 4 _q -9

K.L. LITTLE,
( UNIDD ).

12%h Aue., 1081,
KLL/na}
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. of power factor correction capacitors would incrza

from 0,67 reducing ¥VA maxizum demand from 250 to 705, This would cave 245x 20Rs

= 4330 s p2r month (U000 Its per year) and wouid cost 140,000 Rs for the
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for a proposed Tourist Complex at China Bay, The balance has been
set aside for various other purposes. Thess figures are inteaded

to represent the needs upto the year 2000, Beyomd then there 4s
provision to extend the supply from the same pipeline to 12 milidon

nd.

The requirements for the pigment factory should not exceed 1.3
million gpd and ocould bs consideradbly less depending on the confi-
guration of the factory. As an indication only.Ratnakumar gave a
price of B, 8/a per 1,000 glas. for industrial water.

Kantalai tank, the source, is an ancient tank built in the fifth
century. It has a capacity of 110,000 acre feet and presently
irrigates 13,000 acres of paddy and 7,500 acres of sugar. While
its catchaent are: is fairly amall it received a minismm of
50,000 acre feet per annum from the Nabaveli scheme, The catchment
area of Kantalai system is given as 174 sq. miles, giving an
annual ran off of 221,000 acre feet. The requirement of the water
scheme amounts to 10,000 acre feet. No information regarding the
Quality of the wvater was awailabley It is assured that it will be
& reasonadly soft water. Any further inforsation will hawve to be
obtained from the Head Office of the National Water Supply Board
at Ratmalena,

Froa above it can be seen that thers is the prospect of obtaining
& reliable wvater supply fros the new water scheme for Trincosales.
This would be of the order of M m.g.p.d.

Regarding power supply,there is presently a 10 MVA sub.station at
Trincosalee most of which is already assigned and there is to be
another 10 MVA supply added in the near future.
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I — I __courTiucys PLAK  DISCIalGE
_ H.6.0, l./5. Peak octor le/5a
Upstrean 0.60 31,60 1.0 31.60
Jorth Hilaveli Town 0.28 1,70 2.5 37,00
(Hilaveli) Tcurist Conuvlex 0.65 5h .00 2.5 845,00
Centre ) Adr Force & HNavy n,60 31.60 1.0 31.60
(frincomnalee) a Town 2,721 142,60 2.0 285.00
Souta q Free Prade Zone (Proposed) 1.53% £0.50 1.0 . 82.50
(Kinniyai) ] Prima Ylowr pill .05 07,60 1.0 02,60
Jourist Centre (I'voposed) 1,30 68,40 2.9 171.00
Kinniyai 0.2 1,70 2.5 37.00
TCDAL 8.CO h21,00 262,12
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Deeds of the town and
the swsroucding oreas
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Appendix 98 Pulmoddad.
14¢h h‘l’t, 1981.

MEMO 0 THE CHAIRMAN/MANAGING DIRECTOR.

QUALITY OF THE PROPOSED TRINCOMALEE WATER SUPPLY

The previcus memo has dealt with the availadbility of the proposed
vater supply to a possible Titaaium Diexide Pigment Plaa$ located at
Trincomalee. This information was obtained from the Projeet Manager
at Trincomales. He could not hevewer give any informatioa as to the
quality of the water. On Friday the 31s¢ of July 1987 I visited the
National Water Supply & Draimage Authority Offices at Ratmalaza to
obtaia information regarding the expested quality of the propesed
Trincomalee water supply from the Kaantalai Tank. From the Chief
Chemist I obtaimed analysis of the Kantalai Tank water takea onse a
sonth during the year 1980. This gives a profile of the water through
the varicus seasons.

The samples véro taken from near the spillway and oaxe foot below the
surface. In some cases, two othey samples wers takea, ome At greater
deptsh and ones from the bettom of the tamk. The results, hovever, did
not differ greatly except tha$ in ome instanee only, the bottom sample
had aignifiecartly higher irea comtea$®.

The analyses shov the wates to be fairly soft with a 2 te 1 range ia
total harduness depending on the seasgn. Most of the hardness is
temporary hardness which is cheaply treated with quiek lime or Rydrated
lime. In sany cases, the tosal alkalinity, representing mostly
temporary hardness, exseeds the total hardpess, This is umusual aand I
vas $0ld it vas due to the presense of hydroxide alkalinity or 'soddum
salss’.

The water is much softer and much lower ia Setal dissolved solids thaa
the Yanoya water rupplied at Pulmoddai, and would therefore be bdetter
for sulphate route titanium dioxide pigment plazts and/or eleetre
smelters,

KL
K.L. LIT?1R,
'UNIDO' Toam lesndes.

KLL/nnJ
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TASTALAT TANC WATER AMALYSES

30-12-80 23=11=830 21-10-80 18-09-80 13-08-80 03-07-80

APPEARANCE Turbid _Turbid _Turbid _Turbid _Turbid _Turbid
Turbidity
unsettled 12,00 17.00 17,00 16.00 22,00 15.30
settled
R 06.90 06.60 07.20 07.%0 07.0 07.20
Eleet Cond 150,00 1%8.00 175,00 185.00 280.00 275.00
nu-»h/c.3 A
Chlerides 18.00 1‘.” 17.& 170w 26,00 3.&

Tetal alkalinity 75,00 70.00 81.00 101,00 128,00 158,00

Total hardness 92,00  67.00  84.00  88.00 118,00  126.00

s cacoy
Total diss solids 97.00 93,00 112,00 119,00 179.00 178.00
Nitrates ppm ts =t = tr tr ty
Kitrites pra matr =t tr =t =t =
Yree Aumonia 00,10 00,08 00,08 00.08 00,08 01.5
Albuminoid asmonia 00.90 00,10 00,15  00.20  00.12 01,88
Iron (1) Tetal 00,70 01.10 00,70 00.8% 01.35 00,72

(2) Aerated

settlied

Colowr Hasen Seale 20,00  20.00  45.00  45.00  #8.00 25,00
Fluerides (as ¥) 0080 00,80 0040  00.%0 0040 00,40
Sulphates (as 50,) 05.00 0400 0400  03.00 0400  04.00
Manganene asl ai.l nil nil aid ail

Units ¢ ppm unless othervwise stated (parts per millien).




Continunation 132

07=05-80 08-04.80 18-03-80 26.02~-80 21-01=-80
APPEARANCE Turbid Zurbdid Turbid Turbid Turbid

&edight)
Turbidity unssttled 06.80 10,20 08.80 05,00 1%6.80

o settled
- | 07.30 07.00 07.30 07.60  07.60 )
Eleot Cond 290,00 275.00 275.00 260,00 530.00
segobn/on>
Chlarides 24,00 26.00 23,00 26,00 21,00
Total Alkalinity 134,00 119,00 120,00 120,00 114.00
as c-co’
Total Hardneas 124,00 120,00 118,00 116.00 126.00
as m’
Total diss sclids 189.00 181.00 180,00 171.00 218,00
Nitrates ppm tr tr ty tr =t
" Nitrites ppm st =t =t at =t
Tree ammonia 00,10 00,03 00,04 00.26 00,16
Albuniseid ammonia NJS 00.15 00.1‘ 00.52 00.‘10
Iroa (1) Iroa 00,36 00.40 00,42 00.62 00,72
(2) Asrated settled

Coleuy Hasen Scale 12,00 15.00 15.00 . 20,00 23,00
Finorides (“ ’) 00.'00 00.50 NJO 00.'00 00.‘00
Eulphates (as 50,) Ok ,00 04,00 04,00 04,00 04,00
Nanganese ail . a4} ni}) ail ai)

Units : pps unless othervise stated (parts per millicam)..
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Appendix 9C Ceylon Minersl Sands Corporation,

Pulmoddail.

27th April, 1981.

Chairman/Managing Director,
Ceylon Mineral Sands Corporation,
COLONMBO.

Report on Discussions with Irrigation Department,

In order to assess the adequacy of the Yan Oya anicut to supply the
Corporetion's present, projected and possible future water needs, I
had discussions with the Irrigation Department at Trincomales on
Monday, 6th April, 1981 and Wednesday, S8th April.

Ofticers interviewed were :

M/s. K. Thevasagayam <~ I.E. Hq. 2.
T. Nadarajah = Draft{sman.
V.Re lLoganathan = Technical Assistant.

Mr, Hajireen, Technical Superintendent was not avallable.

The Corparation's present needs amount to 600 imperial gallons per
minute (164 c.m./hr.) or 1100 acre feet (1.37 x 106 C.m.) per yeer
(assuming 8000 hours operation). A pigment plant at Pulmoddai would
at least treble this requirement and other opermtiions and persomnel
requirement would edd considersably.

last year, befors the onset of the monsoon, production had to de
interrupted because of shortage of water,and extra-ordinary measures
bhad to be taken to obtain supply. The subsequent monsoon was very
poor, yielding- less than helf normal rain fall. Hence similar
problems can be expected around August and September tris year.

The problem lies largely in the 4 mile long open, unlined channel
which conveys the water from the anicut to the pump inlet =i te.

Seepage and evaporation losses are excessive aince the channadl fie-~
quently spreads to a wide area of pondage and swamp, and sinee wild
elephants frequently dbreak the banks, The other part of the problem
is thet flow in the Yan Oya drops ‘o dangerously ciose to requirements
(1.e. 600 gpm). Por months, lest year, diesel driven pumps had to be
installed below the anicut to pump water to the intake =ite and the
snicut was lsft open. The seepage and evaporstion in the river bed
apparently, were below those of the chammel.,

Cont'd-.../Z-
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A tank, the Omarskawa or Eandura tank lies 4 miles upstream of the
Anicut on & tributory of the Yan Oya and is available t0 supply the
Anicut. A reting in acre feet for this tank was not available, but
i1t appsars quite small on the map and itz water is lost to seepage
and evaporation and heavily pillaged as it comes down stream. Hencs,
last year 1t was not of much assistance.

The following statistics re. the Yan Oya were obtained,

Yan Oya -

Total catchment area : 590 sqe miles, 1500 kmz.

Average yearly rainfail : 55 inches s 1400 mom.

Hence :

Total rainfell 4n catchment I 9.73 million acre feet, 2135 x 106 13.
Runeoff, ysarly average t 319000 acre feet, 395 x 106 n3.
Minimum yearly run-off 3 100000 acre feet, 123 x 106 33.
Minimum flcw rate : 850 go/min. , 232 em/hr.

The anicut, being slightly upstrsam of the river mouth, misses 13
square miles of catchment and the Huruluwewa tank of 55000 acre feet
eapaclty collects water from the top 77 square miles of catchment,
Bence, the catchment arsa available to the Anicut reduses to 495 square
miles and the above figures reduce iun proportion.

-

Up to the present the Buruluwewa tank has proved to have sxcass
capacities for its ocatchment area. It never overflows ani some of
1¢s projected 10000 irrigable acres have had to be abandoned.

»

Prom the Corporation's point of view the bad news 1is :-

1) Work bhas started on a scheme to irrigate 1400 acres from the
Yan Cya anicut. The erea is downstream from the Corporation's
pump intake site on the same open unlined channel, so the
Corporation's needs are met first, Howevar, as previocusly stated,
the Corporation's requirements cannot be met at times :s0 a bdad
situation could develop, with angry farmers demanding water.

2) There is a plan to site a new tank 6 miles upsiveam of the anicut
on the Yan Oya, This will be the Veddatalswakanda tank, also
called the Yan Oya tank., It will have 3

527 sqe miles catchment area.
46000 scre feet storage capacity.
9000 reres irrigable area,

cont'd... 00/3'
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Also the Wahalkeda Wewa, an 0ld tank is 0 be restored and
there is a plan to build another tank, Ratmale, a furiher
14 miles upstream. This willhave 1~

398 Sq. miles cetchment area.
26000 acre feet siorage capacity.

5000 acres irrigable area.

Cont'd......./&—
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There is, some doubt the latter plan will bes implemented. The
Veddatala:waksnds tank could, however, de as little as 12 months
-way or &s much as 10 years.

During some siages of construction at least flow may be interrupted
and the Corporation will run short of water.

Properly managed, however, the tank could ultizately stabilize the
Corporation's supply by holding back water for release in the d%&ﬁ
season, Tuis depends on the Corporation's recguirements being
scheduled irto the Irrigation Depariment's plans,

The good news is that the Huruluwewa teank, 42 miles upstresam of

the anicut is soon to be supplied with water from the Mahavell
Scheme, The water eminates fror the Amban Ganga, & tributory of
the Mahaveli, and comes via the Zlahera anicut and the K.C,.P., canal.
The overflow from the Huwruluwewa irrigation area, assuming there is
one, will then supplement cztcoment water in the Yan Cya; and s0
improve minimum flow at the anicut, whoae siorage capacity is so
szall as to be hardly worth consldering.

Recommendetions and Conclusione ¢

Thers is a need to lliase with the Irrigetion Depertment ¢t ensurse

the Corporation's current and future water needs. The proposed
Veddatalawakanda tank has the potentiasl to =supply current and even
modestly expanded water needs provided its outflow 4is controlled, but
this has %0 be arranged with the Department.

The Lepartment should be querried, preferably at & Xinistry chaired
confarance about its plams, particularly :

1) regarding ths timing of the tanks constmctiion.
2) whether flow will be interrupted during construction.
3) whethar the Corporstion's requirements have been taken into account.

If the tanks construction is to be delayed indefinitely a large dore
pipe line is required from the anicut to the Corporstion's pump intake
site to avoid heavy lossmes in the channel currently used.

2.L. 1Little.
{URIDO Team Leader).
KIL/1m.
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Aonendix 10 138
FINANCIAL JUSTIFICATION Of WGU & WS Plant

(1) JWithout up-grading of ilmenite and limited sales of ilmenite
Ore assay essumed :=
within the heavy mineral component :-
Ilmenite Rutile Zircoxs Other Magnetics & Non Magnetics
72% .. ... 8% 7% ' 3%, . . .
!:Notek;- there is some doubt on these figures as there are conflicting reports
from 85% heavy mineral to 40% heavy mineral - average 60% H.M.
7 years mining at 59 to 125 t.p.h. - 85 t.p.h. average
7000 hrs/year out of 8550 pomsible - 82% operating time

tonnes of ore mined := 7 years x 7000 hrs x 85 t.p.h. « 4,165,000 tonmes

Recoveries assumed 3= %

Mining Wet gravity < Wet magneticx Tabling Overall
x up-grading separatiorn plant & =
dry Mill
Ilmenite 100 x 97 x g8 x Not = 95.1
applicable
Rutile 100 b'e 67 x . 95 x 98 = 90.3
Zircon 100 x 97 x 95 x 65 = 59.9

Toones per hour produced 3=

Ilmenite 85 tepehe x 60% B.N. X 72% assay x 95% recov, s 34,9 4&pr

Rutile " n x " n x 8& n x 90% " = 3,67 "
Zircon " " x " n x 7% " x 59.5 " = 2414

Tonnes per year producel :=

Ilmenite 34.9 tepehe x 7000 hras/year = 244300 tonnes
Rutile 367 M x " " " - 25690 "
Zirecon 2.1% ® x " " " = “14g80 ®
31-01-81

KL:GA




13¢
RETURNS
A §/tonne 3 4 B.(8A = 21.2 &)
£epey E:0.8. _  JTotal
Ilmer.ite 35000+ 20 700,000 1‘*.8‘#0‘000
Rutile 25400 200 7,620,000 161,544 ,C00
Zircon 14800 70 1,036,000 21,963,200
Total 94356,000 198, 347.200
* Sales only, allowances made for shipping losses
Capital Investment
]
Wet Magnetic Separation Plant including
mining, pipeline, wet gravity upgrading,
wvet magnetic separation, exsluding dryer and go-down
tenderers contribution 150
Corporation's contribution(electricity supply) 15
Alterations to existing plant for greater throughput,’
( existing plangs capacity t= 15000tepeye rutile
7000 « 8000 t.p.ye zdreon) 25
Existing plant at book value (31=1280) 117
Earthmoving equipment (new) 5
312
m|mRS

R e e [

31=01=31

KL3




EXPENSES

Salaries, CeTe, EePeFe & Bonws 870 employes x 13200 ks

each
Contract stevedoring
Employees lLoans
Fuel D7=-6gph, lain Dryer-18 gph, Zircon

Dryer-7cphy Futile 3gph.

Loaders, Truclis, Vehicles etc. :~-
4 gepehey Flcating craft - 2.5 g/hr

Say 45 gph x 7000 hrs x 27 v/gal

Lukricants

Repairs, Maintenance -~ Consucables Plant

" " n Head Office
" n n Floating Craft
Elasctricity ( Zxdsting r.ant = 500 K.¥ x 7500 hrs
2 x55 WK.Vh.:‘
( Projected Plant «1200 X,W x 7000 hra
( x 55 B/K.W.hr
E Sundry

Postage, Telephons, Telex

Sales Promotion

Sundry Expenses - rent, rates, printing & staticnery,
entertainment, insurance, legal,

licence fees, lorry rynning expenses,
bank charges, staff welfare, analysair
fees, royalties etc.

Research & Survey - to dilineate reserves

Add contingency 15%

Add depreciation = 312 ma b f 13 years
Total :-

i:
- 4

11.5
o6

o3

8.5

o1

6.0

2.8

4.6
o1
.5
.u

2.5
41.0
6.2

24.0
712




Appendix 11

HCNTHLY RATHNYALL - DPULMCDDAY

BTN N3 3G E I DN AR S %

AoUTH 9?25 1.9 7.8 1372 1.9 7. 8 19729 1980

Y

INGE  R.naTS INGH  R.DAYS  DHCH  JGDAXS  INZH RLDAYS  INGH  R,DAYS  INGH R.DAYS

JANUAQRY 2.7 06 049 04 0.83 ch 0.83 oh 0.53 o4 - -

FERRYUALY N.23 03 0.02 ot 21 05 - - 0.70 ol - - [
BARSY 2,78 cA 0.73 c3 1.21 ol 2.69 03 0.7 Gl - -

ADHIL 0.%3 03 2.15 (o13} 1.01 0é 346 05 - - 4,81 37

MAY 2.26 ob 0.31 o2 3,0% 03 049 03 3459 03 1.35 o1}

JUNs 2.09 02 4,95 o8 T 0,07 oh 0.05 o} 2,50 oh 0.07 01

JULY D.36 oh ¢.ob o1 2.77 05 2,93 03 T.5% 02 1.08 0%

RiJCUST 4,24 s 4,37 08 0.05 01 0.33 0l 1,32 0.2 0.G7 01
vi?Tanaga T.43 a7 392 1o 9,82 12 RIRY! a3 9,52 18 .66 03
oﬁftain 5,33 10 7,353 11 1, 50 20 15,260 17 15.93 1y 3. 2 3
NOVEMIRR .56 21 12,80 2h 17,03 21 16,13 13 15,80 2%

DECIMBLA 9.39 16 hash 20 13.02 15 oo Jo 0 19.99 12 —— —

TOTAL cenne.ee 112,59 ) 51,83 69 48,81 102 52.63 74 w2.1y a3 ;

=== e == c=z=o iz SR TR

1
i

sE=xoy =3 TE=S =3 e =
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fppendix 12 b.

ot

4=
(@53

Expected Composition of Raw Iron from
Electro Smelting Operation

based on Test Smelting at Zaporozhie, 1976.

Sulphate Slag
Chloride Slag

2.36
2.55

0.14
0.06

0.25
0.15

Si

0.11
0.06

Ti

Q.05
Q.az

Mn

0.a6
J.04




_Appendix 13

CMSC Dy mill
MSC Hen Mi 11

Australian east coast
Capel'Wa primary
Capel WA secondary
Eheabba WA
Yoganup WA
Yoganup fully altered
Finland, Kemira
USSR "“Lemna"

"Irsha"
Norway Titania A/S
India 'Q' GradeQuilon
MK Grade

Ratnagiri

Ma]axsia

typical Ilmenit e Assays

Ti0 Fe O FeQ Cr O Vo r0 Si0 M0 Mgh Ca0 Al O Comments
2 23 23 25 2 2 2 3
0.18

53.6 22.2 20.2 0,08 .20 40 0,92 0.8 0.90 0,15 0.70

47.2 17.0 23.9 A3 0.1 0.2 2.1 3.70 1ittie sale

54.8 16.5 24.0 0,03 .12 W2 1.1 1,3 ..18 a1 .75 Sulphate feed

59,3 15.0 18.0 0.08 A2 .4 1.2 1.2 18 .01 1.7 Chloride feed

53.9 29.0 5.4 0.16 .16 .8 1.2 1.1 .2b a1 .6 partially -
altered -

59.0 31.6 4.5 0,05 .18 36 1.3 " "

83.5 8.4 0.0 fully altered
to leucoxene

45,2 8.8 38,7 0,005 0.26 ? 2.0 .65 1.3 0.6 2.0 sulphate feed

57.9 32.3 5.1 0,03 0.18 4.2 .43 .46 3

51.7 13.9 29.4 0.03 0.14 4.2 70 .48 .40

44.6 11.5 34,7 0,07 0.18 2.65 .29 4.6 Q.2 .68 sulphate feed
hard rock

60.6 24,2 9.3 0.12 .15 0.9 .9 .96 losing to
market

54.2 14,2 26.6 0,07 16 (.8 A4 1,03 1.25

51.9 20.9 23.7 ? 7 1.86 .4 .37

57.7 16.8 18,5 0,04 a2 1.3 3,4 0.1 A 0 1.4




South Africa,Ungababa

Isipingo
New Zealand Westport
Canada Lake Allard
USA ASARCO Lakehurst NJ
Trail Ridge Florida

Titanium Ent erprises
Green Cove Springs

N.L. Industries
Adirondack NY "61"
Adirondack NY "62"

Brazil

"Nuchelon" Co. min

max

typical Ilmenit e Assays (contd)
Ti0 Fe O Fe} CrQ va Ir0 Si0 MnO Mgl Ca0 A1 0 Comments
2 13 - 23 25 2 2 23
50.5 9,2 38.2 0,20 .12
46.6 9.1 39.5 0.10 2.8
46,5 3.2 37.6 0,03 0,03 - .4.1 1.7 1,2 1.4 2.8 not mined yet
3.3  25.2 27.5 0.10 0.27 4.3 JJ6 3.1 0.9 3.5 Sorel slag
feed
60.2 29.3 3.6 0,14 0.09
64.8 26.0 4.8 0,07 0,12 10,35 .35 1.5 -
&
60.3 26.3 5.6 0,22 0,14
44 .4 4.4 36.7 .01 24 3.2 .35 0.8 1.0 .19)  hard rock
) sulphate feed
44.5 5.8 38.0 ? .14 2.5 50 2.1 0.6 1.79) ‘
5.4 28,6 6.6 .05 17
58.9 38.6 1.15 .45
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Appendix 14 Typical Product Analysis (Chemical @ Screen)@Guaramtees

ILMENITE
1) Chemical Analysis Percentages
Ti0; _ 54,58
Fe,0, 23.15
FeO 18.11
O §i0p 1.51
Zr0, 0.02
A1,04 1.18
MnO - 0.37
Crjy03 0.07
V9 0.09
Mg0 : 0.85
Ca0 : 0.08
Po05 ‘ ~ Traces ([ 0.1%)
" Total 100,01

- o o -
====S=====

2) Screen Analysis (BSS)

+ 60 0,30%
+ 72 0.32%
+ 100 12.72%
+ 150 40.82%
+ 200 33.82%
- 200 11.90%

Usual Guarantees:

Ti02 53% Minimum
Maicsture Less than 2 per cent




148

RUTILE
1) _ Chemical Analysis 2) Screen Analysis
T6 0, 96, 4% + 36 NIL
Fey03 .80% + 60 NIL
Si0s .38% + 100 9,7%
2r0, J8% + 150 47.0%
A1,0, 163 + 200 40.0%
S NIL + 240 3.0%
P Less than ,001% - 240 3%
LOSS -
' TOTAL 100,02

Usual Guarantees

Ti0p 95%
Under present conditions, 1t is possible to offer a recognizec

“Standard” grade of rutile i.e. 95% T1‘02 minimum

1;0%'Zr02 maximum
1.0% Fc203 maximum
STANDARD GRADE ZIRCON

1) Chemical Analysis Percentage
{ . Ir0 66,3
Si0 32,6
Feo03 | c.10
Ti0, 0.23
A0, 0.25
2) Séreen Analysis (BSS) Percentage
+ 100 0.1.
+ 150 . BT
+ 200 60.8
+ 240 25.6

- 240 5.1
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Usual Guarantees

2r0p 65% Minimum
(S
Again under present conditions, it is possible to offer a recognized

"standard" grade of zercon, i.e.

) Zr02_ 65% minimum
T1'02 0.3% maximum

Fe;05 0,1% maximum
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Appendix 15

Rates of Exchange per USS1
Year Sri Lanka Rupees Australian $
ér. 30th June
172 6.40 6.13 .893
173 6.40 15.6/£5S .85
R 6.50 "
175 7.00 .754 (devalued)
176 8.50 8.68 .809 (30=6=76)
177 8.88 7.28 .92
178 15.50 15.72 .871
'79 15.55 15.63 : .891
'80 17.10 .86
181 19.00 .87
'81 Oct 21.10 .87







