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1. SUMNARY | 3
This report concerns the Evaluation of the Titaniun Slag Project

(hereinafter TSPR) investigated in the Ceylon Mineral Sands Corporation
(herein CHMSC) Development Programmes DP/SRL/78/031.

The ains of the TSFR Evaluation are to assist the CHSC and the Govern-
mental anthorities to make a decision concerning the implementation of
an electrometallurgical nlant for processing ilmenite at Pulmoddai.

There was one study submitted to CMSC and staying at Pulmoddai for v
sbout six (6) weeks the writer invesiigated the circumstances and :
poasibilities of this TSPR in detail.

The 'FIKDINGS' chapter of this report deals mainly with the technolo-
gical, energy and personnel aspects of the project, but the economic
and marketing questions are treated as well,

In section 3.5 'FUTURB' some ideas are shown concerning further steps
of the development.

The 'EVALUATION® ghows how the TSPR has been elaborated and whether
this needs any further completion '

The section 4.3 'CONCLUSION' shows that the project is feasidle and
competitive. The Titanium Slag (hersinaftur 78) is a marketable pro-
duct with an increasing price level, The pig iron as a byproduct of
the process is an important metallurgical raw material in demand.

According to the rscently achieved geological prospecting the quantity

of the resources is quite higher than that indicated in previous
studies, It is now estimated at sbout 13 million tons while the esti-
pated figure in 1971 was 3.7 million tons of HN (Heavy Minerals).

Executing some modifications and completions the project can be a
very cumpetitive plant for the country, which ean be developed with
further processes.in the future,
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*RECOI{ENDATIONS' chapter contains remarks and proposals concerning
possible future action to ensure quick and efficient starting and

running of the plant.

The attention of the reader is drawvn particularly to recommendation
No. 1., This is a fundamental prerequisite for a good start at the
efficient functioning of the Titanium Slag Flant (hereinafter TSPL).
It deals with the problem of power demand and supply which is the
main question to be solved.

2 INTRODUCTION

2.1 CHSC DEVELOPUENT FROGRAILIE

2.1.1 Concept .
PSPR is in fact one part of the CLISC Development Programme
DP/SRL/78/031. The full details of the background of this
programme will be included in the terminal report on the

CSC Development Programme and are not included here.

-

4 2.1.2 Original aims :
The aims of the development of TSPR are given as follows :

a) To improve and upgrade present mineral sands mining and‘
bene ication operations of Ceylon iineral Sands Corporation
(cHsc), and to evaluate the feasibility of introducing new
processes for the conversion of ilmenite sands to more

valuable intermediate producte.

The expert will specifically be expected to @

b) Evaluate feasibility studies prepared by potential foreign
joint venture participants in connez2tion with titanium slag
production in the country, and prepare a report on these
for the Government's perusal.

c) Prepare separately ¢~ include in the above report, his own
findings, conclusions and recommendations over and above
those contained in the various feasibility studies, pertain-
ing to titanium slag production.

ey e e
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d)

e)

2.1.3

3.1
3.7.1

- 3 =

If any negotiations were to take place with potential
foreign partners during the expert's presence in the cowntry,
provide advice and assistance in these matiers to the

Government, if so requested.

The purpose of this project is to provide assistance to up-
grade present operations at Pulmoddai of CiSC on the one hand
and the advise the Government on the best, most economical
and profitable apprcach (es) for expanding and broadening the

production o ilmenite based products on the other.

Additional ains :

Additional aims have not bean submitted by aayone.

3, PINDILGS

TH3 TECHHOLCSY AXD BQUIPLEHT OF TSPL

The technological process 1

The demand for hizh grade titanoferous materials is increa-
sing in such a way that the natural resources of rutile are
not enough. High grade ilmenite concentrates suitable for
direct chlerination (hereinafter CHR/Chlorine Route) may 8lso
become unavailable in the future. Slag produced from smel-
ting operations may provide available alternative to the use
of rutile or hish grade ilmenite concentrates for the
production of titanium sponge. It can be also used for the
so called sulphate route (hereinafter SR) titanium dioxide

pigment production.

*Phe Project Report for the CMSC Titamnium flag Plant of
75,000 mtpy Capacity' concerns the smelting of ilmenite con-

centrates by an electrometallurgical process.

The technolozy for smelting ilmenite with a carbonaceous
reducing; azent to obtain high grade titanium slag and pig
iron has bcen known for about 30 years, Three main

producers are using this process.




a)

b)

c)

a)

b)

c)

a)

e).
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Quebec, Iron, & Titanium Corporation, Sorel, Canada
(since 1950).

The Soviet Russian Titanium & Hagnesium Plants at several
cities of the U.S.S.R. (since 1950).

Richards Bay Iron & Titanium (Pty.) Ltd., South Africa
(since 1978).

The proposed technology is based on the second producer's
knov-hov.

The main advantazes of the suggestedé technology are

The process is flexible., BEoth SR Slag and CHR Slagz can te
produced in the same furnace and the chanze ca: e done

quickly without any special complications,
There are no solid, liquid or gaseous pollutione,
Dangerous compounds need not be imported and handled.

The final product is of higher quality than that{ produced by

the alternative reduction methods (DR Process).

The power demand of the proposed smaller units does not cause

any problems in the electrical network,

The raw material (ilnmnitd is available in large quantities
in Pulmoddai, The reducing agent can be supplied mostly by
the Comniry's industries. The power supply in 1979 was told
to be ensured vithout any difficulty. This question will be
dealt in the next subsection in more details., It can bde,
therefore, seen that the slag process is not a sophisticated
methods It is an appropriate industrial technology using
preliminary local resources and producing products for export
and domestic consumption, as well (pig iron for the Sri Lankan
Steel and Foundry Industries).
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Power Supply :
The TSPL proposed in the dudy which was to be evaluated will
prodauce 79,085 tons slag and 31,270 tons pig iron annually

worth over 15.3 million US3 according to 1979 price basis.

The main question is whether the power demand of 178,400
khpy can be calculated in the power balance of the countiry

for the years after 1984,

If all goes to schedule (anticipating the signins of a
contract in 1980) the power demand of the TSPL will be as

follows :

2nd H=z17 s -y  Aver, o Peak
o7 1983 9,900 Lith 4 MW g ading 5 M0 g oading
ist Hal? . v _don - Cdan
Of 1984 29,400 I:IJh 7.7 brisl do 8.7 lul\l [elo]
2nd Half -

of 1984 60,600 E¥h  15.3 MW  -do 1€.3 W do-
Total 1985 178,400 Ih 22,5 MW -do- 23,5 W ~do-

The electricity generation facilities available in the country
are limited. The hydro stations' capacity is nominated at
327 HW. The only important thermal power station which runs

18 located in Kelanitissa and has a maximum of about 40 iV,

The demand for electiric energy seems to be increasing accorQ
ding to the repcris in the country's newspapers more than it
was planned previously., Hence, there scems to be a gap
between desand and installed capacity. The coming on siream
of Bowatenne and Canyon with a capacity of 70 MW can reduce
this gap in 1982 but according to a paper of Mr., James He
Lanerolle (Secretary to the Ministry of Power & Energy).
'The TO MW which they ~111 yield however will be inadecuate
to completely bridge the gap between demand and supply upto
1983/84.,

The start of a new large power consumer of 178,400 iWh per
year without any additional measure could raise new power
problems, At the same time it seems to be too grave a res-
ponsgibility not to pronarly exploit one of the most important




‘HM resources of the world in a period when the deriand is

increasing and new markets can be acquired. It must be
gtressed that demand for HII and rape earths is jncreasing
because of the pipment, air-éraft, sr@ce-craft and atomic
industrres. Baged on the information received fron the
Sri Lankan Hinistry of Power arngd Highways in the first half
of 1979, it is expected in the study that the power supply
system would have sufficient capacity to meet the power
demand of the TSPL in a stable manner, Taking into consi-
deration the present situation of the country's power
balance, it must be emphasized that it is necessary to re-
examine the power supnly problem of this very efficient

electrometallurgical project,

It can be accounted as an advantage that {the electiro-
furnaces are flexible and they can be run in peak dem=and

time on a lower capacitye.

In case of power interruptions the slag can be iapped ard
the start after B - 10 hours can be executed without any
problem, In case the power interruption lasts more than

24 hours the start of the electrofurnaces is possible as
well but it needs some time to bring thea to a full capa-
city. However, it must be remembered that the interruption
or decreasing of the production enlarges the production
costs and reduces the cash flow, Therefore, it is no doubt
that the possibilities of establishing a diesel engine
operated standby power station at the plant site or the
construction of a stable power station at Pulmoddail or
Princomalee with an installed capacity of 20 - 25 MW should
be thoroughly investigated, The consiruction of a power
station at Pulmoddai has the advantage that the generating
and consuming plants are close to each other, the power
loss i insignificant, and the communication does not raisge
any problem. Only the inadequate capacity of the port
facilities is a problem to be solved. These facilities are
unable to unload coal or fuel oil. The state of these is

to be examined any way for ithe development of the upgrading
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plant as well. A power station in Trincomalee does not need
new port Tfacilities only the overhauling of the existing
equipment. The transformer station and the grid are to be
enlarged. iew transformers are to be installed but the costs
of this installation are the same as at Pulmoddai. A 'Ring
Kain' is to be installed between Trincomalee and Pulmoddal
and between the Colombo -~ Jaffna line and Pulmeddai, in any
case, The whole matter needs a quick decision of the govern-
mental authorities. If the setting up of a thernzl power
station is to te planned, a tender should be invited Zor

this work immediately. "he contractor for vhe TSFL should

be invited to prepare the integration of the existiag elec-

tric aystem with the TSPL's network,

laterial input

Ilmenite

According to the prospecting achieved recently there are
large quantities of il in the area. The figures chow much
more than the earlier reserves. The reserves were estinaved
at about 3.4 million tons Hil in 1978, Accoruing to the
recent evaluation prepared by the Geological Survey IDept.,
Colomto and a foreign company, ‘he reserves in the area are
more than 13 million tons of Hi, This guantity permits a
production of 80,000 tons of slag per year for more than

50 years,

The quality of the ilmenite indicated in the tender is quite
good to produce the SR slag (85 percent Tioz) because the
impurities act as fluxes.,

Sometimes the produciion of CHR slag from the same concen-
trate might cause difficulties, The most deleterious
impurities of the CHR slag forming kigh melting point chlo-
rides during processing are A1203, 1m0, Ca0 and lig0s The
FeO content can be reduced during thre melting process to the
demanded minimum value,

The impurities A1203, Cr203, Ca0 and MgO in the ilmenite

concentratec should be made as low as posgible.
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Care has to be taken in separating narticles of shells from
the ilmenite concentirate, The continuous detailed control

of the ilmenite will be necessary in the future. !

The reducing agent :

Threereductants were taken inte consideration in the study.
Coconut shell charcoal is sufficiently available but its
prica has increased in such a way that it is necessary to
look out for a cheaper material, In spite of this fact,
the increase of utilization of coconut shells to produce
charcoal in the country and particularly in the nenrest area
around the plant site, is very urgent. The actual price of
fs.2,650/= per ton of coconut shell charcoal is rather hizh
(ref. CEYLCH DAILY LEVS dtd. 9th April, 1980) and hteince on
increased procuction is required, The production of +the
coconut plantations is much higher than the cuantiiy of the
used shells to the charcoal produciion. The aver. produc-

tion was 20,760 tons per year for 10 years from 1968 to 1977.

The wood charcoal is cheaper in price but the anticipated

supply is inadequate, The State Timber Corporation would be
able to produce the major part of the charcoal denznd of the
TSPL during the implementation period of the llahaveli Deve-
lopment Programmne. However, following finalisation of this

project the wood charcoal supply would be problematic:zl,

Therefore, the production »f char:oal on a small scale should
be encouraged. The social benefits resulting from increasing
employment in the rural sector developinz the charcoal indus-
try could make an important contribution towards developing
the rural economy with liitle capital costs and without the
use of any advanced technology,

There are good brown coal types with a low ash content avail=
able from India and anthracite coals Trom other countries,
e.8. Vietnam. (See Appendix Ko. 2)

Oxygen '

Oxygen is required for opening the tappﬁng hole of the arc
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furnace. v iz pointed out in the study that Ceylon Ox sen
Corp., will start operatins a new plant, together vith the ‘
existing plant by 1980, Theres zre no indications that tihe
proposed plant will commence construction this year., It is
quite uncertain that there will be an agreement signed in

the near future., The TSPL cannot te based on such a vazue
oxygen supply. Therefore, a decision should be taken to
complete the Pulmoddal Flant with its' own oxygen type air
separator, The oxygen produciion facility could incorporate
the added possibility of supplyinz the whole northern area.

of the country as well as meeting thz demané of the Pulmoédai

plant .

This solution ecconomigss only in the transportation costs of
the oxygen to the value of concerning the TSPL, 248,464 fonskn:

annually.

Oxyzen is also raquired for the synthetic rutile process elabo-
rated by U.S. Bureau of liines, Albany (OR) which useg titaniun

slag smelied from domestic ilmenite concentraies,

A short technical descririion of the 02type Air Separator is
given in Appendix No, 3. ©The esiimated price of one separator
with & capacity of 50 normal cu.m. per hour (excluding building

costs and costs of cylinders) may be US$600 - 800 thousand,

Water supply :

It is pointed out in the study based on information received
from the Ilmenite Plant that the capacity of the sedinentation
cum filtering ditch established at the water intake gite hag a
capacity of 10,895 cu.m. per day, so ii{ can meet the total
vater demand of the TSPL (1,848 cu.nm. per day)., This figure
has to be provided from the start of the implementation activi-
ties and if it is necessary a supplementary filtering ditch
has to be constructed,

Because of the large water demand of the TSPL's coolins water
system and the severe water quality requirements, the costs of '
the water treatment are rather high. It seems, that the
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available data concerning the water qualiiy of the Yanoya
river from 1973 are extremely bad. Investigating the lieteoro-
logical Data of 1973, it could be observed that the samples
collected showinz an inferior water gquality, were taken in

a short dry periode. 3Both the costs of the equipment and
chemicals Tor the water treatment can be decreased signifi-
cantly if it is not necessary to take into account this
inferior water quality durinz the whole yeare The total
treatment wiih its sophisticated process would te needed
only in perioés when the river produces badly pollited water.
Particularly, the salt content anc the hardness are extrene~
1y hi:.h =nd have io be re-exanined.

1,

Tt must be remeibered that after ihe preparation cf the 9STL
study the Staze II Expansion Schone of the ungrading plant
has been decided by the CiiSC iianzgezent, This new plant
requires a larze quaniity of water, Theraiors, a complete
water balance for the present plant, the vet magretic plant

and the TSPL must be elaborated. This balance aas to pro-

vide for a maximum of water re-cycling.

Other chenicals

The costs of cheanicals for the water treatment are estinated
as US$ 76,000 annually. Chenicals worth of USS 38,000
annually are to be purchased from atroad. The investigation
of the water quality supplieé from %he Yanoya river and the
continuous sampling of the used fresh water could decrecase
the operating cost of the water treztment by about

Us% 30,000 annually.

Equipnment and machines

Technological eguipment

The equipment list of the study has been investizated and 1t
seems to be sufficient for thic stage. The list has to te
completed and elaborated in more detail during the period of

the projecting activitye.
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There is a charcoal drier proposed in the equipment list with
a capaciiy of 5 tons per hour, During the factory visits it
was noticed that in the Dry Ilill was an installed drying kiln
with a capacity of 20 tons per hour, This kiln had not been
used except once or twice duriny the last ten years., If it
could be integrated, the expenses of a new drier could be
cancelled. The Dry uill (ilmenite plant) is working inter-
mittently. If in the case of an extrenely long rainy season
the Ilmenite Plznt had $o uce the stored dry beach sand
(15,000 tons) then it would be able %o run at the normal

capacity for about 38 to 40 days without additional dryin-.

160 Oxygen cylinders are proposed for the transporti and
storaze of the purchased oxyjen. If the settinz up of an
oxygen plant at Pulmeddail is decided on, then thais iten car
be cancelled or alternatively the cylinders can te used Ior

the sale of the excess oxyzen produced.

The equipment list of the siudy comprises neither grinding
mills (ball or roé 1ill) nor screens. In the case that the
buyer asks for a grain size similar to that of the rutile,
then grinding eguipment could be a necessity. This question
gshould be evaluated after discussions with the possible
customers. There are pigment procducers who require the slag
in rocks or coarse size grain to eliminate the losses durihg

the unloading and storage.

The equipment list does not include a casting machine which
is required to cast trhe melted iron into 10 to 20 kz pigs.
Therefore, the equipment list has to be completed vith one
machine of a capacity of 5 to 7 tons per hour to complete

the iron process,

Non-technological equipment -

The equipment list of the water treaiment should be revised
after the water quality of the Yanoya river has been inves-
tigated. Therc is a real possibility to reduce the capital

cost as well as the operating costs of the water supply.
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The invesiment cost of the water supply is the third hizhest

jten behind tae meliing shop and the sliag processing shope

The study cons

1.

iders the prese:nt port foeilities to ve suffi-
cient., The expsrience durinz the shipuent of about 9,000
tons ol ilmenite in tulk and 2,000 tons of tazsed rutile in
April, 1980, showed that the upgrading of the shipuent anc
port faciliiies muct be achieved belore or at the latlest
durin; ithe implementation of the Staze II Zipansion Lcheme

o
(the ncw “lmenite plant).

The shipment of : 270,000 toas anruz2lly, i.e.

- Ilnenite 230,000 tonc

- Rutile - 20,020 tons
- Zircon - 20,003 tous
- Total - 270,000 fous
or

-

After the implenentation of the P3FL altogethsr 150,000 tons

annuelly, i.e.

- Titaniun slag - 79,000 tons
- Pig diron ~ 31,000 tons
- BRufile - 20,000 tons
-~ Zircon - 20,000 tons
~ Qotal - 150,000 tons

cannot be carried out by the presont port ané traansportation
facilities without problems., The lozding of the ships is
interrupied for morethan 4 months and the unloading has not

been solved yet.

Hence, %he extersion of the jetty, the implementation of a

high ecapacity elevator installed on one of the bhaprges or
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the establishwent of a protected port usable during the
entire year nust rank as a high priority and an early deci-

sion is essential one way or the othar,

Hydrological investigations are necessary for the decision
to establish a port as to whether the breakuater pronosed
will, or will not disturb the replenishment of Hi along the
beach.

Spare parts .

The consumption and costs of spare parts are shown ir several
tables of the siudy (6-IV, 6-V, 10I, 12-II, 12-III, 12-IV)
similarly the delivery of maintenzance manuals is mentioned.
It has been pointed out in the siudy that spare paries hzd

been planneé Tor two years oneration,

In completion to the study it has io be enphagized tha: the
nainienance and the supnly of spare parts after the firs: two
years should be prepared and carrizd out thoroughly. The
assistance of the engineering firm coxld be requested as well

if necessary.

The maintenance manuals and spare part lists have to be
studied during the implementation period anéd completion by

the engineering firm hzs to be recuested if i* is required.

Lay-out

A tender has been invited by ClSC to enlarge or replace the
present upgrading plant in Pulmoddai with a capacity of
150,000 tpy ilmenite (Stage II Expansion Scheme).

There is no doubt that the TSPL cannot be started without an
operating upgrading plant of a capacity of 130,000 tpy as
mininmum, However, it must be also stresced that the elcetro=-
furnaces have to be placed uear the power station and the 132
KV line has to be installed in a way that the 132/33 KV and
the 33/11 KV transformer stations be in direct connection with
the melting shop.

In reply to a concrete question of the writer it was pointed
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out by the Chairman/iianazinzg Direclor of Ceylon Hineral Sands
Corporation, Ir, F.B.,P. de Silva tnat the facilities of the
Stage II Expansion Scheme are planned te be located in the
area of the feed preparation plant aboui hali a mile north-
wards of ithe present plant site. It was also pointed oux
that the Stage II Bxpansion Scheme will not disturb the pro-
posed lay-out of the TSPL, However, if there are dirierent
decisions talen regarding the site selaction, a lay-out
showing the new situation has to be subaitted to the olrerer

of the T8ZL to zive hinm the possitility for remoriie, objec-

tions or the claboration of a new lay-cut. Hovever, this

Jast solution vculéd taze tize and costice

Output

Titaniun slag
There are *wo i,pes of slags nmeniionzd in the stuéy. “re
SR slag has a .102

known, ruiile ané leucoxene are genmerally insoluble

content of 80 - 85 perce As it is well

'—J
v

in acid
and cannot be uced efficiently in the SR pisment procuciion,
Therefore, it is necessary to process the iitanoferous
minerals in a way thai ihe upgraded product, in this case lhe

TS contains the 'l’iO2 content as 'anasovite'. This phase

-oontains substaniizlly the titanium values oriﬁinally present

in the feed material. Anascvite is esgentially a stabilised

variety of the high temperature form of Ti305.

The CHR slaz shculd have a minimua of 90 percent Ti02. As it
has been mentioned in subsection 3.7.3.1. the impurities

03, In0, Ca0 and 130 should be decreased to a minimum,
First of all the Ca0 and I'g0 content nust not surpass
together 1.0-1.5 percent, when applying fluid bed chlorina-
tion, :iechnolosy because there is a risgk that the non-TiO2
impurities would lead to high boiling chlorides which would
condense and deposit in the chlorination exit ductings, etec,,
leadinz to a restriction in operation and possibly necegsi-

tate frequent cleaning. The figure of these impuritics is
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to be dropped tc the demanded ratio. The upzrading techno-
logy for tne ilmenite concentrate produced t{c the CHR slag
process has to be adjusted thorouzhly (eeg. elinuination of !
the shell particles).

Pig iron

The pig iron odbtained as a by product of the slag production

can be uced both for the steel production and the foundp:r

industry. The steel indusiry needs a raw nmaterial with a

relatively low carbon content, Therefore, the piz iron led

directly into tihe electro furnaces of the Ste-1 Flant has to
e

be treated by oxyser in the laddle or in o s

3y parate Turnace,

This treatment can tzke place in the melting shop immedintely

after the tapninz or in the furnaces of the stzelvwori asz

well, The piz iron can be used as a batell comnonent without

any special ireatment.

For cacsi iron the carbon content could te nigher than in the

pig iron mentioned in the study. A carbonizing process would

be a solution to obtain a product comuanding a hijher price.

& o

Australian carbonized pig iron has a price of USS 260-270 per

a -

metric ton FOB Hamburg.

The expected phosphorous content of the pig iron seems to be
fairly high., 0.025 percent of P is requested but 0.1 percent
can be tolerated ag a maxinum, An investization is recuired
to determine where the P content comes from and then mecasures
have to be taken to reduce it to acceptable levels. Appendix

No.4 shows the analysis data of several types of pig iron.

The sulphur conteat has to be in the ranze of 0.015 percent
to 0.025 percent, otherwige the lz demand for the desulphuri-
zation will be too hish, The expected S content is suffi-" .

cient.

The pig iron produced witl the expected composition ig market-

able as well, howeverf?%he future the establishment of a

foundpy in Pulmoddai should be investigated as a further sicp

of the development, |
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THE JASAGEIENT A'D LASOUR FORCE

t1

The orgzanization
The proposed scheme of the Flant Organisation after the
start of the new upgrading anéd TSPL takes into account that
the present management is mainly capable to meet the reguire-
ments of the new plant, Only the establishment of
independant positions of the Production lianazer and Plaant
Bngineering llanager are sugzested, The number of executives
for the TSPL should be sulfficient. HNeasures are {o be taken
Tor the trsining of thie staff. Proposals are poinied out

4

under subsection 3.2 "Training', concerning this gquestiion,

Supervisory aad manazerial staff

Experience has shown that in most cases, it is not “oo difli-
cult to implement a new project if it has a2 5o0cd manageuent
structure, Therefore, the source anc cest ¢f managerial
staff should be deteimined. The offérers have to define the
requiremnents for the supervisory 2. Lanagerizl personnel, so
that they can be recruite¢ by the C.l.S.C. llanagewment well in
advance, The timely provision of qualified stafi to manage
all the funetions of thre planit is most important. The present
staff managezent is hizhly quali.ied and capable to mneet the
requireients of the new plant as well, A short theoreticzal
training programme concerning the special problems of the TS
production could be useful, This question will be dealt with

in the subsection 3.2.4 "‘raining‘.

Labour force

The number of personnel for the proposed skilled maintenance
team appears to be insufficient due to the increased main-
tenance problems in Pulmoddai. Therefore the propcsed number

of welders, electricians and mechanics should be re-exanined.

During the pre-production phase the nanepower requirements
occur mainly in conjunction with the preparatory measures
needed to siart the operational phase., Thus some specialized

machine operators and some foremen have to be recruited in
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advance o be trained and alsc to attend to the construction
of buildings and the instellation of equipment which will be
operating later. The qualifications and skills required and
shotm in the study should be described and detailed into
caiegories of labour in order te provide a Iramevork Tor

recruitment.

Training
The TSPL study provides a trainin

s in a

(5]
(o}
i
{
i)
(6]
4]
(B8
i}
o

people inclulfing metallurgis
Union, Accoréing to the proposal, 3 nerson

respzetive universiiy degree should Ye capzble of aequirying

the xnowledze for tihe supervision, Three persons siould be
electro technicizns or eleciricians auc nerrons
chould be gkillea {itters,

The present labour force to be utilized Zor the fulure siaj

production ig totally unirained., Therefore, a thoroughly

2

detailed training progroariie should be prepare

o
L]
'3
s
"
o
o
i

grazne shoulé be larger then that proposed in the study.

The traininz of twe analytical experts should be realized irn
a Hungarian Plant or Research Instiiute. One part oI the

training costs could be eveniually covered by UHIDO,

LIPLALE AT ION

The time scledule for the implementation of the TSPL with a
duration of 60 monihs scems to be long but taxing into
account that in 16 months after tic delivery of the firs
equipment, two furnaces will start this time schedule can be
accepted. If builéin; construction could be carried out in
a shorter tinie than the start of the Tirst furnace could be
considered emrlier, The %ime schedule requires close co-op-
eration between the contractor of the civil works and build-
ings on one side and eguipment suppliers ard contracting

firms charpged with the construction works on the other.

Any delay or lack of scheduling in respect ol any aspect

vould inevitably delay the start of production.

’
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A project implementation managetent is to be set up as soon
as possible to expecitie the inplemnentation. The location of
one or two members of the implementation manageuent teau at
the offepers' (Enzineerin; firm) head quacters for a one
month period would be conducive to co-operation for the

inplenentation activity,

The main critical stages during the implementation phzse are
the testing of eguipment, trial produciion and commissioning
of the plant, Therefore the training of the plaant personael

and the supervisory staff has to be completec by this tine.

=

The initial time schedule should be reviewed from time to
time in the course of project implementation and prajuatic

adjustments mzade if necessary.

The man power and suvervicory stail of the firss two
furnaces con be used to take part in the trainin

unit's labour as advisors.

COLPUTATICHS, CALCULATIONS

The necessity to check each computation and iten of the
study was not pursued because of the chort time duration and
unavailatility of comparative figures in Pulmoddal. There~
fgg}ghe nost important items have been investizated partly
on the basis of data obiained from CIISC and partly on the

basis o data available from the world market,

Fixed assets
A detailed breakdown of the equipment is not givea in the
study. Therefore, findings concerning the tot2l investment

sum can only be roughly estimated.
D

The unit firures for most of the important enzineering and
consiruction activities are based on world prices and will
most probably be lower in Sri Lankae The tender for the
civil engineerin~ and building activities should be invited
and evaluated with the assistance of the engineering fimm

(or main contractor) of the TSPR,
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Phe following itens of the fixed assets can be decreased or

some of itherm cal be totally cancelled on the basis of the

experiences in the present plant.

01 Terrain correction
02 Road network insicde the fence
03 Industrial wacste water, rainwater

04 TViater sunply

The estimated sum decrease could be approxim:ztely US3H 500,000,

The item 24 'Customs duty chargee' will prokably bde lower
K S P

because of the cecrcased custom charges since July, 1279
F8Y J ¥

o

Unfortunately, there is a worlé-wide increase in eg

prices. Therefors, the postponing of ihe ionlemeniation

&

e
x

viill lead +o0 hi-har Tixed ascets.

(32

. . TR Fa 2 e
svernmentsl autiaorities

This should he congidered by the

>

timing the implementation.

Salss revenue estimat

The esiimatad price of US® 1.55 rer metric tox related *o

1 percent Tiozcon ent at FO3 rate can be accepted concern-
ing the SR slag but the price of the CHR slag will ve higher.
The increase of +he slag price in the next years' period

can be expected as well, (See Appendix Ho.6)

The annual sales vevenue of USS 15,35 million is acceptiatle

as a minimum,

Operating costs

The largzest items of the operating costs are as follows

Flectric encrgy USS 2,5 million annually. This item will be
probably hizher in the future because of the international

and domestic power costs, There 1s only one possibility to
decrease this item, i.c. if the specific consumpiion can e
reduced, The technolozy has to be followed exactly and any
wasie of time or heat cannot be tolerated., Producing rore

SR sglaz the power consumption can be rcduced without a giz-

<

nificant decrease of the net profit.
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Graphite elecirodes USY 3.2 million annually. This azount
is proporiional to thie power consumpiion and it can be
decreased producing nainly the more enrergy saving producse

i.e. ER slag.

Ilmenite concentrate

The input price of ilmenite concentrate (US? 18.80 per
netric ton) ic over-estimated. Accepting the 7O price of
USS 19,00 per metric ton a deduction of USS 0,20 per ton
is t00 low. The actual loadia; cost excluding the loading
losses are hizher than %,30.0C per ion (= 2,0 USS), Subs-
tituting the correct fizure in the calculation of the TSEPR

the omeratins; costs per ton CHR slas vould be lovered by

-

._I

USS 3.13 and the cosis of SR slag UST 2,0

& nev caleulation ig not needed but tnls Izet nust te
renembered,

]

The costs of thae chemicals for the water ireatient can be

decreased USS 0.38 per netric ton of gls

Caskh flow analyeis
Phe conclusions drawn on the results of tie Cash Flow

Analysis in the study can be accepied as follows :

The return on the investiment Z0I 11,62 per cent,

The return on equity ROE 10-09 per cent,

Financial problems in the T7th to 9tk years of the opecration
may occur i in the grace period an appropriate fund has
not been raised,

Ket operating profit for the averagz of 10 years operation
after attainin~ the full capacity, TS$ 20.86 per metric ton

of slag (as a minimum),

IR _FUURE

After investinating the TSPR a look at the long range
development of the Pulmoddai Plant is necessary (sce
Appendix No.5)s Several new products can be produced and

marketed after the completion of ths technolo~ical process,
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The sale of ilmenite will be only an insignificant item due
to its stagnant price following the processing of almost the

total procduced quantity to product of a higher value.

The tolal quantity of rutile will be sold and the price will

be hizher .

One part of the prcduced slaz will nost probably be processcd
-
by chemical methods to synthetic rutile. The other part is

available for export.

LThe éirect sale of “he produced pig iron will decrezse on the
long-ranze basic and beneficiatzd vrejucts will te produced
frox it.

-~

a Toundry would allow tie domesiic wnreiuciion

of sever=zl giurle cagtin:e,

Using the induction furnace impleuenied for the ireatien’; of
pig iron (carbonization, equalization) ferro-alwaiinium can tbe
procduced by Teeding purchzrsed aluminium scrap to the melied

pig ircon,
the B30 and BO? precess

es,
and the production at the Pulmodcal plani Jepends on <he

This alloy is demanded by the steel industry in

These are used in large quantities

resources of aluminium scrap,

Zircon will be sold in three qualities: standard grade,
intermediate prade and premium grade. The price ol the
standard grsde guality will not increase as significantly as
the price of the premium grade product, It ig well known
that the chenical leachingy is a dangerous and énerous procese
vhich ghould only be sturted after precautionary measures.

The purchasing of good technical know-how is important.
One part of the standard grade zircom can be processed in the

gaune type ol electrofurnaces as the gla; to produce fused

zirconia and ferrogilicon,

The price of the fused zirconia is more attractive than the

price of the zircon,
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The price of the ferrosilicon depeads on the Si content,
The quantity of the possible production is proportional to
the produced fused zirconia and *he quality of melted raw

materials (pigz iron, zircon, reducin: agent),

The sillinanite and kyanitie content of the beach sand cax be
at a minimu%;%ercent. Processing more than 300,000 tons of
sand annually, produces 3,000 tons of sillimanite which can
be stockpiled, melted to electromullite or sold. The pregeat
price of electromullite is about US$ 175 to V'S$ 220 per

metric ton depending upon the gquality.

The monazite phase from the wet nill will be treated 2z the

future to produce rare earihs.

Annually 320,000 cu.ite of oxyzen woulcd be avtilable Tor Sale
in the case that the Corporation's own oxyzsen scp-mator was
implemented in conanection witl: the T5FL., The sales resvenue

can be estimated at about 7.1,500,000,.

Recomnendationg concerning this section hzve not been gub-
nitted because of the wide ranze of possibilities requiring

decisions in this field.

The purpose of this very short summary is to emphasize which
measures recuire decisions to he taken in the next 15 - 20

years,

4, EVALUATTION

VER NESSES 0F THE PROJZCT

There arc of course an irmense number of problems and requi-
rements in any plant even in the most advanced stage of
developuent, It will therefore be appreciated that in the
TSPR there are also many points to consider, This bein; the
case it i3 not intended to restrict théd developument, but

rather to emphasize the efforts required,
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The problems dealt in tihe previous ser.ions will be swuaa-

rized in this section as follows : |

The siart of the TSPL cannot be decidad without a governmen-
tal decision concerning the implementation of a "Ring-naia"
to Pulmoddai.

Governmental authorities have to take a decision whether the
pover demand of the TSPL can be calculated in the couniry's
pover balance Ifor the years afier 1984 or the impleznmentation

- -y

of a stand-ty or a stable power station of 20-25 [I7 c¢=

acity

-y

is to be dscided on.

The Stzze II - Expancion Scheme has to be co-ordinated with

the TEPR both in time scinedulin~ anu site seclection.

Care has {c te taken Tor the supply of dcnestic charcoal,

coconut shell charcozl or iiperted anthraecite cozl.

To neet the oxyzen denand of the TSPL the exnansion oi the
Ceylon Oxy;en Corporaticn's production or ths

i
of C.ileS.C's own oixyzen plant in Pulmoddei will be necessary,

To cover the 1total water denand of the present plant, the
Stage II Expansion Scheme and the TSPL, a vater balance ic
needed in which the rmaximun benzfit of water recyclin- is to

be gained, The waste water may be used Tor the irri:ation

of the area's paddy fields.

This water balance will indicate whether the present wnter

intake will neced enlarzing.

The prescnt port and transportation facilities in Pulmodéai

are inadequate for an enlargzed production.

The implementation of an up to date loading system hags to

be decided in any caue,

SPREIGIIIS OF TH® PROJECT

The most inportaant advantages of the project including those

against other procesces arc as Tollows
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The indigonous resources of the country are availadle in
large quaniities and czn be utilised in a competitive and

efficient wvaye. !

The prccess is flexible ané does noct produce any solid,

liquid or gaseous waste, (Waste disposal not needed).

Danzerous cheniczl conpounds (e.z. chlorine, hrdrochloric

acid) need not be handled.,

The electrical load of the furnaces can e dropred 1ia the

case of power prohlems associated with the nalicaal

The main technoloziz=al units are rotustly constructed ard
can withstand harder treatment.

Theln are no special eorrosgion nrotl:zus tecause agils -
not uced.

Sophisticated chemicol eguipnient Le nol needed (chlorinztian
distillation, etes)

Pendinz a decisgion %o produce syuntietic rutile, the use of
one part of the produced sla; tlended with ilmenice councen-

trate can be taken into consider=ziion,.

<t

The factory ia Pulmodéai casn be enlarged to an imporian
chemical and meiallurzical esiablishment using indicenous
by-products and wastes to procuce furthner marketaile products.
COKCLUSICH

The TSPL implemented in Pulmoddai with a capacity of 80,000

-

tpy 78 (minimwa 50,000 %py) will be a profitable extension

to the prceent plaant being capable of processing the ilmenite
produced by the decided Btage II Expansion Scheme as well,
The 78PL will be more advaitageous because an increzse in

the slap price followinz tie world price of rutile can be
expected in the future,

The plant will promoie the national economy not only direci-

1y producing competitive goods, but also indirectly utilizing '
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several indizenous naterials and services. The TSPL will be
one of the best povier consumsrs of the national power sysien
because of its flexibility cciicerning loading, the povier
factor of the electric arc furazces, and its 24 hour opera-
tion. The product list of the plant can also diversified in

the future thus ensuring flexitility.

Co-operating with the €ontainer ¢xrgo Scrvice (Colombo -
Pelixstone - Hauburg - Rotterdam) of tiie Ceylon Shipping
Corporation, a fully containerized transportation of bajzed
procucts caa te realized to Zurope. This zervice can B2

enlarsed to Japan as well in the future,

Bstablishing a_protected »ort and declaring The plant area
to bz a "Fpe: Trade Zona", Puluodéal could be a new Lidus-

trial centre of the country.

The gquesiion of the two staje tecimolorly (pro-~reiucticn in

the firs:i staze and electrosmelting in the seconc sizag )
should be re-exaxiined after ihe iuplemeantation of the Tirct
two furnacez., Probably a new investiration will supply
better resulis than those in the study. The reduction of the
demand of power, graphite electrodes, coolins water asd the
increase of the plant capaciiy can be expected in the poéi—

tive case.

5 RECOMLMIUENDATIOINS

It will be appreciated that the recomuendations which follow
in this report are based on the 'FILDIIIGS' and discussions
conducted with several persons concerned with the upgrading
of Hif sands and running the present plaut in Pulncdcai,
Should the nwoject be approved the followinz are the recon-

mnendations ¢

RECO.LELDATICY 1i0.1

Assuring a compatible supply for the power demand of the
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It ic recommended that :

An urgent decision be taken to ercet the 132 kV "Ring-ilnin!
Trinconalee - Pulmoddai - Colombo/daffna line as soon as
possible and

An urgent decision be taken to set up a Liesel oneraiecd
stand-by power station of 20 - 25 Iif in Pulnedéai

or

A thermal power siation of 20 - 25 I be consiructed in
Pulizoddai and indegrated to the national grid

or

A thermal power siation of higher installed cazacity te

L]

eonstructed in Trincomalee or elsevhere and o iavite tendler

(84

Ly A
Vi aa U

for thig inve

t

RECO...5. D.TICI 10,2

In assurin-< the availability of the iluenite aqualitly nece-

L2l

ssary to produce hijh grade slag.
It is reconmended thazt s

Provicion be made to remove all particles of chells during

the upzrading operations from the i,

Provision be nmade to decrecasc the Zrozcontent of the

ilmenite conceatrate.

RECO:L:Z:DATIOCH 10.3

Assure thae availability of the long long range supply of

reduciants for the TS production.

e

It is rcconuiended tnat '

The production of coconui thell charcoal be developed in

pilot plant scale located in rural arcas,

The production of wood charcoal using wortiless ww00d be

urpged mainly in forest areas.

Penders be invited to supply brown coal and anthracite coal

from abroad (India, Vietinam).

Tests be initiated to produce charcoal from paddy husk znd
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use ii as a suplemzntary reductant,
& v

RECO.LIDWDATION 110.4 !

Setting up of an oxygen plant in Pulwmoddai,

t is recormmended that :
The TSPL be completed with an oxysen plant of a nminimun cut-
put to easure an adeguate supply for the oxygen demand and

possibly the de:iand of the sicrihern area ac well.

RHCC.CIZIDATICU 11045

r

Investization of the viater quality of the Yziaoye river.

I+ is reconuended thal

The water balance of the total plant (incl. the new vlanse)

be calculated,

T, process and ecuipment of ihe water treatment be re-eia-

nmineé on the basis of ihe new waier balance and qualiiy caiaz.

The insialled filtering nf the water Intake he mace Lo Worie

REZCO.EIDATION 1iCl.6

Installation of a casiing machine for pig iron.
It is recomuended that :

a , . - ot
The equipment liet be completed Tor fastln; machine of suffi-

cient capocity to cast the tapped pis iron into 10 kg. to

20 kg. pigs.

RBCOITLLAIICT 0.7

Completion of the shippinry facilities. g

It is recosuended thal
The equipment for thipping be enlarzed,

Equipment for unloading input materials be installed.
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A decision be made for the inplensntation of 2 proiecied

harbour usable during both the monsoon and the dry perioéds.

RZCOLLIETDATION MN0.8

Decision conmcerninz a definitive lay-out inclu

planred nev plants.

It is recowmisnded thnatv

A definitive lar-out be elaborated waich inclucdes bLoil: the

new .et Upgrading Plant and the USFL,
7he implementation of the Staze II - Ixnansion Scheme e '
planned in a way that the proposed ZSFL should be taloen in-

to conciderziion,

The offercr of the S7F te made wiire of any eclanae 1 ihz
- (At - -~ B I ; [P S ot - o A -
lay-out. This will facilitoie aeccessary roviszicis o iz

proncsal.

RECOLLZTTADIC! Hol?

Further processing ol piz iron -
It is recowmencded taat :

The prodéuced piz iron be carboniged and depnosphorized in

a later staze,.

An induction furnace be installed to carry out the proces-~

sing of tapned liquid pig iron,

Establishment of a decarbonization step of the piz iron be

investizated for thedimtant future.

The establighment of a Zoundry as a further step tobe

invectisated.

RECO.. .IUDATION 10410

:

Elaboration of a detailed training programme -
It i3 rccomnended that

A detailecd training prosrasnie be prepared for the supervi- .

sory staff and skilled labour (including training require-
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ments, timing, duration ete.).

A request be subaitted to UNILO to jive assictance towards
the preparation and arrangenent of this training including

the coverinz of cne part of ihe training costs,

RICOIITTIDATICT 110,11

Preparation of maintcnance works -
It is recomuernded that :

The supvly (production ané/or purchase) of spire parts alier

the first tvo years' period be prepared thorouzily,

The su;gesiiong of the Ul expert concerned vwith the plant

nainienance should he incornorzied in the new nrenczl.,
The assistance of tlhe eaziveeriiz Jivr:r Too tho lendlon T

T4 [ RSN . % PP N . -3 e I ..
thie mainteunnnce aciivity e recuazied as continuots lech-

nical support.

SCO.L E DARION 110412

Co-ordination and supervision oi the project sciecdule =~

It is reco:xiended that

The most critical activities during different stares of
implementation be high~lighted by the offersr (or engineer-
ing firm) to sex»ve as guidlines for the rezular review and
periodic updating of the scheduléd as requirec,

The project implenentation nanagemeni tean be set up ag soon

as possible,

One or two members of the project implementation tean be
assizned and sent to the offerer's head quarters to conmence

the co-operation of the implementation activity.

20 C06L, D LTE0H K013

Completion of equipment and review of fixed asscls -

It is recommmended that
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a) Decisions be made coxncernin

~ A casting machine,
- An incduction furnace and

- An oxy:en separator, eic.

. ®
o ¢

A casting machine for casting of il pig iron, an incduciion

furnace for

treating

separator to suprply
T J4

b) Tne fixed a

taken,.

iy thanks ave due to the many

technical report,

Phe necessary information vins

ssets be

Vool

£

ol

eview ofter reco:zzended

the molten piy; iron a2nd an oxyzen

oxyzen needed to the tapring of the slaz.

steps have beon

siven by 21 people consulied in suex

an anicable way that it was always a pleasure tc discuss variocus

provlens with anybody conce

Their frieandly atti

siderably ezsier.

tude and

o
on

ed.,

imnense patience have made my vork con-

The thanks are especizlly exteaded 1o

Hr. P«3.P. de Bilva
lir. X, Thamalingan
Mr. P, Kathnirgamana
lr, T, Sathasivam
Ur. Asde Paul

lr., B.C. de Kel

lir. K.Ge. Dias

¥ir, J.Ce King
Lire K.Lo Little

for their help and

V. Harrach.

than

guidance,

~ Chairman/ilonzging Tirector,

- Production Zngineer,

~= Accountant.

- Hining Erpgineer,

- Chief Chemist,

- Assistant Enzineser (Zlectrical).
~ Chief Clerk,

alia
ert from Ausiralia,

- U,ii. Bxpert from Austr:
- U.No mp




CIZHICAL ANALYSIS DATA OF &,1.8.C. TLLIY

IT3

COLUCLITRALILE  *
1960 | 1960 | 1960 | 1960 | 1362 [ 1962 | 1963 | 195a | 1970 [1or0m2} 1975 |,2°78 T 4500
T102 52.02 53,60 53.60 53.45 53.21 536711 54 .46 53,60 54011 51.33 53.99 53.21 54439
Fe203 22.43 121.77 22445 22,18 .| 22,85 |[22,35 21,75 22410 22,32 19,63 22421 22,07 24430
Te 13.06 }20.45 20.05 | 20.45 19.35 19.83 20.50 20.60 2C.35 23.30 18.49 20,50 18,55
I“c;“%?e) 30.53 31,01 31.16 31.28 ] 31.02 33,02 21,03 31435 37.31 31.70 29,79 31.26 31,27
Z::'O2 il 0.19 0.7 0.16 0.14 0.15 0.17 0.04 0.38 0.57 0.07
T Sio2 1428 0.51 Ce43 0.52 C.52 c,.62 70 V.43 C.3%2 0.94 0.92 .89 Ce43
Cr203 0.10 0.093 0.083 | 0.091 0.08 02.03 0.0¢% 0.07 .0.10 0.097 ¢ 0.10 0,05
no 0.76 C.94 0.92 0.93 0.71 0.7% 0e27 0493 0.8 D.39 0.7¢ 0.%C
VEO5 0.25 0.25 0.25 0,12 0,08 0.20 G.188 0;20
.-411203 120 0.57 0.46 0.58 0.68 0.64 De52 Ced? 0.32 1.07 0,32
iz0 1.02 1.28 1.36 1445 0.9% 0.91 1.40 1.28 077 Ce51 C.72
Cal T, 0.41 0.38 Mil 0.2 0.15 0.10
r 0.028 | 0.026 0.024 | 0.0022 0.C02 | 0,002 D.015 1 0403 C.01 0.0 0.017
S Tr. 0016 { 0,016 | 0.016) 0,03 0,01 2,02 Tre D404 0.004
Torad N1 uil nil il 0.053
- - Others 0.873
o : Zaporoshye
* Dhe analyticsd worlk was carried out by dbliero:i nrzatie
a:d forei n instituien,

CalieSela, Pulmoddai,
05/03/30.
~/im.




TO:G COiLG TY XUAT IZIAP ICIAU
aOAG SA

SP3
RITEY wreey m --ﬂn.., ~ T CALORIY L Feartre, = ST LE i
GRADAS SIZ3S TOLOHALCE LU MOISUURL ASH" N SULPIIUR
HOLG=-GAI A:MHRACTTE COAL KCal/kg (ingin) (Jaximumn)
No. 1A +50 nmm 30% under
50 a2 R200-3100 4% 3-5% 5=7% 0,55
3 35/50 25% under
35 um 8300-8000 475 3-5% 5=T7% 0,5%
4 15/35 20% under
15 mm 8200=7900 55 4-67 5-77% 0,55
5 5/18 mm 205 undexr
6 £100-7200 5% 5-7% 5=7% 0,5%
6 '0/10 =m 3000/7800 85 6-53 6=-87% 0,5% |
7 0/10 ma 7860~7600 g4 8-10% 680 0,5%
8 0/10 mm 7600=-7200 375 10-15% -85 0,5%
9 0/10 ma 7200-6500 a7 15-22% 6-87 0,574
10 0/10 mn 6500-5500 a5 22-327 5-02 0,5%
11 0/10 it 5500<4500 8.5 32-407 6-37% 0,57
: - &
4]
=
=1
_L::lq
4
Zo-'.
2 |
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APTINDIX 0. 3

SAO0RT DISCUIFTICT O 0 TYrXZ AIR

SEPARATOR,

put : 99.5% by Vol. O
97 % by Vol. I

2
2

] -1 cetri wer
Built-in electiric powe

Ve povier COoiguly tion

ensrzy coasunpilon

ific
- - e
tled at 150 Kzf/cn"pressure)

Cooling water consumption at

50

inlet temperature

Labour deirand

Orperation pressure wnen cooling
Pressure in giendy-state operati

Storting tine aftzr nenti - un

Heuting up tine

PMloor spacc of plait building

Insice heiznt (Plaany tulléing)

Bottling snop

on

HmB/h 50 60
Nm3/h 220 268

EW 140 150
bt 75 a7

xoh/ l."m30 2

@3 /h 4 4,0

rer cnilt 3 3
2
Kgf/cm 40 20
i 1/c 20-27 20"
Ioites -0 e
Tours 12 ic
2
5l 180 152

518 518

Tae

pres

The

e
2
3.
4e

Se

7o

equinment works bty the double rect

gure 'GXp?.TlSj o eng J_ne.

ification wiithout using =

[

main devices making part of the equipment are :

Air filier

Three ctaze air coapressor
Spray catcher

Air filter

Blectric heater

Searator eguipuent

Apangion engine

8,

%
10,
1.
12,
13.
14.

Ozyzen reservoin

Digtilled wnier recorvoir
Oxyzen conpressor

Spray catcher

Oxyzen £i11in; station (if neaded)
Yiater digtillation equipnent,

Distilled~water hand vumn.
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~ (o T p ] = s Teg Troa 14
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Sorel F1 4.30]0,13] X 6,003 o no {0,087

Sorel ¥2 3.950,18] x  Jo,000f = | : o lo,027
Sorsl 1 2,850,113 x© |o,009| = | X 0,027

[ 4]
o]
’
o
H
"
-—
-d
o
e
L ]

=
o
—
L3

(@)
w1
=

0,002 i < X o,027

¢,3-11 X 0.1 be o

Albvany .et.Res. | 0.294 ., ]0.007-
Centre 3.631 ¢ (0.02

0.0640,15-
Ca

l4 1 =
0.43 10471 e -raduecd
€

concenvrat

e Y vy em -
sithout freat
,

7o NO L ol WIter deprss-
g.gt- X g'g?; 0.05 g':g' X %Ogg-g'gé 8'3374<D.078 ‘homimatis:
- do - . . . d i . Forap and/or

fidtaniun ‘
fmeituie 2.3-1003540.010-| 0.03= (0. 15-{0.0244 0.00840.0691 0. 006~ ..

IS SOV SRR kY = - r 7 e 2,3 - “w

camoroshie 2.7310.15[0¢1 | 0.06 [0.16 {0.062]0.04(0.25 [©.135

'S :‘reiungf X |x X Jo.1 |z le.2 fo.1 fo.02 |0.01 | 0.03 |0.007 0.0ﬁ x| ¥ 10.02(2.01

LLAneZ, aen

Iron (CHR)

I
)
o
(]
(&)}
(&)
L]
=3
Ui
O
*
C.
H
lo]
L]
(@]
Ul
H

G005 10,030,714 [0,02 D¢

- d - (SR}| 2.52{0.05|c.05 |0.04 | X Ced5 | 0,0210.14 | 0,02 pie - do -
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Price US$ FOB
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APPENDIX 10, 6.

The ©Price Trend eof Titanoferous Materials

600 586 Titax,
500
ver,
453
-4 400
320
- 300
<200
/4'120
1100
L0o7%
30 40 50 60 0 80 90 100
Ilmenite Ti Slag Leucoxene Rutils
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Appendix Ho.?

The Production of Fused Zirconia.

Fused zirconia is used to produce high grade refractories, It
is produced by meliinz of chemnical zrade zirconia or baddelayite
in the electiric arc furnace.

A lower grade fused zirconia can be obtained by reduction melting
of zirecon with a reducing agent and iron. Aboui one third of

the 8102 content of the fed zirconm will be evaporised éurin: the
melting operatimn., The main use Tor fused zirconia is in the

refractories for the glass aad the steel irndustries.

To avoiéd the recrystallization from monoclinic to tetrsronzl
giructure, 3-5 per cea’ of lime or nazne-~ic is added, In thies
way the crystal struciure can be siabilized in a cubic forii.
The meltin: point of pure zirconia is 2973K (2200eC),

The main reactions of the process are :
27810, wpm ZrO2 + Sio2

4
8102 +Fe + 2C = Pe Si + 2C0
Si02 + 2C = Si + 2C0

The roughly estvirated specific consuaption fljures are as follows:

Input Zircon 1.5 ¢
Pe borings, pigiron 0.4 ¢
Coke (charcoal) Te4 ¢
Graphite electrodes 0,03t to 0,05 ¢
Power 5.5 MWh to 6 LIVh
Qutput Pused zirconia 1.0 t
Ferrosilicon 0,5t to 0.55 ¢

PR ks
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Appendix o, 8

Ce My S, C. Develommeni Programme and the Country's Steel Industry

According to a statement of Prof. P.,A. de Silva, Chairmsn, Ceylon
Steel Corporation, in the 'Ceylon Daily liews®' on 15th lay, 1980, -
the new iron billet manufacturing plant, 'built vith aic fro: the fi
Sowiet Union, would need 60,000 tons per year of scrap once it

reaches full mroduction, laling allowance for the time needed for

attainisg full producticn and the =erap that would be added %o the ,
stock in the future, th2 scrzp available loecally would l:st only : : 1
two~-and-a hal? years®.

'Fe need a2 £x21) rlant preferably with an annuzl capacit;h? 100,000
tons. 3Sut the smallest siteel plant zavailatle for s2lo has en

anaual capzeiiy ol 300,000 tong*, Prof, 5ilva snic,.

At the saze tine C.U,S.C, exporic 40,000 to 60,000 tons of ilieni:e
annually which contents 17,000 torns io0 25,500 %tons of iron oxices
bein; equivalent to 12,000 tons to 13,500 tonz of 2 meial,

The 2SPL could cover a major part of the Sieel Plants iron recuire-
ment without any particular neasure to be undertal®n by the Ceylon
Steel Corporation. TSFL could ensure 31,000 tons of piz iron
annually. This quantiiy can be increased by about 10 - 15 per cent
if it is necessary aand an acequate price has bee: azreed, Such a
solution vwould save foreign currency worth USS 5,56 to 6,00 millions,
for the Te metzl and additionally the transporiziion cost o< this
quantity without any particular investuent cost on the Ceylon Steel
Corporation'’s part,

PR R

The TSPL could also solve the ferrosilicon supply of the steel
industry in the distant future,
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