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INTRODUCTION

.  - ' ! !

The present report covers the duties performed by the waiter injthe 
capacity of Consultant in Titanium Dioxide and Synthetic Rutile Production 
as a part of the Project DP/SRL/78/031« "Assistance to Ceylon iwineral 
Sands Corporation: Processing of Ilsienite Sands". The purpose of project 
is to improve and upgrade present mineral sands mining and beneficiation 
operations of Ceylon Eineral Sands Corporation (CLISC), and to evaluate the 
feasibility of introducing new processes for the conversion of ilmenite 
sands to more valuable intermediate products. Specifically, the expert

r
was expected to carry out technical and economic studies to determine the 
feasibility of economically entering titanium dioxide and/or;synthetic 
rutile production in the country, including definition of ba ;ic conditions, 
investment costs, market projections, etc., required in thes» studies.

It was soon found that the studies should be mainly concentre ted onfr t
technical matters, because no reliable information has ever been given by

i |
the respective producers specifying investment or operational costs j
(in the fields of titani-un dioxide pigments cr synthetic rutile'. ■
Furthermore, especially in the pigments field, both investment end operatic:; 
costs are largely dependent of the production prograr: which pigment grades 
are to be produced, and to what quality requirements (anatase vs. rutile 
type, base vs. treated pigments', standard vs. premium grades, etc.).

Therefore, this report deals rather extensively with different 
procedures for making the products, and the properties of pigment to be 
achieved. The purpose is to help the decision-makers by providing them with 
background information that in many cases is very hard to find from literary 
sources, or is not made public at all, However, economic facts have also 
been presented in the report whenever the writer considers them relevant 
end reliable.

The manufacture of titanium dioxide pigments is closely connected with 
environmental implications. Therefore, these have been considered very 
important. In many cases, especially during the last decade, environmental 
factors h:;vo been decisive in choosing both the manufacturing process 
and tho location of the plant. The opinions presented in this report are 
based largely on the writer's own experience gained during his active work
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in titanium dioxide pigments production. - \ I
The- present writer soon realized that pigment production cannot be 

considered separately from the country’s other heavy chemical process 
industry, especially if the sulphste route (for Raking titnniun dioxide 
pigments) is to be selected. Therefore, with the approval ofj the Chairman fc 
Kanaging Director of CUCC, he expanded the scope of his work jto ijnclude a 
proposal for an integrated sulphuric acid, amr.onia, r.:ic; fertilizer industry. 
Thi3 led to a contact with a foreign company unique in covdrihg all important 
heavy chemical process industries inclusive of titanium didxids pigr-ents 
production. Negotiations were held in Colombo '.¿u Pulmcddjji (13.-21 .1"! .80), 
during which the writer provided advice cud assistance to the Government.

The present writer is not going to repeat the findings Jud facts con» 
coining the infra structure of the present ilmerito factory site, be'eaus i 
they already appear in a previous Technical Report 'Xitr.niu:- si--g production, 
by S. Karrack). ?i:rther, because slag production is not in his program:, e, 
he is not going to comment on the reccrm-endetions of !ir. Hsrz-sch, or the 
report except that he does not sh:re the sentiments cf expressions such as 
"handling dangerous chemical compounds" or "sophia 15cated chemical ecuipmf.’i 
or egree that ordinary water treatment is a "sophisticated process".

As far as any recommendations for the sites of 'uture industrial units, 
and transportation facilities are concerned, it has become apparent that 
the present writer's knovjedge of local conditions and government politics 
is too limited for giving competent advice in this respect.

I
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I. RECGIksSSBATIOIiS - Y • •

1. It is recommended to establish a sulphate process titanium dioxide 
pigment plant in co-operation with a qualified foreign company, 
preferably cn a joint venture basis. The recommended capacity, 
67,000 tons/a corresponds to the planned capacity of the proposed 
wet magnetic separation plant, 150,000 tor.s/a. Local conditions 
provide an opportunity for free discharge of waste acid without 
detrimental environmental effects.

I

2. If the capacity presented above is considered too high at present
from a marketing point of view, but feasible in the future, a staged 
development program should be worked out, and e.s much of the excess 
ilmenite exported in the meantime as is possible.

3. If a lower capacity is definitely decided on, for instance, 33,000
tons/a of pigment based on 75,000 tons/a of ilmenite, synthetic .rutile 
should be ir.anufactur&d from the remaining ors. This plsnt 
licensed, or built by buying know-how.

V-0

4 If no interested and qualified partner for the 
available, the previous recommendation (3.) "'ll 
anpunt of ilmenite produced. In this case, the 
be contacted at the first place because of its 
upgrading field.

pigment production is 
1 apply for the whole 
Senilità company should 
experience in the chemie

5# Provided that titanium dioxide pigment production is to start as 
recommended under (1.), (2.) or (3.Î, a sulphuric acid plant should 
be set up. It must be integrated with the pigment plant to make use 
of the excess energy produced by the acid plant.

6 Taking into account the country’s need to establish he* 
process industries, the capacity of the sulphuric acid 
high ¿nough to cover all demands that car. be foreseen, 
those by the pigment and fertiliser industries, which s 
grated. This could provide an opportunity to use at le 
the waste acid from the sulphate process in1fertilizer

vy chemical 
plant must be 
especially 
fould be into
nsi a port of 
*roducti on.
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" \
7. It is recommended that in the negotiations.with prospective foreign 

partners their experience and competence in the widest possible field 
in integrated process industries should be decisive. In an ideal case, 
the successful company will be able to present sufficient references 
covering the whole area of the heavy chemical process industries, and 

• will be ready to co-operate over the full range of the integrated 
industries.

8. It is recommended that a very thorough study be undertaken as to how to 
provide the process industries with a sufficient amount of water 
meeting the qualifications set for different units, i'ho present water 
treatment plant that is actually a pumping station must be equipped 
with proper treatment facilities. Flocculation is required for pre- 
trestosnt, thereafter continuous clarifiers based on flotation end/or 
settling, and finally filtering by means of rapid sand filters. At 
least the household and drinking water must be properly chlorinated

9. It is recommended that a possibility to set up an smmcr.ic plant !'■ the 
vicinity of the coming oil refinery at Trirnomalee should ho examined 
in co-operation with Rizaco International, end the ¿oint venture 
partner for the pigment and fertilizer industries. At the same time, 
it#should be made clear whether there are pcssiblities to got sulphur 
from this particulai* oil refinery as well es from the Ceylon Petroleum 
Corporation refinery at, Sapugaskanda.

10. A careful examination is necessary concerning the location 
industrial units recommended above as well a.3 existing and

of the 
’uture

transportation facilities.

!
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II. CONCLUSIONS !
“ \

A . Alternatives for future development.

In the present writer's opinion, there ere three alternatives for planning , 
further processing of the ilmenite. It is assumed that the ilmenite output 
will be 150,000 tons/a having a mean content of 53 Î? TiOg.

Alternative 1. Production of titanium dioxide pigments by the sulphate 
process, and using the whole amount of ilmenite for the purpose. Hence, the 
capacity of the pigment plant would be about 67,000 tcns/a. The production 
could start at a lower capacity, excess ilmenite being exported.

Alternative 2» Production of titanium dioxide pigments as above but 
using only a part of the ilmenite, for instance, one-half, in which case 
the capacity of the plant would be about 33,000 tons/a. The rest would be 
upgraded to synthetic rutile by chemical means.

Alternative 3. Production of synthetic rutile only.

Alternatives for manufacturing the pigments by the chloride process, 
and upgraded ilmenite in“'ihe slag form are excluded. In the writer's opinion 
these processes do not fit into a master plan for the country's heievy 
chemical process industries where the production of sulphuric acid plays a 
predominant role.

*
In the writer's opinion, the Alternative 1. is recommended. Next comes 

the Alternative 2., but only if it is concluded that there does not exist 
end most probably will not exist sufficient de...and for titanium dioxide 
pigments at a capacity level of 67,000 tons/a. In the following discussion, 
both alternatives will be kept in mind. The Alternative 3. is recommandable 
only if no foreign partner can be found for the pigment production.

B. Foreign co-operation

It is evident that in order to succeed in the titanium dioxide pigments 
production foreign expertise in some fora is definitely needed. The productic 
involves an immense amount of experience obtained by intensive research rind 
development work, and, it must be admitted, by trial-and-error during the 
relatively short existence of the pigment industry. In general, the following 
alternatives exist:



Alternative 1. Purchasing the know-how at a lump sum, or having the process
licence?.. Performance guarantees usually ex^st but tend to be rather limited » l
Alternative 2. establishing the factory on a turn-key basis including per
formance guarantees. These are, however, limited to a certain period of tine 
for instance one year. Guarantees do not,as a rule, take into account the 
need of continuous development of existing pigment grades, and of course'not 
any new grades.
Alternative 3. Forming a joint venture with a reputable foreign company 
well established in the field.
Alternative 4. Basing the production totally on foreign investment.

Here, the Alternative 4. has teen mentioned for the sake of campletenèss
only, and will not be discussed further.

Of the remaining alternatives the present writer prefers the Alternative
3.» a joint venture, provided that: t
a) The prospective foreign company is well known in the v.orld market, and 

its products competitive regarding both quality and price, the former ' 
being more important of these two.

b) The company is specialized in export trade, and possesses a global 
marketing system that' covers practically ail pigment imparti«g co ;utri .

c) The company Isas created an efficient spies nrvice system, end he % 
established full confidence amongst international cl.ier.t3 in this respect

d) The company is known to be re .search and development minded - actually 
a prerequisite for any success in the field - and it must hove well- 
equipped laboratories for the purpose.

e) The status of the company is financially sound, and it is able o meet 
the investment and other costs as agreed upon.

Of the provisions presented above, the a) is a basic one. At the present 
time, it is extremely difficult, if not impossible,for.a new unknown pro
ducer to penetrate the international pigment market. Therefore, it is
easy to understand that all recent titanium dioxide production units
are connected with well-known parent or joint companies, and usually carry 
their trade mark on the products.

Further, "creating an effective global marketing system is a. very costly 
and time-consuming business. The same applies to sales service activities, 
a very important part of the sales promotion. And last but not least,
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only extensive research and development work ensures success in 
creating new or improved pigment grades,as nesded^in hard competition. 
This cah be performed in modern and well-established research laboratories 
and pilot plant installations oily by a highly competent staff. ■fithin a 
joint venture, all R & D work can be carried out in the partner’s central 
laboratory, and process control laboratories only are needed at the factory 
si te.

C. Sulphate process pigment plant located et Eulmoddai

Raw materials

Raw materials for nsanufacturing the titan!art dioxide pigr.ents ere 
sulphuric acid and ilmenite plus a number of additional chemicals.
The writer suggests that sulphuric ecid will be produced at an integrated 
plant. The matter will be discussed more detailed in section E. of.the 
present chapter.

Process water .

Both the quantity and „he quality of the proc ss water arv critical, 
î'ain problem is to store enough water during the rainy monsoon period.
¿t present, the process water used in the ilmenite feetory is taken from 
the Yen Oys. river that at the end of September this year appeared to be 
nearly dry. The flow of thé river is regulated by several dams upcountry.
In the writer's opinion the present conditions do not seem to be favourable 
for new installations to bo established, because even the present ones 
have been suffering from the shortage of water. I.t is suggested that possi
bilities to build a dam at the mouth of the Bye. Oya river should be examined 
so as to form a lake separated from the sea. The same procedure should be . 
examined at the mouths of other rivers and lagoons located at the neerby 
area.

As far as tho quality of weter in concerned, daily anwlyses during the 
period of 14.10.-11,11.1Ç80 have shown values for the? chloride ion from 
a minimum of 291 mg/1 to a maximum of 665 mg/1, the hardness being from 130 
to 706 mg of CeC0j/l, respectively, The rainfall, however, has been unusually 
low, and the effect of the monsoon period appears fir-st on 18.11,1900s 
chloride 244 mg/l, and hardness ?79 ng/\f on 26.11,1980, 1 6 8 and "94 mg/1, 
respectively.
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Effluents

v i
Disposal of the waste acid and iron sulphate*is .the most critical ! 

environmental problem, as discussed in detail elserrhere in this report) 
(p.37 ). In the U.S. it has been the main reason for the progress of the 
energy intensive and more costly chloride process. | '

It has been commonly accepted that a free discharge cf the effluents, 
whenever feasible, is the most economic solution. As stated by the writer 
(p.38)f under certain conditions this type of disposal is c'e-rtainly pos
sible, and in his opinion such conditions exist at Pulmofidai. The conti
nental shelf there is comparatively narrow, at v. certain point north os 
Arisimalai about 10 km only, after which the depth of the ser rapidly in
creases to 300 m. The writer is assured that if the effluents ere disposed 
of', say, at a distance of 11 ka from the coast at the place in question, 
no harm whatsoever will result. Another possibility could be its use, at 
least partially, in integrated fertiliser production. This matter is dis
cussed in a separate chapter-»

D. The production of synthetic rutile

As stated under A. in this chapter, the write?* does not favour th: pro
duction of synthetic rutile, if the titanium dioxide pigments production can 
be realised. The market price of the product is not very attractive, and 
the competition heavy, especially after the establishment of the Richards 
Bay operations. On the other hand, the process itself is straightforward, 
and the need for continuous research and development less demanding.

The Eer.ilite process enjoys the widest popularity for the time being.
It can be easily integrated with sulphate process.operations as shown in 
the Preliminary plan (p. 14). There is no doubt that this process can be 
brought into operation by purchasing the necessary know-how, or by licensing, 
¿specially if there is an integrated nulphato process for pigment production 
carried out as a joint venture, ■‘■he synthetic rutile process can be realized 
on know-how basis.
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E. Pigment production and other chemical-process industries

In the present writer's opinion, the production of titanium dioxide 
pigments by the sulphate process is closely connected with the development 
of the country's other heavy chemical industry, /.s is well known, sulphuric 
acid plays a key role in many chemical processes, and the sulphate process 
foi* manufacturing the pigments needs a sulphuricr acid plant.

On the other hand, there is a very valuable phosphate rock deposit in 
the country, at Eppawalo, with a content of 33 to 36 £■ P^O,.. This is compar
able with the best phosphates on the internetior.r.1 market. To obtain modern 
fertilizers from the apatite rock sulphuric acid is needed again.
Nowadays, phosphoric acid is produced first from the apatite by means of 
sulphuric acid, waste gypsum disposed of, and the acid used for making dif
ferent fertilizers by adding other main or minor nutrients (nitrogen in the 
form of ammonia or nitrates, potassium chloride or sulphate, etc.).
Phosphoric acid may also react with the apatite producing a fertiliser very 
high in phosphorus. Normal superphosphate is made by using less sulphuric 
acid, and leaving the gypsum in the product.

The relative investment ahd production costs diminish with increasing 
capacity of the plant. According to informstion originating
from t?¿e USSR, the following relationship exists:

Capacity, thousand- 
* tons

* Investment 
cost per ton (roubles)

Production
cost per ton (roubles)

180 55.5 27.4
360 47.2 24.6

2 x 360 42 22.45

(Source: Malishkov ?,S. Khim.promyslennost, 1371 , no.9, 643-646)

Therefore, in the writer's opinion, the sulphuric acid plants needed for . 
both pigment and fertilizer production should be combined, end integrated 
with the production of titanium dioxide pigments as shown in "Preliminary 
plan" on the next page. As suggested, it is possible, in principle, to use 
waste acid from the pigment production for the fertilizer process. However, 
because of impurities, mainly iron, present in the acid, its use is subject 
to further investigation, actually going on in 'the writer's research labor
atory at the University of Technology, lappeonrants,, Finland. The most' 
suitable product in this respect could very wo 11 be the ordinary suncrphoap’i'
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Figure 1. PRELIMINARY PLAN
for integrated production of titanium dioxide pigments, synthetic, rutile.
and fertilizers in Sri Lanka. with nn .approximate materials balance based-----------—  : - i . -
on 150,000 tons/à of ilmenite, and IOOj OOO tons/a of II^PO produced.

* Chlorine from hCl 0J* ** bought *** Excess waste acid disposed of
** Plant capacity depends on the fertilizer production

Seppo Wilska, UNIDO consultant, 24 detober 1980 
The plan if; based on the Alternative 2. (page 9)
The lehihyrw process (p, 40) is not1 excluded# '
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According to recent information published in local newspapers, a very large 
oil refinery will be set up at Trincomalee, about 6<5 km from Pulr.oddei.
As mentioned, ammonia and nitrates are needed in* making compound (K?K)
fertilizers. A natural location for an ammonia plant is in the vicinity of 
an oil refinery (or oil field, for that matter) so as to be able to make use 
of its gaseous effluents end other less valuable fractions as starting 
material. This possibility is also shown in the plan.

Although the whole production of the new U.5.-company owned refinery is 
intended for export only, negotiations should be carried out about using 
its heavy and light fuel oil in the pigment production because of the proxir.it 
of the installation. ■

Preferred raw material for caking sulphuric acid is elemental sulphur. 
Depending of the quality of the crude, oil refineries produce variable 
amounts of sulphur as by-product. The writer suggests that this possible
source of sulphur be examined from the existing notion?.! and from the 
coming refinery. If not sufficient or not available, the balance of sulphur 
can be imported from India.7
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III. ECONOMIC ASPECTS II! UPGR/DING THE I1KENIT3 • J
\

It is self-evident that further processing adds greatly to the valued 
of mineral products. For example, the current market price per ton of 
ilmenite containing 53 % of TiO^ is about US$ 18, i.e. US$ 34 per ton >f 
TiO_. Titanium slag (Richards Eay) sells at about US? 159 per ton of TiO*, 
and the international market price of standard grade titanium dioxide 
pigments varies between US$ 1400 and 17C0 per ton (all prices are given on 
FOB basis).

Although not comparable as such (the value of pig iron obtained from 
slag process has been omitted) the figures show that the country of origin 
.certainly profits more from upgraded, and still more from final products. 
The great difference betvreen the prices of intermediate vs. final products 
favours strongly the latter. Of course, as has been shown elsewhere in the 
present report, pigments production involves high investment cost, 
imported raw materials and energy plus higher operational costs. However,, 
it is commonly known that this particular branch of the chemical industry i 
profitable provided that it is properly managed both technically and
economically. Once a sufficient share of the world market hss been obtains 
the cash flow in foreign currency is throughout satisfactory, a 1though 
foreign capital cost and imported raw materials inclusive of fuel take thri 
share.

On the other hand,- the future of upgraded ilmenites does not look very 
promising after the Richards Bay products entered the world market.
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IV. ORE RESERVES AT PULÜODDAI AREA A3D ITS VICI3ITY
- \

Regarding the ore reserves reference is made to two recent investigations 
One of them is a"Report cn the demarcation of the western boundary of heavy 
minerals at 5 & cut-off between LIullaittivu and Phachchaveli - north -eastern 
coastal stretch of Sri Lanka* prepared by R.S. Eonasinghe and S. Tiabusukuoar 
Geological Survey Department, September 1579. ihe study covers the ilsser.ite 
resources on-shore, and although preliminary of its nature, gives a reliable 
estimate of the reserves..in addition to those already established at t̂ ic 
Pulmoddai area. The other, an off-shore study carried out by a foreignt
company using the so-callod vibrocore technique added new knowledge oflthe 
location of the deposits. It did not, however, give promises for deposits, 
deeper in the seabed. For details the reader is referred to two extensive 
reports prepared by the company, filed at the CI'SC Office.

As a whole, it can be concluded that the mineral s-r.nds deposits 
reasonable geographic limits from the present ilcenite factory rite 
the expansion of the present capacity to at least '50,000 tor.r/a of 
Hence, decisions for upgrading the ilrnenite based on this yearly out 
ere sound, and the supply of the raw materials is guaranteed for a s 
long period, according to Harrach (loc.cit.) for more than 50 years.

ithin
¿ustify
ilnsnixc
put
uf.'ici' •:

The Table on the next page has been taken from the Geological Eurvey
Report mentioned above*' It is self-explanatory and shov/s the situation »
according to the most recent study on-shore.
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TABLB 1 Estimate of tonnages of heavy gincral* sands f tentutivc)

location of Depo- Bit

U) 5H37imLB

(b) lUTAVAZAI-KJ

(c) WAXAW

»d) The rcaain- 
irg cixcich 
cf ccootlino 
in tho area 
ir.vcaticctcd 
vpto the 5$ 
ho s»y eIr - 
cral cutoff 
bovndery

¿To* Oi. 
H0 10 3

55

50

r  ^5o

Ho* cf 
Pita

07

02

00

05

Area of 
Deposit 
(in 
aaron)

■/verago
Eccvy
¡¡ir.eral

00*0

1455*5

5l6,4

3578.1

16.C9

17.69

18.55

10*50

Average
tliichncsa
(foot)

7.21

6*89

7.73

6.41

Tonnages 
(tentative) 
(in rJ.37.iea 

tons)

'!’* Thio esoludos fieposJ.va (a), (h) & (c) end the stretch’Wtween 
Arisirtolai end Kokkilai. ,

Ii2i2, r  K:o average freight of a. cubic foot of heavy rdnrrals was 
j tc&oa os 125 lb s.

1.73

4.31

1.C9

>.74

Source: iU:>ort on the demarcation of the v;csiern boundary of heavy 
minerals at 5 7 cut-off between ¡.iullaitivu r.nd Kuchehaveli - north
eastern coastal stretch of Sri Lanka. *1.3. RaneRl.nghe and S. Ee.ousukuraar, 
Geological Surrey Department, Colombo, 1979.

-** Actual Pulmoddai deposit, estimated to fco 4.5 m tons (1971)
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v. d i o x i d e piguhiits a n d  t h b i?. p r o d u c t i o n

A . Short introduction to pigment, physics nr.j chemistry

There is no clear and commonly accepted definition of a pigment, end 
sometimes one does not even differentiate between pigments and d^e^tuff:, 
the Datter actually being organic compounds, as a rule soluble in thp 
.media to be coloured. Actually, the pigments form a rather inhomogepiuous' 
group of finely ground, usually inorganic solid particles having colouring 
and/or hiding properties when applied onto surfaces or as ingredients to 
different media. Here again,paint and paper manufacturers use different 
terms. In the paper industry, all solid materials used to increase the 
opacity of the paper are called pigments, v/hile in the paint technology 
ingredients such as talc, clay, micronized limestone are merely extenders.
To be called a pigment the material must either have a high refractive 
index or possess colouring properties. Typical paint extenders are solour- 
less (white) very finely ground solids having a low refractive index,

The impression of colour depends or. the spectrum of the incident light, 
and its behaviour on the surface illuminated. An absolutely white pigment 
does not absorb different wavelengths of the light selectively (in fact, 
no absorption should occur), the colours again are caused by a selective 
absorption of the spectrum. Hence, a white pigment appears white (colour
less) at daylight, while at coloured light the surface reflects exactly the
colour of the incident'light.

0

The second important property is the hiding or covering power. A paint 
film of less than 0.1 nm thickness is able to completely hide a surface 
provided that the pigment used in the paint is effective enough. For econo
my reasons a part of the pigment(s) is usually replaced by suitable ex- 
tenders. In the same way, a pigment or extender added to paper increases 
its opacity. Hiding power of a surface coating, in most cases paint, is 
caused almost exclusively by the pigments and extenders used as a part of 
the paint formula, coloured or white. Binders and organic dyestuffs do 
not produce hiding but are more or less transparent.

Hiding power of white pigments i3 based on an optical phenomenon called 
scattering. Scattering results from a very high number of subsequent 
reflectance and refraction steps of the incident light, caused by very 
small pigment particles. The refraction phenomenon is the decisive of these 
two, and therefore the higher the refractive index,the better the hiding pov:- 
of the pigment or extender* As the refraction occurs at the pigmont/bir.der
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intojrfaoe, the cliffercnce of the corresponding indices is actually

determining. *“ \
The refractive indices of some interesting ■feubstsnces are shown in

Table 2. ; -

Table 2.. Refractive Index Values

Substance refractive ln4.i *1
1

Aar 1.00 * i

Water 1.33 i
• Linseed Oil ! .* • 1

i
kariua Sulphate l .U  -  U S i

!
Calciaa Carbonate 1.55 -  ! . « • i

Silica 1.5* -  1.5»

Zinc Ocide 2.0

Zinc SalpWia 2.3» -  2.3»

Diamond 2.42

Titaniua DicniSe: i
Anatase 2.4* -  2.55

Rutile 2.tl -  2.90

-laThe Table is self-explanatory. Cf all white pignents, ti t-.-.ivn •' 1c...
has by far the highest refractive index. The difference of the i.ihli 
of typical extenders ’cerium sulphat--*, calcium c.vrtor.-?. te, ar.d si'icr :n 
one hand, and the classical binder linseed oil on the other hand is so 
small that no effective hiding can be expected. It is interesting to 
note further that even the lowest index value of the er.atase type of 
titanium dioxide pigment is higher than that of diamond.

Particle size is another important factor that influences the hiding 
power. It has been shown theoretically, and also confirmed by practical 
experience that the optimum particle size for titanium dioxide pigment 
lies between 0.3 end 0.5 ^ua. The size distribution is of great importance 
it must be as narrow as possible, and oversize particles must be completely 
absent.

High refractive index ar.d nearly complete whiteness; are the basic proper 
ties of titanium dioxide particles. It is the tack of, the manufacturer to 
produce pigments that make maximum use of these properties given by the 
nature.

Unfortunately, nature has provided the titanium dioxide particle with, an 
inconvenient property. It is an effective photocatalyst, able to promote
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certain chemical reactions when under the influence of light especially at 
short wavelengths. Anatase is more effective in tjiis respect, and the ana- 
tase type pigment cannot be used in outdoor paints because of rapid deterior
ation of the binder. Outdoor paint Figments are without exception those of 
the rutile type, and their photocatalytic tendency has been minimized by 
means of appropriate surface treatment.

The most important properties of the titanium dioxide pigment are 
brightness, whiteness, hiding power, weathering resistance, tone end under
tone, dispersibility in different solvent or water based binders, and «the 
gloss of resulting paint surfaces. However, nil these properties ce.nrpti
be obtained, improved, and upheld simultaneously in the production. Therefor 
different pigment grades must be produced for different applications, for 
instance, solvent fcased paints, emulsion paints, baking glossy enamels, 
plastics, paper coatings and laminates, etc. This results in a selection 
of normally up to twenty different pigment grades. Very active It I) work • 
is needed to develop new grades, and to keep the quality of the products 
competitive in a rather tight world market.
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B. The titanium dioxide pigment process

Bese pigment production
\

The Chloride and Sulphate processes represent alternative means 
of extracting essentially pure titanium dioxide from the titanium ' » 
bearing ores, slags or other bénéficiâtes, and at the same time 

. providing a base pigment within very narrow cuality specifications. 
There are two main modifications of the base pigment representing 
two polymorphic forms of the titanium dioxide crystal, namely 
anatase and rutile. As a rule, the anatase type pigment, used mainly 
in the paper industry, does not require other improvement than dry .. 
milling, and in some cases air classification, whereas almost all 
rutile pigment grades undergo a series of different improvement. 
operations frequently called coating or after-treatment of the 
pigment.

The sulphate process

In the sulphate process the starting material is ground ilmonite, 
ilmenite beneficiate7 cr slags that contain, in addition to thsir mrin 
components titanium and iron, many minor elements such as vanadium, 
chromium, phosphorus, manganese, aluminum, magnesium, etc. Of there, 
especially the elements that may effect the colour (tone) of the white 
titanium dioxide pigment are problematic, chromium and niobium being 
the most harmful. At the first step, finely ground mineral is 
digested with concentrated sulphuric acid in huge reactors. The 
reaction is initiated by adding a small amount cf water or diluted 
ecid. The liberated heat of dilution of the acid is able to start

9

the strongly exothermic reaction that proceeds very rapidly, and 
generates large amount of steam in few minutes. Because of the violent 
reaction small droplets of acid ere carried out with the steam. Hence, 
to protect the environment, efficient gas washers are installed to eeparat 
the ncidic mist.

during the reaction the mineral components form corresponding 
sulphates: titanyl sulphate TiOSO^ and iron sulphates FeSO^ or 

Most minor components react with the acid as well.
Finally a solid cake is formed. The cake is allowed to mature as to . 
ensure'a complete reaction, and thereafter the soluble salts are 
leached out by using cold water together with recycled acid from the 
process-. Batch-vise operation has been replaced by a continuous one
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in sosie more recent installations.%

Next, trivalent iron is reduced to the divalent form as to eliminate" \
the strong adsorbing tendency of the ferric ¿on onto the surface of the
titanium hydrolysate at a later stage of the process, The reduction is 
usually made by means of scrap iron. Recently an electrolytic reductic
has been applied as veil. The latter eliminates the risk of getting harm- * 
ful impurities occasionally present in scrap iron (Cr, Lin, Ni) but tends

A x ^ i

to be more expensive. A small amount of Ti . is reduced to Ti to ensure 
that all iron will remain in divalent form. For this reason the solution 
turns from black to blueish after the reduction.

A part of the ilnenite remains undissolved and is separated by settling 
and filtering. The addition of suitable flocculp.nts causes an 
effective settling and the resulting sludge is pumped to a filtering and 
washing unit, usually a drum filter. Before dumping the sludge is 
neutralized by means of lime, The acidic filtrate is recycled.

The overflow from the clarification is cooled until a considerable amour, 
of the dissolved iron crystallizes from the solution. The crystals are ' 
separated and washed by continuous centrifugation. ?e30^.7 (sometimes 
called "copperas*’) so formed is disposed of in solid form. A minor
amount can usually be "marketed mainly for waste voter .treatment piu’.’osvr, 
but otherwise it is typical waste material. '.Co economic solution for its 
use has been found so far, the only exception being the German Bayer Co. 
that produces different grades of iron oxide pigments using a technology 
of their own.

Before the next step, vacuum evaporation, the solution is filtered to 
remove all solid particles. Drum filters and suitable filter aid materials 
ere commonly used for this purpose. The vacuum evaporation is effected by 
means of indirect steam. The concentration of the liquid is followed 
closely by density measurements, because the specification in this respect 
varies with the pigment grade to be produced.

Next step, hydrolysis, is very critical regarding the quality of pigment: 
After adding seed crystals or other nuclei the concentrated liquor is bouts: 
by indirect steam to effect the hydrblysis of the titanyl ion to correspon
ding hydrated titanium, the composition of which cannot be presented by 
an exact chemical formula. Several additions of water are made during the 
hydrolysis step in order to control it. The nuclei are usually prepared 
from aqueous TiCl^ solution by neutralizing it with sodium hydroxide 
solution. The procedure is again very delicate and specific for different 
pigment grades.
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The precipitate from the hydrolysis is collected by filtration. Resulting
¡

«reste acid that still contains considerable-amount of iron can be partly 
recycled, but to avoid the accumulation of minor impurities most of it is
discharged. , '

After the first filtration step the cake is slurried in «raterj .the
resulting slurry is filtered, slurried egain and v/ashed until the purity
of the filtrate meets very strict specifications. The Ti^+ ion originating
from the reduction step has by now disappeared 'and a new reduction step is

3 +  inecessary to guard the hydrolysate against the Pe ion. There are 
two different methods! the use of zinc powder, or an electrolytic
reduction. In both cases an addition of pure sulphuric acid is made for 
an effective desorption of unwanted ions.

Before the next, calcination step the hydrolysate is pretreated by adding 
certain chemicals . The purpose is to aid and control the pigmerlt particle 
formation that occurs in the rotary kiln used for calcination. Different 
pigment grades again require different pretreatment. Typical rotary kilns 
used have a capacity of TOO tens/d or more, the temperature at the outlet 
being near 1 ,COO°C The feed losis first its moisture, thereafter sulphuric 
acid still adsorbed in the cake, and finally different sulphates present 
decompose and emit, gaseous SO^ and SOg. The kiln is heated directly by light 
fuel oil (diesel oil grade) or gas. Heavy fuel cil and solid fuels cannot 
be used because of impurities in the ash.

The calcination process is controlled by X-ray diffraction analysis, 
especially the anatase content in the rutile type of pigment must be minimize 
Samples for this purpose are taken usually every hour. The most .important 
variables of this unit process are the calcination temperature and the rota
tion speed that controls the residence time.

During calcination the primary crystals, either rutile or anatase, grow 
until they reach the specified mean partic^le size. The particles tend to 
sinter as to form aggregates that must be broken by dry grinding after the . 
calcination. The sizes and shapes of the particles, as they appear in electr 
♦photomicrographs arj characteristic of the main grades of titanium dioxide 
base pigments. These micrographs are used for the determination of particle 
size distribution, an important pigment property.

A flow diagram for the sulphate process to báse pigment is shown in 
Figure 2. , and a block diagram indicating, a.o., the significant 

energy inputs in Figure 3-
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Figure 2. FLOWSHEET 0? THE sir
LEGEND;

1.2 Raw materials 14
3 Grinding 15
4 Heactor
5 ' Reduction 16a
6 Clarifier 16b
7 Crystallization 1 6 c
8 Centrifugation l6d
9 Filtration I6e
10 Vacuum evaporation I6f
11 Hydrolysis, seeding l6g
12 Filtration 17
13a Washing, acidic reduction 18
13b Filtration, modifying

Calcination
Dry grinding (basj pigment, anatase, 
untreated rutile grades)
Slurrying (base pigment, above)
’.Vet grinding
Classification
Coating process
V/ashing
Filtration
Drying
tficronizing |
Packing and transportation
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The chloride process

The chloride process for the manufacture of titanium dioxide consists of 
producing: titanium tetrachloride by mixing- the riuj. material vithjcoke and 
reacting v;ith chlorine gas at around 950°C. Purification of the ¿rude tita
nium tetrachloride is effected by distillation and chemical' treetrtent. The 
pure tetrachloride is burned with oxygen or oxygen enriched air to give^ 
chlorine, which is recovered and recycled to chlorination, and ci ;aniua dioxi

O * 'The reacting gases have to be preheated to approximately 1,000 C to ensure 
a satisfactory level of efficiency. The degassed titanium dioxide is then 
passed forward for further treatment.

There are potentially three naturally occurring raw materials suitable 
for the chloride process - mineral rutile, leueexene, and ilmenite, which is 
known to be used by one producer. Mineral rutile contains 9 4 ..So fS of TiOg. 
Ilmenite contains 45. .6Cis titanium dioxide, while leuccxer.e, which is natural 
ly weathered ilmenite contains 65..30£ titanium dioxide. A more detailed 
discussion of different raw materials appears elsewhere in this report.

A block diagram for the chloride process to base pigment is shown in 
Figure 4 . indicating the significant energy inputs.

Figure 5• Surface Treatment Process Block T/: 

rigiw>nt — — — —

ENERGY - - .Water 6 Dispersant— j HILLING

ENERGY

ENERGY

HILLIKC

CLASSIFICATION

1r

COAT INC

1►

WASHING

, <r

CRYING

<f

HICnONISINC

1f

PACKING

* RECOVERY 
THICKENER

Overflow*

* Vn*tr*



28 -

' ' ** *
Base pigment improvement j * * ;

The titenium dioxide process used to eni with the production of base
pigment. Over the last twenty-five years,^further processes have been deve-

X f
loped to enhance the properties of the bass pigment; by further treatment. 
These are commonly known as surface treatment or costing processes.

The complexity of these processes may be judged b£ the fact that approxims 
tely one third of the total capital cost of a manufacturing plant for tita
nium dioxide pigments is required for the surface treatment equipment.

A number of important properties are given to the pigment by this adiitior 
processing, e.g. the dispersion of the pigment into; polymers is vastly impro's 
thereby saving the customer time and equipment. The opacity or hiding power 
is improved. The photocatalytic activity of the pigment is reduced and hence 
the durability of the system (mainly paint) is improved. The actual process 
can be tailored according to the users’ application, but broadly ¡follows sin 
lar principles. .j

The base pigment, from either the chloride or sulphate process, is slurrie 
in water, dispersed and~lntensively gr^na. The product in classified and 
the oversize recycled. The product should conform to a particle size distri
bution, which provi_es optimum optical properties, with e complete absence 
of oversize material.

The individual particles are then coated by selective precipitation of 
small quantities of colourless, inert components, usually hydroxides or

i
hydrated oxides of silicon, aluminium and titanium. The quantities and mode 
of precipitation are varied according to the final properties required.

The resultant slurry is ivashed over vacuum filters, to remove the soluble 
salts produced during the coating procedure. The soluble salt content is 
critical in some pigment applications, hence for top quality pigments de
ionized water (equal to distilled water) is used for the final washing.

The pulp is dewatered and dried through a tunnel or spray drier.
The dried product is fed to fluid energy mills, which generally use medium 

pressure overheated steam. The intensity of milling is varied according to 
the properties required.

A flow diagram for the surface treatment process is shown in Figure 2 ,
and a block diagram showing main energy inputs in Figure 5.

Ii.
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Development trends of titanium dioxide pigment industry

The Growth rate of the pigment industry in the decade 1960-1970 was 6..7 
per cent per year. Since then the growth rate of- titanium dioxide production 
has declined and in seme countries even stagnated. • •

The ratio of production distribution between sulphate ond chloride nethods 
in 1973 was 3.9 : 1 and in 1974 3.4 : 1. Although more recent statistics
are lacking,it is evident that this ratio has continued to change in favour 
of the chloride process because the technology is now established, and 
importantly, for environmental reasons. The chloride process is favoured 
mostly in Worth America, particularly in the U.G. where it accounts for mors 
than 50 per cent of total production. Por instanceDu Pont, the world’s 
biggest titanium dioxide producer, is putting a new 150,000 tons/а chloride 
process pigment plant onstream during the year 1980. The $ 150-r.illion 
plant gives Du Pont more than 50£ of U.G. TiO^ capacity, which has previously 
been 835,000 tons/c.

In Europe the sulphate process is still predominant.
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Row materials estimate arc; energy consumption
\

*
Basis: ' Produotion of 40,000 tons/a titanium dioxide pigments, 
no. of effective cays of operation 330 d/a, i.e. 121 tons/d.

Sulphuric acid needed: 100,000 tons (HoS0. 100£) !

For this amount: elemental sulphur 34,000 tons
or pyrites 75,000 tons

Ilmenite, 53& of TiOg, supposing a total yield of 85?i: p
90,000 tons |

Titanium tetrachloride, estimated 400 tons | •
Plus 30-40 different chemicals, the largest items being soda ash 
end caustic soda, alumina, sodium silicates, zinc and ainc oxide, 
magnesium oxide etc.
Scrap iron (theoretical) 7,500 tons

Energy consumption

Pasts: as above, fo"? an integrated plant H?S0^ - I’iOg pigments
Total energy consumption /ton of product:

Base pigment 30 GJ
After-treatment 20

. . ' 50 CJ
less excess energy from KgSO^

plant (see p. 33) 12 GJ
33 GJ

Oil equivalent for 33 GJ: 0.9 ton .
For 40,000 tons/a: oil 36,000 tons/a

Approximate breakdown: heavy fuel oil 85$«
light fuel oil 10£ 
kerosene 5#

Heavy fuel oil can bo replaced by any other fuel if considered 
more economical, light oil and kerosene by natural gas only because 
of the impurities resulting from solid fuels or heavy fuel oil. 
Kerosene is needed in the spray drying units only; if conventional 
drying by steam is applied, the portion of kerosene is to be added 
to that of heavy fuel oil. {
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Blcctric energy confirmtion (sulphate process) '
»

Because of a high consumption of low-pressure steam it is possiblb to use* t
back pressure turbines for the generation of electric energy. He ice, the , 
plant may generate at least cae-half of the electric energy needed in the 
production, the balance must be taken from the national grid. In the present 
estimate, the electric energy is included in the total energy consumption 
figures as presented ‘above.

\i?a ter

Process water: Sulphuric acid plant:
approximately

SO ,000 K V a  
250 n 3/d

Titanium dioxide pi,geent plant:
«Tater demand is highly dependent of the effectiveness of returning the
condensates, of the recycling ratio of the process .vr.ter, of the qua!? ty
(salt content ) of fresh water, ar.d cf Easy other factors. Therefore, the
figures presented below aj*e approximate.

Waste acid contains a cent 4 m" of -vater/ten product, 
i.e. SCO ns'Vd
A. careful estimate for different slurrying sn:I washing 
operations of ths pigment gives 40 n'/ton product. 
Assuming a recycling ratio of 0.25. net demand will 
be 30 m3/ton, i.e. 3.600 m 3/d
Losses of steaa (condensate;, cy evaporation,

3and blowdowns a toiler makeup water 100 m /d
Cooling v/atex’: it is supposed that* sea water car. be 
used for cooling purposes.

ITiscellanous requirements: Those occurring in the plant (potable and
sanitary water) present a small item and need not be considered a the 
present degree of accuracy. However, it must be remembered that lotal 
personnel ox' the new plants may amotut to about 1,200, ar.d the wrier needed 
in the industrial village must be treated preferably at the same via ter 
treatment plant. If it is assumed that th.v number of inhabitants will be 
3,000, and their water consumption 0.2 m''/d per person, an additional need 
of 600 n3/d must be met.



Hence, the water treatment plant capacity will be:
m

Process crater
- sulphuric acid plant
- pigment plant 

Household water

(Basi s: cf. page 30)

250 m '/c  

4,200 
600 1

5,050
21C
3.5

n"Vd
a?/h
m /min

As far as process water is concerned, the above figures represent' an»
optimum that can be achieved by a very careful planning and effective 
recycling only. The latter, for example, can be easily affected by a 
high salt content in the water. If sea water is not used for cooling 
purposes, an additional makeup fer losses occurring 3:> the cooling tower 
must be taken into consideration.



Total energy requirements (process vs. nr? nsteriaB.)

It is possible to compare the energy requirements for manufacturing 
titanium dioxide base pigments, by neking certain simple assumptions. 
They are: !
a) The same ilmenite is used as the starting point for each route; and 
therefore the effect of the ilmenite itself can’be ignored.
b) Each of the energy inputs can be converted into primary fuels where
appropriate. This, for example, implies that electrical power *.s not

i j
obtainable from hydro-electric or nuclear sources. j
c) The energy for extraction of the primary fuel is ignored.
d) Apart from the direct energy requirements, only the energy associated 
with sulphur, carbon or coke, oxygen and chlorine are considers{l for the 
various process routes.

The following process routes have been selected for examination 
A) Sulphate process using ilmenite, with free discharge of wastbs.
E) Sulphate process using slag with free discharge cf wastes.
C) Chloride process, using beneficiated ilmenite.
D) Chloride process, using high grade slag.

Table.
■ energy requirements for the four routes are sho-.vn in the foil.owing

• Process Routes. Energy: G-J ner ton product.
A B C D

Preparation of Peed - 45 40 50
Base Process 30 25 45 50
Credits -12 - 8 • ~ -

TOTAL 18 62 35 100

It is to be noted that the above table has been compiled solely from 
the energy conservation point of view, ! nd cannot be used for cost cocpai'i- 
son between different processes. Therefore, credits are given for the 
energy generated by the sulphuric acid process, but not for the byproduct 
obtained in connection with slag production.

Of course, a relatively higher energy demand makes thejprocess more 
vulnerable in case of rising energy cost. i
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The above data applies only to base pigment. The additional processes
jit specific customerv/hich are now installed to treat the base pignfat to mo 

requirements can add up to a further £0 GJ per ton(of tjroduct.
The recovery and re-use of the waste acid would require a furtheri

25..30 GJ per ton of product. Therefore, titanium dioxide pigment' productic 
is associated with an expenditure of energy equivalent jto between 33 and 120 
GJ per ton, dependent on the feedstock, the process route, environmental 
standards and the nature of the pigment required. !

It is of interest to note that, in cpnpr.risen, one ton of crude steel 
requires only 25 GJ per ton. i
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C. The rolf: of research end development In titanium
dioxide oirment production, salc-s service \ | ’ I*

• l »

f.'anuf acture of titanium dioxide pigments ir. of necessity highly rcsear h 
intensive. There are two main tasks in the R fc B involved: product quell y 
control, end developing of new and improving cf existing grades. Interne-tionn 
competition is very fierce, but typically quality, counts more than prji.ee.
This is especially true if the manufacturer must-rely mainly on the export 
market

Maintaining stable quality level is considered as important as the
»

quality itself. Customers, mainly paint m-anufecturers^are usually conserva
tive , so, reluctant to change their proven paint formulas once developed on 
the basis of a certain pigment grace with constant properties. If some of 
these, for example, dispersibility or hiding power, are different in dif
ferent lots purchased independent of whether the* r.ew lot is 'setter or worns 
in this respect, trouble in the production will occur.

Therefore, much skill, manpower, and cost is involved in the two main 
branches of control: process control and product quality control.
Typically, the head of the process control unit reports to the production 
manager, while product quality control is independent of the production 
and reports directly, ta the plant manager. As an example of t’ 
ness of quality control it may be mentioned that a représentât: 
is taken from every pigment lot produced,so every ton sold can 
and in case of complaint,the sample can be re-examined. Sma] 
tiens in the pigment quality cannot be completely avoided, but 
storage bookkeeping ensures that each customer always gets a n< 
similar as possible to the one delivered earlier.

Sales service

-? thorough- 
ve sample 
be identified 
1 fluctua- 
conputerized 
w j.ot as

Sales service forms an important part cf the sales promotion of ti tanium 
dioxide pigments. As a rule, sales service engineers contact the customers 
around the world, inform then about latest developments in the field, act 
as troubleshooters in the manufacturing process especially from the pigments 
point of view, and, what probably Ì3 most important, maintain fair and con
fidential relations between the producer and the customers. Ideally,, sales 
service should bo separated from selling, but it is not. always feasible

because of the cost involved.
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N smelly there as a sales service laboratory in the pigment plant 
where problems brought up by sales service -engineers or customers can be 
studied and solved*

D. Economic considerations

and develo pmen '
cnts

Taking into account the expenses connected with research
work, the cost of sales promotion, and maintaining a net oi‘ -offices

i
worldwide, it is evident that a new producer may easily rim into difficulty 
in competing with existing and established companies. These r.ay me .ntain 
one central laboratory devoted entirely to research equipped with - 
staff and instruments*This is able to serve several production unitb in

i£f

■« CUalÜ

and 
yeirall

different parts of the 'world. Likewise, one and the same marketing 
sales service organization is used worldwide. Therefore, the c

t |

trend has been towards big concerns. Three companies through !'
their international subsidiaries and affiliates account for acre thfcn 50 & 
of world titanium dioxide pigment manufscturing capacity. These are 
Du Pont (USA and Canada), Ni Industries (USA, Canada, '7est Germany, Belgium, 
and Norway), and Ti oxide (TJrl, Prance, Spain, Australia, Canada, and Couth 
Africa). Other major V/estern World producers ere American Cyr natiid (USA, 
and the Netherlands), Bayer ('.Test Germany, Belgium, and Brasil), laporte 
(UX and Australia), Kemira (Finland), Glidden Pigments (USA), Thsnn et j 
Iiulhouse (France), and -Ishih^rn Sar.gyo (Japan).

Exact capacity figures do not appear in the literature, an 
more difficult to make reliable estimates of the actual produc 
therefore of the degree of utilisation. The letter figures ar 
published by the producers. In the writer's opinion, the foil 
city figures are realistic:
Year: 7/orld capacity million ton3/a

it is still
tíon end 
■ îlSVQr
owing; capa-

Source of information

Laporte
ft

T
1925 0.005
1937 0.1

1976 1.S - 1.9
1980 . 2.1

U.5. titanium dioxide capacity was 305,000 tons/a prior the ;Bu Poit 
startup of its 150,000 tons/a plant that makes the total to 1,*035,010 
tons/a in 1980 (Stanford Research Institute, Menlo Park, Calif.).

Chemical 7/eek riec.12 
Writer's estimate

,1979
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( E.‘ Environr.entn 1 implications 
, = ----------------- 1---------

The environmental implications resulting! fro? the mernunr. ;ure of titanium 
dioxide pigments are related to the disposal of the byprodu< ts and waste<xs ana wa 

¿iladirig of
U f

material inevitably generated.* The implications!for the up
! 1 ] ; |hdeposits to obtain the feedstock for the pigmeri11r. ?.nufr.c turej v i 1*1 b

elsewheroj in ¡this report. Quite clearly though, the concents a
! I . I :titanium dioxide in the feedstock defines the qusjiijtities cf l 

wastes generated in the upgrading stage compared -with that ir 
process itself. j |j :

The two pigment processes - chloride and sulphate - dopes-: up
the raw material with either chlorine or sulphuric acid. The resal
titanium salts are subsequently decomposed; to titanium dioxic

•h o “ the 
¿uc|s at
5?']

.ioh ej“ 
ypro 

he p:. xent

vita
of the

:1 a

the
*■ ’ i 

treated
the
nd I

iackinr 
ng 
the 

raw materelease of either chlorine or sulphuric ac|id. 'The' remainder 
rial is converted mainly into the relevant metallic chlorides or suljohates -

e cjtlor;.
process, the chlorine set free can be completely recycled. This tpyllies, 
however, to the titanium tetrachloride only, iron and other chlorides  ̂ ::usi 
be dumped. With the sulphate process, only a very limited quantity of the 
sulphuric acid released can be recycled in the pigment producing process (cf. 
p. 24 ). On the other hand, its reuse is possible in certain other applica
tions. It must be taken into account that concentration of the waste acid 
by means of evnporati-on-is uneconomical. The problem of the waste acid wilh 
be treated elsewhere in the present report.

As the sulphate process normally employs a weake? feedstockjthan the 
chloride process, it is self-evident that it will generate a much greater 
quantity of waste. If the ilmenite used as the raw material contains 44& 
of TiCg (Ilorwegian), 55& (Australian); or slag of '71£ TiOg content, tons of
sulphate waste per ton of product will bo 6.5, 5.0,; and 3-1» respectively.
In comparison, the chloride process generates less than one ton

»
per ton of product, for those feedstocks employed in Europe(;

Kost sulphate pigment companies have sited their plants so t 
discharge their waste products by pipe-line toi>:t-nowing vut*. 
at considerable depth, or barge the v/astes out to sea for dispo

In one

sal. *.!oni-
toring of these areas, over many years, has shewn little impact on t*e eco
logy, providing that the disposal site haa been selected wisely 
particular case, the plant has been operated for nearly 20 year 
effluents have been discharged into brackish sea water at 15 mo 
4.5 km from the shore. The ecological and chemical impact has

of waste t
autly rutile'L 
hat they can 
r,ir:to the sop.

a, and this 
ters depth,, 
ioen fol I ower

J



- 33 -

systematically by taking water samples both from the discharging area and 
surrounding sea at different depths, further by studying samples of «1 a nfc to:: 
and other organisms from the seabed and from troy.* ter. The atoni tcrirg 
been:f ol'owed closely by the SoVbnatent IV:-.ter Protection agency. In .-«iort 
it has been found that low pH values car. be detected only at less than one 
km radius around the effluent outlet. It is evident that the effluent'••ill 
be neutralized very rapidly Vy see viator in which there is en equilibrium 
between calcium carbonate and carbon dioxide, and it therefore co:.trine 
bicarbonate ions, which react with the acid. .A detrimental effect on sea b« 
organisms can be detected only in an erf*e of about e quarekiloastr«.
TIence, it is evident that the waste sulphuric acid does not present any 
problem in the sea.

More troublesome is the oxidation of ferrous ion end ;ubsequent yrcjiyi lo
tion as ferric hydroxide. While riot poisonous, this substance is cler.rly 
visible and may cause sludge formation on the shores and on ft shorr.-i?’.u' net.; 
under unfavourable conditions (during storms) . Tn the present v:.rit crrs
opinion, if the cutlet lies at a sufficient depth and distance from the

»c*jrt g Y/-t 21 y 3 Till  ̂  • On the o th e r  h a n d ,

:udi-5s a r e  nce ied on se-> cu rren t : :  t>rn-
 ̂A 4 •(' **.- v> 'X - . | fi.y ul::h ■ u * - I f  ;>t

.. ~ .? . , - .Vf.: w-. • •„ • ¡vov iu -  .

COM **'"¿1;!*;* » ’rv -vy  •r’in- 'r iu1 dupes:  :

a v e  a c t i o n .  Chi s v . i l l  not happen,  i f

:uv in j  outr .«» rds;  .and the o u t l e t  p ipe  i

,5 the rx v c  a c t i c n eve :  d u r in g  the rso3

intense atoms.

#
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• ?. Elimination of the ventos

:oií.l| citen-\ t
Ion it: Jf

!f

ei-pris
l rfieras , and ’jo u o cu:

If.ji r.esnj* I

H E  , c L

i H 5"I I
* tlie sulrhur' values rrtoa p 
than int$ Erasable rroquet

i £•'

Ths pigment industry has been singled cjut ícr sp 
Environmental Agencies in many countries over recar.lt yeltrg to! t t
of reducing these wastes. ' . |
. As mentioned before, the Trastes from the Jsulpfcat: process 

tinlly of solid ferrous sulphate heptahydrate or cc 
tions of waste sulphuric acid containing ferrous'sulphate and oJ-herj m 
sulphates. . i l l

Theoretically, it is possible to recover 
or the -.vaste acid or alternatively convert
Unfortunately, these processes,®* least those suggested sc far.aré n< 
economic. ,

The degree of difficulty and the oust iivolvrf in recov : ring fwOpnur v.* 
is due to the following: •
a) The so-called'«strong" .vaste acid from the process is between 10.. 2 Of

l!-
i H i e

ray

strength. For ro-use ¡
94..9S5V ctrer.gth. Tin
much onorgv Ik iv quire
t; During the eveporal
semi-colleidal form, difficult to ¿operate fro.r. liquid. Certain ot-.er . i i

;h acid strength, Kifey»*!*.«• - ,■*. •** --. hi *■’: •. — -.¿j v.. '* • ̂
ur of the pigment.
,f fi•rrous sulphate is energy i:■ ton-.i vc ,
acid ova p o r a t i o n e v :> 1 v e 1 a Vg '• 0 n t .1 ti o s of

water vapour containing a residue1 amount of sulphur dioxide. j
# Id) Process economics have been plagued with significant variations in fresh 

sulphur prices. Since 1573 the energy cents have soared. The i-olative 
price of energy to sulphur has dietstel the manufacture of new acid rather 
then rsganera fcinj, even more zo recently. This is do spit*? the to arid 
disposal difficulty. Further, in the prcdu.ct.-on cf sulphuric otic f.-on 
sulphur, a very significant quantity of energy is relcu./od ■•/hie;'' cun be 
easily utilised in the aaoocistad titanium dioxide plcnt, 
value of the steam produce! by the releaned heat energy in 
the operation cost of the sulphuric plant.

Tn fact., the
~u:;.-• ?■! - < to

j
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VI. MINERALS FOR TITANIUM DIOXIDE PIGMENTS PRODUCTION

A. The Sulphate Process
' i

There are two types of raw materials in use in the sulphate process,: 
natural ilmenite and upgraded ilmenites. The need for th^ intcroedijites 1 »
has increased because of environmental pressure. As these materials contai: 
less iron*and more titanium, minerals, the amount of ferrous jsulphate to be 
disposed of is smaller. The main process requirement for the intermediates
is the acid solubility. Also, certain, impurity element contents must be 
within limits.

A more detailed discussion of these materials appears in connection 
with the sulphate pigment process description. ■:

i

B. The'ühloride Process

Traditional raw material for the chloride process is natural rutile
(or related minerels). Rutile, however, has soveri-ly limited reserves and
this is already posing raw material problems. The preferred solution lies
in the manufacture of an artificial or synthetic rutile by the chemical or
metallurgical beneficiation of the abundantly available i l m e n i t e .  The
upgrading may well be performed at the mining site where the iron or iron
oxide byproducts from this process can be disposed of more acceptably and#
energy ard transport costs can be minimized.

The production of synthetic rutile from ilmenite is capital and energy 
intensive, considerably more so than raining. In optimum circumstances the 
latter could undercut the former. However, optimum cirbumstances are the 
exception and it is doubtful if any undiscovered mineral sand deposits 
exist that should supply the steadily increasing world demand for natural 
rutile, so the growth of chloride process titanium pigment production is 
likely to be based on upgraded ilmenite.
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C. Statistics
** \

World production figures. ' .
The following information has been compiled from different sources,- 

and at least to the year 1976 (inclusive) does not cover the whcl-o.
world due to lack of information.

Year Production tons
Ilraenite Rutile (natural) Slag

1962 2 340 000 126 000
1963 2 440 000 201 000
1964 3 150 000 195 000
1965 3 300 000 224 000
1966 3 250 000 254 000
1967 3 600 000 299 000
1963 3 700 000 310 OCO
1969 4 000 000 390 000 605 000
1970 2 321 000 417 000 774 000
1971 2 582 COO 390 000 77? 030
1972 2 420 000 — 320 COO 340 CGC
1973 2 700 COO 340 000
1974 3 000 000 330 ooo 350 000
1975 2 600 000 360 000 750 000
1976 3 186 000 427 000 826 000

Tons of TiOg in ilmeni t s l a g  Do. in rutil^
1977 2 103 o o o 315

ooo

1932 (estimate) 2 392 000 442 o o o

Source for 1977 and 1932: SEE-AILiS Fall Meeting 1978: a spacial report
(Industrial lilinerals 1973, 133:45,51)
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VII. u p g r a d e d iuienitzs

Commercialized processes only will be treated in the follpwing text.
This limitation reflects the present writer’s opinion th=|t the development 
of a process from bench scale through pilot plant operations to xomrpercial 
production must have been carried out by the prospective tenderer,and 
satisfactory references must be .available if c.r.d when considered. There 
are two exceptions in this. rerp«-o£~in the processes included below. These 
have pessed the pilot plant stage successfully but apparently not vet 
commercialized. These ere the Summit process, ingenious p.nd elegant, and 
the iJurso process, that has gained much publicity through effective advertizing

A . The Group of synthetic rutiles

Benilite process.

Benilite Corporation of America has developed a synthetic rutile process 
called ”BCA Cyclic Process" that has been accepted by several enterprises, 
in fact, by the majority of existing synthetic rutile producers. The 
process is based on leaching reduced ilmer.ite by hydrochloric acid, and the 
ferrous chloride formed is decomposed by the VLoodall-LucJchsm process no an to 
regenerate the hydrochloric acid end to give iron oxide as by-product. The 
losses of !IC1 are about 5 £. Synthetic rutile produced contains 92. .96 5; 
of TiOg, and is suitable to be used in the chloride process for making 
titanium dioxide pigments, benilite has also developed a product containing 
90 % of TiOg, suitable for the sulphate process. It only requires a lower 
drying temperature (45C°C) so that its sc]ubiiity in sulphuric acid is not 
affected. ,

For the upgrading process, ilmenitc is reduced before leaching so as to 
contain SO to 85 £ of total iron in ferrous stats. The reduction is normal
ly carried out in a rotating kiln at 900®C, with fuel oil or coke as thq 
reductant. After the reduction step the ilmoaite is cooled down rabidly 
to 250°C to prevent a re-oxidation. This can be done with water spraye<$ 
on hot ilmenito. Reduced ilnenite is leached with 13.#20 % hydrochloric 
acid in a slowly rotating reactor at 1435C end 0.?5 KPa p2*e scare. ?hi3 
step takes about 4 h. Usually the leeching consists of two steps, one-half 
of the acid used at the second step is recycled the first. Leaching 
acid is used about 20 £ in excess, The reaction between hydrochloric acid 
and ilnenite is not sufficiently exothermic to maintain optimum leaching
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tempers t*ire, no energy for this purpose mutt be provided by evaporating an* 
heating a pert of the leaching acid. 2‘irect cannot he used for the
purpose because of its diluting effect. After leeching, the solids ci'e 
ciilcined at 270°C. The overall yield is clout 55..95 £, and 90 to 95 >*• 
of the iron present is removed.

The following companies are using the Senilite process according to 
the information obtained in '977:

Company • Location Capacity t/a Started./“ill st?.

Taiwan Alkali Co. Kaohsiung.Taiwan :-3 , o c o I 1575 II 1576
Malaysian Titanium lahat, Ipoh, 65,COO 1976
Corporation Malaysia (full Iff,COO) 1973 1.)
Kerr-KcGee Chemical 
Corporation

Mobile, Alebsoa 
USA

100,C~0 1576 2.)

Sakri duerni cs.l 
Industry Co.

Japan 3 0 , 0 0 0 131*9 1.)

Tierale Minerals 
hotels, Ltd

Chav a ra , 7 ui1on 
India

3 0 , 0 0 0 1373 1.}

Tn?V* «•.•e P j ,v r ,  ‘{•7»'t'*r Chu trapur,  0  ri a se. 101,070 1331 1.;
7i; ww India tal 355,0-0
further options for thro2 plants 130,000

Remarks:
1. ) Hot verified at the tira* of writing,
2. ) Operations at Xerr-McGee’ s synthetic rutile pi?..nt in "abile were 
suspended in early 1573, because of, ss reported, technical difficulties 
and high production cost. According to recent information the company is 
expected to recommence at the end of 1930 to supply the company*s 
Hamilton, Mississippi, titani at dioxide facility, thus replacing the need
to buy natural rutile from extern* i sources ( Industrial Vi cerale -lune 1930}.
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Operating needs of & typical Beailite plant

Basis: 100,000 -ons/a synthetic rutile of 94 £ TiOg production, along
with 60,000 to 70,000 tons/a by-prcduct iron oxide, using an'ilmeaite 
feedstock of 54 % TiOg. [

Itea per ton cf product • Consumption

t i ir . I

Raw materials and utilities
Xlmenite tons 1.83
Makeup hydrochloric acid (31.5 tons 0.15
Heavy fuel oil tens (total heat energy req.) 0.54 
Steam (7 bar, sat.) tons 1.25
Electricity kwh 300
Cooling water a? 11

Direct labour, men/shift 12.. 15
Maintenance labour, total men 12
Maintenance materiels, JS of capital investment, 
per annum ~ 3

For a production based on 150,000 tons of ilmenite (62,000 tons 
of synthetic rutile):

per annum per day (330 d effective)

Ilmenite tons 
Makeup KC1 tons 
Heavy fuel oil tons 
Steam tons 
Electricity ES7h 
Cooling water

150,000

12,300
44,300

100,000

24,000
830,000

455 
38 

. 134 
303 
73 

265

The amount of steam is not sufficient to allow in-plant generation of 
electricity by means of back-pressure turbines (about 90 tons/h suggested 
as a iiiimum, in the present case 13 tonc/h, b-jingfar too lev:). Hence, 
the electric power needed in tho process (about 3 Lv7) Eu3 t bo generated 
or purchased separately.
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Hydrochloric acid plant for the Danilite process
* I

Assumed capacity 12,400 tons of hydrochloric heid (31.5 D i, corresponding
3,900 tons of 100 %  acid.

» * 
\ * * i

' • i i M  
! ’ -i i' , 1 1 '

Raw materials
t | • t 

' !
•

1 !• M i  ' 

| 1  ( # !  ' • ;
Sulphuric acid 94 5* tons 5,000 . (15; tòns/d)h i M  . .

Sodium chloride tons ; 6 ,000 ■

f 1 ' '

Products
i

: ■ } ■ ;  1 ! : -
Hydrochloric acid 31.5 &  tor.*; 12,400 ‘ i !

i

Sodium sulphate tons I 7,600 i
■ i i

Sodium sulphate is a valuable choral cal used in the cellulose industry.

Plow sheet of the Eenilite process appears in Figure 6.

II

Figure 6 F low sheet o f  the S e n i l i te  process



- 45 -

ffes.tem Titanium (A M A) Process - ^

Western Titanium II .L., rov: Associated Minerals Consolidated Ltd 
(A U A), Australia, has produced synthetic rutile since 1963 according 
to a procedure developed by Western Australian Government Chemical Labor
atories, and later Western Titanium together- with CSIP.O and Lurgi. The 
capacity in 1974 was 30,000 ton3/a. A B A :s ’announcement (half yearly 
results until 31 Dec. 1979) confirmed that the original ilmenite bene- 
ficiation plant at Capel has been refitted and brought back into action 
during January 1930 to bring total synthetic rutile capacity near to the
50.000 tons/a level. Plans to build another large scale unit (of around
60.000 tons/a) are understood to be proceeding. The production of 
synthetic rutile during 26 v/eeks to 26.12.79 was 21,507 tons (Industrial 
Kinerals 2-arch 1980 p.9)

In the process, initially oxidised ilmenite is reduced until all iron
is in nc-tal form. Slurried in acidic water, the ilmenite is oxidised by
air as to convert the metallic iron to its oxides, mainly Fe.O . TheseJ *
can be separated mechanically. The product contains 91 .. S3 titanium
.dioxide, and is suitable for the chloride process titanium uioxice

I

pigments. After certain process modifications the product is claimed to 
be suitable also for the sulphate process.

Going into detail,.Ahe ilmenite is oxidised before the reduction step to 
avoid sintering during reduction. Ilmenite is oxidized in a rotary kiln 
at 1000-C to pceudobrookite and rutile:

2 PeTiO- + 0- — >  Fe-TiCr + TiO.3 2 2 5 2
The content of ferrous iron is now 2..5 £. The reduction is also carried 
out in a rotary kiln at 1150°C. After a cei’ies’of complicated reactions 
the bulk of the iron is reduced to metal* However, it is easily reoxidized 
so special precautions are taken in the process. The reduction is 
effected by coal mixed with the ilmenite in the feed, end the reduced 
ilmenite is cooled rapidly to 20,,30eC.
After reduction, non-rr.agnetic minerals are separated out and the material is 
slurried in water to form a suspension of 37 & solids. Air i3 blown 
through the slurry to oxidize the metallic iron to which precipitates
on the mineral particles. After 13»#14 h about 99 £ of the iron has been 
oxidized. Because of exothcjmiic roaction the temperature rises to a steady 
00°C. The pH. value is kept on the acidic side (0.02 *,« HgS04). HH^Cl is



47
i

added to promote the oxidation. Iron oxide is separated by means ,of 
hydrocyciunes The material is drained an-J passed through the product dri e 
and the final synthetic rutile product contains 91..93 £ TiO^ r«r.d about 
3.6 £ Pc. In addition, it contains practically all other impurities preaen 
in the ilmenite concentrate. This fact will be discussed in mjtre. detail 
in connectionhvith the Starrit process (p. 51). I !

i

?.!ain features of the Western Titanium process and a materials’ balance 
are presented in Figure 7. •

eA.; i fuai fr.eêcr ome*
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Dragsndro Chemical Works (VTah Chang) Process

Dragandra Chemical Works produces at Sahurupuram, Tirunelveli, Tamil 
Kadu, India .synthetic rutile since 1970 by means of the know-how' from
VTah Chang Corp., U.S.A. The capacity is 25,000 tons/a of synthetife rutile,

! I : !
representing little more than pilot plant scale. The r'ah jCLang procedure

i> 1 L  .igmallyint vijis cfigir.
• ; ; J 1 i *1 orini; ;|róc an

uses hydrochloric acid for leaching the il-enite. ' The p^ant 
founded to balance ihe demands of sodium hydroxide and chi 
electrolytic process, the demand of the former being much higher* ;There
fore, excess chlorine was converted to hydrochloric acid and u¿e; in the 
leaching process. Hence, it is clear that there is no need to 
acid that is disposed of. It is not considered necessary to p 
further details of the process in this connection.

rs cover the 
res ent

I

svnthotic
. The ini tie L capaci'
ccoi’di eg to r ■> r- Ifi"

- w . n *

ite by v/aste •.cid from
to be integrated with
s does not eliminate w

Ishihr.ro Process

Ishihare Sangyo Kaioha, Ltd, at Yekkaichi, has nanufacturec’

ation.

Ti02 pigment production. However, this process does not eliminate waste 
problems, as it it produces ferrous sulphate in the ratio 3 tons/ton product 
and weste acid, the whole amount of which cannot be used.

The present writer has been provided with a document prepared by 
Ishihara Sangyo Xaisha, Ltd, entitled "Preliminary Feasibility Study or. 
Llanufac taring Synthetic Futile from Sri Lanka Ilmenite, December 1979"*
The study consists of laboratory experiments at "beaker scale" using 
sulphuric acid, stronger than usual waste acid from the sulphate process 
and not containing iron sulphate. Therefore, the results are of no practi
cal value; besides, the properties of Fulmodd&i ilmenite must be 
known to Ishihara without these trivial experiments.

Further, the report includes a flowsheet where the waste iron sulphate 
does not even appear. ' The neutralization of waste acid with arsmonia, as 
suggested, is not rcSListic, at least not at the current price trend of 
ammonia. Ammonium sulphate is not an easily marketable fertilizer.

The report contains also a cost estimate for a synthetic rutile plant.
It apparently implies the idea that Ishihara is willing to make a tender
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: ‘*l Î

to CU3C for a synthetic rutile plant to be «fstablitejiad in IJanan. in order
• !

to help Ishihara to handle their v/aste acid problem. The present writer
does not believe this to be in the best interest of C'.T3C o!r has c-vcr been

I i •* i •its intention. If selected for synthetic rutile production jy qr.tjpy rth^
Ishihara process would be feasible only in connection!v.'ithl d ’SC’L M

» i I id.production in Sri LanSce. i !i
As far as the report itself is concerned, it canr r 

a feasibility report, net even a preliminary one.
The flowsheet of the Ishihara process appears1in!?i

;p mean:

f b• r*

mpnt h .

¿4ll,j»d

! 1 (
3 i Operational 

’ ’ 1 f !needs as given by Ishihara are shown ■ on( page 50 , The jainojint 'of i process 
water is tremendous; for a production of 40,000 tons/a cfj synthetic rutile 
the consumption of v/ater is about 16,000 m^/d. ross.ibly tills is yi error.

I
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!-Operational needs per ton of synthetic rutile product in the Ishihsra 
process are as follows: (Source:•Ishihfra Report December 1979)

1) Raw m a te r ia ls .
. Ilm en ite

Coal
S u lfu r ic  a c id (  as 100% H2S(}) )̂ 
Ammonium ( a s  100% )
Scrap
Agent o f  aggregation

if; .-.t :: I

f

2) F u els

2 .1 3 ton
- 0.21 ton

! I; j 1.51 ton
0:0075 !ton
¡0.04.tbn
! '!0 .2  kg
! 1 !

70* 1 
150 1 
70 1 
25 1

i \1 • i i : i : i

" .1 ! ; i
|i

Heavy o i l  fo r  pre-O xidation  
Heavy o i l  fo r  p a r t i a l  reduction  
Heavy o i l  fo r  c a lc in a tio n  
Kerosene fo r  drying 
Kerosene fo r  c a lc in a tio n  6 1

3) U t i l i t i e s .
E le c t r ic i t y  j 220 kwh
Steam j 0 .84  ton
P rocess w ater . • | 6 .6  ton
Sea water" j 60 ton

* I4) A dd ition al u t i l i t i e s  fo r  vacuum c r y s t a l i z e r .
E le c t r ic i t y  j
Steam j
P rocess w ater !

i
5 ) B y-products. ¡’

• Iron s u l f a t e  (FeS0 4 . 7!l20 ) i 
*• Fine pov/dered sy n th e tic  r u t i l e

r
6) Personnel.

* O perators SR p ro cess 
VC process

. ’O ff ic e r
A ss is ta n t  o f f i c e r  
Engineer 
Foreman 
Su p erv iso r

46 kv/h 
0 .7  ton 
125 ton

3.08 ton 
0.19 ton

10 p e r s o n s /s h if t  
2 p e r so n s /sh if t  
1 
1 
1 
1 
1
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Processes-at Pilot Fient stage

LIUP.SO process

The i‘URS0 process is probably the best

* •
j ■' ■ r":

cnòwn and most ■ effectively •
advertised pilot olant process. It has been developed by the CCIRC ‘ '

; ] :■ 1 i ' • I(Commonwealth Scientific and Industrial Research Organization) and . .!
• , . 1  * * ■  1 - ;
Hurnhyorcs Pty Ltd, Australia, in co-operation with :.?itsubishi Chemical ; 
Industries, Kurocaki, Japan, whore the pilot plant tests have been per
formed . The process is based on leaching;the ilmenite with hydrochloric 
acid ana it is very similar to the 5enilite process. It v/as first made 
public in 1969, and ¡¿urphyores began technical and economic studies with 
the aim of bringing the process into commercial operation in 1971. A 
semicommercial plant of 10,000 tons/a capacity has been installed to prove 
the process. As announced, if the tests are successful, a 50,000 tons/a 
upgraded ilmenite plant will be built at Gladstone (21d) with provisions 
of doubling capacity. As far as the present writer is aware, such a plant 
is not in operation.

Summit process

Of all processes in this category, » this one
appears the most attractive. The principle is amazingly simple and elegant, 
and elimi'n&tes problems frequently connected with the use of acids, especial 
ly hydrochloric acid, as well es those resulting from waste materials.

The process hss been developed by Oceanic Process Corp., and another 
company, Tiron Chemical Corp. in Canada is planning pilot plant tests at 
a scale of 20,000 tons/a. The Summit process iS based on leaching pre
oxidized and then reduced ilmenite by means of ferric chloride solution.
The minimum TiOg content of the product is reported to be 83 end the 
product is suitable for both chloride and sulphate processes.

The ilmenite is oxidized at 7?0..1200°C (wide temperature range can be 
explained by the prevailing practice in patent applications), /fter 
oxidation, the ore is reduced at 700..1300°C by means of suitable reducing 
agents until 90 % of total iroi> is reduced to metellic sta.te. Reduced 
ilmenite is leached with ferric chloride solution (12 & of FeCi^ minimum) 
for 30 min. Hetallic iron reacts with ferric chloride as follows:

TiOg.Fe + 2 ?eCl3 (aq) TiOg + 3 FeClg (aq)
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The solution containing ferrous chloride is separated from the solid
product and oxidized by means of air: ”* *

DAOp •
3 ?eCl2 (aq) + % 02 2 FcCl3 (aq)' + ?e203

Aqueous ferric chloride solution is re-used for leaching1.

T *

[ I 
so
! 1 ! \

•• •' ! ■ » end theNormally, the TiOg content of thej product is better 
byproduct contains at least 99 % ?eo0_. ( . ’ jj

 ̂ I * ' * 1 | |
It has been estimated that total investment. (in 197j1) for q1 plant • t:f 

producing 100,000 tons/a synthetic rutile-would haveibcen.19 million US$.
» | g ^

Operating costs were estimated to amount to 75 iIS$/ton product v/ithout • 
fuel oil and ilmenite. The amount of carbon needed for reductioniis 
0.6 ton/ton product. Total energy consumption for the process amounts 
to 16..18 GJ/ton(synth.rutile+Pe203).

If commercialized, this process represents a very strong choice amongst 
different processes for producing synthetic rutile.

It must be remembered, however, that iron only is leached out from the 
ilmenite by the ferric chloride solution, practically all other impurities 
remaining in the product. Hence, the quality of the product in this respect 
depends cn the composition of raw material, ilmenite concentrate. The 
following figures nhowthe result, if a typical Pulmoddai ilmenite is 
used as raw material, and 2.0 % of FoC- remains in the product (as assumed 
by Tiron Chemical Carp.):

• Ilmenite Product
?i02 54.58 % 91.04 :
FeO 13.11 2.00
¡?.2°3 23.15 -
Si02 1.51 2.52
ZrO? 0.02 0.03
a i 203 1.18 1.97
MnO 0.37 0.62
0 r ° 0.07 0.12

V * 5 0.09 0.15
UgO 0.85 1.42
CaO • 0.08 0.13

100.01 % 1 0 0 .0 0 :



- 53 -

b

As can be seen, corti in critical contents :uch as Cr^O., V,Or , KpO incre 
of course, but still remain within acceptable .limits. The situation in 
this respect is exactly the same in the Western Titanium process. It is 
evident that the- application of these processes is limited to ilmenites 
containing low amounts of harmful components.

Irocesses based or. selective chlorination. *

According to the present writer's knowledge, all these processes ere 
still at bench or pilot plant scale. Bu Pont applies direct chlorinntio: 
of ilmenite successfully in the pigment production, but not for synthetic 
rutile.

The best known so far is the process developed by Australian Chlorine 
Technology Ltd, that uses select!'.-: chlorination of iron under reducing 
conditions. The reaction is carried out in a fluidized bed reactor, and 
the product contains 95 % TiQg. The company has operated a pilot plant 
producing 10 tons/d.

Although chlorination of the reduced product might appear to be a nsti 
choice, it means a large consumption of chlorine cr a great deal of chic: 
recovery.

t
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Б . The Group of slags

It . »

Q I T (Sorel) slag*

I- i ;
The best known process is t*e Q I T (Quebec Iron and Titanium Corporation)* 

Sorel-slag process with about 900,000 tons/a capacity. It intendeb. 
mainly for the sulphate process for making ti tanium dioxide ¡pi grants J  !
It should be noted that this process is successful because of the'unique 
conditions at the site. The Sorel ore is very cheap and in abundant 
quantity; the hydro-electric power is also low in cost and, because os' the 
demand for the high purity pig iren, the slag can be sold at a very attractive 
price. It is possible to produce a slag containing a much higher content 
of TiOg but ap? erently it is not very economic to do so. As the TiO^ 
content of the slag rises, the viscosity of the slajg in the furnace alsb 
increases, leading to many complex problems. The product net vpry 
suitable for chloride TiO^ pigment. j

Richards ray slag.

At the mineral sands operations of Richards lay Minerals in A'outh Africa 
1979 was the first full year of product!on. The projected capacity is
460,000 tons/a slag, 115,000 tons/а zircon, and 56,CCO tons/а rutile.
R Б slag with its 35 cf TiOg is the only titar.ia slag available in Western 
markets in addition to the Corel. I7. Б Minerals produces slags suitable for 
both chloride and sulphate processes. According to recent information 
"five out of ten" groups that operate chloride route plants have ordered 
substantial tonnages for use in 1920. The company apparently is optimistic 
about selling all its 1230 production, which is planned to be 392,000 tons 
of slag, 217,000 ton3 of pig iron, 115,000 tons of zircon, and 56,000 tons 
of rutile. The owners of the enterprise are Quebec Iron and Titanium Core. 
(40 £), Union Corp. ltd (30 T-'1, The Couth .African .Industrial i.'evelopment 
Corp. (20 f.), and Couth African Mutual life Assurance Society (10 *f) (I,?.;, 
1973; 125, 13). The prices aro highly competitive; end 1979 the П В slag 
US$ 135/ien F02 comp:-red with natural rutile in Australia US* 33О/ton 7'3. 
The ore reserves of Richards Bay are estimated to 41 n ton of ilmenite,
1.5 a ton of rutile, and 3.4 m ton of zircon.
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! TYPICAL ANALYSIS - ILM2NITE

\

• *i
y. 1. CHEMICAL ANALYSIS

Г .с. См 1212
ч? -ni winnлимл nmva 
C .J1 0 K 5 0  1C 
Siti LAMICA
C i b i c i :  “ i A M í > Í C » ' i “  C e l a m i  
T e t t e :  “ Ì A N C i C C “  C c l a m . i t

Tio2 • • ф 5*u58

W 2°3 • • • 23.15

FeO • • • 1 8 .1 1

Si02 • • • 1.51.

Zr02 • • • • 0.02

A12°3 • » • ; 1 .1 8

MnO • • m 0.37

Сгг°з
*

• •• 0.07

v2°5 • • • 0 .0 9

MEO • •• 0.85
m - »
CaO • • • 0.08

p2°5 • ••
Total

Traeca (/  
100.01#

t
2. SCREEN ANALYSIS (BSS) fi

♦ 60

i

. .  0 .30#

■f 72 •• 0.32#
♦ 100 . .  12.72#

♦ 150 . .  if 0 . 82#
•

200 33.82#
i; . ^ 200 . .  1 1 . 90#

USUAL GUARANTEES

i . ’ Ti02 • •• 53# Miniтип

Molature
16.3.80

• • • Lesa than 2 percent

élMES LOCATICN F'JlMOC’ 3 * l PHONO 9 PULMOODAI "fl.Cr,! «ANOSCOMIN • I




