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IRTRODUCTION

- ) . . . ;
- 3 i - » i )
The present repori covers the duties performed by the writer in!the
!

capacity of Consultant in Titanium Dioxide and Uynthetic Ku tile D“Qihct‘ﬂn
as a part of the Project DP/3SRL/78/031, "iszistance to Ceylon 'Mineral
Sands Corporation: Processing of Ilmenite Sands™. The purbose of projcect
is to improve and upgradé present minerzl sands mining 2nd beneficiation
operations of Ceylon Lineral Sands Corporaticn (CLEC), arnd to evaluate the
feasitility of introducing new processes far ihe conversicn of ilmenite
sands to more vaiuable intermzdiste products. 3Ipecificzlly, ths expert.
was expected to carr) out technieal and economic smtudies to ?etcrmiﬁe the
feasibility of economically entering titernium dicxide and/or:synthctie
rutile production in the country, inciuding definition of tebic corditionsz,
investnent cogts, market projoctions, efc., required in thesp studies.
It was socn found thet the studies cheunld be mainly conceftrstad on

technical matiers, bz2ccusze no re
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Purtheraore, especislly in the pignents izl totlh Invesimant und opewa ilcuw:
?

ere to te produced, zznd to what quality requiraments (a:atase v, rutile

type, b5ue vs, treated pigments, siandard va, promiunm grades, ete.).

y

Thcrefor-, this report dezles rezther extensively witlh different
fo

procedures for mezking the products, end ihe properties igrment to be
T

0
achieved, The purpose is to help the decision-mzkers by providing them with
beckground informetion thut in many czsz2s iz very haré to finé lrom literary
cources, or is noti made public at 211, WHowever, ecconcmic facts have alse
teen presented in the report vhencver the writer counsiders them relavint
end reliztle, i

The manufacture of titaniwn dioxide pigmeats is closely connected witi
environnmental implications. Therefore, ihese huve been censidered very
important. In mzny ceses, espoe ally during the lazt decade, environmentazl
factors hive been decisive in choo ing both the mznulfzzturing procese
und the location of tho plant. The opinions pracentsd in thls rzport are

bcsed lurzely on the writer's own experience gzined during hiz cctive work




in titanium dioxide pigmente preduction. - 1 |

AThe-prescnt sriter soon realized that pig;eni prbduction cannot be
considered scparately {rom tae country's othsr heavy chemical process
indusiry, especially if the sulphzte rouiz (for maiing titcnium Qioxide
rignents) is tos be se2lected. Therefor2, with the approval aﬂ tize chgirmés &
Eanaging Director of CIIC, he expanded the scope of his work 2o ﬁnclude_a

proposz) for ar integrested sulzliuric acid, ammonia,

)

ag fe:tilizgr indubt>y.
This led %o a2 contact with 2 forcicn company unicue in cov_rihg a1l imnortant
heavy chomical process industiries insliusive of titendwm 2i x;ﬁa nicneats
production. Jegzotiaitions wers hald in Colemb:s -id Pulmeddgi ( {
Qufing which the writer provided advice 2kl ecsisztonce to €:c Goveramen
The present nriter is not £oin
cernin: the infrasiructure of the
they zlrezdy appezr in & pravious
by %. Hazrrach). Purther 6 baczuse

he iz not zoing to comment on the

regort excent thetl iie doas not sh:

~
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"handling dangerous chemiczl compounds™ or "sophiclicuted clizmical eguipmenti”
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or egrze thet ordinsry wai treetnznt is a "sopuisticsted procacs”.
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1.

2.

4.

5.

I. RECGIAIZSDATIGHS -

It ic recommended to establish a sulphate process titaniuﬁ di;xide
pigment plant in co-operation with a qualified foreign company,
prefercbly on & joint venture basis. The rccomrended cepacity, °
67,000 tonS/a corresponds 1o the planned czracity of ihe proposed
vet mzgnetic separation plarni, 156,000 tons/a. Locezl conditions
provide an opportunity for frea diszchorge of wesie acid without
detrimental environmental 2ffects

I the capacity presented above iz conzidered too hig% at preseat

from a marketing point of view, but fezzible in the future, & staged
o

1')

[¢]

developmernt progrom should be werkeé out, and es much of the exc

ilmenite exported in the meantime zz is possible.

If o lower ccpacity is def o
onz/e of pizment based on 75,220 ions/a of ilannite, zynthe
snould be meaufaciured from the remzinin

-

licensed, or built by dbuying know-houw,

If nd interc”tcd and qualificd puriner for the pigrment production ds
availuble, the previous r2commendaiiasn (3,) will apv;y feor the whole
enpunt of ilmenite producsd. In this case, the Eexilitc ccmpauy zhould
te contacted at the first plece bocause of itz experience in the chemica

upgrating field

Provideed that titanfum dioxide pigmant prodyction is to siart as
racommended uader (1.), £2.) or (3.), e

be set up, It must be integrated with the pigment plant to make use
of the excesz enersy produced by the acid plant.

Paking into eccount the eouniry's nacd to ezizbliszh hervy chzmical
process industries, the capecity of the sulpnuric acid plunt must he
high sﬁough to cover all demands that can he forasesn, ecpecially
those by the pigment end feriilizer iniustries, which should te inte-
grzted. Thiz could provide an opportunity to use at lepst & purt of
the weste acid from the sulphate process in fertilizer vroduction.




7.

8.

9.

10,

It is recomiended that in the ne notzat1ons.u1tn pro;nectivc Toreis
periners their experience and ccmpstence -in the videst poszitle field
in integrated process industries should be decisive, In en ideal cass,
the succescful company will be able to prasent sulfl 1c*env referencae
covering the whole area of the heavy chemical p”sc: s industries, and
will be ready to co-operziz over the full runge of th he integrated
industries.

It iz recommended that & very thorovgh study be undzorizken zs to how to
provide the process industries with a2 suiflicient zmount of water
meeting the gqualifications set for dAifferent unitz. The present weider

treatment plent thet is actuzlly a pun jon must te equipped

] ﬁJ
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[
fa
pus
[ =Y
o

ulation is requirad fo»r pre-
5 based on flotziion znd/or
setiling, znd finzlly filtering ty meanz of ropid egend filisrs. At

least the liousehsld end drinking water must be properly chlerinsted

It is recommended that a pas:ibility to s2t up en smmonic piant 4 4142

2 n o=mn rian L
vicinity of the coming o0il rofincry 2t Trivasmalee chauld b excningd
in co-oper=iion with Rizzece Inferretionzl, znld the Jcoint venture

pariner for the pigseat and ferdilizer industries. 4t the szme time,
it should be made clezr whethar thore are peasiblities to get sulphur
from this particular cil ra2finery as well & 0

Corporation refinery at Sapuzaskanda.

A careful exeamination ia nacesczary concerning the location of the
industriel units recommended above ac well z35 existing anl "uture
transportation fezilities.




II. CONCLUSICHS !

.- 1
"A. Alternatives for future develgpment

In tﬁe present writer's opinion, there ere threc alternatives for plarzing ,
further processing of ihe ilmenite. It is assumed that the i]menite output
will be 150,000 tons/a heving a mean content of 53 % 9102.

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

Altérnative 2., Production of titznium dioxicde pigments as above but
using only & part of the ilmenite, for instance, one-hzlf, in which cese
the capacity of the plani would be ebout 32,000 tons/a. The'fest would te
upgraded to synthetic rutile by cheniczl nmezans,

Alterrative 3. Producticn of synthetic rutile only.

klternetives for nenufecturin

14
(4 (=
and upgraded ilmenite in~the sleg form arz excluded., In the writer's spinion

t

these processes do 0%t fit into a2 me

(4]

ter plen for th2 couniry's hcuvy
chemical process indusiries where the production of sulphuric ecid pleys e
predoninant role,

.

In the wriler's opiuion, the Alternctive 1. is recommended. ‘iext comes
the Alternative 2., but only if id is concluded that there doss not exist
end most probadbly will not exist sufficient de.end for ititanium dioxide
pigments at a capacity level of 67,000 tons/a. Ia the following discussion,
both altzrnatives will be kept in mind. The Alte;netive 3. is recommsandatle
only if no foreign pariner can be found for the pigment production.

"

B. Toreirn ~o-0perztion

It is evident that in order to succcsd in the titznium cioxide pigments
production for«ign expertisns in come form iz Zefinitely needed. The produntic
involvus an immenze amount of experiencs obiuined by intasnsive research and
development work, and, it must dbe admitted, bty trial-snd-errc» during the
relatively short existence of the pigmznt industry. In generzl, the folloving
alternatives 2xist:
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klternative 1. Purchasing the know-how 2t a lump Sum, or havinJ the procas:s
licensged. Per;ormhnca guarantees usually exist but tend to be rather limited
ARlternative 2. Ustabllshlng the factory on a tuvn-kej besis including per-
Tormznce guaraniees. These are, however, limited to a ceriain period of time
for instznce one year. Guarantees do not,as a rule, teke into acccunt the
need of continuous developmenti ol exisiing pigment gracdes, and of course’not .
any new grades. s '
Alternative 2. TForming a joint venture with a reputndble foreign compeny -
well estadblished in the field.
Alternstive 4. Basiﬁg the pro2uction totelly on foreign investment.

Here, the Alternative 4. has tecn mentionsd for the sake of cprpleteneéss
bnly. and will not be discussed further.
Of the remaining alternatives the preseznt writer nrefers the flternntive
3., & joint venture, pfovided that: ' ' y v
2) The progpective foreign company i3 well kuown in the vorld mzrket, end
i4s proiucts coﬁpetitive regarding both quality znd price, the former
beirg more important of these two.
b) The company is specialized in export trade, and pesseseszs e zlebel

merkcting sysztem tha¥ covers praecticelly 231 pigment 3mroriing counntris:s
L ¥3

!

M
c) The coﬁpany has creatled an efficient s:les crvwise =
stablishad full confidence amongut internaticnal clients in this reonec
d) The compeny is known to bs reseor t
a p?arequisite'fof éﬁy succese in the Fisld - end 14 pust sove well-
equipped labtoratories Jor the purposs.
e) The siatus of the company is finsncially sound, and it is able o mect

the investment end other costs as zgreed upon.

O0f the provisions prescnted adbove, the a) is a bzsic one, +t the presemnt

time, 1t 15 extremely difficult, il not imposzible, for 2 new unknown pro-

duczer to pencirate the interanticnel pizment murket., Therafore, it i3
easy to understand that all recent tituaiwn dloxide production units

are connacted with well-known parent or joint companies, end usually caryy
their trade mark on the products. .

Purtlizr, ‘creating dn effective globz) marketing vystem is & very costly
end time-consuming buziness. The seme appliecz to seles service sctilivities,
e very importunt part of the sales promotion, :ind lzst but not lenst,




- 11 =

only extensive research and development work ensures sue

(¢}
>
0
(A}
[¥3
>}

*

creating ncew or improved pigment grades,as noeded,in hard cormp etition
This cah be pe;formed in modern and well-establisk d resezrch leherectories
and pilot plant installations cAly by a highly conmpetent steff, rithin a
joint venture, all R ¥ D work can be carried out in the pertaer's central
laboratory, and proc2is control laboratories only zre needed at the fac%ory
site.

C. Sulphate process pigmeant plant locateéd et Pulmoddei

Raw materiels

Rew materials for manufacturing the titeniwu dicoxide pigrents ere
sulphuric acid and ilmenite plus a number of adéitional chemicels.
Thé writer suggests that sulphuric ezcid will be produced at =2n irtegrzied
plant. The matter will be discuzsed more dedsiled in scction E. of .the

present chapter.

Process water

Both the quantity and Jhe qual

(i

of 42 proc = wnier e ov

A
[73

(¥

»a*n problem is to siore enouzsh water during the rainy monceen p2riod,
At present, the proeess uater uced in the ilmenite feclory is tzkea from
the Yen Oyz river thet at the end of Zepiember ihis yzer apreared to be
nearly dry., The flow of the river is regulated by several dzms upcountry.
Ir the writer's opinion the preseont conditions 40 not seem %o be fevourable
for new installatione to te estzblished, beczuse ev the present ones
have been suffering from the shortape of water., It is cuzgesizdé that possi-
bilities to build 2 dam et the mouth of the Eya Oya river should be exzmined
go s to form a lake soparated from the sea, The secme proceldure chould te
exsmined at the mouths of other rivers end lagoons leecated at the nesrby
srea. . '
- As far as the quality of water is coneernsd, 2zily anwlyses during the
period of 14.10.-11,11.1S80 have shown values Jor the chloride ion  from
a minimuwa of 291 mg/1 to a maximum of 6%% mg/l, ihe hzrdness being from 239
to 706 mgz of CaCOB/ll cespeetively, The rainfall, however, has been unusunlliy
low, and the elfect of the monsnon period eppusrs "irst on 18.11,1080:
chloride 244 mg/l, nnd hardness 779 mg/1, on 26.11,1580 143 and 254 mg/l,
espoctively. '
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Efflusnts
. - 1
Disposal of the waste acid end iron sulphzte’is.the most critical |
environaental problem, as discussed in detail elserhere in this reparti
(p.37 ). 1In the U.S. it has been the main reason for the progress @f the .
. ' energy intensive and more costly chloride process. ’

It has been comnmonly accepted that a free dischzrge of the effluent;.
whenever feasible, is the most cconomic solution. As steted by the ﬁriter
(p.38), wunder certain conditions this type of disposal is cirizinly pos-
sible, and in his 6pinioﬁ such conditions exist at Pulmoddai. The conti-
nentel shelf théré is comparatively nerrow, at ¢ certzin goint north o
Arisimalai about 10 km only, afier which the dcpth of the ser rspidly in-
creases to 300 m. The writer is assured that if the effluents ere disﬁosed
of, eey, at a distance of 11 ko from the coast at the place in question,
no harm whatsoevér will result. Another nossibility could be its use, at
least portislly, in integrated fertilizer proiuction. This meitter ic die-

cussed in & serarsatie chaptiers

D. Theo production of cyrtithetic rutile

5 stated undeor £, in this chapter, the writer daes not favour th: nro-
duction of synthetic rutile, if the titeniun Jdioxide pigments produciion czn
be rcalized. The market price of the product is not very stirzctive, and
the competition heavy, especially after the estecblisiment of the Zichards
Bay operations. On the other hané, the process itself is st-aightforward,

~ end the fieed for continuous resesrch end develonment lesz demanding,
The Eerilitie process enjoys the widest populority for the itime being.
It can be casily integrated with sulphate process ,operations as shown in
the Freliminary plen (p. 14). There is no doubt thet this process cen be
brought into operation by purchasing “he necessary know-how, or ty lieensing.
Zspecially il there is an integrated sulphate process for pigment productiocn
caerried out as & jJoint venture, *“he synthatic rutile process can bte roalized

on know-how basis,
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E. Pigment production and other chemical-precess indusiries

In the present writer's cpinion, the prcégetion'of titaniwr dioxide
Pigments by the sglphate process 1s closely connected with the develbpmcnt
of the country‘s-other heavy chemical industry. £s is well knowm, sulphﬁric
acid pleys a key role in many ckemiczl processes, and the srlphate process
for manufacturing the pigmente necds a sulphuric acid plent,

On the other hand, there is a very valueble phosphzte rock cdeposit in
the country, at Eppawala, with a content of 33 %o 36 & PZOS' Thic is compar-

able with thc best phosphetes on the intern-ticnzl market. To obtzin

1

00 &R

fertilizers from the apatitie rock sulphuric acid is nzed:d 2geain.
Rowedays, phosphoric acid i$ produced first frem the epatite by mesns of
sulphuric acid, waste gypsum éisposed of, £nd the acid used for rmaking dif-

ferent fertilizers by adéing other m2in or minor nutrients (nitrqggp in the

—

oo

form of ammonia or nitrates, potzscium chloride or sulzhate, ete.).

e e o———

a— LT = S
Phosphoric ecid mey also react with the epztite producing & fertilizer very

e
*h
o

high in phosphorus. iformal superphosphate is mzde by ucing lesz zulpha
~acid, 2nd leavinrg the gypsum in the product.

The relative invesimeat ehdi: production cosis deominish with facreuzing
L o

cepzcity of the plunt. Lecording te informaziion oviginatiing
. from the USSR, ithe following reletionship exists:
Capacity, thousand - Investment Production
» tons coct per ton (roubles) cost per ten (roubles)
180 55.5 27.4
360 47.2 ' 24.6
2 x 360 42 22.45
(Source: lLielishkov P.S. Khin.promyslennost, 1371, Ho.9, €43-646)

Thercfore, in the writer's opinion, the sulphuric acid plants needcd'for
both pigment end fertilizer production should be combined, znd integrated
with the production of titenium dioxide pigzments as shown in “Zreliminary
plan” on the next page. As suggested, it iz possitle, in principle, to use
waste acid from the pigment production for the fertilizer process. lowever,
beczuse of ihpurities,'mainly iron, present in the ecid, its usz is subject
to further investigation, actually going on in ‘the writer's research labor-
atory at the University of Technology, Lappeonrunta, Pinland. Thra most’

suitnble product in thie respect could very woll be the ordinary suparphozphsts,

|
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PRELIKINARY PLAN

~ for intcgrated production of titanium dioxide pigments, synihetic ﬁitile.

and feriijizers in Srl lLanka, with an approx

mate materials balance based

R : Y
_on 150,000 tons/i. of ilmenitegf-'l!i...199..090--195'-_&:4&2;_.!132.04MJ.

‘:Potaséium salts

Compound fertilizers

= , ,
s ' : , B TR i
: hosphate rock: - Pertilizer L. ,
'»_T?S,qu_ipns[g___————:- production _ -
Amronia, nitrates 100,000 tons/a _ Superphesphate
W L —N —F=as KJPO‘ : . '
)1 2
..... i -
.y Nitrogen ‘ii 4*}
z. L.») plant w ) w
~o ! w2
L ‘ oL n .
O - ' . . \D. - - .
Y 1 - |8 . vaste ecid ce., 25 & + impurities
1 ' Pe3S } .y fEES
— e G o g o
sie 8]
, . . o 2
‘ Lo =18 & ,
. ) g {
NaCl 3500 toans/a -
3000 torda Sulphuris‘ Elerental sulphur
- T H,30 acid plent
274 = 40 tons/1000 tonsacid
‘- l 250,000 tons/a  !(gg 505 tons/a ot full capecity)
Na,S0, < m
. hi »
#500 tons/h § Pent H,80, 85,000 tons/a |
gl 75,000 tons/q.-_-;.-'.;; 375,000 tons/a
S v | Ilmenite *
' ' 150,000 tons/e _
Synthetic rutile 53 % 710 Titenium dioxide
plent i e P pigzents plant, ""‘}
(Benilite process% Chlorine’ s Sulphate process
J | .
L
: ' ‘ TiCl, prod.
Rutile N (pilo% plant
scale)
' Tio2 pigments
, Iron oxides Synthetic rutile = - " )
- ce.27,000 94 % T102 33,050 tons/e {:g{gdiron sulphat

tons/a

41,000 tons/a

* Chlorine from }Cl or bought

. : ~ *# Plant capacity depends on the fertilizer production

Seppo Wilska, UNIDO consultant, 24 October 1980
The plun is bazed on the Alternmative 2. (pzgs 9)

|

| .

- The Ighinarw procssy (p, 48) is not
v .

o

'exeliuded,
I

r e ]

#** Excess waste ecid disposed of
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hccording to recent informztion pudlished in loczl neuspapers, a very large
0il refinery will be set up at Trincomzlee, about 6@ km from Pulrmodd-i

-

- S > b4 -
As mentioned, smmoniz and nitraies are needed in making compound (NIiPx
a

fertilizers. 4 natural location for an emuoniz plant is in the vicinity of

en oil refinery (or oil field, for that matter) so as to be ztle to mexe use

of its goseous efflusnts end other less valuable fractions zs stariing
material. This possibility is a2lso shown in the plen.
Although the whole productior of the new U.S,.-compzny ovned refinefy is

intended f~» expori cnly, negotiations should dbe carried out about using .
its heavy and light fuel oil in the pigm2at procduciion beczuse of the proximity
of the instellation. l

. Preferred raw meterial for noiing sulphuric ecid is elemental sulphur.
Depending of the quelity of the crude, oi) refineries produce variesble
arounts of sulphur as dby-product. The writer sugsests thet ihis posgsivle
source of sulphur e exzmined from the existing sotionsl and from the
coring refinery. If not suffiicient or not avsilzble, the tzlazree of sulphur

A/—
cen be imported from India. z

N
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) IiI. ECCOLIC ACFECTE IN UPGRADING THE ILMENITE
' - A

It is self-evident that further processing ;ddé greatly to the value

of miner#l products. FPor example, the curreni market price per ton of

ilmenite cortaining 53 % of TiO, is about Us3 18, i.e. USS 34 per ton b
TiOz. Titanivm slzg (Richards Bay) sells at about US® 159 per ton of Ti0
;

and the internationzl market price of standard grade titornium dioxide

2'

pigments varies beiween US$ 1432 znd 17C0 per ton (ell prices are given on
POB basis). |

Although not comperable as such {the valuc of pig iron obtained from
slag proceés as been omitted) the figures show thzt the country of origin
certainly profité more from upgraded, and still mere from finel products.
The great fifference beiween the prices of internmediate vs, fizal products
fevours zirengly the latter. Of course, as’has been shown elscwhere in the
present report, pigments production irvolves high invesimont cost,
imported raw meterizls and enercy plus higher operational costs, However,.
it is commonly ¥nown thet this pariiculer droanch of the charicel industry is

profitable proevided that it is properly manzged both technically end

23

econonmically. Once e syfficient share of the world mzriat hss been chizincd,
the cash flou in foreign currency is throusicut seticfzziory, rlihouzn
foreign czpitel cost and imperted raw materials irclusive of Tual tzle|inr-ir
share.

Cn the other hand,. the Suture of upsreaded ilmeniies does not look véry

[ R . .
promising after the Richards Ray products entored the world merket.
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IV. ORE RESERVES AT PULLODUAL AREBA AND ITS VICIHITY
- b}

* :
. . ;
¢

Regaréing tie ore resexrves reference is made to tuo recent investigétions.
One of ther is a"Report cn the demarcation of the western boundary of aeavy .
minerals at 5 ¥ cut-olf between Lullzittivu and XKuchchaveli - norih -casiern
éqastal stretch of Sri Lanka: praepered by H.S5. Ronasinghe and S. Sabusukumar,
Geological Survey Depariment, Ceptember 1579. The study covers the ilmenite
resdurces on-shore, and althoush preliminery of its ture, gives a2 reliatle
estimate of the rescrves.in addition to those alreely estzbliisked at t%e
Pulmoddzi area. The other, an off-shore siudy carried out ty a roreign
corpany using the so-called vibrocore technique adced new knowledge ofgthe
location of ihe deposits. It ¢ié not, however, give promises for éepcs#ts,
deeper in the seated. For detzils the reader is referred to two extensive
reports prepared by the compeny, filed a2t the Ci:3C office.

As a vhole, it can be concluded that the mineral sands>§:gcsits within
reastnable geographic lirits from the present ilimenile facteory citle j"sfif;
the expansion of the preseant capzcity to at lcast 150,000 %orz/a of ilzsrnite.
Eence, d<cisions for upgrading the ilnenitie based on this yearly ouiput
are sound, eand the supply of the raw meterizls Is guzaraniesd for & cullic
long period, according %o Harrech (loc.cit,) for mors fhan 20 ysars,

The Table on the next page has becn taken from tze Geoslegicel
Report mentioned above.. It is self-explenziory and shows the situation

eccording to the most recent siudy on-shore,




TABLE 1.

Estimate of tonn:

ec of heavy minera
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N eastern coastal stretch of Sri lanka., 7.3, Ranesinzihe 2pd S, Beousuxumer,
S2ologiecl Survey Department, Colembo, 1979,
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Y. TITAIIUN DICXIDE PICKEITS &HD THTIR PRODUCTION

A. Short introduction to plGﬂ“ﬂ? ph"'{ce and chemis ng

here is no clear and commonly accepted def inition of a pigment, end
somctimes one does not even differentiaie between pigments and dygstuff:.
the Jatter actually being organic compounds, es a rule soluble in th§

ma2dia to te coloured. Actually, the pigmentis form & rether inhomorcniuous

group of finely ground, usually inorganic SOlld particles having colnurlns
and/or hiding properties when zpplied onto surfaces or as ingredients to
different media. Here ggzain,paint and papér mznufecturers use different
terms. In the paper industry, zall solid materials used to incraase the
opacity of the paper are celled pigments, vwhile in the p=int technology

ingredients such as telc, ctlay, micronized limestone are merely extenders.

To be called a pigmsnt the materdizl must either have e high refractiye
index or possess co;ouriﬁg rroperties. Typicel pzint extenfers are ¢olour-
less (white) very finely ground s=solids heving e low refractive index

‘The impression of colour depends on the spectruz of the incifent ligzat,
and it$ tehaviour on the surfzce illuminated., An absolulely white pignmen
does nbt absord different wavelcngths of the light selectively (in fz2ct,
no sbscrptisn snould occur), the colours egain 2re caused by & s2lecti
absorption of the spzctrum. FHence, & white pigment eppezrs white {colour-
less) at dzylignt, while at coloured light *the surface reilects exzctly the
colour of the ircident  1ight. |

The sccond important properiy is the hiding or covering power. A pzint

" £ilm of less than 0.1 mm thickness is able to completely hide a curfece

provided thzt the pigment used in the pzint is5 effective enouch. Tor ecoro-~
ny ressons a pert of the pigment(sg) is.usually replaced by suitable ex-
tenders. In the same way, e pigment or extender added %o paper increases
its opacity. Hiding power of a surfece cozting, in most cases paint, is
caused almost exclusively by the pigmantz and_eztcndérs used as a part of’
the paint formula, coloured or white., Bindors end orgunic dyestuffs do

_not produce hiding but are more or loss trznsparent.

Hiding power of white pigments i3 bzsed on en opticael pheanomenon called
scattering., Scatiering rosults from e very nigh number of subszguent
reflectance @#nd refraction steps of the incident light, cruged Yy very
small pigment particles. The refraction phsnomenon is the decizive of theus
twvo, end therefore the higher the refractive index,tbe betier the hiding pour

of the pigment or extendsr, As the rafraction occurs &t the pigmeat/virder

!
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interfacze, the ¢ifference
deteoraining.
The refractive indices

|

!

of .he corres pondin. indices 13 actuzlly

of some interesting “substisnees are shown in
. . ]

i
Table 2. :
Teble 2,. Refractive index Vnlues
Substance Pefractive index 1 l
[}
) Aiv | Lo i
Water 1.3} !
Linseed 0il 1.48
Barium Sulphate .l.“ - 1.65
Calcium Carbonate 1.5% - 1.68
Silics 1.5 - 1.56
Zinc Oxide 2.0 )
Zinc Swlpikde 2.36 - 2.38 ]
N ¢
Diamond 2.42 : .
Titanivm Dicxide: .
Anstase 2.49 - 2.55 i
Rutile 2.61 - 2.90 i
The Teble is zelf-explanatory. COf ali wnite pigrents, tiis-ium
has by far thz highest refrcctive indew. The diffsrercs of ihe L
of typical extenders tarium sulprais, czlciw cerbonate, &0 sivies
one hand, and the classicsl binder linseed oil on the other hond is
small the? no effectivs hiding can bo expzcted. Tt is interssting
note further that even the lowes:t index vaiue 0f the cnatase type o

titaniun dioxide pigment is higher than that of diamond.

Perticle size is another imporiznt {actor thet influences the hiding

pover,

I% h2s been shown <hecreticelly,

and 51<o confirzed bty preciical

expericnce that the optimum particle size for ‘itavium ¢ioxide pigment
liecs botwenn 0.3 end 0.5 Juze The s*ze distridution ia of
it must be as narrow as possible, a.d oversiue par.icles n:st te completely

ebsent.

great imporiznce,

High refractive index and neerly complete whitieness are the bacic proper-

ties of titanium cioxide particles.

It i3 the task of the manufzcturs

%o

produce pigmenis that make paximum use of these prOperties given by the

nature,

Unfortunztely, nature has provided the 4itunium dfoxide particle
inconvenicnt property. It is an effective photocatalyst, able to promote

vi4n an




certain chemicel reactions vhen under the influen%e of light especinlls at
short wavelengths, Anstase is more effective ¥n this rezpect, and the ara-
tase type pigzent cannot be used in outdoor paints because of rapid detericr-
ation of the binder. Outioor paint pigments are without exception those of .
the rutile type, end their photocatzlytic tendency has been minirized by

means of appropriete surface ireaiment. :

* mhe most important properties o the titunium dioxide pisment are
brightness, whiteness, hiding power, weathering resistance, tore znd under-
tone, dispersitility in different solvent or water dased binders, and jthe
gloss of resulting peint surfazces. However, nil th2se properiies cannLt
. be obtzired, improved, and upheld simulilansously in the production. ?%erefore
different pigment gf&des must be produced for different applicationé, ?or
instance, solvent tased painis, emulsion paints, baking glossy enamels,
plastics, paper coatings &nd laminstes, etc, This results in e selectﬁon
of normally up to twenty different pigment'grades. Very zctive R % D &ork : ’
is needed to develop zew érades. snd to keep the quality of thez products

competitive in a rether tight world market.




- B. The titarnium dioxide pigment process

- 1
Pese piprznt production .

‘The Ckloride and Sulphate processcs represent alternztive means
of extracting ecsentiaily pure titanium dioxide from the titaniuwm @ - !
beering ores, slags or otner beneficiates, cnd at the szme time -
. providing a base pigment within very narrow guelity specificationsq
There are two main modifications of the base pizment representing '
two polymorphic fbrms of the {itenium dioxide crystal, namély
enatase end rutile. Ais a rule, the ahatase type pigment, used mainly
in the paper industry, does not require other improvement than édry .
milling, and in some cases air claszification, whereas almost ell
rutile pisment grades underzo a seriec of different 1mprovement.
operations freque 2tly called coating or after-ireatment of the
pigment. . |

The sulphatie vrocess

In the sulprate prodsss tha starting material is ground ilmenit
jlmenite beoneficiate or slags that coniain, in z2ddidion to th:d
compeonents titzanium and iron, many minor elzments suck es vensdium
chromiun, phosphorus, manganese, elw:inun, megnasiug, ete, Of theje,
especinlly ihe ele"enus thet may aifect the colour (tore) of the white
titanium dioxide pigmeqt gre problsmatic, chromiwr and niobium being
the most harmiful. At the first siep, finely ground mineral is
digested with concenirated sulphuric acid in huge reactors. The
reaction is Initiated by edding 2 sm21l emount of water or diluted
ecid. 7Th2 liberated heat of 2ilution of the acid is able to start
the strenzly exothermic rezction thet proceeds very rapidly, end
generates lerge amount of steer in few minutes. DBecause of pne violent
>epction =mell droplets of 2¢id ere carried out with the steam, Hence,.
to protect the environment, efficient gas washers are installed to separate
the acidic mist.

‘'uring the reaction the minerel componeniz foms correspending
sulphe tes: titanyl sulphate 71050 4 and iron sulphates :eoo4 or
Fe2(304)3. liost minor components react with the ecid as well,
Finally a solid cuke is formed., The cake is ellowed to mature as to .
ensure’ a complete reaction, and thereafter the soluble salts ere
leached out ty using cold water together with raeycled acid from the

process, Datchwise operation haz besn roplaced by a2 continuous one
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in some more recent installations.

Rext, trivalent iron is reduced to the dlvalent form as to eliminate
the stirong adsorbing tendency or the fcrrlc ;on\cﬁto the surface of the
titzniun hydrolysate at a later stage of the process, The reduction is
usually madc by means of scrap iroq, Recently an elec,rolrtlc reduetic
has besn applied es well. The latter eliminetes the risk of getting harm-'
ful impurities occasionzlly present in scrap iren (Cr, In, %i) .but tends

4t is reduced to T13+ to ensure

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

A part of the ilmenite remains undissolived and is sepzrated by set vling
end filtering. The addition of suitzble <floceunlents causes en
effective settling and the resulting sludge is pumped to a-filtering end
washing unit, usually a drum filter. Iefore dumpihg the sludge is
neutrelized by means of lime, The ecidic filtrate is recycled.

Thé'overflow from the clarificaticen is cooled until & conciderzble amour
of the dissolved iron crysizllizes from the solution. The crysials are -
'separatcd erd weshed by coniinuous centrifugation. ?e304.7 "2 (sometires
celled "copperes”) so formed is disposed of in s=olid form. A minor

o= e

. on & Fy " N o
woter traaiment pur osEss,

emount can usua 211y be mzrkoied mazinly Jor wasts
but otherwise it is typical waste material., o economic sciution for itc
use hacs teen found so fer, the only exception veing the Cermen Zeyer Co,
that produces different grades ol iron oxide pigmentis using & technology

of their own. -

Befor° the next step, vacuun evaporation, the so*ution is filtered to
remove all s0lid perticles., Drum filiers and suitable filter aid r}tﬂrials
ere cormonly used for this purpose. The vacuum eveporation ic effected by
means of indirect steam, The concentration of tho liguid is follo.ed
closely by density meazsurements, beczause <the specification in this respect
varies with the pigment grade to be produced.

Next step, hydrolysis, is very critical regarding the quality of pizme t:
Lfter adding seed crystals or other nuclei the cozncentreted liquor is roate:
by indirect steam to effect the hydrdlysis of the titenyl ion to correspon-
ding hydrat2d titanium, the compositicn of vhich cannot be presented by
an exact chemical formula, Several adliitions of vater are mede during the
hydrolysis step‘in order to coantrol it., The nuclei zre usﬁally preparad
from agueous TiCl4 solution by neutralizing it with sodium hydroxide
solution. The procedure i{s again very delicate and specific for different
pigmenﬁ grades, :
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k

. ‘ |
The precipitate from the hydrolysis is collected Yy filtration. R qult
veste acid tazt still conilains considcrable—amoﬁnt of iron can be partly
recycled, but.to avo;d the 2ccumulation of mindr impurities most of it is
discharged. ' : . ;,

After the first fill ration step the czke is slurried in water, tﬁe
resulting slurry is filtered, slurried egain and wached until the purity
of the filtrate meets very strict specifications. The Ti3 ion ovlplnatlvg
from the reduction step has by now diseppeared ang 8 new reductign step is
+

necessary to guara the hydérolysate against the Fe’' ion. There are
two different methodss the use of zinc powder, or an electrolytiic

reduction. In both csses an eddition of pure sulphuric acid is made for

_an effective desorption of unwanted ions.

-

Before ihe next, calcination step the th“olyeate is o> ted by adding
ceftain chemicals . The purpose is to aid an d control the pigﬁoﬂt particle
fo4ﬂatﬁon thet occurs in the rotary kiln used for celcinztion. Different
pigment grsdes again reauire different pretreztment. Typical rolary kilns
used have a capaciiy of 100 tons/d or more, ihe témperaturs at the outles
being near 1 COO C The feed los:s first iis moisiure, thereafisr sulphuric
acid still edsorbed in the cake, ond finally di’ferent sulphaies present

deconpose and exit gaseous 803 nd 80,. The kiln is hezted directly by 1izht

HELM)

fuel o0il (diezel oil grade) or ges. avy fuel c¢il end solid fuels cennot
b2 used beczuse of irmpurities in the ash.

The celeination process is controlled by X-ray diffraction analysis,
espsci&lly the anatase contsnt in thé rutile type of pigment must be minimize
Samples for thic purposs are iteken usuzlly every hour. The mostiimportant
varizbles of this unit proces:s are the calcination {emperature and the rote-
ticn spe=d thati controls the residence time.

During calcinstion the primary crystals, eitner rutile or enaiasse, grow
until they reach the specified mean pariic le size. The partiicles tend to
sinter a3 to form aggregates thet must be droken by dry grinding after the
calcination. The sizes and shapes of the particles, as they appear in electir
pnotomicrographs erg characteristic of the main grades of titanium dioxide
base pigments., These micrographs are used for the determination of prriicle
size distribution, an imporiant pigment property.

A flow diagram for the sulphate process to bése pigment is shown in
Figure 2., and a block diagrem indicating, a.o., the significaat
energy inputs in Figure 3. |

1]
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1,2 Raw materials 14 Calecination
3 Crinding 5 Dry grinding (bas. pigment, anatase,
4 Reactor uﬁtreated rutile grades) |
5 ° Reduction 162  Slurrying (bsse pigment, abtove)
6 Clarifier 16b Vet zrinding-
7 . Crystzllization 16¢ Classification
8 Centrifugation 16d Coating process
9 Piltretion 16e  Yashing
10  Vecuum evaporation 16f Piliration
11 Hydrolysis, seecding 16g Drying ,
12 Filtrgtion ' 17 mwicronizing
132 Yaczhing, acidic reduction 18 Packing and transportati?n
13b Filtration, modifying ‘




Figure 3. Sulphate Process Block Diagram
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Figure 4. Chloride Process Block Diagrem
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The chleride process

-

The chloride process for the manufacture of titahium G¢ioxide counrists of
producing: tifzniws tetrachléride by mixinb th° i material vith COK° and
rea~t1ng with chlorine gas at around 950 C. Puriflchtion of ihe rudg tite-
nium tct*nc hoaride is effocted by distillation and chemwc,, trﬂnt The
pure tetrﬂchlo*ide is burned with oxygen or oxygen enr;c”-d air t cive
chlorine, nhich is recovered end recycled to cblorinktloq anid c1 anium éioxi
The reacting sases have 10 be preheated to approrlna.ely 1 OOO c to ensure
a satisfectory level of efficiency. The de""ssed titaniwa d;crlde is then
passed forward for further ireatment. ,

There are petentially three neturally occurring rew materiazls suiizble
for the chloride process - minerel rutile, leucexene, and ilmenite, which is

known to be used by one producer. INineral rutile contains 94,.96 & of Tiﬂ

’

Ilmenite conteins 45..6C% titeniuxm dioxide, while leuccxene, v ck is nbtu.c*
ly weathered ilmenite ccntains~65..80§ titeniur dioxide. A more detailed
discussion of different ravw mzterisls a2ppecrs elsevhere in this report.

A blockdiegram for the chloride process to base DlSFonu is showvn in

Pigure 4, indicating the sibnificant energy *npvts.

- s

Figure 5. Surfece Treatnant Process Tleck Diagrom
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Base pigment improvement ! . S , :

The tit“ﬂium dioxide process used to end with the produ»tlon of base
pigment, Over the last twentiy-five yenrs,vfurther D*ocesees have beﬂn deve-
loped to enhance ithe properties of the base pigm-nt;by further treatment.
These ere commonly known as surface treatment er cd*ting procasses. :

The comple rity of these processes mey be judged br the fact that approxims
tely one third of the total capital cost of a manufacturing plent for tita-
nium dioxide pigments is required for the sur’ace t*e“tment ecuipment.

A number of imporiant properties are given to the pigment ©ty this adiitior
"processing, e.g. the disversion of the pigrent 1n.o‘poly¢evs is vas tly improv
thereby saving the customer iime and egquipnment. Thé opecity or hiding power
is improved., The photocatelytic activity of the pigment is reduced and herce
the dursbility of ithe sysiem (mairly paint) is improved. The actuel process
can be tailored according to the usersz' applicaticn, but brozdly follows simi
lar prineiples. %

The baee pigment, fror either the chloride or =41p"_te pracsss, is slurric
in water, disperzed and™intensively gro.rnd., The product is clacsifiet and
the oversize recycled. The product should conform 4o & pariicle size diziri-
tution, which provi.es opiimum optic:l proverties, with 2 complete abscnce
of oversize materiel,

The indiviaua1 particlns ars then cozied by selective precipitetion of
smell quantities of colourless, inert componcnts, usually hydroxides or
hydreted oxides of silicon, aluuinium and titanium.l Thé quantities and mode
of precipitaztion are varied eccording to the finel propertiﬂs required.

The resultznt slurry is wachad over vecuuwn filters, to remova the soluble
salts produced during the coating procedure. Th; soluble salt content is
eriticzl in some pigment applications, hence for top quality pigments de-
ionized water (equal to distilled water) is used for fﬁe finel washing.

The pulp is dewatered end dried through e tunnel or spray drier.

The dried product is fed to fiuid energy mille, vhich generally use medium
pressure overheated steam. The intensity of milling is vgriéd ececording to
the proparties required. | o

A flow dizgram for the surface ircatment procesz is sgh own in Figure 2
and a block diagram showing mein energy inputs in Figure 5.
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Devclown=nt trends of ti.au1uJ dioxide piymnent incusiry
1 3

* . .

The growth rate of the pigament indusiry in the drCnde 1990-1970 was 6..7
per cbﬂt per 5eu-. Since tnen the growth rate of" t*tanium dioxl4e producuzor

has declincd end inlscme couniries even stagngted. - ¢ : .

The ratio of preduction distribution betveen sulphate ond chloride metbods

in 1573 was 3.9 : 1 end in 197¢ 3.4 : 1. £1lthoush more recent statistics
are lacking,it is evident that this ratio has continued to chengs in fzvour
" of the chloride process beczuse the technology is now established, and

importantly for enviroxnmental reasens. The chloride process is favourad
mostly in Norih America, particularly in the U.S. where it accounts for riors
‘than 50 per ceat of toilsl production. PFor instancéi:ﬂu Pont, the world's
biggest titanium dicxide preducer, is putiing & new 150,000 tons/a chloride
process pigment plant cnstrezn during ‘he rear 1982. The % 15C-zillion
plant gives Du Pont more then 507 of V.S, O canzcitly, which hzs previocusly
been 835,000 tons/e.

In Euarope the sulirhats proeess is oiill praéeominant.




Row materizls oztimade and enersy consumaiion

- Y

" Basis: ' Productioﬁ of 40,000 tons/a titenium dioxidé rigments,

no. of effective éays of operation 330 d/a, i.e. 121 tons/e.

Sulphuric ‘acid needed: 100,000 tons (i,50, 100%)

Por this amount: elemantal zuelphur - 24,620 tons'
or pyrites 75,000 tons

Ilmenite, 53% of ©10,, suprosing a total yield of 85¢::
99,020 toms
Titaniurn tetrachloride, estimated ' 400 tons

Plus 30-40 different chemicels, the largest items being soda ﬁsh

2

end caustic sodi, alunine, sodium silicetes, zirc and sine oxide,
magnesiuz oxide etc. '
Screp iron (theoretical) 7,500 tons

Enerzy consumption

Pasis; es cbove, foF an integrated plent H2504 - 70, pig;enfs
Total energy consumption /ton of product:
Rase pigment 30 GJ
After-trezinent 29
- 50 GJ
less excess energy from H2804
piant (see p. 33) 12 6J
| 38 &J
Cil equivelsnt for 38 oJ: 0.9 ten .

For 40,000 tons/a: o031 36,000 tons/a :
Approximate breakdown: heavy fuel oil 85%
light fuel oil 10%
kerosene 5%
lleavy fuel oil can bs replaced by any other fuel if considered
more econonical, light oil end kerosene by nztural ges only becauze
of the impurities resulting from solid fuels or heavy fucl oil,
Kerosene is needed in the spray drying uaiis conly; if convertional
drying by steam igs applied, the portion of kerosene ie to be added
to that of heavy fuel oil. i




Blectric enercy consurniion (onlahincte nrocezs)

Because of & high coasumpiion of low-pressure stean it

a i ‘
back prescsurce turkines for the generation of 2lectric energy. Eehce|, the .
plant may g=nerzte at least . ecn2-hall of the ele »
production. thke balance must be izkzn from the nati grid. In the present
estimzte, trhe electric energy is inelun total energy con umption

figures e&s presented ‘zbove.

ater |
[}
Process saier: Sulphuric acii plant: 8¢,0200 m3/a
eprroximately 250 m3/d
Titenivum dioxide pigmeni pleni:
water denand is highly dependent of ths eflfeciiveness of reoturning the

(selt contsnt) of fresh vwete

figures prescnted below ame approximate.
bt J

and blowdowns = toiler makeup water © 100 m3/d
[ 4

Cooling water: i%{ is supposed thet =zez water can be

used for cooling purpozasz.
Hiscellanouz requirements: Thosze occurzing in tz2 plart (potztle and

tal
{2y needed

senitery water) pressnt a em=1l item énd nesd not be econmidered the
present degres of accuracy, FHowever, ii musi he romenboered thut }
personnel of the new plants mey smouat to avonut 1,200, and the w i
in the indugtrial village must Ye treeted preferzbly at the ceme !
trectment plont, If it is asgume ed that the number of {nhabitznts will be
3,000, 2néd thrir water con'umption 0.2 mﬁ/d per person, en &g dditionul nend

of €690 mj/d must be met,




.

Hengc; the water tresiment plant capoacity wili be:
Process water
- sulphuric acid plent
- pigment rlant

Hous2ho0ld water

(Rasis: cf. page 30)

-

ks Tsr as process waier is concernad, the sbove figaurss

optirun thzt czn be zchieved by a very cuzreful plsznning
e

2
250 m~ /¢
4,200
€00 |

. 5,050 aB/d
21C m3/h
3.5im3/iin

recycliang only. The latier, for exzmple, czn be easiiy affected ty a
high salt content in the water., ITf sez waler is not used for co9ling
purposes, an additional mekeud for losses occurring in the coeling tower

must be tuken into consideration.

i
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Totul enoray meguirements (grocess vs. raw material)

It is possible to comparz the energy requirements for nznufacturing
titaniun dioxids base pigments, by meking certzin simple assumpticns.
They ere: 8
2) The same ilmenite is used as the starting point for each route; aﬁd
thepefore the effect of the ilmarite itsslf can be igncred. _
b) Each of tha .energy inputs can be converted into primary fuels vhare

appropriczte. This, for example, implies that electrical power is not
obtainable frem hyéro-electric or nuclezr sources. ? - !
¢) The energy for extraction of the vrimery fuel is ignored.

d) Apart from the direct enersy requirements, ounly the eaergy Jssociated
with sulphur, czrbon or coke, oxygen and chloxrine are considerJ& Zor the
various process routes. ' ‘

The folleowing process rouies heve b2ecs sa2lected for exzminetfen:

usizg ilmenite, with free discharse of waeshs.
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B) Sulphate process using sdag with free discharge of wastes.
C) Chloricde process, using beneficizated ilmenite.
D) Cnloriie process, usin

=
The eneryy recguirsaenie Jor the Jour »

Table.
' Process Hnufes. Energy: GJ ver ton product.
A B o D
Preparation of Fsed - 45 40 50
Base Frocess 30 25 45 50
Creditis -12 -8 s - -
TOTAL 18 62 85 100

It 48 %o be noted that ihe above table has beun compiled solely from
the energy censervation point of view, :nd cznnot be used for cost compari-
son betreen differenf processas, Thnarefore, credits are'given for the
energy cererated by ‘the sulphuric acid process, but not fér the byproiuct
obteined in connection with slag production,

0f course, & relatively higher energy demznd makes the%process Rore

]

vulnercble in cese of rising enerzy cost. |




zta épplies only to base pigmeai. The ediition:l processes
S \

The atove ¢

f

t specific customer

' 1
requirsments can add up t> a further 20 GJ per ton‘of ?oduct.

The recorery aad re-use of ihe wsste acid would regq

waich are now instzlled to treat ihe tase pigmezt to m:
e E]
jire a further

Y
25..30 GJ per ton ol praduct. Therelore, litanium dioxide pigment preductiior’
4 .

is associated wit: an expexnditure of energy eguivalent to betwesn 38 and 120

. - @J per ton, dependent on ihre feedstock, the proces: roiyte, environmental ’
' . standerds ond the neture of the pigment required. 1' ' ' .

]
It is of interest to note thzt, in comprriscen, one tfn of crude stezl

requires enly ¢5 GJ per tea. i
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C. The role of rescarch znd developmnent Iin titﬂ'ium '
dioxide »ipment vroduction, sales sarvice : I ' *

.
L 2 - '
Ld

Hanuracfure of titanium Qioxide pigmcnts is of necéSsity kighly rcsear &
intensive. There are two main tasks in the R & D involved: product gquali ¥y
control, &nd developiﬁg of new and imdroving cf existing grades. Iﬁternetlona'
compestition is very fierce, buti typically guality cournts mors than'prkce.

This is especially true if ths maaufaciurer must. rely mainly on the export

market

t
haiqtainlng stable qu2lity level is considered as important es the

———

quality itself. Customers, meinly paint manufes tursrs,are usuzlly conserva-

tive, so, reluctant to chznge tha2ir proven pzint fermulas once developed on

the bezis of & certaiﬁ pigzment grade with cornstant propertiez., If sone of
3
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Typically, the head of the proczszz conirol uwaitl reporis o ins prsductioh

manager, while »p =

and renorts directly. tq the plant manager. As an example of ti]ls thorough-
oned that e representat%ve sample

is talken from eve J pigmint lot produced,so svery ton sold can|be idzntified

and in case of complaint,the sample can be re-exzmined, Small Iluctua-

ticns in the pigment quelity cermot be complately evoided, bvut|computerized

stecrage bookkeeping ensuras that each cusicmer elwzys gets a ndw iot &s

similar as porsible to the one delivered ezrlier. :

Sales service : o

Sales service forms an imporitant pzart of the szles promotion of titanium
dioxide pigments., As a rule, szles eg2rvice enginecers centact the customers
around +he world, infor: them ebout lotest develoyments in the field, act
as troublechooters in the manufaciuring process especislly frem the pigrentc
point of view, and, what protobly ias most important, raintuin fair apd con-
fidential relations betwaen the producer and the customers. Tdeally, sales
service should bo separated from s21ling, but it is not elwoys feasible

beeczuze of the cost involved, . ' .
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ﬂormal]y tuere is a sales service laboratory in tie pigment p

where problems brought up by sales service =2nginaers or customers ¢
) . .
studied cnd solved, - .
. . .
D. Fcoronmic consgidera ions o

. ! )
Iakin' into account the expenscs conrectad with res arc! and dev

" work, the cost of sazles promciicn, end meintaining a net of offices

' 1
worldwice, it is evideni the! a new preoducer may easily run into aif

in‘competiv" witn 2xisting and estzbliched companies. These oy
one cen: al laboratory devoted eantire ely o rcuearch eqtjppe? with
staff end instruments.Thla is able to serve severzl nrcdartion uni

different parts of tne vorld. Likewise, one and tre same mﬂrkhti

ant

an te

sales service orgznization is used worléwide, Therefore, ths cye%all
i .

trend hac becn towards big concerns. Three ¢
their internationel subsid

of world tilznium dioxide pig:nnt manufze turing cazpaeity. Thase ere

Du Pont (US4 encé Carada), UL Industries (UZi, Canzdz, Vest Gercany
and Norwuzy), and Tioxide (UZ, rznce, 3pzin, fustrzliz, Canzda

Africa). Cther mzjcr ‘estern VWorld producers are imorican Tyrasnid

and the Yetiherlanis), Zayer (7ezt Germeny, Delgiwn, end Zxrzzil), Icporie

&
(VX and Austrslia), Kemirz (Tinland), G
[ a4

"
&
Kulhouse (Przzcel, and .Ishiizra Sangyo (Japen).
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Exact capacity figures do not appear in ihe literature, and it ie still
more difficult 1o make rzlizble estimates of $he zctus) produdiion snd
thersfore of the degree 6f utilization. The lotter figures arp never
publiched ty the producerz, In the writer's opknicn, the follawinq capa-
city figures are realistic: |
Year: world cevacity million tons/a Source of inforzaticﬁ
1925 0.005 ' Laporte ‘

1937 0.1 "
1976 1.8 ~ 1.9 | Chemical Week Tmc.12[,1979
1980 . 2.1 ' Writer's estima}e

U.S. titeniun dioxide capacity was 985,000 tons/a prior the %u Popt
startup of its 150,000 tons/a plant that ‘makes the total to 1,535,009

tons/a in 1980 (Stanford Research Instiiute, llenlo Park, Czlif.).
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The enviroamantal implications rcsultin"‘erﬂ T manuiacture of titaniun

)————-_.

dioxide pigments are related to the dlepos-l of the byproiu ts anr waste

materiel 1?evit1bly generated. . T he 1mp11cthons

for the upgpedi WF off{the .
deposits to obiain the feedstock for the piﬁmggt, ’ ilﬁ b treatéé
! : ‘ .

. . N ' i
elqeuner:‘ln fthis report. tuite eclesrly thouzh, ithe concentzuiion Qr the

tlm faﬂtur°

the ¢

titanium d*oride in the feedstock defines the qu it iee ef 131r05¥7;§ and

estes genercteé in. the upgradlrv stage compared with 'uhit i the p3 Tent

process itself. ) ' f !

The two pignent precesses - chlorld %i &lphate - depel' &p*a ﬁ.iackinf

1
. the rew material with either chlorine or sulphuric acid. T re;ulf:ng &

titanium salts ere subsoquently decomposed; to titeaiuw diOV1de, ¥

release of either chlorine or sulphuric acpd. The revainde” of the raw m=ta[
rial is convc"tad reinly into the relevent meizllic chul 36e= or su-phates -!

essentially iron salts - together with some inert residues, ith) ihe cplopir,

.o '
process, the chlorins set fre* can te completely recycled, This zpplies,

however, to the titenium totracnlcride only, iron and other chloridﬁs l:rus%
} be dumped. %ith the sulphate process, cnly a very limited guzntity of ths
sulphuric acid releazed czn be recycled in thre pigment pradueinz process [of.
P-24 ). Cn the oiher hand, iis reuse is oor31b1e in certain other zpplica-
tions. It zoust be téken intc acccuat st concentration of the weste eacid
by meens of evaporation-is urneccnomical. The problem of the weste acid wil
be trea%ed_elsewhere in the present report. ﬁl

As the sulphate process normelly employs a veeker fezedstockthen the

chloride process, it is self-evident that it will generate 2 Tuch grez2ter
quantity of waste. If the ilmenite used as the raw materieal containa 444
of Ticz (Hlorwegian), 55% (Austirzliean); or slag of *717 Til

ry

2 contont, tons o

sulphete vaste per ton of product will e 6.5, 5.0, and 3.1, rﬁbPGCt1V91?- '
In comparison, the chloride process generstes less then one ton of waste .!

per ton  of product, for those fezdstcckz employed in Zurope (:{cutly rutilell
llost sulphetie pigment compznies have sited their plants so Hiat they cen
distherge their waste products by pipe-line to Trct=-flowing vetdr,ivte the zes
at considerable depth, or barge the woctes out to cea Jor ﬂiqusal. oni=-
toring of these areas, over many years, has shown 1little impact on t*e €co-
logy, providing that the disposal site has been selected wiselyl. In]one
particular cese, the plant has been operated for neasrly 20 &ears, and the
effluents have besn discharged into brzckish sea water at 15 meters depth,
4.5 km from the shore. ' The ecologiczl ani chemical impact hac usen fol?owéd
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systemztically oy takirng water samples both Ifrom the disch-rging area end

surrouading sez at different depths, furthgr by studying sarples o nlsakion
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and gther orgenisms from the seabed awud frem dbe peter.’ The mosiioeing ozs
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been'Foliawed clozely by th:
it has been found that low 2F values czn te dete

km radiuvs around the efrluent outlet. It is evidgnt that the effluent il
be neutrelized very repidly by seoo waler in which thore iu en equilikrium
betwe:n coleiun carbonzte ant carbon diocxide, end i1 thoraiors ea: trine
biczrbonste ians,'which rezet with thz g2id, 4 deiriments) e“Teet o0u sar be
orgunicms can ke deteectzd only in en cves of aboud une oguarelxilonséra,

Nence, it is evident thect the waste sulphuric acid does not prasent ang

preblem in the sea.

Jore iroul lc sope 18 the oxi:
tion zx ferrie hydroxiﬁe.' “hile rot wuisononz, ihir zubsitazunce Jo cleorl;
visible and may czuse sludge formetion on 4the cghorss znd n £zt
under unlzvouredble conditions (Auriry zninmel, ' the prieamt writervs
opinicn, if the outlat lies =%t 2 sulficient depth z2ad dicdsnce from ihe
ghore, nractiiczlly no ecolosiezl ehrngas wHI2 risuli., 2n thn othar hand,

c s

careful grepaic! studi-s zre nesied on zes currants nro-
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thoe water layers at the sez bod cro smovieg oulvosrda, and the suilet pipe is

.k N2 ond g .. " . a . P N U op o« 4 : % . .
et osuflicicat depth s2 2y e b2 Leyond itha wove setllcon evs: during the most

intince zilormz,
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VI, HINERALS FOR TITANIUL DIOXIDU PIGIifNTS PPODWCTION . .

A. The Suiphate Process e ‘f b
. e t ; ;

There are two types of rew mzateriels in use irn the sulgphate process;

1l
3

natural ilmenite and upgraded ilmenites. The nced for th% intcrmédi#t;s

has increased because of environmen 1tal prescure. As thess mzterials contair

> a } ra
Jess iron-znd more titaniuvm nirerale, the amount of Terrous bulphatc %o be

disposed of is smaller. The mzin precess requirzment for the intermodist
is the acid sdlubiiity. Alco, certein impurity element contents must te
within limits. o h |

A more detpiled discusslon of trhese mzisriels zppears in connzeiion

with the eulpn“te pigment process &

[0]

124
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3. The"Thloride Process

Treditional rew metericl Jor the chloride process is nziural rutile
(or related minerels)., Rutile, howsver, has sever:zly limited reserves snd
this iz a2lready pecing ruw materiel problems. The preferred "oluuioﬂ lies

in the monufecture of zn aritificizl or synthetic rutile by the charical or

metzllurcieczl bensficistion of the abhwnduntly evazilzble ilmenite, The
upgrading may well be porformed et %he mining site where thz iren or iron

oxide oypreducts from thic procecs cun be dispoged of more escceptably and

-

energy ard transport costs can be minimized,

The production of synthétic rutile from ilmenite';s capital and energy
intenszive, conziderably more 30 than mining. In optimum circumsiances the
latier could undercut the former. However, optimunm cirbumztznces sre the
exception and i4 is doubtful if any undiscover2d rinerai z#nd deposits
exist that should supply the stesdily increesing world demand for ne tural
rutile, zo the growth of chlori e prozess titanium pigment production is
likely to be based on upgradsd ilmenite,




C. Statistices

World production figures.' A . .
The following information has becn compiled from differaent sources,

and 2t least to the year 1976 (inclusive) does not cover the whels.

vorlid due to lack of information.
Year _ ' ) Prodtuction tons
Ilmenite Rutile (nutural) Slag

1962 2 340 000 126 000

1963 -2 440 000 201 00

1964 3 150 000 195 000

1965 3 350 000 224 000

1966 3 250 000 _ 254 000

1967 3 600 020 293 000

1968 3 700 000 310 2CC

19€9 4 0CC 00C 39C 020 35 020

1970 2 221 000 417 €22 174 050

1971 2 582 €00 360 CC2 779 032

1972 2 420 000 -~ 320 C30 840 03¢

1973 2 T¢0 €30 340 022 560 000

1974 3 000 000 330 220 850 000

1975 2 600 000 360 C00 759 000

1976 . 3186 000 427 000 626 000
Tons of Tioz in iimernitessleg Jo, in rutily

1977 2 103 030 315 000

1992 (estipate) 2 392 000 442 000

- Source for 1977 and 1982: SNE-AT
(Industrial iiinerals 1273, 133:4

T P2ll leeting 1978: a speciel repord.
h)
/’




. ——-—

VII. UPGRADED ILUENITES o N | '
CQmmercialized processes only will be tﬁent d in the :ollphlng text.
This limitation reflects the present writexr's opinion tn1+ the deve]cpmhnt
of a process fron bench scale through pilot plaent cprerations to .cor Tercisl

production must hcve been carried out by the preazpective tenderar,ancd
setizfuctory refersnces must te available if 2rd when considersd. There

ere two cxceptions in thi ‘r5fj§%*‘1ﬁ the procedeas includad below., Th

‘-
~

- hzve pasced the pilot nlant stagc cuccesxfully tut zppzrenily rnot vet
counercizlized. These sre tie Summit process, ing:

the Kurso procesc.taat ha

&
[
[A]
Yde
&
[}
(27
o]
o
0
s
'y
bt
e
L
2
}
o

( . Benilite process

Benilite Corporaztion of ,nericz hus developed = zynihetic rutile procasgs

called "ZCA Cyclic Preoeessz” ihuil has bea2n sccepted by severzl eatervrisss,

in fa2ct, by the najority of existing synthetic ruiile producers. The
process is based o 1°°;éinr ra2iuced ilmenite ©y Ziydrcclleoric zeid, znd the
. ferrous chleride formed ie decomposad by the Wiol22ll-Tucklhuzm proczsss o s 2
. regenerzte ithe hydrochloric ecid ¢ to give iron oxide cc ty-product, Tie
losses of HC1 ers ebcut 5 <. Syathetic rutile produced containg 92..96 ¢
r CE]

e
of Tioz, and is suitadble to bte uszed in ths chlo
titaniws dioxide pigmznts. Fenilits hios 2ls0 deve
90 % of Ti0, c
drying temperature (450°() sc that its z2iubility
affected.

Por the upgrading proceczs, ilminite i:- reduced bafors lezching ro 2s to

loped a nroduct containing
y suitable for the sulphate process. It only requires a lower
i

n sulpruric 2¢id is not-

-

contzin °0 to 85 ¢ of total iron in foxrsus strtz, Thz raduction iz normeil-
-1y carried out in a rotetiag kiln at 927°°C, with fuel oil or cake as thé
reductent. ALfter the reduction step the iimenite ig cooled dovn rapidly
to 250°C to pravent a re-oxidation, This can ke Zone v

i
on hot ilmenite., Reduced ilmenite {5 leached vith 18,,20 % hydrochloric

. )
acid in « slowly rota.ing reactor at 143°7 end 0,25 iiPa prossure., 7This
: step takes about 4 h. U,unll/ the lzeshing consists of two sters, one~hilf

of the acid used &t the second s4ep 45 rezycled (o the first., Ieaching
acid 15 used about 20 ¢ in oxcess, The pezction LTetlueen hydrcenleric acid

and ilmenite is not sulliclontly exotisimic to meiatein optirum lesching




—
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ty

tempernture, 5o energy Jor this purposs must be RrOViéed Ly svansrating and
heating & part of the leaching ucid Iire elazmm cznnot bo used for the

. et
purpose tecnuse of its diluiing effect. Afte
culeined at 870°C, The overall yield is 2to
of the iron prozent is removad -

ha Tollowing corpan

ni
the information ohtzined in 1977:

Company - _ '~ Locaticn Sopneity 4/8 Stspted/ ili stert
Taiwan 214211 Co. {solisiung,Taiwan 2,070 T 18T IT 1075
fnleoysisn Titanium  Tzhat, Ipoh, 65,04 1976
Corporation ifalaysie (£az1 122,000) 1973 1.)
Yerr-iicGee Chemical I[iobile, Alzboma 100,004 1676 2.)
Corporation Uss

Seksi Zhenmicel Tapen 30,000 127 1.}
Industry Co.

Terale idterzle & Chevzrz, Tuilon 32,000 1573 1.7
etals, Lid Inliz

Iudtan Rere Zurdhc  Shotrapur, Orisss 197,000 1931 1.0
PR Indie Tatel 353,071

-t
() A}

Jurther options for thruzz plents 0,000

Remaris:

2.) Operailons at Zerr-Ucles's syatheiic rutile »lznt in obile vere
suspznded in zzrly 1978, bacause of, 2s reported, tachniceal Jifficulties
igh pooduction cost. fcecardi t3 r2cent faformation the comdany is

ighn ng
ted to recommence at tie 2nd of 1980 1o zup:ly tie ecompruny's

Hewilton, tiscigssippi, $itaniun dioxide fneil

.
to huy natural rutils Toom exteranl souveces (Indusirizl Vinerala Junse 1223
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Operaiing needs of 2 typic2l Deailite plant .

Basis: 100,000 sons/a synthetic rnfi;e of 34 o Tibz praduétioﬁyﬁ§long
with 60,000 to 70,000 tens/a by-preduct.iron oxide, using an ilmenite

feedstock of 54 % Ti0,. ! _ R

Item per ton cf vrodusi » . Coazusption

Raw materials and utilities g

Ilmenite tons S 1.83
lakeup hydrochleric acid (31.5 ) +tous 0.15

Heavy fuel oil %cns (totzl kezt energy req.) 0.54

Steemn (7 tar, =ai.) tons : 1.25

Electricity Xk¥h 300

Cooling water 33 ‘ 11
Direct lavour, men/shift : - 12..15
Laintenance labtour, totel xen ’ 12

ilaintenznce materisls, § of capitzl investzent,

FEr enaux i 3

Por a2 produc+tion bas=2d on 150,000 ‘ons of ilmenite (62,000 tons
of synthetic rutile):

-

per axanum ner dey (330 d effective)

Ilmenite tons 150,002 455
fiakeup ¥C1l tons 12,320 38
Heavy fuel oil tons 44,300 , 124
Steam tons 100,000 303
Electricity ¥ 24,020 . 73.
Cooling water m 839,000 265

The emount nf sitezm is not sufficient %o allow in-plant generation of
electricity by means of back-pressure furbines (atout 90 tons/h suggecied
as e tizimum, in the prasant casze 13 fons/h,'b:ingfar tco low). ﬁence,
the cleciric power neaded in the process (atout 3 [I7) must be gener:sied
or purchased ceparately. '




Hrdrochlsric acid plant for ithe Danilite process

- 1 - \

Assumed capaéity 12,400 tons of hydrochloric tcid (31.5‘ﬁ)h correspondin

3,900 - tons of 130 % ecid. ‘
. ]
t

Raw materials _ y '
Suiphuric acid 94 ¥ ‘tons 5,000 - (15 tons/a)!

———— -
———— o

s
. . r b

Sodium chloride tors 6,0C0 ih
Procucts P ' L ‘
Iyérochleric acid 31.5 & tont 12,200

Sodium sulphate tons - ! 7,600 '

Sodium sulphate is 2 valuadle caemical uued in the c2linlose induzixy.

derrenzim T2 ruyarogaianis ool

'y e . , 3 Spray
L\%&:" s voastor
'\';. ) > |

Focl
Sl Y
Burner
Lsorker
o Heater © o} Lexehes
- (Gl “iaar
~ HCI
vapor 3 - o Byorcduct
M Wath #3030 Iron oxids
Viacuum — . >
Evaporator filter v ,
" : Benehieiated
* — wmenite
m,p_m_,

Coslar

Pigure 6. Plowshect of the Zenilite precess
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Weztern Titaniun (L M A) Process - \
* -
Vestera Titenium N.L., row Associeied Linerals Consolicated Ltd <

(A L A), hustralia, hzs produced synthetic rutile sincz 1938 eccording

LY

to a procedure developed by Vestern Australian Covernment Chenical LaEBr-
atories, and later Vestera 7itanium togelher with CSIRO and Lurxzi. The
hapacity in 1974 was 30,000 tons/a. A I A :s-znnouncemeat (helf yearly
resulis until 31 Dec. 1979) confirxed that the original ilucnite bene-

ficiatior plant at Capel kas been rafitted and trouzht back into ectien

(¢]

during Jaauary 198C to dring totel syntrotic rutils ezpzcity neur io the

60,000 tonz/a level. Plans to build anoiher large scale unit (of around
60,000 ions/e) are understosd to te procesding. The producticn of
synthetic rutile during 2o weaks to 26.12.75 was 21,507 tons (Industrizl

Iinerals Xarch 1980 p.9)

can be sgeparated neckzn

ioxiie, ard is sulilszl
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pigmentis. After certain process molificzuicans itne product is cizirced o
be sujitzble also for the sulphats process,

Going into detail, ihe ilmenite is oxidized before the reluetiion zizp to
avoid sintering during reduciion. Ilmenitc is oxicized in a rotary kiln
at 1000%C to pseudobrooikite end rutile:

2 FeTi0, + 7 0, =~ Fe,TiCg + Ti0,

The content of ferrous iron is now 2..5 ©. The reduction.is alzo carried
out in a rolary kiln at 1150°C. Afier & sevries’of complicated reactions
tke dulk ©0f the iron is reduced 4o metal, iowever, it is easily reoxidized
80 special precoautions are taken in the process. “he reduction is _
effectzd by cozl mixed with +the il:cnite in the feed, and the rziuced
ilmenite i3 cooled rzpidly to 20..30°C.

After rzduction, non-magnetic nminerslsz are sepzrzied out and ihiz mzterial is
slurried in wotc> %o form a éuspension of 37 % solids, Air is blown
through the slurry 1o oxidize the maiellic iron to ?e304uﬂdc?xprecipitatez
on the mineral particles, After 13..14 h a2hout €9 € of the jiron hzs been
oxidized. Because of exothcrmic reaction the terperature rizes to a stéady

80°C, The pE value is kspt on the acidic side‘(0.0Z < H2304). HH4CI is

|
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added to premote e oxidation. Iron oxide is separated bty me
- hydrozyetenas The meterizl is drzined ungd

and the fipzl synihaiic ruiile product contains 91..93 & Tic

3

tion, it coatzins practicully ali other impu‘

T 3.6 X Fe, In 2d44i
in the ilmenite coucentrate. This fact wiil be
in connection with the Swrxit prscess (p. 51).

ain features ol the Wesiorn Titznium procesc end a ma teria

ars presented in Figure 7. . . : S
RAW JLHENITE :-oimn‘ EYMHILET G2€ 3798 CU MINR,
: EXMRUST GAS
OXIDATION
< ° ' 4405 CUM/KA.
On 22 BALLIUR, . KILN
AR 2200 CUIP
CHAR, ASH 8
MAGKETIC — RuERTE
, HEAD PULLEY FE‘:: t';.uaac._g SR
{ ) ‘ REODUCTICN
AR 263 SUMHR. . .
itk r Figure 7. lowrheet of the
BLOWN E%D CC2L X . ]
CHAR 53 Una. nestern Titonium Frocezs and
SINTER 0267k COOLER . .
023 T/HR b . mztorizls balisnce
SCREEN
61, 2 CHAR 0527/ ri.l MAGNHETIC
R MAGRETKS  ILMEWITE Co2iink 1 | SEPARITOR
. REDUCED ILXENITE 26 T/HR | 10 AERATION
179063 T, RECUCID 28NN, ANT BANEAP
4 . LMERSE H,0
. .
BATCH aTRCNG
wEISHER LISSG8
MIKE-UP_TD
AERAICR
| ]
AERATORS
L4
R J
SCAVENSER CYSLONE |  %0. 2 CYCLONE [ NO.9 CYCLONE
- ey
3
) j L HILOING
THICKENER A 0K
L]
: , N1 CYCLONE
4
753CHS CF £1,0, L
AS PLLP 10
TAILINGS DAM HITCHSCF SICUTi0, {
UPSRADE TO LAANIAGE

Ravs & FiliAL PROUVET ONIER
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Drazandrs: Cheni a] vorks {ah Chang) “voceas

1)

}
6

Dragendra Chemical Yorks produces at Sazhwurupuran, Tirunﬂlveii iamla
Radu, Indiz,zyntra2iic rutile since 1970 by mcans of ihe know -LOV Tron
wah Chang Corp., U.5.A. The cepacity is 25,000 tons/a of syn ptib tutile
represeniing litile more thsn pijot plunt sc:le. The rahi ha i pfy edure

g s cr*rznally
founded to bzlance ihe demands of sodiwr hydroxide znd chlo“zr ‘f“om an

uses hydrechloric acid for lezmching the i1:°n1te.' "re p}ant

clectrclytic process, ihe demand of the former teing nuch hieze , Ther
fore, excess chlorine wes converted to hydrccrloric acid =znd ule in the
leaching process. lience, it is clear thal there ic no need tof>» cover~the
acid thai is disposed of. It is not considered nocnscarj to pp232nt

further detzils of the process in this connection.

© e wa

TIshinora Process

, . 1y
Ishihare Sencys ¥aiche, 118, at Yekiaichi, rhas manufacturadis
rutile since 1271 by using a process of their own. The iniiis}) capescity

#es 27,000 tons/e, znd amounis to 48,032 teas/a sccerding to »pe:z

ation. The methold i3 baged on leaching the iimznite Tty waste kel
the sulphzte procecs, andé is, therefore, deuignzd 1o bYe integrﬁted vlvh

TiGZ pigment prod“ct*'n. However, this process does not eliminate wzste
protlemsz, as it it prod uces ferrous sulphate in irne raiic 3 tons/t ton praduact

3 s o

and wzsie acid, the whole emount of weieh cannot te us2d.
t writer nhzs becn provided with e document prepored by

The presen
Ighikara 3angyo Xzisha, Lid, entitleld "Preliminzry Feazilbiliiy GStudy on
Hanufécturin Synthetic Ruiile from Sri Lznka Ilmenite, Decemter 1979".

The study consists of laborztory experiments at "beaker scele” using
sulphuric ccid, sironger then usuzl waste acid from the sulphate process
end not containing iron sulpnhazte. Therefore, the results ars of no practi-
cal value; b2zides, the preparties of ulpoddai iImenite nusi be
known to Ishihcra without these trivial experiments,

Purther, the report includes a flowghest wharé the veste iron sulphais
does not even appear. The neutralization of wzste eeid with ammonia, as
suggested, is not ralistic, at least not &t the current price trond of
ammonia. Armonium sulphzte is not un easily marrzetoble fertilizer.

The report conteins alco a cost estimate for a synthetic rutile plant,
It apparently izplies the idea that Ishihara is willing to meke a tender
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S to CL3C for 2
to help
not believe this io be in the best intc rest of C? 3¢ o has
If selected for synthatic rutile p-r-or’ur'tin'x by

would be

gynthetic rutile plant to be éh*vb’.hhvd in %-nan
Ishihara to handle their wastie acid pronlen. _The bresen
does
its intenticn.

¥
Ishihara process feasible only in ccnnec»inn,with!dch.r

production in Sri Launke. | i f! L %!B
’ As far ac the report iiself is concern%d, it F&n:FJ qpf"ean
a feasibilily ”"p?“t ret even e pre%imiq?ry cne%. ’u i;[] .
The flgwoneet of the Yghihara p“oges ?ppeors in%?f'ﬁfig8 % Op~§nﬁicnal
needs as given by Ishihara are shown on pzge 50 . $Le;éﬁdrét'of.p Jcess
weter is tremendous; for a production of 40 020 tons/a cf ;Jngbét*c rutile

tke consumption of water is about 16,020 m3/d Toszibly :his ie 1; error,

To atinngphere
£ LEACING YANK To 2imaztmrg
Seed TiO, Acid Lsiution

STACK LITCILCIIAT

T CWIIATCE

L]
[ IRCINERATOR A
ne——— .
Coke d e At
Fuel - [
Fuel
Ilmenite ,

{4

Uy

COOLER

THICKENER }
‘_..,

COOLER

1AAGHETIC D .
LEPARATOR D HOTARY FILYER - .
L '/ \ ' ’ ol e
' I Resiclue A F Aaian
Coke Imens e cotution Hor rause) Rt
limenite » Symtitic eutity
Figure 8, Plowshect of the Ishihara process,




Operational zcc

process are os follox

1) Raw matericls.

2) Fuels

Ilmenite
Coal

Source: Ighlhéra deport Deccmber 1979)

. we
s e =
~

——

Sulfuric acxd( as 100%. stt&)

Armonium { as
Scrap '

Agent of aggregation ?

Heavy oil for
Heavy oil for
Ileavy oil Zfor

Kerosene for drying

100% )

!

Apre—OxidatiOp

partial reducticn

calcination

Kerosene for calcination

Frocess waterx
Sea hater

i
!
¥
j

O B

‘ ;

‘ o L

. ";‘i j3 ton h o
e 1 ton H 1

f’ E-E;‘i,'

1 gl tén I
0 00753t ﬁ
fO 04 ton ;'}
'vOEZ;kg peod

'

150 1

, !
7of1' i

l
i 7001 ;

25 1 ,
6 1 |

220 kwh
0.84 ton
6.6 ton
60 ton

4) Addltlonal utilities for vacuum crystalizer.

Electricity
Steam

Process water

5) By-products. |
Iron sulfate (FeSO4.711,0) .

.-

6) Personnel.

* Operators

t
'
!
|
1
i
!
}

" Fine powdered synthetic rutl‘e

l
.

SR process

- VC proccss

,"'Of ficer

fssistant officer

'Engineer
Foreman
Supervisor

46 kwvh
0.7 ton
125 ton

3.0¢8 ton
0.19 ton

s per ton of oynthetzc rutvle prbduct in the Ishihera

10 persons/shift
2 persons/shift

1

[ SR ST R
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rocesses.-at Piled Flont stage

- . . . ) .:‘ :
LIURSO process : . S L T
T T i l

[

~he I'UR3C process is probably the best|known énd most efPecl{vnly :

v le

cF

advertized pilot plant process. It has bsep'devéio ed by thn CSIRC !

(uorwcvwealtb Scientific and Industrial Ragezreh: Org“niz:tlon} an&

P o

Hurnhyores Pty 'td, Australia, in 6o-§per:tlon wzth ﬁitsuoish1~Ch 1ica1

Industries, Lar saki, Japzn, where the pilol plant test:z heve been per-'

formed. The nroceso is based on lezchingithe ilmenite with ayirncqloric
acid ann it is ve*y similar to the Zenili é process. bIt wes first rmzde
public in 1969, d furphyores began techéicnl end econoric studies with
the ain of bringing the process into coz.g cial operation in 1971. & .
semicowmercial plznt of 10,000 tons/é czpacity has been ingialled ito prove

the process. Ais ennounced, if the fests are successful, a 50,007 tons/a

upgraded ilmexite plent will be built &t Gladsione {J1d) with provisions
of doubling capaszity. £s fer as the present writer is zvere, such e plant

is not in cperaiion.
Suanit process

Of 211 processes. in this cotegory, 'y this one

s emazingly simple and elegant,

| 20

eppesrs the most alirzative. The pr'nciple
and eliminates problems frequenily conneciled with the use of ecids, especiel
ly hydrochloric acid, as w21l es those regulting from wecte meteriels,
The process hzs bzen developed by Ocesnic Process Corp., and another
. ' conpany, Tiron Chemiczl Corp. in Canada is plenning pilot plant tests at
a scale of 20,000 tons/a. The Sumzit process id besed on leaching pre-
oxidized and then reduced ilmenite by mezns of ferric chloride solution.

The minimum 710, content of the product is reported to te 85 ¢, end the

product is suitible for toth chloride and sulphate processes.

The ilmenite is oxidized at 750..1200°C (wide temperature runge can bhe
explained by the preveiling pracitice in patent epplications), After
oxidation, the ore is reduced at 7C0..1300°C by means of suitable reducing
agents until 90 7 of totzl iron is reduced to metellic s*ate, Reduced
1lmenite 45 leached with ferric chloride solution (12 % of Fe613
for 30 min, lletallic iroa reacts with ferric chloride as follows:

T40,.Fe + 2 PeCl, (aq) 80%¢, 140, + 3 PeCl, (aq)

minimum)

e
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+

The solution containing ferrous chloride is 'cparabnd from tbe solid
product and oxidized by means of air: - 1

3 7eCl, (aq) + % 0, 1% 2 FeCl, (eq) + % 7 2,0, .

|
Aqucous ferric chloride zolution is re-ngTd for lnachlrs.a .! .} ;i i
Normzlly, the T*Oz content of tng phougn is bet}er grﬂ '?q ? u 9 ?
byproduct contains a2t least 99 & ~e203 | ;f _f _}1 ) ‘i;r
It hzas bzen eztimated that total inves fmant in 1°7P) aOr 4'P1“&£!
producing 100,050 ton 3/a synthetic rutile:wﬁ, 2a nave;been 13 "‘llion US*.
Ue,

Operating costs weére estimated to emount to 75 /ton product without

fuel oil znd ilmenite. The azmount of carbon nccded fo; re;uction!is |
0.6 ton/ton product. Total en2rzy conswmption for the probess amounts
te 16..18 3 /ton{synth.rutilesF Fe,05). ' '

If commercislized, this process represents e very strong choice emongst
different processes for producing synthetic rutile.

It must be remembered, however, that iron only is laached out from the
ilmenite by the ferric chloride solution, practically all other impurities
remeining in the prouuct. Eence, the guality of the product in this respect

vJ
epenis ¢n the composition of raw material, ilmanite corncentrate. The

[/

following fipurss show-the rasult, if & typical Pulmoddai ilmenite is
used &s raw naterizl, and 2.0 ¢ of

by Tiron Chemical Corp.):

R Tlmenite Product
'.‘102 54.58 % 91.04 %
Fe0 18.11 2,00
Pe,0, 23.15 -
5102 1.51 2.52
ZrO2 0.02 0.03
AI?O3 1.18 1.97
Mno 0.37 0.62
Cr,0, 0.07 , 0.12
V205 0.09 0,15
11go 0.85 1.42
C&0 - - 0.08 0.13

100.01 % 100,00 %
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Titanium process. It is
vident that the application of these proce is limited to ilmenites

s
ontzining low amounts of harmful components.

L 4
irocesses based on szlective chlorination. .
According t2 the przzeni writer's knowledge, all these procesces &ere

still &t beuch or pilot plant scnle. ITu Pont epplies direct chlorinziio:
of ilmenite successfully in the pigment produciion, but not for synthetic
rutile.

The best knovn so fer is the process developed by fustralian Chlorine
Technology Ltd, that uses szicetiv: chlorinztion of iron under reducing
conditions. The reection iz carried out in a filuidizedé bed rezctor, and
the prodiuct conteing 95 ¢ ?iC,. The cowpany has operated ¢ pilot pl:nf
producing 10 tons/c. ‘

Alikough chlorinntion of the reiucsé product might zppser to be 2 not
chicice, it ime2ns & 1frze consumpiicn of chlorine cr =z graat dezl of chle:

recovery.
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The best knouwn process ic the ¢ I T (Gucbec Iron and ?iiéﬁium Coxpordzion)’
S ftinde :

Sorcl-slaeg process with about 200,000 tons/z capzeity. It

nainly Tor the sulpheie process Tor making titanium dio iieipigmaﬂt:.f

!

7t should be noted that tnis proceszs is s vce::ful becauze eof ¢

conditions at the site. The Sorel ore is very cheap and in abundant

gusntity; tnhe hydro-electric power is alsc low in cost and, t

demand for the high purity pig iren, tha slocg can be so0ld at a2 very sitractiv

price., It iz possitle to 3roduce a slag ceontzining a much higha» ceontent

of Ti0, tut epp arentiy it is not very cconomiec t
ses, the viscosi
nx

ty
onplex prcblemz,

At the minerzl szndz operaitions of Ri

1975 wuz the firsi full yeor o7 produc
450,000 tons/a zleg, 315,000 tons/e zircon, znd 56,000 tons/z rutile,
R 2 clag with its 29 S of Ti0, is tkre only titarnis slag avelilzile in Vegtern

"five out of ten" groups thet opere
substuntial tonneages for use in 192 o
ebout selling all itc 1980 production, which is
of slag, 217,000 tonz of pig iron, 115,000 tons of 2z
of ruiile. The oviners of the enterprise ars fu

(40 1), Union Corp. Ztd (20 7V, Tho Soutn Africen Tnduzirizl Devalopmant

Corp. (20 7)), and South Afrizen Ifutual Iife Ausurznce Locicty (10 &) (I.n.

1978: 125, 13). The prices are highly competitive: end 1579 the R D slag
US$ 135/4cn FOD comp:rred with naturz) rutile in Australie UCH 330/ton 77Z,
The ore reserves of Richerds Nay cre estimoted to 41 m ton of ilmenite,

1.5 m ton of rutile, and 3.4 n ton of zircen.
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- TYPICAL ABALYSIS - ILMENITE .
v o .
v, 1. CHEMICAL ANALYSIS .
' Congtituents ~ determined Percentege
V : ) T{OZ sece 51'.58
: P0203 ene 23. 15 A i
Fed ' " eew 18.11
8102 ses 151
Zroa : os e . - 0,02
‘1 03 ' : -._‘.0 L . ! ' 1.18
}‘no . : [ X N ] ‘ 0037
cr203 '... 0007
A V2°5 Y 0.09
' - oo ) 0.
. Mg0 o 85
- Ca0 : oo : 0.08
3 P2°5 i XY TrPCfs (l .01%)
‘ Total 10@_91,:
1 . Crrr rry
) i . _
b 2, SCREEH ANALYSIS (BSS) ' f
<& 60 o0 0030%
3 &% 72 o0 . 0032%
+ 100 (X 12072%
, L 150 (X R 100.82% ’
A +. 200 .. 33,82%
L :; : :'v ', - -~ 200 [ X 1109%
A o USUAL, GUARARTEES - ,
e - Ti0, . © eee 52% Minimum
= , Hoioture coo Less than 2 percent
163,80 S " |
Cones ocarion. rutmozzar T pHowm o puwmooom  — TTELER SaNDSEOMIN. )







