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’ ABJTRACTY

T™he report featureu ithe reaults of laborntory inveue
tigations oconcorning the technologioal testing of tic indinn
ilmenite concentratea, Therc have been studied grunuionetric
and chemical ocompositions of the concentratus, their main
‘; techmological and briquetting propertics, reducibility «nd

aleso carried out test meltingze to produce titanium-bearing

slag and pig iron. It has been shown, that the "0","Q" and

"KK" concentrates, eontaining 94,713 91,43 and 95,27
. respectively of the total ol valuable components - iron oxide
and titanium dioxide ( balancc = impurities) may be j;rocessed
by electrical melting into titanium-bearing slag (86,69+ of !
Tioz) and pig iron. Slag wao tested as & rew material for

the production of titanium tetrachloride; the obtained

product by its ocomposition was suitable for a subsequent
processing to produce titanium dioxide and titanium metal,







Chapter I

GHILICAL COMPOSITION OF ILLENITE CONCENTRATEL

. Three sumples of depo.itc in the statos of Orivca
("0" oconccntrate), I.dras (Q concontrate) and Horala
‘ ("MK" concentrate). Theae coiuconiretes by its appeurince wre
in the forw of Vlack free=flowing sandy material witih grains
of the mincrals having a poorly-rounded confuguration,
The granulometric composition of the investigated concene
tretes given in Table I ghowo, that they relate to finee
greined varieties, the bulk of which (92,34 = 97,554) is ;
within the particles sise runge of - 0,315 +0,10za.

' Table 1

Grenulozetrioc analysis of cencentrates,®

M

Particle gises, concentirata

in mn non

. llQ“ "L:K"
B R —
=0,5 + 0,315 2,35 1,81 4,26
0 =0,315+0,25 74,69 2,62 9,43
0,25 + 0,20 21,96 22,33 26,20
=0,20 + 0,16 29,65 36,97 37,11
0,16 + 0.125 1,78 25,96 19,60
0,125 + 0,10 11,97 6,67 3,22
¢ 0,10 4,60 0,64 0,18

--------..‘--------------------




Minerelogical analysic shews the fellowing compouie
tien of the concentretes (Table 2).

Table 2

Minerslogical analysis of concentrates,in %

[ ]
‘ £
Hin. rnlg -W———_--
"Q" "Q" "[»"K"

o8¢ Titanium=bearings

1.Ilmenite 97,08 2% ,47 53,21

3.Lencoxene ilaenite 0,26 8,85 1,04

¢ &, Rutile - 1,64 0,17
* B R e S S SRR

Totally 97,34 95,52 99,41

b Impurities

1.0arnet 0, 0,38 0,26

2+3illimanite 0,10 1,64 0,22

. 3.Zircon - 1455 -
4.Monasite - 0,5 -

’ SQH.utit. 1'22 - -
6.Iron hydroxides 0,37 - -
7+.Balance 0,63 0,41 0,11

M

. Totally 2,66 4,48 0,59

4

funm 100 100 100
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The other matorials u.c: pyroxenes, mica, apinel,
frognenta of quarts~bcaring rocks.

It has been found by the mineralogical investigutionu

that these concentirate dillcz both by their content of main

minerals and impurities. Whilc the concentrate "0" ia wainly
in the form of ilmenite (97,00%), then the concentrais "Q"
is modified to a considcrable extent by physical and ciicmie
cal processes occurring in tlLec nature. 69,41% of it arc in
the form of arizonite and lc.ucoxene phases and only ey P
relate to a remidual ilmenite. Among other contaminant mie
nerals, sillimanite, zircon and not unharmful monazite
are notable for their higher quantities,1,64%, 1,55% and
0,50% respectively. \

As for the exivnt of riuin titanium-bearing mineral
oxidation, the "ILK" concentratioc is between the concentra.es
"0" and "Q". It is characterized by the hightest content
of the total of titunium=-bearing minerals (99,41%) and low
content of free cortaminant ninerals (0,59%).

The chemical analysis of the investigated iron-
bearing titanifedbous concentrates, given in Table 3, shows,
that the bulk of the concentrates is the total of iron and
titanium oxides: in the "0" concentrate it amounts to

9%4,71%, in the "Q" = 91,43%, and in the"MK" - 95,24%




The higheut quantity of foreign impuritieas, nainly
in the fora of alumina, silica and nagnesiux oxide, is
present in the concentrate "Q" (9,60%), and the lowcat one
in the concentrate "NK" (4,7C).

These duta indicate thati the lnvestigated concentrates,
expect the concentrate "Q" both by the centent of =main
usefMl componenta and impurities may be classified as
bigh = grade materials,

The reaults of mineralogical and chemical analynioeg
show, that the total of impuritics in the comcentratio "Q"
1s almost two times that of the concentrate "0" and soven
times that of the concentate "iX", Bvidently, through techno=
logical improvewent of the deposit "Q" sands bonefication
may considerably 1lower the c-atent of free contaminar.;
=izerals, particularly sillimanite,(contaminates the concene
irate with alumina and silica) zircon and monigzite, which
betters the quality of this concentrate and the amel ted
thorfron titanium-boaring slag,

Thus, on the basis of the poasibility to obtain
titanium=bearing slags, which contain the highest quantity
of titaniun dioxide and the lowcat quantity of impurities, the

tested concentrates may be arranged ia the following
Sequency: "MK" - wQ" o wQw,
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Ohapter Il
PROCBSSING OP CONCENTRATES INTO TITANIUM-BEARING
SLAG AKD PIG=IRON

I. Some technological propezrtiesof concentrates

Technological propertics of cencentrates offocct oignie
ficantly a reducing melting process. The properties, which
ere the most dmportant for mclting, are given in Table &, |

Table &
Technological properticsof indian ecencentrates

P N ——

Properties Uit of ___oomncemntrate
measure won e vy
N W

Specific weight s/cm3 4,66 4,30 4449

Bulk weight " 2,8 2,51 2,09

Shaked bulk weight " 3,08 2,9 3,05

Initial temperature of

sintering *C 1265 1355 1305

Initial temperature of

melting " 1440 1500 1440

Final temperature of

melting o 1450 1510 1450

Angle of rest grados 30«31 29-%0 29=30

Specific electrical

conductivity -7
at 20°C oha~ton™ 3,108 8.1079 2410

at 1000°C - e 1,3,10"1 6,102  1,4410"

M
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2+ Briquetting Proportiea of concentratca

The practice of ruaning clectrical thermal furnice
shows, that thLe Processing of irone=bearing titaniferous
concentrates in unﬂriquetted <oim invelves conaiderubl.
councentrate loswes in the form o[ dust carried away with cxe
haust gases,

The iavestigation of biricuetting propertica tiierclore
was of & much interest, since tie briquetting muy be one of
{feasible means of Preparing the charge for melting,

A charge of concentrate aund a reducing agent were
throughly agitated in s dry staie followed by the pressin;
with a binding agent ( dulphate-cellulose liquer) having a
density of 1,27-1,28g/cm3 in a vertical hydrolic preas at a
pressure of 200kg/cm2. The prepared briquettes, having &
diameter of 21 mm and a height of 10«11mm were dried at a
roon temperature o for 20 hours and then at 105°C for
5 hours, After drying the briquetts underwent collapaing
strength tests.

The investigations have ohown that the maximum atrength
of briquetts, containing anthracite (200-210kg/cm2.100-110kg/cm2
and 120-130kg/cm2) and made of tie concentrates "o", "Q" and
"MK" is obtained when the binding agent ammounts to 12,10 and
8 % respectively, based on the concentirate weight,

In the case when petrolcum coke is used the best

Strength of briquetts (150-160kg/cm?, 100-110kz/om? ang




1% -140&8/0&2) ié obtuln.d, when g binding agont ;. pre.ant
in the charge in e cmoun, of 12,4 and 10%, Both (.~ iner e
ead decreuse of the @Waouiit of a binding agont a8 aju.uus i
optimum amount deteriorates the strength of briqueitia,

3 Reducibility of toncontrate in s0lid phain

The reduction of iron oxidos in the elecirical thermil
melting process ias the priaary object of proccuuin,,

In conncction with tuie, tests have boen carriod out
$0 study the reduction of the concocantrate in solid phase
ia iolntion %0 temperature and test tiae,

Anthracite (86,714 o C, 8,23% of ash, 4,1%% of volu=
tile =matter and 0,66% of molsture), petroleum coke ( 92,97
of C, 0,72% of #6h, 5,13% ol volatile and 0,44% of ioisture)
and commercial hydrogen were used ag reducing agenta,

Te study the effect of the method by which chiape ig
Prepared on the reducibiliiy of irem and titanium oxidos
present in the concentrate there was tested o charge in the
form of briqquets and powder containing 10=11% of a reducing
ageat,

The investigations were carried out in o laboratory
installation to study the reducibility of the concentratea;
the process was studied in a temperature range of 700e1300°C

and at test duration of 0,5=3,0 hours, During the tente,
carried out at high tewporatures (1100=1300°C) besidea to
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the exteat of iron exides rriueiion here Was alne ueligm. e
aed b extoat of titaniua dienide Fedw .ion,

Tis results of the inv atigcatiens on i i+ duciion of
concontrates in the forwm o. LUriquetted and "9 L NIRRT
charges show (Tuble 5) thut i intonsive reduction o. .rea
oxides ( to 70=81+, 795=8b. nd UO=B%S Teupesiively for .ie
concentrates "0%,"Q"™ und "uk") preceeds ia & temparwiurw
range of 1100-1300°,

AlthouCh the p1oceis in carried eus ot sullicie iy
high tempesatures (1200+1300°) during a leag peried of time
(3 hours) and with necessary GUARtity of & reducing a »n\,
the oemplete reduction of irem enides hes Bt doea atiale
nede It may De suppesed thut iz trese conditions i
rimary slug=forming reactiens start sad the presens oxtends
inte the diffusion regiea, wiere the rete and exteanl of
e resction is determincd Ly the rate of diffusien of o
redusing agent und a gasoous rvactiea preduc i,

™he analyais of the briquettsed and pulveruleat chare
8¢ reduction reveals that wlong with the reeustiea of irea
oxides at high temperstures (1200+1300°C) tabes plase alee
the reduetion of titanium ciexide % lower wides.
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The extent of titanium dioxide reduction at thcue
temperatures attains 10-12%, 7=17% and 7-8% reapectively for

the concentrates "O","Q" und "MK".

When +the concentrate is reduced with a gaseouu reducing
agent ( hydrogen) the rates of the process sharply increace
even at 700°C and the duration of 1 hour, the extent of re=
duction of iron oxides prescnt in the concentrateas "O","Q"
and "MK" in a tube furnace amounted to 37,67 and 54% and
with further temperature incroase it attained 91,82 and
8% respectively,

This indicates that the use of gaseous roducing !

egents provides significant advantages due to first of

all high reactivity of gas and a large surface of contact
between pulverulent concentruto and gaseous reducing agent.
In the 1light of an evontual development and introe=
duction into production of the reduction processes in a
boiling bed there was étudied a feasibility to reduce cone
centrates in a laboratory boiling bed single=chamber reace
tor with hydrogen. The tosts were carried out at temperatue
res of 700,800,900 and 1000°C. It has been found that it is
possidble to +treat in a pseudo~fluidized state only the cone
centrate "Q" ( the extent of iroa oxides reduction amounted

% 91% at a temperature of 900°C and the duration of 1 hour),

while the concentrates "0" and “KK" began t0 aginter and

transformed into a complete monolith even at temperaturcs -
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of 800 = 900°C for inicial 0,25 - 0450 h of their presenco
in the bed.

Thus, the carricd out teots chowed, that the invege
tigated concentrates can be rcduced in a solid phane
(approximately by 80% at 1200°C with the use of the moat

available reagents = anthracile and petroleunm coke,

4« Reducing melting of concentrates to
produce titanium~bearing clug and pig=iron

The primary tochnological object of uelting comprises
the seperation iron and titanium, contained in the concentras=
te , resulting in the two individual products of their ovil
specific weights and in the form of uamiscible layerao
(metal and titanium=-bearing slag. On the basis of the chemie=
cal analysis of the concentrutes preliminary evaluation of
slag and metal composition wau made by means of a theore=
tical calculation of iron~bearing titaniferous concentrates
reducing melting, Sich a calculantion was carried out with
8ome assumptions based on a rich experience in producing
slag with high titanium and low iron content in the U,Se3eRe

The make-up of meliing balance and the calculation of
a required quantit'y of & reducing agent for the charge was
baged on 1 e necessity to produce titanium-bearing slag
with 3«4% of PeO0 and the following coefficients of the

Concentrate components distribution between slag and metal:
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silioa, chirome, vanadium ang hangancee oxldea e reauced
by <05 and pass into tle matil, and magnesia, alumina, cnle
cium and zirconiug oxides remain completely in the alng,

A8 melting proceeds titanium  dioxide i@ reduced to lower
oxides, Primarily’ to ‘1‘1203, tpproximately Ly 40=504 ana
together with the remained unreduced oxideo of other mntals
make up the bage of titanium-hcaring slag. Similap andimptie
ons are made for anthracite agh,

According o the carried out metallurgical calculae
¥ions (Table 6) it has been found, that reducing meliing of
the investigated concentrates requires reducing agent,
Sounting to 10=11% bagsed on the ooncentrate weight,

Laboratoxy investigations op the technological tege
ting of ilmenite concenirates were carried out in a 28xwa
single=phasge electric nelting MNurnace (rf. figure), An electric
furnace was provided a conductive graphite hearth, itg
bath was 1lined with a magnesite brick and had inoide a
graphite ring with a diameter of 120mm to prevent 8lag from
interacting with a refractory materiale A furnace wvas
bprovided with g 8raphitized electrode, having a diame ter
of 70mm and operated in the following electric regime:
voltage - 20V; amperage = 1360 A with the vﬁuctuations of

2004,

The crushed anthracite, containing 36,71% of carbon
and 8,23% of ash wag used as a reducing agent through fox
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these purpose petroleum coxe may be also used, Due 1o the
fact that tcet meltings were carried out in a laborcatory
furnace and a part of curbon burnt out in the furnnce topi,
the amount of a reducing vjent, introduced into the ciiurge,
wag 1,5 {times the calculaticd amount required for a complete
reduction of iron oxides ito metal and titanium dioxic~ to
Ti50 .

The concenirates werc melted by a batch procenna,
wnich provided the meliing of batches of pulverulent charge
sadeupafthe mixture of tine concentrate and a oolid reducing
agent. Usually 2-3kgs of charge were processed for 1 nrlting
operation. The meclted products were discharged from tie
furnace and processecd into titanium=-bearing slag und pige
iron. The obtained slag was crushed and magneticully ceperoa=
ted from the coarse-graincd inclusions of iron metal.

The average sampleu of titanium=bearing svlag and pige
iron taken from several weltia were chemical‘,;-. Layned,

On the Vbasis of the obtained duiu fvi i v oacld
of slag and metal and their chemical composition (Tavles 7
and 8) there has been made up a material balance Tor Lin
melting of either of the investigated concenirates {Tuble 9)s

The test melting showed, that the slag yield attained
in the processing of the concentrates "0","Q" and "MK"
amounts to 52-53, 64«65 and L8-59% based on the weight of

the concentxrate being melted, and the pige-iron yield = 33«34,
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24=25 and 28-37% rcupectively,

The supervision over the course of neltingo allowed
to find out that these concenirates may be procesaocd iuio
titanium~-vearing slag and pig=-iron by the method of reducing

melting in elecirical themal furnaces.

e nmmems g TP tiyemeny

. - v awe oie b 22 - E, N N - cam .
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for meltizng, wuile tae processing of the concentrate "Q"
showed @ relative inatable electrical behaviour of moliing
due t0 a high content of iron oxides and a relatively low
content of slag=-forming impurities present in the concentrate.

Theso factmade for a high electrical conductivity
and the furnace electrodes work in specified are operational
conditions. To betier the processing conditions for the
concentrate there were carried out. meltings with the wddie
tion of the concentrate "Q", their ratio being 1:1. This
series of meltings "proceebls normally without pulsating
power load.

As for the composition and the quality of the products
obtained by reducing melting of the indian concentrates it
should be noted the followingz.

Pirstly, titanium-bearing slags, smelted from all
the three ilmenite concentrates are characterized by a
rather high content of main component (86,1-89,4% calcue
lated as TiO, slag rereduced to Zower titanium oxides not
counted and a relatively low content of other metitals oxidese

The slag contain upually 14-26% of T1203 and 14=2%%
of ’.I‘:LO?_. In tne case when titanium lower oxides are calculated

as T:LOZ, the conient of T102 in the slag increases by 2-3
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due to which tho total of nlag oomponents increi:i: up
to 102 =103,

Titanium=bearing .. ;ao, which are of the hi/i....t
cirade by their compogilioi., ure produced from the concenirie
tes "iK" and "0", and tloic of somewhat lower (ricde = gue o
higher conteht of contawinant alumina (about 4,4} and
silica (above 25%) = from itlic concentrate "Q".

I% will be understood, tiue the improvement of lhe conncnbrae
te"Q" Dbenification tecliiciogy with a view of lowering
their content of 3102, A1203 and Zr02 may agsuirc thc gmele
ting of slags therefrom coulaining 88=90% of Ti0,

Secondly, pig-irons produced in the melting ol the
concentrates coniain such alloying elements as chiroi.

(0,020 = 0,15%), manguncue (0,10 = 0,20%), vanadium (0,10 =
0,30%), silicon (0,20-1,0,s) and highor titenium quunii vy
(0,20+1,50/% as against tho uoual smelted pigeirona, which

is evidently due to souwc i1creduction of slag (the fo.cued
titanium carbide could diausolve in pig=iron). Tie nost
specified feature of pijs-iron particularly tho pig=irona,
smelted from the concontrate "Q" 4is their relatively high
content of oulphur (0,10-0,20%) and phoaphorus (0,70-0,50,5),
which are carricd into tiiv melt mainly with the concene
trate and anthracite,

More through purification of the oconcentrates and
the use of purcr materials, of far as the content of
these componentis is concerned, as a reducing agcuv (for
example, petroleum coke, ctc.) enables to obtain pig=ironas

from the indial concentriivos, those pig irens conlaining



gulpuur wnd phoapliorui Ze!) inen au livble, wairn vo o vae oy
bettera the quulity of tiw .welind pigeiroud.

Othierwioe, a epecial uaditienl Srealment i regue o«

to refine them [froeu thrua .usul fapupitic, v g e

carried out Ly ono of the ..own mothodu O0f ierromu . wnuit
Taking into conuidr..iiea a high yield OO e =0

tho melting of tie indiun . ..ceutrates (0,0430,57 Sy fd

of elag) it may bo taid il. wirketing as & COwnn v . ¢ e

duct allowe t0 couuvideriviy vottor technical anu «Luncaig
ratings of titaa.u=boarin, .lu; preduction.

Crystalloeptical duwvealicutions 06 i@ e n o dnyn
showed, that their phusu co.ouition wet she requcs. utn Jor
gonventional titaniumebeusii ulagae The bMEK of ili: 40 a4 !
the form of anosowite. Tuciv may be observed Luwmii (..nti.iecp
of ilmenite (in the forw e. thia fringes areund ti. ...ouow.te
greins), clasoy materiul wau iren metal ia the fuiv ol
solitary norepguli.

It is pouaible to outain titanium tetreciior..n lolle=
wed by titanium dioxido p....at or titanium metal .ruva bue
smelted titaniva=boaring ol..:0 by any knowm laduotriu. wotheu,

After upcelal trcatr.i.t carried eut with a vivw of
giving an easily sulfuric uc.d=lesched oryotul sviruc.

(quenching) to the slags tliy way Ve used as & raw i.lerial i@
preduce titanium dioxide Ly the sulfwie asid setiou avw wil,
Thus, the investigations carwied eut ia laberutusy cone
ditions showed, that it is ;ousidle %o preduce twe p.uducto
frem the indian ilmenite coioeniTetes Wy the M thed o. Feducing




- WOLSAAG with the use of eonv-..bienal 90lid reducing: o, .ia

(anthracite and aloe peiroici. aeke, young cas e0nlu, «.ce)j}
Whese Wwo preduetiu b ing titii..um = bearing slug wid ;i =iron
6l r of which may B8 Burkc it w aa o sommerolal product,

The ercunicatlien of .. sunddugsrial procecalii; o ihe
dadiaa Llaenite cenceatruiv ocorNing t0 the unveio: .4 un
the USER flow ﬂh‘ﬂ‘tﬂ for ob....ning hagh titanium=ocar:,: olegs
and pige=irem may wscure tie o leweng  teatative m..inh iv..ingo
for the melting prescss 1o p.vauee tisaniuwmedearing ol and
pig iren:

e Titanium dicxud: .wcovery frem sencentrui. into
slag - 988,

2. Composition of i.. eencemtrases "0", "™ _.i ".."
Jor 1 % of maturel slag = 7,911 1,60 and 1,80% respeciively,

3¢ Power ceucusption in the melting of the cu.cemtrne
ses 0", "Q" and "Li" per 1 & of naturel slag = 3500=52004
2300=2500 and 26002800 kwih i1-upoctively.

4o Hecducing ageus conaumption = 0,140, 0,125 and
0,125 0,200 and 0,22y per 1 . of natupal slag.

5¢ Conouaption of . repaitised eleetredes per 1 s of
alag = 0,090 < 0,040%, '

6. Pig=irea yield pus 1 ¢ of slag smelted from the
oenccatyetes "0”,"¢" und "MK" « 0,64, 0,)7 and 0,054,
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Chaptor III
Production of titanium icirachioride

Titanium=beari:g slag smelted from tho iidinn
concentraves "0", "Q" and ".:" in a ladge ~sizod laboralory
inotallation after magneticcl wseperation were mixea vith
petroleum coke, coal=tar piith and sulfite=cellulo:nn iiquor
in proportions approximate o those used conventionslly in
andustrial procesaing,

Thus prepared charges were briquetted in a laboratory
hydrolic press III=10 at a pressure of 250kg/m2 alter wiich

the Dbriquetts wore dried in a drying cabinet at a trinnerature

of 100-120°C and coked at 800°C to remove hydrocarbon:i,
The ocomposition of the coked Lriquetts is given in Tabele 10.

Table 10

Composition ofb coked slag briquetts,?

L - ——

Slag T102 FeO 41,0 $i0, €0 HgO 1inO Cr 0

2V ér(_)z V:,( )S C

3

"O" 69,17 2,45 1,82 1,47 0,45 1,85 0,24 0,04 0,05 0,18 24,0
"Q" 69,16 3,29 2,16 1,62 G,39 1,48 0,29 0,09 0,05 0,17 24,3
"¥K" 68,92 2,39 1,67 1,27 0,4 1,72 0,31 0,07 0,09 0,13 23,3

L _

The chlorination was carried out in a laboratory instale

latien somewhat simulating industrial processeing installations.
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The process was carried out at a tcmperature of 800-90G° chlo=-

ride consumption was within Liw limits of 650600 1/he “ir brie

quetts made of the olag "0" werc chlorinated during 8 hourus, tho

briquetts of "Q" - 7 hours and iie briquetts of "iK" = €& lLoura, '
The composition of the obtained commercial titanium

tetrachloride and the overall composition of the chlorination

products are given in Tables 11 and 124

Table 11
Overall composition of solid chloﬁdes
' /in welght,n/

A

Slag A1013F3013F6012 Zr012 I 012 s 012 Ca 012 Cr 012

— —— S
"0" 24,80 26,80 5,40 11,80 3,40 22,80 4,50 0,40
"Q" 20,80 23,80 6,20 12,20 2,80 19,10 4,20 0,80
"MK"24,70 28,60 5,40 12,90 2,80 19,60 5,10 0,60
| co— ——————————————————
Table 12

Impurities content of a commercial titanium tetracliloride

(in weight %)

Slag VO Cl2 e M Cr 81 Sn Al

L M
"o" 0,142 0,042 0,002 0,0005 0,012 0,001 0,001
"e" 0,170 0,0015 0,062 0,005 0,010 0,001 0,003

"UK* 0,126 0,001 0,002 0,005 0,11 0,001 0,001



Table 13

Chemical composition of residue (in weight %)

Slag TiOa Y19 8102 A1205 Ca0 1o Cr203 ZrO2 V'205 c CuC]2

—

"0" 9,9 0,18 4,3 0,32 0,31 0,35 0,03 0,11 0,03 52,7 21,3
"e" 5,8 0,26 13,9 0,38 0,27 0,21 0,03 0,12 0,03 60,2 16,8
"KK" 7,5 0,63 15,2 0,34 0,20 0,21 0,06 0,06 0,03 96,5 17,3

Table 14

Material balance for chlorination of titaniume

bearing 8lags, smelted from concentrates "O","(" ungd el

—

B.lano. item . "0" . "Q" H“".'KII

Charged:
Coked briquotts 1274
Chlorine 1762

Totally 3076
Produced:

Commercial titae
nium tetrachlorie

de 1793 |

Solid chloride
of dust chambers 31,0

Condenged pulp  366,0
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Table 14 chows the overall material balance o chlori=
nation proceus, wiere ihn quantlity of conoumed chiasine in
calculated from the aciual 1y obtained titanium tetrru;hl?rim:
and solid chlorides, couniting chloride losses cavried away
with exhaust gaucs as hydroszen chloride. The latier value
was detecxrmined gounting the  content of Il in exhaunt ganen

: of industrial enterpriseu. i quantity of exhauat (ivica wag
. calculated from the proporiions of CO and 002. in exbaugt

| gases and quaniity of concumed hydrocarbon,

According to the overall balance (Table 14) cucmical

! composition of starting aud Tinal chlorination producta
. (Table 10-12) there has been determined the bitnnium  mae

terial balance (Table 15) aund calculated the conouinpiion
' coefficients ( Table 16 of the yield of main chlorination
products.
Lable 96

Main consumption cocf{ficients in tons per 1 t of
titanium tctrachloride (tentative)

. Slag Briquetts Chloring Copnuie Hydrogen Coke Sulphi-  Coal-tar
. . poviie.r or sulphide te liquor pitch

"0" 0,735  0,95-1,05 0,00,-0,006 0,005 0,240 0,075 0,020
*Q" 0,715 0,95-1,05 0,005-0006 0,005 0,240 0,075 0,020
"HK"0,715  0,95-1,05 0,005-0,006 0,005 0,240 0,075 0,20

2

4 ¥= chlorine consumption is «ocumed without the utilization of
chlorine, contained in oolid chlorides,



-
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According to the co:rsonents content of wlariinrs
briquetts and unchicrimtnd rooidue there hLan bveern culeuli-
ted the extent of chlorinntion of titaniwnm (96~98/0), usilica
(80«84%), aluminium (93=9G,+) and iron (93=97%).

The chlorination extent of all the other coinonentu
i8 rather high gad evidently amounts to as low as 99ji.

The yield of solid ciilorideés in the chlorination of

the "0","Q" and "WK" is givcen in Table 17.

Table 17
Yield of sdlid chloride in tons per 1% of purified
titanium tetrachlordde (tentative)

Nane of slag

Product

llo" "Q" "I-:‘;‘:"
50l1id chlorides 120=13%0 130=140 120=1%0
Unchlorinated re-
sidue 40 = 80 40 « 80 4O = 80

The purification of a cormercial titanium tetrachloride
from vanadium oxychloride and the dissolved in the lijuid
light=valotile impurities and gases gives pure titaniun
tetrachloride wsuitable for the production of +titaniun

metal and titanium pignent,
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Chapter IV
Conclugion

1o The indian ilmcoite concentrates "O","w" and "il"
obtained for technologicnl tesoting in laboraiory unndihl-
ons by their granulomeiric composition are ia ithe [form
of fino-graineé, free={lowiag material, the bulk ol wuich
(92~97%) is within the paorticle size range of =715 +0,10ne
Ao for their mineralogicil composcition vhe corncenirateo
differ both by the content of main minerals and inpurities;
97% the concentrate "O0" io illmenite and the concentiate
"Q" is oxidized to a conoiderable extent and almost 7005
of it 45 in the form of arizonite and leucoxene punneg,

By the extent of oxidution the concentrate "LiK" in vetween
the unmodofied concentraue "O" and considerable pxidized
concentrate 'Q".

2. The bage of the inveotigated concentraies iu  the
total of iron and titanium oxides (91=95%)s The hiicct
quantity of foreign impurities, mainly in the form of aluwi=
na, silica and magnosium oxide in present in the concenira=
te "Q" (9,60%) and in the concentrates "0" and "MK" their
quantities are somewhat lower (5,29 & 4,76/ respectively)

These data show, tihat it is necessary to improve tie
benefication technology of ihec deposit "Q" titanium=-bearing
gands with a view of obtaining concentrates having a lower
content of alumina,silica, wagnesium and zirconium oxiden,

The g&pecific weli;;nt of the concentrates varied {rom
4,30 to 4,663/cm3, and tie bulk weight from 2,51 to 2,803/0m3.

The concenirates osinter wi temperatures of 1265=1%55°C and nelt



in the range or 1450=1500°C,

3¢ The concentyiicg are readidy briqueticu witi,

8 80lid reducing agent (nnohrncite and petroleum cokc) witlh
the use of sulphite=cellulorio liquor as a bdndin noenty the
consumption of wuich amounia 4o 8=12% based on Lhe concenline
te weight,

4.’1‘11? investigitiona of the concentrntes redueciion
in s0lid phase chiowed, iliwt a high  reduction extenl of iron
oxides, present in the concuntrate (up to 81=89,5) miy e
attained at temperatures 7100=1200°C in the cade of wanthracite
and petroleum coke used a. - reducing agent, and in :he case
of hydrogen the ext~nt of s‘..uctiion amounts to 85«86 at
900=1000°C,

5¢ It hasbeen {ouud, that the reducing meliiting of

the inddan ilmenite concentrates gives titanium-bLoaring

8lag of a satisfactory quality (86=89% of '1‘102), the reast io

the total of iron and containinant metals oxides) wlich may
be used for the production of titanium tetrachloride. Pig=
irons, obtained in the melting of concentrates after iie
refinement may be also nuricted ag a comnercial proauct or
processed into ferro-aluminiun, agteel, ctce.

6. The organization of industrial processing of ilnee
nite concentrates according o the developped in the Usul
flow=gheets for obtaining high titanium=bearing slags (88«90
of Tioz) may ascure the following ratings:

a) titanium dioxide recovery from concene
trate into slag = 96%.
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b) consumpiion of ihe concentrates "U", """ and
"MK" per 1 t of natural ulag - 1,953 1,60 and 1,304
reapectively.

¢) power conmuipiion for thoe melting of iu: congen-
trates "0","Q" and "LK" per 1 ¢ of natural slag = 5500-3700,
2300-2500 and,h2600=-2800 kwth roespectively,

d) reducing agent consumption (antliraciio) per 1t
of concentrate - 0,140; 0,125 and 0,125t or 0,275; 0,200
and 0,225t/t of slag.

e) consumption of graphitised electrodes per 4t of

slag = 0,030-0,40t,

£) pig-iron yield per 1t of slag, smelted from the

con.ontrate "0","Q" and "Ni"e = 0,643 0,37 and 0,49 %
xeapectively.

7+ Testo carried out for the chlorination of tiie
8lags, obtainod from the indian ooncentrates "o","Q" and
"MK" showed that the invecotigated slags are oimilar by
their nature and suitable for the production thereirom
titanium tetrachloride by the chlorination method according
to the developped in the USSR procedure, assuring satisface
%ory technical and econowmical ratings.

8. According to the results of laboratory technologie
cal testing therc have been determined tentative conoumption
coefficients of chlorine coppor powder (or hydrogen sulphie

dea) coke, etc. and also yield of main products per 1t of



purified titanium toirachloride which may be uneu‘For n
preliminary technical and oconomical evaluation ! iimge
kinds of raw materialo,

In the industrinil processing of the slagn OO A
"LiX"  the tentative recovesy of titanium from cokcq brie-
quetts into purified titeuiium  tetraehloride Shioula Lo expoce
ted at the lovel of 927 ang chlorine consump tion P At of
titanium, tetrachloride amounts t0 0,95 = 1,054, iihe. provie
oions are made to ut;lize ciilorine, contained in cnloride
waste products and exhaun. oces, ohlorine composiiion
may be correpondingly lownied,

Purified titanium tetrachloride may be used for the
production of titanium dioxide pigment and titanium metal,

Director of the Ingtitute
Condidate of Technical
Sciencesn [fb /R.X OGNEV/

(= = e =
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