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AlJÏRACf 

ffet import    foaturea   the    result« of laboratory  ir,v«u- 

tigetlon*    oonoorning the  technological  testine o"  tiic  indimi 

ilmenite    ooneontrates. Thorc have boon studied granulometrie 

and chemical    oompoaitiono of the    concentrates,  their main 

technological    and    briquetting properties,   reducibility und 

aloe oarried out test    melting to    produce titanium-boarine 

•lag and pig iron. It has been shown,  that the "O'Y'Q" and 

"WC" concentrates,    containing   9^,71 ï 91 ,*}   and 95,22,.; 

roapoctively of the    total ox    valuable componcnta - iron oxido 

and titanium dioxide ( balance - impurities) may bo    processo* 

by electrical melting into titanium-bearing slag (86,69;i   of 

Ti02) and   pig iron. Slag wan tested as a raw material    for 

the   production of titanium tetrachloride!    the obtained 

product by its   composition waa   suitable for a   subsequent 

processing to produce    titanium dióxido and   titanium   metal. 
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Chaptor I 

CHaUÏCÂii COMPOSITION OP ILLMITi OÛ2K2£KTRA?Bu 

fhree auaplea of acpc.itJ ia the    atato- of Oriuba 

("Ô" aancentrate),     lulraa (g cone un tra te)    una    iter«* la 

("WC** concentrato).  îhôae    coaoontratea by ita appearance aro 

la the for» of   black free-flowing    eandy »atorial wi ih srainj 

•of to*    «inorala having a   poorly-rounded    confußuratiou, 

The   granulose trio composition of tha    invaetigated concon- 

tra tea given in   Table I ehowo,  that they    relate to    fine- 

«rained    varieties,  the bulk of which (92,54 - 97,55tf) is 

«itala the partió la a ais* TüIí&% of   - 0,yi5 +0,1000. 

Table 1 

Oranulometrio analyeio of Qoncentratea,% 

Particle sises, ,    c, one entrata 
in cm M0" IIQM "UK" 

-0|5    • 0,315 2,35 1,81 4,26 
-0,315*0,25 7,69 5,62 9,4-3 
-0,25 • 0,20 21,96 22,33 26,20 
-0,20 + 0,16 29,65 36,97 37,11 
-0,16 • 0,125 21,78 25,9* 19,60 

•0,125 * 0,10 11,97 6,67 3,22 
-0,10 4,60 0,64 0,18 
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M¿Mffftl«cloal    aaalyiie atom 

Uoa •* tao   oo»o«ntr*t«« (Tabi« 2)* 

th*   followiAg goa^otú« 

Tabi« 2 

Uino-ralogioól «atlysig of conc«ntrat««, in % 

Kin« ral s 

*• fitaniua-bearlngi 

Lilia« ni to 

2«Arisonlt« 

Conatntrate 
"0M un« 

97,00 

modified 
J.Unooxont    **»«»it«       0,26 

4. Rutil« 

!£ 

24,47 

€0,56 
8,85 

1,64 

"¿.'lì" 

53,21 

4/1,99 
1,04 

0,17 

Sotally 97,* 95,52 99,41 

•• Indurititi 

1.Qorn«t 0,34 0,3ô 0,26 

2.3illiiaanit« 0,10 1,64 0,22 

3# Ziro on . 1,55 - 

4. lionati t« • 0,50 s» 

5.Hematite 1,22 m • 

6.Iron hydroxide« 0,37 - • 

7«Balanoe 0,63 0,41 0,11 

Totally 2,66 4,48 0,59 

1 u • 100 100 100 
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The other materiale ai\.-; pyroxenes, mica, opine!, 

trasenta of quart a-be arine rooks. 

It has  been found by tho mineralogical inventigfuionu 
t 

that these     concentrate  eli fror both by their content  of ;.iain 

minerals and  impurities. While the  concentrate  "0" irj wainly 

in the    form of ilmenito (97,Go%),   then the concentrate "Q" 

ia modified  to    a considerable extent by    physical and eterni« 

cal procesóos occurring in the nature. 69,41% of it aro in 

the fora of     arizonite and lo^eoxeno phases and only  2'rtH-7% 

relate  to a     residual ilr.ionite. Among other contaminan; mi- 

^        nerals,  sillimanite, zircon    and   not unharmful   oonazito 

are   notable  for their higher    quant i ties, 1,64^, 1,55% and 

0,50% respectively. \ 

As for the  extent of main titanium-bearing mineral 

oxidation,  the "I£KM concentrato is between the  concentrates 

\ "0" and "Q".   It ia    characterized by the highteat    content 

of the  total  of titanium-bearing   minerals (99,41%) and low 
i 

content of free    contaminant    rainerais (0,59%). 

# The chemical   analyoia of the    investigated    iron- 

bearing titanifefcous concentrates,  given in Table J,   shows, 

that the bulk of the concontrates is the  total of iron   and 

titanium oxides:  in the "O"    concontrate it   amounts to 

9^,71%, in the "Q" - 91,4J%, and in tht'W - 95,24% 



* - 

\ 

The hißheot    quantity of   foreign    iapuritioa. •únly 

in the fora of alumina,  ailica and    magnesias oxide,   ¿ß 

present in the concentrate "Q"  (9,6QiO, and   the lowcot   one 

in the    conoentrat« MMXH (4,70^). 

These  data    indicate that the    investigated concentrates, 

expeot the    concentrate  "Q" both by the    content of    uain 

useful    components and    impuri tieg    may be    classified a* 

high • grade materials« 

The raoulta  of   mineralógica! and chenical analynines 

•how, that the  total of    impuritioe in the concentrato "Q" 

in   almost two tiaea   that of the concentrate "QM    and eoven 

times that of the    concentre "¡¿X". Bvidently, through techno- 

logical    inprovemont of tho    deposit "Q" aando    benefication 

may   coneiderably    lower tho extent of free contaminant 

onerala, particularly      sillimanitet(oontaminatoa tho conoen- 

irate with alumina and Bilica)  zircon and    moaiaite,   which 

better« the    quality of this    concontrate and the smelted 

thorfrom   titanium-boaring slag. 

Thus, on tho basis of tho   possibility to obtain 

titanium-bearing slags, which    contain the    highest quantity 

of titanium dioxide and the lowest quantity of impurities, the 

tested concentrates may be arranged in the   following 

aequenoyi "MS" - •0" • "QM, 
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Chapter XI 

PHOCliSHíO O? CONC2ÎÏTRATES ZUTO TITAIXUM-UAAIVO 

SLAO AKD PIG-IBOH 

X« Soffi« tochnological proporU««of concentrate* 

Toohaeloßical propertica    of oonceiitratoo of foc t oigni« 

ficaatly a   reducing molting proooos«    The properties, which 

il«    ta« »oat   Important for melting, art given in Table 4. 

Tabla 4 

Technologioal    proportieaof Indian   oonoantratas 

Properties Unit of 
measure 

Conce ntrate 

Il /"VII Hr." ti«'-il 

Specific weight 
Bulk weight 

g/cnr 4,66 

2,80 

4,30 

2,51 

4,49 

2,69 

Shaked bulk weight H 3,08 2,81 3,05 

Initial temperature 
sintering 

of 
•c 1265 1355 1305 

Initial temperature 
melting 

of 
H 1440 1500 1440 

Final temperature of 
melting H 1450 15IO 1450 

Angle of   rest grado& 30-31 29*30 29-3O 

Specific electrioal 
conàuctivlty 

at 20»C 
at 1000#C 

•1 
ohm   < 

«t. " 1. 

10"8 

3.10' 

8.10"9 

"1 6.10"2 

2.IO-7 

1,4.10"1 
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2.  Briquetting    proporne« ef eoncentratoa 

The practice or running electrical  thenaal furnace 

«how«,   that  tht    proceeding of    iron-bearing titanifero^ 

concentrate, in    unbriquetted rorm involves    conaiderablc 

concentrate loaees ln the forra „f duet carried away with ox- 
haust gases. 

The investigation of briquottin«   propertioo  therefore 

was of a much    interest,  since   tao    briquetting may be    one of 

ftaeibl« aeans of preparing tho charge for melting. 

A charge of concentrate  and a    reducing    agent were 

throughly agitated in a dry ata to    followed by the prooain^ 

with a    binding agent ( aulphate-cellulow liquor)      having a 
density of 1,27-1,28S/Cm3ina    vcrUoal   ^tolio prMB ^ m 

pressure of 2O0kg/cm2. The prepared briquettes,  having      a 

diameter of 21 mm and a    height of 10-11mm were dried at    a 

room temperature for 20 houra and then at 105*0    for 

5 hours. After drying the    briquette underwent    collapsing 
strength tests. 

The investigations have    ohown that the maximum strength 

«f briquetta,  containing anthracite (200-210kg/cm2,100-11 Okg/cm2 

and 120-1¿Okg/cm2) and made of the    concentrates "0",  »Q»    and 

"M" i. obtained when the    binding agent ammounts to 12,10 and 

8 % respectively, baaed on the    concentrate weight. 

In the case when   petroleum coke is used the beat 

strength    of briquetts (l50-160kg/cm2, 100-11 Okg/cm2 and 
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•^»i ma 4   «ladine "sont i.i prc„,.nt 
L th.   ehre,    in ana^. of 12i14 ^ 1fts> ^ ^  ,nor   u 

-. <.or.ua. of th. „^ ûf . Wndinß ^ M ^.^    ^ 

•»U-» aaount d.tcriorat., th.   .tr.n«th.f   W,uttta. 

3. JUduoibility .f   e«»«»*««, in .«lid   phfu,„ 

O- eduction of iron oxido, i« «„ .l#etrioal th.„,ril 

-Iti», pr~... i8 tn. primar, ..J.ot .f proocülíi,v;. 

I» connection with t;.i.( t..t. hav. bo.„ carrioù ou, 

».   .tudy th.   „ducti.n of tn. ,WMtllt( ^ „lld   phon(, 

1« relation to t.nporatur. and t.at tia.. 
Anthraoit.  (e6,7W or 0>    8>2Jg J ^ ^ ^ ^ 

Ul.    ».Her and 0,66» of „oi.tur.),    p.trol#UB ock, ( 

•* C, 0,72* of .oh,    s,,» 01.    Ï01.U1# Md 0iW of hoi>^) 

•»*   .«».rcial hyuroen •.„ us.d ..    „duoinc    o^,,,. 

T. .tudy th. offoct of th.    «.thod by .hioh oh«,.«* lo 

pr.,.„d on th. roducibility of in» and titania,   „id.. 

W—>t in th.    oonentrat. th.r. „» t..t.d   . ohttrge ^ ^ 

r.» .f bri„u.t. and powd.,   oontainin« «M« ., . Mducin<, 
>£.Bt. 

Th. lnvo.tlgation. MM oarri.d .ut in .   laboratory 

i*.t.U.tion to .tudy th. «du.ibility .f th.   ..»,.„tra*.a| 

th. proo.oo waa    .tudi.d m a    t.op.ratur. rane .f 700-1JOO-C 

«« .t    toat duration of 0,5-3,o hou«. Burins th. t.at., 

»arrl.d   out at high faporatur». (1100-UOO.c) b..id„ W 
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Ito   «attol «f ii*a «cito«   f*<i««tt«a itom •»• «¿»a «•k»f*.. 

ato    Ito    «xtoal of Ul«iiiu«    uiwiU« fto»   .Aor,. 

Tto NwlU af Ito iat. aliga Uta« e*  u     re duc umi •/ 

o«ao«atr«t«a la ti*    fem •** i<riqi*«iW4 ato    pult* - ->r.t 

6toJ**ft   Ato«   (ft*l«   >)   ih*t  im     ifiUft«iV«   1*4*« Wo«  •.       roA 

«ito« (  l« 70-ê-W, 75-öfe- ami «*)-e»* m^Ufi/  f«r .*« 

«OOCMtrtW.  »0»,»Q» UÍW  »WS«) a*««««««  4« «     to^iftii«.^ 

rana* «f 1100-1 $00*. 

Although Ih« pro««»a in e*x*rl«4 «Ml at 6%im« *•»,.«.** 

alfa t*aj»r*Uti»s (1*00-1 JUO*) »¿uria« * l«aj p«rito •/ UM 

(| tonn) «to «ila Mo««a*¿y .,044*Uly «f «   itoaciag « ;«ai§ 

Ito    o««pltt«    rtétoUae «f irta ««¿to« to« act tota   «ina« 

»•«• XI   nay to   «u»**Má ihm le n^M   ««toiliaa«    1«* 

pH««J7 «l»«-f«miAc    **««W«MI «lai* «to ito »!**•«• »stoato 

iato Ito   difíWo*     wgitm, «4*,* Ito ml« «to   #ii«ai «f 

Ito NMUM i«    to torniate   by  vto MM «f éifftiatoa «f   « 

to******* «**al «to « C*HO<MM   rw*«ti«a   prtomi, 

Tto aaaly*U «f la«   »r¿«t»itoé «to   amlv«jia*ai ****. 

§•   itoa«U«B vivili! itoi a«** »ila ito   itoa*u«a «f «m 

«alto« «1 alga   l«a»«r*ittr«a (iaûO*t|00*€) lato«   il««t alto 

Ito nanti toa   «f Utotoiai «iamito to 
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The extent of    titanium    dioxide reduction at thcae 

temperature*    attain« 10-12%, 7-17% and 7-8% respectively    for 

the   ooncentratoa "0","Q" and MJ,1K". 

When    the    concentrate io reduced with a gaseouu reducing 

agent ( hydrogen) the ratoe of the process sharply    incroaoe 

«ven at 700*C and the    duration of 1 hour,  the    extent of re- 

duction of iron oxides    present in the    concentrates "0","Q" 

and MMK" in a tube furnace    amounted to 37,67 and 54%   and 

with   further temperature    incroaoe it    attained    91,82   and 

69%   respectively. 

This    indicates that the use of gaseous    reducing 

agents      provides      significant    advantages    due to first of 

all high reactivity of gao and    a large surface of    contact 

between    pulverulent    concentrate and gaseous    reducing agont. 

In the    light of an   eventual    development    and   intro- 

duction into production of the      reduction   processes in    a 

boiling bed there was studied a    feasibility to    reduce   con- 

centrates in a    laboratory     boiling bed single-chamber   reac- 

tor with    hydrogen.  The testo were carried out at    températu- 

res of 700,800,900 and 1000*C. It has been   found that it is 

possible to    treat in a   pooudo-fluidized state only the    con- 

centrate »Q» (  the extent of iron oxides    reduction amounted 

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

while the    concentrates "0"   and »¡¿K»    began to    sinter and 

transformed into a   complete monolith even at    ttmperaturos 
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• oí 800 - 900*0 for inicial 0.25 - 0,50 h of their   preecnoo 
in the bod« 

Thuo,  the    carried out toste    chowed,  that tho    inves- 

tigate   concentrates    can bo    reduced in    a solid ¡,hr*ne 
1      (approximately by 8Q?5 at 1200-C with the use of the coat 

available   reagents    -    anthracite and    petroleum coke. 

4, Reducing   melting of concentrates to 

produce titanium-bearing olag     and    pig-iron 

The primary technological object of melting   comprioea 

the    eeperation iron and titanium, contained in the concentra- 

'     te  . resulting in the two    individual products of their own 

apeoific   weights and in the    form of   unmiocible laycro 

(metal and titanium-bearing slag. On the basis of the chemi- 

cal analysis of the    concentrates preliminary    evaluation of 

slag and   metal    composition wau made by means of a theore- 

tical calculation of    iron-bearing    titaniferous concentrates 

• reducing melting. Sàch a   calculation was carried out with 

some assumptions based on a rich   experience in producing 

slag with high    titanium and low iron   content in the U.S.S.R. 

The make-up of melting balance and the calculation of 

a    required quantity of a reducing agent for the charge was 

>   based on t'e    necessity to produce    titanium-bearing   slag 

with 3-4# of PeO    and the following   coefficients of the 

concentrate    components distribution between »lag and   metal i 
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•'.:t*-.   oluw0o, ».»„diu, ü   mmemBU   

* a». TO P.,,u lat0 tll0 nmUT( wä  oaenoaiat ^ cai_ 
ciu» and   ïiroonium oxidoo rrmnln   eMpietoiy in ^ 

A»   «It^ Pi.00eeäa    utaniw„    dioxido io reduced to iw 

«ides, privily t0 ïl2<v Rilproxlmately by w_5w   noü 

to«.thor „ith the    refflainod   unroduced oxiàaa of ^ 

"•*• up the baso of tltadu,-!««,. sla.      Slmil 
'* Biag.    Similar animanti- 

on. a« aado for    anthracite oah. 

Accordio to the carrio. o«,   «talluda!   C[{lcu^ 
.». (TaW9 ., it ha3 beon found( that ^^ 

th.    inveati6ated    concentrato, re,uir.a „^ agon 

"0Untlae t0 1<M1* *-* » th.   ooncntrat.   wei6ht. 

Moratory    i„veetiEation0    o„ th. technoio^cai te.- 

«»g of bonito concentrate» „er. carried out in a 28itwA 

^l.-phaa. enotrie MltinG ^ (rf. ^^ ^ 

furn.ee w.„   provided a   conductive   ophite    hearth, ita 

bath was    lined with a   maCnenite    h^«v      ^ v , Ln 01te    bri<* and had inoido a 
«P*t. rin, wlth .   iimeiQr of 120m to    prevent ai 

interacting with a   refractor,   „ateriai. A fu^. wa8 rrr with 8 "***'" eioet"d- ^ • "~ 
of 70» and   operated in the foUowin* a!..^.   „^ 

***•""    "*•»«• -13» A   withth.    nuctuationeof 
' 200A. 

*• «—*    anthracite, contain^ *,m of oorbon 

- «.25» of .ah waa ua.d .a a „auoi,* wnt throush   for 
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1 

these purpose    petroleum coke may bo aleo uaod. Due   to the 

fact that     teat   meltingo wore carried  out    in a laboratory 

furnace and a    part of carbon   burnt out in the fumar o top;., 

the    amount  of a reducing ujent,  introduced into the charme, 

was 1,5 times the   calculated amount required for a    complete 

reduction of iron   oxidea  to metal and titanium dicala* to 

Ti,05. 

The  concentrates wore    melted by a batch proc«*»n, 

which   provideá    the melting of batches    of pulverulent: c]^vL,v 

aadtupeftha    mixturo of  the    concentrate and a ooliù  reducing 

agent. Uaually 2-3kgs of chnrgo wore processed for 1  n,o.Uing 

operation.  The melted    producto were discharged from    the 

furnace and    processed  into titanium-bearing olas and pic- 

iron« The  obtained slag was    crushed and    magnetically oepcra- 

ted from tho  coarse-grained inclusions  of   iron metal. 

The  average    sample o of titanium-bearing slag and pi¿;- 

iron taken from   sevoral i.iolta were chemical",;•      . lynod. 

On  the    basis of  tho    obtained da tu lor  u.c     .. i>ld 

of slag and    metal and  their chemical composition  (Tables 7 

and 8) there has been made up a material balance for  the 

melting of either of the investigated concentrate«   (Table 9). 

The   test melting showed, that the slag yield  attained 

in the    processing of tho    concentrates  "O'y'Q" and  "WK" 

amounts to 52-53, 64-65 and 5ü-59#    based on the    weicht of 

the concentrate being melted, and the pig-iron yield - 53-54, 
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1 
24-25 and    28-51?« respectively. 

The supervision      over the course of molting allowed 

to find out that theoe concentrates may be procecacd into 

titanium-bearing slag and pig-iron by the   method of     reduci^ 

celting in    electrical    thermal furnaces. 

— -..... j, 

for   ¡neltinj,  while tne    procoaaing of the    concentrate "0" 

showed a    relati.vo        instable electrical behaviour of pioltinji 

due to a high content of iron oxidea and a   relatively low 

content of slag-forming    impurities present in the concentrato. 

Theoo facte made for a high   electrical    conductivity 

and the furnace electrodes work in    specified are    operational 

conditions.  To better the processing    conditions for the 

concentrate there were    carried out. meltings with tho audi- 

tion   of the concentrate "Q", their ratio being 1i1, Thio 

series of meltings    "proceebla   normally without    pulsating 

power load. 

As for the   composition and the    quality of the producto 

obtained by    reducing melting of the    Indian concentrates   it 

should be noted the following. 

Firstly,    titanium-bearing slags, smelted from   all 

the three    ilmenite concentrâtes     are characterized by a 

rather   high    content of    main component (86,1-89,4%   calcu- 

lated as TiO,  slag   rereduced to   lower titanium oxides not 

counted and    a relatively low content of other   metalo oxides. 

The slag contain uoually    14-26% of Ti20, and 14-23% 

of TiOg.  In the caoe when titanium lower oxides arc calculated 

as Ti02,  the content of Ti02 in the slag    increases by 2-5% 
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- 21 - 1 
duo to which tho total of ulag ooaponontu incruua'.•:. up 

to 102 -102%. 

Titanium-bearing ¡.^ : jo, which are of tlm hi/;h,.-.;t 

Crudo by their composition, uro producod from tho codoni ra- 

tes  "MK" and "0", and tho.ix of oociowhat lower {;rarIo - duo to 

higher content of contni..innnt alumina (ubout *v,k)    and 

ailica (above 2%) - fro.a tho concentrato "Q". 

It will be understood, tha., the improvement of Urn <:oaoontra- 

te"Q" bonification techuology with a view of low»'ring 

their content of £Ji02, Al^ and Zr02 may aoauro the uni- 

ting of alago therefrom containing 88-90% of TiOp« 

Secondly, pig-irona produced in the molting of the 

concentratoe contain such alloying elements a3 chrono 

(0,02^ - 0,1£%), manganeue (0,10 - 0,20%), vanadium (0,10 - 

0,50%),  silicon (ot20-1,0„;) and highor titanium quantity 

(0,20-1,50%>aa againot tho uuual omeltod pig-iron«, which 

is evidently due to aomo rcroduotion of alag (the fo.viod 

titanium carbide could chiaaolvo in pig-iron). Tho i.,out 

apocifiod feature of pig-iron particularly tho pig-irona, 

smelted from the concontrate "Q" ig their relatively high 

content of aulphur (0,10-0,20%) and phoophorua (0,10-0,^0%), 

which aro carried into tuo melt mainly with the concen- 

trate and anthracite» 

More through purification of the oonoentrat«a and 

the use of purer materials, of far as the content of 

these componente is concerned, as a reducing agoni, (for 

example, petroleum coke, etc,) enables to obtain pig-irona 

frön the indiai concentrate, those pig irono cuiniaing 



ttuljtàur una    phoophorun J-s   ut,,"« n« li Wie,  WHì^H • 

bottera the    quality oí lì.«   ,,i„oltod pig*iro<«ii« 

Otherwise,  a »poo i a I    uutUtionnl     treukn'Mit   « 

•i» 1/ 

H     r«'*,M i     <» 

iitu    or 

i .1   «à 

*! 

to    refino  thos» frou th^uo     ...iri..rul iupuri li« •.<,  «*<• ./  *• 

carried out by one of the     ....own Bfithod« of  iprrwiu <•,.'     y 

Taking into    conciti'•/..lion a high y^vld of ...  nw     • 

tho Belting of  the  indiun     ... ..centrate«    (0,6*10,^7 i','- «-/l 

of    el&g) it may bo wid it..   feurketing a« a    cot^r- 

duct allow» to    conuiticr. *»»*./ ..»cttor technical ana    « •-«. 

ratings of tita.i.uiw-Do&riu,'; ...luj production, 

Cryctallcopticnl    ii.vt^u^ationo of Ute ti*»>-*>.•>. 

showed,   that their plàuflu cu...iouitio»    Bwk  tho    r*»*éu*,-. 

conventional titaniuw-beuriiìj alago« Tl.« bulk of i»în,; 

the fora of    anoaowite. Th»uv su*y be    obsorved »Süü  ^.»ntiuro 

of ilaenitc (in the foru •*    thin   fringes around th«    .io«.o»,t« 

grains),    gloaay material unu    ira«   setal la the fon« Oí" 

solitary   reguli. 

It is pouaible to    obtain titanio* tetroehlor.w«  rol lo- 

wed by    tltaniua dioxide p.,    at or Utanittsi aetal  i'/v.u hit« 

one 1 ted titaaiua-bearine *• 1... :-> by any town induutr.u. ^thou« 

After upcoial troatr... ,»t carried out vita a tri* w of 

giving an easily sulfuric uc^a-leaohoa'    oryotal uno , 

(quenching) to the sla£o th*y uioy bo usee aa a mw note rial i# 

produce tltaniua dioxide    hy tao    Malfarlo acid so thou a« *«11« 

Thus, tao investigations oarriod out la lobar«to*«y eon« 

dition» showed, that it is /oasible to pratuee two   p.^Uucta 

from tho Indian llaonite    concentrates ay tho netho* of roanola» 



WlUAi    »i*» ta* M««  «f aant.^tUaal  Mil« raéaain/; ft<1. „u 

(MtkTMlt« Me ala« palr*i,,ä,, «,**«, j^M^ gtta «anla, ..*o.)» 

tatas t«e pratiuaU; fe.iRs Ut.*.-.*ua - farina alag nod ¡»ij-imn 

•4ta»r «f «tiieh noy a« aurkn. u aa a «ournial    product. 

ïte •ra&aátfaU«t» ©f  t...   industrial protoni,,,; or  u» 

iaiUaa aimât«    ©aaaaiitraUi»    ooorüin« to tfee    a«v«uo: ,. « A« 

ta« mm flaw chacta    far ©au.nin* ha«A UUnlua-toranr.,; ulrwj 

•ad p4«-ir*B t«jf Maura lì» foUaakaj    taatatlv« *..;n rf..¿»¿;« 

far Ite ailUa« *r»a«aa %•   p*%*»aa Utaalua.» taring oi«l4Ì ami 

1. ?it«ali* «¿axèa*   «<aa#»ary    fra« ©eneriuruuc   inte 

»•il 2. CaapaalUan af i..a    «anoaatrala« *0«, %" ¿..-.d 

#•»   1 I   * natural alan - n,>1| 1,ê0 «ai 1,ê0t mp»cüwl/, 

$• Haar   eaaoufcpiln.i *n u* aalUag ef tha co,,cantra- 

tea •©*, %* ana "LK" par 1   i of natural ala« - ><ttft>»y/UUl 

ajOMSOO «ai 26ÛÛ-&J0Q kwUt i«.ajxjcUvely, 

4. Uccucing agent    uonöuafUaa • 0,140, 0,125 ani 

0,125t 0,200 má ü,¿¡¿> par 1  .of natural ala«, 

5. Cenaua^Uea af   ,. rapan 1 nei   «le«trade» p% r 1 t af 

•Uf - 0,0>0 • 0,0Wt. 

*. ric-lraa yieii p*r 1  t af ala« eatltei tnm tha 

ttretee •*•,%• «ai lut« . 0,ê%, 0tf« tai 0,**%. 

1 

« 
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Chaptor III 

Production of titanium tetrachloride 

Titanium-benrir.g slag omelted from tho indimi 

concentra ¿es "0", "Q" and "wC" in a lafcge -oizod laboratory 

installation after   magne tico.1    aoperation wcro    mixod with 

• ¡ petroleum coke, coal-tar pi¿oh and    sulfite-cellul.000 liquor 

in    proportiono approximate   co those    used conventionally  in 

industrial proceaaing, 

^hus prepared chargoa were    briquetted    in a laboratory 

hydrolio proao  nr-10 at a proaaure of 250kg/m2 aftor which 

the    briquette wore dried in a drying cabinet at a tp;n;>r>raturo 

*! Of 1Q0»120#C and ookod at 800°C to removo    hydrocarbons • 

; fto ooapooition of the coked briquette is given in Tabe le 10, 
« 

• Table 10 

Composition ofb coked Blag briquette,/» 

'• 

Slag Ti02      PeO    A120? iji02 CaO   UgO    LînO Cr203 ZrO,, V,,Or       G 

*C%" 0M 69,17 2,45 1,82 1,47 0,4-5 1,85 0,24 0,04 0,00 0,18 24,0 

"Q" 69,16 5,29 2,16 1,62 0,39 1,48 0,29 0,09 0,05 0,17 24,5 

"HKM 66,92 2,59   1,67   1,27 0,44 1,72 0,31 0,07 0,09 0,15    23,3 

The ohlorination v/aa carried out in a laboratory instal- 

lation   somewhat   simulating industrial prooeaaing installations. 

1 



The procoso was carried out at a temperature of 8G0-O0O" clJo- 

rido consumption waa within I.V.. limits of 650-600 1/h. Vho bri- 

quette mode of the uluG »0» wore chlorinated during Ö hours, tho 

briquetta of «Q» - 7 hours and the briquette of "¡iK" - 6 hours, 

Tho composition of tho    obtained    commercial titanium 

tetrachloride and the    overall composition of the chlorination 

products are given in Tables 11 and 12. 

Table 11 

Overall composition of solid ©hlorides 

/in weight,^/ 

Slag AlCl5PeCl5PcCl2 ZrCl2 K» Cl2 Mg Cl2 Ca Cl2  Cr Cl. 

«nu 0» 24,80 26,80 5,^0 11,80 3,40      22,80        4,50 0,40 

Q" 50,80 23,80 6,20 12,20 2,80      19,10        4,20 0,80 

M»24,70 28,60 5,40 12,90 2,80      19,60        5,10 0>60 

••m» 

Table 12 

Impurities    content of a commercial  titanium tetrachloride 

(in weight 2) 

Slag VO Cl2    Pe Î.I11 Cr 

"0" 

«m» 

Si 

l 4 

0"    0,142      0,042   0,002    0,0005        0,012 

Q"    0,170      0,0015 0,0C?      0,005        0,010 

"MK- 0,126      0,001    0,002     0,005       0,11 

Sn Al 

0,001 0,001 

0,001 0,005 

o,eei 0,001 

« 

I« 
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Tablo 1} 

Choaical comporlo« of   «aidue (in W(!jcl,t ¡j, 

«U. TIP, P.p S1p2 Alz0? Ca0    th0   ^ ^ ^ o ^ 

"0"   9.9   0,18 14,3 0,32 0,31 0,35 0,03    0,11 0.0J 52.7   ,77 
»«»  5.8  0(26 13t9 0>J6 0iSf 0(21 0i0j    0>12 0i0? 

m   ?'5   °'6» 15'2 ».5* O.** 0,21 0,06    0,06 0,03    56,5 17>3 

Table 14 

*t«ui ui«.. f0P  0hl0Plnotioa of uton.um_ 

I»«*»«   „lag,,, „itoi from eoao.ntratOB   .,0,vv,   mi ii;;;;n 

Balanoe    item "All »r\n If'TTH t"TT| 
llllk 

e 7* s % a /° 

Chargedt 

Coked briquotta 1374 

Chlorine       1762 
^2,8     1293 

57,2     1807 
*1i7   1257     43,3 

58,3   1&4.7     56f7 

Totally 

Produced s 
3076 100 3100 100      2884     100 

Commercial tita- 
nium tetrachlori- 
de 1795 

Solid chloride 
of duet chambera 31,0 

Condensed pulp      366,0 

58,2     iaoo       5Ô|1   1799    59|0 

1»° 31,5 1,0     29,5      1,0 
1-»0       376,0       17,4   368,0   14,0 

1 
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Table 14 ohov/o  tJio overall material balance  ..r ohlorl- 

nation procooo,  whore  tho quantity of conaumod ch.lori.ri.,-  if» 

calculated from tho actually obtained titanium totruchlorifto 

and solid    chlorides,   counting chloride      looaoa carrind  a way 

with exhaust cauco ao hydro-on    chloride. Tho 3 at Lor    vaino 

was determined counting tho    content of KCl in oxhaunt «-anon 

of induotrial enterprineu.  Vi.o quantity of exhuuut &ir,*a war» 

calculated from tho    proportions of CO and C02# in oxlmuot 

gases and    quantity of    concumod hydrocarbon. 

Accordine to the ovorall balance  (Table 14) ciionical 

composition of e tartine "ad final chlorination   producta 

(Table    10-12)  there haa boon   determined the    titnnium    ma- 

terial balanco  (Table 15) und   calculated the    consumption 

coefficients (  Table 16 of the   yield of main chlorination 

products. 

Cablo 16 

Main conaumption coefficients in tons por 1   t of 
titanium tetrachloride  (tentative) 

Slag Briquetta Chlorine51   Copo,v       Hydrogen Coke Sulphi-      Coal-tar 
powuw- or sulphide te liquor pitch 

»»0" 

»n« 

0" 0,735 0,95-1,05 0,005-0,006 0,005 0,240 0,0?5 O,O¿0 

Q" 0,715 0,95-1,05 0,005-0006 0,005 0,240 0,075 0,020 

ÜK"0,715        0,95-1,05    0,005-0,006    0,005 0,240   0,075        0,20 
«tiifii 

x- chlorine    conaumption is   uacuaed without the utilization of 

chlorine,    contained   in oolid chlorides. 

1 



Accordine to the co:.ponente content of nlur-ii-.v; 

briquetts and unchicrinalod ronidue there lian boon calcul/,- 

ted the extent of ohlorination of titaniura (96-98ÍÍ), uilioa 

(öO-84#), aluminium (93-96;.'.) and iron (95-97ÍÍ). 

The chlorination extent of all the other co;aponentu 

is rather hißh and evidently amounts to as lov* ao 99;». 

The yield of solid chloride's in the chlorination of 

the "O'V'Q" and "MKM is given in Table 17. 

Table 17 

Yield of solid chloride in tons per 1t of purified 

titanium tetrachloride (tentative) 

1 

1 Product 
Wane of slag 

MAM 

Solid chlorides      12O-1J0 

Unchlorinated re- 
sidue 40-80 

MAM 

130-140 

40-80 

120-1^0 

40 - 80 

The purification of a commercial titanium tetrachloride 

from   vanadium oxychloride and the    dissolved in the liquid 

light-valotile impurities and gases    gives pure titanium 

tetrachloride    suitable for the    production of    titanium 

metal and titanium   pigment. 
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Chaptor IV 

1, The  indimi    ilnienite concentratoa "0","'-/' and  "ï.'ii" 

obtained    for    technological tenting in    laboratory    condiLi- 

ona by     their    granulome trie composition    are in  Uto    fonti 

of fino-grained, free-flowing matorial,  the bulk of v-'nioh. 

(92-97%)  io    v/ithin the    particle size    ran¿;e of -Z>Vj ••0,10mra« 

As for their    mineralogici\1    composition the    concai ¡-.rateo 

differ    both by tho content of main    minorala and   ir.nur.i ti.ee; 

97%    the concentrate "0"  ia    ilmenite and tho    concentrate 

"Q" io    oxidised to a    considerable extent and almo.;t 70^ 

of i+ ia in the    form of    arisoni te and    loucoxene  p. in neo. 

By the extent of oxidation the    concentrate  "I.ÍK" io between 

the    unmodofied   concentrate "0" and considerable pxidizod 

concentrato "Q". 

2, The baoe of the  investigated concentrates ia       the 

total of iron and titnniina óxidos (91-95%)»  The highest 

quantity of    foreign impuritiea, mainly in tho form of aluMi- 

na, silica and    mugnosium oxido  in   present    in tho concentra- 

ta "Q"  (9,60%) and in tho    concentrates "0" and "MK"    their 

quantities are    somewhat lower (5,29 & 4,76% respectively) 

Those  data ahow,   t};at it is necessary to improve  the 

benefication technology of  the    deposit "Q"  titanium-bearing 

sande with a view of    obtaining    concentrates having a lower 

content of alumina, a il ic a, .aagnosium and zirconium    oxiden. 

The    epecific    weight of  the    concentratoo varied from 

4,^0 to 4,66ß/em5,  and the bulk weight from 2,51   to 2,GOg/cm5. 

The concentratoa sinter at temperatures of 1265-1 ?f>:;°0 and nie It 



- .51   - 
# in the rango of 14í)0-1¡X>0°C. 

^ 3. The concentrala oro    readily briquetU.-o with 

a solid    reducing agent (antracite and petroleum coko)    with 

the use of oulphito-collulono     liquor BO a    bandín;; r.,-:'.nt,lho 

conoufflption of which    amouuLrj  to 8-12% baood on   Urn r.o„cenlrn- 
to weight. 

4.Tho investigations of the    concentrato.! réduction 

in solid phaoo showed,   that  n high     reduction extent of iron 

óxidos, present in tho concentrate (up to 81-89,;) may We 

attained at    temperatures liuO-1300»C in the ca.• or uithrncitü 

and    petroleum coke used at  v. reducing agent,  and in -che cuno 

of hydrogen the extent of r^uction amounts to 8ii-fi6;i at 

900-1000°C. 
» 

5. It haaboen found,   that the    reducing multine of 

i the    indüan    limonite    concentrates   givee titanium-bearing 

# slag of a satisfactory quality  (86-89% of TiOg),   the roat in 

the total of iron and    contaminant metals oxides)    which may 

be used for the    production of titanium tetrachloride. Pig- 

irons, obtained in the melting of concentrateti after tho 

refinement may be    also    marketed as a commercial    product or 

% processed into ferro-alurr,iniu;a,   atoel, otc. 

6. The organization of industrial processing of Unio- 

ni te concentrateci according to tho developpod in tho UJoli 

flow-sheets for obtaining hi-h    titanium-bearing slags (88-90Ì 

of Ti02) may    assure the following ratings; 

x a) titanium dioxide recovery from   concen- 
# trat« into slag - 96%. 

1 
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f b) consumption of tho    concentrates %",  'V and 

"MK"    por 1   t of natural  ulag - 1,95; 1,60 and 1,50t 

respectively. 

c) power conouiuption for tho molting of tlv¿ concon- 

tratos "0M,"g" and "MX" i>er 1  t of natural slag - 3500-3700, 

, 23OO-25OO and.2600-2800 kwth roepootively. 

d) reducing nsont    coneumption (anthracite) por 1t 

of    concentrate - 0,140;  0,125 and 0f125t or 0,275; 0,200 

•nd 0,225t/t of slag. 

e) consumption of    graphitiaed   «leotrodoo per 1t of 

•lag - O,05O-O,40t.' 

> f) pig-iron yield per 1t of slag,  smoltcd from  the 

concentrato "O'V'Q" and "LiX". - 0,64; 0,37 and 0,f9 t 

raspeo tively. 

7» Testo carried out    for tho    chlorinotion of the 

« slags,  obtainod froa tho  Indian   concentrates "O'W and 

"MX" showed that the    investigated slogo are oimilar by 

their naturo and    suitable for tho    production therefrom 

titanium tetrachloride by  the chlorination   method according 

« to the    developpod in the USSR procedure, assuring satisfac- 

tory technical and economical ratings, 

8, According to the  resulto of laboratory tcchnologi- 

oal testing there have been determined    tentative conouinption 

coefficients of chlorine copper powder (or hydrogen oulphi- 

I dea) coke, etc» and also yiold of main producto per 1t of 
ê 

1 
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purified    «tanta.    totr^Uorido which m, be ,,„„  ror n 

preliainary    technical rmd    „conoaical evaluation ,r  ümm 

kind* of raw   mntcriala. 

In tho    induotrial ji-ocoooine of tho 0la<;„ "<,".,"u" n,„¡ 

"»"    «- tentativo    rocovc-y of    Utaal« fron,   ookc¡ bri- 

«M«M. into    purified titanium    tetrachloride .¡.ou.!,. ¡,0 o.(r,c. 

tod at tho lovol of 9» a„<i    chlorine consumption pò,- 1t „]• 

titanium,  tetrachloride   WMlnt0  to 0,95 . 1>05u „^ jiwi_ 

»ione are »ade to   utilise    chlorine,    contained in    chlorIi, 

»•»t.    producto and    exhauni. ^cos,    chlorine oo,„poCition 

nay tie   oorropondinGly loworod. 

Purified titoniUB    tetrachlorid. wf be uoed for the 

production of titaniu» dioxido ?ÍSMnt „4   wtanluiì| motRl> 

1 

1 

Director of the Inoti tute 

Condidate of Technical 

8016,1060 f> &*++**//*.* OGOT/ f 
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