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MObCL  LABOI'AT* :RV  FOR   TESTING   BAÜX'Tt:,   AMVJ'.A   AND    ¡NTüVU-niMK   PRODUCTS 

Raj J n<ii i   Marini ha 

ry 

UuJy   i:-   p  < pared   as  work  paper   i   r  ( on-   Mí,     • n -1 )''    <>} 

•< i te  ."•] ur:i i iia  Testing  Laboratories,   set   u^  i>\   in. if! • 'us   indust- 

:   al   'y-velr.-v.n'-.Tit   Organi sat i on,   Vj<-ra     -.ith   tv|Ksis   'i -'i;-r,; \ . r,g   m- 

lormatio!'  rii'p'i»'d   for   detailed  feas i hi : i i \   stuü,«s. 

fei 1 owjrsç  fi   short   description  of   baux •"•   -.í p;.- i i • • a t i   <u'-.   • s-ilif-n'    fia- 

tures   of   the   main  consuming   pmcr ss'-s   -:s   i  itl.i   i,:-; i ¡T  '.      ••..''•   sp-"  iii- 

c.atinii  dcvinds,   variou»   testing  i equ i lenients   I .r   Imuxiit-   *•• • "   ht en 

^tfi1 v M (i     ;    ' h   for   immediate   ami   'utu-r-   •    •-   s     ".'i «-h   •'•<'•   ;•••  • •• '<i    •''    te- 

li •    ji.'ijiie   L.'iiMimed   for   alumina   pruda   i ; ,. :       .   t.ii : \>   a.'.p* •«. '.   i ri r»   ' <>u- 

:• t j t M *"»••• 1   '|v!   '-^ntre   theme.    For   alunni,*   w,<;i    •!.•;      ' "-.•>,   ^•»••st,   i s   -MI 

feat ures roncerned   with   the   al umi rii uri ."e!, al   proibì.- i imi   *•:•       I   AI ,-nun ti» 

/or   'i'  pf.i   pn!   alumina   producer!.    ''•• '.el I'VIH   ••>)'    •; • :     ¡     i. ,   ts   in- 

•' ivjiOS   pr '..f i r ahi 1 i tv   bue    reqlii¡v<-      ..'MIS   - e   •<•-.< a rei,     .••,.   '    primary 

< i-'f,v: . TV? ment  lip•,   in   addition  te   ] o<.  ¡« • •     -.i >Me   ; npu • i i ••    •-  •<. ! s ,   is 

" at   ut   ,.>;vs;cè.'.    -haracteristii-s     »iii'i    -HI.    atwn uoii  l.'.   .   :    -¡merit   of 

p¡ »>c-« ¡j 11 at ' OU   .¡ad   calcination e ondi fi on s     main   iritprcsi   d s   feasi- 

bility   studies    : .s   to   establish   thy   pt .'Ktuc T.   purity    1 • n i . -       '.-.»•   tf cl'nulo- 

(ç ' rr »s ì    test.1?   described   for   general   prr ••••;••! t -â t. i on   behaviou:       i,dv, 

coupled witti   research   facilities   ¡¡ìiiiiaK  I   in   the?   dt. s< tip*.  >     o     Re- 

search   Institute,   will   cover   the   ,ie   aio»:    i ¡A est i gat i <u   * •       1  r; •      e 

we i i . 

Online cf  various   analytical methods,   both   for   bauxite   ai.d  muds,   pro- 

cess   liquors   and  alumina,   as  needed   \\i   exploration  and   technological 

evaluation has  been   given.    Considered  -ire, 

a>   "lassical   chemical   tests,   which   a»,    sull   most   commonly   used   for   the 

major constituents   analyse«,   and  ai<->   provide   standi' i   values   for 

,« cal i berat ion of   new  faster  instrumental   techniques, 

b)   spec 11 ophotometri c   and   flame  phot "-net eie   mot h od s,   ine'uri 1:1«   atomic 

-.jsorpt ».ou,   widely   used   for   'mi,   >•    impunti' s   «s¡ ;    > 

i. 
,:)   x-ray d, ' .rae*'i on   used   for  seni 1   onanf 1 1 a 11 te   i denti <'    m   of   species, 

aid  x-rav   spectrograph/,   becomir,.,   increasingly   popu. •"•r   general 

analyses     elemental),   specially   for  bauxite,   muds  a.-. imina. 

x>-   S.A.V.A. ,   SôOietà  Alluminio Veneto per  Azioni,   Divisione ALLUMINIO, 

Aiuiiiina  Plant,   Porte Slargherà,   (Italy) 
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cl)   Mi,-.p,copy   and  ^i ff«.,,,!:.!   thermal   analysa   for  bauxite  and   pr,cipi- 
tati en  studio«!. 

Examined   fnr   .       h   ?h ,,,,..   .. _• 
*«>•».*   -t.- need  and  scope   for   individuai   application. 

Sortion  on   '/Cr.moloW  T,s<s"   ^lude, Such   laboratory  test,,   whic-    help 

Ìli! I""   h,:,ad   l"^&   'd   a-ters  for   final   pxlot  plant  studies. 

lec  si-1       e:   abUSh   q,a1'"   —ail- of   the deposit,   help inve-u.ent 

p!"'  r   r   req'lred   f"*Xlb3Jltv  at  dlff—*   stage,.   A  well  conducted 
rynen'-W',0'1?"1','*' ,y  t'l'l"r','U "" evaluated«   ca"  -horten  the  subsequent Xperi0jW!   pil(t   P,a'-''   '-rials   considerably. 

For  pjlot   f,;c4i'(   tr^:s   scop-,   considered are 

*>   over.,!,   ;,f,te   of   n ;OWn  art   of  bauxlte  pi.oce„ing 

b)   «penalised   «s^siüi.rn   iv.-ülable 

from  nt.^otiKl   M^i.^nr   vendors   (working on competitive basis') 

O   relaMv,ly   *m;, ; ,    influence,   under  practical   circumstance.,   of   the 
tfCiiLpmeni   cost   in   overall   plant  cost 

d)  rial-   fact.-    fr,*  b.-ic  graces, complication during the  plant  »t.rt- 

f)   cost   cf «uií]lsíliI1g   the   facilities and  operation. 

<-tin,ous 1Ui,  pilf>t   planl  trialf are  nefcded   toestabllgh   tht overaii 

;P1P       ¡J"    ^ —  "*   i-^n  unexpected extreaely expensive 

to a     ; I   t S   the  PUnt   3tart"UP-   Ihe   *""*"•• *"1   correspond 
! ,K mMl"Ure   a! imina PUnt'   Ver^ -11   instrumented,  ».„^d 

rl«\!   , °PeratÍng   8nCl  ma,ntenan^ Kan8-   Thus  unie,,  the pilot  plant 

eirbJ ::r:; :
ext u an —tL- »«*• « — - *».r ;0 hav: :i 

t > hui L '  COnd"°ted  at   ir' *1•*  «tabliehed centre and wait 

at  a    II;    t
S  °Wn Rft" the  firit Plant ^  bUllt-   Thi» P"ot plant built *ta ,   t„   ,t.fce  ,,ouid   profjîaMy serve to investlgace Qth9t 

~te  „banges  on   the   runnm,  plant without  production   loss  ri,K and   also 
^velop  special   products.   Criteri, for  selectinE the   outside party  tor 
«. t-rl,  have   been  listed,   and  al,o son, general  consideration.  L 
awning  tne   iay-.ijt, 

^fr.Pndrttendä  WiL"    i'3r;ripti0n *f  Pintles and  requirent, of  are.   , 
etite. "*      r   3 n0del3 0Í 1*bor»torl- to .„it,  different  circus,- 

1 
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MOIÄL LASO,ATOF-  ^'''•-^ BAUXITE,   AV^'Jâ,  TCTPWSHIAT3  PROHICT3» 

K1LL  su  ^y'lrKa^T.   MET H'J I'    -^3 OPERATI PUS 

•taiindra Mc\< 

• 
The next  few y, -ar* wi .1 see a phencr«mal growth of aluminium pro- 
action,  a :.fe  b .., r ;ent exponential  rise,  with almost   correspon- 
ding rise in a,->.-.:.       reduction,   most   of it produced from bauxite. 
The  develóme   ~.-w.:   •. s which  own  ab.rat  ?C oorcent  of  the  world 
bauxite  ...9V  .^t;-:  hn..,   obviously  great  benefits to reap if they  are 
«-ware  of  v,u : '       ap;.l, cation posi*bii^uos. 

Vuch   .- the  a T-'-au-   producine   fíclitaes will be  located close 
to the .etol ,ür:^r.riJon centres,   mostly developed countries,  under 
tho pressar,,     ì   rar^ing trends  f.n* ever-prosent  regional protecti- 
ve  tarrifa.  Px-f ••V.íJí. V-•,  9ù perce../;   of   aluminium production come« irom 
f ich  are*.-j.  In  ^r.  '-i rcumstanceb,   -:he  alumina industry  in developing 
countries «1.2   i-   ^)1  to be  export   oriented till  their indi3eneouc 
i «-sal marker   -r   -   '--r,-« enough.   "> ; '   t ambitions  carry with tham 
challenge ni  ,••..-.*, ,;uig low pro.'a.  .on co rite and high  dependabili- 
ty.  The"cost con-ii.i.ations favour   i=.rge size operations,  in which 
••';-i,e  choice of ?i?ht,   type of technology and processes  compatible, 
with indigenes,  coitions,   and  rational selection of  safety  Í actor 
for the desire    «utility become,   critical. A large  safety factor 
-hosen on tho '. "\ ?     ~oc-ss paranftU-r out  of T*.nic in the  absence 
of sufficient  l'a .     "ease« the  costs at every level, 

me  singl* Wrtant   variable elenent  influencing the basic process 
parameter« o.  aiu-nm, production is  the nature of bauxite mineral. 
Thu« the impr.r-.-r^e    f an early establishment of adequate facilities 
to provide euch   ...w ladre oannot be  overemphasised for the  developing 
countries, hardly any   of which can boaet of an effective one  so far. 

2.   ^.Ucations of E* • "'j± 

Typically,  baux.*e i« a weathered product of aluminoue rock«,  con- 
sisting mostly rf   ...iminiu» and iror. hydroxides, thoufh some depo- 

Hotei  The opinio..« expressed herein  ¿re strictly personal and need 
not represent  any particular  official thinking. 



•I*a       nf.'jfi substantial titanium-oxid** minerais»  *'.->,ior common impu- 
re ti«.   .*"-3  ;-.qu«ous aluniniuBH-silicataas   ir- ";•  k,. o Uni tos,  <raarts 
w    . T: ¡uno  ..'V^ta,  Othar minor ir-v-i.-'' -. j ar.i  organic*,   oxidas 

. f   va   -„..,>.m,   caiL'i.",   sine,  eorsm^ine^: nie- ,     .e—iium,  mangan«:»«»t 

vl.iJB;;-V-..--.-ct   fi.'iorid'i and ar¡2«nio.  Th* baux .  .3  valued iioatlj   for 
.  '.. •   t, i-... nil  content 

'Lt.  ;..';    -ipal :i3ij  of bauxita may b«  li sta e. .is; 

• 1   t. '• !   .       production fer maJeiniT alum: r.lur. 

0   <*•"'  "    '•--*   '.oí'tly alums and sulfate-;,  ";   J:  ±n wat^r treatment, 
ch-.-c^: -  i,r.d ynarrcaceutical induatry. 

4;   *;        t  wodu. ' •' '.;•   of aluminium  .ilio;'•. 

Over     ';      ..:.«t  of totil bauxite nrodu .:•}.:    ..   u^d  in alu/rlra produc- 
*x'1   ' .-«ni of such larg» propor-tre-, ¡-o, r.g ..rito  alumina pro- 
düc;. i-,    v-'li o in c i nu« daspita inferas t:.ug    «v«.. Icp-ricnt j m production 
oi* &:   r T'   •>'  ;••'•i' «"-" alloys direct   frum \.',::a  and aluminium "by 
chl^r. • ;-'    .:„ r -.-.-ì* 

'Ph* "'  "••   ;'-    v'-'ac.-f   for vari out applicai-, one    ,ie   det<?rnin«d by th* 
nR'u*''"   l-"   iT": •arj.t.1*» .3,  tha ma ani available   : • r treir removal and 
posi-iLlfl  alternate«, th« latter factors e-'pi.únine ¿¿i* larg»  speci- 
fication  .i.LÍf»:«»ít,:9s fron country to  country.  Indian convention in 
f;i ven v 'i- w  for an «xampla ») 

'Jra 'n A1.0, % 3iO,   % Fa.O    £ TiO,  °¿ 

KQU": 51 1.8-2 6-11 8-11 
Cr,°r":i '*al 57 1.7-4 1.5-3 'S 
'.'...   rectory 50 1-5 4 12 
Abras.;, ve 30 8 15 2 
..tel 59-61 2.5 3 0 10 

Miei-'1:  Features of  "rixif Coneuminff Prorc^M «3.3 Influencing 
Bauxite   'Quality De: .nda 

*•*    ¿>oda teaching (Bayar and Combination Processes) 

Practici.llv   all  the alumina ii produced by leaching cut alumina 
oortent  of the ground bauxite in the hot with caustic alkali,  COP- 

1 



I      * 

monly called £ayer pre-3« ER.  Ir.ong th«  impuri tie«, iron and titanio»- 
oxidas    remain almost una stacked.  Silica, other than quarts,  mostly 
dissolves and then gats precipitated out in various phase« of opera— 

"aitine, «¿i--'---.   •   th it an  ïqulvalent aMJuut  of alumina and soda« 
• i   Ua,Ti- savi ¿;-„ i : : a m. oxides parti/ dissolve,   to the extent  depen— 

""J-v.   V.1 the M'/urs   jf  th* mineral  and  seventy of the  leaching attack. 
T;a  oi\;anates ú-igo vrate into various  organic acids and salts,  such 

•;  oxalates unì  carooratas,  at  ta« expend    of soda.   Limestona react« 
>. j  «invert   -votiva   caustic soda to  motive sodium carbonate. 

" 'iy  ila.'Tiira containing liquor called "pidgn l.-it  liquor", is charaot«- 
. i sad  by an exceptional   .»vraa  of  sn-ör^ikurati on and ha3 to be con- 
ducted ander carefully  control ltd process condition d«oign«d to mi- 
nimi..;-  alumina precidi tat ion lading the   ¿eoaration of insoluble 
impurities,   called  "mid",   ty  le*, mtati on and filtration.  The alumina 
^ s   then .rî,w</arùd  by cooling the impurity~fra«  liquor and agitating 
it  witn earlier precipitated alamina tri hydrate seed. Th« praoipita- 
tion procès« is one  of th~; critical steps in the alamina plant flow 
sheet development,  beoause the precipitated hydrate ha« to have défi- 
nit* grain «is« and structura to enable  its economic ««paration from 
*hp  v-fsnt liquor,   provida  just  sufficient seed of th« desired quality, 
•.:•!. yi'ji.  th«  finiij''. ri calcined product  according to  set physical 
ma oh-; :icai  apoci fioations. This has  to bo done with Minimum compro- 
r,ii^ing of conditions   ;on.AU¿¿v;!  1 • maximum yields,  all this exoerci«« 

'. quiring detailed knowledge of  bauxite  composition. 

Tho  precipitated alumina is ther. separatod from the mother liquor, 
-öl.*.!»! cpant  liquor,  ly    t .-.cintati on and filtration,  and caiw ned in 

rotary Kiln to give the  product  .-.lumina. The «pent liquor i«,  recir- 
culated to loach further qu;-i,',i ty of bauxite after evaporating out, 
if necessary,  the  extraneous water introduced from th« bauxite  (mol- 
ature  content and  water of hydration of th« alumina oxide«)  and that 
used for soda recovery from tl<j mud and th« precipitated alumina hy- 
drat«.  A causticisa+ion procaz consisting of treatment with «lak*á 
lime,  is included to convert the inactive «odium earbonat« formad in 
th* rrooess back to cau»tic soda. Certain plant« produce consistently 
from the  spent liquor substantial quantities of vanadium «alt« and 
r c-   aü ai  bye-prooi-   ts. 

Tii   '.¡.e  p. eduction  costs,   raw notorial« constitute the  largest «ingl« 
item.   Bauxite and caustic soda krenerally account for 80 pareant of 
the  raw material costs. 

CauBtic soda is oft*n the  leader wh«re  bauxit« is not transported 
wv*r long dictancea. About 70-30 percent  of th« total «ausile loss 
romes from silica content  of the bauxit«. lesides,  «ilio« l«ads to 



another important source of losa by tying up an equivalent amount 
if alumina making it unavailable. Thus silica contant has long been 
Hocopvsd as a master criterion of bauxite acceptance. 

Alumina indurir;/   continuously worke to <ia\t>-•./;.  processes unci modifi- 
cation:;  Wiiich will  allow ti con orni c working of hi^ner   uilio* containing 
or«»,  Ime au se  xh« tonna^-e   of bauxite resource!    J.I creasen very faot 
with PVfcvy   ain¿'la perçant increase in  the s, L. ca oonten;  acceptabi- 
lity.  Thus  th*»   ulica accaptability lavala hate»  continuously ri&en 
and bau ci (-es containing 4-6 peroent  silica are  being freely used. 
..¡one American plant« U3S even  10—15 percent ¿x lie a-c ont ai rang Dau- 
xites.  The  !>uwceat  has come  from twj :; la3  ''a 1   botter unters-1-"-J-n<* 
of the reactivity of alumina and silica content  of the minerals, 
ani the desi location process which prevents silica contamination of 
the fini.ohed product  (b)  development of the BO  called combination 
processed which recover combined soda and alumina of the mud by cal- 
eining sintering it with soda and limestone.  Direct  sintering of 
high silica containing bauxites with limestone  and soda followed by- 
aqueous leaching is also being considered. An important requisite 
tor favourable economics of such procesaos if? the nature of sintered 
product,  which  should require minimum grinding and be relatively free 
of duns in preparation for the subséquent leaching step.  Ideally,  the 
sinter should be s-îlf disintegrating. Identification of  the mineral 
constituents involved and studying the pojbibiiities  of their inter- 
phase reactions at various temperatures could make remarkable break- 
throughs. 

Increasing attention is also being give*4 to other possible benefioie- 
tien prooeeses to separate silica impurities. 

Mention may also be made of growing interest in diasporio bauxites 
which were generally considered unsuitable for alumina production 
beoause of their very poor solubility in practical range of caustic 
oenoentration and temperatures.  In some cases,  heating of ores to 
600 - 700 °C leads to certain phase transformations making thsa reac- 
tive and easily soluble in caustio liquors. Sintering with soda also 
makes the alumina contente soluble.    Of great potential practical 
interest in th« ¿ante context is the pilot pxant  tmocess reported on 
high temperature bauxite digestion (at 2Ò0 "C and above)  3). 

>•*    Aei» rrocess 

•The unsuitability of alkali leaching process for higher silica con- 
taining bauxites has led to interest in sulphuric acid leaching pro- 



cesses.  r>ìlic>. renutira generali:;   ": ;••-••<• 
are   ox1 deP  of iron,   a-lkfli .pet...) s..   ,'j 
nume   the  acj o  a.''d   need more invo.'vi-d 
for their tiuhferri'.j-nt, Fepr.ratior. 

.t,ic a.urirunm ^• bate, K'rdr.h 3 
, r.,duct ai.-.mina, re released •>. : 
< .. •-.-rpiicr. in thu   ¿.-pent   liqw-" • • 

•    :,-sh  at,;ack  of  thr»   bauxi*o.  "he     * <.•. 
rue  basic sulphate precipitation  --r.' 

.i:o.   Objectionable impurities 
.;:;':'"••••   alii  limestone  which  con- 
•i »-.!-.:cal  ^.paration procedures 

• r? í i:i t,,..f)d aluminium salt is 
r.:»., :i   u>   -ivi,   the  finished 
i-  ,•*?-.;••'.;  •'.: B   re/ienerated by 

:    •   :ujtiblo   for  recycle  and 
r-ou^-i^fr critical  study is 

Calcined b;,ux 
torie F - 

are  used lar 

For  chenioai  composition,   ir/por 
of ox i. de s  of iron  cnu. eukal:   me 
of  the nate:""'...*'.,   and also its  :•• 
Titans r.outeiii   will al VO'-.O' ..» 

of  rocoi.1,  e\3 cienos   op a "OH t.w .1 '. 

'isOO -  13;;'b>  "l' '   v."'. •'.  f'û:i'9cri:'.. :-  "•'.' 

o ,...,.  -.•iH"',-<í.".v .ing   •.<: ..; en  of  ivix^.- 
Vi on re;.-oru-jbl"5!   for  the  brisk.  d: : 

'Vue T.lnerrvio^; cal properties ar ? :. 
ehrinka^î characto •riotics and •••.-•" 
that   .<L';e  consi 3tfintly   dinensiu; . 

reblo.»  Jdaspcrio   ores ¿tro prefer,-- 

• • r <:;Jr..^r.r high alumina refrac- 

oono; lo--ntions  are  low contents 
wi-,1 ;a  v-.duce  the refractoriness 
r :.:(..•  :.    "r'Son nouoxide  attack» 

-,.1!    tonjiduration in view 
-.•j vu e phoí-e   (melting point 

., o .     .,. meoh'¿nicai properties  4), 
i  ca-bc:; manoxide dissocia- 

;,;'--";; on« 

..-•;• '. ..•/,  for  their influence  on 
..••.•   T. reins f~ mat ions. Bauxites, 

-    •-,.'; .J  calcined product in 
o o   ;:on~i'ijrei extreirly  ^.esi- 

3.4    Production of Chemicals  ani r a . ^ v. ^ut.c. 1   Products 

Most of the oc l'    Is depend on  a-il .vUock of the minerals, though 
chlorination processes wi)i b«  a;.j ..uxng i -portance. 

Por acia: o pro 03 s ses,   low con cor» t.à 
;-i important.   Being rt. lativ^ly   • 
¡jrade hau;,' .bea,   containing ir en a 
percer»;.,    v. used.   Reactivity of  to 
de'-at'*. ;a. 

¡•on.   titanium  and limestone 
production units,   only high 

i ¿an: um oxides  less than 3-5 
•-.; : •••il  :.a an important consi- 

3.5    Direct Production of Aluminiu .• .A 11 ; ::
r ". 

With faut  growing amplications   ^ aluminium  oilicon alloys, very pro- 

1 
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raising cutlets  are expactad for iiroct  sr? Itine; oi' h;.gh  siliceous 
bauxite e in regions of cheap electrical power»  T;^  orocesses con- 
silt essentially of aUgginç out th*  impuri ti.j^ under controlled 
reducing c.    litions  leavi       ' o hind alumniu-  silicon alloy a.   r or 
chemical composition, im.   •     mt will   be à.,a;n.na-cArLoc ratio,   tita- 
nium and i, on  oxide coniti',    J determine  th..   f lu;d ri£ requi -err, >nts. 
Per physicj.i  charactering ;,   the ;; ituro   :?   the  mir.oralô   oi' alumi- 
nium,  iron,   titaruuTi said   .  Iicon,   which influence   the reducibility 
and formation  oí'  désira":) le phases nocos3ax;v    '-T  no-a i slagy mot :=.'•. 
»eparation. 

4t |    Bauxite Testing;    Pe gir, remont s  for the   Paver _Proc3Sò 

Attention as restnewd hv*e to only •.».•>, ',-.'pos of investigations, 
whioh are aeedod to dfc+b.no the technology ana. equipment required in 
the framework of f carabi.lit;; .--.udì 03 on th« .oec-r.sary investments 
«ad operating IOS;J. Tho -^„ura of such i rivesti cations has been da- 
scribed in the usual or o.a.c of precedence requirvi in assessment for 
thi alumina industry. 

loratorv Test Work 

Fir«t and foremost ia H .uablishinfe the  exi^r...   of the deposit in 
tarns of its   Uilica and alunarla  cor.t.e*;t. 

Bauxite  deposits ara notorious;  for their j regular: ty, and  sampling 
ffi d patterns  are  ohoi.e:;  c :n servati ve ly.   '.arge  number of samples 
have thus to be  analysed initially fer bul;.   c-r.;ityf moisture  con- 
tant,  alumina»   iron,   ti.ar.iun,   silica   ^nc Io ,s-on- ignition till a 
wall-trained ey6  ar.d some indirect easier method of grading by  sta- 
tistical technique? ;J developed.  «' 
For test work here,  imph;-::, is on i.,.ced rather than high  degree 
of aoeuracy.   A lirdteò i-n.^r  of rar .pie* will have  to be  analysed 
for ©thar impurities, perhaps ¿t a later dai a. 

Ixitstsnce of inert  diaspri;  bauxite  ha'   ••..,   be established immedia- 
taly UcauLfr ir> the evert   . f   substantial pre es nee   of this  constituant 
•any flow sheets wi • :  be tu raine ted,   r.arrowa i-g down the scope  of 
further studies  su; ..ter ti.-.? J,v•. 

• ) In many casas,   losn-on-igmtion values have provided fair firet 
approximation     index-  In some cases,  specific gravity détermina- 
tion proved quite irdictive. 
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Next in importance is estabiUiurr tae  pr:-,s9*ce  of boehmite,  mono- 
hydrate  form of alumina,  because  tx:j. s  again narrows down the possi- 
ble  scope   of future  process ir, v* & ci gâtions and providea  a first  rough 
!«<"----    -f expected invest* ?'..,. .hyùr.» :,•<-. -ont ai.m   ^bauxites 
reo^r, „lf-ve drastic leachi.ig ;,v .„ • ,-;.V3 ur.c; equipment for their pro- 
cessing . And because of teve-* --';-..-* requirements, causite silioa 
bdhavic.r also becomes more mpnr;;.rLt, 

In the evort  of marciva deposits oocuring in the vicinity of clayey 
materials,   or i he excavated materni  being contaminated with mud, 
washing- t-sts win. be  desired tc investigate possibility of its  sepa- 
ration  Dy   Btrrw-vt-forward washing.   Th;.3 woul;.. require extensiva wat 
screening teat*!. 

For high moisture  containing ores required  for export,  it may ba ne- 
cessary   to  calcire them for drying at   the  site.   Since considerable 
Bignif j. e:?..)-.-?,   t.-msf ormati one are known to occur on heating 6) 
mineral .^i  phase transformation  studies by the T.D.A. metnod, X-ray 
and microscope   ¿l5í:¿- with digestj.cn   ,-,3ts wil. be  needed for diffe- 
rent  temperatura treatments. 

4•2     JÊ£2£eejL_^±ßil^-y".^ Working Out 

Neitcor: m0r9  ^tailed investir-. Uo-s required to fix optimum pro- 
cess parameters of caustio concentration and temperature wnich have 
strong interactions at various atajes and largely determine equip- 
ment  size specifications. 

4*2»1  Digestion Conditions 

First is oneraci 1 reactivity of tho   bauxite which varies considerably 
from one  bauxite to another despite  comparable chemical compositions. 
It is determine;,  zj finding alumin*  viel;; en bauxite digestion in 
autoclaves at  different temperati): - s,   caustic concentrations,  grind 
size and res-dene*  time   selected by   statistical methods of experimen- 
tal desiai.   Ite finement s includa  coita.-iinaung the  digesting liquors 
with   :.;«  ,   ,-aotod impurities acce, uj., -.xng on continuous  liquor recy- 
cle in the     lant to evaluate their .ui.Oir.g effect on bauxite extrac- 
tion. 

An attempt is made to determine kiltie equations from the extraction 
data to improve predictability under -,,t de range of conditions.  This 
involves analyses of the  liquors for alumina and caustic because most 
of the  bauxites reaction kinetics respond  co some  function of chemical 
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1 
potential represented by  r.hu  degree of dooartu-e  from equilibrium 
solubility of  the  oonc<r"i.;    alamina hyirat"   ••.t   -¡oroesponding caustic 
concentrations.   Sodium    carbonate ar.d ;U...:-• ,,• o   oontent  of the  li- 
quors ara a.    '.yeed to d,     --me  the aMc;., .   _y  c-iustio lost  in desi- 
li cation ar.il non-alkalm,.   5 )da formation a:¡c   l,h-<.í;  converted into 
BOci::um carburate.  Al..'mi:o.. yield is de termed   >,Y analysing alumina 
in the resides  mud ar.d calculating quanti tv  of  the mud produced by 
comparing t! 1,0   iron oxido  contents of the. mud    ,md   the bauxite,  iron 
oxida  being generally :n-irv in caustic. 

líder the miera ;.. • 
,?,or poasibla ao '. 0;. 
.u'o   to be viewed  !' 
'..;,   behaviour of   ',;• 

will  be  done   at dif~ 
- on  of froe  quarts. 

or   ...jir interaction 
0  mud during settling 

Mineralogica! examina*..1-. : \ 
farent meoh-of-grini   •:.. .:•* 
The digestion  condition:* 
on the de silicati 0,1 prc;e. 
and filtration,   oremiioo" 
prégnât   liquor   :u;rio¿ ooì ronoval,   and. 
tration at the r-ecir '   a.ion stage. Alf»?,   t-or  solubility t-f other 
bauxite impurities like  ti t..-vu.um, Vanadin:-     ro'.i lian,  zinc  and phos- 
phorus for likely aluni o .-<. product contamination. 

décomposition,  oa" „od reversion,   of the 
le caustic  concen- 

4*2*2 Silica Reacii\i"ty end  lo-i ligation 

Studies on solubility b*;¡..viour of BíüIH  ,t.nd  subsequent  liquor 
ur  soluble silica content. 
nt   :-v=p arati on will have 

caustic and alumina 
ca'-i'in  behaviour and 
as or; method of  analyses 

desilioation wi 11 require  liquor analyses  f 
Rate of silica  dissolutici ,^.nd its subscy ,•• 
to be examined under dì fièrent  combinatici,;, 
oenoentrations  and tomporatnres.  The desili 
kinetics are note ri ou 3. y individualistic.  ..•' 
wxll be real asset.   CI; üviioal  and X-ray analyses will be required for 
identification of the  desi lication product   produced in the  mud, in 
aoarch for the   conditions where  soda -Mid a^jmra  tied up in the 
desi lication product ^¿ i'o',.atively les3. 

In the circuit tancer,    r!.p v» oh-a aper bauxite is  available  or the 
bauxite oontains exctic;.-..:.vo  silica,  or caustic-  soda is expensive, 
cheaper plants  can of ton be built by accepting le:; 3 drastic  dige- 
stion condition   (sacrilicing some alucana yield thereby)  if_ under 
•uoh conditi COL;   silier it.-uri tie s showed roarl-od reduction in. their 
reactivity,  and refi ..u¿l unreacted alumina did not promote excessive 
reversion. 

In the oase of higher bilica bauxites, tleir  behaviour on heating 
will be exrjnined for likely possibility of aore reactive silica 
Binerai becoming relatively inert. 
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4.2.J ft«"'«" T.nd.r.• of Priant U<por. 

.tag. 1. ..teoll.hod ^of "nf J^"iLf. and analy.ing th. 
tuning diff.r.nt amount of undis»a.* * „„ BlJ[. ^ fiX- 

iXXr^/^-r^-ina loe. » — 

.nrl.h».nt of th. varlou. ^T^tlTandT.    ». con.id.r.d. 
«lation influence, the r..ult. .ienifloantly and «u. 

4.2.4 «-»y-ff -"* Filtration Behavior of J£ii 
„..id.. th. fact that th. liquor ^«^TÄ» 
for .bout  15 - 20 peroent of th. Plant '»'"^'f ; M4 

of th. final pr.en.nt U<»or fl»»*i» » «^%,. prc4u,t „4 

pe..lng fro» thl. ...«on -in "^"r. .trôngiy influ.no.d by th. 
th. ...4. and th. flit« >"f°•""/* "tn. ,*tl.r. Th. Mttll»* 
clarity of pr.gnant Usuor recelad '•\th¿/*£'^v^.U.tlo, 
and filtration oh.rwt.rl.tiC. of th. "^ "" V*^ion tr.atm.nt, 
„..tin, dlff.r.ntly *«fJ^^- "    lAnt of th. .Urrl... 
caurtio concentration, floccuiem-« « .nt_ in th«ir Behaviour 
in .... ...... th.r. -W »• -«» """'^.lYn°Z ov.r.U UM- 
ut dl«..tl« condition. «y »«• *° * »dl»«d ln 

T.«!», .h«.ot.ri.tic, *.*.n*- th. ..«ling ».»*— "' 
Y»Km. d.fr... of mud oon.olid.tlon. 
nitration eh«act.ri.tio. d.t.r»ln. th. filtration .urf«. »quir.* 
ut th. praotio.l d.liquorlng U«lti. 

rooe*«ry for vario*» altarnatei. 

„.„..m, «*«*. «. «-fr ^s^^^s^is^ 
t.olllty fro. th. MM» "'^î'rÏTd »ta«»! .x»in.ti.» 
tin, oh.ract.ri.tlc. of th. «d. In  X-ray «* »« M1,.i.t.d 
frtnlqu«. f» —»U. pr..«« • '«SfiîUL i. „port.d t. 
«th poor ..«ling .*.. £••»« ^^".Nauxit.. of »"«• 
„„t th. filtration «»*"££ *"*' '^. tn. .th« typ... I» ••" 
4.1 origin b.h.w «ry -uh *»•*•»£ £°^4 r„,10l.. *t. tM. 
,f high .ill». containing or.., coating of mat P« 
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light film» could suppress their flocculating capacity or alter 
their "density" substantially,  which might be  detectible with lie- 
proved microscopy techniques.  Liquor phosphate  concentration JB 

often a suspect during filtration problems on pregnant  liquors. 

4*2*5 Kud utilisation 

Huge quantities of mud are produced in alumina industry, about 80 - 
100 percent  of the  actual  alumine produced. 

In case of high silica bauxites, mud is to be  txaminod for re evo;-.) 
of alumina and ci-da values,       as mentioned in section 3.1  for xho 
Combination Processa.  Otherwise too,   as mud disposal  seme tino s 
accounts for 2 -  5 pe; cent  of the alumina production costj,   good. 
incentive  always, exists   lo find an interested party.  Its proper- 
ties of interest ara high titania oontent for titanium rich oros, 
high iron content,  high  soda and alumina content for high silica 
ores,  red colour for pigment industry,  absorptive power for gas 
purification industry. 

1 

4*2.6 Preoipltation Pehavjour of Digested Slurry 

After the bauxite digestion taste moat critical for the procos 
design is precipitation behaviour of the liquor produced under 
different digest conditions. 

Objectives in the precipitation process are to obtain maximum of 
yield,  obtain a product  of such grain size,  that it  can be readily 
separated and after yielding the fraction of required specification 
for the product alumina,  enough hydrate is left for the seeding 
operation.   Besides,  grain structure of the precipitated hydrate 
should be  such that it can be economically wauhed to yield a product 
of the desired chemical purity. Many of these  demands  are contradic- 
tory* Por example, process conditions that help ready recovery of 
the hydrate militate against those promoting high yields.  So com- 
promises have be accepted. 

Precipitation kinetics and nature of the precipitate produced being 
very sensitive to the liquor impurities, especially organica, detail- 
ed liquor analyses become important* Once the impurities are identi- 
fied, their effect on equilibrium solubility of alumina at the con- 
cerned oaustic considerations will be examined to predict their de- 
leterious effect on the rate of alumina precipitation influenced 
by the function:   (liquor alumina concentration at time t - equili- 
brium liquor alumina concentration)  2* 
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Different tynee  of organate* aro produced depending on digestion 
condition,  '^d they have different influences  on the  precipita- 
tion bon.vUur.   ifcere-a.  Borne  cf these slow do^ prec; pi „txon 
luetics vy rQiBinK  ,he .quillt«, solubility   of  alumxn:   :n can tic, 
others advert  effect  only grain n owth processes.   ïiir.ber,    ho 
magnitude   3f their effect is strong, influenced by tne scipita- 
tion caustic concentration.  Correct identity of  the influence  of 
these  entartrants is thus needed for establishes the precipita- 

tion or.cu ti oris- 

The iro-tancB  of  eueh studi.es will  oe appreciate  fro:, the  fact 
that  tn. entire  procès, condition, and thus the   size   of the  equip- 
ment and unit  operations are determined largely V  the  two terminal 
conditions of digestion and precipitation steps   and  Irre* number. 
of combinions   are possible  for  selecting the   optimum. 

The  liquor «mlyse. will include estimation of   silica,  iron,   tita- 
nium,  carbonai,   sulphate,   chlorides,   sine,  vanadi     €,Hiu« ana 
different  types  of organates.   On the precipitated Product-,  be id., 
the tests for inpurlties,   sieve  analycea,  surface  area estimation, 
décantation test,  and microscopic examinations  will  require  to be 
don«,   au further noted in section 5. 

4.2.7 3ehavtour of I'd nor Impurities 

Included generally are organice,  vanadium,  gallium,  phosrhcr-s, 
limest:«,,  dolomite,   zinc,  manganese,  fluoride,   nickel,  arreni, 
beryllium, mercury,   sulphur.  These are termed minor because their 
presence rarely exceeds  1 percent and though their presence  coulu 
certainly demand importantprocess modifications or supplementary 
steps as a result  of enrichment  >n liquors from repeated circula- 
tion, yet it would not rule out  an e établis hment  of an alumina in- 
dustry if major considerations outlined earlier are  duraci.. 
However,  for  caaxxt. exports to the running plants,  »any of tuest 

impurities can be  critical. 

In design of now facilities,   the effect of these impurities is exa- 

mined for the  following. 
Increase in equilibrium solubility of alumina which reduce, the 
precipitation rate  (section 4.2.6). 

Product contamination from supersaturation.  Change of desiUea- 
tion characteristics 6)  and mud settling characteristics. 

Reduction in the hydrate precipitate grain size  to the extent 
that it  cannot be recovered by the provided facilities. 

Excessive  foaming. 
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Besides some  of these impuriti««  could be turnea into roal assets 
in tern.a cf valuable by-product«,   as for example,  vanadium,  gallium. 

The-   dogi-fi,   of variatici; cf these impuri tipe ir bauxites and  the r.a- 
gnitudos involved A: .?  se^r. in table liable II   chova  an example 
of impurities CíA V tributi a. in a plant liquor.10) 

Organio.:l consitnto  porrapes iroct important  single miner impurity 
for tbrur effect  on process r.t most  steps. In bauxite  digestion, 
those  degrado into v^.c^, ^organic and ui-gunac compounds.  Though 
roda  losîs  fro-   thu reaction is  small,   tiu ccr.pounds produced v.hon 
present  .Vbov.-   certain >,ri 'ical concentrati UHü nave been kr own to 
upset  drastically dosili cation,  mud sottiing and precipitation 
steps.  So much no,   that if sufficient provision for keeping them 
at   a controlled  ^o•>'••< 1 í^ not provided,   che plant  capacity could 
nasil:.-' fall  by  }C  ^erca--\ .  The  testing would  require  the liuqer 
inalyt.es to identify the   trouble  causing compounds at various  stage» 
to provide  economic counteracting measure. 

Phosphorus     s ra.-My reoc+ive to  caustic soda,   BO causes soda lona 
in digestion. In the soluble form,  it  can causo  some mud filtration 
protlen and son«tine.; ccr/.aúnate  the final  alumina product  to the 
detriment   of   currunt y:eld during aluminium production. 

Vanadium also reacts with caustio to varying degrees.  Above  contain 
concentration level, it can lead to objoctionable product ccrit^nina- 

h tion by precipitating along with alumina. Au an operating nuissance, 
it  could precipitato in pipes  and tanks oven before it  affected the 
product qualx,,,   signii\.cantly.   Vanadium impurivy can bo turned into 
an asset by recovering this from the plant  liquors as by-product. 

Pallium    caus >a apparently no process complication from its dissol- 
ving in soda. Expensive as the  gallium metal is  ( S 1 - ^ gram ) profi- 
table by-product industry  for gallium recovery  could perhaps bo mad« 
possible in certain circumstance«. 

Limestone,   dolomita convert part  of active caustic soda to inort 
carbonate.   Suitable provision for causticiaing the extra carbonate 
formed haa to le provided in th« plant facilities. In sintering 
processes,   their fluxing behaviour is very important. 

gjB0 is obj^ctionalli because it dissolves and precipitates with 
»lumina to become  objectionable impurity. Â zi no separation treatment 
on th« digested liquors nas to "bo included in the flow sheet. 

fluorid« is mostly of nuissanc« valu«s in hard scale  formation in 
tanks and pioe3.  It précipitât«« out along with vanadium salt«. 

Iron» Directly affects the alumina product purity, which i« objected 
for «om« aluminium end uses. 
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Mercury is not known to upset the process in any way. In certain 
high tempo rature  digestion practices,   elemental mercury haß been 
obtained in the flashed steam during cooling of the digested slur- 
ries . 

Arsenic.   Mor>'„   \f it  ends up in the mud  as innoluble conctituents. 

4.2.8 Crushing and Grinding Teats 

Once  the  optimum  grain size is established for the bauxite   digestion, 
grinding p.nd cru.>hibility characters cti ce of the mineral aro  deter- 
mined. These, generally expressed  as  the  grindability ind&x and 
the  work  u ^ei,  provide  good indication of the equipment loquirsd 
and the involved   cost». 

Grinding mäox is  generally determinad by preparing 35 •••OG of "the 
bauxite  (30 percent passing 35 mesh screen)  by a batch,  cloted 
circuit grinding technique in a small  ball  (or rod)  mill,  say 
8 x   10".  Crindcibility is  judged from  the  slope of Schumann plot 
drawn from   bcree-   analysis of th<j product -mesh size  of the  lyier 
series as  th*-* absei a 3a on the Carted an Co-ordinate  of semi-log 
paper  aid  accumulated w«ight percent   finer than the  stated mash size 
as the ordinate.  This plot is linear if the material has been ground 
in an unbiased manner. 

1 
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Testar.:: P.orniircments  For Alumina Tri,hrdrate and Aluriina 

Testing requirement  considered here  are -those needed for eventual 
lead bili t..      tudier,   en bauxite utilibati or-   A«: for any  other material, 
these  are do i«reined by eventual application of the alumina rreduced. 

Though  about 9 0 percent of the alumina pro i iced is used for the  metal 
production,  profitability of the alumina pLrtc  can be  improved by 
producing s^-r.*  special varieties  of  the alumina and tra.hydra-,e.   The 
special products are   prized by paper, rubber and  pigment  industry 
as fillers  f.nd  coating pigment, "by pharmaceutical  industry as body- 
ing maturi«!  and for r.edicinal purposes,   b,y  chemical industry  as 
starting point  for  orgr.nic  and inorganic  chemicals  specially  alum, 
anhydrous alv. minium  chloride and cryolite,  aa catalysts,  absorbent 
for chromatogra;. 10  and filtration applications and by   ceramic  and 
refractory induci ri at  for special high temperature  and high dielec- 
tric  resistance insulators,  certain high duty service bricks and ¡ 
corundum production. i 

For alumina for metal production,   two criteria are used,   chtmical 
and physical.   Two typical   specifications  are given in table III. 
Chemical criteria define   -he upper impurity limits,  these limit« 
being critic»!  böJause  the very nature of aluminium production 
process is such tï at   the impurities present in alumina cannot  be 
removed. Excessive   soda content and loss-on-ignition (representing 
undecomposed hydrate )   contribute  to  the raw material costs in  ;-.!u- 
œinium production through use of  cryolite  and aluminium  fluoride. 

Physical criteria are  baaed on confederation of  solubility behaviour 
of alumina in electrolytic cell baths of the aluminium  smelters, 
and its dusting and  flowing characteristics. 

Two distinctions are in vogue; 

a) sandy alumina 
b) floury alumina 

Sandy alumina is characterised fcy ÍT99 flowing eharactsristies, 
closer size distribution, coarseness and dusting tendency. 

Floury alumina is marked by relatively poor flowing characteristics, 
wide  size dis tribu-ion, fine grain size,   leys dusting tendency  and 
oharacter of a «al*  calcined product with low loss-on-ignition. 

* 
These different physical conditions are realised by adjusting the 
precipitating conditions and calcination operations. 

Though  the  aluminium producers hav«  always had very strong indivi- 
dual preferences based on thsir experiences with the electrolytic 
eells,  gradually the emphasis in judgement criteria is shifting to 
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th. .conomlc. of th. .luaina production which hav. ^» ^6*>T 
di.cussion. on laud to. Eow.tr, it ha. to te r.n.mter.d tha^lumi- 
na handily faciliti,, for th. two typo, of aluminas can te •«**- 
fiu,..   uxff.r.nt and will ha*, to b. ßiv.n du. weightaß* in th. final 
d.oisioni. 
Th. special alumina product, ar. di.tin«ui«h.d «or. for th. phy.ioal 
oharact.ri.tics,  .uch a. d.n.ity, .1.. distribution    ahap. «*»*«• 
of the individual cry.tal. or agglomérat.., rath.r than th. ohemioal 
composition,  .xo.pt that in mot cas«.,   «pocially low limit, ar. 
i.npoaed on sodium,  iron, titanxum and vanadium contents. Hero aloo 
physical proP.rt.i.a ar. controll.d oy adju.ting th. precipitation 
o,<   ating condition, and calcination condition., Statin« point i. 
th. hydrat. producá. 
Fro« th. abcv.   it will b. not.d, f or th. bauxit. f.a.ibility .tudi.. 
principal int.r..t in th. tortine of aluiain. and th. t ri hydrat. i . 
oh.eking for th. pr..ipitat.d hydrat. contai nati on. and wa.h.bili- 
ty of th. hydrat. to rwo*. .olubl. impuriti... ..p.cially «oda. 
Thi. will bs don. a. apart of th. Pr.cipitatior «tudie. outline 
in ..otion 4.2.6.  H..d.d will to  .is. di.tribution and surface ar.a 
d.t.rmination of th. hydrat. précipitât, and configuration of th. 
ory.tala and conglobato« und.r th. micro.cop.. 

3ophi.ticat.d .quip«.nt lik. .l.otron micro.cop. -ill b. needed for 
special produot d.¥.lop«.nt. 

1 
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6.1.1 Field Sampling 

In field sampling of bauxite where the  size rene« i* "i*9  ajrid riMral 

very roterogp^'-'us,   serious errore result from accidental classifica- 
tion iy &izo  or gravity,  and different  sise fractions usually differ 
considerably v.. critical constituents  like silica and alumina. The 
risk of aocid'Vit.a classification in the phase of reducing sample 
volume is particularly pronounced with dry materials.  A typical aaa- 
pling procedu.  adopted in such cases is described below for a half 
ton s ami) la  collected from a test pit. 

The underlying    principal is that  splitting is don«  ovar narrow sii« 
ranges. 

The  original pile is divided into two lots - one for plus 3" size 
lumps and the  other for smaller ones. 

On the coarser,  plus 6" pieces are broken by the hammer to minus 
6" size without  attempting to break them into ismaller pieces. 
The entire pile is then divided into two equal lots  on tho basil 
of equal number  of lamps.  One  lot  is rejected thus reducing the 
bulk volume  by  half. 

On the other minus 3" size pile, it is split into two parts by 
coning ani quartering. One part is rejected thus reducing this 
bulk volume by half. 

On both the halved portions of the  original coarso  and fine 
piles,   larger pieces are individually reduced to minus  2 inoh 
size,   followed by mixing together the two piles.  '. .ie  combined 
pile is than reduced to half the  size,  about  250 pounds,  by the 
standard method of ooning end quartering. 

Larger pieces in the above material are then reduced to minus 
one-half inch  size by hand,  or by  jaw crusher where a small one 
is availaul.3,   and reduced to about  7 pound size by usual coning 
and quartering procedure. 

On wet samples the bauxite will have to be dried before effective 
volume reduction can be done. This is generally done by spreading 
the material en a clean metal sheet heated by gas burners. 

6.1.2 T»»t  Samples 

Reducing the bulk volum« further to that required for the  laboratory 
is oonducted by usual methods of ooning and quartering or by rifflers 
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when a crusher (laboratory  jaw crusher or rolls) is available to 
reduce the material to minus  6 mech. 

For chemical  analyses,  it has to be further ground, 1 CO MOO (passing 
100 mesh T;'l-jr Herman)  generally adequato.   However,  while  looking 
for minor impurities,   or  contaminations like  quartz which can exist 
as individual particles,   finer grind« may be  required.  Serious 
error« can result  durine above  grinding and  sample volume reduction, 
unless following '...sic considerati one are respected. 

1. To grind a sfunple  only   little at a time to avoid moisture   Iocs 
fron  the heat  of grinding.  The s aap le  ìF  ground,   sieved,   the 
operation being repeated on the retiduos. 

2. To avoid l-_.fis  of representative during grinding from bias in 
favour of softer oc harder fractions  of the mineral by taking 
all the    powder. And also when the fractions passing through 
the sieve on repeated grinding are mixed, it should be  done 
on a smooth and flexible  surface such as glased paper,  rubber 
or oil-cloth,  in such a way that the material in made to roll 
over and over and  ioos  not merely slide  along. As many as   100 
&uoh operations are  a 3commended for each diagonal action.11) 
Thub during crushing to minus 6 mesh, the  crusher is so adjusted 
that  some particles are retained on the 6 mesh-screen,   thereby 
increasing the amount retained on the  finer sieve. The coarser 
fraction is recruohed until it passes- 
Ultimate fine grinding is done with mechanical grinders,  in 
absence of '•'hi'* h ag.-\.+.*> Tortor is used.   While using me charier1, 
grinders or. extremely hard ores, possibilities of minor conta- 
minations from iron,  molybdenum, nickel and chromium should 
be remembered, though in praotioe tl_ey have been generally 
found insignificant. 

6»i     Moisture Content 

Moisture content is defined as that part of water which is physical- 
ly adsorbed as distinct from that ohemically bound euch as water of 
hydration. 

According to international convention, all the bauxite analyses are 
reported and compared on dry basis. In cost transactions, generally 
based on tonnage,  this information is vital. 

The detailed procedures differ with the physical characteristics of 
the ores. 
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For tho   dry non-hygroscopic oreu,  the   sample  prepared a9  outlined 
in section  6.1.2,  is   dried in an oven to constant weight  at   110 — 
140 °C.   The  temperature  chosen is .such that no organic matter or 
hydra it.    ,.'  aluminium  or iron,  limestone  or  sulfur  comound is decom- 
posed   -,--••;!  iron o-ci'ija  are not transformed,  Indian  standards Istitu- 
tioa pr «•• oribes   140   °C   ll)  which looks   reasonable.  U^e  of  lower 
temper^turo will require  longer tune   for the  te3t. 

Sample   tak<in \c about   5-1° grau:.-.   For vjet hydrorcope ores,   the 
moistm-e   au termination should, to don«  in the  shortest possible  time« 
The   iaii .'. r   o-..»-ceiä i .1  the collected samples  are  broken only to a pea- 
siz,-.:  WL;.;I the ha.   .^r   and losa in weight  determined at   140  °C.  The 
weight   'VÍ   -'¿ie  sample   taken for drying is  about   50 gram. 

^ • 3       Lo .ss  o Y_^_s • _ Tí •. t:;. on  (LOI) 

To déte.".! le.   all the   water of hydration of alumina. 

After  a  few determinations of a hum n a on a bauxite  deposit,   this 
;impie  quick determination often provee a very useful indication 
cf quality not   0: ly   with respect to  wlumina content but  also  some- 
timob to   tie  relative   occurrence  of monohydrate  and trihydrate  ferns 
of alu... r.a.   Possible  errors are, inclusion in watei   of hydration of 
the  iö'-t;e-n   from decomposition of the   organic matter,  iron hydrates, 
limestone,   kaoDinites etc.  but they  are  generally  small.. 

The sampio,   a;? prepares in section 6l.¿,  is ignited in platinum 
oruo'ble   at   1 100  "C  for one-ha^f liour in a  furnace  or on inecket 
turner     taking oar»    ;o heat it   -or.tly in the    jeginrung ar :  raising 
tae temperature gradually so as to avoid any physical   losses from 
spurting.   The ignited sample is ccolod in the  dessicator  ani weighed. 
Though   some practice   insist on use  of expensive magnesium Perchlo- 
rate   .3   -•äs?ioaut, '•1 )   others consider  activated alumina good enoughc 

The LCI  is generally  reported    on dry basis i.e.   after correcting 
for the initial moisture determined òeparately as in section 6,2. 
In some   ..ises,  as per Indian Standards Institution  li),   LOI ìB repor- 
ted on the original  basis,  i.e., without correcting for the moisture 
conter; > . 

6*4      Bauxit.-:-  decomposition and Dissolving, 

The first  si<?p common to all chemical analytical procedures,  consisti 
of decomposing the mineral to get itB componente of interest into 
solution -   called "main solution".  These processes fall into two broad 
categories depending on the composition and reactivity of the  consti» 
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tuent  Minerals -  acid aUack and alkali  attack,   generally  fusion.  The 
compietti extractaci n .y   of  the  concerned conatituonta ig generally 
checked by X-ray  d.< f frart..on.   For minor ìmruntìoa,  alkali   J usi on i> 
gener- 0 ly req u ro d. 

6#4*1  Aoid Attack 

Acid attack ic *: ne/ally  p-n-farred because   of the  overall  ease in. 
handling of  liypn o ^   mA   -educed  chances  for  on ors in , „nit.nc   a;;a- 
-ytioa!  V.-OV-, .   AIHG   ,..iji..,a dehydration,   requ.ru 1   for 3'l.ia  J;: i.',=.- 
tion,   proceeds  1a.vto.-   >,nu  is mora  positiva.   No¿tly,  mixture;   wf 
aulphunc-,   hyc-och'i •,<r: •?-   tnd nitric  acid iß used whereby the  metal- 
lic  «lenente  are    '-íivBr.^í   io  the  respectiva   snlfi.t'j,   ler.vin,^ mso-At- 
Me   silica, hfuìrvì*   :ìorr   ' -".¡s  *or estimation  of  calcium ar.d iKSolable 
quarts,  hj dr jcb.io.---i •:•:  ac>:  and  phosphoric acid  attack are  respectively 
adopten as  dnconleti 1;:  ,."    However maîjy baux.-ton  cannot  bo   -.-»• .\dily 
decomposed by acid  d;: «i<.ni<-rt,   aa for example,   dlajporic  oies    ..rid high 
titaria >.zuziám..ir'  .-ts.  It  ic  generally not   trussed for estiva »; on 
of miner impuri ,1," 

'   UîïàEâ 
1 - 2 gram  fir.«  -    ¿TV.. ,.nd bauxite,   as prepared   under section  6.1,2 is 
treateu un a h  <   -'-¡lav   v th mxture  of sùlrhurtc,   hydrochloric   tnd 
ni.tric   aoi n;;  aj.:''6r<    t     r*. citions bem<r use«;  by   different   ¿>r< • ..-.vz. 
Nitric  acid  servas   to do compone   the  organs',   e ontani nati ont,,   iii> stona, 
ana oxidise  any   ferr./ v   1 r<>n to  the  fe;-nc     '..¡.ve,   wiu       ^ 0  vie   ira  le 
subséquent I---.  ,cr  corríate  decampoeition i-   ir, important  10 herí   fjert- 
ly bifore  le.^d: ".g   :o vifc-.-.r<..tiri  turning.   The  resi dur  is naked for cn<:< 
quarter  to  one  half -i^ .   to dehvdrat«  eilicic  acid  and nroduce   readi- 
ly filtrable  salica. 1'uw  ».-.oled residue as  then carefu.iy  dissolved 
in boiling water,   u.  r,¡¿- only  a er.mll qualityty   of   cold water ir  the 
be gli axing.   Tou  s,^.rwí     , ••,   prolongea * icl.'np could lead to preci- 
pitation of  son'.-5   di : fj cui tlo-redieaelve bae: e  salta,  especially in 
th« excmi-nive 1.1 e^e,;ee of   titanium minerals. 

The insoluble  r,L-cV<   e enti • "•: n<s» »ortly of   sii-r« is thtr  filtered 
out  and wat-hec   fr-te   ,f í .HI with hot  water,   usmp only  Email qiiHntitiei 
of water every   ¡ai,.< v>.  0  u.y hydro^yRI F  of the entrapped   1 <;uor. 
Pi*-h«atin£ of ths  i!o;u' ::-r   on hot plaie  f-.-   \0 - 60 «inutea  can e.cce- 
lerate  filter',-¡p  c^nbm».r,[jy.  Inno CHU«  ¡hould  the solution be  kept 
unfilterei fur   ¡^nf i«i.u¡«  some  of the tr.Boluble   silica can become 
•olubl«,  eouBin^; 1 t^«rff-r^nce  during ssuteequont   OF   ..irati one.  Medium 
por«-»ise  filters,   are  ic< tmmended.  The clear   s.- .utmn io  made  up to 
250 or 500 ml. 

1 
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If thu res.'e1, if' wr red, it contained undissolved substances or basic 
iron 3!;l].hà.e *'<'.,• ••••d irons excessive sulphuric acid. While the lattei* 
Ciri  be *ì• vf--i .i,,   <;_:.• r.so-ved by wathi-.f* "-ith hot  dilute  sulphuric acid, 

urmer   r^.1 . ":    re^-.ï.. .  alkali   rujit/        r decomposition. 

6 • 4 • ¿  Alka..:    T'-' 

T.'?ro''   •     t.   •. ,»: '-'  icite  with   ..lkalrj   iusi.n is  more:  positive,   and 
f iter   I'v.nc ..!  '..<•'•..   f~r estimât, e-;  or m. i or impuri tr.es  t.r,d   those  con- 
tT„ri^;   : ,.-!:    ' •     .;•.;  i. 

. :.u.ow¿;e ,<• ..   r. lui:,  -J . .'-¡; are  gemi...; >  u&ed. 

.',  •     i. . "i  . •.: • ^boiate . 

1' ''.. luv,   f   ,   fj.-.ate potassium carbonate mixture. 
c :• . <~.."„        '.v'fri.'M de. 
j' •...-,   .-i¡,  ;i"T.t cairíe and codium peroxide mixture. 
f- ,'.,.. un            • ,'Lite-bcrax nix ture. 
i** L, íriiir."  oarVn. to~borax mixturo. 

íc,'.-.;.  .-•; ;,,(..   : .: bonaT3   .;.: •';  th.;.!   of r.odiurn hydroxide is  about 
ßxuo '...*   o*.' -.-   -'. jout um byer   '>>.Uö IS considered by   ser-   to be 

'.• ,-rt-   --•    '     vi--   <-¿.'; ni'.oer.sary  í ';. -   .i.ec:ive  decomposition ~í   - ome 
bauxi.e       Ci:<-¿"~-'-ru.\** nave  the  advantage that  they are readily avail- 

Mo  ] ¡,   •.'<-   ,,   rj.-"'  forms.  For  eanstic fusions,   a blank, run  is  a must. 
M. Tt'.re   •-.'*.'       ;   'r:--  ~r\-i potassium  carbonate is preferred in  certain 
eaßuä  t:'-    i •. - '.",,'r\ carbonate   jlor..?  for  avoiding  complication  of 
chioiiiio '  c;  '•,,,  î.dnê out  r-, r;  hyirocr ".   rie  acid medium.   Be s iuta o 
tVj w.. x.. ••-.>  v3        .<w<?r furm..jr.  point. 
Sodium h;.- ;.       and sodium  pe •*».:.. do mixture   fusion provides  dsocr.« 
poBitiut.   . n ùjf;.-J.^rif? co-di lier;--  and IG extensively used for analysis 
of mi.io- iin;'ir'   es,   because  «iquaoue extraction  of the  fused mass 
gives quits  a   .• :vra-çht  forward  separation  of iron,   titanium,  manga- 
nasa  (in   ,;.-tf,-e>.r-    n.   alcohol;,   magnesium  and  calcium  which  remain on 
the f:i-r.vr   .'.-  -,   -i.-i.ina,   vanadium,  phosphorus  and chromium which go 
inte-   eh     r':-"'    ì  3-  '-r^anioa   .-.-<?.  aeconpoced« 
Sodi!.:, i  car.: ..jia  'J ano  borax nt'vture fusion is  required for the bauxi- 
Xou Oj.t ,',-v..'!.- y   .':.,;'v~.ilt  to decorni'  se - very  seldom needed. 
irithi;*'.   f--      '• - •>*  oorax unxvu.'e   .. .: u^ja  for   DauicUu  decomposition 
to prop?        ...unpir     for X-ray   spectrometry. 

1-2 c o*"   !•'*  n'-lv   ground bauxi + r-.     • '  taken and  fused, vri th the  selected 
* Ileal,   at '•} ••••/•-OH) »C for  3C—0 -n.^ites.   Platinum cr ¡.cibles  are used 
for .iLkali   ."as-on,  nickel  crucible^ with caustic soda.  For caustic 
• oda   :ub. ,n    ;-!"   soaa should Da  li-st fused to  dehydrate it  well. 
Inti.tr.-.       n..   . TV of the reactant.;  before  and towards and of the 
fusion  o-.âUv.'-''   :,c -' rnportant. 
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The melt ii carefully dissolved in »bout 200 ml of 10 percent sul- 
phuric acid at slow heat. The solution is evaporated to the evolu- 
tion of oopious white fumes    lasting for about  15 minutes, to oom- 
plete insoluti Usati on of Bilica. Correot addition of sulphuric 
aoid for dissolving the fused mass is important to avoid titania 
preoipitation during fuming. If the solution is turbid or showed 
presence of insoluble pisolites, oonoentrated hydrochlorio acid is 
also added. 

The residue after fuming is diluted with hot water and filtered, 
washing with hot sulphurio aoid,  1 perçant. The filtrate serves 
as stoek solution for subsequent analyses. Often for more precise 
work, another aoid fuming operation is recommended on the filtrate 
to complete silioa recovery. 

<•«     Total Alumina (TA) 

Total alumina inolude« all the aluminium present as oxide, ineluding 
diaspora, boehniite, gibbsite and kaolinites. Thi« differs from TU 
(total available alumina) often oonsidered in alumina industry, whioh 
represents only that eomponent of alumina whioh is sxtractable undar 
particular prooess oonditions and excludes most of diaspore and all 
the alumina eventually oombining with silioa during the alumina pro- 
duction* 

«•5.1 mfwiw Who* 
Alumina is determined by substracting the saparately estimated weight! 
of iron and titanium oxides expressed as i-e,Oa and TiO, from the 
weight of mixed oxides preoipitated by ammonium hydroxide after the 
silioa separation. 

The method i« not accurate in the absolute term, «inee any other 
hydroxide precipitated besides iron and titanium will show up as 
alumina, as for example small amounts of oxide« of vanadium, chromium, 
phosphorus. Besides the precipitate has high adsorption power and 
it is diffioult to eliminate all the occluded impurities. Also any 
error in the estimation of titanium and iron oxide will show up on 
alumina value. However, the errore involved are of small magnitud« 
and the method is often accepted as for example by the Indian 
Standards Institution.11 ) 

Method 
Am aliquot of the main solution obtained by thm bauxite decomposition 

1 
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as per section 6.4 it used. Equivalent bauxite about 200 mg. 

Before proceeding with ammoni« precipitation,  ferrous iron is oxi- 
dised in the hot to ferric »tat« with concentrated nitric acid. 
Some praotices add ammonium nitrate  before precipitating «tth ammonia 
to ensure full oxidation conditions.  Aluminium,  iron and titanium 
hydroxides are precipitated in the boiling solution by slowly adding 
concentrated ammonium hydroxide in the preBence of ammonium chloride 
to the  ma thy 1 red indicator (0.1 percent)  turning yellow.  Since the 
precipitate  can be  signifioantly contaminated due to gelatinous and 
bulky nature  of the precipitate,  it is dissolved in a rui^able acid 
and reprecipitated &3 before. All the three main acids  (sulphuric, 
hydrochloric and nitrio acid) are being used for dissolvi?^ th<? pre- 
cipitate. Si trio acid and hydrochloric acid have an advantage that 
the formation of basic salti is largely avoided. With sulphuric  aoid, 
the  solution must be boiled for  15-20 minutes to ensure the redisso— 
luti on of any basic  salt formed. 

However, Bone practices do not consider the second precipitation ne- 
oeesary if the first precipitation and washing of the precipitate la 
earefully done, ondlng up with good vacuum suction. For complete pre— 
eipitation,   jufficient concentration of ammonium ions in the solution 
and vigoroMCJ  agitation during precipitating step are important. 
The precipitate is washed with hot ammoniacal ammonium nitrate solu- 
tion  (   5 percent) until tv from the  chloride. The precipitate is 
ignited in a platinum euroible at  1100 °C for an hour. Being very 
hygroscopic  the crucible is kept  covered,  oooled in a de s si cat or over 
aofcivated alumina and weighed soonest possible. 

The igrdted precipitate represents A1S03 + FefOs + TiOg.  For more 
aocurate work a blank is run using the same quantities of reagents 
a* employed in practice. 

Typioal quantities used for 200 mg equivalent bauxite sample are 
2 - 3 ml concentrated ni tri o aoid, 4 - 5 g ammonium chloride and 10 
ml ooncentrated hydroohlorio aeid. 

6\5.2 Osine Msthod 

In contrast  to the earlier "difference method" it is a direct and 
absolute method in the sense that alumina is precipitated by itself, 
subsequently determined either gravi metrically or voluaetrically. 
Ozine method is a standard oheck method for alumina estimation«  Gal- 
lium and zino are preoipitated with aluminium, but their content 
being very low, no significant errors are introduced. 

1 
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1 
Wathoá 

The method consist  in separating out titanium,  iron,  oalcium and 
iranfe-aneue from  the   ail < ;a~freo  filtrat« - nain aliquote from the 
.solution prepared under -ection 6.4 - "by double procipitatirn with 
caustic noda. Alumina is then preoipitated with 8-hydroxyquinoJ j.ne 
(called osine)  in pr-..:,ance of acetate and ammonium ion3 and tartaric 
acid at pH adjusted to  avoid vanadium and calcium precipitatine*  '..*ith 
aluminium 

Vor irou and ti „amw;   T>r.?oipitation with caustic   soda,   the main 
solution (about   400 r.¿ bauxit* equivalent) is added slowly   to   V> 
percent cavatic   dulution  (equivalent   18 g caustic),   agitatine 
vigorously followed by  roiling gently for 10 minute o. Thia is needed 
for complete prscj t>itatiou of iron and titanium in presence of the 
'bulky gelatinous  precíntate. 

To  facilitate fibrati, on of the highly alkaline  eolution,  the  solution 
is diluted and coclea for about  one half hour.  The washing is done 
with hot ammonium  chloride  solution (2 percent),   only once to avoid 
hydrcly&ie of the  «ntrapped sodium alumínate. 

Por the second precipitati on,  the precipitato is  dissolved in hot 
dilute sulphuric  acid adding a few drops of hydrogen peroxide,   the 
latter considerably hastening the  dissolution ¿top. The precipita- 
tion and filtration are   done as before, except  that  only   10 g of 
caustic soda i~ used raid the precipitate is washed more thoroughly, 
4 times to racovor  ail the aluminato. The filtrates from both the 
precipitations are mixed and evaporated gently  (without boiling)  to 
¿00 - 400 ml volume  after addition of 20 ml sulphuric acid  1   ¡   1. 

For alumina pre e; pi tati en, an aliquote of the above solution contain- 
ing no more than 100 mg alumina is taken. With larger quantities, the 
precipitate is too bulky to allow good washing. 

Ammonium chloride   (2 - 3 g)  and tartaric acid ( 1 - 2 g)  are added 
and the solution notü-raiized in the oold by adding slowly liquor 
ammonia in presence  of neutral red.  The solution is then heated to 
80 #C and alumina precipitated with acetic acid solution of oxyquino- 
lino,  adding about   3 -  5 nil excess of the reagent  calculated on tho 
oasis of 1 ml re age-t   for every 3 mg alumina.  To complete alumina 
Präzipitation and eliminate vanadium interference,   liquor ammonia is 
now added to mako  the  solution alkaline to litmus red, and boiled 
gontly for 10 minuti e, 

Some practices roco;¡iinend adding hydroxylamine in the cold, heating 
to bo done only after adjustment of pH (by ammonia) u) .  This is to 
avoid possible errors from loss of the oxine reagent before tho pre- 
cipitation step thro--gh its own precipitation and evaporation. 
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Por filtration,the solution i» allowed to decant on hot plate  for 
.5 »inutes,  and then passed through wintered glass crucible   (04). 

r gravimetrie estimation,  the precipitate is dried at   110 «C efter 
washing two  (2)  times with hot water and three   (3)  times with  cold 
winter.  It  IB weighed as aluminium oxinate,   A1(CQH,;íO)  . 

Por volumatrio eotimation,  the precipitate is dissolved in 6iU 
hydrochloric  acid boiling,   diluted,  cooled  and titrated %.lth   stan- 
dard potassium bromide-bromate mixture   (2Iî),   adding 1-¿ ml   of  the 
latter in «ce;.,  The excess reagent is estimated by libera-ing 
iodiw» qv-.i-,i.i lively from the potaPxuM iodide  solution   (10  accent). 
subsequently addel.  Liberated iodine is  titrated with ^.nuard  sodium 
sulphite   :.olMUJon  (O)  in presence of starch  as indicator. 

O,yy(iuinoiii.e  solution is prepared by dissolving 30 g of the  reagent 
in 70 ml hot  acetic acid,   subBequently made  to   1000 ml with v;ator. 

€•6      Alumina Trihydra to  (TUA) 

An explained jn section 4.1,  THA determination becomeg important 
right at   <-!.« preliminary  stage of feasibility  studies inasmuch  as a 
purely THA bauxite is easier and cheaper to process. 

The methods used are based essentially on very marked differences in 
reactivity  against caustic liquors between three principal naturally 
occuring alumina hydrates,   trihydrate, monohydrates in the  form of 
beehr'.te   :md dia.po  3.  The  selectivity and accuracy of  tue respective 
methods is established by testing the insoluble residues of bauxites 
by X-ray  diffraction. For convenience,  this  estimation is presented 
under section 6.8. 

é»7     Monohydrate 

6»7»1 Boehmite 

As explained earlier, monohydrate containing bauxites are more  diffi- 
cult to precess, hence the insportance of it» estimation at an early 
stage. 

In the proved absence of diaspore, boehmite is generally determined 
by substracting trihydrate alumina from total    alumina. 

It can also be analysed by the autoclave digestion tests as described 
under section 6.10. 
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X-ray methods are usad to confira the «ntimated valuti in th« «vent 
of doubt• 

6 »7 »2 l%K*i;:<-:'p 

Biaffror'c   bauxites :ira particularly prized  by the  refractory indu- 
«try,    vai   ar?  gor.o rally  leant  desirable fer  straight  Bayer proc&o«. 

áawati-   • agPüticn t«gt=> included in sectil   £.Q.2  give an approxi- 
trritfc ¿£e.    of ì . ¿   U^-.-'H*   o'      .:curence.  Precipe  ostinati on requires. 
if'-raôr  a: f Jra;.,: rn. 

é• 6      Total ¿Veglilo .A^;.;^IìA..l2ikJ. 

ÎAÀ centoni of bauxite  represents only that part  of alumina which 
i« avallati« fer extract: c.-i,  excluding th«  regaining which the roac- 
tive  Bilie... coTitonî of b.iuxit«  tioa up in arc? cas«.  Thus from too 
procero   v«>rpo:n+ t;?¿  ùp M  is of more áir^t  valu«. In fact many 
y lauf..  *\aidï.y ft", or t-.lk . u terms of  total alumina contint  of th« 
baux   <-•-*  i¿. day-to-day WVTK , 

(.0.1 Indir-ast   Method 

Percent  TAA « percent TA -  (percent  reactive  silica) x k whror« k 
represents "at i o r? a lumi, i* to si Lie a combir.-ad- 

le ib established f^-ir. ervez-ioncs on mud e^nalyses  and is often taking 
as unity.  The estimated ÎAA value will b* higher than the actual to 
the extent depending on presence  of diaspore. 

6.8.2 Pireot  Methods  (autoclave digestion) 

Th» methods consist in digesting bauxite with cauetio liquors in 
rotating autoclaves ani analysing the filtrate for alumina content. 

The operating -.-.oner.     o as are   so chosen, that  all   the alumina present 
in the  bauxite i- a-tacked,  except  for the  diaspore content. This is 
«établi«ned by X-ray analyseB  of th« resists. Viidely different 
natur«  of th« test conditions practised is indicated by th« follow- 

ing! 

a)  Pure   caustic solution,   100 gpl »a,0 (129  gpl NaOH)  120 *C,   15 
minutes digestion time;  bauxit« charged to give a final alumina- 

1 
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free  cauetic weight ratio,  expressed as Al,OI/Kaf0 0.4  (as 
ll.O^ïa^O,)  0.234).7) 

b) Caustic 200 gpl lfa,0 (260 gpl as HaOH), 0.5 11,0,/Fa.O weight 
ratio, 180-230 «C, 3 hours digestion tiarn, bauxite charged to 
0.Ö ratio.?) 

o)  Caustic  125 gpl (NaOH)  220 »C, 40 minutée digestion tine, bauxite 
oharged to ^ve final Al,0,/Ha,0 O.65O  (11.0,/Ha.CO,  0.38) 

Individual preference of the conditions used is de tonni .ned by the 
desi.:c  to rerain close to the  digestion conditions operatine in 
the plant  of the particular group. 
It is  ¿o K   r.f^ed that the TAI teat is rot  an absolute test tut  a 
relativo one depending on the dstails of the tast conditions.  For 
example,  tha degree of desi li cation achieved during the tast opara- 
tion will inflaence tha  alumina present in tha filtrate.  However, 
this is usually a very minor quantity, especially undar higher tem- 
perature digesti«, conditions and long treatment intervals. 

lutoclRves  are preferably made of monel metal. They ar» hoated elec- 
trically  o.- Tay gas burnara and rotate at a alow speed -  56 rpm. 1 
typical   antcolavea in shown in fig«   1« 

Handling of tha digested slurry. The autoclavas are emptied after 
releasing the "pressure gradually and the inaoluble residue filtered 
out washing with 2 % hot  sodium chloride solution. The filtrate is 
•ade to   «  litro solution and analysed for alumina. Usually volumetrie 
methods,  d&scribed later,  are used because they are quick and suffi- 
ciently  ¿ecurate. Some planta prefer oxine method for alumina esti- 
mation in the nitrate,  aftar acidifying it carefully with hydrochlo- 
ric acid, making oure that any alumina precipitated is redisaolved. 

6.9      Avallnbla Trlhydrate Ilumina (Av. THA) 

«xa purpose of this analyaia,  .«id principia» underlying variou« pro- 
oedures have been explained in section 6*6. 

6.9.1 A^utoolave Digestion Method 

Basically identical to the autoclave digestion method diaeussad in 
aaetion 6.8.2 on TAA determination. 

Modi fi cations consist in so »dusting the ooiapoaition of digeetic* 



2e 

Ucuor and th. «cant of bauxit. charf 4 that   th. •*•"»"• cffflicml 

poCi"»)  allows d^.lving o' «IX ••**  S01U\U UiTTtrL 
fiore again th. nature of widely trying practice i. .vident fro« 

th« following: 

a) Cau.tic oolutio» 100 „1 la.O (129 «Pi *«*)  «° ¡J'***1"^ 
ti».  15 ainut.s, bauxit. charged to git. a final Al.O./Ja.u ue.gn 
ratio 0.8 (or Al.O./Ha.ü, 0.4*8) 

%   - !   *;«..     •>-, —A SaOH.   150 #C,   digestion tim.  JO min., b) Caustic solution ,   .<o bJ3l »aun,   1^      1       e -      c0 
bauxit. charged to gave  a final Al.O.Aa.O   1.021 (or A1.0,/Ba.CO, 

0.600) 

•> Chacal potential  at  any foratura  and cau.tic -ncentr.tton 
A1.0,  gpl equilibrium  concentration minus A1.0, gpl in tes* 
slurry on complete extraction. 

1 

C.a.t ^«tottc Presar. ^fioat^a 

M.tho& 
'»ha bauxit. a. prepared under 6.1.2 i. boiled with «itai.oau.tio 
^."ution of such concentrati., that ^Y^n.^*^" 
i. oxtracted without -tacking th. .onohydrate. ^»•r^4 iïc«M« 
tien i. adémate. A «ter reflex condenser 10 used to avoid increase 
of oau.tic soda concentration from evaporation. 

ft, .olution is filtered,  washing the reside with **/*•* "*?*- 
i¿ a Uttl. cauatic - generally 3 washing.,  washing, done without 
£¿ Z pr^pitate.^luMna is defined in .uitabl.ai.uot. 
of the filtrate by oxin. method a. outlin.d in s.ction 6.5.2. 

typical quanti".. us.d are  5 g bauxit.,  200 »1 2 5 cau.ti«»soda 
Station;  1000 ml stock solution aft.r filtration,  25 «1 aliate. 
îoî alumna ootimation.  Baling (attack) tim. about 30 minut... 

Ali-in. ..timat.d by thio method io available trihydrat. alumina and 
foofott !no"d. that Part of trihydrat. alumina which h bin.d 
with .ilioa during attack. 
f. dotormi». total ÎHA, the «mount of trihydrat. alamina not included 
Il 2TSZ Î. ooti-io* .lately fro» amount of tho bauxite 
„altivo .ilica and the n,ud analy— a. «plain., in -ction 6.8.1. 

A. ..timat.4 value of availabl. WA i. lik.ly to bo •"*•* **•* 
U«   hirUÍ with in th. plant praetic, bocau.. at th. low tempera- 
«£ u..d, 4o.ilication proe... i. .low a»d .omo of th. alamina 
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which should be  lost by eventually combinine with silica i> still 

in solution. 

é.10     Available Monohydrate  Alumina (Av.  «HA) 

Generally determined by subtracting THA fron TAA. Individually 
estimated by X-ray methods. 

cS» 11      Total Silica 

Total  silica includo» silica present in all the forms. 

Finely ground  sam-le  of bauxite from  section 6.1.2 is decomposed 
by alkali   Mai on except, when mire,  that the bauxite is completely 
decomposed by mixed acids. Procedure  for mixed acid attack and al- 
kali  attack ar© described in section 6.4» 

The ultime insoluble residua obtained in section 6.4 contains mostly 
silica along  wi*-h variable amounts   of  oxides of iron and titanium 
and p-rhaps «nòie*-¡t-d bauxite. The  filter still wet is ignited in 
piatimi* crucible at 900 - 1200 »C,   lower temperature ^quiriag 
about  2 - i times  longer time than that needed at about   ,10*    '• 
Silica is determined by totalising away the silica from the ignited 
residue as silicon tetrafluoride,   on treating it in the platwun 
eriche itaaif  ,:• th  sulphuric acid and hydrofluoric acid,   oon-.er.oc«- 
aend repeated silica volatalisation,  until the weight of  the calcined 
residues become  constant  ") while  others consider it unnecessary as 
long as the weight   of the calcined residue does not exceed  1 - 2 rag. 
Tor repeated volatalisation,  some hydrochloric acid is also added, 
if the  residue indicates pressnea  of some undeoomposed bauxite. 
Important precaution in silica estimation is not to leave the solution 
containing insoluole silica precipitate for Ion«, otherwise some 
silica become.,  soluble. If the bauxite  sample was decomposed by alXali 
fusion, refinements include evaporation of the filtrate obtained in 
section 6.4 to the fuming stage to ensure recovery of any soluble 
silica -vit did not beoome insoluble earlier. 

6*12   quartz 
fcarta analysis is important, because along with information on total 
silica content of bauxite it determines a major raw material cost 
(of caustic  soda)  in alumina production. A high silica containing 
bauxite may be quite desirable if large part of it consisted of rela- 
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tively inert quarta. Absolut« method analysis is by X-ray techniques, 
Chemical methods ara principally basad on relatively inert nature of 
quarta* 

6.12.1 Elimination by Hydrofluoric Acid ll) 

The bauxite is deoomposod by aoid attack as described in section 
A.4,1.   To the boiliag solution obtained by acid attaok,  about  5 ml 
of hydrofluoric acid is added before filtering out the insoluble 
eilica reaidue. The insolubla residue is thon handled exactly  as da- 
scribed   under section 6.11. 

6*12*2 Sulphurous Acid Method 

The method determines in the mud reactive silica actually in combi- 
nation with alumina in the desilication product,  on the basis that 
desilicati or. product dissolves in sulphurous acid. 6) 

The value of reactive silica so determined is substraoted from total 
allien estimated on bauxite to give quartz. 
The quarts oontent  so estimated will be under-estimated to an extent 
determined by it« reaotivity during tho bauxite digestion step. 

Ä.11.J Phosphor!o Acid Method 

The method is based on complete laok of quarts solubility in pyro- 
phoephoric aoid at 250 »C. Tho determination is done right on bauxite. 

O.5 » 1 g of bauxite prepared according to section 6*1*2 is treated 
with about 25 ml anhydrous phosphoric acid at oarefully controlled 
temperature of 240 - 260 *C for about 10-15 minutes. The solution 
is oooled to about 60e, diluted with about 150 ml hot water and boiled 
gently till it becomes olear* 10 ml fluoborio aoid, 40 peroent, is 
added to solubilise any reactive silioa present and the quarts filtered 
out en fine-pore sise filter, washing the residue with 4 percent hydro- 
ohlorio aoid. The initial filtrate may be turbid in which case it 
should be refiItered till completely olear. Washing is oontinued to 
the disappearance of phosphate ions, as checked with molybdenum blue 
reaotion. Quarta is determined on the washed residue by volatali sing 
it «way with hydrof luorio aoid and sulphurio acid as desoribed under 
seo ti on 6*11 for total silioa. 
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6«13     yron Oxide« 

Iron occurs mostly as hematite Fe,Ojf limonita Pe0.0H.nH20, 
goetLite PeO.OH, siderite FeCO, and nontronite  Pe103.3SiOt.5HaO. 
Iron is generally determined as Fe.O, though of recently some in- 
terest has arisen for estimating separately iron present in the 
ferrous state, which mostly is present in small quantities. 

Iron estimation is vital in process studies because being almost 
inert in caustic soda, it serves as key element to calculate expect- 
ed mud loads and alumina extraction efficiency as explained in sec- 
tion 4.2. Excessive presence of ferrous iron could cause some pro- 
duct purity problem from oolloidal iron hydroxide formation. 

Methods 

Iron is determined in the main solution obtained under section 6.4. 
Refinements include fusing the insoluble silica recidue »•?«•*•* 
out with potassium bisulphate and adding the acid extracted filtrate 
to the stock solution. The fusion should preferably be done in por- 
oelain crucible beoause platinum is partially attacked by potassium 
bieulphate and interfere .lightly with iron. If platinum crucible 
la used, the solution should be treated with a fast stream of hydro- 
gen «ulphide gae for removing the interferenee. The filtrate is sub- 
•eojuently boiled to remova all the excees hydrogen sulphide gas. 
The standard accepted method i e Zimmermann Reinhardt procedure where 
all the iron in solution is first reduoed to the ferrous stato, with 
stannous chloride, and estimated by oxidising it subsequently to the 
farrio state, titrating with potassium permanganate      in   preseneo 
of Reinhardt Zimmermann reagent containing manganese sulphate and 
•aoephoric aoid. Some laboratoriee prefer potaesium dichromate to 
permanganate. Potassium diohroraate ha« the advantage that vanadium 
and ohromium do not get oxidised. Potaseium permanganate give« a 
very olear end point and i« not disturbed by the presence of chlo- 

ride ions. 

lumeroue other procedure« are equally aocurate and often more eoa- 
venient. The other prooedure« oomaonly in uee inolude reduotion of 
•a oxidised solution with »ine or other «etal and titration with ti- 
tanous chloride in an oxidi«ed solution. Ait these are ell checked 
for acceptability again«t re«ult« obtained by Hmmermann Reinhardt 

prooedure• 

Certain practice« reoommend prior oxidation with potassium permenge- 
nat« of any ferrou« oxide pre»ent in the «olution to the ferrio 
»tate before reduotion with «tannou» chloride.11) 
Bzoess of the permanganate in «uch oases is destroyed by boiling it 
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with 50 peroent hydrochlorio aoid. 

Beduotion with stannous ohloride (25 percent Bolution) has to be 
don« oarefully making sure that excess hydrochlorio acid io present, 
the solution 1B boiling hot and vigorously agitated and that no more 
than 2-3 drop in excess of that required for complete diaoolcriv- 
tion of the solution aro added. Excess  of stannous chloride ic then 
destroyed by adding saturated solution of mercurio chloride in the 

cold* 

Titration with potassium dichromate is done using diphonylamine 
as indicator after aâding 10 -  15 «1 sulphurio acid - phosphoric 
aoid mixture. At the end point the indicator turns permanent vio- 
let. The solution must be sufficiently diluted for ready recognition 
of the end point. 

Titration with potassium permanganate is done on sufficiently diluted 
solution in presence of Zimmermann Reinhardt reagent (HtS04, H3?04, 
KnSO ). Phosphoric acid suppresses the iron oolour and also promotes 
the titration oxidation reaction. Standard permanganate solutions, 
espeoially dilute ones,  are susceptible to decomposition on storage 
and nay require frequent standardisation. Mostly sodium oxalate is 
used for standard!singi  some prefering to use ferric chloride solu- 
tions made from mer ok quality Fe,08 dissolved in conoentrated hydro- 

ohlorio acid. 

Indicator sodium diphenvlamine sulphonate is made by dissolving 
O.32 g of barium diphenylamine sulphonate in 100 ml hot water, 
followed by addition of 0.5 g sodium sulphate, ^arium sulphate 
formed is filtered off. 

Zimmermann-Reinhardt reagenti   HO ml conoentrated sulphuric acid, 
HO ml syrupy phosphoric acid,  720 ml water. Dissolved 200 g hydrated 
manganese sulphate  (ltoS04 . 4H.0) in the above. Oxidieable impurities 
removed by adding potassium permanganate drop by drop. 

Colorimetrie and spectrophotometry method baaed on developing colour 
with potassium thiooyanate is given in section 10.3.2. 

é.U   liiiûil 
la the Bayer process for alumina production, titania analyses are 
required to estimate total alumina by the difference method (see sec- 
tion 6.5.1), to investigate possible  soda losses from titanium duriaf 
digestion and to evaluate the eoonomics of mud disposal. Importanoe 
of titania analysis for refraotory industry is explained in section 

3.3 



33 

Till recently only classical methods were used, *»'•* •/^f"* 
•11 the titanium to the titanous stage followed by oxxdataon-titra- 
tion with standard ferric ammonium sulphate. Recently good progrese 
Íae W made in developing reliable colorimetrie cpectr.photom.trie 

methods. 

6*14*1 Volumetric Method 
Starting point is aliquote from the main solatio» prepared in Mo- 
tion 6.4. Reducing agents generally used are Jones Reductor coneist- 

ing of zinc amalgam - see Pig. 2.11) , -Mtani- 
Suitability of liquid zinc amalgam method,¿specially for *"«* 
ferrous bauxites, needs to be examined for the adventa593 that  the 
liquid amalgam is relatively inert to common impurities presen, in 
»ino and its preparation is simpler. The amalgam is more ^adily 
"leaned for repeated use,  as checked by the results reproduce lity. 

Por reduction by the Jones Reductor, the solution should be hot con- 
taining sufficient sulphuric acid. It is poured slowly through the 
Jones Reductor, protecting the reduced solution from oxidation by 
collecting it in a flask continuously swept with carbon üioxide. 
The Jonee Reductor is washed free of reduced solution with oaluto 
sulphuric aoid (1-2 percent). 

With liquid amalgam reduction, the solution obtaining sufficient 

sulphuric acid or hydrochloric acid is tafean »w liquid amalgam 
contain. 1 in the  i    •   aparato* íunnol - ««•* »f.  3, A - neh of 
sodium carbonate i-    -ded to previde protective atmosphere of cart« 
dioxide and the top •: iosed with rubber stoppor carrying " sciaU 

«las. tube sealed wi.Lu a glass rod stopp... The rubber tube is given 
a vertical split Kith a sharp blade to release any excesß P•"«"* 
resulting from carbon dioxide released fro. sodium carbonate. The 
»•iution is reduced by shaking the separately funnel assembly «it* 
hand. Liquid amalgam U separated into the »otto« fr.nr.el and the 
reduced solution titrated with standard ferrie a*sonium sulphate 
solution, using ammoniua thiooyanato indicator. 11«* tests are 
recommended for speoial ooouraoy. 

4.H.I Çtlîrtmttrie Mat>iQ4 

Ueed for titania content npto aoont 5 »•*••*. *» »°K°* **•*•*• 



I «port »net of phosphorus contamination in bauxito it §Jtplaln*d  in 
o«otjon A   :.?. 
Though phosphorus occurs K«nort,iiy M phoaphato    of iren, calcium 
•aá nan^aj »so, it i-   ¡roportad as P,Q , 
?*• MthodQ aro cinsi doro* - em o*sod or, precipitation «ita 
MM MU um molybdato  and tho othor »p««trepnoto»«trio (in auction 
10.3.3). 

Starting peint ir  siücWroo ••luti»« ot  th« blunt«, obtair.»4 
V «¿kail  fusion.  Pboapiiorui i« precipitata* as yol low ojonoiuu-n 
P*©opho-«oiubáata m a carefully »»iAificd  (   tfith ni tri o acid) 
soluti** «ith «MiOi..un «¿iretet« «Mt Atterrili«* oithor fre,«l«etn- 
«ally or v^lueo tri call/ ty tho aUali^tr c »ethod. 

In tho •Ikaliwotrio owth •->-!, tho precipitata xa  warhad fro«  of acid 
ana iron,  and treateu wi*    * moa au roi axcasa  of it andari so«ium 
kyiroxié»  30luti^r.  "Ho   v mnt of ««Mis ao«ii\ n hydroxide, as <-ti- 
»eted    ^ titrati  n mth   uilphune MU, ¿I**.  the amount  of uustu 
«*e€ u» ay pàosphoru*. 

Pet? »T*vio»trio »athod,  tho nota«« precipitate  ia dlaaolved in hot 
1.5 »or«»nt •»reni a end r« precipitated, tfc, i«*uted pro tu et  u 
**lf»4 M IPu, . i¿*eO_. 

it eujestment of eaidAty prior to precipitati« atop,  the 
•tartin« solution i«  troatod *ta «««eentrati on MMHI in eeilmf 
•«•âiUosi tili tho preeipitateA BjrOeto aseelve* «ta difficulty, 
fk» proel pi tat ed hydrata i o raAioeelved «ta ee«ee«tretei ni tri o 
a«*d, tau a proviAiM a «Uh*, imu of i »i/«oo ni »elutiôit. 

*•» precipitati on r»e|.,  nantie« ««oui« oe euffioiently concentrata*, 
ecy aeeut   100 ou for i «roa bauxite ci^pl» imtsf tho acida floaten 
H«». »e eeeeeuu. »Ujrbéato celen«* anetiid te  filtered Mf»n use. 

«»••in», tho precipitato f ti to rod eut unter •••tie cunen on is 
fmo fron i/o. òy soli Aliti«« ni trio ae¿d  (i poroont 1  ti ¿i 

petes alu» ferraey^e« indícate* temrnf brete»,  tie acid ti **>hed 
•At «it h AiUt« poteau* .te m trat«,   1 pcrs.nt,   tj Ute ottos t  that 
W - U Ar«po of «h«    i»*! »„ài»! éo not deeelemrie» m« pMnaA- 
p* tele! ne indicator cental«** A ér«t of 0,1 f «edie» èftreende 
e*Utlu«. 
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i.« 
iv. caustic into inactive 

e bauxiti 

¡¡uüüti'th« tiRtur« of caustici sing faciliti... 

Calcium v.-reaent in bauxite conv.rts act 
.£«%«*««..  CUi- M.t.*t  o.  th. tauit. 1. «.rar.. « 

MB. 
». „.th,!. ar. *...d « pr..lpitatlnE =.1.1« » Oxalat.. Calci,» 

Ttr.. «th.«     " tauxlt. d.oo.poaitic, ar. u».d,   dorondin« or. «»- 

««»• tance«. 

l)   lois tin* 
oxa1 

(.P,r, .Vitien méthode  deaeri rad in ceotion 6.4.   v,«uoiu« 
.'-.„r-Utation 13 dons   en filtrat«  obtained after the 

T',.,.    , • p.:Xftd   :>xidev   outlined ia section 6.5." 

-Ì   Bau, -1.  fu- -  w th eau.lic   .- .da in prwonce  of  socLurn Píxide. 
}   S ^-d-.s ¡". Solved 3» ^ii»g water containing alcohol. 

S o    v       re^n* .orteamn* ir,,-.,   titanium,  mancese     cale rum 
1 •• ,  î ßBolved <n  SO percont nitric acia and iron, 
and r. .ßiw-i-a  -     ••>. s.oivea „ n y ,„„•.*  w   double  w-eoipi- 

iti+'uv   .-    *•.—::-*-e and phospr.orur  , .iminated bj   rouble  . * 
aÎi >-   * .h 1". r or afonia in presene, of oxidising agent   emonia. 

rttr.tr/Thc.   fa ".trau is used  for calcium estimation. 

.)   Bau.U,  do, „»Hd with  50 percent ^^V^ ££*. 
J**   «v    wnii  3xide»s are r,ex>arat.d by UOUDIO Prtw>4 

!   *. --.«.Citati «n • + is important xhat th.  solution 

1»4  * *V*âi\  «c*-.s of conc^n-ratftd  ammonia.  Fr.s.nce „<„4+.taâ. 
j- ,» «•, ,17í1A+« «>Ií!U»»S that magn..lu-la AD «w» ±« *- 

.«..us o.  <à. j.iw „-««.«• and many practio.« 

"*" "-1"" ?7•" "."       ZZr",Z ov.r-ni*t ~;rt ri-t-.*z£«u.i3wa...dfirst--*-*» 
fuantitipf- 

*•   .•<,«•    +h* ^racixrtat. i. ignit.d m platiau« for gravimetrie .stiraation,  th. .recip.xa• *      B con4*ott4 
mcible  at   1CXO -C, and wigh.d as calcuu. osite.  A well 

%*at gives wt.it. residue« 

Ite «lu-.tr^o ..ti-tioii.   th. précipitât,  .till wet is 4i"olV** iB 

For tolu..«tr.o «3.L 1 -antlY to th. temp.ratur.   »low 
«¿Ute  sulphuric acid, heatin* only ge n.ly W«_      Ptitrata4 with 
80 - ?0  »C.   Th.  oxalio acid g«n.rated is immediately tixra^ 
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permanganate to the pink end point persistine for  1 minute. Absence 
of ammonium oxalate isa muet for reliable result». 

1*1?      MafipeB^um Oxide 

Setimated gravimetrically from the filtrate after calcium precipita- 
tion in ¡section 6.16. Two methods aro in vogue for magnesium preci- 
vitati oni oxine  and ammonium phosphate. 

é.1t.1  Oxine Method ll) 

Any manganese present is separated ae manganese dioxide by boiling 
with ammonium persulphate in the presence of ammonia. The filtrate 
is evaporated to  syrupy consistency and all the ammonium salts vol*- 
talised away by evaporating it to drynes with concentrated nitric 
acid. The residue dissolved in dilute hydrochloric acid is used for 

oxine precipitation. 

Oxine precipitation is done in boiling ammoniacal  solution in the 
presence of ammonium chloride, making it strongly ammoniacal after 
oxine addition.  The precipitate is separated out on gooch crucible, 
washing it with hot ammoniacal water. It is dried at 130 - HO    C 
and weighed as oxinate of magnesium. 
Oxine method is often preferred to the ammonium phosphate precipi- 
tation method for its comparative simplicity. 

Í.1T.I fponitt« Phosphate Method 

The filtrate fro« calcium precipitation is aoidified slighty with 

hydrochloric aoid, followed by addition in cold of ammonium phosphate 
solution. 25 percent. The solution is thon heated and made alkali no 
to Phenolphthaleins by careful addition of dilute ammonia (30 percent). 
Finally concentrated ammonia is addad, volumetri cally to about one 
third of total volume. The precipitate corresponds to MgHH, P04 . OH,U. 

The precipitate is left over night, filtered, washed with cold amo- 
niacal «ter and igrited in platinum crucible at temperature higher 
than 1000 K to H«.*,^. Any manganese not removed earlier will 
partly precipitate and show up in magnesium. 

The solution taken for magnesium precipitation should bo fairly con- 
centrated - about  150 ml for a 3 g bauxite sampla. For precision work, 
the precipitata  should be dissolved in hydrochloric acid (25 percent) 
and re-preoipitated as above. 



37 
1 

6.18 Man^anoae uxigc 

manganate - see  section 10.3.4. 

Volumetrio method 

dissoluta i.n motion 6.4.1. Altornat--V^° tJof Bauxite fused 
inBOl., rB.ar orr1... rou :f-:-^on M 

idth soö.iura hydroxide - soaium y»* 

Manganese 3J converted to permanganic acid by oxidation *ith ^> 
!S»t. m presene, of silver nitrate,   1 percent. 

THe titration ,.thod for permanganic estibio, i. £^£2, 

becauso reduced engáñese «•*"•"*••?"* *    utrationi. oarri.d 
agents present   (a^oniu* persulphate) uni«» the titration 
out fast. The titration is done in the cold. 

6 • 19     Oallimr- .    „a Ä. 

„f chlorogallio acid .th.». Fla»      P ^ ^^ ,„_ 
atomic absorption    method   IB expect«.       ^ 
;jd and ai^iT method as pointed out in ..otion 11.2. 

Brtraction as   ^WoffalliO acid 
"        ~ *!•«- +«» titrate obtained after aoid digwtion, To the boiling silica-free filtrate ooxai cau.tic and po- 

alkaline. Iron and titani• ar. pr.oiplt.tod th.r.hy. 

«„ina a»d «Uli- ar. »parat.d «»«»"»*•£* r.T^Ü"* 
„ i. t.» r, ».-^-r:»t .USST-'ä^- -» indicator. The washed precipitata i. °i" * o»tlln.d 
J» extrae-:< « with .th.r and su»s.*u.nt*"£££££Z £  100 

*•,*    A  11    Th« solution prepared for «xtracxion BBWU*» 
in section 8.1   . The soluti    ¿J ^ conoentraU0n. During 
•1. corresponding to  5»° * nJrttIWU"i .       +  «-.«n.t 
„.„.ration for reducing th. «luti« vol«»., «toh «t .J*»* 
.guaine out of th. .odio» and pot.aelu. hydro*... 
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6.20      Organic Carbon 

Importar-e of orgwiics  contamination in bauxites has been explained 

in section 4«2.7» 

Basir, method consists in dry oombustion of the powdered bauxite in 
a  current of oxygen and estimating the carbon dioxide evolved. 
Equally good results are reported by some,  using potassium perman- 
ganato to oxidise carbon in sulphuric acid medium.  A routine method 
ur;*s potassium permanganate  to oxidise the  organic matter- in solution 
obtained on aUcali di gesti on of the bauxite.   in) 

6.20.1  Dry Combustion Method 

The apparatus is 3hown m figure 4» 
Oxygen is first purified and dried using caustic soda pallets and 
concentrated sulphuric acid, and then passed through oodr. lime to 
absorb any acid mist  before  entering the  furnace. 

Finely ground bauxite   (5 gram) as prepared in section 6.1.2 is intro- 
duced into the  furnace in a porcelain boat,  first heated gradually 
at  1C0 - 20u c to remove associated moisture and then heated at   loou 
•C for one hour. Lead Chromate and oxidised copper wire  gauze in the 
form of a loose plug are kept in the  furnace tube  after  the boat  « 
oxidise any carbon monoxide  formed to carbon di oxide.Myers   ab^crpnon 
tube with 15 beads is used to contain the barium hydroxiae solution. 

Oxygen flow is regulated to avoid any loss of bauxite powder through 
"draft", generally about  2 bubbles per second being enough. Barium 
hydroxide solution (îî/lû)  taken in known quantity for carbon dioxide 
absorption is then titrated with hydrochloric acid (H/10) to deter- 
mine the amount of barium hydroxide  consumed, and from that the amount 
of carbon dioxide evolved.  Indicators usedt thymol blue  and neutral 
red. Barium carbonato precipitate separation prior to titration is 

not necessary. 

Por calculating organic carbon, the amount of carbon dioxido evolved 
is corrected for carbon dioxide liberated from inorgani o carbonate 
impurities in the bauxite by a separate run with hydroohlorio acid 

digestion. 

• blank run in often recommended. 

1 

6.20.2 Potassium Permanganate Oxidation^ Method 

The apparatus used is sketched in Fig.  5« Carbon diexid« evolved is 



[ 

I 

» 

me sured volumetrically. 

diluii, sulphurlo .old to th. rwotlo» il..* w>4 """    ,0 .,„.„*, ?.. -..»*»« rr--« ^«ääs.z 
is added drop by drop, heating th. "a"*°     de8Crib.d in section 

their oontaoting the dilute sulphuric aoia, some hyarog 
evolved which serves to shake up the oontents. 

* «,. „th-. t.. rr •--* - .TASSI X" i- 
some organios may get lost during initial asco p 
boites with sulphuric acid. Also some "^¿^^Jf 
tion to oarbon dioxide or oxidise only to the carbon mono* 

1 

stage < 
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J,        Mud Chemioal Analyses 

As explained in section 3.1, one of the prinoipal preoccupations of 
alumina industry is to develop eoonomio means of processing higher 
•ilioa containing oros,  which means reducing the soda and alumina 
losses as a part of desi li cation product in the mud. Both the Com- 
bination Processes and the attempts at modifying the nature of de- 
si li cation product itself depend on very careful analysis of red mud. 
Besides the alumina yields are calculated from mud analyses«  Here again 
classical chemical analytical procedures provide bulk of information, 
though   need for X-ray and spectrophotometry methoda to supploment 
the above information is being increasingly felt. 

The analytical methods are generally the same as for bauxites, except 
for some adjustments done to allow for different relative proportions 
of various constituents with respect to alumina oontent of the muds. 
Also the muds being somewhat hygrosoopio, should be weighed fast. 
Coloriraetrio-spectrophotometrio methods are desoribed separately in 
section 10. 

7.1      Décomposition and Dissolution 

Here again like bauxites, both the acid and alkali attaok are used, 
with preference for the acid attaok» wherever possible. Generally 
the muds from the bauxites that required alkali fusion for complote 
decomposition also require alkali attaok. Muds are gen«*»*-^ easier 
to decompose than the bauxites. 

In making the main solution, the insoluble silica residue has al- 
ways to be redissolved in hydrofluoric and hydrochloric acid followed 
by baking to fumea with sulphurio acid, sinoe the mass is generally 
large and substantial iron, titanium ani aluminium will be entrapped 
in it. The filtrate obtained by dissolving the baked residue in 
water is added to the bulk solution made earlier. Por additional 
precision, specially with respeot to minor impurities, the residue 
remaining after repeated silica volatalisation should be fused with 
potassium bisulphate followed by dissolving in dilute sulphuric acid 
and adding to the main solution. If platinum cruoible is used for the 
bisulphate fusion,  the filtrate should be treated with hydrogen sul- 
phide gas to precipitate out any resulting platinum contamination, 
which oould interfere in ironanalyses. 

7.2    lff4n°n **»! 
As for bauxite, ¡except with the strict requirement that the tempera- 
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7.3 

tur« do«s not «xo««d 1100 *C. 

Btngffl*"* 0xldf v  iu 

otharwis« some calcium !• *ouno • 

tat« • 

I. 

1 

u for bauxite, td* ^'^ "4^^U b. - v.Mly conta,!».«*. 

SäT«.: :ää.. *~— - -iph"l° 
aoi-d may "be neoossary. 

th. in«rt quart«, r«mainlng as »uon. 

.       r^L.7u ..««» <. w-- - - -u-1- 
1 product is .oluW. 1» .ulptaro». acid.  ) 

T.«   Salito *>,te h d0„ BOt 

nSon product and al.o pr«v.nt. «ud ptpii.rti«. 
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7.7      Combina Soda 

Combined soda reprosents that part of »oda which is present in cha- 
»;.oal combination in the    "^ lication product as distinot  from the 
••pfcyaically" entrappyd  -:.:•••'&.,  usually called soluble  soda (see sec- 
tion 7»6). 
Combined suda is determine mostly by flame photometer. Gravimetrie 
nathod based on sodium precipitati on with zi no uranyl acetate is 
used only as check met noi. 

7*7» 1 yi—photometric Method 

The dry mud is decenvosed by aoid digest baking as provided for 
Bilioa estimation. Tie  residue is washed with  1 percent sulphuric 
aoid to recover rclv-vn ar.d tested on flamephotometrio as described 
tinder section 11*1. 

7»7«* Gravimetric Method 

3 odi um is precipitate.;:  by ri no uranyl acetate in hydrochlorio acid 
medium from a solution  free  of silioa, titanium,  iron, manganese, 
alumina, magnesium and ammonium ions. Two methods are used for sample 
preparati ont 
a) aeid attack 
b) fusion with calcium carbonate and ammonium chloride. 

Aqid attack 

About 0.5 g mud ie decomposed with oonoent'-ated hydroohloric acid 
on water bath and evaporated to dryness. The dried mass ie subse- 
quently baked at  130 °C for one-half hour and redissolved in dil 
hydroohloric acid and filtered. Generally double filtration is needed 
to obtain a reasonably  clear solution. Alumina, iron, titanium,  phos- 
phorus and manganese aro separated by ammonia precipitation in pre- 
senoe  of ammonium chloride and ammonium nitrate.  The filtrate is eva- 
porated to dryness to destroy ammonium ions and dissolved in dilute 
hydroohloric acid to de ¡. .mine soda as desoribed in section 8.5» 

Fusion with calcium carbonate and ammonium chloride, where sodium 
o on tent is converted into carbonate, is carried out as outlined in 
•motion 9 »10. 
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Cernió»! Method« for TflT,fT ^»ly'>B 

U^r ana**., ar. na.d.d to -^« ^¿^^1^^^ 
OB the bauxit. and mud analy.— ^^^itation **»*£*        J iel4 
ly sensitiv, to th. liquor contamination   both ^ ^» ^ 
and the precipitate quality (hence product) a. explained 

4.2.6. 

M.J» con»Utu.nt. ..«., rt-t». •<>*..••»•"•• "^"^o" i, 
l/i.t.min.d * ol...i.al *»Ud »•'^«..rfoXr 1     -«. 

on-str.am analyses methods making use « *T nMtton 800Ctrophotomstiy 
U^ors. Colorilo -thod. an   aoraio^^Zll^ *th 
are increasingly adoptad for estimation or mx 
continuous efforts to .xt.nd their rang, of ^^f^. 
latter methods are treated separately under individual heads. 

•.r following ^7^-J^r-CS.tr^^^. oators are mentioned to detarmine the end porn* ^ w 

..thod. locate th. end point »or. precif*•^*•^^ itt- 
for anything more than oh.ok or in finding new sharper en 

di oators. 

6*1     caustic Soda 
.. ,Iä*4-«A .. the au« of free sodium 

,1. »id in pr...»o. oí ph..»l,hthai.t» *«""«^; " B0dlM clr_ 
far.no. fro. »lu*», ih»«*»««, •ili»*«. «•»*»*••• Boal 

Sonata* 
M inportant aouxc of error in titration i. ^ ^^austio 
various Wo .alts-precipitation, common in high M»»"^ 
rauHisuor.. Th... oon.idaration. hav. own di.ous..d in d.tail 
ey PhiEipB and MoLaughlin.   l4) 
«   v     •.   «ha.*h»ta    .ilioat. and vanadate intarf.r.nc. is minimiwd 

rcnoved hy filtration. 

1W. int.rf.r.».. 1. ~ppr..«d Ir .<-»l«i»« « £* "'ônî«^«.. 
aliali tart«»», («.oh.ll. .alt   m th. »«" <" *"i• ÍT 
SSata^i. add.. aft.r filarini «rt th. »a*» ,r.=lpi«at.. 

A «11 o.ndu.t.d analrai., in »mci.nt pr.M«. of «« <=""id« 
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rnd tartarate, will give a clear solution before reaching of the, 
end point. A dull solution indicates the basic salts formation in- 

ci denoe • 
Some practices do not consider addition of tartarate necessary fer 
general laboratory analyses. Others, who by convention work •» *** 
Lais of total  soda concentration (a. distinct from caustic),  deter- 
mine caustic by abstracting from the total soda content the sodium 
carbonate content, estimated from decomposition with hydrochloric 

ccid. 
In excessive presence of sodium carbonate, barium chloride précipi- 
tât« may become too excessive and absorb significant quanti -y of 

oaustio. 

During separation of carbonate, phosphate, silicate and vanadate, 
„hile washing part of the liquor silica ends up in the "^ " 
be titrated, and thus gets included in tho caustic value.  On f^rly 
well desilioated liqucrs, this error will be small. 

 caline Soda 

Total alkaline  soda is defined as sum of free sodium hydroxide,  sodium 
aluminate and sodium carbonate, expressed as NasCO, or Ha40. 
Total soda is generally determined volumetrically,  gravimetric method 
based on «ine uranyl acetate precipitation being used only for check 

in the events of doubt. 

8*1.1 volumetrie Method 

The method consists in adding a known excess of hydrochloric acid to 
neutrali« HeOH and Na.CO, and convert HaAlO, to A1C1,. Tartaraxo 
and barium chloride are added to quantitatively complex aluminium 
and release stochiometric quantity of hydrochloric acid originally 
combined with aluminium. Excess hydrochloric acid is now titrated 
with oaustio soda solution in presence of Phenolphthalein to give 
by difference the acid quantitatively combined with total soda,  ¿he 
end point is approachable from both the sides. 

Before adding the complexing agente, barium chloride and tartarate, 
oarbon dioxide is expelled by brief boiling. 
Bxceasive boiling may cause eome hydrochlorio acid lote. 

ioid excess hae to be kept within limits to avoid possibility of 
basic ealt formation. Also molar ratio of tartarate to barium chlo- 
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rid« ehouli exceed 3, and barium chloride should be added at  later 
stage near tie end point. All these considerations are explained 
in detail by Phil Up and McLaughlin.   l4) 

In this method, vanadate tiet up some hydroohloric acid (in  tue acid 
medium) vo gives  slightly aiflk values for soda. 

Presence of Pç0,   above 29 mf givee progressive positive error (because 
the end ^rcd-i:t is Ha,HP04). 

Preeence  c.   >vi»• of    volatile  organic aside gives higher  v,iuo  for 
soda because tw  former get converted to the  correspond .ig acid state 
and voU alias uuring boiling for carbon dioxide removal. 

Some preci  ces,  however,   do not  consider neeessary above  .-.o.npjexing 
agent rsTuirecita and expulsion of carbon dioxide when titration 
is  done ;.   yr-sense of alooholic phenol red indicator ('  > <..rcenO 
which turn" r-d at the end point. 

••••1 Gre>vim»trjo Kathcd 

So© under  *¿cti -r   8.5« 

••J   üIBíBí 
Alumina is üefii.ed and expressed as the oontent of anhy.irous  ilu«i- 

niuir. oí. de .   Al. O,. 

alumina is generally determined by volumetrie procedures-  Gravime- 
trie method, based on exime precipitation, le used onty for check« 

••»•1 yfl—trio Mat hod 

k kaeen excess of hydrochloric acid ie added to neutral    e SaflH, 
la^CO, and convert íleálO, te AlCl,. 

Cmrbcr dioxid* from sedi um •arboree deeem»#eition is e*rellf<! by 
heating.  ^ « solution is divided into  2 parte. On one k&rt,   free 
»eld is c-e.^ruji*! by titrating sgoinet sodium hy dromi* .n     «semee 
ef BixeU indic-it   r (phenol red Vromothymel blue)  wh    h -urn» violet 
at end poim    S,d:um t*amtÈ*d to suppress alumina Pr«..-.. it., non and 
•«•press  the release of hydroohlorxe  aoid In eomWaatun  ^th alvalM« 

This ti trail or  thai fives the  seid ooeieined witi la«, !-«,^, •»* 
KaAlC,. 
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On th« »••ond part,  free aoid ale»« with the aoid tied up with alu- 
mina (liberated by addition of tarterate and barium ohlonde as ex- 
plainad in »eotion 8.2.1 for total soda estimation)  i» determined 
by titrating with caustic soda in preeence of Phenolphthalein, 
ïhi« titration gives the aoid eombined with NaOH and NatC05 i.e. 

total alkali na  e oda. 

»iffereno« of the two above give» t«« »cid oombinad »toehiometric- 

ally with alumina. 

Vor sharp and point in tho first titration,  ratio  of oxalate to 
alumina ìB vary impestar/,.   '•*)  Oxalate to alumina molar ratio IB 

recommended at  70-95 for 200 - 300 ml solution containing 0. , - 
0.15 I alumina.  With these precautions, the error can be reduced 
to let* than one  c-oP   *•; 'M - 0.4 N caustic  soda u.ed for titration. 
lieoau»« of the  above oor-yiexing eonaideration,  alumina content  cf 
til« teet  solution  :•:' .u^."  "he les» than 0.15 graffi. 

Ti» ilni indicator colour change» during titration are as follow«i 
darkens from yallou ir.  the beginning towardo a neutral »had* at 
pH 7.0J  Wcomefc noticeably lavender at ?E 7.2 - 7«4l  finally turns 
•harply violet  at pH 7.4 •••   *-6. 'he mixed indicator i» made from 
1  peroeat   »odium  Sl••:•   BO, ,*   on» of phenol  red and broraothymol mixed 

in equal proportions. 

The Mtft«4 «uffurs from about  »imilar error» mentioned under seetion 
8.1.1 tvr total »oda axcept that interferences for alumina are rei«*- 
tiv«ly la»» because part  of the interferences common to two titration« 
•••••i emi during the rubatraetioa step. 

I.M  
___    ts «UM precipitation, aa ©uUi»*d in eection é»5»*» ***• 

Mtht4 1« l9mmr *»* tim» Co*«*»*»«« *fra« of additional aoouracy 
attained *«*• not war rar t it. preference over quietar «impl« volu- 
attrle »Mtaod,  exeunt  for the eaeoka. 

UN MtiMtlM i e   *»•* w» «UM*«** m*ko* • f determining tao amount 
•f «WVM iiojciae evolved e» NMUN with dilute fcjrtraaàlwlo aoid 
(5A pifOBtl  ••*  P^.f?.   *> ?*r tèe eppar»tttt detail«.  C«f«e» dioxide i« 
««••read 1« 40 percent pota»«iu« aydrexid» »olutto». 
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Mitri« Ml4  an« ovuporot»«' to ih« •volution of whit«   sulfur ^c 
fMM>« t0  that,  th« tliielv«! ••< 11 -»  MpiWt« out.  Th«  proeo«¡r. of 
lna«l«bi ,l*tnj «ills» it Mt>rt  tA eontidorabl« «rr«r,   occa-ja«  if 
ill« Moi    ;^4   lonf •©••  libn -my   b®   ]o«t  due«  U   the   .•rftner.c» 
of l*/«r««fl>i<->ri« «ci4 fiairitié fro« tho «oéiwi fluorin«  i^.urity 
in tfco   U,,   or,   *nd If it i« itopp«*  •%rli«rl   ton«  mije» rav crcap« 

ê»M)«tlori. 

1»«*»4 9fi  c«"lTi*-»try    of »1»« «nlybotiw» compio«.  0»tlin< ,J   •>• wo- 

ti'T     V    .J.?. 

l«Mrt*t<o«  iMic*t«4 IB Motion 4.2.7. 

f** »o»h©« to ooM« M «¿«rottoti of  vantai« •••»•rtoa to couple- 
t«lj v*n*4li »i*'«t •*** f«n «« milrhat« im pr*««nc«  .:   for: PU« 

»rtl«?N'L,u>niL     M tolo»r«á  irdivAtor («»H»* "¡err, u.     .    "i.*» 
or «MOU t     -*»t  ** «»M«t tocAuso  tnov  «Sv« «tron«ly  c-.-.u-.r«.-.  ..,-.»- 

•«*»«•  *tt»  VM«A4«I loM lit »ei¿  modiu«. 

A   IOC- ».   «f  icUtln Üluto« m*h  •rJ.il vol«*  of wator -a  .^di- 
tto*  «it*   tOv  -I   ©Í  Mlohori«  »«.l*   (1.6 iMMlty)  anc   tre-•*.» :   'or 
«M or«NUt^U« M«trMtiM wttn * f«*. aro»« of fcymrc-poT   ^r.x. ., , 
(>0 pitoMt}, mo M tati«» tvirn« brie* r«4. It i« t:.m i«:i«u  'or 

HI  -    1}   «irrito». 

t«*  ttttMt i« M* o«l4i*«4 to %M «»Mèle  «tat«  by rovento« 
kilo« Ml* p«tM«âw pon»i«n4*r>»to M foliowo. 

à  »lio*»   •*'•*'   «f  *   ^ MtâMUMI   MiraliBfilM   i«   »4ào«   '°   th»   •*•*• 
N),lur  i« *um hot,  «Mo4 M  ir-.o  w*mm •* M»u  ond point   1*- 
•41 n«  i»r  Mvir.l «¿MM«, fb*  **©«•» potMtttM -•n*»ntf*¡»a;o u   *•- 
««•**•* «ifc »•• ,0 #••*••• * lwnot»   *ol»tiM *4éin# *• ml **«•«•  of 

to«   i*   tor. 

ft*  »„.s. -     • t» *•« 0MU4 on«  M«*«3*t»o4 otta pe^nu*  i* -fta*«**» 
M   «•   »H»  »-.a«   »»•*  *«• ****  ooloMr   M»««*«  for   ....   •'••**  «unuto>«3. 

UM   MUlwl  ti   M«  f—Êf   t»t   tit- *«!•». 

ffc» ••••*•  , il   IIIUH1I  I« ê»«tr«jf«* «Iti I Mrtfent   ^'"u'  »Jtrté» 
M)|»n»K|  »1*4 t  *f«t«4 «ìMVJT «u  b. 10 forro«« #»a í»í. -1,»,  it. r>r«- 

wf   •fOfrwiH*  iWHMtOr  tortane? r#4 OTM»  fro«   Uiu«   #r^e)l.    It 
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fea« to be noted that tho and point is not sharp and the colour 
rehuirte some time to develop» 

The orthophenantrolin indicator is prepared by dissolving 7.5 g 
orthophenantration and 5 e mohr's «alt in 50 ml water. 

••9    jhosphorm 

Importance explained in section 4.2.4 and 4*2.7* 

Determined by  spectrophotometry of molybdenum blue - eee aaction 

10.3*3* 

••10     B/ssolvcd Iron 

Defined as the iron content of liquors not separable by filtration. 
Excessive oontent contaminates the alumina product. 

Déterminée by spectrophotometry based on ferrous O-phenantroline 
oolour - see  neotion  10.3« fi. 

Importance explained in section 4*2.7. 

•stimati Oft is based on separation of gallium in the form of chloro- 
gallie aoid by ether extraction in hydrochlorio acid niediuia, foilow- 
ed by precipitation with  5*7 di bromo - 8 - hydroxyquinolein. 
1res should ba absent at the precipitation stage. Traee contamina- 
ti«» sf ferrio ion is taken care of by titanium trichloride solution 
as Mentioned later.  The gallium present in the test  solution should 
mei exaaed 0.7 mg to avoid too bulky a precipitate. 

la the sther extraction stage, hydroohloric moid oonoentration should 
eerrespond to 5.6 N. Tha solution is filtered, if not olear. Ethyl 
attor should be frashly distilled before use. Double extraction is 
deem to ensura complete gallium extraction. Ether» test solution 

rati» Is 1*5 i  1* 

tit «treated gallium ether solutioa Is purified by addine 5*6 K 
syÉWRlTlO asid and a few drops of titanous trichloride,  the impu- 
rities amdimff up in the aqueous phase. The purification step is re- 
peated mita 5*6 H HCl followed by evaporation of ether fro« the 
sari flea ether phase.    Oallium is precipitated with 5.7 di bromo - 6 - 

Lnolein at  60 »C from the solution containing JO percent 
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acetone «nd adjusted to hydrochloric acid concentration 0.06 iá. 
The precipitate is filtered through sintered crucible,   grade 4.   ma- 
king sure    that  filtration is  finished before the  solution cools to 
below 50 »C:   otherwise  some  dibronohydroxyquinolein will  separata 
out. The beaker is washed with hot acetone - hydrochloric acid solu- 

tion. 

The precipitate is dried at   105 -  V.O »C for 2 hourB and weighed. 
The dessi cant used is anhydrous phosphorus pentoxide. The precipi- 
tate  consists  oi   Ga (C^NBr.O), 
5.7  di bromo - ò - hydroxyquinolein solution is made m acetono, 
corresponding to  3 gpl concentration« 
Precipitate  wash  solution consists  of 0.06 K solution of hydroohlo- 
rio aci'i,   containing 30 percent acetone,   obtained by diluting 300 
ml of N/5 Jiydj-oehlopio acid and ¿00 ral of aoetone to  1   litre. 

8.12     Chloride 

Chloride ion concentration raiees the e<juiiibriu» solubility level 
of alumina in caustic  liquors and thus need, to be reviewed a«^a 
part  of  . . Tuor contamination study program  as mentioned in eeetaw 

4.2.6. 

Method 

Sstimati on ie baaed on precipitation of chloride as eii/er ob  onde 
fron a solution free   >f organi os* !i'ha organi«« are dee*, r.-vea by aci- 
difying tne  liquor, with nitric aeia,  followed by eaaitior. of vote«-- 
«iuia permanganate ory.tal« and boiling.  Tha    purified«   .clutxon will 
•haw persistant  pink colour.  Chloride i« precipitated   i r. the coid 
with H/10 salvar nitrate «elution and a lit*»« to «tay ov.rrught in 

tha dark. 
The preoip.tate  is filtered in «intera* «lae« «ruoible  *n* drie« 
at  105 *C until  soBstaat Might. 

••11     aulphata 

§«lpaat#  ion«  aleo raía« the «qui Ubrlaa Mill* Uly   u  «l *ná M*ê 

rawiew a« mention«* for «alert*«. 

flati«* 

on p-eotpiiatiM *tfc »%r;** ehieriM ia m «rgafie-fr»« *•*»• 
tie«. -"he    rganta« are *e«tr«yei W s>etaa«iM Mr»«»*4-   <•   »  •«- 
mm et   aydrecUl*ne Mi*.   »reeiaHaUM i» MM I» ' »»« •••*•* 



i/10 Wrlea alarla« feop by drep. The precipítete le Ufi over- 
ate** ewft NUUN te«t«4 for ear further need ef V*rlw« oh lori 4«. 

pr* ei pit et« le lAttte* **  100° *c* 

MI.1 
 »reeeeee ©f exaletet i» ti» Ue>or genérete« exeessi*e 
fiate è*rl»f precipitata on, creetinf previene ef hjdxate recovery 
4wmm the ajMt licori thu« need« te be eàeoked. 

fût attèede «M feaerelly ueeé. OM le titration At* potesiius 
pmmmêmtf M described in eeeUen 8.|.t en ¿eterni e*U on oí 
•fVjMBte a/ *»rt Mthod. The other eethod ti trete« the ecidi fied 
••teties «ttfc I «oler «odiuai e« rete - «odiua perohlorete «o lut i on. 
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, rtnl"" *>>**- fla^BM Trll^t, aid Alumina 
" Hua***4  .„lain.d in .«otton 5. B««1 th« 

triedra»  an* alosna «• *»»£* *' «M<liMá on pmipit.Uo», 

for „Ubi.  »í. »^"f^^^h. Of cours., th. mhydr.t. 
tu luthodt.  sr. •Mrally cor.»"» „f th, 0Mipi„ for analy- 
dl..olv.S *»ch »ore  re.*£ j"•^..«.» ha, .t-.nd.rdi«* 

U pursly a-idi e--ti v«. 

f.1      B.<4»ttt£i ••.,-„*   no #C for th* tri- - +   ^ras on 2 hours heating **'<<-    ^ D.tiwn.d hy wei^t  xoss on < n alumina,   1CO e sam- 
^.t. ana  .t   ^  -^/-^ C^     o      r:;r..n is u-d in a piati- 
fl. reduced io pp ^T*.    ISO/TC ;7,   October  1964.  Te asti- 
«a« dish as p«r I- ~°•*f  *'        \ 5 g»  sample is talcwi in a 
Biata tha  atroph,re-adimrbad moisture,       ; B» 

ut,d alumina or phosphoric anhydrià.. 

t.t     frit îf* l«Pi"on  ïLt%l .   . ,.,,  aB in 

**a« as for »a.r.j ir. ii.1. 
HOáoeuaant 3'V,  I^û/TC *?• 

it rt*a.à ulth  «orun*» -ertar and pa.tla. 
..11. fu.a4 with 12 | anhydrous sodiu* cartona*. 

a f ala^- ì-  »m«l * f»"^    for ;.tiBÄtin, .odiu. whar. fu- 
^^i, ,cid -wt.ra  U •   i>.  •      1 carbonate i. u.ad, 

îr;rrf rr:^ fai:::- 4. «i-* *• «^« 
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to diaaolv. alumina, at 250 »C and abov« in ««al«d tab«., i« r«o«i- 
vinf attention for ita m«rit in «minatine pr«««no« of .tvoral 
foreign »«tallio iona in th« main aolution. 

Th« «oda-borio aoid fuaed mas. Ü di.aolvod in wat.r and «xo«.a 8 Ï 
nitido aoid to produca a final pH of about  1 unan ta« «olution mad« 
to 500 ml, or about 0.4 wh«n mad« to 250 ml* 

Fttaion t«mp«ratur« uaad 1000 #C. 

ISO dooum«nt 369, ISO/TC 47,  Ootobar 19^4. 

9*4     31 lio* 
On an aliojaot« of th« eolution prapawd a« par »totion *.J,  *jr pho- 
to«olorim«trie estimation of y«llo* aoljri)«*««« ooapl«x a« ©utlin«4 
In Motion IO.3.7.2. 

9.»   Urn 
On aliquot« from th« aolution preparad in «action f.J, V «p«otro- 
photomatry of f«rrou« ortnophanantroiin. 9— «••tion 10.J.2.J. 

9*4 

9.T 

1 

>.• 

On aliquot« f*on ta« «olution pr«par«d in «•••ion ti.*, %T •»•et«»»*- 
tOMtrio «ati»ation wit» hydrofaa p«r««i4a ana tira*. *»• 9—Um 
10.1.1.1 ISO Mtaod «M« tiron. 

On all«««*« fro» th« «©latió» papara* In «a« ti «a 9*1« *T 
pfc«t«w*tiy of aalybdaaum blu«. Sa« a««tioa 10.!.!•}• 

On alifu«*« fra* th« aolution »fcaarai in —Urn ••!» *T •?••*»•* 
• allWMllT •* •*»• 41 tki •••*•%• i» ••*%•* Wt»«*al«44». 
to alt«rma*« «ota«! »••• •>*••*• *»»wt+**» apwtra»»«f«n«*iy •* « 
alaanna «oUtlaa «btala«4 an 4if««U«. *t» »y4i«»»lf*« «Mi «• 

tj» •€. 
••§ a*«ti«»io.).«. 
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9»9     Bobbie sodf : ;• rprih,ydrate 

50 g of  a, ,•„,    , io heated for 1 h*ir en sand bath with  300 ml water 

6.nd  ÎO „¿   i<    > .v^ochira-ic  acid ,n presence  of phenol red indicator 
prd except. '*••   J    -trateá  with  Et.nr.dard  caustic seda.   Sand bath hea- 
ting iß ^.-!:<  + ' «-id hydrochloric acid   loss  from accidental boi- 

ling. 

9»1°     •?°: al  ~°r~fi 

Flan« t  ...      ,.  •••thod  outrne' is  section  11.1.?  and is the 
accepted   Ir'    -M.  on.xl   Standards Ogariaation method. 

Çrf.M'.-t: • ripíete  oí   —-ipitating with  z.nc uranyl  ace- 

tat«, 

1       ^      ,.     ,      ;.    •    ;ed   4alh  d    ..xturff   of anunoniun-   -.hioride  and esl- 

eí u.» ^rb'vu«  in pr—orticr. of  ^   :   6.   Intimate mixing of the com- 
porr**   u  <   ^nti* r,r,..iIlg ir   the b-^nang is important  because   of 
Telatili   t,u:- ^en-.-im Oi"-:io.   In*  fuaed mase is taken up 

in   ,„it«ir   .    -    '" 

Th4   ,,.  „   iU. ,   . „       ,f,   ;•«•.   v.-,,.   rated  to   200 B,'   total  voiurce  an4 

eaXc^iî-.   •-•   •-?'«•.'».    'J   rm.DJ'n i-n «nth  40 »1 saturated am-ncmum 
C«   Pt-natr   »t   ov  -  ,r'  rC  1/   prtv-u-.se   of   ammonia. 
Tfc, f 't-«x» s evaporated to d^-« • * **¿ eaBonxttB co»pouris drive» 
off by he*: »* * • •• a upen f,,-. ".« residue is taken 3 n a ie« «1 
of wer . - ••< T'P» ,^f i\v-. cüicic acid, n*atr».us«d wiWi w;.~ 
»ont*  i"       ••- *<<vt   -,n of o^ „•.•-,* tel   of ejn:.,onium carbonate. 
ejhi t jn^c, - .-r,u ara »ad- a- : 100 .1. 1» aliquote equiva- 
le»« to a> ... c ¿^ . a*«4n, . •>••» for «in* uranyl acetate pre- 

•lf¿t»tiwi..    ••  t?..  ".     ft  »action 5.5. 

t«t*    M 
lt\ UP 

1^  ee 

.«•ati    u«tt*H.uneo f      (.-ertroche*»«etrie method §1*»» 

w_ . >.,.   Cra^ifetr^     yuln» »Ade li  deter*i»ed V 

fi«eTpi- ' **1* eiweotu»» o*.l%t.  ,r.  Jvl*tie» tr»* of elwnna, 

ir+f   a • ***- 4 '• * 

Al«*»»»,   i- •< '»•'   •*   tr«.tsi%   're  **M«M eju-«-   *!   »Itevi M 

,t.itPU.ur  ,i.  i.-.-  »••»*. «te eatureted iodivi» 
, *      ,,,    %m  ,-rei.  .-»*'•  •      freed ef »lu«- «,  UtsA*» 

,     ,    ,,.   .-»»   *.¿   Al.e-i^a«-     *   *>  r»f*»nt   aitri»  **id, 
e»aì#*- 
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boiling to decompose the oxalate,  and followed by ammonia precipi- 
tation as outlined in section 6.5.1. Calcium is thon determined 
in the filtrate by Precipitating in the boiling condition with 
anaonium oxalate. The solution i e kept warm for 3 - 4 hour«, to 
oomplete the precipitati on» 

9.12   QalUwn 
OalliuP is extracted as ohlorogallio aoid with ether ae outlined 

in »eotion 6»11. 

CaliiMi alumina is fused with a mixture of potassium carbonate, 
•odium carbonate and sodium borate  (in proportion of  1.5 «1.J3 t 1J 
%ad extracted with water ar.d hydrochloric aoid by boiling. For 
ether extraction, the solution is evaporated to   100 - 120 ml volume 
for a 5 gran sar.ple,  and hydrochloric acid concentration adjusted 

to oorreepond to 5«6 *>• 

f .11     Chroiaima 

Determine* by spectrophotometry method using diphenyloarba*ide, 

as outlined in section 10.3.6.2. 

1 
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10. Colorimetrie  ar-.d  r-pectrophotonetrio Methods 
(To include bau.-.,,  '.sud,   liquors and   alumina) 

iipccrophotonotv:- méthode  are also called absorpti orne tri e methods. 

Loth  these retour,  depend on devalo^r.t  of  characteristic  colours. 
to the  classical chemical methods The^e methods  .:>ro  in a v.-ay  au¿une 

•iUi'3  the lax ter .je needed many of the pre- 

••lacaEc-arv for -*ucr.  ,sful selective  colour cr,ve- 
de scribed e ••'..•-'<.. 
iitrinary  fc?>'¿r 
lopment. 

Tlie method  are  particularly suited fm   estimation of constituents 
occurring in xow  concentrations, using fairly' simólo and  relatively 
inexpensi-e eq. i-.^ent,   easily understood by   an average  laboratory 

chemist» 

With increasing  t-.i^ci xmesn of role  of minor impuntii  on the 
alumina proc^     **d the  finished product  aluminium,   for which 
alumina is produced,  tv-se methods have  an importât role zo play. 
Con8<t'e-:i>/-e  ->ff^  : ,   on foot  to Improve  their range  and precision. 
Complicate   ,••>••   -Tua tho  eif.:-o.:.   ,f  forea.gr. eldest s on the parti- 

cular c-lour 
reviewed to mirimi 

-jr.   ^lassi ai re'Ao-L:  of  dissolution are being 
•-.a introduced into  the  solu- a  varie vy 

tion at varies   o-.ageô.   t;'or example,   dxf solution of  alumina _n hy- 

druoiilorf-c aci.:, 
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. jrhuric  acid :.igh a temperarur« as 

- 3O1!  ° .;  is be^ng rf'riouLly  examined,   even if moans use 

of  SO atm, L-hrri, -v.re  geld 1'T.eo.  autoclaves. 

tO. 1      Colorimetri c To cX-^_I!J :i 

Colorimetrie m   t,   .^   are   based on rurlication of colours against 
the  standard s;.-!*-. c¿..  of  Known concentration.  White light is or- 

dinarily used- 

Procese of co';,      duplication may he done  subjectively i.e. an indi- 
vidual goes  -.y hi¡-.   twr.  judgement ,   with  consequent varying degrees 
of perenal  a-.--.rs inveì — d.  Besides,   7 T'^cont is the  -a: ni mum dif- 
ference  :•'•   m\ r.v ".n-n^xy   t-r^t   an „vsrage  man can identify. 

Aí. ,,o:60t¿        -.na rere   accurate ne^huá would use  a phot-electric  cell- 
oallcjdphotueintnc coicrimetry, but  no instrument  simple enough ha» 

been y at de^V^eá. 

Por viauai  .       •      .mohing,   two *v,r.V>d»  are  general uf.od - colon- 
metric ti trat ••.Tí   ,nri   .ml -.uci ng metodi i nvolvj :ng use ...f  Duboucq/colo- 

rimeter,    'or e - ..• ^l-i. 

In coleri -net no titration,   a standard Elution of  the  constituent 
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being determined is added from a microburette  to the  comparison 
tuba'containing the  colour producing reagent. The only special ap- 
paratus required ara  two   liât bottomed tub?»  ^0 -  100 ml capacity, 
called Kessler tubes,  having identical  dimensions and optical   trans- 
iarency,   and a rricroburette. An essential  requirement  is  that   ina 
colour development taust be  very rapid and  the  ecloared product 
etable.  Thus it  vili not   really suite  iron determination "ty   *hv  thio- 
oy anate method v.r. 3 re   tno   jovnloped colour  fado a rapidiy or ;i,..,/.r^se 
e'.jti»r.ation where perm^./ranate colour development is  slo.i.  How* .'to, 
it  remain;? a good fi e la >•• i-ned* 

In the balancín,' Mjihod,   bricht  of tho   standard solution in ii.« i^r- 
tioal comparison tub.,  i ¿  varied till the  colours match.  Concenti Vion 
C     in the  test  culu'i..*  w, 11   then equal  concentrati on Cg  of tho  stan- 
dard solution X ne-ght   of tas standard solution / height  of the test 
•solution«  Thus it  is much  fr-.sLer. 

Field brightness is important factor in the   colour matching preci- 
sion.  So practi-cbii: ty   of filters,  especially  in light  coloured 
solutions,  ir.  generally   îoubtful. 

In bauxite feasibili+v t neues, colorimetry is restricted mostly 
to iron and titaniu;a analyses in the field, and the laboratory's 
have mostly adopted spectrouhotometry as a standard equipment. 

10« t      Spectrophotometry Te en tu rues 

Spectrophotometry usee  light consisting of a narrow band of wave 
lengths  (ideally  a »single wave length") instead of straight  white 
polychromatic light used in colorimetry.  The concentration of tu* 
constituent concerned is determined by degree of absorption of the 
selected radiation. 

The) conetituent  concentration is read fro* the standard absorption 
ourves made from the   coluti one of known concentrations. 

Tba  speotrophotomet'-v  has .ui inherent   advantage  of  sensitivity, 
precision and ver;, at-.ity over colorimetry,   because it  allows--   ib* 
oaoioe of différant  wave   length lights,   includine; u^tra-vi oiei   and 
infra-red, though +ne  ..- uter are not needud w; th bauxjte and ¿lumina. 

Improved versatility am precision result from ability to play with 
different wave  lengths  so that the interferences from the  foreign 
IOM een be avoided and  often single  BC¿ution can be used for esti- 
aatle« of two different  costituente,   as  for examnle vanadium and 
titanium*  Thus  spec trot.hctr-ruütrio methods  are generally   prefer rod 
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1 
Similarly 3r,   10,   5 micron diameter particle« will be found after inter- 
vals of S »in.  0 HC, ,17 min.  46 sec. ,   and 111 min respectively. 

TI» fluì« UM« for slurrying ia 1 gpl «odium tartarate solution. 

On» of the commonly used pipettes for drawing the sample is shown in 
Hg.   14.   It is fixed to a support which can be moved up or down by a 
micrometer in front of the «cale in mm.  The bottom of the pipette i« 
closed.   Four hole« drilled laterally allow the sampling on a horizontal 
plane.  The volume of the pipette between the two way cock R 2 and the 
bottom I is approximately 10 ml.  This is determined exactly. 

The «might of the test «ampi« taken is «uch that every sample drawn 
corresponds to about 0.1 g of the bulk sample. 

The «lurry «ample ia collected by «uction through C.  Outlet D serves to 
discharge the excess slurry collected in the bulb B.  Separatory funnel A 
contains water to flu«h out the bulb B.  The solid« drawn in the sample 
arm determined by filtering through sintered glas« crucible grade 4, 

followed by drying at 110 °C. 

The rosult« «re calculated as follows: 

4BT36 micron « a gram 
eg 30      " « b    " 
-CIO     " - c    " 
4C 5      " • d    " 

•ins» every sample is equivalent to 0.1 g le, <<S microns    c  d 

* - 10 microns 
10 - 20 
10-35 
96 - 44        " 

e - d 
b - e 
a - b 

0.1 - s 

msommtly a method base« en the principle of solid particlea sedimentation 
In mir has found groat favour, because of the readiness with which it can 
fern automated and requirement of comparatively much less operational skill    ; 
1« ti» reported procedure using Sharpies raicromerograph, a SO mg sample of 
érto« material 1« placed at the top of a 220 cm long column, both sealed 

air tight with clamps. 



»o 

T'•,<;•   sample  is "Mowed"  into the  column by building up 50 pound nitrogen 
pressure behind the  »ample dish  followed by sudden pressure  releas* 
through  a solenoid  actuated valve.   This burst   of gas  sweeps  the  sample 
through  a deagglometer  and into  the very top part  of  the column as cloud. 
Thfe   Dai tides as  they  settle down  in the order  determined by  their diaaeter 
are   continuously weighed so that   the  resulting  chart   is a record  of  accumu- 
lated  weight  versus  time.   The equipment  is,  however,   too expensive  for it» 
justification for  bauxite  investigations where   the  number of  samples in- 
volved  is quite" limited. 

1 

14.10. Surface A rtj Measurement 

Surface  area estimation of  the  hydrate  are widely u»ed in precipitation 
studies for seed balance calculation» and provide direct overall aise 
distribution index  for both the  seed and the product. 

Surface  area can be estimated  from the sedimentation test data as deter- 
mined  in section  14.9.   but  it  is very tedious,   and requires much care and 
attention to give  consistent  results. 

The  procedures most   commonly used  are: 

a) Photoolec'rie 
b) Air  permeability 

Photoelectric method consists in dispersing 0.2  - 0.5 g sample of  trihydrate or 
alumina  in ethylene  glycol  and noting the degree of  light absorption with 
the help of a photoelectric cell,   output being  registered in milliaraperes, 
(analogy  of spectrophotometer). 

If  I0  represents the   light  intensity  transmitted with  the blank,Itlight 
intensity  transmitted  through  the  suspension,   the ratio It/I0 will  ** 
proportional  to the  ratio of projected  area of  all  the particles  to that 
of the  light beam.   The quantity  of  test  sample   is varied to have Milli- 
ampere  indication  in  range of 8  - 20.   Particles  in  the  size  rang* of 10 * 
20 millimicrons are   found to influence  absorption strongly. 

The entire test takes only about 2-3 minutes.   The  appartus  is exceedingly 
simple,   similar in essentials  to that  of a spectrophotometer.   Tungsten bulb 
serves  for the light   source.   The  gycol container consists of quarta,  gene- 
rally   5 cm square with capacity of about 200 ml.   The  apparatus is sometimes 
called photoelectric sedimentator. 
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Air Permeabili tv method it based on the principi« that  the air permeability 
values at a givtn bulk density art largely dependent on the particle size, 
and thua the surface «rea. 

1 

A filled «eight of the dry powder ia taken in a permeability cell generally 
nade of sintered glaas bottom. The permeability it determined either by 
noting the upstream air pressure for some standard flow of air through the 
permeability cell or by noting the air flow for a fixed upstream pressure. 
The quantity of test  sample/ varies from 5 - 20 g depending on the apparatus 
used. Here again the actual test takes only 5 minutes. 

loth these methods provide an index of total    surface  area which may not    re- 
float the actual siso distribution of the  sample.   Besides,  the values pro- 
vided for the total  surface are not strictly absolute,   for which it will be 
necoasary to go    to Andreason method described in the previous section. 
However,  the values obtained so quickly,   reflect the process behaviour fairly 
well and form a generally acceptable base. 

Air permeability method is being increasingly preferred over the photoelectric 
Method.  A very popular apparatus is Fisher Sub-Sieve Analyser. 

14.11. tatmlnatlon of the Hydrate 

Microscope examination forms an essential part of the precipitation studies. 
Of special Interest  is recognising the point where nuclei begin to be formed 
because these are difficult to recover in décantation and their excessive 
presónos hurts filtration and hydrate washing operations. 

for this, the part icios have to be recognised in the range of 1 micron sise. 
Por quantitative studies, it is necessary to know the sample density mg/cm2 
of the surface. One of th« recently successful attempts in solving this 
prowloa is as follow«, 

ISO at of well dispersed solution of 0.5 - 50 mg of the sample is filtered 
MmTOwgh • mlUiporo cellulose acetate filter with a poro aise of 0.45 milli- 
micron (minsero Cat.n* HAWu 047-00). Thus a sample of known weight is 
distributed over a known area. 

Thw filter is opaque and ia itself composed of 1 micron cellulose particles. 
To allow microscopic identification of 1 micron siso hydrate particles, the 
oenetltuent particles of the filter have to be destroyed into transparent 

This is den« by laying the filter on a microscope slide coated with 
»tons whioh fuso« the cellulose particles to leave on evaporation a thin 

transparent filo of cellulose   sostate on the slide. The hydrate particles 
«4M then be clearly examined by transmitted light. 
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To examine the particle «hap«, aonobromonaphthaline reagent hu been, 
used.  The reagent has refractive index greater than gibbsite, usual 
precipitation fora of trihydrate, thus bringing out the contours clearly. 

To bring out inclusions and inhomogenities present inside the grain, 
augenol is added to aonebrononaphthaline in ratio of 2 to 1, to depreaa 
the overall refractive index and »take the inhomogenities appear as dark 
spots. 

Microscopio examination alao helpa ready recognition of different forms of 
v aluaUna produosd.  Alpha-alunha, for example, looks dark in polarised light. 

Dispersing agent commonly used ia ethylene glycol. 

u.U.       miwof runty 

Product purity considerations are discussed in sections 4.2.7. and 5. 

Preliminary evaluation (which is actually rather drastic) of the bauxite 
impurities effect on final product purity is effected on the desilicated 
•lurries after filtration and dilution. 

Carbon dioxide is passed through the clear solution to precipitate all the 
impurities along with alumina. A material balance performed on the starting 
liquor and the precipitated product gives the amount of particular impurity 
dissolved and possible product contamination. Thia test generally establishes 
Mat maximum limit of the product contamination because the alumina precipi- 
tatemi «rlth carbon dioxide ha« much higher absorptive power than the alumina 
prmoipltated in plant practice. 

1 

»r lima catea of product contamination «ill require more detailed 
stumUes, taking lata aeceuat interaction of various liquor contaminations 
an tae eelutility of oonoerned impurities. The product contamination «ill 
alma as atudiad an the basis af alumina hydrate precipitates produced by 

outlined for precipitation yield studies in section 14.t. 

tat screening of bauxite slurries is needed during bauxite «ashing studies, 
«a mantiene* ia section 4.1., and during bauxite «et grinding. Wet screening 
9t ama Hai is needed «aile eatablishing optimum grind aise of bauxite. 
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Ostali« of a commonly used apparatus is shown in Fig.   15.   The  slurry is 
poured over the top (largast opening screen)   and continuously washed with 
water on all  the screens.  The vibrating intensity is regulated to avoid 

• excessive  spuming.  The  fin»at fraction is recovered by filtering the  slurry 
using buckner funnel.   The vibration is ah->ut  50 cycles per second. 

14;14, Viscosity of Bauxits - Ljouor slurries 

This information is needed at the time of plant erection to determine 
criteria for pumps and pipe selection, which will be different for plastic 
character slurries and sandy character slurries,   Plastic  slurries  (say  50 % 
bauxite) will   show viscosity higher than  10,000 cps while  sandy type may 
show just about 200 - 300 cps. 

The determination is made by a model LVT Brookfield viscometer. 

1 
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15. ?Líot pla"t  Testing 

15.1. Scope 

The ultimate  purpose  of pilot plant  trials  is crystallised very  well 
in  the famous phrase  "Commit your  blunders on a  small   scale  and make 
your  profits  on   a   large  scale".   Thus need of  such   trials   is determined 
essentially by   the   degree  of  ignorance   and to bridge   the  gap  between 
the   la'.ratory   technology   tests  described earlier   and   full-scale   com- 

mt < r-is'   operation . 

Fox   analysing our   needs,   general  motives  for pilot  plant   trials  may 

be  broken down as : 

a) to reduce  capital   costs  of  the  plant   through  more   accurate  data; 

b) to spot  basic   process  complications   that could   lead   to  large   in- 
vestments  just   lying  unproductive  till   the  process  difficulties  got 

e i j mnated. 

c) to confirm saleability  of  the   product  produced 

d) to reduce  operating costs  through   improved   raw material   conversion 

efficienoy 

In deciding on pilot  plant programs,   it   is to be   remembered  that  pilot 
plantsare expensive  to build and  operate.  The   studies   are time-consuming 
and any time  spent means  profit   loss  for the equivalent,   time   in  case 
of   alumina where   the  plants are   built  on  assurance  of   ready markets. 
Principal  consideration  is that   of  acceptable  quality.   So the   old con- 
cept of pilot  plant! as   "a collection oí equipment  used  to develop    the 
most economically  sound method  of  commercially  producing a material" 
has undergone considerable modification.  The pilot plants are  used  for 
only very well-defined limited  answers,   based  on hard-headed calcula- 
tion of pilot plant study costs  and expected financial   benefits. 

A good plant design allowing for considerable  flexibility can success- 
fully by-pass a great deal of uncertainty in data.  And  if the  cost  of 
pilot plant  trials  (including the  lost  time on delay   in building the 
plants exceeds  the cost  of additional   flexibility,  pilot plant  trials 
are not    *warranted.   With    the  improvement  in knowledge on scale-up 
techniques,  especially  in the reactor design from the  batch  laboratory 
data, the use of  pilot plants to just confirm the scale-up factors may 
often be an expensive insurance  or luxry.   Inasmuch as  the basic equip- 
ment cost  constitutes only 20 -  32 percent of  the  overall plant  costs, 
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significant  reduction will  occur only if  títere was a hop« of elimina- 
ting any procoas step or lessening the severity of processing condi- 
tions or reducing material  requirements. 

for alumina plant feasibility studies,  considering the overall  state 
of known art,   broad operating parameters can be reasonably well 
established by competent analyses of the results obtained from techno- 
logical  tests detailed earlier. Potential  equipment vendors (working 
on a competitive basis!)  provide very useful   supplementary  and practi- 
cal extrapolations on these data to enable equipment sizing.  Warranties 
and demonstrations of practicabilities of   their offered equipments are 
very  frequently volunteered.   Continuous run pilot  plant  trials are, 
however,  still considered necessary to establish the overall viability 
of the  process to forestall  any unexpected extremely expensive  process- 
anti unit-opérât i on complications.  Of particular interest  are examina- 
tion of liquor desilication behaviour (thus product purity) mud sett- 
ling and filtration steps,   scaling tendency especially in digesters, 
heaters and evaporators, and effect of increased liquor contamination 
on precipitation yield and precipitate grain size. 

The operating conditions are  those established from the earlier  techno- 
logical  tests,  taking into account the statistical variability of the 
bauxite deposit concerned. 

16.2. Naure of Facilities and Conditions 

The facilities will  correspond to an almost miniature alumina plant 
(including a boiler plant)  with the exception of calcination unit, 
very well  instrumented and designed for continuous 3-shift operation 
under well defined and recorded conditions.   This requires a well 
trained operating gang and  skilled maintenance workshop help.  Those 
conditions demand that the pilot plant be   located   next to p.n operating 
plant,   i.o.   to build it after the plant!   Thus the  initial  feasibility 
studies (i.e.   before the start of alumina industry) will have to be 
conducted at  an outside source, However,   it «ill  still be  advantageous 
to build the pilot plant at a later stage  because it could profitably 
serve as a centre to investigate other deposits, make improvements and 
changes on the running plant without risking any production loss,  and 
also to develop special products or profitable intermediate products. 

Attempt to use the pilot plant for developing special products before 
obtaining good experience of the existing normal plant will be excee- 
dingly wasteful and frustrating. 

While selecting the outside party»r pilot plant work,  following 
criteria will  be considered: 

a) ability to reproduce the range of bauxite grind, digestion tempera- 
ture and residence time,  precipitation holding time predicted from 
the technological  tests. 

1 



b)tralned staff te •asura continuous operation without loss of Use. 

c) Sufficient instrument st ion and reliable sampling «yate« to ensure 
authenticity of data. 

d) ooapetent laboratory  facilities to provide the desired quantity 
and quality of analytical information. 

• ) willingness to associate the project process engineers and the 
laboratory incharge «ho did earlier work. 

lt.*. Pilot plant specifications 

Necessity to establish a now pilot plant next to an operating plant 
has been explained in the   last section. This naturally makes ita ini- 
tial lay-out oriented to  the proceas  already selected. Detailing will 
be de te rei ned by the pointa of interest established from the operating 
practice. One outline  is  indicated in  fig.  16. A few general  guide 
lines are given below. 

An important consideration  is to limit  the minimum pipe size used 
for main floes to 1   1/2" - 2" and  still maintain sufficient flow 
so that the solids do not   separate out  from the slurries.  8-10 t/day 
salisi te throughput is quit« reasonabl«.  For crushing, jaw crusher or 
hammer sill is used to reduce material  to minus 1/2" sise. 

Bauxite grinding is dons in the wet at about 50 - 60^% solida,  the 
•ill being such that it san be used as ball mill or rod mill. 

•afficient number of digesters are provided so that the residence tise 
can be varied fres 80 percent to ISO % of that roughly selected; 
flexibility to change) ths  agitator speed on the digesters will be an 
advantage. 

Mud settler should provide)  area SO % larger than roughly eetiaated. 
Par sud washing, ens stage»  is provided followed by a generous eise 
filter.  However, asaos  is provided for an additional washer. 

Por precipitatora, ths masher provided should give a flexibility of 
tl percent plus sinus on the selected holding time.  Invariably there 
will be desire to study continuous precipitation and relative aerlts 
of air «ad seehanical agitation, 
•vaporation capacity should be 15 percent excess of that eetiaated. 

1 
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A <i»e filter i« provided to filter the hydrate. Part of this hydrate 
it «ce« for the ceo«, leet la "cold". Space ia provided to allow ex- 
perlaentatlon with other filtere and partial claaaificatlon of hydrate 
•t a later »tag«. 

of exteneive reliable inetrunentation ia already explained in 
Motion 14.a. Due to operation with slurries and aoaling liquore, 

itie flew aotera are uaed for Metering. 

ti. Laboratory Deacrlotlon 

Pal lowing three aodels heve been considered: 

a) Fiel« Laboratory cloee to Mineral exploration aveaa to aatlafy 
iamedlate necee expedítioualy. 

b) Ocntrel Laboratory capable of undertaking «oat of the technological 
teeta en« varloue analyaes required in that connection. 

e) Oantral I net i tute with (i) re ee arch potential to develop new ana- 
lytical eethoda, prooeaaea and technology needed for eatablished 
aluaina laeuatry (ii) pilot plant facilities. 

1.1. Piai« Lahoreterv - «seel  1 

1.1.1. 

The laboratory «ill be geared to xeet the incediate needs of explora- 
tien tens* recuire« to werk le eut-of-way placea In the apir it Mentioned 
I« acetica 4.1.  Incertant to reaeaber during pi anni ng, that living con- 
«itiene le eueh areaa are generally herd and life rather isolated, 
chich eeisee it difficult to attract eeapotont help, willing to otay 
fer sufficiently long tie». The laportant deaande amy be aueeariaed 
M letico»: 

•I Te receive very large wuebsr of bulk aaeplee an« encere their 
ecciti ve identity at all atagca. Theee canplec amy be very wet 
«Ml even in slurry fere). 

il fe cene representative aaaploa noat acrupuloucly in the quant i tica 
fcejeire«] lccclly ani fer outclde tcatlng. 

e) Te cetlamtc large nuaher ef acapice fer aeècture, leca en ignition! 
kalk «xtneity. 

1 
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it.i.t. 

i.i.i 

1.1.1.1. 

d) To eetlaat«, «tilt« lar«* nuaber of aanplea for Mixed oxide«, iron, 
tltanlua, aille« and epocifie gravity.  Later, number   of titania analyaea 
•ay deer«««« autotanti ally. Titania will noat probably be de tarai nod 
eoi orla» tr leal ly. 

•) To handle large voluaae of »lurry froa aoae pre liai nary washing trial a 
a* «roa «eeuring near el«yey aiaarala aa pointed out in aection 4.1. 

f > To pack and despatch large nuaber of «aaplee outside and Maintain 
perfect reoerd of datai1« and duplicate staples. 

g) Oceaelonal ehecka to ensure that aaaploa despatched froa the aine* 
repräsentative, eonalatent with the deacription in aection 6.1.1. 

a) aeoolpta «ai saaple preparation 
») Anolytieal «epertaant 
«) Oantral offioe 

Ulf - *«t» "i*i«» 

•vctlen will be equipped to reoeivs 100 saaplea in gunny baga or 
of vara««« aiaoa. though the «eaploa fro« the field will general- 
rooeivad already reduced to 2" aiae in the proceaa of aaaple bulk 

the) «epertaant »ill have to be prepared for receiving larger 
All tat aaapUa will be weighed and logged with roapect to the 
pit 1 «eation and depth. 
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1 
Facilite« 

Item 

1.   Ten-pound h 

N° 

re 

1) 2. Manganese steel  plate 6'x3' 
placeó on 6" high concrete  slab      1 

3. Laboratory jaw crusher or roll 
type crusher,   1 kw 1 

4. laboratory grinding Bill, h ararne r    1 
or roll type,  with changeable 
built-in sieves,  2  •  2 kw 

5. Laboratory »aar le grinding machine 1 
0.4 kw 
Good example,   vibratory disc typs 
grinder, Siebtechnic, Mülheim, Ger- 
many. Grinding disc nade of widium 
steel (high-tungsten-cobalt-carbon 
steel) 

«.   Agat-mortar,  diamter about 4" 1 

7.   Gas heated hot plate,   lined with    1 
Stainless steel  (will be impro- 
vise:- outdoors when required) 
6'   x 3" 

S.   Shovels 

12 

Regyiree  Remarks : 

To break bauxite  pieces larger  than 2" 

ti ti 

To crush the sample  fron 2" to <> mesh 

size 

To  reduce  the 6  mesh size received from 
the  crusher.   Finest  sieve,   100 mesh. 

For  final grinding of hard bauxite 
samples to 100 mesh passing from feed 
size uoto 10 mm. 

6.   Scoops and. spatulas 

10. Standard screen set with Ro-tap      1 e*«fe 
•achine and timer, S" sis« screen, 
spare 6 mesh and 100 mesh screens 

11. Wooden framed screens,  l'xl'   for     1 each 
28,50 and 100 mesh tyler opening 
Steel frame sieves,!  1/2'x 1^2'for 
square opening 1/2" and 1/4" 
round opening 

12. Riffles with six troughs and pana 
1" size 1 
1/2" site 1 

For  final grinding,  as stand-by   for  the 
above 

For drying the wet  samples prior  to 

sampling 

For coarse bauxite handling 

For  crushed and ground bauxite 

For manual handling and rough use 

For  sample splitting 

1)« All the dimensions indicativa.   Can be modified to suite prevailing standard 
sixes, unless otherwise specified. 
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13. PI et form    balano»,  100 k« 
capacity 

14. Pan baiane« 1000 g capacity 

15. Pans aua tray» of assorted 
ai ¡sea 

ltì.   Sample bottles, plastic 
4  os.   sise 
8  oz.   size 
16  "       " 

17.   Sample bottlea, glass 
4 oz.   size 
8     "      " 

IS. Tar pul ine pieces about 

100 so. it 

ISO " *' 

IB.  2'  x 1* * 1' wooden boar with 
Side handles 

'to.  Steel buckets, S 1      capacity 

II. Work tables.aluminium lined, 
4  1/2"  x 2' 

1 

1 

24 

1000 
aso 
100 

4S 

13 

1 
1 

1 

4 

3 

ror handling the sastplss 

maximum use 

For s«aled aaaeles where required 

To protect  the bulk  sample» temporar- 
ily stored outside. 

For bulk density déterminât io» 

For sample handling 

Aa indicated in i tes» 1  and 1 of  sec. 

16.1.3. 

>• 

22. Wash basin 
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«t 
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la ))«M1« «Mat 11 aaaplaa •ta*ltaa»a**aljr 
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1 

3¿, 

34, 

35. 

32.  Pipettes   5 ml  size 
IO ml  " 

25 ml  " 
50 ml " 

lOO ml " 

200 ml  " 

Graduated  pipette 2 ml   size 
5 ml     " 

10 ml     " 

Nesaler   tube»,   graduated,   100 ml  capacity 

Watch glasse^ 2"  size 

3"  size 
4"  sa2e 
5"  size 

36. Wash bottles,   1000 ml  capacity 

37. Weighing   bottles,   low form,  45 mm dia. 

38. Spatulas 

39. Calculating machines 

40. Specific   gravity bottles,  25 ml  capacity 

4!.   Jones reductor 

42. Water bath for 6 beakers - 1 Kw 

43. Wash basin,  common for  bulk glass 

44. Glaaecarboys for bulk solution  5-1 capacity 

45. Reagent  bottles  1  It. 

" "        250 ml 

46. Indicator bottles 

47. Work tablas 4'6" x 2'- ovens and  furnace  room 

Number 

e 
6 

2-1 
6 

6 
2 

2 
G 
6 

12 

24 
24 

6 

12 

6 

12 

2 

6 

1  See  íig.   2 

1 

1 

24 

100 

100 

12 

ll'6"x 2.5" Analytical  lab.hall   (sec.16.1.4.4.)   10 

48 

"     15'    x 2   '   - Titration bench 
"     10'  x 1'9"- Balance room 

Shelf 

Wasjtt basins - for werk tables 

- for central .glass-ware cleaning centre 

1 
1 

1 

5 

1 

40. Funnel stands 
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lt. 1. 9.3 .     Central Office 

'cine many sample« will be received and  large number of  samples regu- 
larly despatched for  outside testing,   an efficient  central office  is  a 
must.   This will  serve  as store and central  source  of  all information. 

The office should have a large grid map of  the  entire exploration area, 
on which every  analysis could be recorded for ready  reference  at any 
time    The office will  ensure  that  tags on the  samples  received from  the 
mines carry precise  identifying information in  the  code mutually agreed 
between  the Laboratory and the Exploring group. 

The office will have  a Jeep at its disposal for  frequent liason work. 

Facilities Number 

Shelf,(l for  1000 sample bottles of 4 ounce sise  and 2 
500 bottles of 1 pound size) 

(l for glass-were stock) 

Cupboard with  lock,   stationery records  and books 2 
" " "      Chemicals and glass  - ware 1 

Filing cabinet 1 

Work tables, 4'6" x 2   * 2 

Typist   table, 4'6"   x 2' 1 

li. 1.4.        Room» and Are* Requirement 

Good stores 

To house upto SO gunny bags of  the mine samples as received, 
one work table,  6'  x 3'  steel plate mounted on 6" high concrete 
slab for breaking plus 2" sise pieces, pi at-form balance and 
other common utility items such as hammers,   shovels,  rough 
screens,  bulk density measuring box,  tarpuline and buckets. 
120 sq.ft. 



106 

3.   S»iigl«jjr«p»r»tion_roaii 

To hou«« «ample crusher,  toro grinding mills, eample riffles,  pan 
balance, aereen»,  2 work table«, wash basin. 150 sq ft 

3. Oven« ^d^fu^nace^roo« 

To ho««« 3 furnacea,  3 drying oven«,  1 work table      -      75 aq  ft 

4. Ma^n_ana^y^ic^l_laborato^y_han 

To house 5 work tablea for uhemiats, 
2 work table« for making of the reagents, ( 
1 extra work  table  for any special  demand analytical  , | 

work or for  an invited help, 
1 work table  for all  stock solutiona, | 
1 titration bench, » 
1 vaouun filtration aaaerably work bench, 
2 fume cup-boards, 
1 wash baain for bulk glaaa-ware deaning, 

,       _K«W 1000 aq ft total 1 fanerai service shell *«w -M 

°* lïiî2SÏ-£22î 

To houee 3 analytical balance» and 1 work table for the 

deaaicatora 

6.  Recorda rooai cum store_cun_|eneral  office 

40 »q ft 

To house 2 «helves for the sample a and glaaa-ware 
1 filing cabinet,  2 cupboarda for records,stationary 
and books,   1 cupboard for the chemicals,   1 typiat 
table), 2 work tablea and 1 sample counter 200 aq ft 

On« work table with 4 chaira for  the chief chemist, 
one extra table for any visiting outaide help. 
OH« cupboard 12° •* £t 

8. M«Ullation_unlt_o«il,çum_switçh room *° «i ft 

». Oaa (for th« meeker burner«) {•MraUn^roo« «O m ** 

10. Toilet. » •« £t 

11. Tot«! «r«« ÎOOOj^it 
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*••*•*•     ***** 

Ifsentisi : Graduate degree in chemistry with  5 years proven auccess- 
ful experience in a good chemical Binerai testing laboratory.  Congenial 
personality and good health to go with outdoor rough life and people 
and li «son work.   Good proficiency in official  language .   Unquestioned 
integrity. 

fi*Bl,r*Mf,L Knowledge of locally prevalent language,  car driving licence. 

fiM^fii, In »»••«Hie of the Chief Chemist, he shoulders all the super- 
vision reapoiaibilities independently. 

Aa a part of routine duties,  checks all the standard reagents, 
and wat oh« s that standard practices are followed in day to day 
•ai*. Personally analyses check samples and routine samples 
during timas of heavy work load. 

fctfWfinOnff.i 

1 

In view of the earlier mentioned circumstances, that competent non 
attiftlng staff will  be difficult to get,  emphasis win  be on training 
and intensiv« work  load ooupled with higher wages. 

1.  Çhi*i.ttwaist (1) 

Dutiejli. Overall   incharge of the laboratory,  he will  have frequent 
contacta  at all levels with exploration teams, consultan» 
and invited outside help,  shipping agencies  and local 
authorities.   He will  also keep an eyo  that the samples sent 
from th« minea are representative and tagged with sufficient Í 
responsibility.   He nay personally analyse difficult samples. \ 

Qualificatane : | 

3 y«ars provon successful experience in a good mineral testing 
laboratory, Higher secondary school certificate.  Unquestioned integrity. 

iillrillt; Go°* proficiency in the official language and locally pré- 
valant language. Good personality and fair typing akill. 

i 
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3. Chenist«_/_Analysts_<4) 

Duties: To conduct  analyse, independently  as per  set procedures.   To 
supervise sampling of ores. 

Qualifications^ years experience  in a good mineral testing laboratory 
Alternately 3 month, intensive training  in analytical techniques to 
develop discipline  of working simultaneously on 6 samples. 

Important:  evidence of integrity 

Desirable:   Higher  secondary school  certificate 

4.  Assistants  (4) 

Duties: To „ake bulk reagent,,  operate  water distillation units    under- 
take sample preparation and screenng independently. To assist   the 
chemist, in cleaning «id maintaining of  every  day apparatus  and  in other 
routine operations like  filtration etc. 

L 6.  AdminiatrativeAs.istant   (2) 

r Dutie.: To maintain complete records of .11  the samples and corrospon- 
l dence, responsible for all the  shipping and stores. 

f qualifications: 

Essential: Good proficiency in typing and the  official  language, 2 
|  years experience in record keeping.   Neat handwriting and 
'• work habits.   Unquestioned integrity. 

Desirable:  Proficiency in local  language 

6. Helpers (2) 

Por odd Job. .pecially in sample preparation and shipping. 

Essential: Good health end co-operative nature. 
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16.1.6. Is 3? IH-S. 

Scope  ri dutie»  for different personnel   has been described  in  the  last 
action,   it  is very possible that the  recruited staff  has very limited 
btr-kground   .   Details of   the training program will  depend  on   the background 
of   manpower available,   tailored  to make   up ior  the deficiencies.   The 
emphasis  should be on orientation and  training through down-to-earth  prac- 
tical   examples rather  than longwinding  lectures,   .'ht:   more  general  outline 
of   the orientation program is given below. 

Most   important  to stress  is need  for objectivity and   integrity  in work. 
The   staff   should  be helped to correlate  their every day  job with feasibUi- 
ty  ss-.udies  for setting up large  industries. 

With  the  help of  concrete examples,  they  should be  led to understand ulti- 
mate  financial  implications of  their analyses being wrong  to various ex- 
tents.   Also they  should know that  the   »amples analysed  there   are being 
analysed   in other  laboratories for more  detailed analyses  and are  thus 
being checked. 

The  staff  should be explained and led to discover the   following general 
pitfalls   in routine work. 

Through specially prepared samples,  possibility of errors  from accidental 
classification during staple making.   Striking contrasts will  be provided by 
dusty and massive portions of the ores,   bothe with respect  to silica  and 
alumina.   Another  interesting sample will  be  an ore  containing distinct higa 
irot. pisolitic material. 

The difference between well decomposed  ores  and not  too-well  decomposed  ores 
during the dissolving step.  Especially  important are   several  demonstrations 
on  pitfalls during decomposition of ore* with alkali   fusion. 

Introduction of  large errors from improper  selection  of quantities.   For 
example,  during titration contribution  of error trou:  one-half or one drop 
in  the context of  total   titre  value.   During silica estimation, importance  of 
weighing carefully to the last  place  of decimal  and  so on. 

Errors  introduced from too fast an initial  heating during Loi  determination 
and precipitate ignition. 

The  staff should be helped to develop  the discipline of simultaneously wor- 
king on 6  samples through repeated demonstrations of well  planned sequences. 
Importance of using different types of  filter papers for different  occasions 
should be known to them. 
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The stsff should be explained the purpose   in specifying certain quanti- 
tic« and concentration» of reagente aa set  in detailed description of 
the procedures. 

F The atatf should be taught various methods  of cleaning different  types of 
»- apparatus used by the«.  Needing special  attention are pipettes and bur/et- 

tes. 
The chemists and assistants should be thoroughly trained in operation and 
control of th« water distillation unit. 

T The chemists must be repeatedly taught  respect  for the standard solutions 
made  in bulk.   A slight error during one  preparation could affect  hundreds 

r of  analyses.   They should be  taught  to look  for  any sharp shift  in results 
with a new batch of reagents. 

The  staff should be aware of general laboratory hasards, such as making 
dilute sulphuric acid solutions;  opening ammonia, nitric acid and hydro- 
chloric acid bottles,   storing ammonia and hydrogen peroxide bottles 

f away frosi heat, very corrosive nature, of  hydrofluoric acid. 

L 
W.a. Central Laboratory - model  II 

?» 

It.1.1.        Scope 

tThe laboratory, as mentioned earlier, will conduct «ost of the technologi- 
cal  tests and all the analytical work connected with the feasibility 
studies. Lateron, with the start of alumina industry in the country its 

{ alumina testing section will grow to meet   increased demands for minor 
*- impurities oheck analyses.  The analytical   accuracy expected will be of 

the highest ordtr,  because results of this lsboratory will establish the 
• statistical confidence  limits of faster  field laboratory tests and also 

use« for reference.  This Laboratory will  also set up standard operating 
procedures for the field laboratory.  Need  to complete the analyses quick 
will remain.  On the technological tests,   this laboratory will furnish 
only basic data leaving its interpretation,  for details of equipment se- 

••' loot ion and validity on operation scale-up, to the design engineers.  When 
It io decided to set up a Contrai Research  Institute for bauxite and 
alusrtna, this laboratory may become part of the same. 

• 

tft.S.I.        Dsmartmsnts 

a) Reoeipts and sample preparati on*sect i on 
b) wot analyses laboratory (classical methods.) 
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Samples for analyses will to received generally in prepared powdered 
fare. Bulk samples in gunny bete and drum will be received for techno- 
logical  tetta and «any batches •• received may have to be preserved 
for lei« time unlike that for the field laboratory. 

All the facilities Mentioned for the field laboratory 

*• ?»* AüJlrttt 

Coaaon for bauxite, liquor and mud analyaea. The aectlon will accomo- 
date 10 Chemists«! Chemists for routine work and 2 for special ana- 
lyses. 

Pa\oilitle>s) 

to addltieti te these mentioned in section 16.1.3.2.  for the field 
laboratory, following «ill be needed. 

1 
o) Spectrocheaical section for spectrophotometry,  flame photometry 

(and atomic absorption speetroscopy to be added at a later date) 
d) Physical  tests to include Microscopy,  specific gravity and vis- 

cosity measurement, surface area measurement. 
e) Technological teat section 
f) Central administrative offices and store. 

» 

If dependable arrangement for x-ray diffraction examination of bauxite 
and muds cannot be made with a nearby competent laboratory, x-ray dif- 
fraction section will have to be included. 

*••••'•       Bamartmtnta üsscription-Scose and facilities j 

*•  «»Otist» mad sammle preparation ¡ 
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It«« Number 

2 

1 

1 

Fune cupboard^'  x 3' 

Pan baiane«, 200 g capacity, 0.01 g «en«itivity 
Pan balança 1 kg capacity 
Analytical baiane«  (Mittler) automatic 

Hot plat«, electrical 18" x 18",  100°C, 0.5 Kw 1 
18"  X 18",   300°C.   2       Kw 1 

Platinum dishes, 100 ml capacity, for alkali fusion of alumina   4 

Porcelain dishes, 350 am capacity 12 

Nickel crucible«,T*0 al capacity 12 
150 al 6 

Nickel diali,  10 cm dia.   «lightly concave 

Separating funnel,   260 «1,   500 ml capacity 

Typical quick-fit distillation unit for reagent purification etc. 

TAA determination autoclave« 

Drive for the above 

Carbon dioxide meaauring apparatua, Fig.  4 Organica in bauxite 1 
" " Fig.   5 for liquors 1 

Waten glasees 30 mai dia. 12 
"     80 mm dl«. 12 
"   100 a» dia. 6 
"   188 am dia. 12 

Thermae«tors, 0 - 110 °C 6 
" 0 - 980 °C 6 

Ween bettlea, l litre 12 

Kipps apparatus for hydrogen sulphide gaa generation i 

Fumee«» 

6 

4  each 

2 

2 

1 

Tube furnace with temperature eontrol 3/4"xi8" 800 «atta 
f Per organic determination im bauxite) 

Fumee« with teaperatur« eentrol 12" x 8", 1800*C 4Kw 
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1 
I tena Number 

Work tables 

Titration bench, 7. 6' x 2' 

Wash baaina 

Reagent bottlas 1 litra 
iOO al 
250 al 

Indicator bottlaa 

Conical flasks, 300 al 
800 al 

Filter flasks 500 ml 

Water puapa 

niter funnels for 12.5 oa dim.   filters 

Büchner funnels, 2O0 aa dia. 

Sinterad glaaa eruicibles, grada 0-4 

Dry sieve analysis aeseably, «" die. sieves, for alumina 
analyses 

6 

1 

3 

50 
50 
50 

24 

24 
12 

,12 

4 

12 

2 

12 

1 

Saectrophotoaater with filters 

PI saw photoaeter ta be so chosen that it can be converted 
later 1er atóale ebeortpien aaectronhotoaetry at «in.coat 

pH aater (gIta* elaetrode typo) 

«as cylinders,oxygen «ad acetylene 

•»•iters, glass, 100 al 
" Ito at 
"  tOO »A 

Standard volusatrle fiata II al 

100 al 

M 

• 
6 
3 
1 

3 
3 

• 
3 
t 
I 
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Qr*au.tod cyiinaora,  glaai.lO al 

i! " "       25.1 
•» •• 

50«1 
•• •• 

100 al 
"     200 al 

» Il   . 
"  IOOOML 

Oraduatad pipatt«. S al 

10 ni 
'• la 

"      25 al 
50 ral 

Conical tlaak, 300 al 

Wash bottlea.lOO al 
, 250 ai 

R*ago»t bottia.,250 al capacity 
"  , 1 1 

Indicator botti«« 

Filt#r iun«»l fer 12.5. cadi«. 

»•toh ciaa« a» als# 

" SM sia» 

ftcaatian •utaeia»»i|rit.  » 

rurnac for tat «bova, tor TAA ¿»t.»**.»« 
»itti tWMrètui» «JT^.  .        *•*•«•**•«*» ani iiaaatio« taati 

' - rm%">* control Ran«« JO0°C,  SKw 

*"**• t«r «M «.toclava. 0 s m 

Uv9r*im *•"• *- "mi«, f.t. a.-*iy rig.!,*- 

*U tor loaf taat aaaa.biy Fig.  1, 

^•l.itation itutfi«. aoooatty o4§i l§ 

••t «crooning «aooacly Pif.   u - 0.?f g» 

•ta»tt. far Androooon t##t| ri§    M 

•»•-•»•vo on.imr, fimitmr i4r^tr-Mteititr tm 

M«roo«aao with «ttachaaat for ohotogro**? 

•«ti- PNPMu«. H»im»m fa, »k^ miltrtl „^^ 

•raakfioit viMogttv 

Number 

2 
2 
1 
1 
1 
1 

2 
2 
1 
1 

3 

3 

24 
12 

12 

2 

6 
6 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

8 

1 

i i 
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ft«»» 

üuck«U,   plMUc, 10 1 lly 

Beakwre,  «tainUM aU«l,  3 1 otpaclty 
ft H " 1      1 M 

"11 

VftCUUM   p% 

Suckner  fumiti,  SOD Ml é4ê. 

mur flMk 1 1 
H   11 

Drying OVM «at* MtMTftl *f*ft aijiict«*«« te 140*C    ill* 

Pan bal MM«,  1 If «tf*«t«jr 

t«rk tabi*« 

•taftit and 
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tt. 

tv* t* tO tf ft ta**,   1.1. IM M ft. 120 •<) ft 

tt. 

MNV* •»• flBflsM 

îao »a f« 

4740 la ff 
my 5000 iq ft 

1« tfci» laboratory vili ta» an quality and pracUion.   Accord Inf- 
•»atfaatta pro paratlo» vili ta« roquiroi. 

Ovorall  ineaarf» of th« laboratory.   H* »ill  b» raapoasibla far 
«rfttflf ani amiataialac hlfttoat  standard» of proel»ion in ail 
ta» vara. Mi «all *a»a froauoat contaot» with th« project 
WgiMMtt«  eaMuttjart», oontinuoualy  trying te improve hi»  aaa* 
IfUaftt atti lavoatlfatlon t.chniqu»»    Na will p»r»on»lly analyta 
ilfftaalt 

fefbf|*tti •»•*•»> vafjraa la I aar gante Caoattatry vita I yoars prova« 
ta naaaaiibl» poaitian af a food indu»trini 

Taarout* Hrt|fwrt of aaalytlctl choalstry 
•atto« oaparloao» af aaoetrepttotaaatry. raslllarity vita 

aaa*é«»taa» avAlMviaa toatmi**»» at* toad appreciation ef iaoortaaaa af 
lu 

Ity, aalUatjnaaa ta fat aauaintod vtva ta« 

, tochnaiafioai taat 
officiai li 
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(1) 

AH«! '• »•»»- •* »laf Chantât, ht ahouldora «u  tha auaarviaian 
raaaonalbllitio« tniapandantly. Ha ahould havo potential to 
•ta» inte Chioí Chaalat'a üWM, 

Ai « pnrt of routino dutiaa, IM kaapa chock on ai tht day 
ta Énjr »Of*. Poraonally analyaat chack tnneloa «IMI routino 
•analaa áuring ti»» of haavy work load. 

lÜlíÜStiíffif 

ftltSHtii •»*•••*«*§*»• in Inorganic Chaalatry with 3 yaara axatrlanaa 
e* good analytical wort. Activa oonganUl aoraonality. Willing,»», te 
—•*— training for apaoialiaad flaida. 

Jtflgflttgj./y4*11*** •*•»**•#• i* apaetrophetonatry, atonie aaaern- 
m ,__ *•••*•* •» otcroacany, or technological taat work 
Inavtatga .f taglia*, o**ra offiaial languor* la di f forant. 

•• enta*««« m finir m uo» 

Ci Chaattats «ill ha owrfciaf on aaocial analyaoa) 

-~ ,^   **,M *•"* •*•* •r—ttW" *m i« Inorganic Chaalatry 
•** intoroat la analytical 

ÎAtMi • * * 1—— •*•*•* aaaorianoo in analytical work. 

• OhanMata / Analyata ahould nava htghar aocondary aehool 
«artifiaata U «atañan vita lntaraat in analytical work. 

taalraMa MU i» «»«hnaloal aptitud« uaafai far taohnologioal taat a. 

I. ÉHAtUBmi («I 

inln raaganta, aparata «atar di atu latían «ntt. «ntartaka 
ion, h«lp la toohaolocieal taat work, «loaning and 

and nlaaallana«« laboratory opa rat i ont. 

fffffilfi; »*•* dahal aartlfiaato, elaan habita, 

1 
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s. MBfnítfrativ* «—*•*•"*• o) 
One 

•toral mrchMM,  •»•M*«»»»««'  »«counts 
# One 

Secretarial work 
One 

Sjeeorda 

«. miam.(a) 

¡ For odd Jot»., .pecialljr   in .a«ple preparation,   «tor«.. 

•esentisi: feed health and co-operative nature. 

tt.t.f. TrfiJliM 

Í 

I 

HO 
. of dutie. fer ¿liferent p.reonn.1 ha. been de.crtb.d in the 
leat aeetion. Nim technical .t.ndardf are expected at ali .tag*. 
s£«T.1« w!tf .ound »»—«round and maturity will be che-.   Trainin. 

«til b. tailored to sake up their particular deficiency.  One 

•t.l. 

•i.l.l. 

^'. orl.ht.tion for the Chief Che.i.t and Ae.i.tant Chief Christ  in 
aTe.itt.in. »lent and in a technological testine laboratory will  be very 

rnìimirrechnicu.. of r,.» Plying for the chi.f c: o»x.t 
•Ml Aeelatant Chief Che.lSt.  For the remaining staff,  one month  on-job 

•rlontation «ill be adequate. 

ft»  Institut, till be reeearch oriented to   evolve new analytical aethed«, 
«LIZ. £ »e*«ole«T ~—« tm th. s.tablished ali-ina imlu.try, deve- 
immmtiA prallt, to i*ereese prof it.bility, and prepare for chanfla« 
ÎH.^.«. wi »ere ri«ore*. ap.eific.tion standard, of the end-product 
Z£Z.ae^cT-p^ien ofcoaplex lower «rade ainerala.   It will nav 
TZm^mmB r»« »lit pi«»t a. indicated in action 18. probably machad 
î^£ratin« plant,  in addition to the vario«, i.ol.ted .tudy «»del. 
it »ill devela, i« it. earn prosee, for various «assent inueus »t.p.. To 
¡Lt     a^Tra-«t at -<** ohesicai and physical an.lv... central aer- 
^L, it will st advsatstjeoa. to have th. Central Laboratory (model II 
da^eribed la Natia» M.S.) aidUamted «nth it ao aa to -aha ua. of 
ssswlaUaad talent developed there. 
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Alt*«.*, funé^ntil work i. wriod oyt *.r. n.c«..ry, m*a» of th. 

p•.-.    m nor. ^--VJi-Ï Ä   Ä•- 

„ith Hrtim kMMp «»"»  ^ provision .hould b. 
wttvatlns ««ctor in choo.in« progrtM. *Ult ipw 
L. to r..i.t cootrdiy M»t.tl. to (o for ..f., M*XÏ*1?•Z- 
r.hort  tor. rosooroh («11  profit «le* roturn.   *"* "^^ 
,.r dono in oporati* «nit. in th. plant ond ar. offn ro.pon.iv 
the movitelo ino íw«»t »fei«tint of »©.U. 

,npUn«in. of th. UoiUU...  I*.! •-«S-'^^i—1ÎS HS- 

rtft l« utiliMtion 01. io* »*-»w *«- .i-..i««ii'âi aorvle. 

llMt .tronalr « u« •' "««y «"»»» •,r''0M' 

Mil k> M»ilr* t. lit Urtivi«*! clro«tMi»i. 

loon o*pl.inod in toctlon. 3.4 and I. 

M.s.i.     toy*—n^i 

i 
te.^4 in d.voiop—t •* frodiotiv. proo... *»!. ^^l^ 
l^Ie o^tortTtio. •* vrio«. proem., thi. rocntly <wM 

", »pro «.e»r.t. proo... «ontrol (by co.put.ri and ^^"'J* 
!Hop.*L.i.V^t« onabUn. -"^ 2 JiìUSU- 
IMI* #«p*ri...ui dot.,  yi.ldim tromt .eono.1«. Tho -P«;- *~ 
£ intoni...« punnln«  .f -«i.~*t and proc... doviop«« b, «• 

proooM dovplojppwt frowp. 

si««. T»» o.lo«l»tlm •«•»UM •"' *• •""' 
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2.   Proco» Development 

Control of pilot plant operations.   Study of new deposits and  improve- 
ment of the existing procesaos, equipment development.   All   the  routine 
toohnological  tosti,  described  for Central Laboratory model   II,  will 
DO conducted by  the anaytical   laboratory service group under  the 

prograas laid by this department. 

If th»  Institute has to produce its own steam and gas,   these 
will cone under this group's    jurisdiction. 

facilities 

3.  Analytical Laboratory 

The laboratory will have 2 distinct wings; 

a) General Service 

b) New Method Development 

For Penerai Service wing,  all  the facilities  indicated for  the  Central 
Laboratory, model  II,  excluding storage space  for bulk bauxite samples 
and its crushing, microscopy and flame spectrophotometry which will  be 
transferred to  its •New Methods Development" wing.     Naturally  aJ 1   the 
office work functions will pass to the new Central Office. 

If Oentral Laboratory  is not  to be amalgamated with  it,  required  facili- 
ties will be  reduced by  50 %,  because  in that  case  this laboratory will 

not do any outside work. 

taw Maw Msthoda Development wing, will be included atonic  absorption 
aaeetrography,   and research work on various on-stream analysing systems. 
On-ttream analysers promise  significant operational  saving in the 
plant«, and require very skilled work for standardisation.   The research 
involves use of physical instruments like conductivity, density meters, 
turbiti ty-meters, potentiometers and tracer techniques.   Of  interest here 
in the l>y»r process is stream analysis for soda,  and alumina (Bauxite 

It treated by «-ray methods). 

«.  fi-ffl l4»orttfffy 

To include both diffraction and emission (spsetrography)  inclusive of 
recording unit*. Auxiliary facilities include sample preparation by 
fusion with appropriata mixture or by pressing the powders into pellets 
M mentioned in section 12.  Research programa will  include  standardisa- 
tion far bauxite, mud and alumina analyses. 
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To Inclue» patrologie*! »lernteay  for magnification upto 1000 times 
with «11 fittings,   including photographic equipment,  fittings for 
diroct »ttiijr of high teayeratur* transformation»,  mineral-section pre- 
paration equipment conti»ting of eutter»,  grinder»,  poli»her«,   and 
mounting pre»»,  thermal differential an»ly»er,  two temperature con- 
trolled heat treatment furnace» for temperature  range upto 1000 °c 
and upto 1600 *C,dark room. 

Provision for electron aloroaoope,  only when competent  staff is avail 
•bla. 

• •try,!?! f#« 

Ita faciliti»* »111 be determino« by the nature of pilot plant projects 
Undertaking of pilot plant projecte must be accompanied by creating 
faciliti** far welding, lathe, amithy, drilling machino and light fabri- 
cation work.  Continuous running plant will need a regular aaintenance 
erew.  To he reviewed are maohlne mnop and foundry facilities in the 
neighbourhood.  For very routine eorvices, when bauxite pilot plant  is 
located la the plant and neat of the equipment fabrication work can De 
gat gone outside,  needed for meenanieai »ide are 2 lathe», 1 saw,  i 
drilling machine ani t filtere' annone» with usual accessories. 

If avis electricity Is pureheeed,  eubstaUon control will be under 
thia aapartaaat. 

•annanaihla alao for the 

•• **•**»*»•*»»• Of flea*, lnc lading Pgrohaa* stoma etc. 
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it.a.3.      ^m Etwtf PMï* 

1.  Ch—ictl tnginasrimt Pf art—Ht 

2 roo«« of 200 iq ft steh 
1 roo« of    850 tq ft 
1 of flot of  150 "    *' 

Total •00 «l ft 

a. »rooott Psvol optant Pat»rt«tnt 

Close circuite continuous  running pilot plant as d»»cribod in 
•action 15. ">,000 sq ft 

Laboratories, three, for spocial  research 
projocts 

Om roo« to stors "lëla" niscellsmous iteos 
spocially fsbricatod for cortatn studies but 
not   often used 

Throe offioo roons 

Coasaon sineralogical sarvics and pilot plant 
Building to contain facilities for crushing, 
grinding, nixing and ttorsjjs of oro» and which 
eon accomodate large its** of pilot plant 
stjuipasnt 

If  the el*** circuit bau«its digestion pilot 
pi ont is installed near on ose rat i nf plant, ss 
por section IS, 3,000 »a ft should ba provided 
at the Institute, as ultimately e «pec ted in 
enurst of tit». Other»!so «,000 so ft if very 
e«tonalve «inerti beneficistlon work is to be 
unetortaken* and 3000 H ft if it is dseidsd to drop 
ttoo continuous running clooe-circuit bauxite digost- 
Ion plant and particularly intsnsive baux* sonofi- 
elatlon progrès is net envisaged in the near futurs. 

•toso producing plant, If rooulrod. 

Tot ml without continuous running pilot plant 
holler, 4110 H rt incl.  »0» s« ft initial •*•» 
for eomaon sinerslogioal service and sundry pilot 
plant invoetigstione. 

*)• Provided it V.K. Mini »try of Usehnslosjy't torran 
Spring laboratory, Itevsnags, llsrts. 

•00 st] ft total 

110 so, ft 

400 M| ft 

ft 
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1 
i. immuti my^^fff 

Cjfneral larvloa 

•»avalent te area occupi«* by varioui technical  aervicei listad 
under itene It. 1.4 of Central Laboratory, Modal   II, excluding 
of fie« space for «area,  confa ranea roo», wait in« "on, tnd re- 
dueint area tor roc orda roe» to 110 aa ft ILQ

00
 H ft 

(If ne eutsiee work is to be aoceptaa, the area 
«ill be reduced by one-half) 

Te include ene roo« for atoaic absorption epoctro- 
photaaeter and other lnatruewnte aentlonad undar 
atad l«.S.a.3. and % work tablea 400 aa ft 

One rea« for uaual wet anal y a« a teobniouaa lib» 
fusion«,fuming ate. WO H f* 

fatal too eq ft 

One «tin rata for the X-ray twit 
tat alea raea far 

•M äffte« far the aeettd* 

fatal 

NO a« ft 

•00 ta ft 

tao a« ft 

HO aa ft 

fa» real far dleroaeape, tbarsml 

Cd» radi far aieoelli 

diffarantial am* 

preparati«« «ark, 

it la« 

fetal 

lie •« ft 

lie K ft 

to a« ft 

KOea ft 

MO at it 



1 
iti 

r*r «tif rout in» wrvlo**, «UM cowtimioMt bäumt«    prwMMlttf pilot 
plMM lt Iwatti i« IH» Ma* pi«* «X •»•t of  tt* •««•ipwmt f«t>rtc»- 
tlm «*« «in « «««i«*»*llr »t é*w ©utile«, DNM U »P*©« '»r 

• Ut«*, I irlltim a«*u».l •*•. t titt«i4 MHMI»«. t ww* latiti 
far «Ut tUtrlilw« «1 I Itr tM initruBwnt 

far «atMMiaal adulât*** 

far tlaetrUlawa ani i»ttru«mt «•ottanlea 

for tlM «Mp oht«f 

»|        52««B««K«B«^a"^^«"*< 

Lâfcrary 

•ffiwr 

300 »q ft 

300 »4 ft 

»50 Mi ft 

TW Mj ft 

I« ft 

IIP «| ft 

•00 aq ft 

seo MJ ft 

tat« «t ft 

l« it iMtitWtt)   It ritpfHUa far MM»*««*. 

ft 

ft 

PO M4 f t 

NDMM 

JPB V^RI   JPW««V# w 



1 
IM 

••«•Ml HülWMHw affisar 

•IS91II 
Off!« 
•••ratafffc* affi«« 
•atttaj raw 

fatal 

taltttt (I ||MN) 

•00 «i ft 

IM M ft 

MB m ft 
ilo m tt 
ito •% ft 

440 •* it 

ito •a. tt 

a» *- ft 

14. Mi m ft 
• ** ì^^^W ^^B ft 

tat utt 
ta 

it «ant« a« •«- 

läWiVjkS* 

•Mtrâat tt 
tt 

It, It 
M 

• MNMttllf • •*•lutiti 
•mi««: trait It,  It «til i 
It, It «III tt| 

me Mill ratita« ta 



»••.«•t. 

«Ill il «1 «Miitf il». 

<l> 

*• 
Ml 

• -4 

tu • r—r*' ••tablttfw« •• 
»1« t« 

•ttfe Milli»» 

lit 

fil 

r*§ 

•tt» • 

>*• •J    J^MR^S^PB^^V    I^PWJBWÍ 



1 
M 

•I piUiMlXy   Mil 

(•» 

im mi M» ti « IM 

til 

«ttfe • 

Iti 

•• • 

mi 

MM II 
•M m 
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•V >  M «M. »     -    t« •4   *» 

»    àm 
H»'    *      >•»» 

***** 

i 

»   • 
« * » * * »fi 

*• * 

+ » 

• •»#•*•*    ** 
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til 
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iti 

« » 

f|t 

*• • 
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1 
Btvttitit *•*• Mi «• ••P*ri- 

M^flMM irlMtiUM «tit m MtrMMlr 

• «to «MM» %• milifil •• MM AI*U»*i t,t«    tar pntMtM te 
1 t*t «to wife   *• «to titotolMl HiNiir, to/.  S.w. ••*•*, •»»ietà Aiiu- 

„„, *«*« p* A»i«M, tomM» âU,«WWO  <•*** *••*• •»#•«>  for 
UfilMI IM» MÍ ntllllMMt  ••* •*•   ••   *•***•.  Chl»f  C9HMM»!  («AVA) 

Ai 

t 

^ ~>m4ß^ - -•P**"to'^ 
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I« t*t. taakajr, tWttUa M líala* amé Praeaaaifif of 
••Miti! Míala* taaltfital amé tatallarfleal lattiti^. 
ta at tafia, I HT, Oaftrt Ita* 0aM Caleutta-tfi.Xaéla. 
a.W. 

•• •*!• Mat Oàiaéaary, fjatiaU* »raaaadtafa aa abort. 
f.t49f9 

I# itftr»artt Varata« aa taita «9(1) 7-8 July, 1948. 
Al*»laua Aaatraata 14.4.194?. vai 7 it« •. 

4* aWtalaaall, 4« tayaartt, l.taattar, frana. 
tritio* Oaraala tat. taran 1947, 107-119. 

§• taaaiat la ttaaaaiat of Xaaaatiy, trt-iavtttatat lata 
tar tat Alvaiaiuoi laéattif t Sfcitaf Rat Una, How Yatt, 
tttf.a.t. 

•• aWtt trtar, i.t. taratiti, A.M.tally,avtraativt Matal. 
»tup at Alf la iMt, Vol. X,Xat trat laaea ftialiaatra9Maw 
*m iffi, a.m. 

!• A.I.Aaaaaaatt.j.ra»<ra,A.1.0arr, lal4 t.tf-t?. 
t. I.t. tota, lalf. a.|-MM. 
t. I.P.taaairttt,  lalf, 99-111. 

^r^arw     ^p a) tvwMpTä^ätaTtB^aTBa     Nä^ät   ^ä^atlväaPwVPVajp    Ma^ä^ataj^ajaj^a^BPjajpa»   ^a* a>     v aatp    a«ai»aajajajiatia*taaat 

Iftéaatrr. taatfraa*, Matal latti tut a of Gaaaittry, 
0.1.1999. 

•9t laflat Httaartt laatltatlaa, tat »alai.Ia4ia.19af. 
»i ff44vi9ff. 

It« à*M|f t*9 tat. tf§f9 p. ff*-4, Altataiaa aaatraata 4 
(•tal) llf. 

li* taya« Mayata*. atra*, Ratta» laf. má 
M 1 (19)4) 4Í. 

94k l«t«f*llllpa* A.I.«tl*»o>Aiat ttftaatl Caaaiaal Mttlaty 
Uta Orlata», Aa« M.t*a\.9ttt. 10,199). 

ttt f.V.ftita al *l.,<**wrtf raafar tata »UaMpaaial 
Ptallaatlta It. 4f>fUAMa% Pailaaalpala* Pa.9 

M.I.A. Atra tttt. 
fi. •• ta Malata, Sa»arali« lattait | (lift) Ift-9# 

Matl.ifwat. Malata Mattagata lag. Patrtl lagaaa tag« Fatrtl a« lì 
(••49Kit) tt-tt. 

If« V.A.alta*ar , t.M. ti tati, J.tai. )*4.»aa.,r0 MIMMO 
III) 4H. 

1 
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1t. Statistics la Choaioal §A«imttria« L.B.An4traaa, 
Ohaaitftl Bft«l«««rin«, 0«% «f, 1942* Saft. 2,  »9«), 

1 . f.twraUt, U.la«ana,0*aB.  Ba«f.Qot 6,1969, 175-110 
If.  tm/fQ 47/ Ti,»uri9h M«tin«, Juno 17-20, 1969. 

•j Oaa»lttat IM/tC fom«4 M Octebor 2,   1949* 

tO. A.An4ora*a, O.B.lptriBaa*,  Cata,la««., Nov.1,1959.f.?t. 
| t1. K.l.Kallo««,  C.H.Hollty, Batrtctiro Motallur«* of 

Aluainlua, Val.X,Iattraalamoo 
fetUtaara, Ma« York 196J,  p.194-197. 

•t. K.Marriah, T.R.Swofttaaa, 6.1.1.1.0. Auatr*lia,»iriai©nâl 
laaart 14/6Í,  July 1941. 

•1. Wort* Minia« 16(4)(194J) ».41. 
,. 04. A.M.V« itr faa». tt«la«ia « ai Ja o o ua,   470966H4) 
, 449-471. 

tf* Ballatila raillas fjrt Oalaa» tn i? 90 Basomsastotjator. 

B*. fsnry's Oh aal aal Bnalaaara* Mta4aask.IV •4iUan,194J. 
•aBraa-Mill iNk Co.la«. Ma* York, 0.S.A.,19-99. 

1 17. PUtt riaats,B)a4sls «ai Baala-as Mtthoéa u Chsaiosd. 

J 

; i 

,, I.B.Jsaast—#,  I.W.flurla«. 1997. 
[ BaOrsja-MUl Utk O*, la*.Ka« York,  U.1.A.p.117,11». 

ti« B.I. tffif,   &fc4.Bft«*0aaB.,   Ü (I944)i*l. 
| ti. Baria«, Bátala Hatsrial«, Atjpst 1947,«5«-49. 

ff. W.r.fasla«, l«B.Fltta, laaaatrUl aa4 tntUssrH« 
[ Oaaalatr?, 47 (1)0955) • •>». 
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