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m.•...  .,„.!   that   ire  unsuitable  f»r  the    -uuventnnal 
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develo tv* o v.    >f  th>  w irl.l nrnirv   •» I ami »HUT,   imif.ry,  with   uv   . .¡   rjfori» ••' 

io  ri am o    )f   -.h,:   vMV.ri^   )f  the   Wifi'  >*;m.     it    Malaie-  wi-.-   ,n 

iinpni-.Tl    if  the  possibilities»  f >r  exp.vvun/r 11 w i n i am  nr-a-i ". •.   -i   PI  :>. m« 

»f the   countries th-H   ire Tiemb«rs  of  tha   iiwinr   v^ilBM ^ f r  ',,l;,  nni 

the   Fir   "=».-, t      :'AV-:). 

uy  iiiR.iin/r thane r.tadieo,  •:;:-.-) h..p«.-,   t>'t!.<e  n or-, nun!   vu   u,rmfi*nit 

:ontrib<M »a   to  the   iiasammntio-i   of   inforr.-.M ,-,   t,,.j -„.,,   to  ton   TOV.I.U   :n) 

transfer  of  sonnes    -f npe-sifn *T*»-now   for   io</*ïl »mr».T   vntril.;   ...   . ^, 

mp'Tt^nt   iTiar.trii!   field. 
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-Tin   .,   r ,,xiU   r^nerv,     •„,,   . ,„ itt,,. 
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••    -r       .   ,.,,   .„  ..„u„.t..a  ,.,  :e    ,   IUUJ|I 

,r""" ' ••«--»••/»* „.„,,., ;. *.,...„.:,...,..,, 

....  .«„.,   r.p„rt   ,„„.   ,„.  a,nwiu>s   tr a  Mt    e =^  ^ 

J0...;r t
u"i"v '•"""'"'«»• -»-» -.r....... „.«„^ Md 

-'.t  différent   ».-no mi 3.      The de;ii«n  ,f  w-,.   i.,    ,  • 
,o   thít     ,„   th       „ :"eje  l»^r«torie8   is modular, 
•'   "-'l,    ty   the    iddltiun   jf   farther   ,».».   ,r 
...„„ v í^rtner  items of  e,aident,   the   3ispl...it 

V-Po   ran  be  developed   easily   into  a .or«  advanced  one. 

•"he  moat   important   teats   that  have   to  t*   - irrled   üut   lft   _ 
i„. ,_  . irriBa   "it   in  these 
latratori.:,   oíd   th.   equip..«   r.,aiP.d   for  them are  di ^ H * 
^  *   fall   li,t   of   HMi . disced   in  detail, ^tli^raphlcal   refererlces   la  prjvided_ 

the  personnel   required   and  their palificati ln . '«ir quaniicationa  are   listed  and 

•r:; T 
th"r tra1^ire -*• ^ ~ «- — 

r  tluI1te,   with  sun«   examples. 

utter for. of orientation „„  t„    MiïMt . 
,_j        . -«»«inag.a ïnat expensive e^mnaant 
and in.trun.nt8 oan b. utllii.d .„ . . l"ip«.i» 
0„ „,,,,, """  t0 * *"•«•' •"••",   and  th.   laboratory 
oui fulfil     an educational   funrtin,  i„  . 

Plan,.       Por .„. r"°laï ,Uff •-»•"  f" *lu«l« 

ur"   ; d      , ^'*'0"••   l0°" MOdlU• "J "-1*11.... f« 

2 LT rnt >hou,d b*oon,u,r,d °-fuiii — «- *«•*"« 
U „I" "• PlMt " '""•    "» —  «. - m. report 



1 riüt.il lit ion of model   laboratories 

rfhen relating  investment   to the  c.»pabil ities  of the  three  typen of 

laboratories   discussed  here,   Wei   Ut oratori*,  type.  1   and   ,   V«itn  »ma 

modification*>   can  be  reoomm-nded  generally,    «odel   Ub >r*tory   type  Ì 

en be  r,.ofended  for  research centr«:  thit «ill   form p„rt   ot   fut ,r -   .lumm. 

plants or be   in ¿••:;ociati<>n with e*istin*   miversity  fa" il iti* -,.     '*<>dv\ 

laboratories  of  i-th  t.vn«   Í    vnd  typ«   >  are  equipped to  perform  the 

educational   fanïtun  of  trainine starf f«r alumina plant.;. 

If ,-t decision  is  taken,   detailed  project  plana   md nnv.X   r-lcuUtionn 

mist  be prepared  for  the  model   laboratorio.     Whei. the  teat  programme 

has been approved,   detailed   instructions  and specifications must   f>* 

prepared  for  all   operations. 

Orders for pro/iects.   preparation of wonc instr totiona. 
and  training  of personnel 

Chiefly   recaude   there   is  very   little  1.tentare nvaiWMe   m  specific 

experience  and detailed  technics   for  bauxite  anal.yr.iu   »rti  tecnnolo.u ...1 

evaluation,   it  wo^ld  seem delirati«  t<   make  one  organization responsi, le 

for all  taso connected with  s'jttinr   ip model  laboratorio:;,   n-.nol.y  the 

preparation of detailed projects .and cost  calculations.,   tne  prepariti-n 

of work instricticns  and  the  training of personnel. 



THE F"JNTrrON3 OF MUDEL USORATORrsS 

«.for«  th. d.tail.d d.8criptl0n.,   . brl.f aurvey  „ ^ Qf ^ 

rol.  «d  function, of th. laboratory,   8Wt^ wIth th- niapumu 

Mod.1   laboratory   typ.  1   x.  . awlc.   laboratory   fo|.  ^ ^ ^ 

.«ploratxon  of  *.„„. dep09lti,  ^  for  ^   u   ^^ ^^     ^   ^ 

th.   .l.p,„t   of  th.   tnr..   typ,.  dt.0u...d  .«I  p.rf.•   th.  ^^ 

1-d   f0r by  baUTÍte •"P»°~tlon  «d ,inin,.     It  can  te  located  on 
sit. or car,  for, part of an „1Btin* laboratory  or .ducUonal 
••tablLh»«nt. 

Th. ro„ „f ,hl. ,„. of Ubor,torT i3 uBjallj rMtrl;t8<i to th# 

d.t«l..tl.. of ,».  flv. ,.J0r ,millt„„ta  „f UuilUi   M  defined 

•u.c. <„„,,. lro„ 0IU. ( Vi, „d tlt„laaoil(.       ;  ^ 

"""'"'  «"—"«••    »»• HP. of l^or.,0^ f.n, ,.usfl„. tn. 
•"*"—». if «h. b.um„ ,. b. ,..,.< .„  b.lo„ to th< I>M 

»- do no, ,„, ¥ld.„ u .„p,,,,«.    Th. rmgt of (ppmtioM of 

•»»««o,, .„.  u du. cour..,  b. „^ to cover ii<pu t 

,7r TT ~ 00ndi"on" •*"•- - * ^-- - - total A120, cont.nt). 

». .w. »,ud t. „,JlrM fJr ,„. 8tsrti.it iip 
..or.,.„, bu. ,ub.^Mtl/ it rould rork ^.„„.„„^   Pro< ; 

II?T: 
or ,""pi'',h*ubo"'»"- « «• i— —»-.u, 

**.! Ub.r.tl, ,yp. ? t. „..^ for th% ^ 

•od.i Ub.„,„n, „p. i, th. eh-iMl „^^ ^^ in thi> 

l.p«r,„, fro. ,h. proc... p.,., of yl„ (l_.    oârboMtt 



-    IC   - 

are designed to evaluate the bauxiti  in que.Uon in relation  to  the 

Bayer procesa.     The3e teats are  primarily diction f.t. and  settling 

teat, on red .ud.    This type of laboratory  i. steaded for testing 

bauxites that vary considerably  in type and oo.po.it:on,  since  the 

tests mentioned alio- the effect  of quality variations on practice  to 

be  followed. 

The laboratory »ay be set up  independently or associated with  an 

alumina plant,  or  it »ay also for« part  of an existing educational 

..tabli.hm.nt or ch.»ical  laboratory.     It i. suitable for training 

personnel   for alumina plants.     If the  laboratory i.  installed at  .uoh 

a plant,   it  should be equipped  to perfora all  the analytical   ta.*. 

associated with the Bayer process,  such as analyse, of bauxite and  red »ud 

.lurries    alumínate liquor,   impurities  in alumna,  vanadium  salt  and soda salt. 

Model laboratory type 3 i. a complete ra.eaxch laboratory  for bauxite 

feting and alumina technology and i. capable of performing all  the testing 

and research taaka connected with the alumina industry. 

In addition to the functions of model  laboratory type ?,   it. work 

include, the analysis of trace element,  in bauxite.,  complete phase 

analy.i. of bauxites and red mud,  and technolofical evaluation of vanou. 

types of bauxite.    The laboratory 1. equipped with high-performance 

in.trum.nts.     It can be organised a. an independent research centre or 

aaaooiatad with an alumina plant.    The inolu«loa of thi. typo of advanced 

laboratory aa part of a univereity or an oxi.tiaf rosearen institute 

••em. to be particularly appropriate,  .ino. thi. would alio- it. valuable 

equipment to be u.ed for other purpooo. a. »oil. 

It goe. without .aytag that,  if required by actual condition, or 

requirements, the function, of the propoeed laboratori., oa* •• ertemded 

to oovor other fumotion. or romtriotod to o»ly a few of ima«. 



V". 

a'n'w'w "f "•• •"• -"niti-n-.t. »f .....T... 

fro. th. r.u.w <w» ,r „„„,,   fro. 
p 

«".pt,.„ „,,„ or rnm *•> •«*•» «  th. 

i« airecw/  Tro«  th« »lni» has  a r.Utiv-lv  hi-h  » 
»oittur« content-      Aft—    » «iaïiv.iy lugh  "aine 

"•«   .     AfUr itorM«.   *n. air-dried  bauxit. h.. 
-ont.n.  Wut  i.  itl «m.,i,K öauxitt has a moisture 

*n«   l«   in •quilibrim with  th« hu-idity  of th. .tM    k 
,"»4h«rMt «oi-W.")        K.      . at»o3pher« 

—. ...::.:• k::::r:;::::—;:;;:i::;;;r- 
«Ut. to .«t.rx.i  ov.„-dri.d at  nooCi 

glVt Valu"  th»' 

3««plM  for ch«*ic»l  M«lr.i.    .r. „„ ^. 

p~... u^ . „.£_ -0"M "^ '""" ""'" u •» 

* — *u,..„ „,rth.rn Ir.un, ,_;¡- ;:;;;;;- — 



in   ti»   : it<T it^r#   thit  .i*\:>  «iti   tri«   ;p«ufi~   iettili   in.i   tatuili <«» 

.".f  î mit«   ui.ilyún  ['   .     The   ! irjfer  «1 iminu-pr-<dj~ ¡ T*     wsp.mni«»  have 

thfeir   .iwn   ;Undird  rri'?dir««s   fir  t-^th   uiilyti-,l    tnd   t*^hno¡ >nie*l 

tests- 

Kn^wled*«  of   the  -iheai^al   composition  of  a   b*iiit«   ia   >f   :iupr«n>« 

iis;ortin:e  m s.UiTttiw  it'   t«'hn ''.    "i • il    rnd  r-«««pri *1   valu«.     Ir» 

•n-uiy   .-ii-.«3,   "heniril    mtlyn.;   \tt     onfined   to  detenni nirv?  th«   five  -»»in 

?onnt it j«nt;3     Iosa   m  ignition,   Al   o  ,   iiU  ,   rV J,,   TiO,,;;   if  th«ir 

total   per-en*. MÇ*   if»   1 JH,   th«   quantity   if ather   i »pun tie«   u   tssuiMd   to 

be   -oriritvit  /•.. 

Loas on  ignition  v LOI ,   it   determined  by  ft«atln* th«  oven-dried  »aaple 

it   1,100°": until   % onstiint weijfht  ia reached,   and fro«  it  conclu«!»«« 

cm  te dmwn  ibout  th« niner^lofieal   composition of  th«  bauiit«,   particularly 

if  the  individual  *i.ier*l   constituent«    i»  • «  ¿» ar*'ei   :     tt-n\i:H-   •.- 

stages,  *nd  if  ignition teats  are '•oa.Mned Kith  th«  results  of direction 

tests  performed   inder standard  conditions. 

Depending on th« type of  bauiit«,   various  reafeata  »r« ueed  to 

dissolve the or«  for analytical   purpose«.     Hbbsitie,  fisbaitie-boetasitic 

bauxites are easily dissolved  by  tr«ata«nt with mixed acid    HCl   • hUO.  • Hp30.J. 

For diaaporic bauxit««,  how«v«r,   fusion with  sodlua carbonate  aad  borai 

is necessary.    Th«  sa*« technique  is  applied with bochaitla-diaaaorte 

bauxites and with  r«d «ad containing dias por«  to obtain ooaplete  solutioa. 

As a rule,  A1?0.  is d«t «rained dir«otly in th« dissolved batuute 

saaple by volusMtric anal/si«.     Both th« potaasiui* fluoride procedure 

(titration of th«  r«l«a««d alkali  at pH 10 with  HOI)  [2,  p. 51] aad 

coaplsxoiMtric titration [7j ax« suitable.  (Th« end point is doterai 

by pH aeasureaent. )    Por g-ibbsitic bauxites ia particular,  th« Al-0. 

content is often detemiaed indirectly,  usta* ta« fonsula Al OA • 

100 - (SiO^t • r«20^ • TiO^C • LOI • I impurities) [6].    In aaay 

this procedure ia ae lees accurate than ta« direet voliaeetrta 

determinati©« of Al^, and it permits a «ub«t«ati«i iaor«««« ia »lia 

laboratory's workload. 



>••»   ttt.nti.n  lust   tm  ?tlú   t     . 

»«UM,   •inc.  lt» ptrcat^, h« * «.lor  .„,. 

"'*"   '*'     »..   *   Uf   n-i,   tJt   v.r •*•*/"•  of <Uica    evaporano- 

i*t.r,4„v  t*.  t   ttl   .   . ''   '  "r*U  *"*  r*Pr0du^tl«   Proemi ,r.   for ,t,1,lil;'     J»««t   ,f   L.aitf.. 

1 '*••     ••    (oint     if   vi«-      U    .„    _.,t   t    . 
'-»et iv.   .ii^,     ,   .     th, 

n01   t0tai   sli^*   tit 

unit.;   Md   fro- *»orphf u V 

.   *   , •»cttV.  ulin t. »btuiMd  by diff.r-„-.  •   • 

«... -t,?„7;;7.rr - * —-—* - «. 
«c-~r .f • Té ,^7,• - '"""- "A -« - 
""> m««« h, . .„,_,    ,    ! ~•»«ojr .r » o.} p.r cw, .uurnm^. jrir r *" "-"u "-fuw •' »—- 

"« »—.It«.... "^ **• «"««-•»•• .f .11 
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Mod.l  laboratory typ, 1 can ftl.0 b# ^.^ |o ^^ ^ 

of alu»i„at.  llqilor and r.d .ud.     For th. l.tt.r,  a fia.. photo..t.r 1. 

n..d.d for th. determination of .odio, conimi. 

"fil '"]**" Qf «o«i«I   laboratory  t^   | 

To carry  oui in, functlona of aod8l   laborat0fy typ# ^  ^ 

roo.«  ar. required: 

Store-room for bauxite saapl*. 

Bauxxt. pr.par.uon roo.  (drying  si,. r.duoiio„,  screening) 

«.i analytical  laboratory  ¿solution of mmpl.m, chMlical 

Balance roo. 

Speotral  photonet.r roo. 

Flaa.  photo..t.r room 

îïïi'iÏÏ'S^ÎT" r°°* ("*Ur au«11""°». -wi«i *,,«„ 

Lavatory 

A .p.oi..n  lv0ut of maiul Uboratoiy typ# x  ia sw> 

floor .p.c. allocafd to bauxit. .„pU .tora«    h•** 
th.        *        ,   ^ •«-!»*• »*ora«,  bauxit. preparation and 
*»•    ... „.lytic,  ,rtwrtWT u ltrt, .„„^ to ^ 

.f th. ,«„.,,„ ls ,„ b„ „t,nd.d UMr to ÎIW u     1M1 

tests  and  research WIT«!»      A  _ 
sear .h «or,.    A room  lm  proveed for  th.  fiM. Photo».t.r 

m  order  to carry   ,ut  red mud analysis. 

A. a x   „^  iUdUf doors _      ^ ^ 

a. -Il  as for r.„on. of tr.ffic 9Af.ty.    ^ ^ 

«t.: LTr fr"th# -1 ubor-to- *—--- -*• 
between,  «„d optIlljIf out oato a Mftii oorrldor 

Th« bauxit. «tora«, roo. oan b. equitmed nth .    *  * 
tk. „ »quxppa« with a window openin» lata 
th. corridor through whloh .«~i« ,_ i•*«* *.*o •^«u^n wnion eaaples oan b« handed in. 

Th. layout mhown in fiwr. I   i. - OQmnMn* 

- - u. n-, .P„. {z t¿: JZZJTTZ'?? "" *" 
how.y.r,   that  If  a l.t.r „i . *" "•*"•**•*•, 

•••iiy.    Lat.r in thi. „port, «» alternati». 
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layout of nodular design that allow» for «alargen.nt of th.  building 

at a later date  If required 1. presented (figure   ;i;   .    A  ^.-Ui ;.„1 
r i ; '• ' vn  r •  m   m ,-i vt'i w. 

¿tore-room  for bau^t« samples 

The  size  of the sample  required depends on  the type of  test to be 

performed.     Por chemical   and phase analysis,   1-kg .„pie,  are adequate 

but,   for process-evaluation  tents,   . -,..     „%T...  ,     , 

dep«-'!. :: -i,-     is   '...    te.' i;*-   . r t \ • • 

The  sample store i8 equipped with partitioned shelve».     Th. shelf 

sections are  n-mbered to  facilitate the  location of a eaaple  at  any ti... 
òaaples are grouped an follow«: 

t•.Tv*ú 8"Pi?f ibmrar* r-rriif ru    urge .«pi« for technological  testing are stored  separately. 

ai. S.! JÏ   Juratory  for testing.     Large 8„pUg   ia tnl„ 
are  also stored separately. «•*p 

Soples re^^ after anjlysj,.     A part of the  sample  i. r.tained 
after analysis for periods that vary  according to  th. type of^It. 
In the case of routine analyses,   the sa.pl. 2 Ic.p    for SL year 
Representative seapl.. and 9a»pl.s for technological   tests ardent 
fcr^five years, and so« of the. are k.pt per.ai.ntly  " referen .' 

Red lud sanol.* ( »•»<* *i »•< •> i 

¿auxite preparation  mom 

This roon, adjoin, the bauxite store roo«.     Th. ..qu.nce of operation. 

i. drying,  crushing,  .or.enin« and ho.ogeni.atio«.    Th. room  u Xhênfw 

•quipped with a large laboratory drying oven, . laboratory ,« cruder for 

rough size r.duction, a ball .ill  and a vibratory .ill for fin. grinding    a 

«xxing dru» for honogeni^ation,  auto..tic sor..ning équipent,   a bea. seal. 

for w.ight8 up to 50 kg and a balance for w.ight. up to I leg. 

Por analytical purpo..., th. .„pi. lB g^ to a papUcU ^ Qf 

0.09 .. For technological te.t., particle, of 0.3-to 0.1-« di—fr 

are usually prepared» finer grinding i. only n..d«, for dig..tion t..t. 



— « ».«, «..^,; .;r;,rr,iü" -d °~ 
" •'» -«.~l, !, ,rt„ „ p„tal r..t„fth. ,lU<w.     >iia 

»• -i« or ,„,.„.„ ., Zl """' '•'•».»... r• 

"»• p-p-rt^H ,d co,posltlon ,. tn;ore 
r[-7 - -« —• ,,in, tJ 

'ajxit.  preparation room. ' ° °6 rarried  ^«t  « the 

n»iB   IB   -,  laboratory  for ~h.*i„.i •j    I»I    ^nomtC»l    an>   voi,,   w.#i.   A 

'-r in.  dlMjlltlM  Jf s¿MpU3 
anaiy8iS WUh trmluton.1   .TiipMBt 

•*   '» P-vid*  *ltíl   Ut,r.tory   benche..   für
triC  Wd   '" —   „aly.Xl. 

^Ut-in cabinets    3ÍrUs ^     ,. ' * ^"^ "f ,0- —rs, •»•»a,   sinita and  otner auxiliary   it.«,      v     , 
paired  for  th. tr..t..nt   ,r , fum# hídds  *re 

• «realaent of ssupl,,.     p-ael 3JDDl..H  - 
•TopM^but«. cylinder.. PPUed fr0m 

•""• b•u,,o•ro<» » I-»PP«I .i,« „ ,.„, t.0 .. 
->.v«-.. ui„... „d on. b.1Mo.   ..,;;-;' -'«"or«».. 
•'•nsitivity   of 0.01  ,      rt   •      • 1 ** *ith  a 

- «...u.U.,.,:::«;;^:ZT"'
ii**-,UH

-— "*   1 raquent  repairs. 

*W« i. . „an „o. for -p#c photoil#tpv _    , 
-•»PiM for th... tMt8 ap# BM 

P    l°"try •*l P'1 »Murwwt.. 
.re prepared in th. w.t „^ ^^ 

fi Míe phQ^,tfy ^ 

*» «— Photo..»., r^ui^ for d.t.rai  . 
** — i. loo.*.* ln . •••«ini«, the aodx«. content  in 

option, are .lao 0aPrlJtt C "^M0- Pr,P*"U°n 
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Distillation and   furnace roo« 

This room contain,  a di.tillation apparato, for .upplyin* th. 

laboratory with distillad «atar.     Th. u.. of ion-e^an«*! «.t.r ia.fad 

of distilled water is   not reoownded.    Drying ovens «nd .uffl. furnao.s 

for  analytical purpose» are also   located  here,  ainoe thi.  roo. i. not 

m constant use,  and  the heat  fro.   the furnace, thu. eu...  th. .ini.«. 

of  inconvenience.     At   least  two oven, and   two furnace.  ar. n..d.d  to 

ensure continuity  in case of breakdowns. 

Stor-roo, for remota and auxilióte. ffî„ r^ f.,r 

This roon, i. furnished with .h.lves,   and reagent.,   ausiliari.., 

laboratory glassware,   crucible, etc.  are  stored in suffice quantitl.. 

ta .nsur. uninterrupted work.    Aoid. ar. .tor.d in a —11  adjoining roo.. 

Qfflo. 

This i. the offic.   cf the h.ad  of th.  laboratory.     It  i. furai.h.d 

with  offio. furnitur.,   built-in cabinets,   file. .to.    Th. r.oording of 

teat  aata,  calculation., .valuation of t..t re.ults, «d ad.lni.tr.tio, 

^which should be kept to a »ini.«.)  ar. carried out in thi. offio.. 

Uvatorv 

The lavatory .hould  b. in part  of th. building that  i. .a.Uy aoo...ibl. 

for all workers.    In thi. study, on.nging-.roo.. „d .how.r. ar. not 
di.cu.„d,  but it go..  wlthout avln4r tut   ,uoh fMillt. M mmt ^ wiw 

pr.fr.bly in a separat,  building.      If thi.  i. i.po..ibl.f   th#y .hould ^ 
looat.d at one end of the building. 

°prs^nn«»l "B^i"l'*'u' f»r m,aei   lab .rat-ry  tyn»   i 

Th. p.r.onn.1 required for thi.  typ. of laboratory    i. a. folio*., 

1 <%a.i.t with uai•.ity d.«r.. (toad of laboratory) 

2 op.r.tor. (for bmuxit. .«pi. ^p^tion and .«api. «tora«.) 

1 SES• t#Ohai0al '°h001 tranin* <h"* " -"*•* -^.i. 
3 laboratory a..i.tMt. (in chemical «.ly.i. laboratory) 

1 »«.kill«! labourer (ol.anin*. wa.hiM up .to.) 
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*w~ "wioriu, auob M that of rad aud. 

q • i •'-•' ut 

he mam  items    f equipment  required  f ,r 

irr-   »h* f ,i'  HUIT: 
•n d«l   lab rat  ry  type  1 

1 lMV l*»»r»toi, dryln« or«. „lt|» tray. 
I laboratory J«. oruaaar 

1 laboratory bail «ill 

1 vibration «ill 

i fc- »u. f.r „l<Ml „ t. „ ^ ^ <>t of MWI 

1 **Of««Ulnc drua 

1 «¡Wad .ornn^ .»„.,« rttfc ..t of „^ ^ ^ 

2 f UM Moda 

24 Platin« oruoiblaa (23z>0 aa) 

IO Putin» oruoiblaa (40*50 a*) 

10 pUtia» oruoiblaa (50x55 M) 

4 iMfB«tlo atirrara 

3 variabla .p««. laboratory atirrara 
2 i»fra-rad l«*p« for 4^^ 

1 JtoarwHaataaai balaaoa 

3 •«aJjrttoU balaaoa. with .at of *.t+U 

I pi «atar 

1  *«>tral paotoaatar 

1 ooaiuaftoaatar 
1 **•*• paotoaatar 

l ••parata« for «atar diatilUtioa 

* *3rUf oraaa far a*aljrti«al purpaa«« 

t funiaaaa far aaalytloal purpoaaa 
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In addition to performing the  functions of mod«l   liburatory typ«  lt 

thin   laboratory  is aquipped  for: 

The determination of  impurities  in bauxite that  are  of 
significance from  a process point of view 

Phase analysis  of  bauxites vtd red mud  by me ins of  jt.vid.trd 
digestion tests   ind  thermal   malyjis 

The  technological   evaluation of bauxite« 

Chemical analyse« connected with the technological «valuation 
of  bauxites    red  mud,   alumínate   liquor) 

PMflcH0"! of M>d«l lifromonf WW i 

Determination of bauxite impurities of process significance 

As  far as  the impurities that  occur in bauxite are conc«m«d,   it  la 

those  that  may caise Na_0  losses,   such u» carbonates  Ícalcite,   dolomite], 

sulphates and  sulphides  that  must most of all   be determined.      Thes« 

impurities  ^as, for instance) the amount  of JaO  • ..l^çv in diaaporic  bauxites, 

are often taken into account  in fixing bauxite prices. 

Organic matter and  pyrite may cause operational difficulties in tne 

Bayer process.    For this  reason,   it  is recommended that  they   fa« determined 

in certain types of bauxite.     Industrial recovery of vanadium and gallium 

in tne  3ayer process may  also aeoessitate the détermination of thee« 

elements [_5j.     In bauxite,   gallium is determined spectroscopically;  in 

liquor,   complexometric  titration is recommended [llj. 

Phase analysis of bauxites aid red mud b* standard digestloa teat, and 
thermal  analysis 

Knowledge of the mineralogical composition of bauxit«« is) of primary 

importance,  since it is th« aluminium min«raln that d«t«rain« the typ« 

of bauxit« (gibbsitic,  bo«hmitic or diaaporio) and «van th« prooedur« 

that must be used for dissolvine th« sampl«s for ohamioal analysis [12j. 

Som« «xaaplee are given in annex   I to this report.    Quantitativ« phas« 

analysis of bauxites gives direct information about th« alumina recovery 

that can be expected, as shown by the following «tempi««. 



Non-reactive  ml in»  ,rn,,,,n,„ 
cii^.tf,  ,t, /        falline quartz;  do*. not r.act  wUh   t 
W,tUi  llTi0r  *"<* d0« act  cause  K» 0 io,„H   ln  th. 

*  °r88 Wlth  * ^ «rent,*, .f  ,uart. „iv. 

iron -nineraln  \*o«trute    h*m.«<»   i 

Ayer proc„8,  Can  Le detected  by  X-rav dire    • 
w   ,„    H.   .  4 

y  J  rv  diffraction procedure.     If n, 
• ft-    in  added  to  the dure«tm»  i. ., 

^u;;:::r.z::.;::;r,o -" M — 
nidation  t—• "»«iofficai  evaluation  jf  bauxite    H 
ligation test. »r. „wily carried out  at 1?0°    ign°       „  ,„o 0 
f°r 1   to   3 houri| with      .   ., 1?° '   Iô° •  *»d 23Ü    to 240°; 

j nours with eolation« of 200 m Na ü 
^tn* .«pi. w.ljPht. tw • J Tvir.u.     P«r litre and 

» liS. " "* """   "" -"-"- — ».» - 

~„. ^ dlM; ;;;;• — —« °< *-«. *. *., 

«.un. of .»«ZT-. T, "•""•• ,o«•,h•'• "*" «"• 



Technological evaluaron Qf t^»mfTT 

The practical  valu« of a bauxite  La decided by ita suitability 

for the production of alumina.    The taata disoussed in thta aaction 

ara  uaad to determina  thoaa propartiaa of bauxitaa that  influença their 

SM-.ar-.ilit.v   f r     the  Bayer prooeea.     3uoh taata are oftan raetricted 

to the determination of digestibility.    However,  other important 

characteriatioa that have a significant affect on «'looaeeful operation 

can alao be determined under laboratory condition«. 

The aoat important oharacteriatice that ehould b« teatad ara: 

The grinding oharaoteriatice of the bauxite and the particle 
aite required 

The aaount of digestible Al^ and  the dilation conditions 

The oauetic aoda loaaea to be expected 

The amount of red mud fonaed and ita eeparability   (aettling and 
filtration charaoteriatioe) 

The effect of iapuritiea (oaxbonate,  sulphate, organic utter eto. ) 
on operation and on the purity of the aluaiaa produced 

The prerequisite for oheaioal aaalyeia and teohaolofioal testa is a 

homogeneous sample.    It is recommended that the grinding operation, -hioh 

is eaaential to obtain auoh a •ampia,  should be oombined with grindability 

tests.    Farther tests are required to determine the partióla sise that 

ensurms satisfactory digeatioa efficiency.     Bauxite« are usually »-round 

to particle sites of 0.1    to 0.3 mm.    However,  finer grinding is asedad 

in the osse of hard diasporio bauxites.    Oriadiag tests arm o arri ed out 

in laboratory ball or rod milla.    Tarn siss distribution is determinad by 

sorema analysis.    For the finar frac ti  ne, ssdimmatatlon mmthods usiag a 

Sartoriua balance or a «ediaentometer are applied. 

The simplest procedure for determining raooverable Al 0.  ia to treat 

the bauxite samples under standard oonditloas with «luminate  liquor. 

This tant, however, does not yield amy information «boat tu« opérât ia« 

condition, mquirad, auoh as temperature - Ur ratio.    To provide 

suoh information, induatrial oonditiona ara simulated in laboratory 

baton tasta, and the results of theee tests ara plotted to «rive 

difaatioa curve« for various condition«.    The temperatures sod duratioaa 

for those tests are aelected on the basis of phase analysis rasults. 
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It  is   almost   impossible  to  avoid   eitractin« BOB»*  phonpnat«,   »ulphtte, 

vanadate,   fluoride   and or*anio matter.     ^ther einerals  auch  as  pyrite 

tnd  chamogite are   attacK«d either   «lightly   or not   HX  all.     Pyrite,   ho«««»v«;r, 

severely   impairs   tho swttlin*  clune turi itica  of  red  tiud.        pellai    itt'-nti   n 

should  oe  paid to   the effect   of calcite and dolomite.      Fheir nnnv«»raiun  tj 

sodium salts depends upon the decree  ^.f dispersion of   these »n«rah   *nd 

on the  temperature   of digestion.     In  diasporic  t usité*  that  rejuire   ^I.TI 

temper itures,  calcite and  dolomite •nav/  be   ?anvertt*d  to  nodi-AT     tit;*,   jp  tj 

M     to  lOu  per cent.    For  tnis  reason,   as  mentioned  earlier,   the   ;,t<. 

content is  often  taxen into  account  in the  price of  the  bauxite.     ...os^es 

of caustio   resulting from  the  c inversion of  üaunte  imparities   into   «odivi! 

salts  can  be calculated  frorc  the resulti of chenue»!   uid  pnua«  antl,/ us 

of both    auxite   md red mud and fror»  the compositional   "¡hanses  in  the 

liquoi . 

The anticipated  quantity   of r*d mid can  be calculated  from  the 

composition of the   bauxite and  the  red mud obtained  in digestion tests. 

The separation characteristics  are investigated by  simulating industrial 

conditions  in the   laboratory.     Settling characteristics  are determined in 

sedimentation tuea.    Calculation procedures exist  _lt,ZO\  that permit 

industrial   settling characteristics  to be calculated  from  the data 

obtained in laboratory tests.     By comparing tne industrial  and laouratory 

settling characteristics  of known bauxites with the  laboratory settling 

characteristics uf   the sample  bauxite,  conclusions nay  also  be drawn 

about   its probable   behaviour  under  industrial  conditions.     iimilarly, 

red mud  filtration  characteristics oan te estimated  by  simulating  ino i.Hnil 

operations  in the   laboratory. 

A  procedure based on the  transmission of the radiation emitted  by  the 

radioisotope thulime-17o has  recently  been developed at the Research 

Institute for Non-Perrous Metals in Budapest.    This flaxes a valuadle 

contriDution to the  range of laboratory sett lin* tests,   since it permits 

the variation of solida concentration to be followed along the whole 

length of the sedimentation tube, even in the densest areas.    The 

laboratory results  compare well with the results of radioisotope tracer 

studies in alumina plants on digestion, settling and décomposition 

operations. 



ri-lljr.   fohaoloclo*!   u.tlo* of baux!*., .hould b. „t„d.d  to 

Ur-tlftK» of th.  .f..ot of Upurtti.. la op.r.Uon..    Point, of 
i«t.r..t ar. th. ..H ooac.atr.tlon la th. proc... oyol.,   tn. MOuat 

or ..It  that  ,u.t  b. .H.lnafd,   and  th. .ff.0t of d.trla.ntal 
aoa.tltu.at.  .uoh a.  oíanlo ..tt.r «a pyrlt.. 

Th. t^haoloclo.1   t..t. dl.cu..^ U thl. ..otion oo„ within th. 

poftUUIU. of . ..U-^ulppad Moratory.     iB praotic,  th. au«b.r 
—  »/P. of *..t. imlvámú  u tn. proffrM-- of ft labopaUiy wln 

d.p.a4 on in. .quip.„t .rallabl. «ad oa th. d«aad. 

f °ó Tlt" ^fr~th# •iÉ4Uo"1 —for •—*• 
of «a?0,  both a. .olubl. «d a. oo.bla.d M. 0.    Por thl. purpo...  ,lamm 

photo^tr, l. th. .o.t r.lUbl. and .oour.t. procdur. [a].    If no fla.. 

ph.tM.fr 1. «ilrtl,,  th. M. oan b. d.t.r.l..d aft.r fu-ion «ith 

borie MW [22].    â. a r»l.f  o.ly oau.Uo ». o,  total Ma,0 and Al 0 

7 r:"U1-U *?»»U«~ 123J.     in .o.. 0M..,?th. parola«.. 
3   , P04    ,  304    ,  C03    ,  r,  uè ci" (Mhloh aoou«ulat. in iaduatrlal 

•nalytto.1 proo«!«^.,  .odlflad for thl. purpo.. [5j. 

MM <aliU of »odai  1,^.^17 im r 

to .TT " "h~" * "0h-,*tlC  IVOUt f0r moUl Ub°-t0^ ** 2.    »*, 
o th. oharaot.rl.tio f.tur. of thl. layout,  that U,  to th. fact 

that all th. roc. op« Uto . o.atral oorrUor, th. bulldia, o« .Milj 

Uborator, tjrp# 1#.how| u flcur# If  %h#p# ^ Wo ^^ 

for t*. t^^lo^oal laboratory.    Th. total floor or.. 1. 199.5 .*. 
Th . Uyoat oa. b. «lMVd to ooniOT9 u %hm ^^ ef 

Uboratory typ. J by th. Oditio. .f two roo., for th. Way laboratory 

-i of ta. bulléis.    Thi. la^ut l. ^«tafo«. if t<m. ^^ 

«lar»«.t of th. laboratory to for. . oo^Ut. r^^oh laboratory 

. -tiolpat^.    «. t.t^ flW ar.. of th. «lar^ ouildio, 1. 
«50.5 • . 
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i. 100.1*1 ln in. „«!„. „,.. —un. 

Arsite ä:;*- °f •->•• 

TtttflU« roc r., t-,^!..^.,   ,t|1| 

.. «1. roo..   .„   ,„. „.,„.,„„ .„„ fgr .„„^^ Uiu i§ 

•->«.. H^. >.,„„ ^ .,,., „. „^ ^ tUo      > 

*n*lv.i.  1.1. laboratory fJr oh««ioal analysis. Othsr n«e«aaarv ita» ...  ». » 

-»„»,„, co, „. ,.>„.,.„ .„„,., „.„ niun -  

vacui« fo, fût««-«. •*" 

^i^ratorr fw t^ft^«^^ „.j,^^. 

Th. o^.u<«. of th.  B^., prooH, ^, §yiuU^ u m> 

•>H. for th. frt.rf.MUt, »..t.,  ta-t„    ^ ^ _ n'    "** 

-r.to* ^u« u.t. Ct ., 6   to 10 Uker.t0fy ^^ 

h.~o.uuo.n, ctron* ^ .^trwi, ^ oll or -mlt 

—N-rto «^u«, of ^^  „, ^ !LlTi^ 

lliâltt. .    _ ""•"• •M,*^t"» »i^». • fc«^ -^r- tè« .41 b«th. 
"•••••••* ••«rtM. ««i nus.1.^ »!.%,,. 
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The personnel   requirements  *re  the  same as those  Tor model   laboratory 

type 1 with the  addition of: 

1 chemist with technical  school  training (head of technological 
laboratory) 

?   »perators  (for  technological   testing! 

1  chemist  with technical  sohool   training (for thermal  analysis) 

The total  staffing of this  laboratory  is thus  aa  follows: 

1  chemist  with university degree 

3    herniate with  teohnioal  school  training 

3 laboratory assistants 

4 operators 

1  ansici lied  labourer 

With thi3 staff jf twelve people,   the capacity for analysis of the   laboratory 

is  the sane as  for model   laboratory  type 1,   i.e.   ?4  bauxite analy.ee  ia reject 

of the five aain constituents or other equivalent  analyses.     In addition, 

phase analysis of two bauxite or  red nud samples and  tests  to determine the 

characteristic digestion curves of one  bauxite sample can be performed each 
day. 

I 4 1 pn-:, 

ni; :ir!--n--   rv nr- i 

: i : i   ¡i   t re.;.i 4 rt 1 r ri   i' li;   rat   i j 

r~>     rv 

irr   Lh» •win 

1   balance for weights up to 1  kg (sensitivity 0.01 g) with set  of 
weights 

1   laboratory filter press 

1 laboratory vacuum  filter 

2 variable-speed, heatable laboratory centrifuges for six tubes eaob 

1 poroelain will  vl   liter)  for grindability tests 

1 poroelain Bill (5 liters) for grindability tests 

1 «Í? 2l*Î°f'«^îf0ît,r*?,^?50 •1 •*Ch' "ith »"•«»•»•tloaliv oontrolled oil bath (Individual design and oonstruotion) 

1   laboratory autoclave with stirrer,  10 litres 

1   'hermoetatioally oontrolled sedimentation apparatus with ssdiswmtatlon 
tub«« (individual deeign and oonstruotion) 

1 thermo«tatioally oontrolled atmospheric stirring apparatus for six 
parallel tests (individual design and construction) 

1 Polarisation nioronoope 

1 air Jet screen 

1 sedlaentometer 

1   ierivatograph 
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JTDU  UaURATnRY TT! E 3:     RESEARCH LABURAT> RY  r>H 
JA-.Jtl.F  rESTIK«; AHb ALL'MINA  r::-m LoCY 

»Ulto -od.l laboratori«. tjrpa. i «d 2, m. typ# of Ubopatoiy u 

eapablo of tha .ld..t raa*. of ra~.„h Mé t.rtlaf ^ u ^ ^ ^ 

«.1/tlcl,  taohnolo,!,,.!  ^ phy.i.n iinr.itlf.UoM .^.^ ^ %h# 

alualaa iaduatry.    ita foactloaa iaeludai 

.ÏUUÎI ««»••leal M.ljr.1. of bauxit.. „d d.t.r.inatio» of traoa 

*nd dapoaita la alualaa produotioa. »aaaa.a» a ait a 

lavaatUatloa of aiatar prooaaaaa. 

"•   util-   m .re advan, ad   lab rat  ry   ,f   th».  type,  „hich differs m >st 

1--P  rtan-ly   fr,m th.    ne .iiacu.a.*  horc   in  that   it   me rp  rat., a pil,t 

Pliit,  1. daacrlbad la datmll i» tha aaooad .tad, m thl. mwimmml/ 

PwmoM Of aoaal l^»Mffî 1m ì 

B^aidaa tha ol.a.io.1 aat proaaéura. aUaou..,« la tha p^o«. wMÏUm 

of thl. raport, Wajr iraauu. aaaatroaoopy 1. baia, «Mi iaora^Ugl, for tha 
ohaaioal a^.i. of bauxit...    Uthi» th. lMt fm /w>| wmaiUnhU 

«.~roh ha. baaa oarrlad out la thi. fi.U, aad tha r^ult. bara baa. t. 
-.17 aajr aatlafaator,.    l^t ^ * ^ [a4ffB] ^ ^ %<> ^ 

•Ualaatloa of th. latar-alaamt (**-*,*-\ -»•   * at A^      .  , iM«r-rta«**t («tri«) aff«,t.    A. . rwult, %ha MourÄOy 
of datami*,, tB. ^i, ooll.tlw. of ^^ v tMt p,,..^ u | 

lui or .«panar to that of th. aat .athaé,.    TW. 1. tha i^«rt-t 

*U oa, b. fui!, a^tad, .o tha-t a ,ar, hi** p^for^o. 1. ^^. 

1. «U, th. .«pua. a* taa praa-ratia. af tha .«pi.. %h.t lg A-Élmt 

«Iffloult. 

p^^A-œ^r'••'•-"•• — iat^raaaUat« 
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X-ray fluorescence analysis of bauxites is so highly developed that it 

is used  in the automati on of  the  Bayer prooess.    It   la successfully  appi l ad 

by Montecatini-Edison in Italy,   at  tha Vereinigte A lumi mum-Werke AÜ  in Bonn,   in th 

Geochemical  Research Laboratory  of tha Hungarian Academy of  Scianca,   in th« 

Reaaaroh Institute for Non-Ferrous Natali in Budapest,  at the alumina plant 

at AlmaafUzitö  (Hungary) and   elsewhere.    An adaptation of this aethod for 

use in the analysis of red mud  is be in* developed [?6J.    However,  the 

prospects are not so good as  with bauxites,  since the   low atomic number of 

sodium  does  not permit Na?0 to  be determined. 

Qaission spectroscopy,  spectrometry, polarography  and neutron activation 

analysis are all suitable techniques for determining  traoe elements  in 

bauxites and red mud.    Analyses of the soda salt and vanadium salt that are 

precipitated in the Bayer procesa cycle and analyses  of the deposits formed 

in the processing equipment axe performed by both wet  analytical and 

instrumental  methods. 

Complex phase analysis of bauxites and red mud 

Accurate determination of  the sineralogiaal composition of bauxites 

and red mud is possible only by the application of modern procedures,  particularly 

those of thermal analysis,  X-ray diffraction and infra-red spectrometry. 

Crystal  optical investigations  ara also valuable for  identifying individual 

phasss  and for determining the  texture of the bauxite.    These procedures are 

fully established at the present time, not only in research work,  but also 

in industrial  practice.    In the Alaaafttiito  alumina plant,   for example,  the 

digestibility of the bauxite and the distribution of Al 0    losses in the red mud 

are regularly controlled by X-ray diffraction [27]. 

Among the procedures mentioned,  X-ray diffre   ion yislds the most detailed 

information,   since all of the mineral constituents of bauxite can be identified 

at deteotion limits of the order of 0.1 per oent, and  the reproducibility and 

accuracy of the procedure (l     to 2 per cent) are exoellent.    The fact that 

the aluminium content of alumogoethite and aluaoheaatite can also be determined 

is another advantage [17,28].     As a result of the work of Bardossy,  quantitativa 

phase analysis of both bauxite  and red mud have now been applied suooessfully 

for several years in the Oeochemioal Research Laboratory of the Hungarian 

Academy of Scienoe, in the Research Institute for Ron-Ferrous Metals in 
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Hudapa.t UA at  th. Ataá.«.it» .lu.Ua plant.     n,^. of tJj# procedur. 

are given in the literature [l7,?/,?yj. 

Quantitative pha.. analy.i. of  bauxite,  by th.rmal  analyei. ..thod. 

Í 14,15]  I. particularly .uit.bl. for deteminxn, th. water content cobined 

in different  for., and  th. perenta«*, of carbonata,  .ulphat. and pyrita. 

infra-rad .p.ctrophoto..try  i.  .ucc.ful  for th. qualitativ, and  sea, .-quantum i v. 

determination of th. aluaiaiu. ainaral, m bauxite and red ,ud and for the 

identification of individual  clay .ineral. l30].     El.ctron apographs 

can  b.  u..d to d.t.r.ine ory.tal di.ea.iona.     Although .l.ctron prob. 
*icroanaly.i.  i8  lnfoniativ.  about  th. dl8tribution  Qf trace ^^ ^ 

their correUt.cn, .lectroa -icro.cope. and .Uctron probe ^.nt  are  too 

expan.iv. for the aod.l  laboratory r.co-.„d.d la thi. report, 

reatinjc of albina hvdr,t, and alu.^, 

If th. laboratory  i. located at  an alu-ina plaot,  it can a..u.e the 

function of the control  laboratory,  with th. addition of .o«. „tra 

aquip^nt.    Th. prl.ary control  taak  i. to check th. purity of alu-ia. 

hydrata and aluain. by ch-ioa! anaij.i..    u.ually,   SiO,, Fe n , TiO , 

**>.  P205, 7?05  and ^0 ar. dat.rainad by .paotrctry! polarography and 

spectral   analy.i. [5].    Analytical proc.dur..  for the«« are laid down i„ 

atando. and i„ delivery .pecifioation*.    4« a^y.t-unpubli.h«! *-ray 
riuor..«««, „tnod for th, ..taction of c>0i  ^ ^ 

/?0    » aluain. ha. ba.„ developed ia th. Re..aroh Inatitut. for Mon-Ferrou. 
Metala  in Budapp.    lu r..«lt. ^ in fuU ^^^ ^ ^ ^ 

*naly.ie. 

Sino, .pacification, for alu.i„a ara baecin* incraa-ingly .trict, it i. 

asa.nti.1 that it. phy.ical proparti.. .hould be ta.tad regularly. Spaci fie 
«-vit,,   *„lk d.^,  punm^ of m „»..^ OOBpo.ltloi|t 

of rapo«,  r^dratloa a*d i»d„ of ^^^ „, ^^„^ M0 %<> 

1-0 Standard ^cendatio...    o»!, ,t.pl. «^„t u B#^ for th... ^ 

Inv.tlgation of .jat.ri^ rr~tffn 

Labe   ltory wthod. h.v. baa* develop* for ai.ul.tin, pyrof^io attaok 

on low-«rad. baaxite. and rad -«d.    Tha «tarlai i. .inter* with I. CO 

and CaO o« th. traj of an .i,0trio furnao. at . .paoiflad futura for a 



Siven period of time, and the sintered product  is extracted under standard 

conditions of liquor composition,   temperature and duration.    The  objeot 

of  investigations of this kind is to determine optimum sinterin« and extraction 

conditions for an unknown sample.     Standard prooedures have been  established 

for various types  of raw material. 

^on-bauntic   raw materials are   investigated  in a similar way   but   under 

different  conditions.     In the USSR,   for  example,  nepheline and  alunite 

are regularly tested at  the VAMI  Research   Institute in Leningrad,   under 

standard conditions  in the  laboratory  to  determine the Al^ recovery  that 

may  be expected. 

Physical procedures,   such as  hot-sta^e microscopes and heated  X-ray 

chambers,   ¿re also  used  successfully for   investigating sinter processes. 

among other tests  used are granulometrie  analysis and porosity  tests  of 

the  sintered products.    The nineralogical  composition of the raw material«, 

sintered products and extraction residue»  is determined by the  prodedures 

discussed above in the section on complex  phase analysis,  primarily   by 

X-ray diffraction. 

Main units for model laboratory frpt 3 

K very flexible layout that permits progressive enlargement   of the 

installation from model laboratory type  1,  through model laboratory  type 2, 

to model  laboratory type 3 i« premente* in figure   III.      he tasic  building 

for model  laboratory type 1, whioh ha« an area of 162.5 m ,  ie characterized 

by  a front entrance and a central oorridor that rune the length  of the 

building;   it is shown with solid lines in figure III.     x^rui   n    an   ;*    i ne 

•imply by  the addition of rooms at  the ends.    Model laboratory   type 2 can 

be obtained by adding two rooms shown by  broken lines, at the  left of the 
2 

building for the technological laboratory, with a combined area of 38 m , 
o 

for a total area of 200.5 a .    The building can be further enlarged to 

permit the complete installation of model  laboratory type 3 by enlarging 

it  on the right end to house the X-ray laboratory ami the instrument room, 
2 

ahown by broken lines, with a combined area of 57 s , for a total of 

257.5 m2.    Side entrances can be put at the ends of the building,  if desired, 

and the width of the central corridor orna be made 2 a, rather than the I.5 m 

shown in figure ill. 
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By compari son with model laboratory  typ«  2,   the  funotioas of 

aod«l laboratory  type  3 demand an X-ray  laboratory and a laboratory 

for instrument   testing.     Tests of alumina produots  and studies of 

sintering processes require some additional  equipment,  but no extra 

rooms are needed.     Instruments for physical   teats on alumina and 

equipment  for preparing sinter mixes and for  leaching the sintered product« 

are placed in the preparation room of the technological laboratory}   the 

furnace« are in the operations laboratory.     However,   if it is expected that 

a large number of teat« will have to be performed,   it  is recommended that 

the floor areas of these rooms be increased. 

X-ray laboratory 

For X-ray work, a separate laboratory consisting of two rooms is  required; 
2 

the largar one,   with a minimum floor area of 20 m ,   is for the vacuum 

diffractometer and the vacuum spectrograph;   th« smaller one is for specimen 

preparation and data evaluation.    A small mill  for grinding the sampl«« to 

fine powder and equipment for preparing the specimens by fusion technique« 

are also  located  in this  room. 

With the X-ray diffraotoseter it ia possible to carry out quantitative 

phase analysis of bauxites, red mud, alumina hydrate,   alumina and deposits 

in alumina plant«,  i.e.   an almost unlimited determination of the 

mineralogioal composition of a wide range of materials.    X-ray vaouua 

speotrosoopy, on the other hand, is a valuable method of quantitative 

•nemicai analysis (exception for elements with low atomi o numbers) for 

determining the main constituents, impurities and trace elements, for 

example,   in bauxites and red mud and the impurities in alumina product. 

However,  the preparation of samples for this procedure is very laborious. 

If it i« to be used for routine test«, one or two people will be needed 

for the preparation of samples. 

IssÜ&mUmtJQSl 

nils laboratory is intended to oomplement mad oontrol the data obtained 

by phase analysis and technological tests.    Miorosoope« are needed for 

orystal optloal investigations of the phase composition of bauxite,  of the 
a"A12°3 OOB*#Bt ln «lumina etc   Miorosoopes with «tages that can be heated 

•re seeded for investigating sintering procesas«.    Instruments of both the camera 

type (Reiohert) and the Leit« type are suitable (see list of equipment below). 
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r.00-.«^ for ml,.ln< rpMtloM ^ 6o ui 

for ,„. p„p„.UM „ ,-pU. for «        MM 

gr« nne! 
tequirwncnt f T m .del   UL  rat ,r^   tj,.,» 

I. editto» to th. .tffu, U.fd for -od-l  u 
fol lowing a,, „,,4^, ** VP« 2, th« 

1 *-i.. .tu utí„„l„ ^ (for ^.„^ 

< <*«»Lt. with uaivtmitj da«-r... 

1 Phy.ioi.t with uai»,r«ity i«gra« 

4 c|,«.l.t. with ttohaioal .chool traialBf. 

3 laboratory ualataAta 

4 sparatori 

1 "aaklllad labouw 

of PWta-AM all of th. U.U., «. --«fcTT 0aP*M" 

Th« main it.«.  )f equip-ient r«qulrwi fop m ,,.,   ,   , 

1  SYMttlOMtfio  »JUl/Mr 

1 '«diaaatatioa baiato« 

1 h«atabla sioroioop« 

1 haatablo •ioro.oop« 



1 BET apparatua for measuring specific surfaces 

1 infra-red spectrophotometer 

1 fine-grinding mill   for X-ray specimens 

1 X-ray diffractometer 

1 X-ray vmcwm spectrograph 

GKNáRAL COMMENTS ON SETTING UP MODEL LABORATORIES 

Organisation 

The he id of the laboratory should be «A expert la all ta« testis* 

methods used la the laboratory, i.e. la olasaioal aad instrumental analyses 

and teohaological testa,  depending on the type of laboratory.    Administrativ« 

work ehculd be restrloted to analysis oertifioates and recorda. 

Material   is drawn from  the store-room with the approval of the head of 

the laboratory.    One of the workers in the" wet analytical  laboratory  is 

then mad« responsible for it. 

All four of those working in the wet analytical laboratory should be 

experienced in all  the operations performed there,  including the use of 

analytical balances,  s peo trai photometer and pH meter.    One of the) carnalsis 

with technical school training and one of the laboratory assistants should 

be trained ia the use of the flame photometer. ¡    h     .,     „ .,  , Si ul ¿ 

he   '.raiiicd   „ -arr. " r r^axr. *»*W      ¿ il*# V'i'UHl*, It b *» . 

Training of personnel 

The training of personnel oan be dome ia two ways) 

By giving speolal training to the senior workers in the laboratory 
(the chemists with university degrees aad with teohnioal school 
training)  at a similar research institute or industrial laboratory. 
They can then,  in their turn, train the laboratory assisteste aad 
operators. 



«W.r.1* d.*r~.  (on. analytical ch.«i.¿,   on. tec^o 0J     'and 

^hrriSrit'o^*'for trainlr*th- w°-1 - ^ 
Th.  lattar alt.rnativ.  ,..,.  to  b. th. «or. .rpedi.nt.     In  this cas.,  how.v.r 

tt   1.  d..ir.bl. that  th. h.ad  of th.  laboratory b. ..„t  on a study tour for 
s.v.r.l months in ord.r to gain .ip.ri.nc 

PurchM.  Qf Muin,.^ 

Th. ocpl.t. .quip,«*  for »od.l laboratori.. oM b. porch«.* fro. ^ 

lar,. oo.PABJr that ..11. laboratory «ml,-*,   ,uo„ a. Prol.bo ta Franc, or 

Pi.oh.r in th. Unifd Stat., of Africa.    Spadai U.tw-«t. «ch a. X-ray 

•quip.«*,  Ufra-r^l .pwtro-t.r, hot-.ta«. aicro.cop.. .to. .hould b. 

purché dir^t fro. th. -*nuf.ct«r.r..    .pp^.tu. of « individual d..l«. 

that  i. not availabl. oo-.roi.llj can b. ^ufactur^l in th. workshop, of 

«V  law .lumina oopany,   .uch a. th. R...arch  Inatitut. of th. Hungarian 
Aluniniua Trust. 

R.f.rono. .tartari 

R.f.r.nc. standi, for th. calibration and adju.t-nt of in.tru».nt. 

ar. n..d.d for ch-ical  and pha.. analy.i. «, for %90tiaologioál ^^    por 

th.. purpo... bauxit. «d r*d smd .-pi., that h«. b..» .*hau.tiv.ly t.sfd 

xn .v.ry r..p.ct (i...  0h«io.l aad .in.r.lo^ic.1 oo.po.iUon and Wchno logic al 
b.h.viour) ar. us*.    Such .«pi«. ^ mhtr .^„.^  ^ ^ ^ ^^ 

-h.» . labo^ory i. bain« ..t up.    R.f.•. ,taildar4. CMnot b# puronM#<| 

co-.rci.ll, but ar. .»ail.bl. fro. th. laboratori., of alu-iaiu. oo.p„i... 





Ana« i 

«. .-«„.„ ,,„,,.. M of ,„. r.d ^d 3but<- froa lt u s 
•1-ln. pl„,  ty  ,!„„„,  „  ,.^>.  ,r.  dlsoa„is<|  telow^ 

W dir,,«,,!.. ,.,,.« lt„u.d „lu , „„„ n.n     . 

r"   *  ,h""P" •'° "»   :*   '""«I«.   „ pr...„«.d  u -, -  ....    v, 
•». P...1UO.. or ,». „%hiu r.rUo>loll. .4il„ ^ ?> M 

-„.PO* IO. .„.„l4,to. „f „ „r 0„t by lla0Hi 3U1W tb! ta 

:; ::"::;:;;;,:i,:.,:.p";"' —• - •• ~ «• - -.«. 
n.lhit.. 

',  In Ih. Hull.  b.lw inoorfor.!«! u |„, UtUc. of 

r- -d.   TO, ,». ,«, ,„., ,„. „fl.eMM „, ,„„lnlt. „ j ?4 „ is 

-or.  U,.„..  th„ ,„. u„ ., 6<B |f   u -v u ^^ ^ ^ 

f    od.,   I.  u  lw.   th. .„,„ r.tlo  of Jt       io toodM M 

•o- |.».mt>l. I. o.,y , :   llW (ror l-u„;¿ , lh. 

"„    :l0? *° "*°> " -uw' »• -— * * '.Lio).   :.oo.pl... i».«o. .. lMl0.,.d b, ,h. b0.h.lu Un< rt 6 u, j M 

.. -  or I*.   r.d .ud.    „««,.   WM„.t.  ,„„., „. M  dM 

*    ».       „o.„  d.,.„.M.  „fUoUoo of ilbb.lt. it ^ L     u bMh 

i ::;::r,,,rM ,h* ^u °r -—- *» —— 
PU» »   .»o„. ,„. ***„  „ »„. „.„„, ^  |ta  r#d eud 

*r "l,k  * "" "•'"•«^•P* ^ WW-^   („UK, of 
«PI. 1 «, »...1« ,.,. ,0V.UU..).    o. tt. o.^,. d.rlv.,0,,., 
».r. u . .!.„ ..,„.„„ of i,.uu, fro> ïlbbgu< ud 

r«. ^.lut...   TH. pr...M. of ,h... .lMral< u MUtui 

*t..o„lo. or «. r..^tw. Ma<i ^ . ,WUUU,. d.u„lMUoa 
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b« dubioua.    Ta« p*«k obtaia«d at J20°C os ih« dcrlvatograa of r«d aud 

oorraaaoarfa bota «o o MO ri ai U «ai fibbait« (tala U also ooaflraod by 

th. X-ray dlffiction patt«n).    Th. unaaaally hl«t p.*k at J80°C, «blah 

oorraapoada to th« «ado t h« ni o «at«r lo«, of «o«thlt«, «««a« to iadloat« 

• «tabulala« «ff«ot of th« alaalalua atoa« incorporad la th« Uttio«, 

•lue« pur« «o«thtt« lo««« ««t«r «t 320°C.    Ta« «adoth«ralo raaetioa of 

both boaaalt« «ad dlaaaor« 1« ol—rly daao«atrat«d la th« darlvatoffraa. 

How«v«r,   it 1« aot poaalbl« to di«ti**ui.h ih««« alMral phaa«« froa 
•«oh othar. 

Th« lafra-r«d «p«otra of th« batudt« «ad th« r«d aod ar« pr«a«at«d 

la Tigurm  VI. Mav« aaabara aad baaia uaad for ««al-quaatltatlv« 

d«t«rala*tloa ar« ladloatad.    la ta« bauxlt«, dlaapor« oaaaot b« 

dl«e«raa4 vary ol«arly.    la ta« r«d and, *ow«v«r, lt« pr«««ao« la a0 

ol«arljr a*alf««t«d that a ojuaatltatlv« aatlaat« oaa b« aad«.    Th« 

rtlatlralj hlfh aaouat of uaalaaatai boalaalta 1« ai«o ol.axly «homi, 

•o «lbbalt«,  hov«v«r, oaa b« d«t«ot«d.     Th«  tabi« bel m aummariaes 

th« raaalta obtalaad by X-ray dlffraetlom, 4arlvatoffrapHy aad lafra-rad 

Leaa «a l#altlaa (LOI) 

ItjO total 

âl2°J 

U flkawita 
U inhaU« 
U dlaapart 
U kaM batta 
la «laMajMtait« 
U «odalit«>eaaorlal«« 

Total âlfO, 

H fr--"- iàVOÉ-Bai 
ao.8 8.1 

~ 8.5 

25-4 0.4 
lì.3 4.0 
0.9 1.8 
4.4 • 
1.8 2.6 
- 10.1 

49.2 18.9 
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Constituant 

SiO„ 

er entjuig 

in kaolinita 5«1 
in quarta 0.3 0.9 
in sodai it ••cane ri ait«                                          - 11.8 

Total 5i02 5.6 12.7 

P.2O3 

in hamatita 12.4 26.9 
in goathit« 8.9 12.9 

Total P«20. 21.3 46.1 

Ti02 

anataa« 1.7 3*3 
rutila 0.6 1.3 

Total Ti02 2.3 4.6 

It can b« Mtn from tha data that, daapita th« high t««paratura of 

digaation, th« quarta waa pr act io ally noa-raaotiva,  and th« A1.0.  In 

diaspore and aluraogoathita MM not  raoovarad. 

Th« «zp«ot«d recovery of »1-0-   (aolubl« *l?°->)  oan ba «stinatad 

from tha phaaa analysis data.    Thaoratioal raoovary ia oaloulat«d uà in«; 

th« formulai 

„      , < . "A »°t.i - °-9' "°?  x 100 

*•""• kl2°ì «., 
Howavar, it is nor« oorrtot to taka only raactirn ailica into oonaidaration. 

For baujdtas of th« fibbaitio and boahaltio typaa (whara no CaO la 

addad to tha diga« ting liquor), tha following forami a ia raooaaandad to 
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•stiute  the recovery   of Al  0 : 

n  _-^, — -11 1° • aodifiad' 

x   100 
Ä12°3 total 

where 

tha indioen t,  r,   d, g, and h stand for total,  reactive, dia«port, 

goathite, and heaiatite respectively, ^ a 1 it th« nuaber of ill CL 

•olas par 2 sola« of 310? in eodiua aluaoalUcata, K    5    1  is tha 

ratio of uaertraetad Al?0j Is diaspora,  K    < 1 is tha ratio of 

unartraeted Al^O.   incorporated is th« goathite lattioa. 

In practica, th« rwapactive valu«« are K.  . 1.00 to 1.10, I_ - 0.80 to 1.00 

(A1?0.   ia recovered froa highly dlaparsad diaspora), K^ - 1.00 and 

al uà mi usi aubatitutioa in heaatite is negligible ^2 to i par oant).  Thus, 

th« aodifiad forauia for A1?0   reoovory oaa ba writ tan ia a «iapiifiad 

fora by aasuaing that   Kj • Kg • K.  • 1.00s 

n* aodifiad * * * 

• U2°3  lotti '°'^ 3i°2 reactive "kl2°l diaaaora 'kl2°l «oathit. • ,„, 

Al2°3 total 

To characterise tha operation of an aluaina plant,  th«  introduction 

of tha tara "efficiency of digestion" n'   is recoaaended.    This tara 

iaoludaa  losses attributable to undigested ainerals and to hydrolysis and 

i« obtainad as ths ratio of practical reoovary n   nT.„ ..,„.,   (whioh is 

obtalnad by calculation froa th« ooaposition of the red aud) and aodifiad 

theoratioal reoovery   n* „„^ flt,.,, such that: 

praotioal „.  «  

la tha example, tha various expressions for Al«0) r#oov*ry ***** the 

following values: 

91.3 $ (quarts being aoa-raaotive), 
n  th*jr. " 

„a . 87«0 i (*i * K. • K,  - l.OC n    »ort.      " i ?        3 

. 82-< * 

n' îM •94-7 * 
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It  ia iaportMt to aot« that,  La ta« eut quot«d, th« aodifloé 

th«or«tioal r*oov«ry ia lovor than th« th«or«tloal raeoraiy by 4.} par oant 
oviag to th« uadi§«at«d il 0. ia diaspora aad alanogootait«.    (hi th« 

othar hand,  th« faot that ailioa ia pr«s«at ia th« fora of aoa-roaotlv« 

quarta ha« an upgrading «ff«et oa th« quality of th« bauxite, «feil« 

iapuriti«« oauainff loa««« of «auatio aoda or giving ria« to t«ohnoloftoal 

probi««« (for «xaapl«, oarbonat««,  «ulphat««, or*aaie aatt«r and ajritoa) 

dowagraa« th« or«.    It la boooain« «or« and aor« aoo«pt«d for ««oh 

oharaotcristloa aa th« oarbonat« ooatoat of diaaaorie bauxlt«a to b« 

inolud«d ia ooaaaroial sontraot« aa factor« that nay l«ad to «rio« 

aodifioatioaa. 

Th« «xanpl« diaouaa«d ia iat andad to illustra*« ho« a oonal«*« 

aaalyaia of th« bauxit« and rod aud ooatributM to a aiwaadlj 

praliainary «atiaata of tao dl.O. r*oov*ry that oan ha axnaatad 

iaduatrial oonditioaa. 
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AaatiJi 

•:MATA-:?n:'!r/: :. 'MVZ.- :n- •:•;>:/*% ny -MíPIíK •.•n-y.::rr> 

The resulti of digestion teats and digestion curves  for a giobaitic, 

• boehmittc and a diuportc bauxite are preeented    by way of a raspi a. 

The digeetion curve of a gibbaitic bauxite containing 4 per oeat 

aillo« in the for« of quarts and another 4 per cant t.n the rom of 

caolinite Is presente« in figure VU.    At  « dires*.* ,n tempérâtjr*    r   Ie.    r, 

quarts does not react with the digeeting liquor.    As a result, although 

the alumna oonteined in diaspore and alumogoethite la not recovered,   a 

higher percentage of alumina is recovered than the value narked ae 

"theoretical reoovery" in figure  /II, whi.h      rreap .-nda  t     the r*    very 

that would be obtained if the total 310   ooatent were réactive.    The 

digestion ourve snows the ainiaua nolar rat:o at whioh ths total quantity 

of the extrectable alumina is dissolved.    The distribution of aluminium 

alnerals in the reel ana, whioh was oaloulated fron the results of its 

phase analysis,  is aleo preeented in figure VI :.    it  is    bvi us th.it   the 

ailioa ooatent di aeoive« in the liquor,  i.e.  the increase of aillos in 

the liquor, aust be taken into aooount to nodify the ooapoeition of the 

re« ami when reoovery Is oaloulated.    It is important to note that 

digeetion tests am not nade with synthetic liquor but with "induitrial" 

liquor,  i.e. with liquor ooatealnatsd with salts as used in alumina 

plants.    If uncontaminate« liquor were used, higher loesea of A1.0 

would arise, sino« in this oaee the anion X in the formula of aodiua 

eluaoallloata hydrate 3("*20. AU0}'  2S10?^ *,a2
X'*£l Mnloh ~Má*T mduetrial 

oommltioas stenda for CO^,   S(>4    ,  Xl" and POH anions as well as for 2A10 " 

saloma, would represent 2410?" anions only. 

»tfure 7   .    a»; Wj  ine digesti m curvss  jf a Hungarian bjehjnitic-«ibbsitic 

bauxite with a High percentage of goethlt* la the temperature range 

lScPto ÏOO°C.    The aiaeralogieal ooaeoeltloa ef this Bauxite Is a« shown 

belowt 
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asti; 

A1203 

in gibbsite 
in boehaite 
in diaspora 
in (caolinite 
in alumogoethit« 
Total 

er-orit 

20.5 
2?. 2 
1.6 
4.4 

-Li 
5O.O 

SUS. lu! 1v,< nt. 

P-203 

in heaatite 
in goethlte 

Total 

»T  ent i>-« 

6.1 
12.6 
1877 

Ti02, 

Anatas« 
Rutil« 

Total 

Loss on ignition 

2.3 
0.6 
2.9 

19.4 

Si02 

U kaallalt« 
la quarts 

Total 

•luv 

5-4 

0.6 
0.32 

Aluainiua substitution in goethite, aole p«r cent ? 

For this bauxite,  ths theoretloal reoovery of A1.0. is 88.1 par out. 

If aluainiua combinad in goethite is considered as unaxtraotabla, tha 

•odifiad racovary is 85.5 par cant.    As shown in figura Vili,  up t 

taaparaturas of 240 C tha pradoainaat part of diaspora rasains unattackad, 

so that tha modified racovary is onlv 82.3 par oaat.     In tha calculation 

of tha aodified racovary,  total SiO   was assuaad to ba raactlva.    Figura '/III, 

however,  shows that a substantial part of tha quarts doss not raaot at 

180° and 210°C. 

Tha brokan line in figura IX representa  tue digesti  n curve    btained 

with synthatio (salt-fraa) liquor.    In this oaa«, the hifhar aluaiaa oontaat 

of sodiua aluaosilicata results in a lower reoovery o* Al-0. than with 

industrial digesting liquor. 

Tha digestion curva of a 

with CaO, is presentad in figure IX. 

this bauxite is: 

bauxite a* 240 C, without 

Th* mineral :>gicai  composition of 

A12*3 

jnati tuent. 

la boehaite 
la diaspora 
ia kaolinit« 

Total 

Si J, 

in ka Unite 
in quartz 

Total 

39.2 
12.5 

54.1 

2.3 

3.'o 

_    Constituent 
•«-O' 

la h«aatlte 
la goat hita 
la pyrite 

Total 

Loss on ignition 
CaU 

trçta^swi 

22.7 
3.6 
0.1 

Ä?4 

11.9 
•J. 3 

J 
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Figur«   .     .•••. w..   •:w,   evnn n»   .". *nJ wi * n   »  r«iv.i»«ly  run »   » ir 

ratto in th« liquor, diaspor« i« not att««a«d If •* C«0 à« a*tt«4.    Ü»*« 

to.hmit. U the ftr.t to b« «ïtr*ct«<l,  onljr liquor *ith » lo* «olar rntio 

is l«ft  for dia«por« in «hloh it i« iiwoUbl«.    Th« attribution of 

«luaintaa nmoiwr th. mineral  phaa«« of th« r«d «od has  b—ñ d«t«r«in«4  by 

phas« analym«.    Th« duration curv«« ft»« UfMMtiM not only on th« 

r«coy«ry of ilaiu but  also o« th« optisw« condition, for dilation. 
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