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I . I NTRODUC.IION 

The B;iyer l'r,icess Pilot Plant sited at the Jamaica Bauxite ln::;titute, 
.rnd !-undl•cl jointly hy thl• United Nation:; Financial System for Science and 
ll·chnolo~y for D<!velopment and the Government of Jamaica, was completed in 
Augusl 1984. In concepc, ti1e pilct plant was designed in order to be aide 
to: 

(i} Evaluate the processing characteristics of a wide range of 
hauxitc o.:-es, and thereby to identify their attendant processing 
problems, both technical and economic. 

(ii} l'rovicll· facilities for carrying out P• .icess rese~ircl: studies on 
all of the operations involved in the Bayer Process. 

(iii} l'rovidl' facilities fur use in train1ng programme~ for bauxitt• 
industry personnel. 

(iv} Assist other developing countries in developing their own ore 
rl'SllllrCl'S. 

Since the Bayer Process is a fairly typical hydrometallurgical operation 
it w;is l'nvis1gl'd that it may also be possible for the plant to invesligatt.· 
the processing bchavicwr of non-bauxite ores, as appropriate, with suitabll' 
pr11Cl'SS moclific1t ion. 

A major consideration in pi lot plant design was the provisio11 c;f 1 high 
dq.~rl't.: of flexibility of operation. In particular it should have the 
,·.q1;1bility of operation under boehmite conditions, in addition to gibLsit~ 
l·1111dilim1s, and ;tlso unill·r either tbe batch or continuous mode of opei-atinn. 
ll11dgd.1ry ;tllocation:-; constrained the size of the plant both in terms of 
l'CJliipment size andd hence throughput, and also in terms of building spact. to 
h1lllSl' the pi lot plant. 

Thl· work rl'portt>d in this paper relates to the basic design of the pilot 
plant covering process description, plant throughput consiaerations, pr,)cess 
flowsheet, heat and mass b..-~ances, comments on equipment specifications, 
instrtllTil'lllJtion, provision of services and plant layout. 

2. PROC1-:ss DES CK I PT JON 

The pilot plant was conceptualiz1.?d .:is a typical Bayer process operation, 
t.•xccpt that calcinJtion facilities to deal with the full output of alumin.1 
hydrate would lw initially excluded. However, facilities for the 
c;tlcin.1ti•111 of small quantities of alumina hydrate produced i11 the plcJnt 
Wl'rt• to he provide~ in tht' Process Laboratory. 

llw proc•::;sini-; arl·as identified as necessary for the pilot plant opcralion, 
.111<.l incorpor:1ll'd into tlH· plant were :1s fol lows: 



(.1) t;rinding and slurrying 
(h) Predesi~ication 

(c) Di~t.>stion 
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( d) I>t•c anting <tnd Mud Washing 
(,-) l'rq~nJnt Liquor Filtration 
(l) l'rt.•cipitation and Hydrate Filtration 
lg) Ev,1poration 

llh· prou•ss block and line diagram incorporating all the operations 

inv11l Vl'd in the process is shown in Figure l. 

An important feature of the rlant is the p~ov1s1on of ample holding tank 
,·.1p;1..:ity at appropriate points in the processing systefll. This feature was 
1nc11rpor.1ted in order to a'. low for ease of batch operation, and als0 to 
.ti 111w for operation of individual process:.ng areas in isolation from the 

rest of the process, if appropriate. 

·1. Pl • .\NT THROUGHPUT 

·11ie tltrl'e crith:al operations in the prc::ess, on which the production of 

high grade alumina hydrate depends, are: 

( i ) 
( i i ) 

( i i i ) 

Digestion 
Mud separation 
Prt.>cipitation 

!"Ill' .1ppr11ad1 takl·n in the design of these areas was to purchas.- 'iuitablc 
Jvailahle equipment packages for digestion and mud separation, and then 
<lesi~n sufficient precipitation capacity into th~ system to handle the 

c.q>.1litics of these packages. 

A s·1it;1hle digestion package compr1s1ng three 100 litre autoclaves, followed 
hy .1 111ht· r'-•;1.:tor and three flash vessels, was identified and purchased. A 
dLtphra~m pump was also purchased to al low for continuous 011eration of this 
.1n·.1. 'l11is system was assessed to be suitable for operation under either 

gibhsite or hoehmite ~perating conditions. 

\·1hl'n 11pcrating the digestion area in the batch mode, cycling all three 
.111t1i.:l.1vt.·s dl a residence time of 30 minutes, the overall throughput was 
1·:;tim.1te11 to be '\.\)0 litres 11·i. This figure is also consist:ent with chc 
1·ffn·tive operation of one autoclave in the continuous mode. When operating 
.:untinuously, the othe& two autoclaves would be used to heat the slurry up 

r,1 the reaction temperature. 

A11 appropriate decanting and mud separation package compr1s1ng three 450 litre 
,;..it Ii ng vt•.-;scl s was purchased, one vesse 1 to be used as the decanting vessel 
.111d tht• 0U1er two for mud washing. The capacity of this system was assessed 

.1'.. l:l'in>-; compatihlt• willt Lhat of the dit:•!stion system. 
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rhl' pL1nt design was Lhl•n•fore based en a slurry throughput of L50 litres 11-I 
thro11gh the digestion system, under normal operating conditions. 

'• • Plmct-:ss FLOWSllt-:ET 

For nmv1·ni1·nce tlu.• process flow sheet was hroken up into Sl'Ven rrocessin~ 
.1 r1·;1s i dt·nl it i l'J in St•1.: ti on l: 

Arca No. I - BauxitP Grinding and Slurrying 

The purpose of this area is to take raw bauxite and test tank liquor 
and tu produce a slurry 0f these constituents. A ball/rod mill 
r1•d11ces the bauxite to a size suitable for predesilication and 
digestion. The process flow sheet for this area is shown in Figurt: 2. 

Arca No. 2 - Predcsilicatio~ and Slurry Holding 

Till· prcdl•silication reaction is carried out in two vessels prior to 
transfer to two la1ge digester feed holding tanks. The process flow 
slu·et for this an·a is shown in Figure 3. 

Area No. 3 - Digestion. Blow-off and Storage 

The slurry is heated by blow-off steam before being fed to the 
reaction system. The reactor effluent is then flashed before storage 
in the blow-off tanks. The process flow sheet for this area is shown 
in Figure 4. 

Area No. 4 - Red Mud Settling and Washing 

The red mud is settled from the liquor in the first vessel, the decJnter, 
and then subjected to a countercurrent two stage wash in the other 
vessels. Facilities for flocculant addition to the three vessels are 
provided, the process flow sheet being shown in Figure 5. 

Arca No. 5 - Pregnant Liquor Filtration 

The pregnant liquor is filtered in a plate and frame press prior to 
precipitation. Facilities for ~recoating the filter cloth ar~ provided, 
together with liquor storage capacity both before and after filtration, 
as shown in thP process flow sheet in Figure 6. 

~:ea No. 6 - Precipitation and Hydrate Filtration 

Precipitation is carried out in three tai.'.<s utilizing a hatch mode of 
operation. The pregnant liquor is cooled to the ;ippropriate temperature 
for pr1·dpitati1m by recircul~~ion through a heat exchanger. Once tl.e 
precipitation process is complete the alumina hydrate crystals are 
s~par~ted from thr liquor and washed in a two pan, batch operated 
vacuum filter. The process flow sheet for this area is shown in 
Fi~urc 7. 
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Arca Nu. 7 - t:vapuration and l.iquor Storage 

lhL· spent I iquor from the hydrate filter is concentrated in a rising 
film evaporator system before being sto~ed ready for reuse in the process. 
Syntltl'tic ;il11mi11;1[l' liquor t<inks and caustic make up tanks ;ire also 
provided. The process flow sheet for this area is shown in Figure 8. 

'>. HASS AND llt:AT BAl.ANCES 

~.I Hass Balance 

fur design purposes a detailed mass balance was carried ~ut, assuming a 
,·1111rinu1111s mode of operation nn an overall basis. Any mass balance for such 
,1 plant will depend on tne raw material specification of the bauxite tu be 
pn1(essed. The desigr. mass balance was for a l'lw grade bauxite, this 
b~ing chosen as a potential worst case situation. The bauxit~ analysis used 
in th..: calculations is shown in Table I. 

,\number of assumptions were made in the mass balance, the main ones being: 

lest tank liquor - caustic composition 
A/C ratio 

Lime addition 
SoJ~ loss per unit silica 
Predesilication circuit solids 

L'IHICl'n tr;& l i Oil 

Uigestion - Reactor throughput 
Extraction efficiency 
A/C target ratio 

Decanter/Mud Washin~ - Dilution liquor 
recycle 

Caustic concentrations - Decanter 
- Washer No 

A/C ratios - Decanter overflow 
Mud to mud pond 

Underflows 
Precipitation/Hydrate Washing - Hydrate 

d1•ns it y 

llyclralc W;1sh wat1•r 

- 250 gms l-1 Na2C03 equivalent 
- 0.32 wt. basis 
- 0.11 gms 1-l P2os 
- 2.37 gms Cao per gm P205 

1.1 wt. basis 

35% by wt. 
- 150 l h-1 
- 98% 
- 0.65 ~t. b~sis 

- 20% feed to blow-off tank 
- 190 gms 1-1 

2 - 40 gms 1-l 
- 0.64 
- 0.45 
- 200 to 250 gms 1-l 

- 2.42 kg 1-1 
- l kg water per kg hydr01Lc 

rhL· l.'omplclc mass halancc is shown in Table 2, the stream numbers bein'.~ 

identified in figure l. It should be noted that precipitation, hydrate 
fil1r;1!ion anfl possil>ly evaporation will not be operated on a cunlin11ou~ 
basis. The flow rates are merely quoted in continuous flow form for 
l' 1111 V~ II j l' Ill' L'. 

It should be strt!sscd thc:t these mass balance calculations were carried out 
fur a specific l<1w grade bauxite. The same calcu!ation method could be used 
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fur ;iny analysis and therefore used to form the basis of determining 
anticipated pilot plant flows before any run. In addition, any of the 
assumptions used may be modified on the basis of modified data. 

5.2 Heat Balance 

lleat balance cakulatiuns wl're determined from operation tu operation, 
starting from the test tank liquor line and working through all the 
processing operations, using the mass balance as the basis. The major reasons 
for carrying out the heat balance were: 

( i ) 
( i i ) 

(iii) 

To determine the heat flows at each part of the system 
To calculate the steam requirements for the jacketed vessels, 

heat exchangers and wash water tanks 
To identify the basic conditions for the design of the various 

heat exchangers in the plant 

·n1c cstin~tcd steam requirements are shown in Table 3 which must be used in 
conjunction with Figure l to identify the stream numbers. 

6. 1-:QIJI PHl-:N"r SPECU'ICATIONS 

6.1 Grinding and Slurrying 

Th• ha 11 /rod mi 11 was purc:1ased directly from the manufacturer's list of 
st;1nd;1rd l'quipment and has a quoted capacity of "-75 kg h-1. This is more 
t~1a11 twice the anticipated throughput under continuous operation. This wi 11 
allow fur a certain amount of flexibility in operation, and should thus be 
able to operate at the design rate with materials that are difficult tu 
grind. The Tronunel screen at the o~tlet of the mill is interchangeable so 
that the process cut raw material particle size specification may be 
modified according to requirement. 

The mill slurry tank and the slurry transfer tank are simple 200 litre 
capacity stirred tanks to collect mill oversize and mill product size 
h;111xitc respectively in slurry form in preparation for transfer back to the 
mill or to the predesilication circuit,as appropriate. 

6.2 Predesilication and Slurry Holding 

Two steam jacketed '>00 litre capacity stirred tanks ~re provided for 
desilicati<'n with a total holding time of "-22 hours under conditions of 
contim•ous operation as identified in the mass balance. Use of l tank only 
Jnd/or opcrntioo at reduced depths will provide flexibility in the operati<•n 
of tht> prcdt•si I icat io'.l syAem. 

Two large 2'>00 litre capacity steam _jacketed, agitated holding tanks start: 
till' slurry prior to digest;on. They wt>r,• sized to store more than three 
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Li·nt:s Liu: hold up uf Lhc l>ecantcr/Mud washing circuit. This allows fur the 
satisfactory operation of the Decanter/Mud washing circuit under equilibrium 
conditions for a length of time suitable for system evaluation. 

b. ·1 Digest ion 

The digestion system is a manufacturr.s package, consisting of three 100 litre 
stirred autoclaves, followed by a tube reactor and three flash vesseiJ. Also 
incorporated into the package arc three shell and tube heat exchangers for 
preheating the slurry feed, utilising steam from the flash vessels. A 
diaphragm pump was added in order to allow for continuous operation. 'ihe 
autoclaves are heated electric~lly and are designed to operate under 
conditions as severe as required for processing boehmitic ores. The system 
can~· operate~ in a batch modr cycling the three autoclaves pr in a 
'-·ontinuous mode whereby one or two of the autoclaves are used for heating 
the slurry feed up to the required temperature, with t~e third autoclave 
carrying out the bulk of the reaction. Two 750 litre capacity stirred steam 
j.1ckL'lcd vessel:.; collect digestion product after flashing, and mix dilution 
liquor prior to feeding to the Decanter/Mud washing circuit. 

The equipment package as designed allows for a wide flexibility in 
i 1wcs t i g<1 t ion. 

6 • '• Ocean l i ng and Mud Washing 

Tl1r~c settling tanks, each of 450 litres capacity form the basis of this 
sysLcrn. The performance of this are~ will depend considerably on tl1e 
pr111wnil•:; of the mud gcn1~r<1ll·d, oper.•ting temperature, the amount :10d type 
1>f flocculant used Jnd the quantity of wash water. The use ,f flocculant 
and wash water, and settling conditions are variables which can be controlled 
and investigated in the system. Sufficient feed tank capacity is al!owed for 
running the system for 24 hours without operating the mi1l/predesilication 
circuit. Wasia ~~!~r is heated by steam sparging in a 175 litre lagged tank. 

The underflow from the second washer is pumped to the red mud pond, located 
some distance away from the pilot pl~nt building. 'ihe pond is suitably lined 
Lo prevent seepage and is of sufficient capacity such that red mud 
r\·moval wi 11 only be at infrequent intervals. Sett led 1 iquid can be pumped 
back to the pilot plant as and when necessary. 

6.'> Pregnant l.iquor .,.i It ration 

This ar'-••1 consists of a proprit?try plate and frame filter press with 7)0 litrt? 
c;1pacity stirred steam jacketed feed and filtrate tanks. Facilities for 
filti·r prcco<1t ;iddilion are provided together with filtrate rec1~le when 
nccdl.'d. A plate andd fram~ press is in concept a batch filtratiJn device. 
ll1>wcvl.'r tht> amount of filtration .uea provided is such that it is anticipated 
th.it, under normal decanter operation, cleaning would only be necessary every 
f\·w rwnths. The systl.'m may thus be consil"ered to be effectively continun11s. 
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6.6 Precipitation and Hydrate Washing 

Thi: precipitation system was designC"d to operate in the batch mode with a 
r~sid~nce tiwc of 36 hours, this to include filling and emptying. Un this 
basis, three precipitation vessels, edch of capacity 2150 litres, were 
dccmt:d to be suitable from mass balance considerations. Heat transfer 
calculations showed that cooling coils within the vessels would take too 
lung to ~ool the ex-filte£ pregnant liquor down to the temperature required 
for prccip.tation. lt was thus decided to install J shell and tube heat 
exchanger in the system such that the contents of each vessel could be 
cooled to )0°<.; in 1 hour when recirculated through the exchanger. 
Cooling water would be circulated through the heat exchanger for this 
purpose. The exchanger could also be used in a si~ilar fashio~ in order tu 
prevent prccip~tation when liq~or ~as being held in a vessel, simply by using 
steam instead of cooling water. 

Precipitation is a major potential ~esearch area. Because of this, one 
vessel has been designated for this purpose, and extra instrumentation 
provid~d. Scope for the following is eventuallv intended for this vessel: 

( i ) 
( i i ) 

( i i i ) 
(iv) 
(v) 

(vi) 

Operation at different temperatures 
Interchangeable and adjustable paddle design 
Adjustable paddle speeds 
Varying tank geometry 
Variable residence ti~e 
The use of inserts such as draft tubes 

ll:•dr;1ll' fili.ration ;ind washing is carried out b) a two pan batch operated 
vacuum filter system. It i.akes feed from aliy of the precipitation vessels. 
Tl11: 11pcralion therefore constitutes part of the allowable precipitation 
lime and is carried out intermittently once per precipitation batch. llydr.Hc 
w.1sh water is heated by steam sparger in a 75 litre capacity tank. 

6.7 F.vaporation and Liquor Storage 

Spent liquor from hydrate filtration is stored in two lagged tanks, each of 
<.:Jpacity 1075 :itres, prior to evaporation. The combined capacity of these 
two t;mks is equivalent to the output from one precipitation batch. 

A ..:limbing film evJporator was lesigned to concentrate the spent liquor for 
rl•ust• in the proct•ss. Thl.' sy~.cm consists of~ vertically oriented shell 
.ind tube lw;1t •..'X<.:han~er, Cf~ntrifugal action flash vessel followed t.y 
.1 st.el I .ind t11lll' v;ipour condcnst:r. The system was designed Lo operate c loM• 
tn atmospheric pr~ssure on an intermittent, 6 hours on, 6 hours off basis. 

Tlw concl.'ntratcd liquor is passed to the t2st tanks for ::;torage prior to 
rl·cyd .... back to the slurrying and grinding circuit. Six storage tanks 
Jrc pro\ided for liquor storage, two of which are basically allocated for 
synthetic aluminate liquor and two others for making up caustic solution. 
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EJcl1 tank is of 800 litre capacity giving a total liquor storage capacity 
thL' s;lntl' JS that prcvided bctlo.'l'l~n pr~desi I ic:ation and digestion. 

,\ sht•l I and tuhc lll'.1t l'Xchangt•r is provided after Test T.mk Liquor Storage 
111 lw.11 lht· I i11'1t1r h.u:k up 111 prol·L'ss tL'mpl·r;ature hcforl' n•usc. 

7. I NSTKUHt:NTATION 

ThL' pilot plant is well instrumented for flowrate, tempera!ure and pressure 
ml';a su rt•m,·n t • 

M.11!,•h·lil· flux 111ett•rs art.• •ISl'd for measudng liquid an<i slurry flow ratt•s al 
v.1rious parts of the plant as ft>lluws: 

Liquor flow to ball mill 
Liquor flow to slurry holding tank 
Slurry I low tu slun·y holding tank 
Di~e!;l..'r ft>cd 
Iii l11l 1t1n I ini.: frtim washi.:rs 
Hud I i ne to mud pond 
l'rt.•gnant 1 iquur flow to preci pi tat ion system 
Spl'nl liquor flow 

Tt•mpl.'r;1t11r1· :ind pressure indicators are provided as shown on the fJow 
shcl'lS. 

lnstn1111,•nt;1tion for the digestio11 system was supplied as part of the 
p.1ckagt.•. 

In addition, conductivity meters are provided to indicate A/C ratios 
;i t t lw f o 11 ow i ng po i n ts : 

Di ~l·st t?r feed 
Blow off tank di ;;charge 
l'rl'C i r it" ti on underf I ow 

A density guagc is provided in the underflow discharge line from the 
mi 11. 

K. RUii.DiNG AND Pl.ANT Sl-:RVICf.S 

The pilot plant is locatl'd in its own bui ading approximately 18.'> m lung 
hy 12.'> m widt-. Thl' huildin~ is of strm.:tural steel blocked to the "I.).': m 
ll·vl'i wi lh open mesh abuvc ;111d full roof cover at a height in excess of ti m. 
Tht.• h11ildi.1g whid1 has its own office, changing and toilet facilitit~~•, also 
houses the '( r;1y J ,1hora tory. 
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The following general services are provided at appropriate parts of the 
plant: 

( i ) Electricity 
( i i ) Water 

( ii i ) Compressed Air 
(iv) Steam 

The maximum process steam requirement is well within the capacity of the 
plilnt's steam generator. 

l\n ovl.'rhcetd crane is provided, capable of moving heavy equipment and raw 
!ltalcrials over must uf the building ar·ea. 

Comprehensive analytical facilities are provided in the Process Labnratury, 
wl1ich is located close to the Pilot Plant Building. 

S ~LANT LAYOUT 

RecJuse uf the limitP.d space available for housing the pilot plant, some 
1fficulty was encountereci in locating all the equipment in posit~ons 

suitable for satisfactory operation and ease of maintenance. A pilot plant 
model was the•~fore constructed to solve this problem. The final plant 
layout divided into the various process areas and showing the major items of 
equipment is shown in Figure 9. In order to .naximise space utilization, it 
was necessary to have the filtration area on two levels, the press being 
mounted on a platform above the filter feed and filtrate holding tanks. 

The pilot plant m~del was found to be essential in devising pipework 
locations. 

No serious access problems in operation and maintenance have been encountered 
with the plant. 

1 o. c1.osuu: 

Basic ;1nd detailed considerations on the design of the Jamaica Bauxite 
Institute Bayer Process Pilot Plant have been described. The plant, which 
has significant built-in operational flexibility, allows for the evaluation 
of the pr.,cessing characteristics of a wide range of bauxite ores .. ; wel I a~ 
process research studies on all of the unit operations in the Bayer Process. 
It is also w1:dl suited for training purposes and, being a !ypical hydro
metallurgical operation, may possibly also be used for prJcessing non-bauxite 
ores. The plant is well suited to form the basis of technical evaluations 
into further developing the minerals processing industry in the Caribbean 
and wi~er regions, in addition to helping to improve current Bayer Process 
operations. 
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T/.BLE l 

Bauxite Analysis Used as Basis of 
Hass Balance Deter•ination 

Total AI 2o3 
Total available AI 2o3 
81whmi tc 

Gibbsite 

Fe2u3 
Si o

2 

P205 

Ti 02 

Ca 0 

Wt. % Dry 

4 7 .o 
43. 7 

4.0 

40.0 

20.0 

3.5 

0.6 

2.8 

0.4 

Basis 

min 

min 

Total organics 

Inorganic co2 
Mn}>4 

0.25 

Hn 0 

Zn 0 

V20S 
Cr 2o3 
Loss on Ignition 

Density of bauxite 

free moisture content 

-3 
2.6 gms cm 

1.0 

0.3 

0.2 

0.3 

O.IS 

0. IS 

25.5 

20% wet basis 



TABLE 2 

MASS 'BALANCE FOR PILOT PLANT 

' l 2 l 4 5 6 7 8 9 10 ll l2 13 

Total M&aa FlCN lCGH-l ll.2 0.5 41.0 72.7 72.7 ll7.0 209.7 209. 7 3.0 206.7 JS.4 242 .1 66,C 

Total Yolume FlCN url 12.0 0.3 31.8 44.l 44.l 116.2 150.3 150.3 3.0 147.3 29.S l76.8 66.0 

,.... Flow of Liquid lC.GH-1 6.2 - 4l..O 47.2 46.2 137.0 183.l 1'39,8 3.0 196.8 35.4 232.2 66.C 

' Vo!uma Flow of Liquid url 6.2 - 31.8 38.0 38.0 106.2 t44.2 147.4 3.0 14-'·' 29.5 l73.9 66.0 

11&2to3 flow in Ll.qllid """-1 - - 8.0 8.0 7.0 26.5 33.5 33.5 - 33.5 3.4 36.9 

ll&JCOJ in Liquid GPL-1 - - 250 209 l84 250 233 228 - 232 115 212 

AlJ03 in Liquid mt-1 - - 2.s 2.s 2.5 8.5 ll.O 21.8 - 21.fl 2.0 23.8 

8awcite (Dry B&aia) JCGtrl 25.0 - - 25.0 24.4 

Lima JtGH-1 - 0.5 - o.5 - - - - - - - ... 
N 

Hydrau Product JCG 

hmperature oC 30 JO 90 ~o 90 40 90 24!: 100 100 90 95 95 

or + 
145 

1t>tal Solids JtGH-1 25.0 o.s - 25.5 :Z6.6 9.9 - 9.9 - !i.9 - 9,9 



II 

TAALE 2 (cont'd) 

MASS BALANCE FOR PILOT PLANT 

14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Total Mus Flov lCGJ11 8.8 50.3 231.l 231.l 231.l 231.1 231.l l5 .4 15 .5 231.1 :.!31.1 184.2 1.6.9 2.6 

Total Yolum Flov url 6.8 39.6 177.8 177.8 177.8 177.8 177.8 15.4 6.3 186.9 186.9 139.6 46.9 2.0 

Mas• Flow of Ll.qW.d IC.GH-1 8.8 40.4 231.l 231.l 231.l 231.1 215.7 15.4 - 23l.l 231.l 184.2 46.9 

volu. Flov of Liquid url 6.R 39.6 177.8 177.8 ': •1 7 .c 177.8 171.5 15.4 - 186.9 186.9 139.6 46.9 

N&2C03 flow in Liquid IC.GH-1 1.7 1.6 33.8 33.8 33.8 33.8 33.8 - O.l 33.7 33.7 33.7 -
Ma2C03 J.n liquid GPi.-1 250 40 190 190 190 190 197 - - 180 180 241 

ICGK-1 0.7 21.6 21.6 21.6 21.6 11.6 11.6 11.6 11.6 -
Al'°l in liquid 0.5 - - - - w 

B&ux:i.te (Dry auia) IC.GH-1 

Lime lCGH-1 

Hydrate Product lCG - - - - - - 15.~ - lS.4 

~rature oC 30 90 90 90 90 90 60 95 90 65 60 100 lQO 30 

+ 
60 

Total SOlida mrl - 9.9 - - - - 15.4 - - - - - :.6 
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TABLE 3 

ESTIMATED STEAM REQUIREMENT 

-------
51 52 53 54 

Steam Flows 

KGH-1 

7.7 11.l 5.3 2.2 

-----·------ ------------ ·- -

55 56 57 58 

10.1 5.3 5.3 

---------
59 60 61 

7_5 142.2 42.8 

·--------- -- -------- - - -
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FIGURE 1 - BLOCK AND LINE DIAGRAM FOR Pil.oT PLANT 

GRI::OING t--------+-~SLURRYING 
Lime ~-(-2~""'--------~ 

(4) 

PREUESILICA.TION 

(5) 

HOIDING TANKS 

(Sl) -, 
• • • ' I 

f52> (6) 

I STEAM GENERATOR I 
I 
I 

'"fl:.- - --------
' I ---------------·,!)-, 

I 
(7) 

r--- DIGESTION 
I 
I (8) 
l 
l 
I 
L-{9)• FLASH 

15) 
To Mud Lake 

CLAR. 
Flocculant----;~W~A~S~H~IN~G':---.....-J 

(16) 

HOLDING TANK ----..-----
(17) 

FILTRATION 

(18) 

HOLDING TANK 

I • I 
l 
l 
I 
I 

CAUSTIC MA.KE UP 

• .. 
l 
I 
I csv 
l 

~--------L-------1 (54) 
I 

(55) ____ _, 
I 
I 
I 
I 

I 
I 

.i~EiJ, __ ----------.. - ----~ 

{60) 

(26) 

(27) 

(28) 

1 

(25) 

(24) 

( 3) 
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ST/JAN/80/001 

REV. 3 
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FIGURE 7 - PRECIPITATION AND HYDRATE FILTRATION AREA FLOWSllEET 

D D 'D 

FILTERED ALUMINA'T[ LIQUOR fROM 
CF;&i T0·02 or T&·OI 

;f6-01 
-oz 
-05 
-04 P6·05 

HF6•01 

T6·0~ 

SPENT LIQUOR TO 
STORAGE T14NKS · 'n·Ol,U D 

'';::' s 

STEAM 
WASH 
WATER 

Tl-01 

~ • HYDRATE 

ch:: .. VACUUM 
PUMP 

,..., -



ST/JAM/80/001 

I 
' 

CONCENSATE 
TOTHNK 
T7·~ 

SPENT LIQUOR FROM ~ ~ 

HYDRATE FILTER 
HF6·01 

lw 
·l 

TT-01 

FIGURE 8 - EVAFJRATION AND LIQUOR STCRAGE AREA nowSHEET 

•· 
SYNTHETIC ALUMINATE 

T l LIQUOR t l 
.l.1 1±1 

TEST TANK LIQUOR 

TO Ml·OI and/or;Tl·Ol/02 

FLASH 
STEAM 

T VT·OI 

H7·01 y ... 
111 I 11 

l l 
D 

1 ~ PT·m 

11k 
T7·02 TT·03 n·04 

D 0 

llllAKE·UP c.AUSTIC 

~l 
t7l 07 T71 08 

CONDENSATE ____, 
WATER 

H7 • 'iEATERS 
V7·~ASHING VESSEL 

N 
N 

I 



~· ,, D 

FIGURE 9 - PILOT PLANT LAYOUT 
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