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OTTAWA 	September 2nd, 1942. 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No. 1289. 

The Investigation of a Process for Production of 
Magnesium Chloride from Asbestos Waste Rock. 

PART ONE. 

Origin of Request and Purpose of Investigation: 

A request was presented to the Deputy Minister of 

Mines and Resources, Ottawa, Ontario, by Col. T. W. MacDowell, 

V. C., of Westmount, Quebec, for an investigation into the 

feasibility of a process suggested by Mr. H. G. Wildman, 

Westmount, Quebec, for the production of magnesium chloride 

from asbestos waste rock, the said product to be suitable for 

the mailufacture of metallic magnesium. 

This report described the laboratory experiments, 

the procedure employed, and the results obtained. It suggests 
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(Origin of Request and Purpose of Investigation, conttd) - 

a flow-sheet for the production of a magnesium chloride 

solution which will furnish a cell feed suitable for use 

in the fused—electrolyte process for metallic magnesium. 

The purpose of the investigation has been confined 

solely to determining the simplest fore Of flow.sheet to 

produce magnesium chlbride from pulverized rock, and to , 

present data on this step whiCh might assist in arriving 

at an estimate of the economic value  of  this process. 

In presenting the matter for investigation, 

Colonel MacDowell stated that thé Shawinigan Chemicals 

Limited were interested in this process and would be 

agreeable to cooperate in bringing the investigation to 

a successful concluàion. TO this end they retained 

Professor J. U. MacEwan, of McGill University, Montreal, 

Quebec, to act as consultant on the experimental work and 

assist in the investigation. 

Professor MacEwan has periodically visited the 

laboratory, has kept in touch with the progresS made, 

and has discussed various aspects of investigational 

• procedure. 

Acknowledgement is here made of Professor 

MacEwants good services and counsel in furthering this 

investigation. 
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History:  

• The Asbestos Industry, centred in the Eastern 

Townships, Quebec Province, discards daily at least 10,000 

tons of waste rock froM the production of asbestos. This 

rock, referred to as "asbeStos waste rock," is esSentially 

serpentine  with which are aseociàted  minerais  containing 

ferric iron„ ferrous ,  iron; alUminium, chromiUm, and nickel. 

Varying amôunts ôf e'ebeàtos fibre remains in the rock.  

Pure serpentine contains  43Q:  per  cent magpeSium oXide. 

Samples.of waste rock exaMined  in  connection with this 

investigation Contained frCxm34 to 42 per cent magnesiUm 

oxide.  The imPbrtieS  al4e Varied considerably. 

Mr. H. G e  Wildman, of WestmeUnt, QUebecl has had 

under consideration  for  some years  a  pllanfor the Indüstrial 

utilization  of the  aàbestos waste roCk• and ProPoeed being 

the waste rock as a source of metallic magnesium and magne. 

slum salts and reCevering a purified Silica and certain 

base  metal produCts*, 

Colonel T. W. MaeDowell, of WéstmOunt, Quebec, 

became interested in the industriel Peseibilities of 

Wildmants work. In 1941, at his request e  this  Division of 

the Department Of Mines and - ResoUrCeS Made a Smalli0sCale 

laboratory  investigation  of the. chemical reaCtions involved 

in the proposed method of leaehing the  rock  ancl. PbrirYing 

the solution, In general, Wildffianls claime regarding leaching 

and purification Were substantiated, 

Wildman's ProposedPro ,desÉ: 

In brief '  thé proceSs, as propoéed by Wildman, 

comprised the following stePS: Milling the Waste  rock  to 

reduce the content of iron and other impuritieS, grinding 
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(Wildman's:Proposed Prodess e  conttd) 

the milled product to 60 mesh or finere leaching this in 

hydroChIoric acid, separating the leach liquor from the 

residue, oxidizing thé liquor by chlorine 'gas from the 

electrolytic 	or le 04er suitable means, pecipita•ing 

the iMpurities other than nickel ipe the additign Of magnesium 

oxide made from previOus17-P14fledlnagneSigM dgoride solu-

tion, removing the preciPittited Impurities by filtration, 

PreciPitating the nickel by the  addition.  of SOAIUM Sulphide 

and recOVéring the solution  be nitration* The resulting 

magne site chloride solution Was said to be of a aleficient 

degree of puritY to be proceàsed for making cell feed for 

the electrolytic prodùction  of  magnesiuM0 -Plants for the 

mangfactilre of hydrochloric acid, for evaporating the mag 

ne sin  chloride.solution, and for electrolysing the fused 

magnesiUm chloride, were indIuded in the ProCess, Provision 

for producing the magnesium oxide and PrOoessing byproducts 

wae  alsô included* 

Other.Similàr ProcesSes: 

ProceSses based on the acid decomposition Of 

serpentine or similar magnesium  silicates  4Avpt,èèn &atesed 

for thé production of Magnesium saltS and th. 	ôf one 

or more by-prOducts (such  as aC1$*ted silica Or nickel), 

Technical literature states that MagneSium saltà are at 

Present ProduCed be ntethods using the acid d9fiipos1tiOn  of 

olivine as. the initial: step and  th  at the possibilitY of extend-

ing this Process-  to the commercial  production of Metallic 

magnesiutais being.inveS 148aed4 

l'he information published regarding these PnfflPsos 

is rather meagre4 being limited almoSt entirely to patent 

literature or-to reports of a samiii.confidential nature *  

•••■ 
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Results of Investigation;

As conducted in the laboratory, the investigation

shows that a magnesium chloride solution of a purity suitable

to yield cell feed for fûseèl-electrolyte production of mag-
o

nesium metal can be produced from asbestos waste rock.

The different reactions involved in the leaching

and purification are comparatively simple and easil

Standard equipment is indi.cated, such'as acid-ttpr6of tanks and

stirrers, with thickeriers, filters, etc., of c.onventional.

design.

The process as de.veloped may be briefly described

as follows:

1-

2.

3,

4.

5,

'Grinding the waste rock to minus 35 mesh and tâ.bli.ng
to remove as, much as possible of the iron and spinel
minerals.

Leaehii^g the ground rock in 18 per cent (approximately
12° Be) hydrochloric acid at a temperature around

706 C. until the acidity is reduced-t.o 0.5. per cent
or less., A•25 per cent.excess of waste rock Is
necessarp to accomplish this in minimum time,

Diluting the pulp, on completion of leaching;, with
sufficient water to give a liquor containing about
10 per cent magnesium chloride, Stronger solutions
(20 per cent 169012) kiave.shown a tendency to form
,oxyahloride and form a jelly"like solution. The
exact point of this reaction has not been determined
but the 10 per;çent,magnesium: chloride solution was
arbitrarily selected as beiri g safe. Çhlôride reten-
tion in the precipitate has;generally been found to
be higher with increased magnesium chloride concen-
tration.

Precipitating the-dissolved iinpurities, such as iron,
alumina and nickel, by the. -additionof freshly
calcined bruçite or magnesiùm,oxide to the pulp at
50° - 70° C. until a pH of abôut 7.0 -*7 +5 is
ob.tained,,

Filtering-.the pulp,.to_refnov.e sol,ids^ washing, and then
clarifying the f 3.ltràte .

The above procedure différs from Wildman's suggested

process in.the following respects;

(Continued..on next page)
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(Results of Investigation, contid) 

(a) Coarser grinding is employed, as a difficult 
filtration step is improved at slight expense 
of leaching tiMe. 

(b) Leaching and  purification are carried out without 
intermediate filtration. 

Oxidation of iron is not necessary prior to preci-
pitation of impurities. 

(d) One preciptant only e  namely prepared brucite (MgO), 
or Other fore Of magnesiUm oxide, is used to 
completely precipitate iron, alumina, and nickel. 

(e) One main filtration only is reeired, with subSequent 
clarification to produce a clear and pure magnesium 
chloride solutiCn. 

By the abOVe procedure the hydrochloric acid losses 

arè cOheined to two points, excepting losses.incidental to 

•eaksi spills, etc., namely, (1) loss by Volatilization during 

leaching,  •and (2) Chlorides contained in the filter solids. 

No tests were made in the laboratory investigation with respect 

to volatilizatiOn loSses as these can be minimized in designing 

eqUipment by use Of /lc:Sods for recovering basés. Laboratory 

tests have shown that by proper technique, acid or chloride 

lôsses in the filter Cake can be controlled  and kePt loW. Wash 

solutions from filtration will naturally be uSed in making up 

(0) 

acid leaCh liquor Or in 

of impurities, 

The magnesium 

purity of the following 

Total iron 
Nickel 
•OhroMiUm 
Silicon 
Calcium 
Aluminium 

dnution of liqUor prior to précipitation 

chloride produced by this method has a 

order, based On metallic MagnealUm: 

Less than 0. 002 per cent. 
" 	e 0. 004  

o.o004 
It 	e 0.0Q8 

Faint trace. 
NO Satisfactory test aVailable but 
content very lOw. 

ame 

»11 

No other detrimental iMPurities Were found. 

(Continued on next page) 
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(Results of Investigation, contid) 

The second part pf thià report describes in detail 

the variddis laboratory tests àhd results, and disgusses several 

points respedting technique and other 4Latters of importance. 

Test, Data and Flow.-Sheet: 

From large-,scale teSt$ the fOlioWing example is 

presented as tYpical or  the  results. that may be exPected 

following the prOcedure oUtlined: 

A 75•Tound charge of waste rodk:Ite  (361per"cent MgO), 

ground to paSs 33mesh screen': was leached (agitated) with 

123  Pounds 20° Bé hydrochloric acid and 93'Pounds of Water 

for 3 hours at around 70° C. -The acidity reached 0.3 per 

cent hydrogen chloride in this time. The Pull) waS diluted 

with 200 pOundP water ( 70 O.) and  8 .5  POundP or rreShly 

calcined brucite (or 51,0 Pound 0.P, lme )  were added in small 

portions over a period of 15 minutes. 

'The pulp sOlution, 'with a pH of 7-0,1, waS fed to a 

Hardinge-type superthickener, the overflow gôing direct tO a 

clarifier and the underflow to a filer.  The Underflow com.e,  

Prised about 50 Per  cent  sOlidS and  t. 	Pee.  Was 

approximately SO0  poids ôr SOlUtion.Per hOgr,. 

The  filter eàke wgs gi  V 	water Yia -eila (A) with 

65 pounds water 60°  C.)  and  then diSdhargedarrid repulped in 

50 POunds water ( 60e 	g id  reriltered. (B,) with à single 

water Wash (C) of 36 Pôunds. The wet cake weighed 74 Potinds 

and contained  37 Pex' cent : water ,(driéçl at  1100 0.). 

The total chloride content  of the cake (ample taken 

before drying) Was 0.27 Per cent .dry hYdi"Cgen chlOride (R01). 

The magneSitie 6111C44Ç content 9f the liqüor wàs 9,10 per cent 

See analYsis in section,  on larg&-SCale  tee te (Page 30). 

,•• 
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(Test Data and FloWSheêt, contid) 

Mg012 ',(anhydrous) and the weight oe the recovered liquor was 

480 pounds. 

The filter washe$ were as follows: 

1st Ws,Sh A - 65 poUnds 9.1 per cent Mg0I2. 
Repulp Filtrate B 

and 2nd WaSh C 	.86 	" 	1 . 8 	le 	tt 

In  the  laboratory equipment set up borne loss of 

filtrate solutions was unaVoidable, so that the recovered 

magnesium chloride is somewhat lower than would obtain in 

correct alignment of equipment. 

The wash  waters  will, or course, be retUrned as 

dilution water or in acid make-up, so that no chloride loss 

is involved there, The total chloride lOss is thërefore 

confined to that contained in the waShed filter cake und 

in volatilization losses during leaching *  The latter can 

be minimized ih, plant  opération  by proper desIgn. 

The  chleide loàs in filter cake, therefore, would 

0.27 be 1753.- X 74 	0*20 pounds dry hydrogen chlôride 

after  the abOve washing procedure. 

Elienating repulping, and Washing only on the 

filter, the hydrogen chloride loSs would be  in  the neighbour-

hood of  one  to two per cent. 

PLANT OPERATION DATA: 

-Leaching Plant. 

SOlids: 	Serpentine-Asbestos Rock. S.G., 
Solution: Hal, 18 per cent solution. 
TeMperature: 	70°C, 
Leach density: 24 per cent solids (5.1:1). 
Time: - 	3• hrs. (Max.). 
TWZIPitation dehsityl  14 per cent solids (6.1:1). 
Tinde:L,' 	'1 hour. 
Predijoitent:  Magn6sia (calCined brucite). 

Orienal filtrate ,and first wash, were combined 
. 	owing to the type,.cf filter used. 
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(Plant Operation Data, conttd)

ThickeüitigrFiltratien-i•Clarification plant.

Th3: ckening ;

Feed - 14 per cent solids (6.1:1).

Disch, 50

Settling rate°,. - 0.78 ft./Yir,

-Area, reqû3re(Vptqri^24 hrs. 9.0 sq. ft,

Filtration g_ _.. ,

Fèed 50 per cént solids,

Approximate .) Plate and Frame - 150 7:b,/s q , f t/24. hr s. (35 p. s. i

fil.teririg ) Oliver - 160 11 it (25 It Vac,^)

) 250 rr u a ( 22 It Vac.)rates. ^ Dorrço ^

ClariflcatiQn;

Feed Filtrate + thi:ckérie :r overf'lôw,

Rate. - 1600 lb, f sq.ft,./24 hrs.

Çomplete details of laboratory small-scal.e

arid large'-scale. tests will be foùnd'3ari

PARTTYVO of- this report.
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PART TWO. 

LabppatorY,_Inyeetigation. 

Small Sdale. 

Shipment: 

A shipment of 2,020 pounds of asbestos waste rock 

was received from the Asbestos Corporation, Thetford Mines, 

Quebec, on April 3rd, 1942, thrOugh the cooperation of Professor 

J. U. MacEwan. The shipment cOnsisted of four lots, of about 

500 pounds each, from. four different mines in the Thetford 

district and waà said to be representative of the waste rock 

of this district,  The  four lots were quite similar in chemical 

analysis .  The lots were tabled separetely  and the composite 

table tailing used in the l'eechiniteSts. 

A small shipment, ôr about 20 pounds., was alào 

received. This cOnsisted of four lots, of about  5 pOunds each 

cut from the ebove lots previous to shipment, 

SsunplInK, ançl  

The composite tailing  Was  sampled and analySed. 

Per cent 

MgO 	. 	38,63 
S102 	. 	38,54 
Al 203 	. 	1.08 
Cr203 	. 	0,28 
Ni 	- 	0,23 
CaO 	. 	Trace 
Fe993 	- 	3,-44 
Fe C 	. 	1.72' 

Metallic Fe 	. 
Total  Fe 	. 	4. *33 	, 

H20 	. et, tlete'llgnêd- 

Éart of the coMpoSite tailing Was ground to different 

degrees of fineness. The screened sizes of the three products 

were: 

(Continued on next page) 
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(Sampling and Analysi-s, conttd) 

	

Coarse 	Fine composite tailing, 
composite 	per cent  
tailing, 

Mesh 	 Per cent 	-.35, mesh 	.-.48 mesh  

	

+10 	 0,6 

	

. 10+ 14 	 1,9 
- 14+ 20 	 17.5 
- 20+ 28 	 19.0 

	

.‘ 28+ 35 	 17.2 	0.2 
- 35+ 48 	 14.0 	14 4 0 	 1.4 
- 48+ 65 	 10.5 	20.6 	 16.3 
- 65+100 	 7.4 	16.3 	 20.7 

	

-100+150 	 5,4 	14.5 	 20.6 

	

-150+200 	 3-,5 	10.5 	 13.1 

	

.200 	 3.0 - 	23.9, 	 ?7.9  

100.0 	100,0 	 100.0 

LABORATORY PROCEDURE: 

A large number of tests of a preliminary nature were 

made on these products to find the effect of different types of 

feed, and to determine the acid strength, the temperature, and 

the leaching time required . to obtain practical decomposition. 

o#1y a few tests were made on the 20.pound lot as received and 

on the coarse  composite  tailings, the other tests being made 

on the -35 and the .48 mesh products. 

Based on the results of these tests, the following 

general procedure was adopted: 

The . waste  rock  was tabled to remove spinels and the 

table tailing was ground to minus 35 mes#. In order to obtain 

complete acid consumption an excess offeed (usually 25 per cent) 

was used. 

The required' amount of 18 per cent hydrochloric acid 

was heated to 40° C„  the feed added, the pulp agitated to keep 

the solids in suspension, and the heat source regulated to keep 

the temperatilre of the pu1p at 50-70° C. 

SampleS of thesolution were reMoved from time to time 



Leach Solutions. 
:Weight of: 	:MgC12,: 	Iron 

	

Test:solution e :Specific: per : 		per cent 	: 	Per cent  
No.: grams 	: gravity: cent :Ferric:Ferrous:  Al : Ni : CaO: 

• • • • • 	 • • • 	 • 	• 	• 	 • 
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(Laboratory Procedure, cont , d) - 

for the determination of the residual free acid. 

When the residual free acid was reduced to at least 

2 per cent of the total acid originally taken, the leaching 

was discontinued. 

The pulp was filtered and the residue washed three 

times with a measured amount of water. As a rule the first 

wash was added directly to the leach solution. Each wash 

was about 25 to 30 per cent by weight of the leach solution. 

The leach solution and the washes were analysed and 

the residue was examined for chlorides. 

The 250- and 500-gram lots were leached in beakers, 

the 2i-ki1o. lots were leached in stoneware jars. 

Typical Test Results Obtained: 

The following tests are typical of results obtained 

when thieroutine was followed. In Test No. 6 the first wash 

is not included in the extraction solution. 

Tests. 
:  Weights taken: Temo.,:Leaching: Acid con- : Final acid-

Test:Rock,:18% HC1,: degrees: time, : sumption, 	ity of pulp, 
No.:grams: grams : 	C. 	: hours : per cent 	: per cent  

. 

	

. 	 .  . 	 . 

	

. 	. 	 . 

	

4 : 250 : 	776 : 50-70 : 	4 	: 	98.6 	• . 	0.25 
6 : 250 : 	776 : 	" 

	

8 : 500 : 1552 : 	" 

	

12 : 500 : 1552 : 	" 

	

13 :2500 : 7760 : 	" 

	

14 :2500 : 7760 : 	" 

• 4 	: 	98,4 	• 	0.29 . 
: 	4 	: 	98.4 	• 	0.29 . 

• : 	4 	: 	98.2 	. 	0.33 
: 	4 	: 	98.0 	• 	0.35 . 
: 	4 	: 	98.0 	• . 	0,35 

4 : 	985 : 1.160 :16.23 : 0.32 : 0,31 :0.12:0,04: Tr.: Trace 
6 : 	820 : 1.189 :17.21 : 0.36 : 0.34 :0.15:0.05: " : 	" 
8 : 2,007 	: 1.159 :16.12 : 0.29 : 0.30 :0.13:0.05: 	" : 	" 
12 : 1,998 : 1.158 :15.95 : 0.28 : 0.31 	:0.13:0.04: 	" : 	" 

	

13 : 10,112 : 1.150 :15.82 : 0.30 : 0.29 :0.12:0.04: 	" 	" 

	

14 : 10,060 : 1.153 :15.63 :  0.32.: 0.30 :0.14:0.05: 	" 	" 
• • • • • • • 	 • 

• • • 	 • • • 4 • • 

(Continued on next page) 
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(Laboratory Procedure, cont'd)

Washes.

No. 1. - When.kept separate and analysed, 6 to 8
per cent MgÇ1,2.

No. 2. - Less, than 0.2 per cent MgC12.

No. 3. - Mere trace MgC12.

The filtratïon rate was about 100 grams solution

per minute when using a Buchner-type filtering funnel of a

size to give a bed of residue 4 inch thick.

Test
Reductiori
in we ight,
per cent ,No._

s
•

Rèsidueâ.
: Chloride con- : Per cent of tôtal

tent as HGI.t ; aci4 in residue
per, cent ;. (as chlerides)..

*. . . . . . . • . . . ... _. .. . . . .
• •, .

4 : 37.,5 IN 0.07 0,,078
6 : 37.2 0,05 0,056
8 ; 37.6 0,06 0a069

12 ; 37.4 0.04. 0.045
• . ... . .

In. Tests Nos„ 13 and 14 a small labôra.tory=size

filter press was used but trouble was experiencsd in washing

the .cake and -some of the- cake wwas lost.

PURTFTCATTON. OF THE :.r;EACH LIQUOR

The metalliç chloride content of the leach liquor.

obtaihe'd by the leaching pract;icë descxibed: is `àpproximately

87 per 'cent MgCl^ and, 13 ,,per c.ent chloridé s: of iron, alLÙninium,

ohr.omium ànd nickel, consi'dered âs the anhyçlroùs: ch1 orides in

each :câsé,. This reprè^serits' a `meta,`cA'ar^^ént of ^approximatély

83,►4- per cent Mg', and 1:646 per cent. rrietallic 3mpû.ritie,s*

Ver' few data have been pûblished on the nature or

limits of the impurities permis:sible in dëhydrated MgCl^.used

as cell feed -in the :el;ectrôly:tic production of magpesium#

G:àa1n sts.te.s. ( ïrid, and Ëngl Cheinistry, Vol, 22, No. 7, July 1930)
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(Purification of the Leach Liquor, cont , d) 

that by  usine  cell feed containing less than 0,01 per cent 

heavy metal impurities capable of affecting the quality of 

the metallic magnesium, metal of 99,9 to 99,95 per cent purity 

was produced and that the impurities consisted of silicon, iron, 

aluminium, and manganese, 

A MgC12 solution which will give anhydrous MgC12 well 

within this range of purity can be obtained by purifying the 

leach liquor resulting from the acid decomposition of asbestos 

waste rock. The purification is brought about by the use of 

MgO (or its equivalent) under proper conditions. The MgO 

neutralizes the residual acid and decamposes the chlorides of 

iron, aluminium, chromium and nickel to form the hydroxides of 

these metals and MgC1 2 . When the precipated metallic hydroxides 

are removed by filtration the purified MgC12 solution is obtained. 

By this method of purification all the metallic impurities 

present in the leach liquor are removed in one step and the HC1 

which had reacted during the leaching period in forming the 

chlorides of these metals is recovered and is represented in 

the purified solution by MgC12 . 

It is obvious that the acid in the leach step should 

be utilized to the fullest extent, as residual acid will consume 

precipitant reagents, It is also obvious that the higher the 

content of impurities, namely iron oxides, alumina, etc., the 

greater the amount of precipitant to be added, 

The amount of a precipitant to be added can be esti-

mated if the residual acid and the amount of each impurity pre-

sent as a metallic chloride in the leach solution are known. 

It was found simpler in all cases to add the precipitant grad-

ually over a period of about 30 minutes until the solution has 

attained a pH of at least 7,0 and then agitate for an additional 



qualitative teste indiCated that the Pee  Cr, Fe" 
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(Purification of the Leach Liquor, cont Id) e, 

30 minutes, or longer if necessary, before flItering *  The 

averagë _leach liquor made frôm this feed reeiree 13.0  grams 

MgO:per IcilograM - solution; • this includes an  eIrcess of 26  Per 

cent above the eetiMated requirement* 

'Veen a preciPitant Other than MgO was uséd in treat. 

ihg leaCh lidluOrs 9f à rather highgeP12 (eig,* 16  or 17  Per 

cent MgC12) -:., it waà not -fOund P9esible .t.ô oonsisteptly ôbtain 

complète purification  even though 'excess- precipitant waà used 

and the-tx,eatment -Ume was lengthened. 

. Reàults indicate that the tendenoy for chloride 

retention by the metallic hydrolçide precipitate is greater 

when precipitation takes plage in A solution high in MgCl 

than when lit  takes Place in a more dilute solution* For  the se 

reasone the leach liquôr Wap usually diluted With :4111 equal 

weight of water bel' ore purification* This: gave .a putif ied 

solution containihg  about 10 per cent MgC12. 

Puping  the addition of the MgO the pH of the solution 

was measured bY Illeàhe of à-  pg rneter -UsinÉ à gIàse electrode* 

No attempt was .made to find the e: at which each hydroxide 

fOrmed* Britton states ,(Hydrogén Ions,  p, 278) that the 

bedrOgen.ion concentrations _at which the, hydroxides ,are pre-

cipitated :from dilute SOlutions are: 

e, 	l.Q*5 
e, 	6.*7 

543 
e, 5.4.3- 

 pe  

Mg 
111 

Cr 

Felli 

and- 	were ,PreciPitated in thià: order, blit the eaCt 	was 

not deterMined* 

ontinUed oh heact pàge) 
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(Purification of the Leach Liquor, conttd) 

Several •recipitants were tested, In eaCh case the 

precipitate formed is voluminous, rather gelatinous in nature, 

and has  a tendency to retain chlorides.  In  seleCting a pre.. 

cipitant its efficiency in bringing  about  coMplete precipita-

tion, the filterability dr the precipitates forined e  the amount 

of chloride retention, .and the cost of the precipitant are 

factors to be considered. 

The following- preCipitants weré used: 

(1) .  Additional waste rock. . 

(?). Calcined waste, rock, 

(3) - Prepared brUcite Made by calcining and. washing. 
'bruCite ore to reduce the Ca0 to à loW Percentage, 
Different lots of prepared brucite at different 

, degrees  of  hydration and of differentscreen 
sizes were used, 

.(4.) Basic magnesium carbonate, made from previously 
plirified.MagnéSiuM chloride  solution  by precipi-
tation with Na2003.› 

(5) MgO,  made by calcining the basic Magnesium carbonate. 

(6) Mg(OH) 2 , made by hydrating the MgO. 

each of these precipitants required a saMewhat 

different procédure. - 

PrecipitatiOn_Procédures, 

(1) Additional Waste Rock, 

It was not found possible to . Obtain  purification  by 

treating the IlmaXidiZed leach liquor With additional waste 

rock, Part of the ferric iron was precipitated, the other 

impurities remained in solution.  

The  diluted leach  solution  was oxidized by , means of 

chlorine gas, waSte rock was added, the pulp Was agitated at 

507.70° F, and treated with Chlorine gas simultaneOUsly, When . 

an amount of ore eqUal in weight 4o that used in.producing the 

leach liquor was added, a four-hour treatMent resulted in the  

precipitation of practicsaly all of the iron. The nickel was 
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(Precipitation Procedures, conttd) 

left in solution. 

(2) Calcined WaSte Rock. 

The çoarse waste  rock  was caloined for two hours at . 

6000  C,,then ground to .35 mesh. 

The diluted leach liquor was agitated with various-

different amounts or the calcined waste rook at 50.70° C. 

When an amount equivalent to 60 per cent of the waste rock used 

inmaking the solutiOn Was added, agitating  for  two hours gave 

satisfactory purification, The filtration  rate  was fair, the 

chloride retention low. 

No further tests were made on the use of the waste 

rock for purification purposes as it was thought more suitable 

precipitants were available. 

Brucite,. Magneâium CarbOnate„Mgnesium Oxide  . 

Several preliminary tests wereinade using the above 

precipitants. )111e folloWing general prodedure was indicated: 

A weighed.  amount of the leach: solution (Usually 2 

kilOgrams) W*S diluted with an equal Weight of water, The 

solution was agitated and the precipitant added gradually over 

a period of about  30 minutes  until the solution attained a pH 

Of atleast 7,0; The agitation was continued for another 30 

minutés or longer and 1.4te carried out at 50.70° C, -(except when 

MgO was used). -When the required  addition of precipitant had 

been determined in this way the same effecit was obtained in 

sUbsequent tests by adding the - total aMount of the precipitant 

at one time. . 

Tests were also  made in  purifying the undiluted leach 

liquor. 

After the reqUired amount of precipitant had been 

added samples of the  solution  were withdrawn and tested 

qualitatively for total iron end nickel. Though the ferric 
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(Precipitation Procedures, conttd) 

iron precipitateà first (at a pH of about 2)i 1t is the most 

difficult of the impurities to rennve completely. When these 

tests indicated satisfactory purification of the solution the 

pulp was filtered. A second filtration was always necessary 

to remove the semi.colloidal particles. ,The residue was washed 

three times With known amounts of water. As a rule  the first 

wash was added direCtly to the purified solution. The purified 

solution Was analysed for its Mg012  content and fôr impurities. 

Each washs:Was analysed for 3,te Mg012 content. The residue was 

air dried , .  sampled,. and analysed for retained Chlorides. 

The Mg012  content of the purified solution was 

estimated .froM the specific gravity of the Solution s  This 

method was found to give results in fair agreement with. those 

obtained by Chemical analysis, 

(3) Prepared Brucite. 

Freshly calcined prepared brücite ground to  minus 

200 mesh, minus 100 mesho or coarser was used in mOst of the 

tests. 

The minus 200 mesh brucite hadpractically the same 

precipitating value as artificial MgO. the  minus 100 mesh 

material has a somewhat lower precipitating valuel thé coarser 

sizes have decidedly loWer precipitating value. 

The finer the mesh of the precipitant used the slower 

the filtration rate of the precipitate formed. When minus 100 

mesh is used the filtration rate is fair, This was taken as 

the most serviceable size for these tests on the filtered 

leach liquor. 

Partly hydrated prepared brucite containing up to 10. 

per cent 1120  was found satisfactory. HoWever, if a large excess 

of this material is ueed or-if it is added - to a solution of a 
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high-MgÇ12 content a viscoizs unfilterable mass is îormed.

The action of pr"epared brucite is too slow at room

temperatùre to be oonsidered practical.. At 50-70° C. satis-

factory purification is obtained by treating for 1 hour. When

purifying, a diluted, solùtiona pH of 7,,5»8,,5 was usually ob-

tained, Satisfactory purification of the undiluted solution

was not obtained w3.th brucite.

(4) BasiW Magnesium Carbonate,.

The basic carbonate contained 45.4 per cent MgO,

specific gravity 2*569*

It was found necessary to u se a greater excess of

the carbonate than that estimated from'i.ts MgO content. The

highest pH obtained was 7,Q. Agitation at roôm temperature

was not. satisfactory, Agitation for 3 hours at 50«- r70Q C.

gave 'satisfa4•tcjry purification when preçipitating a diluted

solùtion. The filtration is rather slow^, the chloride retenN

tion is the 1.owest. for any of the reagerits used,

An. undiluted solution could not be successfully

purified, The addition of-4 large exceps. of precipitant and

prolonged agitation at 50'^-70° C, did.riot increase. the pH

beyond 6.5.

(5) Ma&nesium. Oxide.

Magne siumoxide,: made from the basis carbondte,

and a commercial sample of heavy oxide were used. No essential

difference was found in their behaviour;

Agitating witYi. MgO at room ternperature or at more

elevated temperatures gave satisfactory purification when

treating either a dilu.te.d or an undilut.ed solution in one hour.

A pH of 7„5"45 was usually obtaine"d,, M.hen -an alkalinity greater

than this is obtained in treating the diluted solut3on#there is



- Page 21 - 

(Precipitation Procedures, conttd) 

a tendency for a magnesium p recipitate (presumably an oxychlor-

ide) to form after filtration. With an undiluted solution the 

same tendency is exhibited at alkalinities lower than 8. This 

tendency can be corrected by the addition of a small amount of 

HC1. From the standpoint of precipitation only" Mg0 is the most 

efficient of the different precipitants tested, The filtration 

is rather slow, the chloride retention is higher than that 

obtained with the basic carbonate, 

Samples of light MgO used gave similar results 

except that the filtration rate was slower. 

(6) Magnesium Hydroxide. 

Acted very siirtlarly 	MgO; no detailed study was 

made. 

Analysis of taaargaligas.  
No satisfactory dhemical methods were found for the 

quantitative determination of the metallic impurities in the 

purified solution. Except in the case of chromium the 

relatively high concentration of Mga1 2  interfered to a certain 

extent in the application of the methods usually found satis-

factory in determining traces of these elements. 

By using a MgC12  solution made from C.P. MgC1 2  81.12 0 

it was found that the following amounts of added substances 

could be detected. No attempt was made to determine the mini-

mum amount detectable. The element is reported in per cent 

based on the Mg present. 

Per cent 

Fe 	_ 	0,002 
Ni 	- 	0.004 
Cr 	- 	0.0004 
Si 	- 	0,008 
Al 	- No suitable method found. 

When purified solutions were found to contain Fe and 
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(Analysis of the Purified Solutions, conttd) 

Ni in.: . amounts greater than this the purification was considered 

unsatisfactery.  In all'solutiens tested it was found that e iU 

the Fe and Ni were within the limità•the purification was 

satisfactory. 

Qualitative spectrographic tests indicated only 

• traces of these elements. 

Careful clarification preVious to analysis is 

necessary. 

other PreCipitants. 

Precipitants other than those s•Own Were not tested 

but it is •conceivable that  sodium carbenate or eodium hydroxide 

could be used provided the amount added were not.in  excess of 

that required as addition agent in the subsequent electrolysis 

of fuSed Mg012. 

In using sodium carbonate it might be said that this 

operation would require to be cenducted in a manner to avoid 

generatien of excessive CO2 , as this would tend to form  bi-

carbonates of thé metals, with resulting greater impurities 

in the MgCl2  solution. 

LEACHIeG  AND PURIFICATION WITHOUT. AN  INTERVENING_PILTRATION: 

In these tests the leaching was_carried out  in. th , 	, 

usual way* Whe• theaold ognsulePtiOn:had.reached 98-per cent 

or more the pulp was diluted Mo as to give a MgCl2 content of 

about 10  Per cent, the PreciPitant Was added and the purififfl 

cation çarried out .in the usual manner,é 

When the brucite or,149:0 was used amprecipitànt thim 

method Olve goed results , gel :Of 7.8 was obtained,. The 

filtration rate was fair% 
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(Leaching  and Purification  without an InverVening Filtration, 
Conttd) 

SatisfactOry purification waa not obtained when 

basic carbonateiwas used even in exCeaa. A pH of 7.0 was 

indicated but the solution contained an appreciable amount of 

iron, 

hen the rock was leached:and the precipitant added . 

without diluting the pulp. satisfactory purification was not 

obtained with brucite, basic magnesium carbonate or MgO. 

EXcessea of the reagents were used  but a sufficiently high 

degree of alkalinity was not obtained with any of these pre.. 

cipitants, 

The folloWing testa are typical of the results 

obtained in purifying the leach liquor. 

The. purification Was not terM6d Satisfactory if 

the impurities found exéeeded the limits given on Page 21. 

	

Test : 	Precipitant: Treatment: Tempereturel: 	4 • 

	

NO4 : 	USOd 	: time ; 	: 	degrees 	: Fl_nal: Purification 
• hours 	:  Centigrade , .  1 1511 : 

: Brucite 
21-c : 30 gin. 

 21.d : 30 gm. 

: Basic MgC0 3 
21-e : 60 gm. 
21-h : 60 gm. 

MgO 
6x13 gm. 

21-0 : 26 	" 
• 
MgO 

30-a : 13 gms. 
• 

30-b : Basic Mg003 
: 70 gm. 

30-c : Brucite 
: 40 gm.  

1 	 50.70 	8.2 
1 	 5070 	8,0 

.5070 	7,0 
50-70 	7.1 

roam temp. 	8#5 
U 	8.3 

room temp. 	7.-6 

4 	 50.70 	6.5 	Unsatisfactory 

2 	 50.70 

21-a - 6  kilos. extraction sOlutib4., 
30-a - 1 kilo.. 	 9 

2  kilos. in other tests. 
30-a, 30-b,  3Q-c,  undiluted ;  other tests diluted with 

equal weights of water. 
Brucite used was freshly calCined minus 100 mesh brucite. 



- Page 24 - 

CHLORIDE RETENTION: 

When  the insoluble residue left after leadhing is 

washed three times with a total *eight of water 75..90 per cent 

that of the leaôh solution thé chlOride content of the residue 

averages O. 2 per cent (Stated as 15° Bé HC1). 

In preCipitating the metallic hydroxides in the 

filtered solutions various methods of fi•tering and mashing 

were tried - in the different tests. AS a rule the precipitate 

was washed three times using in all 60..75 per cent as much 

water as the Solution being filtered. The first wash was 

added dieectly to the purified solution. This method gave 

a residue containing 4 to 6 per cent chlorides (stated as 

18° Bé HCl). 

in. an  attempt to improve on this the hydroxide 

precipitate after a preliminary wash was dried at 100° C., 

groUnd to minus 100 mesh, agitated with. water and filtered. 

This procedure reduced the chlorides retained in the preci.# 

pitate by about 50 per Cent. SuCh a Scheme', however, does 

not appear  attractive  from a cost vieWpoint. 

Later work demonstrated that precipitating the 

impurities in the leschpulp in presence of the inSolUble 

gangue. and filtering and Washingl  gave more  satieadtory 

resùlts in every way. , 

The hydroxide precipitate obtained by laboratory 

practiCe has.à very highmoisture content. .This may account. 

fôr its rather nish chloride content. 

.1niebeleOl1owgiVes. data  oleained e purifying the 
solutions.  under different conditions. In 'Tests Nos. 16.-c, 

21. -d, 21...e, -, 21..h,  21'.à.. and. 	'the leach solution was 

diluted to:give al.purified MgCla:soIution of 9-12 per cent. 

In Test 30i..a thetindiluted,leaôhsOlution was used. In Tests 

25..a and 23...b the unfiltered pully :was diluted to give a 
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purified MgC12 solution of 10.11 per cent. It was not found 

possible to obtain satisfactory purification by treating the 

undiluted unfiltered pulp. 

The column 'Chlorides in Solids' gives the chlorides 

in the totalssolids ln Testa 23ea ana Zemb e  lg each of the 

other tests the chlorides found in the hydroxide precipitate 

obly is shown. The last column gives the total chloride 

retention, namely, gangue insoluble plus hydroxides. 

CHLORIDE RETENTION 
MgCl2 in 	MgC12 Chlorides 	Chlorides 
purified 	in 	in 	in 

Test 	Material 	Preci 	solution, final 	solids 	solids 
No. 	treated 	pitant 	grams 	wash 	as 18 0 	as 18 °  

per 	Be HC1, 	Be HC1, 
cent 	per 	grams 

cent 	
,... 

16.c 	4K diluted sol. Brucite 	 393.4 	0.54 	2,2 	5 .4 

2.1.d 	4K 	tl 	 if 	 0 	 374.2 	0,67 	3.1 	6.8 

21.e 	2K 	n 	" 	Basic carb, 	186 	0.41 	0.21 	1.47 

21.h 	4K 	0 	 Il 	0 	 II 	368 	0.32 	0.20 	2.02 

21.a 12K 	Is 	" 	MgO 	 1146 	0.72. 	2.6 	26.5 

21.0 	4K 	n 	n 	n 	 362,3 	0.87 	2.8 	6,2 

30.a. 	IK undiluted 
solution 	MgO 	 193.4 	0.56 	2.5 	5.7 

23-a 	Diluted pulp 	Brucite 	 363.5 	0.47 	1.07 	6.7 

23-0 	0 	 0 	 0 	 357.6 	0.56 	1.25 	7.5 

31-a Undiluted pulp 	MgO 	 Unsatisfadtory purificatton. 

31-b 	" 	ii 	Brucite 	 0 	 0 

31.0 	" 	0 	litale carb. 
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CONCLUSIONS FRÙM.SMALL-SCALE .TESTS:"

Leâ«

Mill.irig the waste,r.ock .previous to 1:eaching to

reduce the atriôûrit of iron and other impur.ities conserves the

acid:and reduces the amoünt of impuritiesi to be removed in

purification of' the, sblub

Grindi:ng the rock to minus 35 mesh or finer reduces

the leaching time. -No apprec3.able differençe was.fo.und between

the leachingtime` required for ^Ainus 35 and minus, 48 mesh feed*

Leachirrig, with 18. per cent- HCL,.s:t was found

to be the most satisadt^ry proèedure,, Using minus 48 feed

and 18 :per cent HC1 at '50^70°C,,* The rates of a^id c,ensumption

in typicâl tests, are,::

in 1. hôûr 7.ea:cYiing
'r 2 hours

3 rt_ ^r
h 4

8011*34. per cent con"sùmed„
92^9.4 n rii

96^»9:7 tt ttr

98^98,6 n nr

very small, `incrëàse in à. côhsumpt3.ôn wàs

obtained. by continuing the. leachirig . . beyond 4, hours

The leaching' time c;an b.e lessened by 3:ncrea.si-ng the

terdperature-*- Tn sm,all-scale work; hovrever,• the te??iperâture

coritrôl is diff3.cult, as, a rule the temperature range Vas

60-65°C*

When the rpek was leache.d with 10 p.ér ceiit =1 at

50-70P C',,,. 90o-9.2 ,,per cent of the acid was, consumed in 6 hours,

Prac:tically no increase in cônsunipti`on was obtai'ned by c.on-^*

tinùi:n& the leaçhing beyônd tYiI s ti•më ^.

I,ëach3,sig at temperatur.es IôWer than • 50° Ç. do.es not

give satisfaetorÿ. decomposi:ti'oh^

'WYien l8' per cent HCl is:. hèatéd._ to at least 40° C',

before the addition,, of the feed the heat of reaction i s

suffici.ent to raise the temperatù,re of tYie:.pulp, to 70*C* and this

terriperaturé can°be maintâined withoüt added heat fcJ some time
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depending on heat ineulation used  

In leaChing thiS feed in 18 per cent HC1 at 50-70° C. 

the acid distribution is epproximàtely as folloWs: 

Per cent  

In forming Me12  

it 	" 	Chlerideà of Fe, Al and Ni 	- 11-12 

Retained  in  residUe (as chlorides) 	0 40,50.,09 

Unused 	 .4- 1.4 - 2,0. 

This does not take , into aPPount the el lost by 

volatilization. 

The filtering rate cf leach liqUor is rather slow 

practical. 

The Chloride retentiOn of the  • esidue is low, 

0 *2  per  cent as 180  e el or -0,06 per cent Of the 

but not un 

averaging 

acid used 

per cent, 

an excese 

acid. 

With this practice the Mg0 extraction  is about 70 

This rather loW extraction is due to the fact that 

feed is used to ensure a hig# utilization of the 

Purification.  

The use of additional waste rock as a precipitant 

after oxidizing the  1ach liquor with Cl gas does not appear 

attractive .  A second stage of purification would be necessary. 

The otherprecipitants used gave satisfactory puri-

ficatien of -his Uno4idized leach liquor. 

Calcined waste rodk is a very efficient precipitant 

but would probably be more expensive than prepared magnesium 

precipitants. 

PrePard br#cite, 2Elsi.P magnesium carbonate, and MgO 

are satisfactory precipitantS. 

Each of these under proper conditions gives a MgC12 
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of a suitable degree of purity. 

The chloride retention is. not s,Ufficiently high to 

. cause serious HC1 losses. 

The hydroxide precipitate Is bulky and the filtration 

rate slow. A large filtering surface is required. 

Difficulties are-encountered when the precipitants 

are added to the undiluted leach liqUOr containing - 16.i17 per 

cent MgCl2. Purification can be obtained by using MgO  but 

there is a strong tendency for the forftation of oxychlorides. 

Some stage of dilution,  less than that uSed may be practical. 

Leaching and Purifying Without .an Intermedleto  
Filtratiôn. 	' - 	' 

The waste  rock  may be leadhed by the rOUtine method, 

the pulp diluted end purifiCatiCn obtained by adding brucite 

and following the praçtice for purifying the leach liquor. 

This practice has the advantage of eliminating one 

filtration. The time required for removing the  total  solids 

was no greater than that requred for removing the insoluble 

residue.  Thé  chloride retentiOn wa.s‘ not high, ' 

Basic  carbonate did not giVe coMplete purification 

in this procedure. 

None of the precipitants gave satisfactory purifica-

tion when .used in an undiluted pulp. 

When basic carbonate is usecÈin either the diluted 

or undiluted pUlp the-chlôride retention is, very low. If a 

tieQ'ond stage_of , purifidation were used, this met4od might have 

possibilities. 
_ 

Leachinge diluting and purifeing by means of brucite 

was fOund the preferable. method of Obtaining the purified 

solution in laboratory  tests. 
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General  — 

By leaching asbestos waste rock with HC1 and 

purifying the solution with MgO (or its equivalent) a MgC12 

solution of a high degree of purity can be produced. The 

purity of the solution is of the following order, based on 

Mg content: 

Per cent  

	

Total Fe 	. 	0.002 

	

Ni 	. 	0.004 

	

Cr 	— 	0,0004 

	

Si 	. 	0.008 

	

Al 	. 	No suitable test available. 

	

Ca 	— 	Faint trace, 

No other impurities found. 

These results were obtained by tentative methods 

and are regarded only as indicative of the degree of purity. 

When 500 units of this feed were leached with 1,552 

units of 18 per cent HC1 about 2,000 units leach liquor was 

produced. This contained about 320 units  MgCl, Due to 

enrichment during purification the MgCla content was increased 

to about 365-370 units, this is equivalent to 90-94 units 

metallic Mg. 

When brucite or basic carbonate is used as preci-

pitant, the HC1 loss due to chloride retention by the solids 

is well below 1 per cent of the HC1 used for leaching. 

The choice among prepared brucite basic magnesium 

carbonate and calcined waste rock would probably depend on the 

cost of an equivalent amount of each (based on its precipitating 

value) and the effect of each on the whole circuit. 

The results here detailed formed a basis for largg-

scale tests, the results of which are described in the following 

pages, which constitute the second section of Part 



: 100.0 
Table concentrate : 	5.2 
Table tailing 	: 94.8 

6.61 
29.92 
5.34 

100.0 
23.5 
76.5 

• 
Feed 

36.02 

Per cent  

36.02 
0.55 

38.82 
1.50 

	

_ 	4.55 
" ?et ) -' 

f 	

- 	2.20 n 	17ie) 	 - 	0.45 
Iron Total Fe) 	- 	5.34 

	

Chromium oxide (Cr203) - 	L29 
Nickel (Ni) 	 .0,19 

Magn 
Lime 
Sill 
Alum 
Iron 

(PART TWo,  contld) - 
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Leopatory Investi.gaion  

Large-feeele Tests. 

Test Procedure: 

Approximately 4,077 pounds of asbestos waste rock, 

which had been received for the large-sosie tests, ya* first 

ground through 35 mesh and then treated by teOUgg to remove 

the free magnetite. The table tailings were dewatered and 

dried prior to the leaching treatme4t, 

The results of this  tabli,  were as toilets: 

Product 
:Wight, 	Assays, 	: Distribution 
: per 	per cent 	: 	of Fe 
: cent 	• Fe    : per cent  

Although these resUltbs were not very Iscee a. 

considerable amount of the harmful magme•ite mas 

The table taelian xUel was reteened fer the 

leaching process gave the telOWiejrenelysis: 

In the leaching tests a total  of  12 batches of rock 
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(Test Procedure, contld) 

were treated. In general, the treatment involved either 

(e leaching the rock with hydroChloric àèid solution 

at eleVated temperatures, removing, the Chloride 

solution from. the waate  rock, and precipitating 

out impurities'With magnesia, froM which pulp 

the  irlegneetini chloride Solution is removed by 

a second stage of filtration, 

or, 

(1B>.) leaching, the rock With hydrochlOric acld, diluting 

this leaChadlUtion . to approxtettely 10 per cent 

•me12  content and precipitating out impurities 

with magnesia; the magnesium. Chloride solution is 

remOved from this pulp. by a Single filtration. 

The reaultS Obtained using procedure A were 

unaatisfactory and are not being reported as botter  reaults 

were obtained in the emaIl+scale tests *  

In the testa grOuped under ProcedUre Be va±iot is  

types of equipment were utilized to try to approximate 

conditions that 'would be obtained when Iarge.-sCale continuous 

equipment would be used. 
• 

•The various items of equipment used were as follows: 

Two 100..gallon earthenWare leadh jars with wooden agitator 

• Pàddlee';  •one 50..gallon Vacuum filter jar and receiver, 

one 25-gallon vacuum filter jar and receiver,. one 30" 

Hardingewtype -super thickener, one 2" Wilfley pump, 

one 	x 14" frame filter press, one 42" x 6 11  Oliver 

continUdus vacuum filter,  one  48" x 12" Dorrco 

continuous Vacuum filter, vacUüm pumps *  and a =all 

steam generator. 

(Continued on next page) 
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The following sketches will illuStrate the flow-sheets 

employed in the various tests: 
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DETAILS OF LARGE-SCAT  P LABORATORY TESTS: 

Tests eoe* 1_to  

In these  tests the rock was leached with 18 per cent 

HC1 solution, Ii!he solution containing all the chlorides was 

filtered from the rock.  material. The filtrate was treated with 

Caleined brudite to precipitate the hydroxides of iron,  ôthromiim, 

nickel and aluminium; these impurities were filtered out to give 

a pure MgCl 2  solution'. 

The results of theee tests were unsatisfactory and 

showed little promisét ko figuree on the Iarge-sCale tests 

are given. Filtration and weshing,were difficult and Cl 

retention high, 

Test No, 4t  

The rock was leached with 18 per cent 11C1 solution. 

At the end of the, leach period, wàter was added to reduce the 

MgC12 content of the solution to approxiMately 10 per cent 

mgc12 . Calcined brücite (8,5 pounds) was added, to thie pulp 

and,after the pulp was alloWed to settle the supernatànt liquid 

wge deCanted off and the thickened puIP. was filtered, one.hàlf 

in the vacuum filtér end the other in the filterppress. 

■MMIR 

,Teste Nos. 5 and 6 .(Combined)p 

A largerambunt of  rock  was lpaehed in two batches, 

the impurities being precipitated with brucitP and the pUlp 

pumped to the thickener, The thickened under-flow was dis-

charged to the Oliver filter, The filtrate and thickener 

overflow were combined and clarified in a Merrill clarifier 

with precoated leaves. 
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(Details of Large-SOale Laboratory Tests, contid) 

Tests Nos. 7 and.8, 

Standard charges of rock (75 pounds-) were leached 

with. 18 per cent HCI and the impurities were predipitated with 

bruclte. The pulp was.diacharged to a Bardinge.type super. 

thickener. The thickened underfUw wae pumped at 40 p.s,i, 

to the filter7,1resg, The thickener Overflow, the thickener 

filtrate, and the press filtrate Were combined. The cake in 

the preas Was washed once, the press Was then, broken, and the 

cake was repulped with hot water and again pumped into the 

press.  The cake contained chlOrides to the extent of 0.07 

per cent HC• in Test No, 7 and 0.10 per cent HCI in Test No , 8, 

Test No. 9..  

A standard charge of rock  was treated as in Tests 

Nos, 7 and 8. The filter cake was'not répulped as in the 

previous tests but merely given two series of washes. The 

chloride loss SéQMS tO be conaiderably higher when no 

repulping stage  is involved, 

mule 

Tests Nos. 10  and  11, 

Standard charges of rock were. leached with 18 per cent 

1101 and the impurities precipitated with brucite. The pulp 

from the auperthickener was discharged to the,Dorrco vacuum 

filter, The cake was given a spray wash before it waa dis. 

charged. The filter cake was repuIped and refiltered twice to 

give an indicated chloride loss of 03 per cent Hal after the 

first refiltration and 0,18 per cent after the second refiltra. 

tion. 
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(Details of Large^Scale Laboratory Tests, conttd)

Test No, 12.

A standard charge of rock was leached with 18 per cent

HC1 and after dilution the impurities were precipitated using

5,0 pound of C,P, MgO. In other respects this test was similar

to Tests Nos, 10 and 11,

Flow«-sheet 1 was used in Test No. 4, where the pulp

after precipitation was run hâlf to the vacuum fil ter and half

to the filter press.

Flow-sheet 2 was used in Tests Nos,. 5 and 6 where the

pulp after precipitation was pumped to the 30'11 th.ickener. The

underflow was filtered in the Oliver filter.

Flôwwsheet 3 was used in Tests Nos, 7, S. and 9. In

these tests the Hardingewtype superthickener was being used,

followed by the filter press.

Flow-shéet.4 was used in Tests Nos, 10., 11, and 12.

This.was in all respects the same as Flow-sheet 3 but the

Dorrco vacuum filter was employed in place of the pressure

filter. §

The results of these various tests are given in

tabulated form, as follows:

(Continued on next page)
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:Weight: 
: of : 
: rock,: 
:pounds: 

Average : 
temp- : Time 

erature,: of - 
degrees :leach 	:Filtrate:1st 

.0, 	 ,. 
• • 

MgC12 Salut:lems, Filter Cake  
eChlarides as Per cent 

Washc, :2nd Washl HC1, : moisture 

• , 	- 
: 10,0 F.P., 
: 30,0 V.F.  

• • 	• 	• • 
: 0,37 : 0.27 : 0,16  s 35.0 
• • 	• 
• a 	 • 	 • 
• .• 	• . 	. 	. 	" •  
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• • 
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F.P. - Filter Press. - Vacuum Filter, 
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(Details of Large..Stale Laboratory Te s ts, conttd) 

, Additional data obtained  from  these large-scale 

tests were as f011ows: 

Ratio, solution to solids in leach 	341. 

Optimum tsMperature of leach, 700  to 75 Ce 

Minimum time of leath 	1 hour 30 min, 
Recommended time of leath - 3 hours, 
Final acid value of leach 	0,3 per cent  Hall  or less. 

Ratio of ablution to solids in pretipitation  

Weight of precipitant - 

Magnesia (8ruçite) - 8,5 pounds, 
(MgO C.P.)- 5 . 0 	te  

Final pH of solution 	 7,0 to 7,3. 

Settling rate of pulp after precipitation, 0,75 ft. per hr, 

Ratio of solution to solids after settling, 1:1 . 

 Redommended thidkener area 	9 sq.ft,/ton/24 hrs. 

Approximate filtering rates: 

Filter press, 150.«250 lb,/aq.ft,/24 hrs. 
Oliver filter, 150-200 	" 
Dortto filter, 250900 	" 	it 

CONCLUSIONSFROM LARGESUALE TESTS: 

It appeara, from the resulta of these variaus tests, 

that It  will  be possible to extract A magnesium ghlOrlde solution 

of:high,  purity from the aabeatos waste  rock  material which has 

been submitted for treatMent. 

The indicated equipment and flOwsheet for the leach-

ing and :iirecipitation plant are quite simple,  hô  initial leath-

ing tanks will, of course, have to be or atid+proof  construction  

and thé,firat ItrebIpitation tank will haVe tb resiet moderate 

contentratiOna  of  ferric chloride. 'fay/ever, the remainder of 

the equipment tan be standard in .alI respetts, It is obvious 
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(Conclusions from Largo-Scale Tests, conttd) 

that sine standard flow.sheet and equipment may be used the 

cost of the leaching plant need not be excessive. 

: There are scime details whiCh will have to be worked 

out in a full.scale'plant.  The 18 per cent HC1 solution has 

been used, in that this strength of acid giveà rapid action 

on the rock with a minimUmilOsS of hydrochloric acid. Loss of 

H01 by volatilization oVer the- leaching tanks has not-been 

determined but it scene possible that suitable ventilating-

collecting equipment could be installed to minimize this loss. 

In the purification stage the ntmber of washes that 

the filter cake must be given will likewise have to be con-

sidered fram  the  standpoint of capital expenditure'for filter-

ing : equipment compared with the Chloride recovery effected. 

In all the tests, the Chloride retention has been very low. 

Washing alone gives good Chloride removal. 

The source of the magnesia for the precipitation of • 

the impurities, whether it is produced from magnesium chloride 

or whether calcined brucite is usedl  will depend On the rela-

tive COStS of the materials. 

A point which was of intereet was thé fact that the 

teMperature had conSiderable bearing on the rate of the leaching 

action. The temperature at which the most rapid action occurred 

was  75°  C.  Hier  temperatures are not to be recommended, 

hoWever, owing to the likelihood of formation of gelatinous 

silica. 

Solutian of higher magnesium chloride content would 

be. àdvsntageous, liate  in View of the xesotions invoiveçl, namely 

high die .oride retention  in precipitate andI formation of oxy. 

chloride (which are discusSed 1.e the saatiOn on small.scale 

experimental work),>it Would appear that there is a limit which 
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(Conclusions  from  Large -Seale Tests, eont , d) - •  

shoulcf nOt bs sxéesded. ehis limit Tha1HheHhigher thenthe 

10 Per cent N3012 IllSed in these tests. 

The recommended flow-sheet %rill be found in the 

first section ot the  ePort. 
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