


TABLE OF CONTENTS

e Page
PART ONE,

Origin of Regquest and Purpose of Investigation , . . . 1
HiStOI‘y - ‘. . . ‘. Y * e - . L I Y ) - * « @ 3‘
Wildmants Proposed Process e e s e e e e a e w e e Eﬂ
chﬁr Si!'ﬂil&l" Prcﬁesse& . a e i@ e @ » N L T 3 &« a ce ’
RESULTS. OF INVESTIGATION D 5.
TEST DATA AND FLOWFSHEET @ » e 8 " % & & % € < 4 e = » 879

Loaohing Plant.
Thickening-Filtration-Clarification Plant.

Diagram: Proposeéd Flow-Sheet .. .. .. <o vy oo oo o0 10:
PARTIEWO~
Laboratorf Investigationa

Shipment . O i |
Sampling and Analysis S T &
LABORATORY PROCEDURE . + & & s o » o o % s @ % w » s« o 12
Tj‘ical Resifts Obtained: 4 o s v 4 v o 4 v s o6 w oo . . 13-4

Leach Solutions
Washes.
Residues:,

'PURIFICATI@N OF LEACH. LIQUOR s e s a s e e b % s e e 1%
Precipitation Procedures: ' : ,

51‘ "Additional Waste Rock i . « o % » &+ » » = « s AT
2:) Caléined Waste Rock . . . s . 18
Brucite; ‘Magnesiui. Carbonate Magnesium Oxide . 18
T3] Prepared Bruclte o L. UL L0 0L b . s . 19
4 ) Basic Magnesium: Carbonate O =4 ¢

(5) Magnesium Oxide i s e v % s e e s s 4 & & 20

%) Magnesium Hydroxide . . O S~
Analysis of the Purified Solutions B T S TP < 1
Other Precipitants: : s e s s 22

LEACHING AND PURIFICATION WITHOUT AN INTERVENING )
FILTRATION . . , 22

CHLORIDE: RETENTION: i e a8 e v b e e e 24
QONCLUSIONS FROM SMALL-SCALE TEST§
Le&ching o LR M T I R S S '::: [ S S R A D SRR SR TR S 26
Puri\fication - 5 TR SO MY VAR YK N IR PR . e LR 27

Leaching and: Purifying without
an. intermedfate Filtration . . « + « « o « » « 28
Genar&l CEREE T 2 -:; o W e ar e o LA O EEE SR LA LN I 2 e e 29

Test Procedure . . e & 8 6 e & e s 30
DET@;LS OF LARGE- SQA@E&LABORATORY_TESTSL

R T 33-35
bulation of " Test Results e v ¢ 5 o v s e 5 ¢« s« 36
AdditionalfData Y 4
CONCLUSIONS, FROM LARGE~- SCALE TESTS B

— — — — . V——. o m—







-~ Page 2 =
(Origin of Request and Purpose of Investigation, cont'd) =

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 form of flow=sheet £o
produce magnesium chloride 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 the Shawinigan Chemilcals
Limited were interested in this process and would be
agreeable to cooperate in bringing the'investigation to
a successful conclusion. 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 ﬁade,
and has discussed various aspects of investigational
procedure o,

Acknowledgement is here made of Professor
MacEwan's 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 l0,000
tons of waste rock from the production of asbestos, This
rock, referred to as "asbestos waste rock," 1s essentially
serpentine'With which are associlated minerals containing
ferric iron, ferrous iron, aluminihm,.thomium, and nickel,
Varying amounts of asbestos fibre réﬁains iﬁ'ﬁhe roeck,

Pure serpentine contains 43,0 per cent magnesium oxide.
Samples of waste rock examined in-connECbién with this
investigation contained from'34 to 42 per cent magnesium
oxide., The impurities also varied considerably.

Mr, H. G, Wildman, of Westmount, Quebec, has had
under consideration for some years & plan for the industrial
utilization of the asbestos waste rock and propoéed-ﬁsing
the waste rock as a sourceée of metallic magnesium and magne=
sium salts and recovering a purified silica and certain
base metal products,.

Colonel T, W, MécDowell, of Westmount, Quebec,
became intereéted in the industrial pbssibilities of
Wildman's work, In 1941, at his request, this Division of
the Department of Mines and Resources madée a small*saale
laboratory investigation of the chemical reactions invelved
in the proposed method of ledching ths»rcck and purifying
the solution, In general, Wiidman‘s claims regarding leaching

and purification were substantiated.

Wildmgn‘é Proposed;Process:

In brief, the process, &s proposed 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 Process, cont!d) =

the milled product to 60 mesh or finer, leaching this in
hydrochloric acid, separating the leach liguor from the
residue; oxidizing the l;gucﬁ by chlorine gas from the
-electrclytic cel1 or bjjﬁﬁQﬁ? sultable means; preclpitating
the impurities other théginickel‘by'the.additign‘af”magnesium
oxide made from=previqusly:gqyifieawmagnesium»chioriée solue
tion, removiné‘the précipitated impurities by filtration,
precipitating the nickel by the .addition of sodium sulphide
and recovering the solution by filtration, The resulting
magnesiwn chloride solution wds séid to. be of a sufficient
degres of purity to be processed for making cell feed for
the electrolytic production of magnesiume. Plants for the
manufactiure of hydrochloric acid, for evaporating the mag-
nesium chloride. solution; and for electrolysing the fused
magnesium chloride, were included in the process, Provision
for producing the magnesium oxide and processing by-products

was also included,

Other Similsar Processes:

Processes based on the acid decomposition of
serpentine or similar magnesium silicates have been gf@?@eed
for the produc¢tion of magnesium.sglts-and‘theArecherthf~one
or more by-products (su@h»as:g@ﬁi@é%%d silica or nickel),.
Technical literature states that magnesium salts are at
present produced by methods usiﬁg*tha'gqid'd§§§mp65iﬁibn of
olivine as the initial step and that the possibility of extende
ing this process to the commercial production of metallic
magnesiun is being,inVQSﬁiggéBd§

The irformation published regarding these processes
is rather meagre; being limited almost entirely to patent
literatire or:to»rapbnts;OfVansem;aconfidential nature,

L]
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~Resu;ts of Investigation:

As conducted in the laboratory, the investigation
| showéﬁzhat a magnesium chloride solution of a purity sultable
to yield cell feed for f}Sed-electrolyte'prbduction of mag-
nesium metal can be produced from asbestos wiste rock, |
The different reactions involved in the leaching

and purification are comparatively simple and easlly controlled.

Al

Standard equipment is indicated, sudhaas acideproof tanks and
stirrers, with thickeners, filters, étc., of conventional
design. | |

The process as developed may be briefly described
as foilows: '

l Grinding the waste rock to minus 35 mesh and tabling
to remove as much as possible of the: iron and spinel
minerals,

2. Leachlpg the ground rock in 18 per cent (approximately
12° Be) hydrochloric acid at a temperature around
70° ¢, until the acidity is reduced to 0.3 per cent
or less. A 25 per cent excess of waste rock is
necessary to accomplish this in minimum time.

3 Diluting the pulp, ori completion of leaching, with

sufficient water to give a liquor contalning about

B ‘10 per cent magnesium chloride, Stronger solutions

3 (20 per cent MgClg) have shown a tendéncy to form
‘oxychloride and form a Jjelly«like solution, The
exact polnt of this reaction has not been determined
but the 10 per cent magnesium chloride solution was
arbitrarily selected as being safe, Chloride reten-
tion in. the preécipitate has. generally been found to
be higher with increased magnesium chloride concen-
tration.

4. Precipitating the dissolved impurities, such as iron,
alumina and nickel, by the addition of freshly
calcined bruclte or magnesium oxide to the pulp at

50° =~ 70° C, until a pH of about 7,0 - 7,5 1is
obtained.

« Piltering the pulp to remove solids, washing, and then
clarifying the filtrate,

The above procedure differs from Wildman's suggested

process in the following respects:

(Continued on next page)
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(Results of Investigation, cont'd) =«

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

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

(c) Oxidation of iron is not necessary prlor to preci-
pitation of impurities,

(d) One préciptant only, namely prepared brucite (Mgo0),
or other form of magnesium oxide, is used to
completely precipitate iron, alumina, and nickel,

(e) One main filtration only is required, with subsequent
clarification to produce & clear and pure magnesium
chloride solutiocmn.

By the above procédure the hydrochloric acld losses
are confined to two points, excepting losses incidental to
Leaks, 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 volétilizatién lossés as these can be minimized in designing
equipmsnt by use of hoods for recovering lossés, Laboratory
tests have. shown that by proper technique, acld or chloride
losses in the filter cake can be controlled ard kept low, Wash
solutions from filtration will naturally be used in maklng up
acld leach liguor or in dilution of liquor prior to precipitation
of impurities,

The magnesium chloride produced by this method has a
purity of the following order, based on metallic magnesitm:

Total iron Less than 0,002 per cent,

Nickel - 0,004 "

-Chromium - " 0,000¢4 "

Sili_c}o'n - tt At G 008 L}

Calcium - PFaint trace.

Aluminium -« No satisfactory test available but

content very low,

.

No other detrimental impurities were found.,

(Continued on next page)
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(Results of Investigation, cont!d) -

The second part of this report describes in detail
the various laboratory tests and results; and discusses sevéral

points respecting technique and other matters of ilmportance.

Test Data apdelQWéShegt:

From large-scale tests the following example 1is
presented as typlcal of the results that may be expected
following the procedure outlined:

A 75=pound charge of Waste”régkﬁ (5ﬁqer6enE Mg0),
ground to pass 35-mesh screen, Was‘leachedv(agiﬁated) with
123 pounds 20° Bg hydrochloric acid and 93 pounds of water
for 3 hours at around 70° G. The acidity reached 0,5 per
cent hydrogen chloride in this time, The pulp was dlluted
with 200 pounds water (70° C,) and 8,5 pounds of freshly
calcined brucite (or 5,0 pound C.P, Mg0) were added in small
portions over a period of 15 minutes.

'Thé pulp solution; with a pH\of.ﬂﬁl,‘was-fed to a
Hardinge=-type superthi¢kenér, the overflow going direéct to a
- clarifier and the undérflow to a filter, The underflow coms
prised about 50 per cent solids and the filter rate was
apéroximatel;yaSOO pounds of solutlon pér hour,

The filter 4c,é’f'ke wa;é g.‘fi‘ x’jre"n'.av water wash (A) with

65 pounds water (60° C.) and ‘then discharged and repulped in

50 pounds water (60° C,) and refiltered (B) with a single
water wash (C) of 36 pounds., The wet cake welghed 74 pounds
and contained 37 per cent water (dried at 110° :G,).

The total chloridé content of the cake (sample taken
before drying) was 0,27 per cent dry hydrogen chléride (HC1),

The magnesium chloride content of the liquor was 9,10 per cent

Q. See analysis in section on largeé=scale tests (Page 30),
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(Test Data and Flow-Sheet, contid)

MgClo (anhydrous) and the weight of the recovered liquor was
480 pounds, |
The filter Washes were as follows:
1st Wash A - 65 .pounds 9.1 per cent MgClg,
Repulp Filtrate B . , ,
‘and 2nd Wash C - 86 1.8 " "

In the laboratory equipment set ué some loss of
filtrate solutions‘wasAuhavoidabie, so that the recovered
magne s ium &hloride.is.SOmEWhat lower ‘than would obtain in
correct a'l-i.ghm_ent of equipment,

The wash waters will, of course, be returned as
dilution Watér or ih acid meke-up, so that no chlonide loss
is involved there, The total chloride loss is therefore
éohfined to that contained in the washed filter cake and
in volatilization losses during leachings The latter can
be minimized in plant opérsation by proper design.

?he chloride loss in filter cake, therefore, would

1

be %ﬁ%z X 74 ® 0,20 pounds dry hydrogen chloride (HCL)

after the abové washing procedure,
Eliminating repulping, and washing only on the
filter, thé hydrogen chloride loss would be in the neighbour-

hood of one to two per cent.

PLANT OPERATTON DATA:

Leaching Plant.

Solids: Serpentine=-Asbestos Rock, S.G., 2,3.
Solutlon: HOl, 18 per cent solution.
Temperature: 70°G,

Leach density: 24 per cent solids (3,1l:1).

Time: 3 hrs, (max, ).
?recipitatlon density. 14 per cent solids (6,1:1).
Times. " 1 hour,

Precipitant: Msagnésia (calcined brucite).

@ Original filtraté and flrst wash were comblned
of filter used.

owing to the type::
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(Plant Operation Data, conttd) =

| *““Thickeninngiltraﬁiénﬁclarification Plant,
| e = ‘

Thickening:
| Feed =~ 14 per cent solids (6,.,1:1).
Disch, = 50 " "o (Lil).
Settling rate, - 0,78 ft./hr,
1 ~ Area required/ton/24 hrs, = 9.0 sq. ft.

Filtration:
| Feed = SO'pSTICSnt.Splids.
Approximate) Plate and Frame - l50'lb,/sq,ft(24>hfs. (35 p.s.iJ);
filtering) Oliver - 160 " . " (25 M Vac.3

rates. ) Dorirco - 250 M W " (22 " Vac.)

Clarification:

Feed =~ Filtrate + thickener overflow.

Rate - 1600 1b./sq.ft./24 hrs,

5 .
SmmmmmTsma

Complete details of laboratory small=scale
and large-scale tests will be found'in
PART TWO of this réport;

e
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PART TWO.

Labbratory. :

nvegtigation.

small Scale.

Shipment:
A shipment of 2,020 pounds of asbestos waste rock

was received from the Asbestos Corporstion, Thetford Mines,
Quebec, on April 3rd, 1942, through the cooperaﬁion 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 was said to be representative of the waste rock
of this district, The four lots were Quite similar in chemical
analysis. The lots were tabled separately and the composite
table tailing used in the leaching tests,

A small shipment, of about 20 pounds, was also
received, This cOnsistqd of four lots of about O pounds each

cut from the above lots previous to shipment,

Samplithg, and Analydigs .

The composite tailing was sampled and analysed.

Per cent
MgO - 58565
siog - 38,54
Cr503 - 0,28
Ni ' - 0.23
cao - Trace
Fe 03 - Se44
Fe - 1,72
Metallic Fe - 0,65
Total Fe - 4,33 ,
Ho0 ~ Not determined.

Part of the composite tailing was ground to different
degrees of fineness, The screenéd sizes of the three products

were:

(Continued on next page)
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Analysis, cont'd) -

Coarse Fine composite talling,
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 14.0 1,4
- 484 65 10.56 20,6 16,3
- 65+100 7.4 16,3 20,7
~1004+150 5,4 14.5 20,6
~150+200 3.8 10,5 13.1
«200 5.0 23,9 27.9
100,0 100,0 100,0

LABORATORY PROCEDURE:

A large number of tests of a preéliminary 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,

Only a few tests were made on the 20«pound lot as received and

on the coarse composite tallings, the other tests being made

on the =35 and the ~48 mesh products,

Based on the results of these tests, the follewing

general procedure was adopted:

The waste rock was tabled to remove spinels and the

table tailing

complete acid

was used,

The

was heated to

the sollds in

was ground to minus 35 mesh., In order to obtain

consumption an excess of feed (usually 25 per cent)

réquired amount of 18 per cent hydrochloric acid
40° G.,.the feed added, the pulp agitated to keep

suépension, and the heat source regulated to keep

the temperature of the pulp at 50«70° G,

Samples of thﬁ;solution were renmoved from time to time
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- (Laboratory Procedure, cont'd) =

Washes,

No. 1. - When kept separate and analyied, 6 to 8
per cent MgCl,.

No, 2. =~ Less than 0,2 per cent MgClo.,
No. 5. = Mere trace MgCls.

The filtration rate was about 100 grams solution
per minute when using a Buchner=type filtering funnel of a

i

slze to give a bed of residue £ inch thick,

Per cent of total
acid in residue

' Chloride con=
tent as HC1,

Redﬁéfion

Test in weight,

pru per pent , _fgpr“cant” .h«CanghlorideSQ.
37,5
3742
37.6
37 44

0,07
0,05
0,06
0,04 .

0,078
0,056
0,069
0,045

s os s> s fes vk o

12

s o5 %5 oo 20 +8]es ou oo

*k &b

'.. S 2% &% 9 LA e B G .

In Tests Nos, 13 and 14 a small laboratory=size
filter press was used but trouble was experienced in washing

the cake and some of the cake was lost,

PURIFICATION OF THE LEACH LIQUOR:

The metallic chloride content of the leach liquor
obtained by the leaching practice described is approximately
87 pér;cgn;‘MQCIQIand;iﬁppér~cent:chloridESvof iren, aluminium,
chromium and nickel, considéred d& the anhydroug chlorides in
each ¢ase, This represents a wmetalcodiitent of approximately
8344 per cent Mg and 1646 per cent metallic impurities.

Very few data have been published on the nature or
limits of the impurities permissible in dehydrated MgClp used
as cell feed in the electrolytic production of magneSium.

Gann states (Ind. snd Engl Chemistry, Vol. 22, No. 7, July 1930)
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(Purification of the Leach Liquor, conttd) =

30 minutes, or longer if necessdry, before filtering, The
averdge leach liduor made from this feed reéquires 13,0 grams
MgO per kilogram solution; this includes an excess of 25 per
cent above théaestimaiéd“rQQuirément.

When a precipitant ‘other than Mg0 was used in treat-
ing leach liquors of & rathbr»hign~§§§ig.fe;g; 16 or 17 per
cent MgClg), it was not found possible to consistently obtain
compléte purification even though excess precipitant was used
and the' treatment time~wa5»leﬁgthsned.

Résults indicate that the tendency for chloride
retention by the metalliec hydroxide precipitate is greater
when precipitation takes place in a solution high in MgClg
than when 1t takes place in a more dllute solution. For these
reasons the leach liquor was usually diluted with an *e-ﬁua’l
welght of water before purification, This gave a purified
solution containing about 10 per cent MgClga

During ‘the addition of the Mg0 the pH of the solution
wag measured by means of a pH meter using a glass electrode,
No attempt wag made to find the pH at which each hydroxide
formeda 'Bfittbhwstgtes-(Hydfggéh*idns@~px 278) that the
hydrogen=ion concentrations &t which the hydroxides are pre-
cipitated from dilute :solutions are:

Mg
N1,
Fe!
Cr

Al
Felll

1045
647
545
Ded
442
2(%2)

f110¢101

Qualitative tests indicated that the Fe” , Cr, Fe'
and Ni were precipitated in this order, but the exact pH was
not determined,

(Continued on next page)
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(Purification of the Leach Liquor, cont'd)

Several preciplitants were tested, In each case the
precipitate formed is voluminous, rather gelatinous in nature,
and has a tendency to retain bhlorides, In selecting a pre-
clpitant its efficiency in bringing about complete precipita-

tlon, the filterability of the precipitates formed, the amount
of chloride retention, and the cost of the precipitant are
factors to be considered,

The following precipitants were useds

(1)‘ Additional waste rock.

(2) Calcined waste rock,

(3) ’Preparod brucite made by calcining and washing .
“brucite ore to reduce the CaQ to & low percentage,
Different lots of prepared brucite at different
degrees of hydration and of different screen
sizes were used,

(4) Basic magnesium carbonate, made from previously
purified magnesium chloride solution by precipi-
tation with Na,COz W '

2¥v3
(6) Mg0, made by calcining the basic magnesium carbonate.,

(6) Mg(0H)y, made by hydrating the MgO.

" Each of these precipitants required a somewhat

different procedure, -

Precipiﬁation Procedures.

(1) Additional Waste Rock.

It was not found possible to obtain purification by
treating the unoxidized 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, thé'puip was agltated at
50=70° F, and treated with chlorin@ gas simnltaneéﬁsly; ~When
an amount of]ore equal in welght to that used in producing the

leach liquor was added, a four~hour treatment resulted in the

precipitation of practically all of the iron, The nickel was
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(Precipitation Procedures, cont'd) =

left in solution,

(_) Calcined Waste Rock.

The coarse waste rock was calcined for two hours at

600° Cey then ground to «35 mesh,
| The diluted leach liquor was aglitated with various-

different amounts of the calcined waste rock at 5O=70° C.
When an amount equivalent to 60 per cent of the waste rock used
in making the solution was added, ag;tating for two hours gave
satisfactory purification, The filtration rateée 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

precipitaﬁts«were available,

Brucite, Magnesium Carbonate, Magnesium Oxide -

Several prelimlnary tests were made using the above
preoipitants. .The following general procedure was lndicated:

A weighed amount of the leach solution (usually 2
kilograms) wgs 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 at least 7,0 The agltation wasicontinuéd for another 30
minutéé or longer and was carried out at 50«70° C, (except when
Mg0 was uséd). ‘When the required a&dition of precipitant had
been determined in this way the same effedt was obtained in
subsequent tests by adding the total amount of the precipitant
at one timg,

Tests were also made in purifying the undiluted leach
liquor.

After the reqﬁired amount of precipitant had been
added samples of the solution were withdrawn and tested

qualitatively for total iron and nickel., Though the ferric
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(Precipitation Procedures, cont!d) =

iron precipitates first (at a pH of about 2);it is the most
difficult of the impurities to remove completely., When these
tests indicated satisfactory purification of the solution the
pulp was filtered, A sécond 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 analysgd for i1ts MgCly, content and for lmpurlties,
Each washm%as analysed for itergClghcontent. The residue was
air dried, sampled, and analysed for retained chlorides,

The MgCl, content of the purified solution was

2
estimated from the specific gravity of the solution, This
method was found to give results in fair agreement with those
obtained by chemical analysis,

(3) Prepared Brucite.

Freshly calcined prepared brucite ground to minus
200 mesh, minus 100 mesh,or coarser wés used in most of the
tests,

The minus 200 mesh brucite had practically the same
precipitating value as artificlal MgO} the minus 100 mesh
material has a somewhat lower precipitating valuej the coarser
slzes have decldedly lower precipitating value,

The finer the mesh of the precipitant used the slower
the flltration rate of the precipitate formed, When minus 100
mesh ls used the filtration rate i1s failr, This was taken as
the most serviceable size for these tesﬁs on thé filtered
leach liquor,

Partly hydrated prepared brucite contalning up to 10«
per cent HoO was found satisfactory, However, if a large excess

of thls material 1s wused or if it is addég’to a8 solution of a
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(Precipitation Procedures, conttd) -

high -MgCly content a viscous unfilterable mass is formed,

The actlon of prepared brucite 1s too slow at room
temperature to be considered practical, At 50~70° ¢, satis=
factory purification is obtained by treating for 1 hour, When
purifying a diluted.Solufion,a PH of 7,5-8,5 was usually obw~
tained, Satisfactbry purificstion of the undiluted solution
was not obtaineQ'With.bfucite. |

(4) Basis Mggnqsium Garbon§te.

The basic carbonate contained 45,4 per cent Mgo,
specific gravity 2,569,

It was found neécessary touse a greater excess of
the carbonate than that estimated from its MgO content, The
highest pH obtained was 7,0, Agltation at rqom~temperatufe
was not satisfactory, Agltation fof 3 hours at 50«70° C.
gave satisfactory purification when precipitating a diluted
sOlﬁtiOn; The filtration is rather slow, the chloride retens
tion is the lowest for any of the reagents used,

An undiluted solutlion could net be successfully
purifieds, The addition of g largé excess of precipitant and
prolonged agltation at 50w70° C, didznbt-increﬁae.the PH
beyohd 6.5,

(5) Megnesium Oxide.

Magnesium oxide, made from the basie carbondte,
and & commercial sample of heavy-oxide were used, .No esgsential
difference was found in their behaviour,

Agitating with MgO at room temperature or at more
elevated temperatures gave satisfactory purification when

treating elther a diluted or én undilutcdvsolution in oné hour,

A PH of 75~85 was usually obtained, When an alkalinity greaterk

than this is obtailned in treating the diluted sclutien,there is
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(Analysis of the Purified Solutions, conttd) -

N1 iﬁ;gmqunts greater than thils the purification was considered
unsétisfactbry. In all solutions tested 1t was found that,if:
the Fe and N1 were within the limits, the purification was
satisfactory.
y‘ Qualltative spectrographic.tests indicated only
traces of these elements,
Careful clarificaﬁion previous to analysis 1is

necessary.

—

Othgr Ppecipitants,
Precipltants other than those shown were not tested
but it 1s conceivable that sodium carbonate or s$odium hydroxide
i cou}d be used provided the amount added were not . in excess of
thé; required as addition agent In the subsequent electrolysis
of fused MgClg.
In using sodium carbonate 1t might be said that this

operation would require to be conducted in a manner to avoid

3 generation of excessive COs, as this would tend to form biw

carbonates of the metals, with resulting greater impurities

in the Mg012 solution,

 LEACHING AND PURIFICATTON WITHOUT AN INIERVENING FIITRATION:

In these tests the leaching was .carried out in. the
usual way, When the :acld consumption had reached 98 -per cent
or more the pulp was diluted so as to glve & Mgalz»QOQtent of
about 10 per cent, the precipitant was added and the purifie
catlon carried out .in the usual manners

When the brucite or Mg0. was used as- precipltant this
method ggyé good results, a{?ﬁ?gﬂ 7=8 was obtainéd, The

filtration rate was fair,
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(Leaching and Purification without an Invervening Flltration,
conttd) =~

Satisfactory purification was not obtained when
basic carbonate was used even in excess, A pH of 7.0 was
indicated but the solution contained an appreciable amount of
iron,

When the rock was leached and the precipitant added
without diluting the pulp, satisfactory purification was not
obtained with bruclite, baslc magnesium carbonate or MgoO.
Excesses of the reagents were used but a sufficlently high
degreé of alkalinity was not obtained with any of these pre-
cipitants,

The following tests are typical of the results
obtained in purifying the leach liquor..

The purification was not terms&d satisfactory if

the impurities found exceeded the limits given on page 21,

i Precipltant: Treatment: Temperaturs,:

Test ¢ B
No, ¢ used 2 time, : degrees ¢ Final: Purification |
.3 $ hours Centigpade 3 EH'-:" _ ‘
¢ Bruclte * o
2l=c ¢ 30 gm,. 1 50~70 842 Satisfactory
21-d : 30 gm, 1 5070 8,0 "
: Baslc MgCOsz
Rl-e ;3 60 gm, 3 50=70 7.0 "
2l-h : 60 gm, 3 50~70 7.1 "
s Mgo
2les : 6x13 g, 1 room temp. 845 "
2lec : 26 " 1 n 843 "
s Mgo
30-a : 13 gms, 1 room temp, 7.6 "
30~b : Baslc MgCOg .
: 70 gm, 4 50=70 645 Unsatisfactory
30-c : Brucite

40 gm. 2 50-70. 6.8 L

RQl~=a = 6 kilos, extraction solution
30=-a <~ 1 kilo. "
2 kilos in other tests, .
30~a, 30-b, 30~c, undiluted, other tests diluted with
equal weights of water, -
Brucite used was freshly calcined minus 100 mesh brucite,

——
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CHLORIDE RETENTION:

When'the insoluble residue left after leaching is
washed three times with a total welght of water 75-90 per cent
that of the leagh solution the chloride content of the residue
averages 0,2 per cent (stated as 18° Bé HC1),

In precipitating the metallic hydroxides in the
filtered solutions various methods of filtering and washing
were tried in the different tests, As a rule the preclplitate
waé washed three times using in all 60~75 per cent as much
water as the solution being filtered, The first wash was
added directly to the purified solution, This method gave
a residue contalning 4 to 6 per cent chlorides (stated as
180 B& HOL).

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 chlorldes retalned in the preci-~
pitaﬁe by about 50 per cent, Such a SGheme,'however, does
not-appear attractive from a cost viewpoint,

| Later work demonstrated that préclpltating the
impurities'in the leagh pulp in presence of the insoluble
gangue. and filtering and washing, gave more satisfactory

results 1in every way,

The hydroxide precipitate obtained by laboratory
practice has a very high molsture content, . This may account
for its rather high chloride content,
soiutions\under different conditions, In Tests Nos, lé6=c,
21-d, 2l=e, 21~h, 2l-a and 2l=c the leach solution was
diluted to give_a5purifiéd MgClgfspiﬁtidn.of gwl2 per cent,
In Test 30-a théfﬁndiluted‘leadh?solution was used, In Tests

23=a and 23=b the unfiltered pulpyﬁas dlluted to gilve a
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GONGLUSTONS FROM SMALL-SCALE TESTS:"

Leachings

Milling the waste rock previous to leaching to
reduceV%hg:ambunt of iron and other impurities coﬁéﬁkves the
acid and reduces the amount of impuritieés to be removed in
purification.oﬂ”tneHsoiuﬁion.

Grinding the rock to minus 35 mesh or finer reduces
the lqﬁChing<tims; No appreciable diﬂfefeﬁce was found between
the leaching timeé required for minus 35 and. minus 48 mesh feed.

Leaching with 18 per cent HOL. &t 50=70° C, was found
to,beffhe~szt~Sati$ﬁ%&§5ﬁy procedures TUsing minug 48 feed
and 18 per cent HCm.at15OsVOQQ‘ The rates df'aQ§& consumption
invtypical tests ares |

In 1 hour leaching 80«84 per cent consumed.
® 2 hours " 92%94 " m
"z 1 i 96”97 " m
LIS "w " *98&98.6 ] "

‘Qﬁiﬁéi'véﬁy small irncrease in acid édhsumpﬁion-was
obtained by continuing the leaching beyond 4 hourss

The leaching timé can be lessened by increasing the
. temperatures -In smalle=scale work; however, the temperature
control is difficult, as a rule the tempepatunewrangs:Was
6065°C

When the rogck was leached with 10 per cent HCl at
B50~70° G4y 90=92 per cent of the acld was consumed in 6 hours.,
Practically:no:incraaserin:cdnsumptibn~WaS*obtained”by COne
tinulng the leaching beyond this times

Leaching at temperatures lower than 50° C@'does not
give satisfactory decompositioh.

‘When. 18 per cent HCLl is heated to at least 40° Ca
before the addition of the feed the heat of reaction is
suffiecient to ralse the ﬁgmperature-of'ﬁhe“pulp,tozvcoc, and this

temperaturé:an“befmaintaine@~wiﬁhoutfadded Heat for some time

[
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depending on heat lnsulation used,
In leaching this feed in 18 per cent HC1l at 50«70° C,
the acld distribution 1s approximately as follows:
| Per cent
In forming MgClg | - 86 =87
" "  ¢hlorides of Fe, Al and N1 =« 11«12
Retalned in resldue (as chlorildes) = 0,056=0,09
Unused w 1.4 -« 2,0,

This does not take into account the HC1 lost by
volatilization,

The filtering rate of le ach liquor 1s rather slow
but not unpractical,

The chloride retention of the residue 1s low,
averaging 0,2 per cent as lé° Bé HG1 or 0,06 per cent of the
acld used,

With thils practice the Mg0 extractlon 1s about 70
per cent, Thils rather low extraction 1s due to the fact thaf
an excess feed 1Is used to ensure & high utilizatlion of the
acld,

Purification.

The use of additional waste rock as a preclpltant
after oxidizing the leach liquor with Cl gas does not sppear
attractive, A second stage of purification would be necessary.

The other precipitants used gave satisfactory puri-
fication of the unoxidizeéd leach liquor.

Calcingd waste rock 1s a very efficient precipitant
but would probabiy be more expensive than prepared magnesium
preclipitants,

Prepared brucite, basle magneslum carbonate, and Mg0
are satlsfactory preclpltants,

Each of these under proper conditions glves a MgClg
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of a sultable degree of purity.,

The chloridé retention is not sufficiently high to

. cause serious HC1l losses,

The hydroxide precipitate is bulky and the filtration
rate slow, A large filltering surface 1s required,

Difficultiés are encountered when the precipitants
are added to the undiluted leach liquor containing 16«17 per
cent MgClg. Purification can be obtained by using Mgb but
there 1s a strong tendency for the formation of oxychlorides,
Some stage of dilution less than that used may be practical.

‘ Filtration., RN

The waste rock may be leached by the routine method,
the pulp diluted and purification obtained by adding brucite
and following the practice 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 required for removing the insoluble
residue., The chloride retention was not high,

Baslc 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 used: in elther the diluted
or undiluted pulp the chloride reétention is very low, If a
second stage of purification Were.used, this method might have
possibilities,

Leaching, diluting gnd pﬁrifiing.by means of brucite
was found the preferable method of obtaining the purified

solution in laboratory tests, -
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(Test Procedure, cont'd) =

were treated, In general, the treatment involved either

(A) leaching the rock with hydrochloric acid solution
at elevated temperaturés, removing the chloride
solution from the waste rock, and precipitating
out impurities with magnesia, from which pulp
the magnesium chloride solution is removed by
a second stage of filtration,

or,

(B) leaching the rock with hydrochloric acid, diluting
ﬁhis leach: soclution to approximately 10 per cenb
MgCly content and precipitating out impurities
with magnesia; thevmagnesiumvﬁhloride selution is

removed from this pulp by a single filtration,

‘ The»reSuiﬁs obtained using procedure A were
unsatisfactory and are not being reported as better results
were obtained in the sﬁ&li%scale tests,

In the tests grouped under pEOCedure‘B, variﬁﬁs
types of equipment were utilized to try to épproXimate
‘cqnditions,phat'would be obtained when largéﬁSCale continuous
equipment weuld be used,

The various items of equipmeﬁt used were as follows:

Two 100«gallon earthenware leach jars wiﬁh_woqden agitator
: p&ddles;fone 50«~gallon: vacuum filter jar énd receiver,
~one 25-gallon vacuum,filfer Jar and recéivér,,one 30"

Hardinge~type -super thickener, one 2" Wilfley pump,
one 1! x 14" frame filter press, one 42" x 6" Oliver

”'continuoﬁs VQCuﬁm riiter;*dne 48" x 12" Dorrco

continuous vacuum filter, vacuum pumps , and a small
steam generator,

(Continued on next page)
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The followlng sketches will {llustrate the flow-sheets

employed in the various tests:

FLOW-SHEET 2.

Y/,

FLOW~SHEET 3, -

FLOW=-SHEET 4, =

N\
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DETAILS OF LARGE~SCALE LABORATORY TESTS:

Tests Nos. 1 to 3.

In these tests the rock was leached with 18 per cent
HC1l solution, The splution containing all the chlorides was
filtered from the rock mabterial, The filtrate was treated with
éalcined brucite to precipitate the hydroxides of iron, chromium,
nickel énd aluminium; these impurities were filtered out to give
a pure Mgcl2 solution.

The results of these tests were unsatisfactory and
showed little promise, No figures on the large=~scale tests
are given, Filtration and washing were difficult and Cl

retention high,

Test No, 4.

The rock was leached with 18 per cent HCLl solutlon,
At the end of the leach period, water was added to reduce the
MgCly content of the solution to approximately 10 per cent
MgClg. Calcined brucite (8.5 pounds) was added to this pulp
and after the pulp was allowed to settle the supernatént liquid
was decanted off and the thickened pulp was filtered, one«half

in the vacuum filter and the other in the filterrpress.

Tests Nos, 5 and 6 (combined).

A larger amount of rock was leached in two batches,
the impurities being precipitated with brucite 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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Tests Nos, 7 and 8,

Standard charges of rock (75 pounds) were leached
with 18 per cent HCl and the impurities were precipitated with
brucite, The pulp was discharged to a Hardinge«type supere
thickener, The thickensd underflow was pumped at 40 p.s,.i,
to the filter:press, The thickener overflow, the thickener
filtrate, and the press filtrate were combined, The cake in
the press was washed once, the press was then broken, and the
cake was repulped with hot water and again pumped into the
press, Phe cake contained chlorides to the extent of 0,07

per cent HCl in Test No, 7 and 0.10 per cent HC1l in Test No. 8,

T_est No., 9.

A standard charge of rock was treated as in Tests
Nos, 7 and 8, 'The filter cake was not répﬁlped as in the
previous tests but merely given two series of washes, The
chloride loss seems to be considerably higher when no

repulping stage is involved,

Tests Nos, 10 and 11,

Standard charges of rock were leached with 18 per cent
HCl and the impurities precipitated with brueite, The pulp
from the superthickener was discharged to the Dorrco vacuum
filter, The cake was given a spray wash before it was dis=
charged, The filter cake was repulped and féfiltered twice to
glve an indicated chloride loss of 0,3 per cent HCl 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
HCl and after dilution the impurities were precipltated using
5,0 pound of C.,P, Mg0. 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 half to the vacuum filter and half

to the filter press,

Flowssheet 2 was used in Tests Nos, & and 6 where the

pulp after precipitation was pumped to the 30" thickener, The

underflow was filtered in the QOliver filter,

Flow=sheet 3 was used in Tests Nos, 7, 8, and 9. In

these tests the Hardinge-type superthickener was being used,

followed by the fllter press,

Flow-sheet 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, A

The results of these varlous tests are given in

tabulated form, as follows:

(Continued on next page)
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1 (Details of Large-Scale Laboratory Tests, cont'd) =
|

- Additional data obtained from these large=scale

tests were as follows: |

Ratio, solution to sclids in leach = 3,1:1,

Optimum temperature of leach, 70° to 75¢ C,

Minimum time of leach = 1 hour 30 min,

Recommended time of leach ~ 3 hours,

Final acid value of leach « 0,3 per cent HCl, or less,

Ratio of solution to solids in precipitation = 5.5:1,

Weight of precipitant =

Magnesia (Bruecite) - 8,5 pounds,
(MgO C.P4.)= 5,0 "

Pinal 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 séttling, 1:1,
Recommended thickener area = 9 sq.ft,/ton/24 hrs,
Approximate ‘filtering rates:

Filter press, 150-250 1b. /sq £t /24 hrs.

Oliver filter, 150-200
Dorrco filter, 250-200 i "

CONCLUSIONS FROM LARGE=SCALE TESTS:

It appears, from the results of these various tests, _—
that &t will be possible to exbract a magnesium chloride solution
of high purity from the asbestos waste rock material which has
been submitted for treatment.

The indicated equipment and flowﬁsheet for the leachw

; ing and ﬁrecipitation plant are quite simple, The initial leach-
ing tanks will, of course, have to be of acild-+proof construction
and the first precipitation tank will have to resist moderate
concentrations of ferric chloride. However, the remainder of

the equipment can be standard 1n.all,respécts. It is obvious
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that sinde standard flow=sheet and equipment may be used the
cost of the leaching plant need not be excessive.

' There are some details which will have to be worked
out in a full=scale plant, T'he 18 per cent HCl solution has
been used, in that this strength of acld gives rapid actlon

on the rock with a minlmum- loss of hydrochloric acid, Loss of

HC1l by volatilization over the leaching tanks has not been

determined but 1t seems possible that sultable ventilating-
collecting equipment could be installed to minimize this loss.

In the purification stage the number of washes that
the filter cake must be glven will likewlse have to be con=
sidered from 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 glves 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 used, will depend on the rela=
tive costs of the materials,

A point which was of interest was the fact that the
tenmperature had considerable bearing on the rate of the leachling
action, The temperature at which the most rapid actlon occurred
was 75° ¢, Higher temperatures dre not to be recommended,
however, owing to the likelihood of formation of gelatinous
silica.

A solution of higher magnesium chloride content would
be.ad#aptageous, but, in view of the ﬁeactipns,invoived, namely
high dﬁlbride retention in precipitate.infﬂ formation of oxy-
chloride (which are discusseéd in the sectioh on smallescale

experimental work), 1t would appear that there is a limit which
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(Conclusions from Large-Scale Tests, conttd)-

should not be gxcan.diéd. This 1imit may be h:t.gher than the
10 per cent MgCly msed in these tests,

The recommended flow-sheet will be found in the

first section of the report.
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