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An outline of the work on this subject may be divided into

three mein heads and their respective subdivisions which are as

follows:

(1)

Preliminary experiments on a Laboratory Soale, which may be

further sub~divided into:

(a) Qualitative amalysis of the raw material, with speolal

anphasis on the impurities present.

(p) Quantitative analysis of the raw material.

(¢) Solution date on the raw material, consisting of :

(1)
(2)
(3)
(4)
(5)

(6]

(7)

Data on effect of size of particles of magnesite.
Data on effect of heating during solution.

Data on effect of acld-strength used in leaching.
Data on effect of agitation during leaching.

Data on effect of parallel and counter-current
leaching.

Data on ascildity of solutions, suspemsions, and other
factors occurring during leaching.

Data on methods of treatiﬁg suspensions and excess

acidity of solutions.



(d} Crystallization of the Hpsom Salts and the obtaining of

data on
(1)
(2)
(3)
(4)
(5]

Methods of Urystallization.

Size and number of crops.

Purity of each crope.

Yolume eﬁanges of liquid during orystallization.

Fhenomena affecting crystallizatlon.

(1I) ZExperiments on a Semi-Commercial Scale consisting of :

(1) Reduction of the raw magnesite mineral by crushing and

pulverizing operations.

(2) Dissolving the orushed megnesite by counter-current lesch-

ing, obtaining data on

(e)
(v)

()
(a)
(o)

Solution time.

Advisibility of using heating and agitation during
solution.

Completeness of solution.

Aocidity of solutions.

Character of residues and suspensions and necessity.

for filtering or other treatment.

(III) Conclusions, drawn for the foregoing experimental work, on the

following heads

(2) Method of preparing raw material.

(b) Method of dissolving raw material.

(e} Method of crystallization.

(d) Form end installation of apparatus preferred.



.The chemical reaction involved in the manufacture of Zpsom
Salts from megnesite is simple, consisting of the action of concen-
trated sulphuric acid on magnesium carbonate, with the resultant forma-
tion of hepta-~hydratsd magneslum sulphate, carbon dioxide and water.
Plecing the reaction on a commercial basis is more complicated, however.

Experiments on a laborstory scale preceding experiments on a
commercial or seml-commercial scsle were used becsuse it was possible
by this means to obtain much valuable information with the miniman ex-
pendi ture of effort. A4s previously outlined, the first phase of the
problem attacked was a qualitative and quantitative examination of the
rew meterial, with especial attention to the kind and amount of mater-
ials present, On examination of the magnesite, ss it comes from the
deposits, it was seen to conmsist of large chunks of a rock-like cherac-
ter, generally white in color but sometimes stained with iron deposits.
The material is hard and heavy, presenting a strong resistance t0o crush-
ing sction. To obtzin a sample for use in subsequent experimentation,
a three hundred pound lot of magnesite was reduced to a five pound sample
by the gquartation method and then ﬁulverized to a finseness, allowing it
to pass through a sizty mesh soreen.

The qualitative e.nalyéis for the basic constituents was con-
ducted by carefully following the usual analytical procedures. A small
sandy-appearing residue was obtained on dissolving the raw material and
the presence of small ampunts of iron, aluminum, and a trace of calcium
as impurities were ascertained.

A portion of the raw magnesite was then carefully analyzed by

quantitative methods and the following results were obtained.



Mg %03 (determined as kigS04) 96420 %
Insoluble residue 1.70 %
Iron (determined gravi-metrically

aa.FegOs ) 0451 %

Aluminum {determined gravimet-

rically as Alg0z) 0.24 %
Calcium (precipitated as Calo04) Trace
Water Balance

It oan be seen from these results thet the magnesite is com-
paratively pure to start with, the total soluble impurities running
about 0.75%. In control work the iron would be analyzed by a col;:aro-
metric method against solutions comtalining a known amount of iron, such
as FeiS. Since the aluminum impurity 1s about half the amount of iron
present and the solubilities of aluminum and iron sulphate are of the
same order of magnitude, it is emtirely possible to estimate the amount
of aluminum Iimpurity in the finished salts by the amowmt of iron present
a8 an impurity. Iron msy be determined volumetrically, but therse are no
availsable means of determining aluminum or magnesiumr volumetrically and
consequently existing methods are slow and tedious.

The problem of dissolving tho raw magnesite by leachling with
sulphuric acid was next attacked and in this comneotion five varisbles
were considered. |

To determina the effect of particle sizo on speed of leaching,
raw material of 20, 40, and 60 mesh size was leached with 17% excess
acid, agitation and heating with a hot-plate being used. The times of

solution were as follows :



20 Wesh 5 hours 50 min.
40 1 40
60 0 45

From these results it was decided to use 60 mesh material, as the mag-

nesite may readily be reduced to this size and the saving in leaching

time is ma

rkod.

The acid strength was next veried, with ths factors of part-

icle éize, heating, agitation, and direction of leaching held constant.

Results were as follows :

Waight % Time
“Raw" Zxcess of Welght
Material Aoid Solution Residue
(1 ) 19.2 M. 0 % 3 hr. O min. 1.35 &M
{2) 19,2 5 2 0 1.36
(3) 19.2 10 1 10 1.30
(4) 19.2 17 0 40 1.30

To detormine the smount of rotained salts and undissolved raw

material in these residues, the residuss were again’leached with dilute

sulphuric acid and the following results were obtained ;

Weight Final

dus

(1)
(2)
(3)
(4)

0.73 &M
0.70
0.98

1.02

Wt. Rotained Salts and

ol golved "

wi Mat*l.

0.62 £Me

0.66
0.32

0.28
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’ From thesé values it may be seen that an increase in acid
strength sabove the theoretical is accompanied by a decrease in solu-
tion time and also by & deorease in the amount of undissolved rew
material in the residue. These advantages are cownter~balanced, in
parallel leaching, by the disadvantages incumbent upon handling an
acid liguor, which must be neutralized before being filtered or else
must be filtered and crystallized in acid resistant apparstus.

The next variable considered was agitation and the proced-
ure used was as follows :

A sample of megnesite was dissolved in 17 % excess acid
at room temperature without agitation and the time 61’ solution was
fourd to be six hours. On tresting the same amount of sample with
the same acid strength at the same temperstiure, but with the use of
agitation, the solution time was fourd to be cut to four hours.

This reduction in solution time was conslidered to be so important
that agltation was adopted for all further experiments.

On dissolving the same amount of sample, as used above,
with the aid of agitation and heating with a hot plats, the time of
leaching was cut from four hours to forty minutes and in gonsequence
the use of heating wherever possible during the leaching operation
was decided wupon.

It was found that om dissolving the raw material with sul-
phuric acid & great deal of heat is given off by both the dissolving
action and the addition of water to the acid. Violent foaming, due
to the rapid evolution of carbon dioxide, is also present. This

foaming is of sufficient magnitude to ceuse trouble unless provision
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‘j._-{s‘ mede to, sither prévent the foaming or to provide apparatus with dimen-
sions designed to take care of it. Fosming may be lessened by omitting
both external heating and agitation during the first part of the dissolv—
ing ection. The heat éenerated during the first part of the reaction is
encugh to speed the reaction up sufficiently for at least half the solution
time and the violent evolution of carbon dioxide gives sufficient agitation
until the time that artificizl heating is started. In this manner loss
of material by foaming msy be avoi.ded and at the same time a saving may
be effected In heat and in energy used for agitation.

As noted before, parsllel operatior has the disadvantage of
giving an acid liguor or of not entirsly consuming the raw material and
thus leaving a2 sludge to be filtered, assuming that the sclvent aciion
is alliogred to take only a reasonable time. Iither one of these condi-
tions constitute important draw-backs to parallel lsaching and in con-
seguence a2 system of leaching on the counter-current principle was con~
sidered, in whizh a charge of raw material is placed in contact with the
theoretical amownt of acid and the leaching is allowed to proceed as long
as the action is fairly rapide When the rate of dissolving begins to fall
off rapidly the nearly spent acid is pladed in contact with a fresh charge
of raw material and a new charge of acid 1s plaged in contact with the
material remaining from the first charge of magnesite. Thus the "potene-
$ial of solution" betwesen the spent gharge and the fresh acid and the
fresh charge and the spent scid is relatively high and a complsate and
ropid dissolving action could be anticipated. The remaining ecid from

the second acid charge is added to 2 fresh batch of magnesite and the
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cycle repeated. ﬁbépariments wers éarformad on this method of counter-
current leaching and date were obtainad on the rapidity and complete-
ness with which solut_ion took place in the various steps of the cycle.
A theoretical guantity of acid was placed 1n contact with a
charge of raw material and lsaching without agitation or heating was
allowed to take placs for twenty four hours smd the resulting liquor
was then drawn off and titrated against standard NaOH (N.F.= 0.10567).
A2 éc. sample of the liquor required 1l4.8 cce. of the stanmdard base.
This liquor was then put in contact with amnother equal charge of raw
matorial and allowed to stand in the cold without agitation for omne
hour and a 2 cc. sample was again drewn off and titrated ageinst the
standard bass, 4.80 co. of ths base being required to mesutralize the
excess acid, showing a decreass in acidity of over 2./5 in one hour's
contact. The cowmter-current cycle was next followed through with
ths use of both hsating znd agitation. The first charge of acid and
megnesite was allowed to react for thirty minutes and then the nsarly
spent acid solution was drawn off, placed in contact with a fresh
chargs of magnesite and allowed to react. By the end of fifteen min-
utes the acidity was reduced to a poin't where there was no color change
produced in methyl orange indicator. In & similar manner the spent .
charge of magnesite was placed in contact with a fresh charge of ac-
id and by the end of fifteen minutes no further reaction was discerned.
In the first two steps of the counter-current cycle no trouble was
experianced from suspensions of finely divided material but in the
third step of the cycle, where the nearly spent acid was added to the

fresh charge of magnesite there was enough finely suspended mterj.al
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a “to meke filtration necessary. This suspended matter could be taiken
care of in four ways by :

(1) Allowing the suspended matter to settle by gravity. This
took six hours v.vith.a leboratory size sample.

(2} Filtering the suspended matter in a filter-press. This
is an expsnsive operation, especially as the suspension under dis-
cussion would qu;ckly clog the filters.

(3) Adding just emough acid to dissolve the suspended raw ma-
terizl. This is slow and uncertain. 4 one per cent excess of acld
dissolved the suspension but gave a slight acidity.

(4) Adding an excess of acid and neutralizing with caustic
soda or other base, This method has the disadvantage of introducing
fmpurities into the sait solution.

The method that would probably be used in prectice is number
one or & combination of number two aﬁd three where the suspsension is
allowed to settle, or treated with a little lese than the theoreti-
cal guantity of acid needed to dissolve the suspension and then fil=
tering what suspemnsion remains.

The problem of crystallizing .the Zpsom Salts from the mother-
liguor was next mve.stigated.

Unler methods of crystallization three systems may be consid-
ered. They are as follows :

(1) Orystallization iy change of. temperature of the solvent.

{2) COCrystallization by change of volume of the solvent.

(3) Crystallization by a combination of temperature change
and volume change of the solvent.

In mothod (1) the mother-liquor must be saturated with the



solute at a higher temperature and then cooled to 2 lower tempera-
ture. This saturaﬁion a2t the higher temperature occurs when the
row material dissolves in the acid solution and precipitation oscurs
upon cooling the mother-liquor to a lower temperature and is propor-
tionai to the solubility difference between the two temperatures.
After the crystals have been separated from ths cold mother-liguor,
it e_ould be heated up again and used to leach another portion of
magnesite with the addition of the necessary acid. Upon becoming
saturated at the higher temperature, it conld be cooled again and
part of its salt content would crystallize out and the cycle could
then be repeated.

A limit on the number of times that the cold mothér—liquor
might be put back into the cycle is imposed by the amount of impur-
ities that it can hold in solution.

In method (2) the problem becomes ome of simple evaporation
and can be made practically continuous. If steam is to be usqd for
evaporation, a large saving can be effected by using mmltiple effect
evaporators and using the steam from the evaporators tc heat feed-
water and the dissolving apparatuse. If waste heat was avallable in
flue gases eto., a largs saving might be made by using it for evap-
oration.

Method (3) is a combination of (1) and (2) and has the ad-
vantages under these raspective heads. Larger orops can be obtain-
ed with less handling of the ligquid and less heat loss. PFor these

reasons it was decided to adopt a system of crystallization using



both temperature change and volume éhange.

The size and numbsr of the crops to be prodused constituted
the next step to be investigated. TIwo samples of magnesite, each
19.2 grams in weight were dissolved in sulphuric acid and subjected
toccrystallization by combined evaporation and tempsrature change.
Solution (1) was diluted to 100 cc. and solution (2) was diluted to
90 oc. The crystallization was ocarried on as shown in the following

tabulation.

Solution (1)

Wt Temp. Vol. .
Crop. Soln, Change Impurities
1st crop 8423 gm. 100=102°C. 100-65 ecc. Faint Trace iron
2nd 13.13 102-104 65~18 Prace of iron
3rd 5486 104-105 18-11 1/20 % iron
4th 1.83 105-105% 11~ 4 Small irom
m. 1, 0,30 105% 4~ 0 small iron
Total 29.25 gm.
Solution (2} =
1st crop 5.98 100-101 90-75 Faint Trace iron
2nd .33 101-102 75~-35 Faint Trace iron
3rd 3.43 .102-104 35=-25 Trace iron
4th 4.53 104~105  25-15 Trace Iron
5th 3443 105-105  15-10 1/20 % iron
6th 2.13  105-105%4 10 -5 Small iron
me 1. _0.45 105% 5 -0 Small iron

Total 29,28
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From these resulis it is seen that a large percentage of
ihe salt obtained has a high purity, as the iron content of 93% of
the first sample and 91% of the second sample is uniler 0.05% and the
purity of this percéntage of the salt is 99.9% or over, which comes
within the limits of C. P. standards and also the U. S. P. standards.
The next étep was to run a sample in order to see how fa& crystall-
izations could be made and these standards still upheld. A sample
of raw materizl weighing 19.2 grams was dissolved in acid and made
up to 100 cc. and then evaporated at & moderate rate. Observations
at various stages of volume change were made as follows :

fvaporated from 100 cc. :

et 5 cc. crystals formed

at 38 cc. solution foamed

at 30 oc. solution foamed and bumped so that
evaporation had to be discontinued. & very heavy precipitats with
no fres mtiher-liquor was formed. ¥From this data it 1s sesn that
the orystallization can ve made in two stages in order to have ap~
proximetely 90% of the crystallized salt within the regquired range
of purity. The logical points to take these two crops during the
evaporation would be at points corresponding to a volume of betwesn
50 cce. and 38 cc. and a volume of 10 cc. ©The remainder of the galts
might be utilized as lower grade ipsom Salts or might be discarded
al together, depsnding upon the price obtainable. Another ocourse
would be to collect this last portion of the salt and recrystallize
it as C. P. dpsom Salts. There is & market for low grade Epsom

Salts to be used for cattle and live stock medicines.



The procedure in evaporating would be to take down the
solutio;;a until crystals are formed znd a slight foaming noted and
_ then further c¢rystzallization effected by cooling to room tempers~
.ture. The mother—liq_uor could then be mostly drained off Wy pour-
ing the crystals and liguor over & soreen and residumal liguor could
be removed by subjecting the crystals to suction.

At the conclusion of these small scale laboratory ex-
perimsnts, a run was made on the largest scale that could be con-
veniently handled in_ the laborstory. Starting with two 40 granm
gamples of magnesite ground to a fineness of 60 mesh or under &
mixture of 50 grams sulphuric acid (Sp. Gre. 1.835) and 80 grams
water was added to sample {1). Altho"' the acid was added slowly,
there was & violent reaction sccompanied by profuse foaming of
carbon dioxide and & considasrable evolution of heat. The reactionm -
was allowed to proceed for fifteen minutes without heating or arti-
ficial agitation and then heating and artificial agitation were used
for fifteen minutes. The nearly spent acid from sample (1) was then
decanted and found to be fairly fres from suspended materials. This
acid ligquor was then added to sample (2) and heating and agitation
useci for fifteen minutes. 130 grams of fresh acid mixture was then
added to the nearly consumed sample (1) and the mixture was stirred
and beated for fifteen minutes and then decanted. This decantation
was also fairly free from suspended perticles of magnesite. The
completely spent acid from charge {2) was then decanted and the
nearly fresh acid from charge (1) was added to the nmearly fresh mag-

nesite of charge (2). A vigorous reaction took place accompanied
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.hy violant foaming;énd the reaetioﬁ was allowed to teke place for fif-
teen minutes with no artificial heat or agitation and then for fifteen
minutes with hesat an@ agitation. The nearly spent acid solution was
then decan;ed_and added to an excess of raw maénesite and the reaction
allowed t¢ proceed for fifteen ﬁinutes with agitation and heat, On
decantation much fine undissolved magnesite was seen to be held suspen-
ded and filtration was necessary. The heat of reaction proved great
enough to necessitate the addition of £0 cc. of water to keep the salts
in solution, dus to loss of water from evaporation.

Orystallization was effected by a combination of volume and
temperature change and was divided into three stages. The two solu~
tions obtained by dissolving the magnesite,as stated above, were com—
bined and mede up 280 cc. This was evaporated to approximately 140
cc. at which point crystals were formed in the hot solution and quite

a little foaming took place. Further crystallization was then caused
by lowering the solution to room temperature and thelcrystals were
filtered off on a Buchner funnel and welghed. fThe first crop yielded
181 grams. The remeining liguor was then taken down t0 approximately
75 cc. by the same process and crystallized as before. The yield ob-
tained was 36 grams. A4 third orop was obtainsd by taking down the
remaining liguor to 20 cc. and crystallizing agaln. This crop welghed
12 grams. The mother liguor was then evaporated and the residue was
found to weigh 9 grams. The entire yield of idpsom Salte ovtained was
238 grams and the theoretical yield was 240 grams. The percentage of
yield obtained in the first two crops was 91.3j% and the product ful-

fills the specifications for C. P. dpsom Salts.



(1)

(2)

(3)

. The comclusions reached from this run are as follows :
Lesching apparé,tus should be used of such proportions that the
full benefits of the heats of reaction and solution and of sgi-~
tation by evolution of carvon dioxide may be obtained and excess
foaming still be prevented.

That heating and artificial sgitation should be used only towards
ﬁhe eixd of the dissolving procass.

Thet provision must be made for removing finely suspended insol-
uble matter or undissolved magnesite,

From the foregoing experiment, & tentative process was out-

lined for use on an industrial scale. This is as follows :

(1)

(2)

(3}

Grind raw material to a2 moderate degres of fineness by the use
of Jaw crushers and pulverizers.

Dissolve by the use of counter—currezit leachings In this leache
ing each charge of acid gets thirty minutes with one charge of
megnesite and fifteen minutes wilth another. Zach charge of mag-
nesite gets thirty minutes with a strong batch of acid and fif-
teen minutes with a weak batch. In each case where strong acld
comes in contact with fresh raw material nelther heat nor agi-
tation is supplied until the last fifteen minutes of the partic-
ular leaching period. Uhen weak acid comes in contact with strong
raw materisl Or weak raw material comes in contact with strong
acid heat and agitation are to be used for the entire period.

In caées where there are fine suspensions, a very slight excess

of acid is to be added and sgitation usad for fifteen minutes.
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.(_4) Solution is td be crystallized.' by combined volums and temperature
change in three steps, as follows : |
{a) Take solution down to point where crystals bagin to ssparate
oup in hot solution and then cool solution to room tempera-
ture and filter off corystals.
(v) Repeat process with remaining liquor until volums is reduced
to 25% of original volume and again effect crystallization.
‘(o) Evaporate remainder of liguor to dryness and recover salt.
The proportions by weight of materials used are :
Magnesite 1 part
Sulphur Acid (Sp.tr. 1.835) 1.25 parts
Viatsr 2.6 paris
In applying this outline to industrial scale operation in
the Zngineering Lavoratory, several important changes had to be made
beosuse of restrictions Impossad by lack of available time and appar-
atus. The main changes were the abandonment of hesating during the
leaching, the settling of suspensions instead of dissolving them with
a8 slight excess of acid, and the substitution of smzll scale for large
scale crystallization.
The experimental rum on a semi-commerocial scale was ma'de &8s
follows : |
(1) A chargs of 50 lbs. of magnesite, charge (1) ground to & fineness
of 60 mesh was placed in a wooden tub and 62.5 lbs. of commercisal
sulphuric acid (Sp. Gre. 1.835) and 136 lbs. of water were added. The
nmixturs was stirred. by agitation with compressed a2ir passing thru a

coil of perforated lead pipe placed in the bottom of the tub.
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| dmission of carbon dioxide into the labor_atory was avolded by fitting
the tub with a tigm wooden cover and allowing the fumss to escape thru
& metal pipe leading out of ths window.

Lsaching was continued for four hours, using air agltation,
and then the nearly spent acid was pumped into another similar tuo con-
taining a fresh 50 lb. charge of magnssite, charge (2) and agltated for
one and ome-half hours. The entirely spent liquor was then pumped into
8 stérage tub and a fresh charge of 62.5 lbs. of acid and 136 1lbs. of
water were placed in the first tub in contact with the remazinder of the
magnesite of charge (1) and the whole agitated for one and one-half hours.
The partially spent acid was then transferred to the second tubd contain-
ing the undissolved portion of charge (2). Agltation was used for three
hours and then 50 lbse. of freosh magnesite was added and the whole sagita-~
ted for one and one~half hours more. This last operation was used to
complete the cycle of dissolving and at the conclusion of the leaching
period the spent liguor was pumped into the storage tank with the ligquor
obtained in the first part of the cycls. This liguor was aslightly acid.
A 400 cc. sample was taken for orystallization.

The 400 cc. sample of salt solution was evaporated until the
salts began to crystallize out 1_n hot solution and the liquor was then
cooled to room temperature and the salt crystals separated from the
liquor. 4& yield of 212 grams was obtained. The remaining liquor was
again evaporated to a point where the salts commenced crystallizing out
in hot solution end the salts separated as before. This crop weighed
40,8 grams. The mother-liquor was then evaporated to drymess and the

reosidue was found to weigh 27.4 grams. The theoretical quantity of
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sélts in 400 cc. of solution is 284 grams and the pesrcentage of ths
theoratical obtained was 98.8%. The first two crops comprised 90.1%
of the yileld obtained and upon bsing tested showed less than 0.1% im-
purities.

400 cc. of the salt solution weighed 508 grams or 1l.12 1lbs. The
yiéld of salts obtained from l.12 1bs. of solution weighed 0.62 los. a
and thé yield of salts in the first two crops was 0.558 lbs.

The suspensions of undissolved magnesite encountered were of
2 rather slow-settling character and would have t9o be removed by some
means before crystallization was effected. They settled nicsly inmn
tventy~four hours, however, and could be easily disposed of by running
the spent acid solutions into settling tanks for that length of time.
No trouvle with foaming was encountered, partly due to the absence of
srtificial heating and partly due to the diameter of the tanks ms com=-
pared to the depth of solution. In fact, tanks of much smaller capac-
ity but having the same diameter might have been used, e. ge 4 tank
the height of which is two-thirds the diameter.

The acidity of the ipsom 3alt solution was very low, showing
that the combination of cowmter-current leaching, agitation, snd excess
of magnesite used temded to make the resction approach nearly to com-
pletion. The amount of acidity remaining in the salt solution was not
enough to damage iron filter pressss or copper Or iron evaporating pans
and crystalligzers. 7This would allow the use of apparatus that was not
made from special material such as "Duriron" or glass and would mske

filter-pressing possivle if it was considered desirable.
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The tir.ne,of leaching, v@hich was approximately sevem hours,
could have been greatly reduced by 'the.use of artificial heating.
This could have been carried on by leaching in a Jjacketed vessel or
8 vossel containing steam ddils. Both of these types of apparatus
could be heated with waste steam from crystallizers or evaporating
pans or by waste flue gases from boilers.

An 21r line pressure of two pounds per square inch was
arﬁple to provide vigorous agitation, and this type of agitation was
completely satisfactory.

From the foregoing industrial scale experimentation, the
following outline for a commercial prosess is recommended :

(1) Crushing material to 60 mesh in jaw crusher and pulverizer.

(2) leaching by counter-current method, employing heat during
the entire leaching period and air agitation during the per-
lods when weuak acid comes in contact with fresh raw material
or strong acid comes in contact with weak raw material.

{3) Settling suspensions in settling tanks.

(4} Crystelliszing out the Epsom Salts in three steps. The first
two steps obtaining 90% of the sveilable salts and the third
step consisting of complete evaporation of the mother-liguor.

The principal uniﬁs of an installztion that would handle
efficiently the commercisl process outlined are shown in the accom-
panying sketch. The installation is designed for a capacity of
1000 155. of C. P. dpsom Salts per dsy or eight hours. The raw ma-
terial corresponding to this guantity of finiched product is as

follovis
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95% Sulpbur Acid {Sp.Gr. 1.835) = 444 lbs.
Pulverized llagnoesite | = 356 los.
Kater_ =1074 1lbs.

_The weight of solutian containing 1000 lbs, of U. Po Balts
is 1800 lbsge. and of this there is approximztely 700 lbs. of water to be
évaporated per eight hour day, which comes to 87.5 lbs. of water pser
hour.

The raw magneSite is presumebly loaded into the bin hy
truck and is carrisd from thers tc the jaw crusher and pulverizer
by means of a portable conveyer. From the crusher the megnesite
drops into the pulverizer, which is placed directly bensath the
crusher, and the pulverized megnesite falls into 2 box mounted on a
truek which in turn stands on a pair of platform scales. From hore
it is wheeled to the leaching tanks and charged into them by hand.

The leaching tanks are lead-lined and provided with sisam-
Jjackets to permit of artificial heating. Compressed air is used for
the necessary agitation and ventilation is obtained by the usé of
tight-fitting covers and conduits similar to those used in the semi-
commercial scale operations.

The magnesite is charged by hand into tank (1). The
reguisite amount of strong sulphuric acid is weighad out in the
acid reservoir "A"™, which is motnted on platform scales, and is then
run into tenk (1) onto the magnesite and the requisite amount of wat-
er, which has previously been added by means of a similar apparatus
"E", As soon as the water and acid are added, steam heating is begun

and 8t the proper time agltation is started and is kept up until the



 spent geid solution cantainiﬁg the s2lts is rum into tank (2), into
which a fresh charge of magnesite has been placed. After reaction,
‘ai.d.ed by heating and agitetion, has ceased, the saturated szlt solu~
tion is rur into the wcoden storage tanks, which have a capacity of
three days rune & freéh charge of water and acid is run into tank
(2) and reacts with the magnesite remaining there. After reaction
hes taken place to the desired extent the solution is pumped into
tank (1), a fresh charge of raw material added, and the reaction car-
ried tc completion. The salt soclution is then run down to the stor-
age tsnks and the process repeated. The insoluble residue remzining
in the leaching tanks must be shoveled out from time to time as re~
quired. After the suspended materials have settled in the storage
tanks the salt solution is pwmped to the vacuum crystallizer and 90%
of the available salts recovered. This is done by running the orys-
tallized salts and mother-liquor from the evaporator thru a centri-
fuge provided with an autometic washer which washes the salt crystals
with the least amount of water that can be used. From here the washed
erystals are passed through a drying closet heated with waste steam
from the evaporator and are then ready to be pascked for the market.
The mother-liquor and wash water may be discarded or evaporated to
dryness as economic re&sons may dictate. In this installation pumping
is reduced to 2 minimum and filtration is not used at all.

Styles, capacities, and meterials of apparatus used are as

follows:
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‘fhe storages bin for magnesite has a capecity of 75 cus ft.,
onse mon;sh's supply of raw material. The acid stroage tank is iron and
_has a capaclty of one month's supply of concentrated sulphuric acid,
14,000 1lbs. or 120 cu. fto The acid is blown into the storage tank from
‘drume or tank-cars by means of campressed air. The Jew crusher and
pulverizier have a capacity of 500 lbs. of 60 mesh magnesite in three-
quarters of an hour. The leaching tanks are lead-lined and heated with
steam~Jjackets. Their diameter is 40", height 22", which gives ‘ample
oapacity and takes care of foaming. The storage tanks are mede of wood,
are three in number, each one having & capacity of one dsys run with
an additional height of 4" to take care of deposits of undissolved mag-
nesite, and are 46" in diameter and 32" in height. The crystallizer
is of the vacuum evaporator style. This combines the advantages of
vacuum evaporation with the ability to take salt solutions dovmn to a
thick consistency without interference with heat transfer efficiency,
and the fact that steam Jackets are used instead of coils, mskes the
hendling of the crystals and mother-liguor much essier. This orys-
tallizing evaporator has a capacity of 100 lbs. of water evaporated
per hour from and at one atmosphere and 212°F. and & higher capacity
depending on the vacuum used. The centrifuge snd drying oven are of
a size to handle 1000 lbs. of finished salts per eight heour day. The
alr compressor is designed to carry & load of 15 lbs. to the square
inch and voth the compressor and the pulverizer and crusher are run
from a line-shaft operated by & motor. The tank transfer pump is made

of "Duriron' and driven by steam to get the desired flexibdllity while
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the feed-line pump to the crystallizer is a centrifugal pump driven
by a separate motor. All piping amd tanks coming in contact with
‘strong acid only are of iron, while the piping coming in contact with
diluted acid is either made of lead or is lead-lined. The piping which
hzndles the salt solution to and from the storage tanks is made of iron.

The centrifuge is driven by & separate motor.



