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1.

EALI OR GLASSWORT

Introduction:~

Eali or glasswort (1) is a herdb thet growa in the
Syrian desert, The ash of this plant is rich in sodium and
potassium cerbonates; thus its mame Kali (28), It is alse
ealled glasswort beceuse of its use in glass-making instead
of the slkalies, The ancim ts knew something sbout this
herb and used it as & cloansing agent., It was mentioned
in the bible in mare than one place, "If I wash myself with
Snow water and meke my hends never se¢ clean™; Job 9:50,
"For though thou wash thee with lye end take thee much soap

. 8%0.44" Joremiah 2:22, “,...for he is like a refiner's

fire and like fullers’ soep”; Malechi 5:2, In the preceding
statements, "snow water,” "iye" and "scep" designate the
same arabie name Al-oushnen,

Lene's Arabie~English lexicon says:
"Al=-oushnan or Al-ishnean but the frmer is of higher
suthority thea the latter (Keli or glasswort); a thing or

T e e . A o —

(1)The Aredic name for it is Al-oushnenm

"Glasswort 1s & neme for plants containing much alkali
and on that account forme used in gless-making, (a) e
plant of the gemus Sslicomis, called alse mnd glass-
wort. (b) Salsola Kali, called slso prickly glasswort,®
The Sherter Oxford sh Pleti B

"Glasswort: any of several low saline seaside herbs,
um“ r"uu in glassmaking.” The Prectical Standard

etionary,

(2) "Kali (Areb,.; see Alkali), also spplied to barills (sal~
sola soda) latinized Kali whence the :‘al E for
potassium.” The Shorter au‘ Englisk Dietiomary,




substanee well-known with which clothes and the hends are

washed; good or profi tedble (as a remedy) for the mange, or
scad and the iteh; cleering to the complexion, elesnsing,

emmenagogue (1) and sborti ve",

Lane refers to it as a "thing or substance” dut ia Syris
the plant itself from whioch this "thimg or substance™ is
extracted is known as Al-Oushnan. In Lebanon, and especislly
among soap manufecturers, the ash of the plant is known as
Eeli or Buluss, It is used exclusively nowadays in soap~
making due to the shortage of sod ium hydroxide caused by
the war,

Leoking at the herd from the botsnical point of view and
to put it shere it bdelonmgs im the plemnt kingdom, I will here-
by quote the Eneyclopedis PBritemmnice: " Glasswort, & name
given to Salicernia herbaces (alse known as mersh samphire),
& salt marsh herb widely distributed im the northers hemis~
phere = with sueculent, jointed, leafless stems, in reference
to itz former use in glass-meking, when i1t was burat for
barilla (2). Selsolas Kali, sn sllied plant with wigid,
fleshy spinous - pointed leaves, which was used for the same
purpese, was known as prickly glassworst., Both pianta belong
to the Chemopodiecese family,"

The family therefore contains more them one, and prodably
mere than two, gemil which, altho they mey differ & little
&8s to the smounts or kimds of solids they contain, serve the

. S mrresTnass

renews the menstrual flow,

{(2) Barilla, en impure sode fermerly used for the me of
soda soap anl glass but now employed very little. It was
obtained from the ashes of the fleshy (salsols soda),
ealled in Spain Barille, growm specielly for this produst



same purpose,
noplutmhthmm¢umbmmmt¢nh
@esert is a selt-marsh plein, As the soluble salts in the sap
of the plant (1) depend upon the nature of the soil im which
the plant grows, and as the nature of the soil differs in 4ir-
ferent distriets, we sxpect to find samples of the seme plant
taken from seversl places to be different in the amounts and
kinds of salts they contain. This may be ome ressom why the
results of the amalysis of one semple, and sometimes its
genoral behavior, do not sgree with amother sample. A more
important reasen for this disegreement is the faect thet
people who bura the plant (2) for sale mix the ash with seil
or send to imerease its weicht. The quantities edded of these
foreign materials differ with 4ifferent persons and cireumstan-
©88. An attempt should be mede by someone to Study the
geclogieal features and the nature of the soil of the several
distriets in which the plant grows, in order te be able to
put gertain specifications for the ash produced in each one
of them; thus foreimg the cheating by the dealers te drop
to @ minimum if not to put an end to ity

The hydroxide of sedium was introduced to this eountry
Sowards the md of the Nineteenth century. Before thet dote

AL S e e e

(1) It is s that net all the soludble selts found in the
ash of usmtnn&nmnpnu-dﬂumhn
«’und-thnowmmlm as they are washed
away by rein water or currents of wind,

(8) It 15 an established fact emong people who deal with the
esh that if the plent is urnt before i dries the soluble
ash wore than te dry

t
eontents of the will be if 1% is lert
and them burnt,



soap-making depended entirely upon the ash of glasswort,

The method practiced by scap-mekers was simple: a dig eylin-
@ricel kettle made of iren (about five to six meters high
with @ diameter of ome and @ helf %0 two meters at the top,
narrowing down gradually to about half a meter at the bottom),
was erected on a specially bduilt place so that fire could be
applied, A tap for hot water to flow out, into a stone vessel,
was located at @ point about ome third the distence from the
bottem. About two and & half tons of olive oil were intro-
dueed to the kettle with some Kali solution from s previous
bateh, When the 1iquids hed boiled for sometime the tep was
opened to allow hot water to flow to e vessel filled with ash,
~ After stirring for a short time this water was mede to flow
to a second and & third end prodably to a fourth vessel to
give the suspended impurities emouzh time to settle. The
solution in the fourth vessel became clear and was earried
back end sprayed on the surface of the kettle {(1). The solulle
selts were consumed by the oil end the water was drawn again
from the tap to repest its eycle. When the ash in the vessel
became exheusted end seemed to have lost all its soluble
salts the residue was thrown awsy and fresh ash wes supplied.

The process was eontinuous and the time required for the
bateh to get ripe i.e. for the oil to saponify es completely
as possibdble was from three to four days, One and a half toms
of ash were necessary to dring the operstion to an end. Assum-

munmmmnmoronnnnm kilograms
e s oSN . At e ——

(1) Cecesionally lime-weter wes alseo sprayed on the surfasoe,




of alkelies (a mixture of sodium and potessium hydroxides),
the two and & half tons of 01l will need about 400 kilograms,
As this samount is provided by one thoussnd five hundred kile~
grams of ash the percenmtage of svailable bases in ssh would
be about twenty six, It must not be forgotten that a primi~
tive process of this sort, no matter how efficient 1t would
be, would not dissolve all the selids in the ash; moreover
some of these solids wuld remain unused in the water,

Ceustio soda was not welcomed at first by soap-makers

in this country beecause, secording to them, it burns the

elothes and 41t is @i fficult to be handled., It took them about
. ten years defare they could master the technigue of its use.

Since then Kali ash lost its importance as a vital preduct

in the market., With the outbreek of the war and when the

importation of sodium hydroxide from abroad became more amd

more expensive, the idea of Kali ash to be used in sosp-meking

was revived,

Befere closing this introduction I would like to mske it
clear thet it is & long time sinee this ash wes kmown to contein
valusble salts and thaet this discovery is not to be attributed
to this gemeration or to the ome preceding it. But the fmpor-
tant problem which is celling upon us for a solutien is to
devise @ practicsl method for the extresotion and separation
of these precious sslts on an industrial seale,

The problem is fresh and quite promising from the seien-
tific and industrial points of view, The chemist can foreses



wvhet a field of investigation he has dbefore him when he
reslizes that the extract of Kali ash, not to say snything
sbout the residme, contsins not less than ten different salts,
It is as complicated s the water of the Dead Sea, if not

This peper is not written in attempt to selve all the
riddles of Kali but it does merely open the door of sn old
eastle full of antiguities, The writer hopes that this pre-
liminery study will stimulate the spirit of iavestigation in
other scholars of chemistry who may succeed in drawing the
boat to & safe harbour,



1. Quiside eppoarsnce.

The glasswort herd is burmed in the openm sir, before
it gets very dry, the ash is collected and sold under the
commereial nape, Kali or Puluss., It is composed of cearse
#01id particl e’ having different sizes., The color of the ash
varies in different samples from lizht grayish to dark greyish
end sometimes to bdlack. The outside appearance of the materisl
gives & man of experience some indication about the quelity
of the ash and the percentazs of soluble salts it eontains,
This is not & relisble test for purchesers and a better one
will not be used by them unless it is simple and could be
performed in & short time, As the velue of the ash depends
entirely uwpon the earbommtes and hydreoxides (formed dy hydro~
lysis in solution) found im 1t, a quick determination of the
total alkelinity of a certein sample would he a sufficient
eriterion for ita evaluation, The writar suggests the follow-
ing method which gives quite satisfactory results,

2. A suggested method for quick testing.

A weighed sample of about two grams is crushed and
boiled with 20 Ges of water for five mimutes, filtered and
washed twice using 5 cos of water eech time (washings being
added to the filtrate), The whole solution is titrated with
N HCL, wmethyl orange used as indicator. The volume in ces
of HCL taken multiplied by 0,053 gives the number of greams
of Nagy00s found in the two grams of the ash, If the grams
of carbonates are to be known theose of Ney,00, are multiplied



by 0,568 (56.6% of Nay,00, 1s COs). The error imtroduced
by the presence of some of the carbonstes in the farm of
KeCOp is slight and may be negleoted, Suppose that 10 eces
of § HCl are used to meutraiize the whole extract of the
sample, therefore, 10 x 0,053 « 0,535 grems of Ne,00, found
in 2 grems of the ash,
!'H.xno- 26,5% of the ash is Nag00,
or

10 x 0,053 x 0,566 « 0,2999 grems of carbonate found in
2 grams of the ash.

m x 100 = 14,9958 of the ssk is earbomate.

Suppese that all the earbonetes in the sample
exist a8 K 005, therefors, 10 x 0,069 x 0,435 = 0.3 creme
of carbonate found in 2 grams of the ash.

!’lx 100 = 15f of the ash is carbomate.

If all the cerbonates were found in the ferm of
Ke003 and the celeulstions made on the sssumption that they
all exist as Na,00,, the error would have been very slight
mamely 0,0058. It must be borme in mind thet moat of the
carbonates actuslly exists as Ne,C0, and therefore the actual
error is much less then 0.005%, Another source of error may
hwwmmmnm (1iberated on the addi-
tion of seid) timt dissolves in the solution snd lowers its
PH thus making the volume of the @oid less than whet 1t ought
te be. This error may be brought down %o & minimum by hesting



the solution during the titratiom peried to about 60°C thus
liderating mesrly all the C0p., The third and mest important
factor which may lesd to imscourete results is the fact that
the ash, before it is crushed and well mixed, is not & hemo~
geneous mixture., The compesition of the sample therefere,
may not represent the compesition of the whole esh under
investigation, 1In such @ case it is left to the skill of
the anslyst in choosing the ssmple snd to his sound judge~
ment in reporting the results, With all the disedventeges
it has, the previocus method is the most comvenieant one by
vhich the purohaser can, in less than tem mimutes, eveluate
the stuff offered to him,

3. Gualitative smalyses.

A qulitative snalysis of several semples of the
ash shows the pressnce of nsarly the seme ions. The cetions
generally found are those of sodium,poteassium, alwminum,
ferrie, ferrous, megnesium and caleium, while the enions are
the carbomate, chloride, sulfete, phesphate, silicate and
sulfide, Tests were not mede for lithium, rubidium, and
eaesium,

4. Suentitative snslyses.

The salts which are of interest to us, and whieh
constitute the mejority of the water-soluble contents, are
those of sodium end potassium carbommtes, The phosphates,
especially those laft in the residus, are of importance
because this dy-produet would de useful es a fertilizer,
sinee 1t may aleo conteins some potassium, The results of



the analyses of three ssmples are given in the following

table,
pereeat of |Fereent of peroent in uq peroent in the
soluble Fay,C0, AT soluble salts residue
“1‘; in .1: 20.
sample exist as
sush
% Saada e %
Fe K COg P.O. ’.‘. earbeo- HeS
nsceous
Sample | 58,8 77.5 30.1 (1,352 43,9/0.181 3 15,4 1ib~-
a erat-
ed
with
Sample
B “.' "Ql 24 '.1 3’.. 1.8 0.m 3.' tra~-
*ﬁ 0es
Sample
4] 48 ".. 20 T8 ”.. 1.1 0,8 5 libder-
ated
with
L WA Lt - & LILE Bl ks
e | it
- - AT 3 &M
Semvlie “
Y JF 3.4 2 : 0206 0,002 | 1,558
Sample
e 85.1 0.65/14,2/0,585 (0,124 2,075

e ———

From the table it is shown thet 1f all the alkel i
metals (sodium and potessium) are found in the selution es
carbonates, the percentage of the latter should be higher
in the three samples, It is obvious that these metals are



11X,

6lso found in the form of other salts, Assuming that all the
carbonates are found as sodium snd potassium selts the percen~
tage of the alkali metals existing as carbonetes would be 88.8
in sample A, 92 in sample B, and 92,7 in sample C. These per-
eenteges my be higher then what they ought to be becsuse some
of the carbonates may exist in the form of other salts, The
solution of sample A was colorless, due (it may de) to high
percentage of earbenaceocus mstter in it.

Expraction,
1. Fagtors which introduce difficulties.

The extraction of water-soluble salts frem the ash
of glasswort is a problem by itself, Vhen done on an indus-
trial scale the diffioulty lies in the fect that the ash which
contains -~ samong other things - send and soil, cakes and
Prevonts the water from penetrating thru the meterisl, This
osking 1s due to the fermation of erystals, by the comeentreted
solution, which will tend to bind together the particles of
sand and other foreign matter, Another and more important
reason for it is the presence of the silicetes of s0d fum,
sluminum and probably csloium - the lstter twe are the shief
eonstituents of cement., The effect of the former decresses
a5 the selution becomes more dilute, That of the latter slseo
decreases, but to & less extent, as the soludle part of the
ash is removed by the selveat.

A coertain sample of the ash was extrscted im a kettle
several times with beiling weter (brought to the boiling peoint



by applying direct fire to the kettle). Altho the meterisl
was ocoasionally stirred by the hand (using en irom rod) e
lining was formed on the imnner walls of the kettle with an
average thickness of about ene ineh and nearly as strong as

@ plece of conerete having the seme dimensions, This is
probably due to the fusion together of salts, inecluding the
silicatej caused by high temperature, The same phenomenon
ie met with when the plent is bumt for its ash, High tempe-
rature fuses the salts which shrink together emd form lumps
of different sizes having the stremgth of ordinery rock,
These lumps constitute the purest form of the ash and contain
the highest percemtegze of sedium salts.

The presence of these lumps in the esh introduces
@ new factor to the prodlem namely erushing or powdering the
meterial bdefore the solvent is added, This imeresases the
surfece exposed to the mction of the sclvent, thus rendering
the operation of extraction quicker and more complete.,

2. Notheds used in chemicel engineering.

As the methods used in extraction depend, in the
first place, upon the nature of the material to be extracted,
the apperatus differs in 4ifferent operations, From the
point of view of chemical engineering the devices used for
¢oarse solids fall in three clesses: epen tenks, diffusion
batteries, and drag clessifiers, The third ome, drag classi~
fier, is used when the gremular meterial in the charge is teo
be leached out; thus 1t does not serve our purpose and must



be excluded from the present disocussion, The simplest form
of the first device consists of en open tank with a false
bottom or a filter of some sort, If a series of such tanks
is used, we have what is called an extraction battery. The
solvent is allowed to percolste down thru the charge, and is
drawn off below the false bottom, The material in eny tamk
is stqtionary until 1% is completely extracted. By suitable
errengements water can be introduced te, end solution drawm
off from sany temk &t any time., Such a process is known as
the Shanks process, This does not work im the cese of the
Kali ash beceause the charge cakes and prevents the solvent
from pereolating freely thru it.

The diffusion battery system is similer to Shanks'
but applied to materials thru whiech water does mot pass free-
1y. The solvent is introduced to closed vessels (instead of
open tenks) under pressure, Such & device is used im deet-
sugar industry snd fer the leaching of black ask im the sods
end sulphste process for paper pulp, but camnot be applied
Sucecessfully to the Kali ash, The reason is that mo matter
how high the pressure is, under vhich the solvent introduced
to the vessel, (1) the materisl will net de completely bathed
in 1% due to caking, MNoreover the solution must be rether
eoncentrated to de of any use for further operations, The
mechanical emergy used to produce pressure may be empleyad
for stirring and pumping thus giving mueh better results,

M



e Method suggested by the writer (with o diagres).

1t seems that the best device to be recommended
for the extraction of Kali esh is & modified form of the opea
tanks -~ battery system, The erushed material is charged inte
6 tank or vessel (tank A) (1) of irom or concrete, having a
flat bottom with an outlet in 1t, to be opened for discherging
the residue after complete exhaustion, The tamk sust be
provided with an sgitater, Vhen the solution resshes the
desired concentration (usually saturetion) the agitator 1is
stopped for one or two hours s0 that most of the suspended
impurities will settle in the bottom. It is them siphoned
or allewed to flow to ancther tank or vessel (tamk B) where
it 18 left for an overnight, At this stage nearly all the
suspended impurities settle down leaving e clear, but ususlly
not celorless, liquid ready for carbonation, Water is agsin
added to tank A end stirring is resumed until the meterial
fails to give a satureted solution, It is them washed and
the washings drewn to & third tank ¢, similar to 4, heving
& fresh charge of the material, The saturated solution
from C is slso led to B, When the residue im A is completely
exhausted it is removed from the outlet im the bottom and a
fresh charge is introduced, The washings of other tanks sre
now pumped te 1t. Nore tham one tenk of type A, B, €, ...ete.
may be used depending upon the demend, All heve the seme
construction except in the B type no sgitators ere needed,

By this method am extraction dattery is constructed snd by

m-__—-w_
(1) Refer to the dlsgram page 15,









meens of & suitable piping system the solvent may anter any
tank snd the solution mey be drawn off of any tank (Af satu-
rated, to the B series) et will., The charging and discherging
of any tank et @ time 18 slso possible, The operation is
rather ecentinuous end ell dilute sclutions ere used again;
only concentrated ones are drawn to the B series where, in

an overnight, they deposit en eppreciedle quantity of sodium
carbonate erystals in the decahydrate farm, The clear setu-
rated solution for cerbome tion (erystele of sodius biesrbonste
are better formed in & concentrated solution) is removed,
Crystels of the earbonate, mixed with suspended impurities,
ere dissolved in & small gquantity of hot water (water of
erystellization is ebout 63%) filtered, and recrystellized

to a purer Nag00,.10H,0. The solution ocan be filtered bdefore
it enters the B tanks but the operation is more expensive

duve to the big volume of the solution; meanwhile it leasds

to the same results namely e olear solution for ecerbonation
and @ rather pure form of Neg 004 .10H,0,

4. Bffeot of stirring end Tempersture.

Stirring is very essentisl in the A,C,D ,.. ote,
series of tanks to inerease the dissolving efriciency of the
solvent and te reduce the tendeney of caking te » wminimum,
Several trials showed that the emcunt of salts extrected by
& eertain volume of cold water from e given quantity of
meterial without stirring, would have been extracted in a
much shorter time if agitation wms applied. If hot water
is used the time required would be still shorter due to the
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greater solubility of the carbomates in it, As hot water
demands heet energy whiech mey or msy not be cheap, the
question is, therefore, shich is more economioal to use

¢old or hot water, This of course depends upom the cest

of fuel, A plant built for such an industry has to be
provided with a beller, which is indispemssdle, if the dilute
solutions of potassium and sodium hydreoxides, produced later
by csustieization, sre te be concentrated by evaporation,

The presence of a boiler, or any other source of heat will
reduce the cost of heat enerzy and make it possidble for

manufacturers to use hot water,

Ihe Selution,

The soluble solids extracted from the Kali ash
were & mixture of organic and inorgenic compounds, The
yellowish brown color of the solution wes an orgenie pig~
ment which oould be removed by bome~black, The organie
matter will not be discussed in this paper and our sttention
will be directed towards the imorgsnic salts,

1. Iporgenic salts.

Altho the oamposition of the selution varied with
different samples, a cold-water extrect gemerslly contained
most of the salts found in the ash. Celeium, megnesium,
sulfide, and scmetimes iron, were found in traces, Im a
hot-water extract these ions were found in greater amousmts
@ue to the inerease im the solubility of their selts with



temperature, FgS ges was slso liberated during the extrac-
tion and very distimctly detected by its eodor. As the selu-
tion was strongly elkeline elumine and silica were most pro-
bably in the form of NagAlgO,, KgAlgO,, Na 8i0; end K 810,,
The rest of the ions mmy have been imn any form of simple,
double or complex sal ts that would exist in an alkaline
solution, Host of the salts were sodium end potessium ocar-
bonates.

¥hen an ecid wes sdded to the residue (of some
semples) left after extraction HyS was liberated, This
showed the presence of a sulfide insoluble in water; it
was, most likely, iron suifide, How do we aceount, therefore,
for the liberation of HeS when boiling water was added to
the ash? Some of the sulfide may have been im the form of
the resdily seoluble sulfides of sodium and potassium., Mot
water incressed the hydrolysis of these salts with the for-
mation of HyS, This was liberated on boiling but the black
sulfide of Fe was slightly affected and thus it was left
in the residue.
2. Eydrelysis,

Vhen & saturated cold water axtract was heated
%111 beiling a white turbidity first appeared and then turned
to a gelatinous white precipitate (1). It was filtered and
the filtrate diluted to doudle its volume and heated; the
turbidity eppeaped again and the gelatinous precipitate
settled, The same phenomenon was repeated when the solution

S a——

(1) A certain saturated solution did not show thies turbidity.
On dilution the precipitete appeared,




wag d4iluted to sdout twenty times its volume,

In & hot-water extract the same precipitate was
shown but it turned pale drown on stendinz due to the presence
of Fe(OH)3. It was exsmined and proved to de e mixture of
falumina and silica gels with some Fe(0H);. The extensive
hy@rolysis, which wee feavoured by dilutiom end high tenpera~-
ture, was due te the presence of the sluminetes (silicetes
elsoc hydrolyse) which ere soluble im slkeline solutioms,
A1(OH)s and nearly sll the forms of elumine would precipitate
by diluting end heating much solutions, The precipitate
would settle on standing in the form of white powder, leaving
behind it a clear ligquid, This is e typicsl behavior of the
hydroxide of sluminum which chenges om standing to ome or
more of the several forms of alumina, When this preeipitate
was caleined at high temperature 41,0, became imseluble im

agids,

3. Concentration.

We refer to the concentration of such selutioms
in terms of specific gravity or degree h’. The point of
saturation varies greatly with temperature so thet it is
rether vague, from the quantitetive point of view, te refer
to satureted solutions as such., A satursted solution
prepared in November at rosm tempereture (20 - 25°C) wes
37° Be while another one prepared in January at room tempera-
ture (10 - 18°C) wes 29° Be. Thus 1t hed @ wide renge of
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concantration and contained Aiffarent quantities of seluble
salte.

A eurve showing the relation between the soluble
contents of a Kali solution amd 1ts desgree Bo', is shown on
the opposite page, This 12 of some help if the quantity
of soluble salts found in a solution of a certain Do' is te

be approximetely end quieckly determined,

¢. Seperation of the earbonstes of sodium.
The solution te be carboms ted was, and must

always be saturated and clear, When this was decanted from
its container (where it was left for about 24 hours) the
erystals of Nay00,,10H,0, mixed with suspended impurities,
were removed from the bottom and dissolved im het water,
From this solution, after filtration, three forms of the
carbons tes were prepared., The solution was boiled and when
it becanme saturated erystals of the monohydrate Nay,00,.H,0
sppeared floating om the surface of the liquid, They were
filtered while the solution was still above 60°C, If left
to eool belew 50°C they would begin to disappeer and around
40°C would completely dissolve to reappeer in another phase,
At 37°C a new phase, the heptahydrate, Nay00,.7H,0, began
to form and wes filtered when the temperature was & little
bit above 30°C, The filtrate was left to cool %o room
temperature and the erystals formed were of the decahydrate

form Nay00s,10H,0,



V. natio d L
(4). Carbomation.

A sample of the agh (sample B, P.10) was extrasted
in & kettle with hot and then with e0ld water; the two solu-
tions were mixed together and brought to seturetion by evapo~
ration,

1. Solutton A,

Two liters of this satureted solution (sp., gr. 1.245
end 33°Be) were cerbomated, Orystals of bloarbomstes were
removed by filtration at different intervals, The operatienm
eontinued until no more orystels were formed by passing carbon
@ioxide ges thru the mlution for four hours, The solution
remk ined after the removal of all the bicarbonstes hed e com~
eentration of 82°Be, Five samples of erystals were removed
for amalyses, the fifth being the last,

(a) Amalyses of bicarbonstes.

The results of enalyses are shown in the following
teble. The percentage of NaHCO,, Ney,C0y and potassium in the
first two semples wes not deteminmed,

Iable 2
Sample _§ NeHCO, £NeyC0, Remarks

) § cove ceon Not completely soluble in
water; the residue iz white
and partly soluble im acid.
Phosphates, shlorides, and
sulfates are pressat,

2 cnne et - Similar to sample 1.

80 13,85 0.98 (Washed) ﬂi::oly soluble
in water. ide, sulfate
and traces of phos tes.

“ 78,1 12,4 1,32 (Unwashed) completely solu~

ble. Chleride is present,



Zable 2 Cent’d,

Semple § NeHCO, NayC0, £ Potassium Rewmarks

A semple
of the
washings

9.5 8,6 0.3 (Washed) Completely solubdble
in water., Traces of chloride.

14,5 4.7 14,8 Chloride, sulfate, phesphate.

As NaHCOy was the least soluble ameng the sodium
and potassium salts mixed with it, it could be purified to
a certain extent, by washing., The white residue in the
first two samples wes silica (and alumina) gel, It was
thrown down by CO; bhefare the bicarbomates, due to the
change in the pH of the selutiom.

2, Selutien B,
The material in the kettle was extrected once more

with cold water, Ome liter of this solutiom (sp. &r. 1,235
end 30°Be) was carbomated and two samples of HeliC0s erystals
were removed. The selution left after carbomstion was abeut
ome liter with & spi gr. of 1,15 and 17°Be.

(e) Anglyses of bigarbonstes.
ZIsble 3,

Semple JNeNCO, £ Ne,00, £ Petsssium Bempres

1

76.6 12,8 1,54 Completely seluble ia water,
Chloride and sulfate are
present,

2.4 S 0.7v Completely soluble in water,
. Chloride less them 1., Traces
of sulfs te.



The white residue which appesred ia the first
two ssmples of solution A @4 not exist in these of selution
Be Its absence indicated that the silicates (and sluminates)
414 not exist, im solution B, im sufficient quantities re-
quired for the forsm tion of the precipitate at the existing
pH, These salts, being quite soluble in weter, were mostly
removed in the first extract,

3. Selution O,

A new batéh of the same materiel was extracted .
with cold water, From the first extrset (tem liters of s=p,
gr. 1,255 and 30°Be) 1.2 Kg. of sodium carbomete (erystalli-
zod in the beottom of the container after few days) wers
removed. The concemtration of the solution drepped dowm te
25°Be.,

(a) Removel of the gels,

Six liters of this solution (sclution 0, 25°Be)
were carbonated, It was necessary to find the time required
for the removel of the gels by CO, 20 that not to appesr in
the bicarbomstes later on, Meenwhile a minimum of the NaHQO,
had to be allowed to come out with the gels, The time re-
quired depends upon many factors, such as the concentration
of the solution, the rate of budbling of 00, ges, tempera-
ture, etc... For the solution at hand three and & half hours
seamed to be enough, The gelatinous precipitete settled
in the bottom of the comtainers ecarryimg with it all the
suspended impurities which had escaped filtretion or decanta~
tion. Its bluish-white coleor indicated that it was silioce



hydregel, or probably the hydrosel, as this is most likely
to ocoagulate from & solution of sodium carbonate. Af ter
filtering, 00, gas was passed again thru the solutien (f11~
trate) for sevem hours and orystals of bicarbonates formed
were removed (Sample 1), Bubblinmg of 00y was resumed for
nine hours snd the erystals were also removed (Ssmple 2),
Then the gas was passed thru the solutien until no more
erystals of biearbonates were formed, The solutiom was
filtered (17 Be) and the bicarbonstes removed (Semple 3).
(b) Apelyses of bicsrbomstes.

These three semples were washed and dried by the
ecentrifuge, The results of their snalyses are shown in the
following table,

Iabdle 4,
Semple § HeHCO, % Neg00p X, Bemarks

1 —— -— - 175 gr., Not completely selu~
ble iz water, Chlori
de and phosphate
present,

2 o4 53 traces 400 gr., Completely soluble.
Treces of chloride
and phosphate.

3 935,76 4,6 traces 375 gr. Completsly soluble,
Traces of chloride.

The insoluble residue in Sample 1 was some of the
gel which was not completely removed from solution. No trea-
ges of it were found im the other two, It is possibdble,
therefore, to remove the troudlesome precipitate by passing
00, gas into the selutiom for t period ranging from three
to rfive hours.



(e) Ihe solution after carbonatiom.
We have started with six liters (sp. gr, 1.22 and

sl'lo’l or with 7320 grams of solution and ended with the
same volume (sp, &r. 1.13 and 17°Be) or with 6780 grams
of solution, The loss in weight (7320 - 6780 « 540 grams)
would be the weight of sodium carbonmate converted to bi-
carbonate and removed from the solution, The 540 grams
NagC0y must yield 856 gzrams NaHCOy3. Teble 4 shows that the
weight of the second eni third semples, considered 93% pure,
was about 721 grems, The rest must have beem removed in
the first semple which was not more than 80% pure,

The weight of the original ten liters (sp. gr. 1.233
and 350° Be) was 12530 grams (1.233 x 10,000),
12530 § 0,36 = 4438,8 grams of solids in tem liters (36%
solids by weight).
4458,8 T 0,622 = B760,95 grams of NayC00y in tem liters
(Tadle 1, page 10),
2760.,93 = 1200 (1.2 kilogrems removed from ten liters) =
1560,93 grams remained in tem liters,
156095 x fp = 936,86 grams of Nes00 in six liters,

936,86 ~ 540 = 306,86 grams of NegCO3 (nmearly all in the form
of NaHCOy) reme ined after carbonstion in six liters of the
solution,

(B). Caustioization,
Three liters of the above solution left after car-

bona tion (sp. gr. 1.15 and 17° Be, conteiming 13,5 # solids
by welght or 457,65 grams) were causticized.



1. gSelution sfter csustieization,
The volume of the solution after eausticization

was sbout four liters (diluted by the milk of lime) with

@ 8p. gr, of 1,07 and 9.5° Be. It contained 8,3% solids

by weight (2,22 grems in 25 cos) or 88,8 grams per liter,
Titrated with HC1l (phenolphthalein used as indicator) 1its
normality was found % be 0,447, No phosphste was detected;
it had been removed by the calcium ion, The following
table shows the percentege of some of the contents of this
solutiom,

Zsble 5 (a)
Grams per liter
Hydrexide 7.599
Sulfate 7.8
Ghloride 18.4
Potassium $.8
ip)
Potassium hydroxide 13,72
Sedium hydroxide 8,7
Sodium sulfate 11,54
Sodium chloride 30432
-, Eer cenmt
Potassium hydreoxide
(of total seolids) 15,5
Sodium hydroxide

(of total solids) 9.8



le) Cont'd,
Eer cent

Potassium hydroxide

(ef total bases) 61,2
Sodium hydroxzide

(of total bases) 38,8
Hydroxi de as NaOH

{of total hydroxide) 48,4
n{mu as KOH

of total hydroxide) 51.6

In table 5 (b) it was essumed that all the peotassium
existed as hydroxide and all the chlorides and sulfetes as
sodium salts.

Before ceusticization the three liters contained
457,65 grams solids; after cesusticization the whole selutien
wes found to contain 355.2 grams (88,8 x 4),.

457,05 « 356.2 = 102,45 grams lost.

w = 2356,4 grams of carbonate lost,

If all the potassium in this solution (59.8 grams)
existed originally as K,00s, them sdbout 30 grame of 00, would
have come from it, The rest are assumed to have come from
sodium bicarboms te,

2356.,4 = 30 = 206,4 grems of 00y came from NaiCO,.

W = 19,8 grans of sodium per liter freed
= by the removal COs.

In one liter of the solution 5 grams of sodium
existed s sodium hydroxide, 5.74 grams as sodium sulfate,
and 11,7 grems sas sodium chloride, a total of 20,44 grems of




Vi.

sodium,

After carbonation 396.,6 grams of sodium earbonate
were found in six liters, Three liters of this selution
containing 198,35 grams of sodium carbomate, were csustiecized,
This volume incressed to four liters, therefore,

w = 21,5 grams of sodium per liter,

The quen tity of sedium per liter (21.5 grams)
galoulated from the results shown in table 1 p. 10 (sodium
carbonate is 62,28 of the soluble salts), and thet caloulated
by the loss of 00y during caustieization (19,8 grams), nearly
egreed with tlmt determined by analysis (20,44 grams), in
spite of the sssumptions mede which are partly responsible
for these slight differences, In the second case (19,8 grams
per 1liter), for exemple, it wes assumed that all the potassium
existed as carbonate and all the sodium as bicarbenate; the
tvo assumptions tend to decrease the quantity of sodium per
liter, In & complicated sclution like thias, such results
are not far frem bdeing satisfactory,.

Conclusion,
The writer would be expected, by now, to give o

final decision about the industrial possibilities of Ealil
ash, What per cent of the osrbomnstes would be secured?

Is 4t possible to make any use of the by-produets, especially
the residue? Would it pay, in other words, %o erect a plant
for the extrection and separation of the salts found in the
esh? These questions, and lots of others, may be asked by



any person interssted ia the commercial aide of the preblem,

It has slready been shown thet different ssmples
eontain variable quantities of salts, but an average one
(represented by mp'h B, table 1) would contain sabout 504
soluble salts, 62% of which would be sodium carbonate (32§
of the eriginal sample), If the extraction apparstus were
quite efficient between 85 and 90% of the salts could be
removed (wWith e loss of ebout 10%). About 43,5% of the
sofdium carbonste would erystallize out (if no attempt is
made to inoresse this yield), Then by carbonation 57,068
of the remainder would bde converted to NaECO,. About 444
of the alkali metals found in the selution would chamge teo
hyiroxides by ceausticization, The rest (56#) would be left
a8 chlorides, sulfates, carbomates ete. Such e selution may
be used for making soap because the presence of these impuri-
ties would not be objectionadble, The hydroxides may be
separated by fractional erystallizetion,

In the followinz table (table 6, a) the weight in
kilograms, and (8, b) the percemtage, of the products obtained,
by erystallization, carboma tion and causticization, from the
quantity of sodium carbommte (31 Kgi) found im 100 Kzt eof
ash (sample B) are shown,

Iable 6, 8 (Kgs)

Crystals NalQ0, Hydrexides Lloss by extrasetion Loss by Total
removed eaustieci~ loss

S ————— amand - m -
12,1 0.1 2,95 3.1 3,75 .85

Jable 6.0 (per cent)

59,03 29.356 9.52 10 iz, 22.1
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Some of the by-products may be made use of im indus~
try especially the residue, which may contain some phosphorus
end potassium, Having these results tabulated, and because
othar faectors should be takem imto oconsideration mainly the
prices of the raw mabSerial and products, it is left for the
reader himself to decids whether it pays or mot to extract
the salts from the msh on an industrial 3-10.

The writer hopes that schelars of chemistry who
may become interested in the Kali ash, will earry on the
investigation on one or mere of the following subjeets,

1. The various spscies or genii of the Chamopo~
discess family found im Syria end the geological mature of
the distriets in which they grow,

2. The specifications of samples obtained Trom
various distriets,

3. The ipdustrial possibilities of the residue
as a fertilizer,

4. The industrial velue of the sluminum found
in the ash.

8. The chenge in quantity of any salt or iom in
the solution with concemtratiom.

6. Separation of the salts by fractiomal erystal~
lization.

9. The organie substances found in the Eali ash,

me. s



