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Abstract:

The problem as undertaken here at Montana State College was to develop a process which could
remove trace organic matter from a commercially produced soda ash as well as generally maintain or
improve other quality features of this ash.

To accomplish this , it was decided to use a fluid calciner using a gas-fired furnace as a heat source and
a compressed air system for the fluidizing air stream. Analysis of the calcined ash was made at Green
River, Wyoming by the Intermountain Chemical Company, producer of the soda ash. The study
involved treatment of both light ash and sodium carbonate monohydrate. Results of the study indicate
that a process which meets the objectives is possible.

It was found that the manner of removal of the contaminants in the various types of ash studied was
that of mass transfer rather than that of oxidation. Therefore, the variables that affect mass transfer
(temperature, stagnant air film, and treatment time) must be considered in determining conditions most
favorable for removing the contaminants.

The data indicate that for a given type of ash calcined under similar conditions, an equilibrium level of
contaminants is reached after sufficient time, regardless of starting level of the ash.

In general, it was found that the organic contaminant level could be reduced from 60 to 80 per cent
depending upon treatment conditions. Further, it was found that the bulk density of the treated light ash
was increased some 15 per cent by the fluid treating.

Addition of sodium nitrate in small amounts (2.3 pounds of sodium nitrate per ton of ash) was found to
be very effective in maintaining a high reflectance (a quality check) on the treated ash for temperatures
above 400°C. Steam mixed, with the air-fluidizing stream has the effect of lowering the contaminant
level of the calcined ash.

The economic considerations of setting up operating conditions are not discussed in this paper. These
data, along with the necessary economic considerations, however, should be an aid in determining the
conditions for manufacture of many grades of high quality soda ash.
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B
ABSTRACT

~The problem as undertaken here at Montana State College was to
develop a process which could. remove trace organic matter from a com-
.mercially produced seda ash as well as generally maintain or improve
other quality features of this ash.

<

To accomplish thisy it was decided to use a fluid calciner using .a
gas=fired furnace as a heat source and .a compressed air system for the
fluidizing air stream. Analysis.of the calcined ash was .made at Green
River, Wyoming by the Intermountaln Chemical Company, producer of the
soda ash. The study, involyed treatment.of both light ash and sodium
carbonate monohydrate. Results of the study indicate that a process
which meets the objectlves 1s poessible,

It was found that the manner of removal of the contaminants in the
various types of ash spudled was that of mass transfer rather than that
of oxidation. -Therefore, the variables that -affect_mass transfer (tem-
perature, stagnant alr film, and treatment time) must be .considered in
determining conditions most favorable for removing the contaminants.
-The data indicate that for a given type of ash calcined under similar
conditions, an equilibrium level of contaminants is reached after.suf-=
ficient timey regardless of starting level of the ash.

In general, 1t was found that the organic contaminant level could
be reduced from 60 to 80 per.cent depending upon treatment conditions.
Further, it was found that the bulk density of the treated light ash
was increased some 15 per cent by the fluld treating.

Addition of sodium nitrate in small amounts (2.3 pounds of sodium
nitrate per ton of ash) was found to be very effective in maintaining
a high reflectance (a quality check) on the treated.ash for temperatures
above 400°C. Steam mixed with the air-fluldizing stream has the effect
of lowering the contaminant level of the calcined ash.,

- The economic considerations of setting up operating conditions are
not discussed in this paper. These data, along with the necessary
economic considerations, however, should be an aid in determining the
conditions for manufacture of many grades of high quality soda ash.
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I,‘ A Brief History.of Séda.Ash

Soda ash 1s the commoén name .for teéhnibal grédes,of sodium car-
bonate .(NasC0s). Prepafatidn,and_uses of soda.ash inroﬂe,or-another
of its'Several_forms were well known in earlﬁ(historic times.f-This
compound is ene 6f'the few:cﬁrfently impbrtant chemicals which has
beenlknqwn,and usedAfOr thisllengthfof time. 'Erom.thé time béfore
Ch}ist to the end of the l8th century soda ash was mad¢ from depoesits
of glkaline lakes of tﬂe arid'regigns of Egypt and A?menia and from
thefashe§ of plaﬁtse.-Thé.product,wasﬂaAvery impurg mixture of sodium
and potaSsiumicafbonafes. |

At that.time, séda was decidedly fhe less importgnt and. the more -
expensiye .of the two alkalies. ‘Potash was rveadily obtained by leach-
iné WQQd.aShéS which. were availaﬁle,nearly‘evérywheré. Alkali richer’
in soda was prepared from the ‘ashes .of certain seashore plants. -The
product of the North African lakes contained principally. carbonate .of
soda. - Soda was not practically distinguished from pbtash unfilusome
decades prior to Leblancls achievement, and -.all alkalles were mixtures
of relatively low quality¢ The best grades from thepashes of seashore
plants, such as Spanish Barillla, contained an alkali equivalent of about
30% .sodium carbonate and had nearly 3% insoluble material. The pro-
duct .of the desert lake beds seldom-exceeded~a sodium earbonaté .con=
tent .of 45%. ‘

Nicolas Leﬁlanc (1742~1806) was the first to succeed in changing

common salt to soda ash with sodium sulfate as an intermediate product.
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The first commercial soda works employing this new source of soda ash
was -bullt in France in 1791. - By 1810, the production of Leblanc soda
ash was sufficient for the national requirements so importation of
foreign alkali was prohibited. Commercial production in England Started
~1n 1823 but the Leblanc process was never used commercially in America.
Thus, in a very short time, an entirely new source .of alkali had
been developed -and the primitive or crude methods which had been used
_for some 1800 years. were replaced by this revolutionary process. This
not.enly made soda ash chéaper than potash but also of a quality far .
surpassing.hithertoﬂknown.alkalies and ﬁuch_more readily available from
abundant common salt. This product, Leblanc soda ash, .contained 96,5%'
sodium carbonate, about 1% insoluble material, and the remainder about
equal parté of sodium chloride and sodium sulfate.

-In these few short years great progress had been made but this
process had several undesirable polnts. -High consumption of fuel and
labor, .undesirable .by-products, and disagreeable waste materials were
characteristles of the Leblanc process. If this precess did nothing
else, 1t did encourage the search for simpler methods. It was not until
1863, however, that the convérsion of common salt into .the carbonate by
a process using lower temperatures than those wused by Leblanc‘and With~
.out intermediate formation of sulfate was smccessfully achieved. In
that year, Ernest and Alfred Solvay erected thelr first soda ash worké
in Couillet, Belgium for the manufacture of soda ash through their

ammonia soda process,
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In about 1915 the Leblanc process completely succumbed to'the
.ammonia. soda proceés and 1n its.last years was sustalned .only by its
by-product, hydrochleric .acid, which was used as a source for chlorine
gas during the .early part. of the .first World War.

The ammonia soda process'was successfully Introduced into England
in 1874 and in the United States the first ammonia‘soda ash plant was
erected near Syracuse, New York in 1881.

| In more recent times, deposits of -a naturally occuring mineral,

trona, have .been found in the. United States. : Trona i1s an impure form
of the chemical sodium sesquicarbonate (NasCOs - NaHCOs - 2Hz0). One
of the major deposlts of iInterest 1s an extensive deposit near Green
River, Wyoming which was discoveréd in the search fqr 01l in that area.
The trona bed extends over seyeral square mlles and is located approki-
.mately 1500 feet below the surface between two layers of o0il shale,
This deposit 1s currently being mined .and converted to high grade soda
ash by the Westvaco Chemical Company, and this report involves certain

sstudies made with this ash.

II Manufacture of Westvaco Ash
Because df the type of raw materlal .avallable in the production
of Westvaco Soda Ash, the process is quite simple consildering the pﬁrity
of the final product. To 1llustrate thils manufacturing scheme, Figure 1
(see appendix) is presented .showing the basic elements in the process,
The mining is done in a modern manner making full use of belt con-

veyors, mechanical loaders, drillers, etc. Because of the structural
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strength of the .oyerburden, almoest no timbering is required, After.the
ore. is removed from the trona bedy 1t 1is conveyed to.a central.oere
shaft where 1t is taken to the surface in a skip hoist and placed in ore’
storage. From herey the ore i1s put through a screening and crushing
_operation and charged to the. dissolyer. At'this.pointé,all‘of the sol-
uble ﬁaterial_is taken into solution with hot water. .The resulting
slurry from the dissolver is then chafged,to the clarifier where.most:of
the insqluble matter 1s removed.as a heavy.sludge. Liquqr‘irqm.the,tOp
of this clarifier is sent to a surge .tank, theén to a filter.operation
“for the rémovaliof the residual solids, and -then .to a storage tank.
From the .storage. tank, the feed liquor is.Charged\to a crystallizer
where water is removed -and .sodium sésquicarbonate crystals are.formed;‘

Particlefsize;is influenced by. the addition -of D-U40, a synthetic deter=

SO=zNa
-gent 7
/ [¢] ’C )C ’C '
N w e € g ol =.¢ ~.C =.c , and carefully measured amounts

are added to obtain the désired particle size frdmﬂthe-crystallizer.
- Following the.cr&stallization, phe sesquicarbonate and‘liQuor are seﬁi
arated by.settling and by a2 centrifugal separator. The solids frem this
operation are fed to a steam heated.céloiner and. the 1iqy@r;is,recycled
.to'the|dissolver” .In the calc¢iner the charge is dried .and conyerted
_into. soda..agh: The reactlon here can be given.by the-eqpatiQnJ

-2 [Na'Q'CO3 .+ NaHCO5- ‘-2H2(ﬂ-‘> 3NagCOz + 5Hz0 + CO2: |
The discharge.from the.éalciner is .at autemﬁerature.of 240°c. From

here, the soda ash is cooled by water jacketed conveyors and sent to
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product storage as light .ash or to retreatment. in the production -of dense

ash.

I1T Pfoperties of Westvaco 3oda- Ash
Tabie‘l (see appen@ix) giyes.a.summary of séme of the basic chemical
and .physical data on grade 100 light .ash as published by the Westyaco-

~Chlor-Alkall Divisionuéf‘the Westvaco‘chemical Company.

Iv Use;.of Soda Ash
Soda.ash 1is one-of the most important chemicals and tﬁe-most widely.
used,fixed.alkalilin'the.manufacture of other .alkali pfbductsy.sodium
.salt;, glass s :g0ap,.pulp and paper,. iron andmsteei,_aluminum;.cleaning"
compounds , wa.tef softening compounds, textiles, drugs, ¢lay and brick,

beet sugar, and many. others. -Figure 2 (se¢ .appendix).shows the distrib-

tlon of use of soda ash for the year 1950. -Total_éonsumption in 1950

was almost 4.3 million tons of soda .ash,

V Purpose’.of the Project

As menfioned abéve‘; the ;crona deposit _"us,e‘d_ in t_he manufacture of
“Westvaco Ash" iz -located between two layers of oil-bearing shale, Be—
cause of its proximity to the shale, the trona .contains small amounts
of .organic material. Sdme,of thése.matefials are Wéter so;uble andj
because of the method Qf.mahufécturé of soda ash, find their way into
the final product. -The éhemical-qugen_demand¢(COD); iﬁdicative of
organic- contenty will run from 300 to 500 ppm for a typical ash made in

the manner déscrihed-earlier in'thisirepqrt. - For many of-Wéstvaco's
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; cugtomers, this trace .of organic material is objeetionable. In addi~
tion, . .the feoaming charécteristics of Westvaco Ash was in some -cases
found oebjecticnable. For this reasqnzthe project was undertaken here
.at Montana Stape College to devise a method. of reducing the .organic
contént .of the ash andy in general, improve the- quality of the .ash.

.. To.aceomplish the reduction .of the organic materiai, it was de~
.cided to.calcine :soda .ash in a fluldized state and.study the effécts of
résidencé fime, temperature, bed density, and starting material. In
addition to thé effects of these varlables on reduction of organic.con=
-tent, a .study was also made .to.determine the effects of these variables
.on other physical .and chemlcal characteristics .of .soda ash. These
.characteristics .are:

. COD (an indication -of organi¢,cohtent)
-Bulk density

Iron content

-Foam height

. 'D-40 content
Ash reflectance..

OV N

As the project progresse@;fSeveral,different types of soda ash were
charged to the fluld calciner. -Thesgrcan be divided into .threée major
,groups;,l),sodium carbonate (grade 100 .1ight ash), 2),sodium carbenate
.monohydrate, .and 3) sodium carbonate monohydrate with trace amounts of

sodium nitrate added to the .carhonate.

VI Equipment Used in the Project
As-originally,concéivéd,.the fluid calciner was to use a natural

gas heat soyrce and the products of qombustion.asithe fluidizing medium.

In the event that the process .developed into a practical situation, the
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choice of natural gas for heating was legical since it i1s .an abundant and
cheap heat source in.the Wyoming grea. The first caleiner was construct-
ed with this in mind. Because the.products ¢f combustion were to be used
as the fluidizing medium, it was necessary to construct a furnace that -
could opérate under a small positive pressure. Figure 3 (see appendix)
shows the flow diagram of the first caleining unit. The furnace .was
built of firebrick inside.a steel framework and supplled with. compressed
-alr and natural gas. A gas duct frem the furnace to the reactor

carried the combustion gases and plcked up the fresh charge .of soda ash.
THils charge -was regulated by use of a gate valve. -The combustlon gases
and charge entered the bottom of the reactor where the fluld bed was
held., As fresh charge -entered the bettom of the reactor, some . of the
fluidized bed was forced to spill over into the discharge tube along

with the fluldizing medium. -The hot gases separated from the bulk.of

the ash in the dust eliminator and were then .vented to an off-gas stack
through a cyclpnéy A water coQler was plaeced.around the discharge tube
to cool the exit calcined-ash. The furnace that was consftructed was
cublcal in shape, about 20.inches on a .side. A hole was placed.on the
top to permlt lighting.of the burner and was fitted with a high tempera=-
ture .ceramic plug to provide a pressure seal, Both the heat duct.and
charge tube were l~inch standard black lron pipe. -The reactor was fab-
.ricated from type 316 stainless steel .and was conical in shape. -Its
overall height was 36 inches arid measured 1 inch at the hottom or entry

point. Across the top, it measured 6 inches and at the discharge point,
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2 feet from the bottom, the diameter was almost 4 .inches. The discharge
tube sloped down 45° from the horizontal and emptied into the dust elimi-
nator. -This latter unit, the dust -eliminator, was a pyramid 1 foot
square at the top and.tapered,down to fit a 2-inch discharge pipe at.the
bottom. From the top of the dust eliminator, lsl/Zﬁinch.pipe was used
to vent the offwgas into the cy¢lone, A 6-inch steel pibe was used as
the outer shell.of the cyclone and the riser inside the .cyclone was,
again, a 1-1/2-inch pipe. Wherever possible, the unlt was covered with
a l-=inch thiekness of magnesia mud insulation, After several test opera-
tiens, it was declded to alter the system because of difficulty in
-maintaining the necessary pressure, and because .of operatignal hazard,

It was decided to run steel pipeés through the furnace and heat
compressed air. -This hot ceompressed air was used as the fluidizing
medium rather. than the combustion products from the furnace, Other than
this change, the flow was the same as before. The .calculatlions indicated
that the rather small quantities of air required for fluidizing would
have to. be in the neighborhood.of 2000°C in order to maintain a 1000~
gram bed of ash at 400°C., Since it was impossible to preheat the air
to this temperature, additional heat was obtained by bmilding a jacket
around the .reactor through which the het combustion gases could bevpasséd
before venting.

To facllitate repairs to the unit, whlch were .eccasioenally neces—
sary, the magnesia was eyventually replaced by a 3-inch layer of rock

wool batting which could be removed and applied with much less difficulty.
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‘The rock wool was in turn wrapped with.sheets-df aluminum foil to mini-
.mize heat logs by radiation. . This combination provided effective in-
sulation and temperatures in the région -of 560°C could be .attained with-
in the bed.

-Further troubles showed up 1in the-fiow patterny however, as frequent
clogging occurred at the point where the fresh charge entered the hot
fluidlzing gas stream. This often caused shutdown of the unit to clear
this obstruction, A fyrthér change in flow pattern had to be made to
to ayoild this point of fréquent clogging, -The .fresh charge was . added
directly to the top surface of the fluld bed and a much smoother opera=
tion resulted.

One additional difficulty. came as a resuylt.of tube failure in the
Turnace. To correct this point;.stalnless steel pipes were used in the
furnace. This was found to be very éffective as only. pné réplacement
of the stainless steel plpes was required in two years of service., One
further. change waé,made on the uwnit and this was done Pbecause the air
compressor in the .laboratory did not have sufficient capacity te supply
the requireﬁents af both the fluid bed and the natural gas burner. A
Spencer four~stage blower was used .as.an air supply for .thé burner., The
.capacgity of this blower was 12 CFM.at 35 ounces.

-Figure 4 (see appendix) shows the flow pattern of the calcining
unit as it finally developed. .The soda ash flow through the unit is
quite simple. -Frem the hopper labeled 'charge' in Figure 4 it is dropped

by gravity onto the surface .of thé& fluidized bed. Here, because.of the
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bed movement, the fresh charge is lmmediately. dragged downward .and mixed
throughout the bed., The product or .overflow from the reactor is dis—
charged into porcelain-lined buckets. - The flow of the f£fluidizing medium
through the unit starts at the furnace where it is heated to about 800
er 900°C. From the furnace, it entefs the bottom of the reactor where
it mixes with the bed. The hot combusfion gases exiting .from the furnace
after passing through the jacket surrounding the reactor are exhausted
to the stack. The exchanger, of course, serves a dual purpose, 1) it
makes use of what otherwise might go as waste heat, and 2) it cools the
combustion products from the fwyrnace and.allows the handling of a .much
cooler off-gas stream.

The dust eliminator was found to be sufficient and the cyclone was
seldom usedy.as the dust problem was not serious at this point: Regu-
. lation of theé rate at which new.ash was added to the ped was done by
use of a stendard glass stopcock. With this arrangement the feed.rate
could be varied from about 25 grams per minute to over 100 grams per
minute and by controlling the bed density at the proper level, a resi-~
dence or retention time .of from 1 to 35 minutes could be attained. - By
controlling the amount of gas and air fed to the furnace, the tempera=

ture -could beé controlled.

VII .Collection of Data
In general, three types of starting material hawe been uséd in this
study. - These have been mentioned abové but for review théy are, 1) light

ash, 2) monohydrate, and 3) monohydrate with added amounts of sodium
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nitrate. Althqugh procedure was similar for all types of materials cal-
-¢ined, the monohydrates required a predrying step before the actual eal=
.¢cining . was -carried.out.

The drying step. was effected in the~calciner at temperatures in the
range of 100 to 150°C. -Because the starting material is a monohydrate,
treatment at this temberature results in the discharge .of steam. Usually
the bed was fed at ratés of over 100 grams of the monohydrate per minute,
resulting .in the formation of about.l5 grams of steam per minute. For
this reason, the normal feeding mechanism .could not .be used .as the steam
discharge caused caking of the ¢old ash at the feed entramce. The ash
was poured by hand through the top of the reactor onto thé'surface of
the fluild bed at such a rate that the temperature could be maintained
-somewhere between the limits of 100 to 150°C. This process was carried
out until enough .of the dried monchydrate was collected to supply suf=
ficient feed for the required runs in the study and a necessary sample
for analysig. Thls same procedure was carried out on all of the .mono-
hydrates inyestigated in. this work,

-Temperature measurement was made by use of an iron-constantan
thermocouple in conjunction with .a potentiometer. The thermogcouple was
located in the center of the bed .along the vertical axls of the reéactor.
The surrounding thermowell -was a pilece of pyrex. glass tubing. A tempéra-
ture gradient of less than 2° from tep to bottom .of the reactor was nor-
mal under.operating conditions. Feeéd rates were détermined and kept

within limits by measuring the rate of discharge from the unit.
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The procedure for calcining dried monohydrate or light ash was the

same, A heat-up time .of about 90 minutes was required before any steady
state .conditions could be achieved. This heat=up period provided time
to get the furnace, combustion gases, gas ducts, and the reactor at high
eneugh temperature to insure that the £fluid bed could be maintained at
the desired temperature level. -Following the heating period, ash was fed
to the fluid bed and the air rate was adjusted.by a needle valye in order
to obtain a desired level of ash in .the bed. Next, the .feed rate was
regulated to give a predetermined retention time., Finally, the gas feed
to the.furnace was.adjusted to give the proper. temperature, -This adjust-—
ment was quite .critical and frequently required adjustment. With these
adjustments made,.a perlod of line-out followed in which steady. state
conditions were maintained within as narrow limits as possible. This
condition was maintained through .a périod of not less than the antici-
pated retention time prior to starting the run proper. At.the end. of
this period the run was continued wntil a sample of 800.to 1000 grams of
calcined ash was collected. At this time the run was completed. Opera=
ting . data was recorded every three minutes through .the peried in which
a .sample was being collected. These data consisted of:
. Elapsed time
Gross .welght of ash collected

Pressure drop .across the bed
Temperature within the fluid bed.

Fun -

By way of illustration, assume that it was desired to make a .run

at the following coenditions: :
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Temperature -~ 350°C

Retentlon time ~ 20 minutes

Bed weight —= 900 grams.
Knowing the désired bed welght and reténtion time allowed the calculation
of the proper feed rate. This was done by dividing the bed weight by
the reténtion time, giving a value of 45 grams of ash per minute. - Be-
.fore such-.a run was started, the reactor temperature was brought to a
little over 600°C. Figure 5 (see appendix) shows a typical heat-up curve
where the temperature ls that measured in the empty reactor. Ash was
then added to the bed to bring the weight wp to 900 grams. This was
accomplished by using a monometer to indicate the pressure drop across
the bed. This manometer was connécted te the .fluldizing .air stream at a
point just eutside fhe furnace. In this way the total pressure dif-
ferential was indicabted .on the .manometer and this, in turn, indicated
the appreximate. amount of agh present at any instant in the bed. - Table
II (see appendlx) shows values of corresponding bed welghts and meno-~
.meter readings. From Table -II it can be seen that the bed should be
ryn with a. manometer reading of ahkout 17 to.17.5 inchés of watér in
order te maintain a bed weight of 900 grams. To acgomplish this, the
proper air rate was selected .and the feed rate adjusted to he 45 grams
per minute, Once these adjustments were completed, the final -adjustment
on the furnace was made and the température brought to the desired leével.
-Following this step, continuous measurements and.adjustments. were made
throughout the run to maintain the desired operating conditions. Afteér
a sufficient period of steady state conditiony whieh in this example was

congidered te be.a minimum of 20 minutes, the run was continued.until .a
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.samplé of 800 to.1000 grams had been .collected, Operating data was re=
corded every three minutes. -Table IIT (see appendix).is a .copy of the
operating data as taken June 24, 1957 on a run similar to that just
described.
Once a sample was collected as 1llustrated in Taple III, it was
"stored in a‘pdlyethylene freezer bagy placed inside a sealed, hard plas—
tic container, and stgred prior to analysis. When a group of samples,csay
8 to 10 samples, had been collected, they.were packaged and mailed to
Green Rivery Wyeming,for analysis. |
As mentloned previously, the starting materials for the various
runs consisted essentlally. of monchydrates .and light ash. Table IV
(see¢ appendix) lists the manner in which thé source of the various
-starting materialé are referred to in .the tabulated data.
.In essencef“each starting.material was used to make a seriles.of runs
in which retention time and temperature were varied. -For light ash
.a serlies was also méde.in which the bed .density of the ash was varied.
All runs made with light -ash are designated simply by number. - Runs
made with Drum 1 (monohydrate) contain a prefix "M" before the number.
Runs made to .determine the effect of NaNOs additiong .are designated
- "MN~", One other brief study was .made te observe the .effects of steam
-in the fluidizing stream. These séries were accamplished by adding
water to the hot air (called steam series "S~"). .Table V.and VI (see
appendix) present the operating,data;and.analytical,data,collectedhfor

this. work. In addition, .some .cross-index tables are includéed to show
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the_ﬁarious,runs,made using similar retention times or similar‘temperae

turesy ete.

-VIIT -Analysis of Ash

The analyses .of the.ash were made at Grean,River, Wyoming by the
Intermountain Chemic¢al .Company. It was felt that.bééauSe.seme of these
tests were émpirical, it would be best if the analytiecal work were done by
,those,pépple-who were best tralned to perform fhe tests. In.this way; a
more consistent set.of data might be obtpinéd. In the appendix are copies
.0of the instruyctions for performing. some.of the various .analytical steps.

Three fests performed.on- the product of the fluld calciner are not
outlined in. these instructions. - These tests are standard,inuthe,analysis
of a soda ash sample but aré empirical., 'Determination 6f bulk. .density
is made by dropping .a charge .of ash from a spfingeloadedwsp;itwdish into
a vessel.of known welght and volume. The charge 1s placé&d .on the split
" metal dish and the vessel is placed in~p®sition‘beneafh the.charée. Upon .
triggering the mechanism, the twe halves of the-split.dish are pulled
quickly apart, .causing the charge .to. fall into the g¢ollecting vessel.
A.étraightfedge_is,used to smeoth the top.surféce of the ash and,scrape
) away the excess material. The vessel and ash .aré¢ then weighed and the
_results,aré.réported as bulk density. .

-Foam height, also an empirical test, is a measure of the foaming

characteristics of the ash, This determination is made through use .of
a 100=centimeter glass column ;nd.some proper tubing,near,the.bqttom.of

.the glasleQlumn. A charge of soda ash 1s placed in the vertical celumn
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and phosphoric -acid is run into the column through the tubing at the
bottom of the .column. .In'each_ﬁase the same -amount .of .a¢id is added at
the same rate .and the highest coelumn of foam is recorded as foam helght.

The third determination,. that of feflectance.or sodium tripolyphos=-
phate reflectance, 1s made by cpmparing the reflectance of light from a
white block (standard and accepted .as 100% reflectance) and a sample of -
finely ground .soda ash. .This:result is reported.as percent reflectance
elther from the soda ash or from sodium tripolyphosphate prepared from
the calcined ash.

The reflectance and foam helghts are indications of the chemical
.quality of the ash where high reflectance and low3§oam heights are the
most-desirable in a saleable product. A high buiﬁ'density is also
~ desirable.

'IX Analysis of Results |
Two distinct mechanisms -of removal of the organic material from the
ash seem feasible. Filrst, the material could be oxidized in the fluid bed
and removed .as.C0s .and Hz0. .This would be .a mechanism of chémical re-
action and, because of the low levels of organic matter in the ash and the
amount . of air needed. to fluldize the beq1,; simple assumption of first

order reaction would seem reasonable. In differential form a first order

reaction can be expressed by

- 4C.= bC (1)
o) :
or ~.dC = bde (2)

C




Cp e
or *-«5 . dC = b.f ae (3)
C ;e -
7o 'C &
or - 1n(C,/Cq).= be ()
where C 1is. the concentration of contaminants
T e.1s time

b .is a ¢onstant

‘From equation 4 it can be .seen that a plot of the log of the ratio
of the starting to the resulting concentration .of organiec material plotted
against time should give . a straight line of slope K. It might be remem-
bered that the reaction rate constant, K, 1ls a functien of témperature 50
- runs must be picked for this plot where temperature‘ié.not a varilable. h
‘Table -VIII (see appandix) is a summary,of calculations for this kinetic
plet.

- Table VIII pertains to light ash from Drum 1 containing_362 ppm, COD.
level as a.starting material., By using the ratio CODO/CODf » no need of
further conversion to concentration 1s neécessary since the ratio would be
the same in any other units.as it i1s in terms of COD level. Figures 6,

74 and 8 (see appendix) present the data of Table VIII as a plot\of
log(CODd/CODf) against time (retention time .of the ash within the bed).
‘With this type of plot 1t should be remembered that the functien
log(CODO/CODf) versus time goes through the origin. .It is quite clear
that very poor correlation can be found. under the mechanism of chemical
reaction concerning the light ash from Drum 1. -B;ckingva group of runs

made from Drum 3 and a temperature near 475°C, this same poor correlation
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.can be shown concerning chemlcal reaction.

Figure-9 (see appendix) shows the data of Table IX (kinetic data
for Drum 3 light ash) plotted. as log(CQDO/CODf§ versus time and here,
again, no correlation can be found for this data Wheré.tﬁe,mbchanism is
one of chemical reactiop. This same sort -of calculation-and plot could
be used to .show that a chemical reaction mechanism is not thé proper
mec¢hanism to correlate the removal .of organic material from the mono-
hydrate ash. Table'X'(see.appgndix),presents data similar to Tables
ZVIII .and IX; howevér4‘this table pertains to monohydrate With.sqme:addad
nitrate. | |

- Figure 10 (see appendix) ,shows a plot of the data presented in
Table X Where.log(COpo/CODf) is plotted against retention time, and
.again no linear correlation seems .indicated:

A second mechanism that. could account for the removél of .organic
.material from the soda ash is mass transfer, The.slmple mass transfer
equation is given'as

| N = Kla'(Pi - Py) (5)

where N is the rate of transfer
K, is the mass transfer coefficient
a 1s the area available for transfer of mass
P, -is the pressure of the organic material
~ .at. the interface of the transfer area
Py, is the pressure of the organic material
" in the bulk air stream.

Because -of the low. concentration of the organic material, .the pres-
sure of the organic materlal in the bulk .air.stream (Py) can be consider-

.ed zero. Using this assumption we get
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N.= Kja(Py) ' (5 b)
To. make use of this equation we must gét an 'estimate of,y how. Pi‘
-changes with temperature. This can be doné by making some simplifi-
cations .in the Clausius~Clapeyron equation
ap/dT .= AHP/RTE.' (6)
where P 1s yapor pressure
T 1s absolute temperature
A H is molar heat .of vaporization
R is the gas constant
On rearranging, we get
ap/P = (AB/R) aT/1°. {7)
On integration, we ge¥
P = (~AH/R) 1/T + C. (8)
At the normal bolling point (TB‘) the .vapor pressure .of a. li(liuicl

1s -one atmosphere, This is used to ev,_al_uéte the constant of integration

In (1) = 0= (=AH/R) 1/Tp +.C (9)
C.= AB/RT, - - (10)
therefore 1nP; = AH/RT + :AH/RTEB ©(11)

The exponential form of eq,};ati-on 11 1s
Py = (AHR/RTp ~ AH/RT) .= o AB/RTy ~@H/RT (12)
Singe the quantity AH/RTB_ is-a coenstant, -equatiéﬁ 12 can be rewritten
as
P, = Koo BHAT (13)

i A
where Ko g 'e"‘AH/ RT‘13

Using the relation of equation 13, equatign. 5b can be’ rewritten as

No= Kpakge” SWRT _ g ~mHRT (g
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The -quantity H 1s the heat of vaporization .of the organic. material.be=
"ing,transferred_froﬁ the soda .ash, While it .does vary with température,
this yvarlation 1s small in. the ﬁémperature range inyolved and so the
latent heat of vaporlzation will be considered .a constant here. .If the
log.of equation 5¢ is taken, an equation in .twe arbitrary,consfants
resulgs.

log N = log K3 .+ (~“AH/RT) log.e

or log N-=.log K5 + 0434 K'/T. (1)

.By use of a least squares,process these constants KzuanduKl can be
evaluated. S§ince Kz .has incorporated in it as a multiplying factor the
mass transfer coeffiéient.(Kl), provisieon must be mad¢ .for the removal

~.of the effect .of temperature and the degre¢ .of fluidity of the .bed.
| 9

Mass transfer coefficients as défined by Treybal are

K, = DAB/R:TZ | - (15)

wheré K, is the mass transfer coefficient
' D _.1s the diffusivity of component A
into component-B
R.is the universal gas .constant
‘T is the absolute température
Zy is a fictitious or effective. laminar
f£1lm thiekness whose résistance to
molecular diffusion l1s the same as
that offered to mass transfér by a
real laminar film,. buffér .zone, and
turbulent region, all combined.

Further, Treybal-stabes.thatidiffusiyity varies .with T?/E.
Using this sbatement (DAB,=o(T3/2) we could. rewrité equation .15.
s/ 2 4
Ky = LT 5/RTZ = ,.{'I'_/RZ‘G . .(16)

Writing two of. thés¢ equatbions each at .a. different.temperature and
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taking their ratio résults in ‘

(Ki)g,/(Ka)p_ = {T‘J%‘;:TZB'ZG °(§‘»T2J£'/RZG

Qn‘regrranging,and.6ancéling£equaj;on 17 resqlts‘
, - (K2)g, = YT/T2 (Ky)y Can
Eguation 17 gives a reélation bétween mass transfér coefficients for
different temperaturés, all.else being equal.

Just as femperature was psed.as an-operatingzvafiableiin.the cols
lection of datax 50 was bed density or bed weight. Since the same rew
-actlon ve5531 was uséd in,ail tﬁé runs ; bed density 1s directly propor~
I_tiphal to_tﬁe.beduweight;ltln thé.céllegtiQn of .data thé& beéd weight was
.meésuredmafter¢each(run and as'presentédnearligr,in:Tgble_114.the.bed
welght is a linear fundtion of the pressure drop across the bed. This

I.data is-illuétrated‘inuFigurenll (sée appemdi£) where the pressure -drep
.across the bed .is plotted.égainst»bed,Weight. In‘ordertto géb_a relation
between the mass -transfer coefficient and the variqus hed weighbs used
“in the yarious funsyza'sh@rt‘review_muét he madé.qf some work. done .by
Millikan5 and reported by Knudsen and~Katzjm - The: stagnant. boundary

layer about a particle deépending upon 1ts.shape .can he determined by the

equation
2
UZg /To¥ = K4 - (18)
. where . U iz the velocity of %the fluld stream

Zy 1s the thickness . of the stagnant layer
Yy is.a charactéristic measure.of the
" dimensien -of the particle
v. is the kinematic¢ ylscosity.of the
meéving fluid '
K4 is a constant depénding upon the shape
-of the particle,
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‘For the purposes here, ro,:vg;and K4 may be considered invariant

glving the relation
2 _
ZG - K5/U

where K5;encompasses K4ivrey,and v.

On rearranging this relation, .equation 20 was. obtained.

2 = K¢ VYi/e

(19)

(20)

One relation still remains to be discussed.and that is the .relation

betueen bed welght and velecity of the fluld through the bed, -Uhder

normal ¢onditlons a pressure drop versus velocity plot for a fluid bed

.situation such as thils.has the general properties that the préséufe.drop

across the bed rises with increasing veloclty te the point.of fluidi-

zation. At this point the trend reverses .and the pressure drop declines

as. the velocity.of the fluld medium is increased, -This .1s an inverse

relation .and .could b ¢&xpressed in the reglen where the fluid veéloeity

is at least sufficlent for fluldization of the .ash as
AP = K7/u.
;From Figure 11 (see appendix) ﬁe\have~the relation that
‘Bil_= Kg AP
Substituting this (22) into equation 21, .we obtain
Bil = Ko/u
Using equation 23 in equation 20, we can obtain
Zy = K0 VB
,Putting this (24) into equation 15, a .relation was .obtained

mass transfer coefficients and the bed weight at which this

(21)

(22)

(23)

(24)

between

transfer
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takes.placew

K11 = Dpp/RTK;oYBW (25)
A ratio . of two of these equatlons (25) at different bed weights will
result in the desired relation

(K1) gy, = 7/Bl/Biy (Kpy)gy - (26)
Combining this relation with the relation outlined in equation 17, a
correcting factor .can be obtained for any. run made in the soda ash
series .which will refer it to a reference condition. .This relation
would be |

K, = 7TaBi/TB; Ky3 (27)
Using this correctien factor for the effects .of temperature. as well as
bed weight, the fundamental mass transfer equation can now be written as

W= K YTBi/To, /T (28)
‘This form of the equation has a correctlon factor in it to reduce .the
effects of.any run to those at a reference .state. For this reason the
reference state will be considered as a temperature .of 410°C and a bed
weight of 900 grams. ‘These values were plcked primarily.as reference
because considerable data hayve been gathered at or near these corditions.
In a manner similar to finding équation 14 but with the correction for
bed weight and,tgmperature, we can obtain equation 29 by taking the log
of equation 28

log N = log. K + log YT Bio/T2Biy + 434 K1/T (29)

and on redefining some terms we can write

n =X + log -/T.leg/Tngl + k't (30)
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where Jog N
log K
sl K
1/T°K

Moo

n
k
xt
T

Table XI presents data pertaining to mass transfer at a retention.
time of 19 to 21 minutes. From these data a least squares analysis can
be made to find the best approximatlion for K and XK' in equation 29.
Equation 30 can be rewritten as

n-k-1log4/T,BWo/ToBi, k't = O (31)

and for the mefhod of least squares

5 (n=k-log /T:Bilo/ToBi; <k't)Z = R -(32)

Taking the partial differential of R with respect to k and k' and set-

ting each to zero the normal.equations are obtained for evaluating k

and k'. . )
OR/ Ik = 0 .= 2 S(n-k=log 7T, Bio/TaBi; ~k't) . o (33)
AR/ ok'= 0 = 2 S(nzk=+log 7T Biio/ToBN ~kit)t (34)

.Rearranging equation 33 gives

2 n=Ik= Slog ‘VTlBW;;TgBWl' =kt =0

3.23256 = 3k =.0.05803 = .0041988k! = 0. (33)
.Similarly, with equation 34 the following results |
Znt—Zkt~2§Jbg%EEEJEEﬁIngw2=I) (34 )
0.0045291 = .0, 0041988k -.0.000079745 = 0,0000058836k'= O
The solution of these twouequatlons_giVes the foliowing values

K
K

~299.3
17.6

‘To run an additional check on the calculatlons presented above, the

value of K! was used.and vdlues .of K were .calculated from raw data wlth
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“the ﬁse—o# the equation ' ‘ ‘
N = K'77T13W2/T23wl K1/T ' (28)
; Refeﬁring toweguatibnfl# it can be seen that 43H/R has been re-
placed by K. Howeyery this should not be.cansirued to meaﬁ_ that AH
can be approximated from K!' s;ﬁce N as usedvin'these.gquations.is the
ratequ COD ré&udtion rathef than the'mola} rate. .of organic removal.
kv 1s ?elated_to the ;ateJof QOD,reduction in the same manner as
A H/R_ié,related:tb thé,molér,transfer of‘orgamié,matter. -This,vaiue
of K! sﬁbuld be a constént through any one lot of ash and will beiconﬁ
-sidered constant for Drums 1, 2, and 3 of light. ash. K-is -only con=
- stant for a partiqular retention time. -Tgble XII presents Ks for runs

made at retention times of 19 ﬁbval minutés.éalqﬁlated_from”the raw

. data using a valué of "K' as caléulated.above..fTwo additional runs not

-.used»ﬂOr,the least'sqqares calpulation'have béén introduced. for a check -

and _show reasonable agreement. Tables inI,:XIV;:andJXV present mass
transfér dafa fbr runs made at various reﬁention timés. Againy the
adjusted Ks for runs of siﬁilar rétentiqn timéugemain'qﬁifé gbnstant:

‘ .- In;Figure.lZ these data are ' plotted Whgre.K is shouwn as a function.
of Tetention time. =This-curve 1ﬁdicapes fhat'a:meghanigm;is_one of mass
tfansﬁér.; Reférring;to iable.XVL'(Run‘BZ)% an adjusted value..of K,of-
17.7 wés~obtained.at-a reftention fime.of i9.5,minutes.when No was used
.as the flﬁidizing medium instead of air. .This walue is indicated by

(N) ,on Figure lZ,ahd falls .very close to the curve, .This. is further

support that the mechanism is one of mass transfer rather'than.oxidation.
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- Table XVII presents mass transfer data for several runs made at -tempera=
tufes,below_400°c. In each case the adjusted values of K are consider-
ably Lower than those iﬁdicated.by,the‘curveuéf Figure 12 which was
-plotted from the data of runs .all of which were madé at temperatures
above 400°C. This jindicates that the temperature¢relationship7ﬁf;7§;
_as used in eguation 28 1s not valld. for temperétﬁres belbw 4oo°c.

-The data presented_thus,f?r have been for runs made dith a light
-ash having an initial COD value. of 362 ppm. Table XVIII presents mass
transfer- data for runs made with a Light ash having an initial COD value
.of 483 ppm. .These data are plotted in Figure 13. Although a similar
" correlation results the mass transfer coefficients;mncrgaSe with in-
~creased .COD level,

-Table XIX gresents.mass-transfer data on runs made with .ash having
a starting .COD level .of 317 ﬁpm. ‘The adjusted Ks are all lower at a
given retention time ‘than those for correspending runs of higher-COD
level. Runs .38, 39, and 40 in this group were all made with low bed
weight (below 500 .gms): and the .resulting Ks for these .three runs when
plotted -against retention time show“tgiﬁgxng?éd,correlation, although
the curve does not fit the value for K obtained from Run 43 which was
made at a bed.weight of.1060 gms. If Run 43 1s .considered along wilth
Runs 45, 46, and 47 from the Nitrogen series (Table XVI) which were made
with the same starting ash and bed welights between 900 and 1200 grams,
a correlatioh is indicated for this group. ‘Adjusted Ks for this group

of four runs.are also .plotted in Flgure 13. .If this .curyve is valid, it




| I JRNES, | Sy A, Y——

=30
acts as additional support for the mass transfer mechanism. The fact
- that two distinct curves were plotted for this ash would indicate that
the bed weight relationship~1§ﬁ£7§ﬁ; as used.in equation 28 is not valid
for bed weights below 500 or 600 grams. Above 600 grams the relationship
seems to hold. -The K for Run 42 plots below either of the twyo curves men-.
tioned .because .of the invalid temperature .relationship.

-Once again it should. be pointed out that while reference is made
throughout this paper to bed weight as -one .of the variables, a more
universal term might be .bed denslty or as appears in some literature,
bed deficiency. Only.because the reactor volume remains constant for
all.runs, can comparison be made on the basis of bed weight. - The volume
.of the fluid bed used to make the rurns appearing in this study was 0.077
cubic feet. A 900-gm bed would then correspond to a bed density. of 25.8
pounds per cubic foot. - Figure 14 shows the.relatioﬁship between bed
welght -and bed density.

Referring again to Figure 13, if Ks are picked from this curve at
retention times of 55 T4 8j 10, .and 20 minutes for each of the three
light -ash samples studied, final COD levels can be .calculated from théSe
values. ‘Thesé-daﬁa are presented in Eiguré-l5. ‘This figure indlcates
that for a given temperature and bed weighty,quilibrium_is reached
.after sufficient retention time at the same COD level regardless of the
starting.COD level. For light ash with COD values in the range of 300

to 500 ppm? 10 minutes seems to be sufficient for reaching equilibrium,
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Until now the ash consildered in t@is report haé.been‘grade4100

.1light soda ash with various,starting,leve;s of organic material. As
:mentioned earlier, another type of ash was treated in-this study. This
was,mpnohydrate with.controlled.amounts.of sodium nitrate :added. Al-.
.though the‘investigation on monohydrate was more limited in scope and
-was -concerned primarily with retaining high.reflectancég,anﬂattempf was
_made with.the limited data available to show that mass transfer was
again the controlling mechanism, All.of these monohydrates have -a much
higher-CﬁD starting level than the light ash used in this investigation.
-and-also had.a different crystalline form. .Because of these differences
.equations 33 and 34 were again used to calculate new values of K and- K!
by fthe least-squares process. .Again, standard conditions for tempera=
ture and bed weight wére'set at 410°C .and 900 grams, respectively.
~ Table XX presents the data used for these:.calculations..

C4,91242 ~ 3k = 06521 .~ 0041172k = O (33)
0067337 = .Q04L1T72k ~ .000086328 ~ .0000056973k! = 0 (34)

a5
.The solution of the above equations gives results.of

Kl
X .

—-2H3
57.6

Again, using the abové yalue for Ky Ks were calculated for .several
runs made with.moq%hydrates which had no .added nitrate. These values
appedr in-Table Xél.and.are plotted as -a function of retention time in
"Figure 16.- Although the -data are Jlimited and coyver a vVery . narrow.range
.of re@ention times, the same tendencies and types of curves result. .Ks

decrease with inecreased retention time and. inerease with increased cop-
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.centration of organic material. -The indication is that equilibrium is
reached.at a highér COD level than with light ash for the -same proces-
-8ing .condifions.

‘From the shape of the curves and the fact that mass transfer co~
efficients are :a funection of theAstarting.leVEl.of‘Qrganic_material@
gome. speculation can be made as. to the~diétributidniof this organic
.material w;thin‘the soda.ash crystal. If the.contaminant were 6n the
-outer surface only; mass tramsfer.coefficleénts would remain relativeiy
}oonstant to a point of depletion. - This.does not appear to .be the case
since no evidence of a constant region was found in these coefficients.
For light ash the COD leyel decreaséd at progréssively slower rates from
0 to.10 minutes, at which time;eqpilibrium‘was reached. If the con=
taminant were distributed through the particle, the rate of diffusion
through the pores of -the crystal-would‘contfol the-rate of depletion.
-Concentration would.also.affect this rate and_results,similafAto those
obtalned in,this study would be.expected. An equilibrium levél would

.also be -éxpected. -Further evlidence is.obtained by observing Runs MN=34

.and,MN-35 which were madée using a starting material that hady in one casem

all the material above 20 mesh removed and in the second case, -all.of
the material :above 28 mesh rembyéd. The screening alone did not affect
the COD level which‘ﬁight be\expected‘;f the .contamination were prim-
-érily_On the surface. - By. ¢omparing these runs with ans:MNeH, =13, =14,
landusli,_it_d;d affect the réte.of removal and the final (equilibrium)

.COD level which is what would be expected if the contgminant had to
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-diffuse to the surface from within the particle.
-In the study involving light ash no marked .effect.on the reflectance

-of the ash was indicated, With the monohydrate, however, the asﬁ re~
flectance was .seriously lowered by the calcining treatment. In an
attempt to retain high ash reflectance, .a study was made to determine

the effect of-adding,Small-quantities of sodlum nitrate.-to the hydrating
liquor. from which the monohydrate was made. Four batches .of monohydrate
weré prepared contalning controlled amounts of sodium.nitfate varying
from 0.0 to 9.95 pounds per ton .of ash. The data from runs made with
this ash appear in Table.V. These runs . are labeled with the prefix TMN!
in this table. Figure 17 presents a plot of ash reflectance .versus
temperature with paramefers of pounds of NaNOs per ton .of ash. From this
 Figure two major facts stand out. First, without addition of nitrate

the .reflectance falls .off with increasing calcining temperature. Second,
the addition of nitrate does have.a beneficial effect toward retaining
high reflectance levels when fhe‘calcining temperature is abeve -400°C.
Additions of nitrate above the 2.3 pounds per ton .level does not have

an appreciable effect. Table.V also.includes data on the reflectance

.of sodium tripolyphosphate (STPP) made from the ash. In order for the
chemical -quality of the soda ash to he acceptable, the reflectance .of
STPP made from the ash sheuld be 93 per cent or higher. Although high
temperature treatment of the ash before making phosphate. improves the
STPP reflectance, it requires higher temperatures without NaNOs to attain

the -desired value. - High temperature .calcination of soda ash in com-
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-binatlon with small amounts of sodium nitrate produces.an ash which,
under all conditions studied; will produce an ash which can be .used
-"as 1s" for making acceptable sodium tripolyphosphate.

-Sodium nitrate also séems'to haye had .some effect on lowering the
final -€OD level. - Table XXII presents déta from seyeral similar. runs
with -and without .added nitrate. During the.calecining -of the ash with
added nitrate, nitrites are ermed which-shoulq_ihqrease the CODJQélue
obtained upon analyzing the product, . However, eyen though absolute COD
.values are therefore misleading, 1t appears as though there is a slight
lowering pf.the~final-COD.leyel,attributed,to organic oontgminants,

In Table V, bulkudénsity was reportédﬁonly,on.thé:light,ash—and not
on the monohydrate ash. As mentioned before and presented in T;ﬁle,VIIy
there was no significant.change. in partiele sizZe qistribution4between the
tregted.and untreated ash; héweyery,there was .an effect upon the bulk
density.of the ash when treated in the fluid,staté. -In Figure 18 the
results .of spmé_runs\are,plotted with temperature as the parameter,
showing .that -at any temperature the bulk density increases with resi-
-dence time -and.at constant residénce timey higher .density resuits from
higher temperature,

JNo.Qorrelatidn befween the .operating variables and foam height
.could:be found;,howeyer,,it.shquld~he noted that a;significént-decreaSe
in the foam height resulted from.the fluid,c§lc1nation. In the‘casevqf
the.ash frem Drum 2, .a reduction in foam height as much as 75 per cent

-of the original -was noted.
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. .Discussion and Summary
As the program was .set upy the object was to décrease the organic
:contenty. Increase the.bulk”deugitymjlowér the foam height,.an@:maintain.

-or improeve thé.reflectande,qf the ash .and sodium tripolyphosphate made

.from the ash, - Fluid cal¢ination -of soda\ash.will.do-eaéh-oflthese things

,andhoperation of the process is contlnuous.

- Analysis of the mesults.in@icape that reﬁ@Val.Qf-Qrganiés;is.a
matter primarily of mass tranéfer and the varilables that affect mags
transfer-(témpérature, bed welight , .and retention ﬁime) must be congid~
-ered. Eo; a,giVén type.of ash calcined at se¢t temperature and bed
.densityy an.equilibrium level is réachediﬁafter suifi@ienﬂ.timgi which |
i1s Independent of the~starting:;evelhluEigurer15.illustrates this peint.

Extend;ng.these-datada_;ittle_ﬂarther fér.light ashy coefficients
takén from Flgure 12 permit‘pgr cent COD reductiqp to“be_calcu%ated .
for;a_variety.df.oéerating,conditiqns.wi$h‘ths ald of équatidn 28, This
Information 1s presented in the followlng figures:

‘Figure 19 Percent COD.Reduction vs-Retention Time . (T.= 410°C) -

- Flgure 20 Percent COD Rédugtilon vs.Retenbtlon Time (BW. = 900 gms)

. Figure 21 - Percent COD Reduction vs.Temperature ,
(Retention Time .= 20 mirutes)

iFigure 22 Percent  COD Reduction ws.Temperature (BW,= 900 gms)
Figure.23 .Percent COD Reduction vs Bed Welght - (T 410°¢)

:Figure 24 Percen} COD Reduction.vs-Bed -Welght
(Retention Time = 20 minutes)
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Figures 19 and-20 again bring out the point that for a glven
temperature and béd‘weight there 1s a practical limlt to the removal
of any further organic material, - The eﬁfect of bed weight and tempers-
ture can also be obseryed, Figures 21 .and 22 give a somewhat clearer
plcture of the effect.of tgmperature.on the organic ramovgl and lilke=
wilse Figures 23 and 24 are aimed at shewing more clearly the effect
of bed weight.

From these figures, then,. three general facts can be .summarized.

1. Little 1s gained by increasing retention time above 10 minutes.

2. A decrease in bed welght (fluid bed density) brings about a-
marked reductlon in COD level.

3. Only aﬁput 6 to 8 per cent additional reduction in COD leyel

is realized by increasing the temperature from 400 to 500°C.
Although these data were presented for the light ash with .a starting
CODP 1evellof 362 ppm, similar curves would result for the other light
ash stoek and final COD levels could be estimated from this data for
light -ash of varying initial COD level.

A further word might be saild about bed.wéight. Since the lower
bed densitiles involye higher rates of fluidizing air through the unit,
the more efficient remeval that results might be attributed to the air
film effect around the particle. Less resistance will permit greater
removal. -This increased remoyal with decreased fluid bed densities
brings up one .further. consideration. Depending upen the economics. of

providing the additional .air-and additional heat and .depending upon
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-what 1s .consldered as.a satisfactery maximum COD levely.cohsideration
might be given to decreasing the bed welghts while at the same time de-
.eréasing retentlon .timg in order to keep wup the throughput. The follow=

ing data, although .sparse, lliustrate what might be done.

‘Run  RT Temp . BW Throughput COD,  CODg
min °G . gms/min

36 W77 413 650 . 138 3_62 158
bo - 2.4 ko9 264 110 317 - 183
18 11.5 RNNE 802 §2.5 362 158

If the additional throughput of similar quality product can offset
the added .operating c@st;,this type of approach must alsc be .considered.

- Concerning the reflédtancé of thé treated monohydrate, the addition
of NaNOs in amounts above 2.3 peunds per ten of ash holds the reflectance
at high level (90% reflectance, .or better) in the température range above
400°C. The same 1s true‘ef the 3TPP reflectance. Agalny conslderatiorn
might be given to using low fluld bed densitles in -conjunction with low
. retention times. Referring to Run M=7 in Table V, 1t will be noted
that a low bed density In conjunction with a low retention time resulted
in removal.of organic material comparable to some of the 5etter runs

/H;ithout lowering the ash reflectance, - This was atcomplished without
.the use of_sédium nltrate as an addition. .The STPP refleetance; how=~
-ever, .was not improved. High STPP refleetange.ié apparently more de-
Peﬁdent on high temperature,

In the .course of this work a group of runs.wids made in which waﬁer
-vapor -was introduced with the air fluldizing stream. -Runs of comparableé

nature were picked from Table V .and presented in Table XXIII. ' From thils
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.collection of data it can .be seen that for light ash not-a great deal

.1s gained inasfar as th& resulting. COD level is -concerned by the additien

of steam to the fluidizing stream. In the case of the predried mone=
hydrate runs, however, a .significant reduction In resulting COD level

can be .noted. .Concerning .any of the .other physical measureménts made

~on the ash samples; the .additien of steam made no differéncé,

Fluid,calgining affécts the bulk density favorably. As shown in
Figure 18, resulting bulk density is a function -of both temperature and
retention time.

It is beyond .the scope of this study to go into-.the economics of
a -commercial operation. However,.along with the necegsary cost‘data,
product specifications, heat transfer data, etc.; the correlations devel=
oped in this repqert should help in setting up the most favorable condi-
tlons for a fluld calcination unit to treat and improve the ‘quality

of a similar ash.
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TABLE I PRODUCT QUALITY AND' SPECIFICATIONS

--Typical Analysis .Typilcal -Screen Analysis
. i} ) - '.
Nag0, % 58.44 ‘Through 14 mesh, %
-NasCO=, % 1 99.88 Through 16 mesh, %

- Through 20 meshj %
- Through 30 mesh, %

NaCl, % 0.02 Through 40 meshy .%
Through 100 mesh, %
NasSO04, % .0.02 ' , Through 200 mesh,.%
~F5203, ppm 8
Speqificapions

Nag0, %.(as total alkali) 58.0 min.

NazCO0s, % .99.2 min,
NaCly % ' , 0.2 max.
- Feo0%, ppm 30 max.

Water insoluble, .% .0.05 max,
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TABLE II CORRESPONDING BED WEIGHTS AND MANOMETER READINGS

Pressure
(inches of water)

n

T
11
13.5
17.5
18

. . Bed Welght

(grams )
107
264
472
570
905
980




TABLE IIT OPERATING DATA TAKEN June 24, 1957

~Time . Temperature . Amolint , .Pressure
Elapsed °c Collected Drop Across
- (min) , L __ lgrams) Bed (inches H20)
0 . Bk 0 .18
3 340 ...130 17
6 340 270 17
9 543 415 17
12 341 550 : 18
15 357 125 17
18 342 ' 8#5 17.5

Source - Drum 1 Light Ash
Bed Weight -~ 940 grams
.Feed Rate.- 45,9 grams/min.

Retention Time - 20.

Average Temperature

5 min.

- 341°C,

" PABLE IV STARTING MATERIALS

Light Ash Drum 1
' Drum 2

‘Drum 3
Monohydrate Drum 1 -(mono)

9.95# NalNOs/ton of Ash '
5.5 # NaNOs/ton -of Ash
- 2.3 # NaNOs/ton of Ash
0.0 # NaNOs/ton of Ash

Chamber Product
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TABLE V ANALYTICAL AND OPERATING .DATA
‘Run  Reten. Ave. Bed Wt. Fluid AP Remarks Source Bulk Den. Fe Foam D=-40 COD Ash STPP NaC1l
‘No. Time Temp. (grams) Medium . Bed ’ #/£t3 ppm  Height ppm ppm Refl. Refl. (%)
(min) (°C) , _(em)

Drum 1 == - — _— — - Drum 1 50.0 L 48+ 69 362 97
13 37 439 903 . A 10 " 54,3 10 22 12 117 88
i 16.2 439 893 A 16.5 " 53.7 9 .22 16 130 91
15 .19.9 43 910 A 16 " 53.9 8 3U 26 120 88
16 10.8 450 935 A 16.5 Broken " -— - - -— w—— e

See 34 :
.17 29.1 H11 40 A 16 " 52.1 8 13 ‘19 2z 90

.18 .6 Hi1 802 A 16 t 51.4 9 21 15- .150 92
19 19.7 412 8657 A 16 E 52.5 9 18 16 139 92
20 11.5 411 950 A 17 L 51.6 9 21 17 158 95
21 31.2 U478 765 A 16.5 " 53.7 10 23, 21 118 89
22 15.2 475 850 A 17 Broken " 53.5 - —— - 127 -
.23 20.5 72 830 A 15.5 " 53.9 17 28 14 108 91
2u 11,1 478 865 A 16 " 53.7 8 25 25 127 92
25  28.5 513 720 ‘A 15 i 56.9 9 30 15 100 90
26 .16.0 513 825 A 17 " 54,8 8 2u 14 105 92
27 -19.6 514 855 A 17 ! 55.3 9 2l 3 122 89

- 28 22,1 332 900 A 16  Broken; See 33 " —— - —— _ _— c—

- 29 12.1 503 690 A 13 - ‘ " 54.6 12 31 I 116 80
30 19.1 556 690 A 15 " 58.0 12 - 4 100 80
31 22.3 333 1080 N 21 i 51.0 11 48+ 41 305 92
32 19.5 510 1084 N 19 " 55.2 10 2L 26 132 80
33 20.5 341 940 A 17.5 " 50.7 12 28 3 - 237 90
34 11.6 443 945 A 16.5 - i 52.9 8 32 9 34 92
35 4,78 349 875 A 15 n 50.3 10 23 30 267 90
36 L.72 413 650 A 12 " 49.9 12 2U 9 158 89
37 8.39 413 965 A 17 " 50.0 6 30 8 159 89
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TABLE V ANALYTICAL AND OPERATING DATA (continued)

Run Reten. Ave. .Bed Wt. Fluid AP Remarks Source Bulk Den. Fe Foam “D-U40 COD Ash STPP NaC1l
‘No,  Time Temp. - (grams) Medium .Bed #/£t3 ppm Height ppm ppm Refl. Refl., (%)
(min)  (°C) . (cm) ,

Drum 2 =~ - .- - - Drum 2 49.7 5 88 71 317 95 65
" 38 10.7 - hKi2 W72 A 11 " 52.2 6 20 S 17 149 95

39 11.7 Ly 247 A 7.7 u 52.2 5 22 16 U8 95

40 2.4 409 264 A 7 u 50.4 5 26 20 183 97

b1 0.9% 415 107 A 4 " 51.2 11.2 30 29 350 95

42 5.7 346 1025 A 14 " —_— 9.8 4o 12 274 96

43 8.6 415 1060 A 14 o 52.5 8.5 25 © 16 161 9k

44 16.7 344 1005 N 15.5 " 51.7 9.6 k2 26 286 96 76

45 22.3 403 1190 N 15.5 " 52.0 10.4 30 25 207 . 93.5 86

46 15.2 51 970 N 16.0 m 51.8 8 19 0 153 88 85

47 16.3 512 1020 N 16.5 " 52.1 8 39 0 128 83 79
Drum 3 == ——— —— - — Drum 3 o4 19 i 82 483 98

48 8.5 478 905 A 17.5 " 5,8 21 17 1 111 87

49 11 77 980 A 18 - 54.5 - 23 16 2 5 90

50 .17.1 476 990 A 17.5 . 55.5 20 21 1 295 90

52 2k.5 477 890 A 18.0 . 55.5 2 19 1 93 &8

53 10.6 406 990 A 17.5 " 51.9 24 18 9 176 95

Sl 15.9 420 970 A 18 n 52.9 24 15 10 270 92

55 18.9 411 960 A 18 " 52.6 29 13 7 149 94

56 - 24.7 k414 o5 A 18, " 52.7 22 15 T 233 o4

57 19.9 U476 940 A 18 i 55.7 23 20 2 1% 85
Mono . Mono
Drum 1 = -— - - —— Drum 1 Lo - 100 o4 571 94 69

Predried 100 ’
Feed = 150 - A . - 57.4 8.5 80 58 459 91 B4
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TABLE V ANALYTICAL AND OPERATING DATA (continued)
Run Reten. Ave, Bed Wt, . Fluld AP Remarks Seurcé Bulk Den. .Fe TFoam : D-lFO -COD Ash STPP NaCl
No. Time Temp. - (grams) Medium Bed #/Tt3 ppm Height ppm ppm Refl, Refl. (%)
' (min)  (°C) . e (cm) - . _
) j'_.'v o Mono .
M-1 15.8 410 668 A 14 Drum 1 59.8 9.8 50 50 318 83 T4
M-2  10.5 450 455 A 12 " 59.0 9.2 20 52 256 75 . 77
M-3 .2 U478 (500) A 12.5 M . 59.6 20.4 30 31 256 72 82
Predried 100

Feed .=~ 150 ORS A e n 59.5 20.4 .84 68 640 92 63
M-l 12.0 509 510 A 11.2 " 57.0 26.1 © 25 - 28 238 65 92.5
M=5 13.1 478 510 A 12.0 " 58 .5 11.2 31 22 25U 72 8l
M-6 4.0 354 555 A 13.5 " 56.9 13.2 24 45 352 97 —

M=T7 .96 416 110 A 5.0 " 52.5 9.8 45 11 181 95 67

M-8 - 18.3 433 1080 A 19.0 M 58.8 13 4z 8 174 81 T7

Predried 100

Feed == 150 —— A - 22 100+ 161 1260 89 0.29
. M-9 16.2 465 960 A 1 33 43 59 45 90 0.31

Predried 100 .

Feed =~ 150 — A — 9 100+ 118 539 T7 0.07
M=10 . 13.7 468 780 A 13 14 27 17 48 82  0.07
Predried 100
‘Feed =— .150 i A - 64 59 331 1655 87 .0.52

M-11 18.0 463 890 A 1 66. 30 - 108 125 . 70 Q.51

Dried 100 - Mono= 9.95 = 8 100+ 98 1004 95 93 .19
Sample 150 —_— A hydrate NaNO=x '

MN=1 . 17.2 Y79 1100 A 14,5 o , _ ‘

MN-5 . 14.8 390 975 A - 10 2l 10 505 8k 97.5 .22
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Run Reten, Ave. .Bed Wt. -Fluld DP Source Bulk Den. Fe Foam D-40 COD Ash STPP  NaCl
No. Time . Temp. -(grams) Medium Bed #/£t3 “ppm Height - ppm .ppm  Refl, . Refl. (%)
(min) - (°C) \ - P . - (em) . . o

S ) ©9.95 - ' - i
MN-6 11,0 U433 935 A k.5 .NaNOx T T30 312 - 480 89 101 . ..21
MN-7  15.8 546 830 A 14.5 ; T 20 .10 318 90 96.5 ..23
Dried 100 ) -

Samplé == 150 J— A - 5.5.NaNO5 12 100+ 58 831 94 86 ..19
MV=2  15.3 478 980 A 14,0 " 11 23 12 335 93 92.5 .18
MN-8 18.0 .-390 .1000 A 4 i 8 23 11 421 91 98 .12
MN-9  13.9 436 985 A 14 : 10 217 10 415 92 87 .21
MN-10 10.3 550 775 A k7 x 12. 19 .10 222 95 97 17
Dried - ‘100 : . .

Sample -- 150 == A —= 2.3 NaNOs 13 85 63 949 94 77.5 .21
MN-3  11.3 L7h 880 A 1k " 11 30 46 389 .90 93 .19
MN-11 13.6 394 895 A 4.5 " 11 .18 11 406 89 94,5 .17
MN-12 13.5 439 1050 A 15 o 26 20 13 354 92 93.5 . .18
MN-16 12.5 560  .1050 A 15 g 13 19 11 314 .91 91,5 .18
Dried .- 100 _

Sample =- 150 —— A o ©.0.0 NaNOs 20 4o 58 910 94 €5 .16
MN=4 154 478 1212 A 14 " 18 17 U 389 69 88 .17
MN-13 11.1 393 855 A 15 " 20 32 .20 461 86 87 .15
MN=14 . 10.8 U35 815 A 4.5 " 21 3 11 436 74 85 17
Mv-15 11.9 . 558 950 A 16 " 21 53 7 362 66 95 17

. Dried - 100 -

Sample == 150 - A s, 5.5 NaNOz 9 100+ 31 928 95 98 .17
MN-17 26.0 435 1140 A 13.5 | " 12 22 6 359 92 93 . ..18
MN=18 7.0 Yo 810 A 10,5 " LS 28 22 h61  89.5 97 - .16
MN-19 9.0 433 690 A 8 0 13 19 18 . L9 85 97 . .16
MN-20 2.74 430 290 A 7.5 M 12 12 18 461 83.5 95 .15

U8

TABLE .V ANALYTICAL AND OPERATING DATA (continued)
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TABLE V ANALYTICAL. AND OPERATING.DATA (continued)

Run -Refen. Ave. Bed -Wt. Fluid AP .Remarks Source Bulk Den, Fe Foam :D=40  COD Ash STPP  NaCl
No., Time ‘Temp. (grams) -Medium Bed e #/££3 ppm . Height ppm ppm. Refl, Refl., (%)
Amin) - (°C) e : - - (cm) ‘ ' :
Dried 100 ' . :
~ Sample ~-- 150 A 9.95 NaNOs 38 100+ 2% 933 4.5 98,5 .16
MNs21 (12,9 481 975 N 13.0 L 10 38 7 513 86 97.5 ..16
MN=22  12.6. 391 860 N . 12.0 " 17 22 9 5% 71 94 17
MN-23 11,7 441 1010 N .13.5 M 10 20 7 525 83 = 93 N
Dried 100 : A
Sample.== 150 A " 0.0 NaNOs 7.0 70 6L 795 92 66
MN-24 13.9 391 920 N 15 M . 18 75 48 383 67 67
MN=25 13.6 448 950 N 15.5 " 16 58 24 233 61 T2
CMNe26 13,3 42 890 A 12.5 a 16 35 6 217 79 77
Dried. - 100 . :
Semple ==  .150 2.3 NaNOs , 9 86 62 638 93 85
‘MN-27 15.8 386 805 A 9.3 " 10 - 20 8 117 86 93
MN-28  15.3 442 870 A 13 " 11 14 0 84 88 94
Dried 100 - : : , :
Sample. == 150 ~ 5.5.NaNOs 20 100+ T4 812 94 85
MN=29 16.5 394 -910 A 13 " 2u 29 ug 213 8% 92
MN~30 16,8 485 1050 A I A ‘ 13 13 W 58 89 97
Dried 100 , .
Sample —— . 15Q 9.95 NaNO=x 15 100+ 81 847 95 89
Mi~31 12.5 396 .860 A 13 " 10 32 o .17h 83,5 94
MN-32 12.5 427 840 A 13 N 11 .19 52 161 89 99
MN=33  18.0 477 990 A 13.5 - " 8 16 5 20 - 84 96 o4
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TABLE .V ANALYTICAL AND OPERATING DATA (continued)

Run ...Reten. Ave, Bed Wt. Fluid AP - Remarks Source Bulk Den. Fe Foam D-40  COD Ash STPP  NaCl
No, Time Temp. (grams) Medium Bed #/£t3 ppm Height ppm  ppm Refl, Refl. (%)
— min) (2¢) B (om) ‘
- Dried =20 mesh 0.0 7 100+ 72 907 88 65 .19
Sample : NalNO :
MN-34  20.8 457 1000 A 15.5 " " 12 6l 7 125 Th 79 .19
Dried ~28 mesh M 10 100+ ' 66 898 91 85 .20
‘Sample
MN=35 16 45l 755 A 13 : . 10 38 9 106 7 82 .19
S=1 24,5 435 785 A 11 Steam Drum 2 52.5 12.6 28.° 26 129 96, 96
Light
S=2 12,4 387 - 570 A 11 n o 52.2 12,6 23.° 10 .82  8g 92. ;
Dried 100 A 9.95 7 100+ 63 846 9 92 .22
Sample 150 . NaNO ' ’
S-3 15.8 460 870 A 11.5 " M 10 25 8 69 92 92 2L
S 13,3 427 830 A 12.5 " : 9 24 6 106 89 96 .23
S=5 13,1 4oz 830 A 13.5 ! ‘! 9 32 5 173 . 88 96 .23
Dried 100 A 5.5 11 94 56 829 92 87 .19
-Sample 150 NaNOs :
S=6 15.7 437 880 A 11 t " 14 38 6 101 89 92 .20
S-7 11.5 412 - 770 A 11.5 ™ " 1 56 6 128 89 93 .20
S-8 12.1 475 750 A L " Drum 2 52.9 7 68 4 65 91 84 .03
S5=9 13,7 412 860 A 15 u Light 5L1.7 11 47 5 113 92 83 .03
§~10 13.3  "510 785 A 15 . " 53.0 10 75 3 56 87 84 .,03
S-11 10,1 450 758 A 13.5 i i 52.8 T 13 70 7 4o 90 88 .05
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TABLE V ANALYTICAL AND OPERATING DATA (continued)

Run.  Reten., Ave, ,Bed-Wt, Fluid AP -Remarks Source  Bulk Den, ‘ Fe - Foam D-40 COD Ash ..STPP NaCl

No. - Time - Temp. (grams) .Medium Bed #/£t3 ppm Height  ppm ppm -Refl. .Refl. (%)
(min). . (°C) e (cm) L

Dried 100 .0.0

"-Sample 150 NaNO ' A 100+ 58 851 86 55 .18

§elz  11.9 401 7O A 14+.5 " 16 53 27 263 81 79 .19

S=13 11k 459 660 A 12.5 L 17 67 13 W7 77 76 ——
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‘TABLE VI CROSS INDEX OF OPERATING DATA

. Grade 100 Ash Retention Time Index * 2 min,

Index

2

10

Ak

18

Run No, ~_Retention:
Lo 2.4
41 0,94
35 4,78
36 A.72
yo . 5.7
16 10.8
20 11.5
2L 11.1
3l 11.6
37 8.39
38 10.7
39 11.7
I3 8.6
48 8.5
A9 11.0
53 10.6
18 4.6
22 15.2
26 .16.0
29 2.1
46 15.2
5U 15.9
1 . 16.2
15 19.9
19 . 19.7
27 19.6
30 19,1
32 19.5
Ll 16.7
W7 16.3
50 17.1

- 55 18.9
57 19.9

Temperature

%09
415

349
113
346

450
411
478
L3
413
b1z
4l
415
478
77
406

A1l

k75
513
503 -
451 (W)
420

439
43
412
514
556
512 (N)
3uh (N)
512 (N)
476
411
476
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.TABLE . VI CROSS INDEX. OF OPERATING DATA (¢ontinued)

-Index .Run No. ‘Retention - Temperature
.22 . 23 20.5 Y72
28 22.1 332
31 22,3 333 (N)
33 20.5 341
45 22.3 H03 (W)
52 24,5 A7
56 2.7 Lk
28+ 13 37 439
17 29.1 : b1
21 31.2 478
25 28.5 513

Grade 100 Ash Temperature Index * 10°C

Index Run, No. Retention - Temperature
390 - 28 22.1 332
31 22.3 333 . (N)
33 20.5 341
35 4,78 349
42 5.7 346
4l 16.7 3Ul (N)
410 17 +29,1 b1
18 4.6 411
19 19.7 SR12
20. 11.5 411
36 .72 413
37 '8.39 b1z
38 10.7 iz
39 11.7 Ll
Lo 2.4 409
1 0.94 415
L3 8.6 415
45 22.3 4oz (W)
53, 10.6 406
50 15.9 420
55 -18.9 433
56 4.7 Wiy
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TABLE VI CROSS INDEX OF OPERATING DATA .(continued)

- Index - Run, No, ‘Retention Temperature
450 13 37.0 439
1k 16,2 439
.15 19.9 43
16 10.8 450
34 11.6 3
46 15.2 451 (N)
470 21 31.2 478
22 15,2 s
23 20.5 Lr2
24 11.1 478
48 : 8.5 478
49 .11.0 W7
.50 17.1 476
52 24,5 b7
57 19.9 476
510 25 28.5 513
26 16.0 51%
27 19.6 514
29 : 12,1 503
32 19.5 510 " (N)
7 16.3 512 (M)
30 .19.1 - 556

Monohydrate and Added NaNOsx

#NaNO0 =/ ton Run. No. ‘Retention ‘Temperature
0 M=1 .15.8 Lo
M2 10.5 450
M3 .2 478
M-l 12.0 509
M5 13.1 478
V-6 14.0 354
M~7 .0.96 416
M-8 18.3 433
M=9 . 16.2 465
M~10 13.7 468
M=11 18.0 463
MN -4 15.4 478
M=13. 11,1 393
MN=14 10.8 435
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TABLE VI .CROSS INDEX OF OPERATING. DATA (continued)

-Monohydrate and Added NaNOs

#NaNO=/ton Runr No, Retention Temperature
0 MN—=15 ) 11.9 558
MN=24 13.9 391 .(N)
MN~25 13,6 yng (n)
MN=26 13,3 iz
=34 20.8 457
MN-35 16.0 L5l
2.3 MN=3 11.3 Wl
MN=-11 - 13.6 394
MN=-12 13.5 439
MN~16 12.5 560
MN=27 15,8 386
- MN=28 15.3 2
5.5 MN=-2 1543 48
MN=8 18.0 390
MN-9 13.9 436
MN=10- 10.3 550
MN~17 --26.0 I35
- MN=18 7.0 e
 MN~19 9.0 433
MN=20 S 2. T4 30
MN~29 16.5 394
MN=30 16.8 485
.9.95 MN-~1 17.2 479
MN-~5 14,8 390
MN=6 11.0 433
MN=7 -15.8 546
MN=21 12.9 481 (N)
JMN=22 12.6 ~ 391 (N)
M =23 11,7 L1 ()
MN=31 12.5 396.
MN=32 18.0 477

MN=33 12.5 ka7




TABLE VI CROSS INDEX OF ‘OPERATING DATA (continued)
Nitrogen used as Fluldizing Medium

= Light- fsh .
MN-X Monohydraté + X Pounds NaNOs added/ton

Run No, Retention . Temperature . Mgte:ial
31 22.3 333 LA
32 . 19.5 510 LA
Ly 16,7 344 L A
45 22.3 4o3 I A
b6 15:2 451 LA
L7 16.3 512 LA
MN=21 12.9 481 MN=9.95
MN~22 12.6 391 MN=9.95
MN=-23 1,7 b1 MN~9.95
MN -2l 13.9. - 391 MN~0
“MN=25 13,6 uug MN~0

‘Runs Made Using .2 Mixture of Ligh Ash and. Monohydrate
Light Ash from Drum 2
Monohydrate. from Drum 1

Run No, .Retention Temperature ‘Gms Monohydrdte
Gms Light Ash
RM=L=1 13.4 1438 1/2
RMeL=2" 19.4 M1 1/1
RM-L-3 12.7 432 2/ 1

Runs Made Using Light Ash or Monohydrate and.fteam .
inPthecFlundizing Alr

Run. No, _.Retentlion Temperature Kind.of Ash
S=1 24,5 L35 L A
S=2 12.4 387 L A
S=3 15.8 460 MN=9,95
Sadt 13.3 Yo7 MN~9.95
S-5 13,1 hoz MN-9,95
S«6 15,7 437 - MN=5.5
ST 11.5 L1z MN=5.5
3-8 12.1 b75 L A
S-9 13.7 Y12 L A




.-TABLE VI (CROSS INDEX OF OPERATING .DATA (cdontinued)

-Runs .Made ‘Using Light Ash or Monchydrate .in the
Fluldizing Air

Run No, ;Retent;qn @gmpergture ,Kind_of_Agh
S=10 13,3 510 LA
S=11 10.1 L 50 ‘LA
Sw=12 11.9 o1 MN=0
Swl3 114 B N0

o -Chamber Product

"3un-No; ' Tvtbub?Ratentiqn.. Temperature .
el 144 501
C=2 17.6 522

C~3 19.3 553




.TABLE VII TYPICAL SCREEN ANALYSIS

=58~

.Cumulative Percent -Retained on U. S. -Screen

Screen Drum Runn. Run Run Run Run - Run Ryn . Run -Run
5 3 48 49 50 52 53 Bk 55 56 5T
© 430 3.7 15 51.9' 1.7 ©2.7 LA 3.0 1.5, 2.1 3.9
+#0 17.2 8.8 11.1 10.9 13.9 9.4 16.3 12.1 12.1 16.8
+100  79.8 ',7é.1 75.6 T4.2 78,8 71.7 78.8 76.1 76.1 79.1
440 92.7 .89.5 89.8 90.2 92.5 88.7 9Lk 90.6 90.6 91.5

" 4200 ‘ 98.1 97.3 97.0. 97.3 98.1 96.5 97.2 97.0 97.0 97.2
+325  99.6 99.8 99.7 99.6 99.9 99.% 99.5 99.7 99.7 99.4
0.2 0.3 0.4 0.1 0.6 0.5 0.3 0.3 0.6

=325

0k
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TABLE VIII FIRST ORDER REACTION DATA (Drum 1)

- Run No. - 00po COD, log CODO/CQDf Retention - Temp., . °C
13 362 117 490 | 37 439
b n 130 nnn 16,2 U3g
15 " 120 C 80 19.9 L3
34 134 432 11.6 13
17 n 42 L07 ) ©29.1 i1
18 " 1% 382 14,6 411
19 w139 6 19.7 112
20 m 158 .360 11.5 11
56 " 158 .360 B2 H13
37 " 159 357 8. 39 413
21 " 118 U487 | 31.2 .478
22 " 127 As5 0 15.2 475
23 w108 525 20.5 472

2k " 127 H55 il.1 478




TABLE. IX CHEMICAL.REACTION DATA (Drum 3)

Run No. . C0D,’ COD,
48 483 111
49 M 145
50 A 95
52 " 93
57 " 1

Run-No.  NaNOx/ton COD, (ODf 1log-COD,/COD. Reten. -Temp..°C.

=60~

.;og cqpo/conf Retention ~Temp;.°c,
638 8.5 478
- 523 C11.0 47T
707 17.1 476
.715 4.5 &7
Ayl -19.9 476

\ )
TABLE X -CHEMICAL REATION DATA (Monohydrate Ash)

MN=-17

- MN:.-‘18

AW=19

MN=20

5.5
5.5
5.5
5.5

928

. 928

928
928

529
461

419

461

26
1
9

2T

435

o

433
430
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TABLE XI MASS TRANSFER DATA FOR- LIGHT.ASH

Run  ‘Reten. - Temp,  B.W. -COD,  .COD, N ~log N £ 900 T 10g/§§ﬁ

No. ] LK - . S 683 B MW

19 19.7 685 . 865 362 139 11.32 105385 ., 0014599 1.027 .01157

15 .19.9 72-6" 910 362 120 12.17 .1.08529 ,0013966 .1.021 .,.60903

23 20.5 5. 830 362 108 ‘12,40 1,09342 0013423 ,1.096 03743
TABLE XIT MASS TRANSFER. DATA FOR LIGHT.ASH (19-21 min.)

_ l;lg.n ‘Reten. - T§2p . B.W. | ff)ii .-'cio.Df. N .-%%L'_-%—V}—. &'y K
19 19.7 685 865 362 139 11.32  1.027 L6146 17.1
15 19_:i§ 716, 910 362 120 12.17 1.021 .658 18.1

- 23 120.5 TH5 830. - 362 108 12,40, 1,090 -.669 17.0.

- 27 19.6 787 855 562 122 12.2 1.11 684 16.1
30 19,1 - 829 690 362 ~.100. ’ 13.7 1:26 697 15,7




TABLE XIIT MASS TRANSFER DATA (14~16 min.)
-Run. No. ‘-Reten, -B.W. - COD,, | COD,, N - Temp. . °K eK'/T __/%‘go_’ﬁj: X '
Rt 16.2 893 3',62 130. 4.3 712 +657 i..03 21.1
18 1,6 80z 362 150 A5 L. 684 645 1.06 21.2
26 16.0 825 - 362 105 16.0 786 . 684 1.12 20.9
TABLE XTIV MASS TRANSFER DATA (1012 min.)

Run No..  Beten.  Bal. . COD, - COD, N Temp, °k . eK'/T 900 T K
20 11.5 950 362 158 17.74 684 - 645 C9Th 2_8..3'
24 111 865 362 127 21.17 751 671 1,07 294
29 12.1 690 362 116 - 20433 | 776 . 680 1,218 248
34 1.6 o4 362 13+ 19.66 716 658 999
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TABLE XV MASS TRANSFER-DATA ABOVE .21 MINUTIES AND BELOW 10 MINUTES,

Tun Reten. B 0D, D X Tg;p L Kr ok
13> 37.0 903 362 - 117  6.62  Tl2 1.02 656 9.9
17 29.1 740 362 W2 - 7.56 684 1.11 .45 10.6
21 31.2 765 -' 362 118 7.85 751 1,14 L6711 10.2 "
25  28.5 720 362 100 . 9.19 786 1.20 684 11,2
36 W7z 650 362 158 43.22 686 - 1.19 64T 56,0
57 8.39 965 362 159 24.20 686 0.97 L7 7.4
TABLE XVI MASS TRANSFER DATA FOR NITROGEN RUNS

%1;1'1 | ‘Reten, B.W. COD, v"CODf N T.[‘ternp. %gg_%w e'K}T‘ K
32 19,5 1084% 362 132 11.8 783 | .980 - .682 17 ‘..‘7. |
45 22,5 1190 317 207 M.93 676 870 .Gh2 8.8
46 15.2 970 317 153 10 .l8. T2k .995 661 16,5
47 16.3 1020 317 . ia8 11.6 785 1.01 682 16.9




.’ Run

ol

. TABLE XVII MASS TRANSFER DATA FOR LIGHT ASH
'(Temperatures Below 400°C)

-Reten., Temp.

B.W.

.NI

ey Tom COD,  COD, %%%%%w :.K
55 20,5 G M0 3620 2 61 0.95 .65 10,6
35 4,78 622 875 | 362 267 1987 0.9 .68 331
-TABﬁE;XVIII MASS TRANSFER DATA FOR LIGHT AsH.‘(brum 3)

.ﬁﬁf .3éten. | .?Sﬁp; Ba¥. . 00D, COD, W "fgg%jgw e &

48 . 8.5 :751: 905_; 483 c 111 4376 1.05 L6711 56.7
4o’ 11.0 750 980 483A' 1ks5 30.7 | 1.01 671 45,3
50 "17.1 49 990 '5483 95 'é2.6 1.00 .670  33.8
52 24,5 750 890 483 93  15.92 1.0l '. 671 23.5

53 10.6 679 990 483 176 28.9 .955 LO43 47,1

5l 15.9 T49 970 483 270 13,4 971 ..650 2L.2

55 18.9 684 960 483 k9 1.7 973 ..645  28.3
56 2.7 687 945 483 233 10.12 .98 LOHT 16,1
57  .19.9 749 940 483 174 15.5 1.03 670 22.5
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“TABLE .XTX MASS. TRANSFER DATA FOR LIGHT.-ASH .(Drum 2)

: Ruﬁ Reten. . B.W. .COD,  -COD, Temp, ~ N aéK)T 900 T X
No. . o . B °K A _ " ’ 3_8‘3'"5&0
38 " 10.7 W72 317 . 149 685 15,7 - 66 1.39 17.6
39 11.7 247 317 148 687 145 i ,648 1.92 11.6
1o 2. 264 317 183 682 55,83 .64 1.85  146.8
4o 5.7 .1025' 317 274 619 T.54 616 .89‘ | 13,8
43 8.6 1060 -317 161 688 184 . .&7 .92 30.2 -

TABLE. XX MASS TRANSFER DATA FOR MONQHYDRATES

Run -No.,~ .Reten. - Temp., B.W. , -CODO 'CODf oo t . log2/90,0' T
| MN=13 11.1 666 | 855 910 461 1.60692 .0015015 . 00604
MN-1H4 10.8 708 815 910 436 1.64227 0014124 .02898

MN=15 11.9 831 950 910 - 362 1.66323 . ,0012033 .03019




TABLE XXI MASS. TRANSFER COEFFICIENTS FOR :MONOHYDRATES

B.W.

COD

Wl 683 688 459 318
M-2 723 455 459 - 256
M=3 751 500 459 . 256
M-l 782 510 640 238 -
M-5 751 5100 640 254
M=-6 627 555 640 352
- M=T 689 110 640 181
M- 751 1212 910 389
MN-13 666 855 910 461
MN-1% 708 815 910 436
w5 831 95 910 362
-MN=3H 730 1000 907' 125
MN-35 726 755 1898 106

‘%66~

- N Reten. 900 T .K
. ) %55 A
8.93 15.8 1.15 701 _11.1
19.3 10.5 1.45 .15 18.6
14,3 142 UL .72k 4.0
33.5 12.0 1.b3 - T33 32.2
29.4 13,1 1,41‘ 724 28;9
20.6 4.0 .22 .679 - 24,9
)47;9 0.96 2.88 - .703 237.0
33.8 15.4 0,905  ..724 51.7
40,45 _.11.i L1014 . 694 57.6
43,88 10.8 -1.069 . »709 58.0
46.05 11.9 1.072 JTHT 57.6
37,7 20.8 0.98 716 55.8
49,5 16.0 1.13 .715 61.4
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TABLE XXII .FINAL COD VALUES FOR MONOHYDRATES AT VARLOUS TEMPERATURES -

(AND. AMOUNTS" OF ADDED NITRATE ‘CORRECTED 70 900g . BW.

‘Run -No, I NaNO- Ve, Td
. 1,.u| #/ton.of Ash

MN=13 : 0

MN-8 5.5

MN=14 0

MN=9 5.5

MN=15 0

MN~16. 2.3 -

MN=10 5.5

Temp..°C

- 393
394
390

.435
439

1436

558

560

550

CODg

_Corfected

473
405
438

462

308
396

38

26k

268
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- TABLE XXIII COMPARISON.OF STEAM RUNS TO NORMAL.CALCINATION,

-Run -No, Temp., Reten. .Bed Wt. CODi CODf % Red. % Red. COD ,CODf
-°C (min) . (gms.) .ppm - ppm COD  corrected corrected .

.to BW .to BW
900 gms, 900 grams

860 317 113

S=9 412 13.7 ol 4 62.9 117
8L 435 24.5 785 317 129 59.3 55.5 iUN}
S-11 450 10.1 758 317 4o 87.5 80.4 62
S8 Y75 12.1 750 . 317 65 ~ 79.5 72.5 .87
S~10 510 13.3 785 317 56 .82.3 76.8 T4
™19 4i2 19.7 865 362 139  61.7 60.5 143
1k 439 16.2 893 362 130 64,1 64,1 130
3l 4l 3 11.6 945 362 134 63.0 64,5 -129
2U 478 11.1 865 362. 127  65.0 63.7 131
26 513 16.0 825 362 105 71.2 68.0 116
S-12 4ol 11.9 740 851 263  69.1 62.7 318
S=13 459 11.4 660 851 7 82.6 70.8 2u8
MN=13 393 11.1 855 910 . U461 494 48.0 473
MN=14 U435 10.8 815 910 436 52.1 49.6 459
- 8-7 412 11.5 770 829 128 84.6 78.3 180
“8=b 437 15,7 . 880 829 .101 87.8 87.0 108
MN=8 390 .18.0 1000 831 Y21 49,k 52.0 400
MN~9 436 . 13.9 985 831 415 50,1 52..5 395
S-5 boz 13,1 830.  8ué6 173 79.5 76.3 201
-S=l Yo7 13.3 830 846 106 87.5 84,0 135
MN-5 -390 4.8 975 1004 505 .49.6 51.7 487
- M=, 433  11.0 935 1004 480 52,1 53,1 RV
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/ .'Scr,eenin_g
’Ore and
Storage \ .Crushing
e Surge << - Clarifier < Dissolver
L § Feed -Liquor |
Filter e Storage == Crystallizer
K
Centrifuge < Settler '
A Caoler
Caleciner o and.
= Storage
Skip
Hoist
.
! . .
I Mining

Figure 1. Manufacturé of westanQ'S‘o,da Ash..




100,000 Tons Soda Ash

1 Glass

2 Other Chemicals

5 Caustic & Bicarbonate
4 Non-ferrous Metals

5 Pulp & Paper

6 Miscellaneous

Figure 2
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9 10 11 12

Uses of Soda Ash
7 Cleansers & Modified Sodas
8 Soap
9 Water Softeners
10 Textiles
11 Exports
12 Petroleum Refining

. Soda Ash Distribution.
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Figure 3. First Fluid Calciner.
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Figure 4. Schematic Flow Diagram of Final Fluid Calciner.
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Figure 5«

Heat-up Curve for Unit.
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Figure 6.

Retention Time (minutes)

Log(CODO0ZCODf ) vs. Retention Time.
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Figure 7.

Log(GOD0ZCODf ) vs. Time.
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Figure 8.

Log(COD0ZCODf ) vs. Time.
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Retention Time (minutes)
Figure 9. Log(CODO0OZCODf) vs. Time. (Drum 5)
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Figure 10.

Log(COD0ZCODf ) vs. Time.
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Bed Weight ( grams)

Figure 11. Pressure Drop vs. Bed Weight.
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I | i ' ) n
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Retention Time (minutes).

Figure 12. Mass Transfer Coefficients vs. Retention Time
for Drum | Light Ash.
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< Drum | - cod 362 ppm

O Drum 2 -
x Drum 3 - QOD 483 ppm -

Retention Time (minutes).

Figure 13. Mass Transfer Coefficients vs. Retention Time.
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Figure 14.
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Bed Weight (grams)

Fluid Bed Density vs.

Bed Weight.
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Q0D 362 ppm

2*5 5 7 «5 10 12.5
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Figure 15 Resulting Q0D Values vs. Retention Time For Light Ash.
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» - Q0D 459 ppm X
0 -COD 640 ppm
X- G0D 910 ppm
c-COD 900 ppm (screened)

Figure 16.
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Mass Transfer Coefficients vs.
For Monohydrates.

1 *
20 25

Retention Time



95

90

85

80

75

70

65

60

_85_

9.95#/ton

5-5 #/ton

2.5 #/ton

0.0 #/ton
| i | L
350 400 450 500

Temperature (00)

Figure 17. Reflectance vs.

Temperature.
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Retention Time (minutes)

Figure 18. Bulk Density vs. Retention Time.



Figure 19.
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Retention Time (minutes)

Percentage Reduction in COD Level vs.
Retention Time (T = 410).
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Retention Time (minutes)

Figure 20. Percentage Reduction in COD Level vs.
Retention Time (BW = 900).
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400 450
Temperature (0C)

Figure 21. Percentage Reduction in COD Level vs.
Temperature (Retention Time = 20 min.).
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Temperature (0C)

Figure 22. Percentage Reduction in GOD Level vs.
Temperature BN = 900).
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1000

Bed Weight (grains)
Figure 25. Percentage Reduction in Q0D Level vs. Bed Weight (Temperature = 410)
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800 900 1000
Bed Weight (grams)

Figure 24. Percentage Reduction in COD Level vs.
Bed Weight (Retention Time = 20 min.).
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DETERMINATION OF SODIUM CHLORIDE IN REFINED SODA ASH
Principle |
A weighed sample of soda ash is acidified and the chloride is
determined by adding a known amount of gilver nitrate and back titrating
with ammonium thilocyanate .to the ferric alum end-point, The sample is

boiled -after acidification to remove the hydrogen sulfide.

Procedure

1. Weigh 20 + 0.0l gram sample.and transfer tb a 500 ml Erlenmeyer
flask, Add about 50 ml of distilled water,

2., Add 50 ml.of 1:1 nitric acld with swirling to avoid,foaming
out of the flask. Boil for 15 minutesy and cool.

3. Add by pipette 5.00 ml of 0.1 N silver nitrate and 2 ml of

ferric alum solution,

4. Using a 5.or 10 ml buret, back titrate with 0.1 N ammonium
thiocyanate to a falnt permanent pink (étable for 30.seconds),

5. - Titrate a blank containing 100 ml water, 5 mi of 1l:1 nitric

acid .and 5.00 ml of 0.1 N silyver nitrate solution.

Calculation

_(ml blank - ml sample) x 0.293 x N = NaCl®
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DETERMINATION OF. TOTAL.IRON.IN SODA ASH OR ‘TRONA

Principle-_ |

The soda ash.or trona is fused to solubilize the iron compounds and
.acidified. After appropriate -dilution, .analiquot 4s acidified,.reduced
with hydroxylamine hydrochloride to .convert the iron t§ the ferrous state:
- Ortho-phenanthroline is .added and,thé_sélution buffered with ammonium .
-acetate, -The volume of the solution is brought to. 100 ml and optical
density determined.pho%ometrically. The .iron content. is read from a

.calibration curve -or chart.

Erocedure

1. Weigh 5.00 g. of sta_ash_or trona andhtransfer.té a clean
plaﬁinum.crucibléi |

2. Ignité in a muffle .furnace at-875 + 25 C for 5 minutes.

3, - Codl, piace ¢rucilble in a g?ouml.beakerJ:add 4o ml1 of 1:1 HC1
and. swirl to.cbmpletely dis%olve.

L, . Rinse .and remove the platinﬁm,prucible, make thé volume .to 250
ml in a 250¢ml,graduated,cyiindery.and mix by inverting,

5. *Fllter 25 to 50 ml of the dilutidn through a Whatman. No, 5
filter papery, capturing the.filtrate in a clean-dry beaker,

6. Pipette 10.00 ml into.a 250=ml Erlénmeyéf flasky, add 4 ml.of
l:luHCl; 2 ml.of hydroxylamine hydrochloride solution and 1 ml
of ortho-phenanthroline solutien. Add 10. ml of 6N ammonivm
acetate and make .to 100 ml in a 100-ml .graduated -.cylinder,

mixing .by pouring,back and forth between the flask and. gylinder.
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-Let stand. 15 minutes but no longer than two hours.
7. ‘Read the optical density using the Fisher eléctrophotometer
and the green (525) filter.cbmparing:to distilled water at .zero
. optical density.

8. ‘Read the.micrograms of Feg0x from -the calibration -curve or chart.

-.Caleculations :

micrograms Fez0s X dilution x 100. = % Fes0s.
‘sample Wb, X 811quot x .L;000,000

- For Routlne Procedure:

micrograms Fe-0s _ % FesOs
2000 '

i
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DETERMINATION QOF D-40. IN REFINED SODA. ASH.
Principle:.
“The sample 1s weighed and the D40 1is titrated-with standardized
roccal solution yntil the indicator moves to the chloroform layer, A

blank is run at the start of a series of D-40 determinations.

Procedure:

1.' Weigh.ZO'i Q.llé.:of.soda ash, and add approximately 60 ml of
water to the sample in an 8,ozu.élass stoppered bottle. Add
1 scoop, about 0.3 g. of anhydrous Na2304,~approximate1y-2-ml
of bromogheﬁol.biué indicatgr and 50 ml. of chloroform.

2. -Titrate with .roccal untll a light blue color forms in the chloro-
form layer. Qne.or two drops should make.a definite change in
color,

- 3. A blank 1s run by weighing 0.5 g..of C.P. NagCOz following the

abovye procedure.

Calculations:

ppm D=40 = (Titré ~ Blank) x Factor
' ~ Sample Weight
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PROCEDURE FOR -DETERMINING NITRATE IN SODA ASH
Principle:

._.Thersamplé.is.weighed.and acidified with -con, sulfurié dgcid, -Fer-
rous.éulfate solution is added to be .oxidized by theé nitrateé present in
the .sample. Thelexcess.fefrous sulfate is ﬁitratéd with 0.1 N potassium
-dichromate,using.ovphenanthroline'ﬁerrous sulfate indieator. -The blank
minus.sample titre ié'the améunt of ferrous.sulfate consumed by the

nisrate.

LProcedure: .

1. Weigh a 20.0 # 0,1 gram sample and.place in a 500=ml-Erlenmeyer
flask. Add about 50 ml .distilled water.

‘2. Add.eon. sulfuric acid t9 a ph of 1 using ph papér.

/3. - Pipette 25 ml of 0.2 N ferrous sulfabe solution and 20 ml.con.
sulf.uric‘-aci-d.-shaki:rlg,fr‘eq_uen,tly7

4, Heat to héiling on thé hot plate and boil for 3 minutes.

5. - Cool.by swirling wvnder tap until lukewarm, add 50 ml.distilled
watér and 1.ml indicator.

5. Titrate with 0.1 N potassium dichromate, until the color changes
from orange-bver brown to blue green. -The énd-point is very
sharp and may be recognized within a few hiundredths of a
milliliter.

7. Run a blank in the above procedurey .omitting the samplé,
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:Calculations:

Blank:*\sagzi;lz ggigﬁ£.02833 x 100 - % as NaNOs
-Reagents:

1. Standard. NaNOs = 5.Q00 gm C,P, NaNOs dissolved in oné liter
-distilled water. One ml = 5.000.mg NaNOs.

2. Ferrous sulfate soln. + 0.2 N place 77.6 gm ferrous ammonium
sulfate and 20 gm NaCl in a liter volumetric flask. Add 100 ml
distilled water and-a few drops dilute sulfuriC'écid. Shake
until dissolyed. Fill up to volume with 50% v/v sulfuric acid,
Soln, must be made fresh daily.

3. Con.fsulfuriq acid.

4, 50% v/v Sﬁlfuric acid - add 500 ml con. sulfuric acid to 500 ml
distilled water, .(caution),

5. Potassium dichromate soln, .= 0,1.N 4,9035 gm C,P. potassium
dichromate dissolved in 1 liter distilled water.

6. - O-phenanthroline férrous sulfate. indicator. Dissolve 1.485 gnm,
.o~phenanthroline and .695 gm ferrous sulfate inm 100 ml

distilled water.
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DETERMINATION OF SODIUM SULFATE .IN SODA ASH

Erinqiple:

A weighed sample of soda ash 1s acidifjied -and the sulfate detef— .
minéd from the turbidity formed with Bariﬁm chloride. .The sample must
be filtered.after acidifying and boiling to remove sulfur turbidity.l The
times andwtemperatufeslmust be wyigorously .adhered to. .If other than
5-g of soda ash is used, standard Nao-COs or-NaH003:must be added to

give the total equivalent of 5 g;_df'sodauash.

:Procédurek

1. Weigh a 5+ 0.01 gram sample ahd'trénéférrto-a 250-ml Erlenmeyer
flésk. 'Add,5b ml distilled water, 3 ,drops of p—nitrophenol
indicator, neutralize with 1:1 HCl, and -add 2 ml .excess acid,

- 2. Boil the solutipn for one minute, cool .and .dilute with water

to 100 ml in a graduated cylinder. . Filter through a dry What=
man No. 5 filter paper.

3.. Return most of the sample filtrate to i?s flask, heat to 50=60

-C using .a thermometer.

4. Add.ome scooﬁu(O,S - 0.7 g) of ZO#BO_méSh‘BaClZ crystals., Allow
to stand lO:minutes, swirl for 5 secondé and let-stanq 5 minutes.

5. Swirl.and read the optical density on the Fisher Electrophoto~ -
meter, using npn setting and,the,red,(ESO) filter against
distilled water at zero optical density. .Read the mg. of

NaoS04 from the calibration curve.

- Calculation: mg NasS0, = % NasSO4
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DETERMINATIQN OF TOTAL ALKALINITY OF SODA ASH
‘Principle: | |
An_accurately,weighéd‘samp;e-of soda. ash 1s .dissolved in water and
titrated”to a pH .of 3.,9. The method defermines all substances which re~
-act down to this pH, therefore, when tiﬁrafing nétural.soda ash .samples 4
Iwatgryidsqluble_carfonatES will. react slowly. with the .ac¢id, . The ti~
“tration:must be stopped when a pH of 3.9 ié reaéhé@i}eyén théugh the
.éndapoint may tend to.drift._.Nstth~drift should. occur with refined

soda ash.

~Procedure »

1. - Accurately weigh on the-analytical.baléncei a 1.0.to l.Z.gram
sample .of soda ash ‘and transfer .to a,clean;-ZSOle.beaker;

2. - Standardizé the pH meter at PH 4.0 with 4,0 buffer.:

3. -Position beaker -and sample in titration assembly, .add approxiw
:mately 100 ml.of distilled water and stir to dissolve.

4. Add 3 to 4 drops of modified methyl-orange indicator and
titrate .carefully to pH 3.9, checking eolor of indicator as . |
-verification 6f proper operation of pH nmeter. If .end=point
drifts when analyzing natural .ash, -stop titration when pH of
3.9 1s first feached.

5. Read yolume .of titraiion.aﬁd‘éppl§ Burette and temperature

correécticng.
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.General
S e gr————.

- Corrected ml x normality.x ;053 x 100 = % total alka~
S g. samplé ' .1inity as NasCOx

For above rouftine proceduré:

ml x factor* _ ¢ total alkalinity as NasCOs
‘g sample

*faetor. = normallity ¥ .053 x 100
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COD ANALYSIS

-hlquor ngp;es

The sample is taken in a tared Y-oz. bottle. -Thé-weight_of the
sample 1is determined and is then diluted with an equal weight of water.
‘This 1:1 solutlon does.nob set.up and is easily handled. -The usual
practice here is to filter the'dilubed\sémple through ¥1~H Whatman paper
to. remove .any fore¢ign mattér. - Since all of . our liquor samples contain
sodium-sulfideuand"thi§sulfaﬁe.these.materials_must be analyzed for,
-since both.conﬁribute fo'the gross COP. This is alsoAtrue for chlorids.
Into a 500-ml wide mouth Erlenmeyer is placed 20 ml.of cadmium chloride .
solution (12,5 g/liter of CdCls.* 2-1/2 HEO).‘,Obtain tare weight and
then pipette 50.0 m1 of the .1:1 diluted sample .into the flask. .Reweigh
.to determine sample weight. Now run the usual smlfide and. thio analysis.
'Galpuiation.Of the blank due to sulfidé_and.thio to be subtracted from
the gréss COD, 18 as .follows:

Net.ml thio x n x .039 X 32 = grams 0y t0 oxidize NaoS
75 . .

Net ml thio x n X 32 = grams Oy to- oxldize thio
- 1000 '

- The sum.of the above resulbs. gives the total grams of Op needed to
oxidize 'all the sulfide and thile present in 25 ml of the.l;l.Qiiuted
saﬁplé, This. is .as desiped.since 25 ml of sample is used for the COD
,deﬁermination. To .relate all.fesﬁlts back to the.original solution,
.one guarter of theuweightJof.the 50.ml of .1:1 dilution is taken as the

sample -welght. -Therefore:
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--total g0z (from above) x 106 = ppm COD blank
sample welght

A chloride analyses 1s next run on 25 g. of the 1:1 diluted nmaterial
and the percent chloride is calculated.on the original solution (12.5 g.
sample weight). From.thesé datay .the COD blank due. to chloride is then
calculated as follows: |

. % NaCl x 1360 = ppm COD due to NaCl
This figure is added to the COD blank for NasS and thio and the sum is
the total blank to be subtracted from .the gross COD.

.Into a 500-ml Erlenmeyer flask with ST 24/40 joint place by means
of a pipette or burette exactly 25 ml of .0.500 N K5 Crs 07. This solu-
tion is made up by diluting 24._5175 g. K2.CR207 o one liter with 20°C
water, Now pipette 25.0 ml.of the L:1 diluted sample into the flask.
Alloﬁ,the mixture to stand for a few minutes and then by means of a burs~
ette add exactly 68 ml .of ¢oncentrated sulfuric acid. Insert a boiling
tube ( to be described laﬁer) and.reflu; one hour. Now add one-pellet
of AgoS04 welghing 0.7 to 1,0 gram by dropping .down the condenser.
Continue the reflux for an additional two hours. Railse the flask from
the hot plate and after a few minufes wésh-dgwn the condenser with a
small amount. of water (use care here). -Remove the flask, remove and
rinse -off the boiling tube with a2 minimum of water. .Then add 180 ml.of
‘water., Cool the flask contents to room temperature. Now add 6-8 drOpS‘
of ferroin indicator and back titrate thé excess chromate with standard
ferrous ammonium sulfate. The end-point is very sharp and goeg from

green to blue to bright red. -Record the titration., At the same time
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.that the sample is being run, a blank should also be run. - It is pre=
pared as follows:
© 25 ml 0,500 N-KoCrz0
‘30 ml concentrated = HoSOgk
Reflux for three hours the same as the sample. After washing .off the
boiling tube add 86 ml water and titrate as aboye. The blank should be
run at least once.each day. - The ferrous ammonium sulfate is about Q.1
‘N .and is made up as follows:
42.8 g Fe.'(NHg)z (SOg)z + 6H20
20,0 ml concentrated HoS04
Dilute to 1 liter with 20°C water.
The .ferroin indiecator is made up as follows:
. 1,485 g O-phenanthroline

0.695 g Fe304 * THZ0
Dilute to 100 ml with water

Calculation of COD

25 X .50 = Normality .of ferrous ammonium sulfate
Blank Titration .

Ny 8000 =K
Sample Weight

Kx (B=S) ;= Gross COD
Gross COD .~=(NasS, thio and NaCl COD blank) = net COD
The boiling tubes reférred to earlier are madé by sealing gbout 2
inches of 8-mm glass tubing to a piece of-sﬁaller glass rod of such a
length (about 6 inches) that when the entire assembly is placed vertically

into a 500=ml flask, thé& tube will protrude slightly above the neck .of
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-the flask, The .open end of the tube is placed down into the flask and

controls the boiling characteristics very well.
. The volumes .of sulfuric acid .and water which have been cited are

based on the following: 'Dufing the reflux period; 55 volume percent ex~

.cess sulfuric acid should be present. During the titration, a total of

21.5 volume percent acid should .be present. . If for-any reason it becomes

necesséry to change sample sizes the new volumes can be easily cal=

'.culatéd_by the use.of two simple simultaneous. egquations:

l, V+x=3

2. X = .55y
Subracting 2 from 1
V= .45y

Solve for y and substituting'back, solve for x

V.= volume of chromate + volume.of sample +

.yolume of acid necessary to neutralize the sample
X = volume of excess acid to be -added
y.= total volume during reflux

When x is obtained, add to it the volume of acid necessary to
neutralize sample., This gives tofal volume .of acid to be added. -To
determine the volume of water to add before the titration, y x 55 =

. 21.5
volume Vo to which the -sample should be diluted. Therefore,

Vo = 3 = volume of water to be .added.

As far as the analyses of solid samples 1is concerned, no sulfide or
thio analyses are run; since these .two materials are very low, In-the

case .0f a refined .ash sample, a 20 g sample is used:. The chromate is
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0.05 N (2.4518 g,KECr207 diluted to one .liter with 20°é water), Fifty
ml of this,reagent is used with low..COD ashed.l-The ferrous ammonium
sulfate is about 0.025 N (9.800 g Fe (NH4) 2 will neutralize 20 g ash.
.In the case of high COD ashes such as evaﬁdratgd filtrate or well
brine, 1t is advisable to use 5 g samples with 25 ml of the stronger

(0.5 N).chromate. -In these samples the chloridé becomes.an important

. factor and must.be.corrécted for. The .blank for the weak .chromate is

run as follows:
| .50,ml‘chrométe
61 ml HpSO4
1.0 g.Ag2S804

Reflux for three hours and add 173 ml .water before titration.
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