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" TASK ] - DESIGN, REF_JRBISH,OPERATE POTASSIUMFORMATESYSTEM

Task I calls for the design,procurement,construction,and installationof
the Seed RegenerationProof-of-ConceptFacility (SRPF) (FigureI) that will
produce tonnagequantitiesof recyclablepotassiumformateseed at a design
rate of 250 Ib/hr for testing in the channel at the CDIF while collecting
data that will be used to upgradethe design of a 300 MWt system.
Approximately12 tons of KCOOH (dry basis) as 70-75 wt% _olutionhave been
produced.

TASK 1.3 PRODUCTIONOPERATIONOF KCOOH POC UNIT

Dilute KCOOH ProductionOperations- March

The front end of the plant (potassiumsulfate reactionand solids
separation/washingunits) was operatedfor five days in March. Most of the
operationswere conductedat a spent seed feed rate of 250 pounds/hour. A
total of -8,500 gallons of dilute KCOOH solutionwas generatedcontaining
approximately2.6 tons of potassiumformate (dry basis). The averageKCOOH
contentof this solutionwas -7 wt%. The design KCOOH solutionconcentration
for the front end of the plant is 8.5 wt%.

During three of the five test days in March, the spent seed materialwas
spiked with sodium sulfate. In a full scale plant the sodiumwould enter the
plant as an impuritywith the coal ash. The purposeof adding sodium was to
be able to track the sodium ions throughthe facility. No significant
partitioningof the sodium relativeto potassiumwas seen in the front end
POC during these tests. During the other two test days, the wash water flow
rate was reduced in an effort to increasethe total dissolvedsolids in the
dilute potassiumformate solutionthat is then used as feed to the
evaporator.

The facility is still configuredto use horizontalreactorT-102 as a
dissolvetank for the potassiumsulfateseed only, while the gypsum-forming
reactiontakes place in verticalreactorT-I04. That is, the only solids in
reactorT-I02 are any inert solidspresent in the seed and any undissolved
K2SO_. The verticalgeometryof T-104 was assumedto be better suited
for handling solids. This configurationhas solved the pluggingproblems
associatedwith T-I02 but may have moved the problemto T-I04. The surfaces
in reactorT-I04 began to scale and the liquid level bubblerhas pluggedwith
solids on a couple of occasions. However,we have yet to have any major
pluggingproblems in the level controlvalve in T-I04.

_vaporatorOperations - March

The evaporationunit was operatedfor a total of six days during March.
Approximately2.5 tons of potassiumformate (dry basis)were processed
throughthe evaporatorand concentratedto >?0 wt%. This material was
allowedto settle and then decantedthrough a polishingbag filter into
closed head drums for eventualshipmentto the CDIF in Montana.

The evaporatorplumbing is still configuredfor an interstageseparationof
the K2SO4 solids that precipitatein the first evaporatorstage. That
is, tBe centrifugethat was locateddownstreamof the crystallizeris now
locatedbetweenthe first evaporatorstage and the crystallizer. There is





• now a bag filter downstreamof the crystallizerto remove any remaining
solids (see Figure 1).

Dilute KCOOH ProductionOperations- April

The front end of the plant was operated for five days during April. The
solids feed rate was increasedfrom 250 pounds/hourto 2go pounds/hourduring
three of the test days. The plant appearedto handle the increased
throughputwithoutmuch difficultybut the accumulationof rust in reactor
T-I02 from the tote bins continuedto cause problems. A total of -7,600
gallons of dilute KCOOH solutionwas generatedcontainingapproximately2.3
tons of potassiumformate (dry basis). The averageKCOOH contentof this
solutionwas .-7wt%. The surfaces in reactorT-I04 continuedto scale.

EvaporatorOperations - April

The evaporationunit was operated for a total of eleven days during April.
Approximately4.6 tons of potassiumformate (dry basis)were processed
throughthe evaporatorand concentratedto >70 wt%. This materialwas
allowedto settle and then decanted througha polishingbag filter into
closed head drums for eventual shipmentto the CDIF in Montana.

Summaryof ProductionOperations

Productionoperationswere completedduringApril with the productionof more
than twelve tons of regeneratedseed (dry basis) as 70-75 wt% solutionfor
shipmentto the CDIF for use in channel tests.

For the purposesof the followingdiscussion,the potassiumformate
productionfacilitywill be divided into two sections: I) the 'frontend'
operation (Section100 potassiumsulfatereactionand Section 200 solids
separation/washing)which is shown in the left side of Figure I and which
produces dilute (-7 wt%) potassiumformatesolution,and 2) the two-stage
evaporationunit (Section700) which is shown in the right side of Figure I
and which produces concentrated(>70 wt%) potassiumformate.

The pertinentproductionfiguresfor the dilute potassiumformateproduction
(frontend) operationsare given in Table I. Approximately35,000 pounds of
Easternspent seed from the UTSl CFFF were fed to the SRPF using a weigh belt
feeder,along with -21,000gallons of 12 weight percent calcium formate
solution (and additionalsolidswash/dilutionwater). A total of -56,000
gal'lonsof dilute potassiumformatewas producedand stored. This production
was accomplishedin a total of thirty eight (38) single shift (8-hour)test
runs. A total of 174 hours were logged with feeds flowing into the front end
unit during the test runs. The balanceof the test run hours, with no feeds
into the unit, were utilizedfor startupand shutdown. Therefore,the
"average"stream factor for the front end productionoperationswas 57%. By
the end of productionoperations,startupand shutdownprocedureshad been
streamlinedto the extent that a stream factorof 85% was achieved.

The typical spent seed feed rate achievedduring productionwas -250 pounds
per hour. This was sufficientspent seed to produce-200 pounds per hour of
regeneratedpotassiumformateseed (pure basis). The maximum potassium
formatesolution concentrationachievedduring productionof the front end



, TABLE I. SRPF DILUTE POTASSIUMFORMATEUNIT PRODUCTIONFIGURES

e Shakedown/OperationsTime Period 9/91 thru 4/92

e Total Number of Runs (Single8-Hour Shift) 38 Average
Stream

• Total Stream Hours (SpentSeed Feed Into Unit) 174 Factor
= 57%

• Maximum Stream FactorAttained 85%

• Total Pounds of Spend Seed Fed 35,600 Lbs

e Total Gallonsof CalciumFormateSolution Fed 21,100 Gal

• Total Gallonsof Dilute PotassiumFormate Produced 56,500 Gal

• Typical Spent Seed Feed Rate Achieved -250 Lbs/Hr

• Maximum PotassiumFormate (Pure Basis)
ProductionAchieved -200 Lbs/Hr

• Maximum PotassiumFormateCencentrationAchieved -7.5 wt% KCOOH



• unit was -7.5 wt%. On several occasions we attempted to produce more
concentrated solutions (design was 8.5 wt%) by reducing the water fed to the
unit. These attempts resulted in the onset of plugging in piping and control
valves due to the increased solids loading (gypsum, insoluble seed mineral
matter) of the slurry being processed. This may be a mechanical problem
specific to the relatively small size of the piping and valving in our POC
plant, lt is possible that in a full scale plant we will be able to operate
at higher potassium formate concentrations.

Many challengingmechanical problemswere encounteredduring production
operations. Foremostof these were the dischargeof cake from the
centrifuges(the dry gypsum/insolubleseed mineral matter tends to hang up in
the ductwork)and the presence of large quantitiesof rust flakes (whichplay
havoc with controlvalves) in the spent seed feed. Althoughwe were
successfulin reaching our productiongoals, a number of challengingproblems
remain to be explainedand resolved. Foremostamong these are the observed
formationof a pervasivegypsum scale in equipmentand piping.

The pertinent production figures for the potassium formate concentration
(evaporation) unit are given in Table 2. Approximately 56,000 gallons of
dilute (5 to 7 wt%) potassium formate solution were fed to the two-stage
evaporation unit during a total of thirty-two (32) single s_ift (8-hour) t_st
runs. Maximumfeed rate to the unit was -6 GPM. Approximately 25,000 pounds
of concentrated (70 to 75 wt%) potassium formate solution were produced in
the unit. This regenerated seed solution has been packaged in about fifty
55-gallon drums for shipment to the CDIF in Butte, Montana for future use in
channel tests.

Dilute Potassium Formate Production Unit Test Results

For front end operations, the average conversion of soluble spent seed
sulfate to gypsum was 95 to 97%. The test runs were generally conducted at
feed ratios of formate (via calcium formate) to potassium (via spent seed) of
slightly (-10%) in excess of stoichiometric to assure high sulfate
conversion. Following the separation of the dilute potassium formate
solution from the gypsum precipitate, a small amount of potassium carbonate
was added to the formate solution. This was done to reduce the calcium
content of this solution (by precipitating calcium carbonate), thereby
reducing the putential for scale formation in the downstream formate
concentration (evaporation) unit. Table 3 gives the stream analysis from a
representative test run for the dilute formate solution after gypsum
separation (by centrifugation) and then after addition of potassium carbonate
and calcium carbonate separation (by filtration).

The front end operations were conducted in the temperature range of 60 to
70°C. Laboratory studies performed in the Phase I program had indicated
that this was the optimum temperature range for a high recovery of potassium
without formation of insoluble syngenite. Indeed, no syngenite was found
when an x-ray diffraction was run on the gypsum waste solids from the POC.
The operations were conducted over a reactor residence time range of 50 to
100 minutes. High sulfate conversion was obtained over this entire range.
lt is likely that the system residence time can be reduced below 50 minutes
without affecting sulfate conversion. This could not be easily tested in the
POChowever due to the type and size of reactors currently being utilized.



TABLE 2. SRPF CONCENTRATEDPOTASSIUMFORMATEUNIT PRODUCTIONFIGURES

e Shakedown/OperationsTime Period 12/91 thru 4/92

• Total Number of Runs (Single8-Hour Shift) 32

• Total Stream Hours -200

• Maximum Stream Factor Attained Not Applicable

• Maximum Feed Rate of Dilute PotassiumFormate -6 GPM

• Concentrationof PotassiumFormateFeed 5-7% KCOOH

• Concentrationof PotassiumFormateProduct 70-75% KCOOH

• Total Pounds of PotassiumFormate (Pure
Basis) Produced -25,000 Ibs



. TABLE 3. SRPF POC DILUTE POTASSIUMFORMATEPRODUCTIONUNIT
DILUTE FORMATEPRODUCTANALYSIS

Dilute Formate Dilute Formate
After Gypsum After Calcium

Ion in Solution Separation Reduction

Potassium,wt% 3.12 3.56

Calcium,wt% 0.40 0.09

Formate,wt% 4.04 3.92

Sulfate,wt% 0.50* 0.48

Carbonate,wt% -- 0.04

Total DissolvedSolids,wt% 8.06 8.09

* -0.4 wt% sulfateattributableto gypsum (calciumsulfate) solubilityin
the dilute formate solutionplus gypsum fines carry over with solution
from centrifuge.



During a number of test runs, dry sodium sulfatewas added to the formate
reactor along with the spent seed. No significantpartitioningoi:the sodium
relative to potassiumwas seen in the front end POC during these test runs.
Similarly,the small amount of chloridepresent in the calciumformatefeed
to the POC was not seen to partitionas it was processedthrough the front
end processunits.

The solidswaste product producedin the front end operationswas relatively
dry. These solids as dischargedfrom a centrifugecontained-0.2 pounds of
surfacemoisture per pound of dry cake. A sample of this material was
subjectedto and passed an EP toxicitytest. Potassiumloss to the waste
solids was very low at less than I% of the potassiumin the spent seed.

ConcentratedPotassiumFormate ProductionUnit Test Results

Approximatelyfifty (50) 55-gallondrums of concentratedpotassiumformate
regeneratedseed solutionwere producedin the two-stageevaporationunit.
The contentsof severalof the drums were sampledand analyzed. The
potassiumformate contentof these drums ranged from 70 to 77 wt%. The
followingrange of concentratedseed impuritylevels was seen:

Wt. %
Calcium 0.05-0.18
Sulfate 0.01-0.03
Carbonate 0.01-0.17%

The specificgravity of the regeneratedseed solutionsranged from
1.53-1.62. As noted above, the sulfatecontent of the final concentrated
regeneratedseed solution is extremelylow. In fact, the regeneratedseed
contains-0.1% of the sulfatethat was present in the spent seed fed to the
front end of the POC. Precipitatedsolids,consistingprimarilyof sulfates,
are removed betweenthe two stagesof evaporationby a centrifuge. In a
large scale unit, this material could be recycledto the front end of the
plant for potassiumrecovery.

Although the concentratedregeneratedseed that will be shippedto the CDIF
contains a maximum of 77 wt% potassiumformate,the material actua'lly
dischargedfrom the second stage of evaporationmay, at times, have contained
as much as 80-90 wt% potassiumformate. This materialwas pumped from the
second stage of the evaporator,operatingat -200°F, into 55 gallon drums
and then allowedto stand and cool. Upon cooling a large amount of potassium
formate crystalsprecipitatedfrom solutionto grow on the walls of the
drum. The ambienttemperaturedecant liquid from the drums was pumped
through a filter and into the drums that are to be shippedto the CDIF. This
regeneratedseed solution (70-77wt% potassiumformate) is free of suspended
solids at ambienttemperature.

A freezingpoint determinationwas made for the regeneratedseed to be sent
to the CDIF. This material has a freezingpoint (temperatureat which it
becomes completelysolid) of below -70°C. However, since the regenerated
seed is a saturatedsolutionof potassiumformate at ambient temperature,
moderate reductionsin temperaturebelow ambientwill reduce the solubility
of potassiumformate and cause a small amount of potassiumformateto



, precipitatefrom solution. Ambient temperaturefor the SRPF POC site at the
time of drum fillingwas 10 to 20°C (50 to 68°F).

A total of 56,000 gallonsof dilute potassiumformatewas processedthrough
the evaporationunit. Heat transferrates in both stages of evaporation
remained high and fairly constantduring the period of operations,with no
evident buildupof scale on the steam chest tube surfaces.

Plant Activities - May

The long-termplant securing operationswere started in May. Securing
operations includeboth the front end units (potassiumsulfatereaction and
solids separation/washing)and the evaporator/crystallizer.The securing
operationsare expectedto be completedin the next reportingperiod. Solid
waste disposal activitieswill also begin in the next reportingperiod.

The potassiumformate final productwas transferredfrom epoxy lined steel
drums to plasticdrums. These drums will be weighed and labelledbefore they
are shippedto the CDIF in Montana.

TASK 2 - DESIGN,CONSTRUCT,OPERATETHE CALCIUM FORMATEPRODUCTIONPOC

The objectivesof Task 2 are to design and constructa POC unit (Figure2)
that will producecalcium formatefrom CO gas and lime slurry in a high
pressure reactor system and to operatethat POC unit to obtaindata that will
allow for low risk scaleup to larger sized systems. Since over two-thirdsof
the presentlyforecastedcost of seed regenerationis associatedwith this
unit operationand the productionof CO gas for reactor feed, verificationof
the processparametersfor this operationis crucial to the MHD program.

TASK 2.1 DESIGN/CONSTRUCTCALCIUM FORMATEPOC UNIT

Installationof plant interconnectplumbingcontinuedduring this reporting
period.

Instrumentation

Instrumentationbuild-up for this task continuedat a low level of effort
during this reportingperiod. This subtaskeffort will increaseupon
completionof equipment installationwhen instrumentationwiring can be
installed.

Documentation

The followingdocumentsare currentlyunder managementreview:

g ShakedownTest Plan
e Safety Hazard Analysis Report

Operatingproceduresfor this unit are currentlybeing written.

TASK 5 - PROGRAMMANAGEMENT AND REPORTING

The contract has been modified to extendthe period of performanceto June
30, 1993 and to add scope for Western seed studies.
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TASK 6 WESTERN SEED STUDIES

Laboratorystudiesusing "simulated"Western seed were startedduring this
reportingperiod. Potassiumcarbonateand potassiumsulfatewere mixed in
the ratio they are expectedto be found in Western seed. Water was then
added to this mixture in the amount mentionedin the literaturethat would
dissolveonly the carbonate. The resultingsaturatedsolution is being
analyzedto determinethe ions present and thus to verify the literatureand
also confirm our analyticaltechnique.






