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INTRODUCTION

It is the aim of every power plant engineer to attain the meximum
possible efficiency for the leest roesible cost. The history of steam
generation is one of constantly increasing efficiencies. From the first
inefficient, low pressure, saturated steam, hand-fired units to the present
day pulverized coal units operating at high temperatures and pressures
with efficiencies as high as 88 per cent, the consideration has been one
of changing the greatest number of BTU available in the potential energy

of the fuel to heat energy in steam. To attain the present high degree of

energy change many innovations were made and much experimentation done.

The most fruitful angle of approach was that for reducing the losa due to
the heat in the dry flue gases since it was such a large portion of the
total loeses. Thus, waterwalls, economizers, air heaters, and different
methods of firing were investigated and began avpearing on many units. The
loss todey due to dry flue gases has been reduced to almost a minimum. As
gsteam generators with thelr various auxiliaries have improved in efficiency,
it has become increasingly difficult to reduce economically the total losses
by any eppreciable degree. Work now being done is mainly refining origi-
nal designs, searching for new metals that will make higher preassures and
temperatures economically possible, altering designs to use a greater
variety of coal, or increasing the efficiencies of the different components.

Any modification that will increase the overall boiler efficiency even a
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fraction of a per cent without incurring a very large expenditure is con-
sidered worthy of inveatigation by most power engineers.

It is notable that little has been or is being done toward recover-
ing heat lost in unburned combustible produced in a pulverized coal unit.
Many present day stoker-fired units are equipped with flyash reinjection
systems for partially recovering this loss. Flyash reinjection for spreader
stoker units is practically standard equipment because unburned carbon
carryover is so great with this type of fuel feed. Burning flyash on a
stoker is relatively easy since it is allowed to lay on the fuel bed a

fairly long period of time whereas time for burning in e pulverized steam

generator 1s very short.

Ash is deposited in three different places on the unite used for
this investigation. They are the ash pit, the last-psss hopper, and the
Resesrch Corporation electrostatic precipitator. The precipitator refuse

was observed to be quite chalky in appearance whereas the last-pass hopper
refuse was found to be very dark. Most of the refuse particles deposited
in the last-pass hopper are larger than 100 mesh with very few larger than
50 mesh. This large particle flyash is centrifugally deposited as the fly-
ash laden gases maeke an abrupt turn into the last-paass of the boiler. A
check was made and it was found that this refuse contained apnroximately
40 per cent carbon. ThiSAValue seemed sufficiently large to merit an in-
vestigation of the possibility of recovering the heat contained in last-
paas hopper flyash.

Mr., H. O. Arendsee, Power Plant Superintendent of the Celco, Vir-

ginia plant of the Celanese Corporation of America believed that a study
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of the possibilities of burning lest-pass hopper flyash should be made in
view of the few and very conflicting c}gims and opinions of the feasibility
of heat recovery from this flyash. Celanese officials approved the use of
their Celco units for this determination which was under the field super-

vision of Mr. Arendsee.
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REVIEW OF LITERATURE

Most coals used for steaming contain 15 to 40 per cent volatile
matter and 50 to 80 per cent fixed carbon. Thus, approximately two-thirds
of the combustible is fixed carbon and, likewise, approximately two-thirds

of the heesting value in coel is due tc¢ fixed carbon. It is apparent then

that tne turning of carbon is important.
Tvery steem generating station encounters a loss due to unburned

cerbon in flyash refuse and in the form of carbon monoxide in the flue

goses. This investigation deals with the unburned cerbon found in the

lest-pass hopper flyash. A short discussion of the nsture of the burning

of coel will be included to show why 1t is practicelly impossible to elim-
inate these losses resulting from unburned carbon. This discﬁssion will
1imit itself primarily to the burning of coal in a pulverized cosl unit.
Coal, after being injected into the furnace, burns in two practi-
cally distinct steps. First the volatile matter is distilled off and
burned. Then the carbon remaining is burned. In comparison it 1g much
more difficult to burn carbon than the volatile matter present in coal.
The relative time for bufning 13‘10 per cent for the volatile matter and
90 per cent for the fixed carbon.l The coal particles attain furnace tem-

perature in approximately 10 to 20 milliseconda.2 Burning of the volatile

1griffin, H. ¥., Adams, J. R., and Smith, David F., "Rates of Burn-
ing of Individual Particles of Solid Fuel", Industriel and Engineering
Chemistry, September, 1929.

21bid.
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matter is easy since the law of diffusion applies bringing the coal gases
into intimate contact with the oxyzen of the air rapidly. One probdlem,

however, does present itself. As the volatile matter distilled from the

coal burns it tends to create an inert atmosphere arouud the cosl parti-
cle. Further distillation finds new volatile mixing only with inert gases
and, if this condition were allowed to exist, the newly formed volatile
metter would not be burned. This problem is solved quite easily by ar-
rangements providing for agitation of the coal and air streams. Even though
the carbon which remains after the volatile matter has been removed is of
gsuch a slze that 1t apvarently obeys the mechanics of gases it will not
burn as & gas. Diffusion does not cccur to the extent that it does with
gases‘and the 1gnition temperature is higher for the carbon. The gener-
elly accepted theory for the burning of cardbon is that complex compounde
of carbon and oxygen are first formed before finally breaking down to car-
bon monoxide and then cerbon dioxide. This adds to the time reguired for
carbon to burn, To assure complete burning of the cerbon it must remein a
sufficient period of time in the furnace st the ignition tempersture and
must heve eir constently moved relative to it. The latter requirement 1is
important because carbon will not diffuse. A pulverized coal unit burns
volatile matter better than & stoker-fired unit but due to the emall amount
of time the particles remein in the furnace burning fizxed carbon is more
difficult.

In a pulverized coel steam generating unit, coal perticles burn
forming emptj shells, celled cenospheres, whose carbon content is high,

Many of these cenospheres are carried through the furnace without completely



(11)

burning and are denosited in the last-pass hopner. The following theory
for the creation of cenospheres ls propounded by Mr. Douglas Henderson.J
"At some point before the volatile matter is distilled off coel reaches
an agzlutinating point at which temperature there is a softening of the
5011d material.® The volatile matter is driven off and the "pasty condi-
tion is followed by a hardening of the mass.® This occurs on the outer
gurface of the coel first since it ia heeted by radistion from the furnace.
The ineside of the coal perticle does not attein the asgglutinating tempera-
ture until after the surface of the particle has softened and sintered.
The center of the particle then softens and attempts to expell the vola-
tile matter dbut cannot do so duevto the gintered surface, Preagure is
built un within the particle against the "fused and to 2 certaln extent
plastic exterior® formiﬁg a8 hollow sphere which eventually bursts leaving
a thin shell with considerable carbon. Aﬁother observation made by Mr,
Henderson was that “the thin walls of the cenospheres make them very active
with oxygen—-cenosﬁheres of 30 mesh down reacting with oxygen at 1650°F to
such an extent that the entire mass glows. Coal or coke requires a higher
temperature to resch the same glow point." This would indicate that ceno-
ephere flyash has burning possibilities.

Nowhere in reviewing literature regarding flyash burning wse there

found an analysis concerning the merits of a reburning system that will be

epplied in this study. Mr. Hudson H. Bu‘oar)‘L brings out some intereating

3Henderson, Douglas, "How Pulverized Zoal Eurnsg as Shown by the
Micros:ore”, Power, July, 1G31l.

LBuber, Hudson K., "Recirculation of Fly Ash in Boiler Furnaces",
Combustion, January, 1942.
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points, however. Mr. Bubar gtates that recirculation increases the per-
centsge of ash passed through the boiler since the percentage of ash in
flyash ie considerably higher than in the cosl forming it. In the czse
of recirculating all flyash from the separstors this increase will continue

until the quantity of ash discharged from the stack will equal that which

would be =2dmitted to the sevarator without recirculation. Incressing the
gas loeding of the flue gases increases malntensnce of furnace walls due
to increased slagzing, reduces heat transfer conditions due to grester ash
sccumulation on boiler tubes, and further hinders economical overation
caused by increased ash content being circulated., The conclusions of the
analysis made by Mr. Bubar practicaelly eliminates the mnossibility of re-
circulating the flyash collected in the senarating aoperatus within the
same furnace. Hls observetions and analysis were based unon the idea that
the flyssh produced by a boller be recirculeted in the same boller, thest
the flyesh be injected directly into the furnace without prior vrevaration,
and that the flyash for recirculetion was thet removed from the flue geses
in the gseparating aspperatus.

In this investigeticn the author will be concerned cnly with that
vortion of the flyash deposited in the last-pass hovper. The flyash will
be prepared for furnsce injection by pulverizing it in the seme manner
as coal,

As previously expressed, there could be found very little informe-
tion concerning the burning of flyash. From analyses made at the Celco

plant of the Celanese Corporation of America lest-pess hovper flyssh was
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found to contailn aporoximately L0 per cent carbon, representing an unburned

carbon loss of sufficient megnitude to warrant this investigation.

OBJECT

To determine if it is possible to reinject for further burning the

last-pass hopper high carbon flyash from pulverized fired steam generating

units at the Celco, Virginia, plant of the Celanese Corporation of Americs.

PROCEDURE

1. Significance And Theory

The quantity and carbon content of the flyssh deposited in the
lagt-pass hopper and its ability to be burned‘we;e the fundamental items
to be learned in order to fulfill the object of this investigation.
Supplementary observations were made, however, and due to thelr apnlica-
bility to the subject as a whole were incorporsted.

Svot checks were made for determining the quantity of flyash de-
posited, the carbon content, and the size consist of the flyash. No ef-
fort wss made to ascertain the effects of different tynes of coal, varying

loads, and other factors which wculd cause the zmount of refuse denosited
to vary., Prior to meking & spot check it was first learned whether the
unit was functicning under average conditions. The units are normelly

operated on a fairly uniform class of ccal snd with a rather constant output.

It had previously been decided that for successful burning of the

flyash & reduction of particle size would be the most practical approach.
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The units in question are pulverized coal units, therefore, it follows,
naturally, that the large particle materisl considered for reinjection
ghould, if possible, be prepared for the combustion process by pulveriza-
tion. The grindebility of the flyash was determined as 1s explained later
in this section. The results of this determination were important for de-
ciding the feasibility of running the burning test, If this test had re-
vealed that extreme difficulty would be encountered by the pulverizers in

grinding the flyash it would have been necessary to alter the proposed

method of injecting the flyash into the nulverizers prior to burning.

The burning test was of fundamentsl importence since upon it de-
vrended the possibility of recovering the heat available in the flyash. It
was necessary to devise a method for determining positively whether the
burning of flyesh could be accomplished. This could not be done by taking
the last-pass hopper flyash deposited by a unit and attemoting to burn it
at the units rate of deposition since the amount was so small that 1t would
not be detectable by elther a steam flow chart or an efficlency test. A
greater rate of feeding was, therefore, settled upon so that the quantity
was significant. By observing the flame, varisation in COp, and the steam
flow chart the ability of flyash to be burned could be found.

An ash-balance for calculating the loss due to unbﬁrned combustible
in the refuse was run. Information obtained from this test was used in the

following manner: (1) the avallable heat in last-pass hopper flyash was
determined, (2) a comparison was made between ash-pit refuse allowed to

ley in the bottom of the furnasce exposed to the radiant heat of the furnace
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end refuse drawn immediestely from the furnace bottom without having an op-
portunity to burn, (3) the available heat in and the quentity of large
narticlé. high carbon flyash carried past the last-pass hopper into the
precipitetor was calculated, (4) the loss due to unburned combustidle in
the refuse was found, and (5) the refuse distribution in the three fly-
ash collecting areas was determined.

It had been plenned to run several ash bslance tests but the unit

on which the tests were to be run was subjected after the one test to a

prolonged outage.making discontinuing of additional tests necessary. Every
effort wes made to run the test under aversge conditions, therefore, re-
sults obtained should be representative of normel operation.

A check was made of the time required for the pneumatic conveyor
to withdraw the flyash from the lest-pass hopver for varying veriods of de-
vosition. The theory was that as the flyash continued to collect in the
last-pass hopper the area for gas flow past the hopner beceme less, in-
creaesing the flue gas velocity. It was believed thet a voint would be
reached where the high veloclity gases would pick up flyash alreedy deposited
and an equilibrium condition would exist whereby no additional flyash would
be collected in the last-pass hopper. Thus, the quentity of high carbon
flyash usually deposited there would be carried on to the nrecipitators
and, possidbly, out the stack.

In conjunction with the analysis of the flyash, vhotomicrographs
of flyash were mede. It is known thet the majority of the particles will

be in the form of cenospheres (hollow spheres) and these photogrephs
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verify this. The photomicrogrechs were included to show the structure of
the flyash since they will show it more clearly than a written description

could wossibly do.

2. Flyash Ansalyasis

Al. Per cent Carbon

The three constituents of flyash are ash, carbon, and volatile mat-
ter. The volatile matter present is such 2 small quantity as to be consid-
ered negligible. The ver cent carbon was determined by burning e flyash
sample ground to 60 mesh in a muffle furnace at JOO to 750 degrees centi-
grade until only ash remained.

A2. Size Comvosition

Tyler screens of U. S. Standard 30, 50, 100, and 200 mesh and a
Rotatap shaker were used. The percentege of flyash larger than 30 mesh,
between 30 and 50 mesh, between 50 and 100 mesh, between 100 and 200 mesh,
and smaller than 200 mesh were determined by shaking for a twenty minute
period.

A3, Grindability

Grindability tests were made since it was believed thet for success-
ful burning of flyash a reduction in particle size was necessary. The
standard Hargrove grindability test specifies vparticle sizes between 16 and
30 mesh necessitating the need for another means of comparing the grind-
ability of flyash with that of coal. The particle size of the flyash with
which this thesis is concerned is smaller than 30 mesh. A comparison of

the grindability of flyash with thet of coal wes made by teking coalas whoee
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grindabilities were known, reducing them to the same size es the flyssh,
end running the grindebility =sccording to A. S. T. M. Standsards with the
exception of marticle size. Refer to Figure 5, mage L40. Grindebilities

g0 obteined were celled "commarative" grindsbilities. The comparative
grindability of the flyssh was also determined. Then, by extravoletion
of the Hardgrove line, the grindability of the flyash wes found on the
baeis of its having a size in accordance with A. S. T. M. Reguirements.
The grindability so determined enables & comparison of flyash grindebility

with other coals in sddition to those used to make this anelysis,

3. Coal Analysis

The vproximate aznalysis and the higher heating value of the coal
used for the esh balance test was made according to A. S. T. M. Standards

at the Celsnese laboratory.

4, Test Procedure

Bl. Weight of Flyssh Depoaited

The hoprner was emrtied initislly and flyash sllowed to collect for
an hcur. A fifty gallon drum (Figure 1, pesge 12) was placed on platform
scales and the tare weight recorded. A vacuum was vulled on the drum to
which was attached a hose from the bottom of the lsst-pass honper. See
Figure 2, pege 19. The hopper was emntied and the drum reweighed.

B2. Burning Test

Unit Number 4 was used since it was equipped for natural gas usage
and the opersting versonnel were more familiar with its cperstion under test

conditions. There ere two feeders on Number U4 which supvly four horizontel
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turbulent flow burners. The north feeder supplies the top two burners
while the south feeder supplies the bottom two burners.

The unit was placed on manual control and the north feeder set to
supply coal for producihg approximately 70,000 pounds of steam per hour.
The eouth feeder's coal supply was cut off and the south bottom burner valve
closed. Gas was fed to the north bottom burner at a constant rate until
the total steam produced by the coal from the top two burners and the gas
from the bottom north burner totaled 75,000. Then flyash was dumped into
the south feeder at the rate of one bucket per ten seconds until the unit
had attained equilibrium conditions. The injection of the flyash was stopved
and the steam output was noted. The difference was recorded as the steam
supplied by the flyash and proied conclugively that the flyash had burned.
During the test the pulverizer amperage, the Ringleman Kumber of the stack
gas, and the COp were recorded.

B3. Ash Balance

This test was made on unit Number 6. The unit was placed on
manual control and a constant output of approximately 200,000 pounds per
hour maintained for the test period of eight hours. The bunker had pre-
viously been filled with enough of the same kind of coal so that conditions
would be maintalned as constant as possible during the test.

The refuse deposited in the last-pass hopper was taken, measured,
and analyzed as described on pages 15 and 16. The ash pit refuse quantity
was solved by allowing the refuse to fall into the hopper in front of the

pit and noting the number of times this hopper was filled during the time

of the test. The quantity of refuse required for one hopper full was
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previously measured so that the total refuse could be calculated. To ac-
complish this the ash pit door was opened and the refuse was allowed to
fell continously into the hopver. There is a chamber around the hopper
which was completely sealed to minimize infiltration of air at thie area.
When the refuse had reached the desired level in the hopper the plug ob-
structing the refuse from flowing into the ash disposal line was pulled
end the pneumatic conveying system was allowed to remove the colleéted
refuge from the hopper. A representative sample of the precivitator refuse
was taken as shown by Figure 3, page 22.

The quantity of refuse which went to the vrecipitator was calcu-
lated by equating the ash in the refuse equal to the total ssh supnlied
in the coal.

The precipitator refuse was screened for flyash between 100 and
200 mesh and larger than 100 mesh in order to determine the amount of large
varticle high carbon flyash which passed the last-pass hopper and entered
the precipitator. These large varticles were analyzed for combustible con-
tent so that their recovery value might be ascertained. A photomicrograph
of this large material was taken so that a comparison might be made with
the photomicrographs of last-pass hopper cenospheres.

4Information concerning to what extent the ssh-pit refuse oxidized

when exposed to the furnace's radiant heat was easily obtainable. The

agh-pit refuse obtained during the ash belance test period was not exposed
to the radiant hest of the furnace, With the pit door oclosed and the ash-

pit refuse exposed to the heat of the furnace the conditions of the test,
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e.g., the seme coal and a load of 200,000 pounds per hour, were continued
for two hours after the normal test had been terminated. A sample of this
refuse wes tasken, enalyzed, and compared with the refuse of the normal run,

B4, Last-Pass Hopper Carry-Over

The United Conveyor's pneumatic ash-disposel line ends at a ;nring-
loaded air inlet valve. When the system is pulling the spring-loaded valve
is practically closed since the suction force is beinz expended by pulling
the flyash. When the ash has been pulled the suction in the line exerts
its force on the valve, pulling it down against the force of the spring.
Byiobserving the valve the end of the pull can be noted. The pull was
started by opening the hopver valve exposing the flyash to the dispossl
system's vacuum.

The time for pulling was recorded for deposition periods of from
two to fourteen hours, with & deposition increment of two hours. TFor

exzmple, the flyash was allowed to collect for a two hour period snd the

time for pulling the hopper empty recorded. Then it was allowed to denos-
it for a four hour period and the vulling time again recorded. Theoreti-
cally, if there were no carry over the time required to empty the quantity
deposited for the four hour period would be twice that of the two hour
period. If the time were less for the four hour neriod it wes believed
that the carrying over to the precipitator of flyash which normally settled

out in the last pass hopper would be indicated.
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DATA AND CALCULATIOKS

Al, Tests For Carbon Content In Lest-Pass Hopner Flyash (per cent)

, +100 4200
Run 1 57.1 34,5 15.7 7.2 36.9
2 55.5 20.8 36.6 11.0 35.9
3 53.6 31.9 20.3 g.3 36.3
L 58.5 32.0 22.6 7.1 38.5
Ave, 56.2 32.3 23.8 8.4 36.9
Sample Calculation:
¢ = FA - A(100)
FA
1.0001 - 439
= 10001 * 100
= 571.1%
Where: C = per cent carbon in flyash samnle
FA = weight of flyash sample in grems

A

i

welght of ash in flyash sample in grams

A2, Tests For Size Comvosition In Last-Pass Hopper Flyash (per cent)

MESH SIZE 30 _gg _;80 ~§88 -200
Run 1 6.3 32.5 35.4 18.9 6.9

2 5.9 39.3 41.3 11.3 2.2

3 5.3 30,2 Lo.4 12.4 2.8

4 2.7 28.3 37.4 25.0 9.6

5 - 3€6.1( 52) | 38.7 17.8 7.4

6 - 35.0( 50) | 39.0 19.0 1.0

(Continued on next page)
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A2. (continued)

Sample Calculation:

-~ FA
FA, = _Ygﬂ (100)

3e.5
= 555 (100)

= 32.5%

Where: Flge

sized flyash (ver cent)

FAgew

1]

weight of sized flyash (grams)

FA

welght of flyesh samvnle (grams)

A3, Tests For Grindability

a. Standard Test #1 Test #2 | Ave.
Logan and Kaenawha (do. 2 Gas) 72 T4 13
Smokelesa (No. 6 Pocahontae) 100 111 110
Raven Pocahontas (Raven Red Ash 83 8l 83

b. Comparative
Logan snd Kanawha (Xo. 2 Gas) g1 83 &2
Smokelees (No. 6 Pocehontes) 116 117 117
Raeven Pocahontss{Raven Red Ash) 93 9 93
Flyash 110 117 113

Sample Calculation:

HGI = 6.93W+ 13

it

6.93 x 14.1 + 13

= 111.0

Where: HGI - Hardgrove grindability index

W

welght through 200 mesh after grinding
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Bl. Weight of Flyash in Last-Pass Hopper (#/hr.)
Hopper South North
Designation South Center Center North Total
Run 1 32 15 25 4o 112
2 ug 20 L2 63 173
3 L6 27 Lo 58 1n
4 50 25 43 62 180
5 43 30 38 58 169
6* 63 32 45 70 210
1 33 20 35 55 143
Ave. L5 2y 38 58 165
*Wet storage coal
B2. Burning Test A
f{;;%h ¥1thout difference
Ringleman Y¥o. 2.8 2.7 .1
Pulverizer Amps. 95-100 70 25-30
% cop 14.8 12.8 2.0
Load (#/br.) 85,000 76,000 9,000
Rate of Feeding Flyash. . ... .ervriereinieieeneenanannnn 2250 #/hr.

BTU in Flyash Fed = Hrlf =

Heat Absorbed in Meking Steam = Eg =

14150Cry x Wpyr
14150 x 369 x 2250 = 11,780,000 BTU/hr
hg - hey

= 1362 - 312 = 1050 {#

BTU in Steam Made by Flyash Fed = Hgryjg = Hg X Wgar

Recovery Zfficiency of Burning Flyash (Approximate)

L1 L N T I 1]

"

1050 x *3000 = 9, uso 000BTU/hr
- Hsrlf

f
’]-1?0 000 30%

11,780,000 = ==
heat in last-pass hopper flyash fed (BTU/hr)
pounds of carbon per pound of last-pass hopper flyash
weight of last-pass hopver flyash fed (#/hr)
heat absorbed in steam made, net (BTU/#)
enthalpy of steam at P = 600 psig and T =
enthalpy of feedwater at P = 800 psig and T =

(BTU/#)

heat in steam made from flyash fed (BTU/hr)
welght of steam made from flyash fed (#/hr)

7200F (BTU/#
3400F
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B2. Burning Test B

with without

flyash flyssh difference
Ringleman No. 2.8 2.7 .1
Pulverizer Amps. T4 67 7
% cop 1.7 13.0 1.7
Kate of Feeding FLYBEH .. .. . ceoovoutnmne oo iee i 2250 #/hr

B3, Ash Balance Test

B3a. Refuse Quantities (vounds ver 8 hours)

Hopper North South :
Designation North Center Center South Total
Legtoems | o6 350 190 293 1379

Ash-Pit 567 315 189 252 1323

B3ib., Refuse Carbon Analysis (percentage)

MESE SIZE +50 +100 ;iigg -200 Aggregate
Lﬁst-Pgss 57.1 34.5 15.7 7.2 36.9
Ash-Pit I* - - - - 244
Ash-Pit II1** - - - - 37.1

NOTE: * Analysis of ash-pit refuse which had been exposed to the
radiant heat of the furnace
**Analysis of ash-pit refuse which had not been exvosed to the
radiant heat of the furnace -

B3c. Precipitator Refuse Data

MESH SIZE +100 +90 200 Aggregate

Carbon (per cent) 56.6 36.7 - 19.7

Quantities (per cent) 8.6 19.3 72.1 100
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B3d. Other Data

1. Ash in coal, as received (from Celanese files) .. ............... g.6%
2. Higher Heating Value of coal, &s received (from Celanese files)...
.............................. 13850 BTU/#
3. Quantity of coal burned during test period ........... 142,000 #/8 hr
4. Enthalvy of steam at P = 600 psig and T = 720° F ... ...... 1362 BTU/#
5. Enthalpy of feedwater at P = 800 psig and T = 3UOCF ...... 312 BTU/#
6. Average steam produced (from integrator readings) ...... 196,000 #/hr
B3e. Calculated Data

Identification of symbols:
A, = pounds of ash per vound of coal (es fired)
Wg = pounds of coel burned during test
Ar) = pounds of ash per pound of last-pass hopper refuse
Wy, = pounds of last-pass hopper refuse denosited during test
App = vounds of ash per pound of ash-pit refuse
Wr2': pounds of ash-pit refuse depoasited during test
Ar} = pounds of ash per pound of precipitator refuse
Wr3 = pounds of precipltator refuse devosited during test
= total weight of refuse deposited during test
e = assumed efficiency of precipitator = 94%
%p = percentage of refuse to precipitator
Cr1 = pounds of carbon per pound of refuse in last-pass hopper
Cro = pounds of carbon per pound of refuse in ssh-pit
Cr3 = pounds of carbon per vound of refuse in precipitator

Wf = pounds of coal burned during test

HHV: = higher heating value of coal (BTU/#)
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BTU
enthelpy of steam leaving boiler
enthelpy of feedwater entering boiler

heat in last-pass hovper flyash (BTU/hr)

‘heat in large varticle precipitator flyash (BTU/hr)

pounds of carbon per pound of larger than 100 mesh precipi-
tator flyash ' :

ver cent by weight of precipitator flyash larger than
100 mesh

pounds of carbon per pound of precipitator flyash between
100 and 200 mesh

per cent by weight of precipitator flyash between 100 and.
200 mesh

B3el. Quantity of Flyash to Precinitator

Ag x Wy = Ay X Wpp 4 App X Wep + Arz x Wr3

.086 x 142,000 = .631 x 1379 +.629 x 13234+ .803 x Wr3

Wyz = 13,100 #

ST

B3e2. Total Weight of Refuse Demosited in 8 Hour Period

Bz Wrl+ Wrp+ W3
1379 + 1323 + 13100
15,802 #

R

R



B3e3. Refuse Distribution (ver

(30)

cent)

(a) In Last-pass Hopper =

(b) In Ash-pit

1]

(¢) To Precipitator -

wﬁl (100)

1379 (100)
15802

8.72%

g2.91%

(d) Collected by Precipitator
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B3el. Loss Due to Carbon in the Refuse (per cent)

(2) Loss in Last-pass Hopver Refuse (per cent)

- 1150 (Wer Cr1)
T TWe x HHVp (100)

- 14150 (1 .369)
TRE?goo 37?3350569 (100)

= .3660

(b) Loss in Ash-plt Refuse (per cent)

14150 (W0 x C_»)
Wf x H}in

(100)

H

14150 (1323 x .371)
= 142000 x 13850

= .354%

(100)

(¢) Loas in Precipitator Refuse (per cent)

- 14150 (W4 x Cr3)
Wf X HHVZ’

(100)

_ 14150 (13100 x .197)
= TIG2000 x 13850 (100)

- 1.84%

(d) Total Loss Due to Carbon in the Refuse (per cent)

[R]

.366 4 .354 L 1.84
2, 566

B3eH. BTU in One Pound of Steam (net)

Eg = h - hey

8

1362 - 312
1050 BTU/#

I
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B3eb. BTU in lest-pase Hopper Flyash
Hyy = 14150 Cpy x !él

15150 x .369 x l}%ﬁ

900,000 BTUZhr

i

B3e7. BTU in Lerge Particle ( 200 mesh) Flyash Deposited in the Precipitator

Ly
Hpo = 14150 (Croa x ﬂra§5i30r23 x %rop) x W§2 x e

150 (.566 x 8.6 + .367 x 19.3) 13100 x .9y
1C0 g

= 2,600,000 BTU/hr

B3eS. Steam Available in Large Particle Flyash (#/hr)
(2) In Last-pess Hopper = Hr)
_ 900,270
1550
= 860 i‘-’/hr

(b) In Precivitator -

bk

2,500,000
T 1050

= 2480 #/hr

(c) Total Steam Availsble in Large Perticle Flyash

1

£60 + 2480

53&5 #/hr

[N
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B4, Last-pass Hopper Carry-over

Houre Deposited Time to Pull
in Hopper Hoprer Empty (Sec.)

n

120

136

68

53

156

124

&9

136

195

210

236

RiIRIoVjONNW WD | F]FINRO O

110

[
o

196

f
&=

192
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DISCUSSION

It had originally been proposed that the investigation be made
with regards to the whole plant, the plan being to collect the last-pass
hopper flyash from a1l units except the one into which it would be injected
for burning. This was at first thought necessary becsuse of the excessive
gas loading expected due to recirculg}ion. This theory is explained more
fully in the Review of Literature section of this thesis. Once the in-
vestigation begean to progress, however, it was found that the quantity of
last-pass hopper flyash available was too small to cause concern and, too,
the method of pulverizing the flyash prior to injecting for reburning
practicelly eliminates the possibility of recirculation. The burned flyash
will be small, light, ash particles like those carried by the gases to the
precipitator. Therefore, it was decided to confine the inveatigetion of
quantity and carbon content to one unit. Another factor which gided in
arriving at this decision was the expected renroducibility of results.

Four of the units, numbers 3, 4, 5, and 6, are Riley Stoker Corporation
make., Units 5 and © are larger replicas of 3 and 4, Results obtained by
investigating one of the units would be epplicable to any of the others.
These four units coanstitute 82.5 ver cent of the rated cgnacity of the in-
stellation and have a greater opersting pnriority than do units 1 and 2.

It is of »rime importance thet the steam generators continuously
supply sufficlent process steem and steam for eleoctrical generation. There-

fore, preparations for making tests and decisions made in deciding on which



unit & particular test was to be run depended considerably upon this con-

sideretion. For instance, the burniné test was performed on unit number 4
gince the load supplied by this unit could be absorbed by the lerger units
if the fire were lost. Even so, every vreceuticn was tsken to assure that
no large fluctuation in the unit's outout would be experienced as would be

the case if trhe flame blacked cut.

Al Per Cent Carbon in Flyash Refuse

Obeerving the plot of ver cent carbon in refuse versus time made
from data kept by the Celco plant of the Celanese Corporation of America,

where this thesis investigation was made, revesled that there were lerge

veriations in the ver cent carbon in refuse ranging from 10% to 58%. See
Figure Y4, page (36). It was these veriations in per cent carbon and the
resulting search to find the reason for these veriztions which revecled
that the last-pass hopper had such & significant percentage of carbon.

The analysis of the refuse was made from samovles taken weekly from the
silo; where sll the refuse materisl is collected prior to being loszded into
trucks for final disvosal. The varizstions in the ver cent czrbon in the
refuse is due to the sample being teken from different places of the furnsce,
the value of the per cent cérbon denending on what ash was in the eilo =2t
the time ihe sample was taken. It is obvious thot such a vrocedure does
not give a true picture of the losses resulting from unburned csrbon. How-

ever, it is nrobably safe to assume that the sverage for a large veriod of

time gives 2 feirly accurate picture.



|

g s

>
k.

3 A

-

CEALS

=

we

/A

R bt

e

i

O

Y&

[

i )

| SO S




(31

The carbon content of the flyash for the several checks made showed
little variation. A4s previously stated, no attempt was made to keep any-
thing on the unit constant strictly for a check condition. There was some-
times as much as a month's difference between times that the samples for
analyses were taken. The fact that tie carbon content showed such uniformity
for the anslyses made shows that the flyash will generally epproximate the

average of these results.

A2 Size Composition

The sieve anzlysis was made to give a clearer nicture ofvwhat makes
up last-pass hooper flyash. No data corresconding to that taken regarding
leat-pass hopper flyash could be found in any books or periodicals thre
suthor screened. So the subject was new andi any information nttainsble
within the limitations of the time mvailable was felt a gain of knowledge
concerning the nature of flyash. In arny eveant, the dats taken is only ap-
plicable to the units in question and if gimilar cete for other units are
required they would have to be taken from those units. But it is belleved
that the information obtained throughout this thesis i1s compzrsble, at
least, to units of parallel construction, particularly those built by the
Riley Stoker Corporation.

There is noticeable agreement between the data of the several sieve
analyses made. There are veristions between runs but generalities cen be

drawn. Seventy to seventy-five ner cent of the materisl is made up of

flyesh between 30 end 100 mesh, divided about equzlly between 50 to 100

mesh and 30 to H0 mesh. About 20 ner cent of tre flyssh ie between 100
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and 200 mesh with the remeinder divided between the large over 30 mesh
and tkhe smell under 200 mesh sizes., It will be noted that there was no
sttempt to zversge the analyses made to get decimal point eccuracy for
sizgycqnsist gince the day by day changes in the anclyses due to the many
“variables of operation would mske such an everage meaningless. The gen-
eralities made from the data are of importence in thzt they brzcket the
mein quantities making up last-pass hopner flyaeh and enable & comperi-

son to be mede of last-pess hopper materisl with thsat which goes to the

precipitator.

A3 Grindebility

It has been observed by many men in the stesm generetion field that
grindability indicee of coal as obteined by A. S. T. M. methods are not the
perfect criteria on which to bese & comparison of power requirements of
coaltfor pulverization. It is used due to a lack of a more universally
eccepted method and the impetus it has gained through the years. To a
lerge extent the methcd fulfils its need but sometimes breaks down as a
comparison when epplied to different methods of vulverization and to coals
of different sizes fed to a vpulverizer mill, For instance a coal having
a high grindebility index may require more power in & hemmer mill than
cne having a lovwer index. This coal might be more susceptible to pulver-
izetion by cruehing or attriticn forces than to an impact ‘force such as is
ervloyed by a hemmer rill. The size of the cosl fed to a rill is an im-
portent ceonsideration. It is easily seen that more power is required to

oulverize a large diameter piece than the small nut variety. The A.S.T.M.
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mechine is & miniature ball-rece pulverizer using & crushing ection. Coal
gized between 16 and 30 mcsh is sonecified for the grindability index.

The laét-pass hopner flyash is smeller then 30 mesh, therefore,
the stendard A. S. T. M. grindsbility method could nct be used. The method
for getting a comparzble figure for flyesh griricbllity is described on
rege 16.

The spnarent density of flyaeh is lese than tret of coal, there-
fore, the required 50 gram sample of flyash gave 2 larzer volume than a
50 zram sample of coal. This caused the spece for ~ulverizing in the Hard-
grove mechine to be more crowded when flyash was used and, concelvably,
.created forces which caused more complete pulverization. This, of course,
would be a scurce of error for the comnarative grindebility obtrined.

Commnarative grindability of the flyssh was only slightly worse
than that of the Smokeless cosl, being 113 as comparci to 117. The true
gfinéability of the Smokeless coallwas 110 and that of the flvash obtained
from Figure 5, page L0, was 106.

The important result obtained from the grindability snalyele wes
that the flyash could be pulverized and it avnarently cculd be done eaaily;
This was quite important since, prior to the investigetion, the belief of
those the suthaé contected was that flyash grinding, if at all possidle by
standard coal pulverizing apparatus, would be extremely difficult. It was
also important since it would now be possible to pulverize before burning
which would increase the possibility of more cozplete combustion and re-
duce the poséibility of recycling. The problems involving the injection

of the flyash both for the burning test and in the case of A nermanent
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arrengement for reburning were more easily sclvzble since it wes hecessary
only to get the flyash to tae oulverizer from whence the vrimary air would

convey it into the furnece.

Bl. Weight of Flyaeh Deposited

The quantity of flyash in the last-pase hoprer was disappointly
small from the standpoint of recoverable heat from thi; material. The
amount deposited for the spot checks gave a devosition rate of from 112
pounds per hour to 210 pounds wer hour. Most of the runs, however, were

around 175 nounds ner hour. This was done on unit number 6 with the load

at the times of the tests being anywhere from 170,000 pounds of steam ver
hour to 20C,000 rounds of steam ner hour. The only observation made of

the coal &as for the test giving the lergest smount, 210 pounde of flyash

per hour. For this run it wes nbserved thet the fuel was wet storege

coel although it wes the average tyve used. This seeme reascnable since

& vulverizer does not do as good a job of vulverization when moisture 4in

the coel increeare. Therefore, since a greeter percentege of large particle
coal was being discharged from the pulverizer and injected into the furnace,
it follews that more large particle cenospheres were formed and ultimately
dropred out into the last-pass hopner. It did not fall within the scope
of this thesis to follow through with this observetion and even go further
into an investigation of various tyves of coal upon flyash distridution.
It is suggested, however, that such an investigation would be both inter-
esting and wertawhile.

All of the chec.xs made gave a higher denosition rete for the north

hopper. Thie is probably due to the wsy the turbulent burners are set to

.
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gwirl the sir-coal mixture., This fact that the outer hopners contained
more flyash then the center ones is due in nart st lemat, to the velocity
gradient. The veloelties toward the outside are less than in the center
and are not as grest as the terminal velocitlies of the varticles, which al-
lows them tc fall into the hopwer.

It was noticed thet there was carrying over into the vacuum system
of some of the small dust particles when the last-pzss hopper flyash was
being denosited into the 50 gsllon drum. A check revezled that this

meterial was smaller than 200 mesh and spproximeted one per cent of the

tetal, a small enough guantity to be considered negligible.

B2. Burning Test

The theory governing the merformance of this test wes that if a
large amount of flyash would burn with a emall amount of natural ges then
& smell aemount of flyesh would burn with e large amount of medium volatile
corl, the kind normelly used by the Celco vlant. This ssemed reasonable
enough to the suthor and to those whose advice he wes sble to receive im-
mediately. A trip was made to the Batelle Memorial Institute, however, for
& discussion of the thesls work in general aznd, in perticular, to get the
opinion regaraing this burning test theory of men whose work ig of a prac-
ticel research nature. They, unanimously, were of the oprinion that such a
conclusion was a sound one.

The procedure employed for the burning test was necessary for three

regsons., First, the means of injecting the flyash was coneidersbly simpler

by injecting with g=ns rether then mixing with coal., Second, the load
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imposed on the pulverizer by the flyash could be observed and interpreted
more closely. Third, the general procedure of starting and stopplmg seg-
ments of the load could more rezdily be handled.

Two items of the data give an indication as to the extent of the
burning of the flyash. The most direct and significant is the load as
reed from the steem flow chart, Figure 6, vage U4. The constant load pro-
duced by the coal from the top two burners and the gas and flyash from the
north bottom burner was read as 85,000 pounds per hour. When the flyash
feeding was discontinued this load dropped immediately to 76,000 pounds
ner hour. The other item which indicated the flyash was burning to a gocd
degree, verifying the results of the steam flow chart, was the COp. With
Just coal and gas this value was 12,8 per cent but with flyash injection
it wes 14.8 per cent, indicating that the carbon in the flyash was being
burned to COp, a product of complete combustion.

The efficlency of the flyash burning emounted to approximately
80 per cent. This is considered approximate since the amount of steam
produced is only as accurate asg the ability of the observer to read the
flows recorded on the steam flow charts., Very accurate resdings are im-
nossible here due to the scale of the chart and the normal fluctuations
of the unit's output even when on hand control, maintaining as constant
a load as poesible. This value was, however, high enough to szy safely
that a percenteage of heat conversion was obtained apnroaching the normal
efficiency the unit attains when burning coal.

The Kingleman Number of the gases emitted from the stack was read

from an electronically operated meter for the two conditions of the test.



(4d)

A- FLYASH FEEDING B&Ed/N

B- FiyrAaAs FEEDING SroPPED

/:;'d LOAD wWiTH GRS AND cOAL ONLY

c-c’

Fra O
LURMING &Sy Feonw CHART



(45)

There was only & slight increase in this value when flyash was burned.
The stack emission at the Celco plant is considered important end, even
though the Ringleman Number of 2.8 which was recorded during the flyash
burning period is not consldered prohibitive for the unit, the fact that
an increase in Ringleman Number accompanied the burning of flyash is un-
desirable.

The pulverizer load was quite high for the first burning test,
maiking the results obtained from the flyash grindaebility data seem pera-
doxical., Therefore a recheck was made to verify or nullify the pulverizer
load recorded from the orizinal burning test. This check, carried on in
much the same manner ae the first burning test, revealed more satisfactory
results in that the load required for pulverization of the flyash approxi-
mated more closely that which is needed to vnulverize a similar guantity
of coel.

It was planned to get data for the second burning test correspond-
ing to that of the first but steam nroduction data was, unfortunately, not
obtainable. This was due to the inability to keep the unit's load from
swinging which, of course, made the recording of meaningful loads imvpos-

sible. It was observed, however, that the Ringleman Number and the COa

behaved as they had »reviously.

Alr conveying the flyash from the pulverizer to the furnace was in-
creased for the second burning test since it was felt that this wds respon-
aible for the unduly high pulverizer load exverienced in the burning test.
With too little air flyash which had been pulverized sufficiently would re-
main in the pulverizer to be repulverized an unnecessary amount, tending to

overload the vulverizer,
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B3. Ash-Balance

Since the last-pass hopper quantities were small, giving & low re-
covery value for this material, it was thought advisable to determine the
eamount of similar meteriel which deposited in the precivitator. This was
the prime reason for running the ash balance test., If this quantity proved
large enough future plans for the recovery of the large particle precipl-
tator flyash might be justifiable. The burning of large particle flyash

had previously been proven, thus, the sssumption that the large particle
precipitator material would be adaptable for heat recovery seemed logical,
oroviding its analysis paralleled that of the last-pass hopper flyash.

The quantity and distribution in the various hoppers of the last-
pass hopper flyash during this check were compareble to that found for
previous checks. The hopper distribution has already been discussed on
page U42. The quantity is lower than the average of the previous spot
checks made which seems to verify the flyash carry-over theory. For this
test the flyash was vermitted to collect for an eight hour period, whereas,
for the spot checks the period of deposition was for only one hour. The
quantity of refuse deposited in the esh plt and the hoprer distributicn of
this refuse was similer to the lest-pass honrer quaentities and distribution,
An explanstion for the distribution is the same as for the last-pess hop-
ver's found con vage 42.

The carbcn in last-pass hooper refuse is much the same as found
from previous checks. The ash pit refuse carbon percentage was found for
refuse exposed to the furnaces radiant heat and for refuse not exposed to

the radiant heat. That which was exposed contained 24.4 ver cent carbon
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and thet not exposed contained 37.1 ver cent cerbon showing that 12.7 per
cent of the refuse oxidized to CO liberating eome heat or, outting it
enother wey, one-third of the cerbon in the refuse which dropped to the
furnace bottom oxidized liberating heat. Because of unfavoreble alr con-
ditions in this area some engineers doubt if thig CO burns to COp unless
a grate and correct amount of air is nrovided. One new large utility
plent pute flyash on a grate and provides air to assure 1ts complete com-
bustion. This was an incidental portion of the teet, included so that the
velue of allowing refuse to lay in the furnece might be observed. This
observation might prove valuable if the nossibility of laying the high
carbon last-pass hopper flyash on the furnace bottom is given future-con-
sideration. ’

The precipitator refuse deta from which calculastions were mede of
the worth of high-carbon precipitator materiel was made from a sample
drawn from the precivitator hovoer as shown on Figure Y4, page 36, It was
noticed that the sized vnrecipitator samvles contained a higher percentage
of carbon than like sizes of last-pass hopover material. This is explein-
sble from the standpoint of the effect of the verticle'as svnerent density
on the terminal velocity. As the anvarent density incresses so does the
terminal velocity of the nerticle. The velocity of the gases reguired to
carry the less dense material is thus smaller then for the hesvier material,
And, since the ash of the refuse 1s the heavieat and most dense of the fly-
ash constituents it follows that the lighter materisl containing less ash
and more carbon is carried on to the nrecipitator. Likewise the heavier
particlee are influenced more by the centrifugal force creatod by the change

in direction eround the baffle into the last pass than are the light particles.
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To find the refuse distridbuticn it was first necegsary to determine
the quantity of refuse which went to the precinitater. This wae done by
calculeting the ash in the coal ecuel to the totsl ash 1n the refuse. Once
the percentage of the refuse to the precipitator was found e precipitator
efficlency of 94 per cent was assumed to evalunte the vercentage of the re-
fuse collected by the precinitztcr. This is one of the sources of error
for this test. The Research éorporation test engineers ran several tests
on the same »recipitator and found 1ts efficiency to raznge from 23 per
cent to 95 ver cent. Since this element is relatively new it was assumed
that it is doing @s well now. Another source of error 1s the value used
for the carbon content of the agzregate precioltator refuse. Although
this velue in itself is correct it was used eassuming the refuse in the pre-
civitator and that out the stack to be of the same value. This is not true
since one of the characteristics of an electrostatic precipitator is its
inability to sevarate large high carbon msterial., This means that the 6
per cent which was discharged to the stack was good high carbon flyash
making the recovery value ¢l high carbon flyesh ss calculated somewhat on
the congervative side. It 1s regrettable that limitaticns of time and
avallable equipment did not permit a true determination of the value of
steck refuse. The refuse distribution and the value of high carbon flyash
ectually collected mere affected 1ittle by thkis since, in »roportion, the
stack discharge is small as compared to the tctal,

The lose due to combustible in the refuse was 2.56 per cent which
is not unusually large. The breakdown of this loes i1s significent. The

loss due to last-pass hovrer flyash smounted to .366 and, considering an
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asproximate recovery efficlency of 80 ner cent, woulé give only .293 per
cent increase in efficioency utilizing last-pesgs hepper flyesh. The steam
eveileble in the last-pass hovver flyash was 860 pounds per hour and, with
a recovery efficiency of 80 per cent, would yleld only 6390 pounds per hour.
The vrecipitator high carbon material is a much larger figure, with 2480
pounds of steasm avellzable end with a recovery efficiency of 80 per cent
would mcke 1984 pounds of steem per hour. This quantity of steam amounts
to &n increase in efficiency of .85 per cent. If the total of the last-
vass hoprer flyash and the lerge rarticle nrecinitator material were uti
lized the increase in efficiency would be 1.143 per cent and produce 2674

more ocunds cf steem per hour,

BY4. Last_Pses Hopner Cerry Over

The data from the last-nass hopner cerry o&er test were very dis-
ccuraging. The resulting trend of the nlotted dnte, Figure 7, pege 50.
is hardly rerceivable. The voints are so scattefed that a conclusion that
there 1s any trend e% 211 is questionable., Therefore, no conclusions can
be definitely drawn from the data obtained.

A discussion of the reessons for such random results is £l11 that is
applicable to this data. In the first place the time that the air inlet
valve opéned wide was not as clearly defined as was desirable. Thus, the
time recorded denended to some extent uoon the man who wes making the
reading sud, since there were several reople taking this deta, devending
on the oversting crew that was on et the end of 2 denosition reriod, a

good mercentage of the error can be sttributed to thie. Another source of



= -

~ SO

ST
b

A~
:
T
I
|

G

A

957 £r755 £

‘Zif.

Z

> AT

. B e h




(51)

error lies in the original vremise that the rete of pull would be ejual at
=11 the hoprers and during the entire time of the -ull. It is conceivadble
that such would not be the case since, as the hopper emoties & point is
reached where flyash is still flowing into the ash disposal header but not
in & sufficient quantity to keep the inlet nipe filled. This, of course,
would allow more of the suction to be applied to gasses from the hopper and

to the gir inlet valve.

C. Photomicrogravohs

Pictures of flyash, Figure 8(a,b,c), magnified 19 diameters were
made (see vages 52 and 53) . For a clearer concention of the reduction in
narticle size which took place in the vulverizer a victure of flyash before
and after vulverization was made. The increased surfece area resulting
from pulverization is clearly shown by comparing these pictures. The photo-
ricrograpih of the flyash before vulverization shows clearly the thin-walled
cencevhere structure. The ash narticles stand out quite clearly, being
much lighter then the high csrben cenospheres. In reality microscoplc
observetions revealed them to be enywhere from white to yellow.

The large varticle precivitstor flyssh picture shows it to be com;
woged, essentislly, of the seme material thet is collected in the last-
pass hoppers. They, too, are cencspheres with intersnersed varticles of

pure ash.

D. Beburning Discuased

The suthor is not going to sttempt to arrive at a conclusion as to

whether it is advisable to burn high carbon flyssh or not. For the benefit
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Figure 8

PHOTOMICROGRAPHS OF FLYASH

8a. Large Particle (+200 Mesh)
Precipitator Flyash

€b. Last-pass Hopper Flyash
(Aggregate Sample)

8c. Last-pass Hopper Flyesh
(Pulverized Aggregate Sample)
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of those who may use the dats to arrive at such a decieion a few of the
things which must be considered will be discussed.

It was proved that high carbon flyash will burn, therefore, the
following discussion will be concerned with the advantsges and disadvan-
teges of a system devised to continuously burn high carbon flyash.

Accompanying the injection of flyesh will be an increased quantity
of esh to the furnace. This produces the possibility of slag build-up and
erosion., Before the effects of flyash on these two fectors can be known
the system would have to asctually be tried and observations made for a
long veriod of time. The additional ash by just injecting last-passs hop-
per flyash would increase the percentage of ash to the furnace but a small
amount, however. In the case of the ash balance test run in this investi-
gation 1t would have amounted to only 0.6 per cent which means that, as
far as ash content is concerned, it would have been comparable to burning
coal of 9.2 per cent ash rather than coal of 8.6 per cent ash.

It would normally be expected that flyash would creaete additional
wear on a pulverizer, but from the grindability determination it is seen

that the flyash introduces no unusual grinding problem. This also was borne

out by ihe gecond burning test since the oulverizer load was small. Because

of its cenosphere structure last-pass hopper flyssh is quite easily ground.
In order to meke a continuous injection system for last-pass hop-

per flyash additional piping will be required. The pressure at the last-

pass hopper averages about one inch of water and at the oulverizer inlet

is about 1.3 inches of water which means that a jet or some similar ar-

rangement will be necessary to get the flyash into the pulverizer. This
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should prove an easy problem. The expenditure for additional piping could
partially be written off by the salvage value of the existing last-pass
hopper ash removsl system. Maintenance and replacement for an injecting
errangement would hardly be any greater than that for the existing set up.
A monetary gain for an injecting system would be received by (1)
an increase in steam output for a given quantity of coal, (2) discontin-
uance of the use of steam to operate the pneumatic conveying system, and
(3) the decrease in amount of haulage for refuse disposal. This value is
admittedly small being approximately $0.35 per hour for the ash balance
test of this investigation. A much larger savings could be made if a means
were provided for the recovery of the large particle precipitator material.
The euthor believes that the quantity found there is well worth further

investigation.
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CONCLUSIONS

It 18 evident from the literature read, experience of operating
engineers, and the results from the various tests snd observations made
in connection with this study that there is very little known about fly-
ash. A few things were found out in the investigation that add a smell
bit to the knowledge of this very elusive subject.

1. It can be seid that last-pass hopver flyash in a pulverized
coal unit can be pulverized, reinjected, and will definitely burn with a
fair efficliency.

2. There was not enough last-pass hopver material to justify much
reinjecticn equipment to reeover it, but more complete separation at this
point is possible and mey be practical.

3. In a pulverized coal steam generator gbout JO per cent of the
unbnrned carbon loss is in large sizes which could be separated from the
low carbon refuse. This carbon rich flyash contains only about 30 per
cent of the total esh. From this standpoint, then, the recirculation of

carbon rich flyaeh begzins to be attractive.



(57

RECOMMENDATICNS

The results of this investigation indicate that further study

should be made on a number of items. Some of thoue_vould be necessary

before practical use could be made of the facts uncovered.

It 1s suggested that the Celco plant investigate:

1.

the cost of various methods of separating a greater
percentage of large particle flyash.

the value these methods have by (1) increasing boiler
efficiency and (2) reducing the plant dirt problem.
what 1t would cost to pulverite the flyash directly in
existing pulverizers as compared with pulverizing it in
small auxiliafy pulverizers.

more fully investigate the test data of this thesls,
especially the irregular and uneven rate of dépoaition
in the last-pass hopper and ash-pit.

the formulation of a routine procedure for obtaining
more complete plant data. This may point to higher

efficiencies.
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