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INTRODUCTION 

It is the aim of every power plant engineer to attain the maximum 

possible efficiency for the least possible 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 patential 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 lose due to 

the heat in the dry flue gases since it was such a large portion of the 

total losses. Thus, waterwalls, economizers, air heaters. and different 

methods of firing were investigated and began appearing on many unite. The 

loss today due to dry flue gases has been reduced to almoet a minimum. As 

steam generators with their various auxiliaries have improved in efficiency, 

it has become increasingly difficult to reduce economically the total losses 

by any appreciable degree. Work now being done is mainly refining origi-

nal designs, searching for new metals that will make higher pressures and 

temperatures economically possible. altering designs to use a greater 

variety of coal. or increasing the efficiencies of the different components. 

J.ny modification that will increase the overall boilPr efficiency even a 



fraction of a per cent without incurring a very large expenditure ia con-

sidered worthy of investigation by most power engineers. 

It is notable that little has been or ia 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 flyaah reinjection 

systems for partially recovering this loee. F~yaeh reinjection for apreade~ 

stoker units is practically atandard equipment because unburned carbon 

carryover is so great with this type of fuel feed. Burning flyaah on a 

stoker is relatively easy sinca it is allowed to lay on the fuel bed a 

fairly long per.iod of time whereas time for burning in a pulverized steam 

generator is very short. 

Aah is depoeited in three different places on the units used for 

this investigation. ~hey are the ash pit, the last-pass hopper, and the 

Research 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-paaa 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 make an abrupt turn into the laat-~aaa of the boiler. A 

check was made and it was found that this refuse contained apnroximatel7 

40 per cent carbon. This value seemed sufficiently large to merit an in-

vestigation of the poasibili ty 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 last-pass hopper flyash should be made in 

view of the few and v~ry conflicting claims and opinions of the feaaibilit7 

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. 



REV! FM OF UT ERATURE 

Most coals used for st.earning contain 15 to 40 ner cent volatile 

matter and 50 to SO per cent fixed carbon. Thus, approximately tw0-thirds 

of the combustible is fixed carbon and, likewiee, approximately two-thirds 

of the hePting value in coel is due tc fixed c~rbon. It is aPpArent then 

that tne :::urn1::.g of carbon 11 ir.portant. 

~ory steam generating station encounters a loss due to unburned 

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

gesea. This investigation d~ala with the unburned carbon found in the 

last-pa.es hopper flyaeh. A short discussion of the neture of the burning 

of coal will be included to show why it is practicelly impossible to elim-

inate these losses resulting from unburned carbon. This discussion.will 

limit its~lf primarily to the burning of coal in a nul veri?:ed coal 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 com~arison it is much 

more difficult to burn carbon than the volatile matter present in coalo 

The relative time for burning is 10 per cent for thP volatile matter and 

90 per cent for the fixed carbon.I The coal particles attain furnace tem-

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

1Griffin, H. K., Adams, J. R., and Smith, David F., •Rates of Burn-
ing of Individual Particles of Solid Fuel", Industrial and Engineering 
Chemistry, September, 1929. 

2Ibid. 
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matter is easy since the law of diffusion applies bringing the coal gases 

into intimate contact ~ith the oxygen of the air rapidly. One problem, 

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

coal burns it tends to create an inert atmosphere arouud the coal parti-

cle. Further distillation finds new volatile mixing only with inert gaees 

and, if this condition were allowed to exist, the newly formed volatile 

metter would not be burn~d. Thh problem is solved quite ea.sily 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 

such a size that it apparently obeys the mechanics of gases it will not 

burn as a gas. Diffusion does not occur to the extent that it does with 

gases and the ignition temperature is higher for the carbon. The gener-

ldly accepted theory for thA burning of carbon is that complex compounds 

of carbon and oxygen are first formed before finally breaking dovn to car-

bon monoxide and then carbon dioxide. This adds to the time required for 

carbon to burn. To assure complete burning of the cerbon it must remain a 

sufficient period of time in the furnace at the ignition temperature and 

must have air constantly moved relative to it. The latter requirement is 

important because carbon will not diffuse. A pulverized coal wiit burns 

volatile matter better than a stoker-fired unit but due to the amall amount 

of time the particles remein in the furnace burning fixed carbon is more 

difficult. 

In a pulverized coal steam generating unit, coal pe.rticlee burn 

forming empty shells, celled cenos~herea, whose CP.rbon content is high. 

Many of these cenospheres are carried through the furnace without completely 
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burning and are denosited in the last-pass hop~er. The following theory 

for the creation of cenospheres is propounded by Mr. Douglas Henderson.3 

"At some point before the volatile matter is distilled of: coel rer~ches 

nn agglutinating point at which temperature there is a softening of the 

solid material." The volatile matter is driven off and the "pasty condi-

tion is followed by a hardening of the mass. 11 This occurs on the outer 

surface of the coE.l first since 1t ie hee.ted by radiation from the furnace. 

Th~ inside of the coal particle does not attain the agglutinating tempera-

ture until after the surface of the particle has softE>ned and einte.red. 

The center of the particle then softf'na and attempts to e:xpell the vola-

tile matter but ce...nnot do so due to the sintered surf~ce. Pre~~urP. is 

built un within the particle against the "fused and to A cert~tn extent 

plestic exterior" forming a hollow sphere which eventually bursts leaving 

a thin shell with considerable carbon. Another observAtion ma.de by Mr. 

Henderson was that Mthe thin walls of the cenospheres make them very active 

~1th oxygen--cenospheres of 30 mesh down reacting with oxygen at i650°F to 

such an extent that the entire mass glows. Coal or coke requires a higher 

temperature to reach the same glow point." This would indicate that ceno-

ephere fl.yash has burning possibilities. 

Nowhere in reviewing literature regarding flyaeh burning wBs there 

!ound an analysis concerning the merits of a reburnlng system that will be 

epplied in this study. Mr. Hudson N. Bubar4 brings out some interesting 

3Henderson, Douglas, "How Pulverized Coal Burn~ as Sh~wn by the 
Micros~op~". Power, July, 1931· 

4BubBr, Hudson R., "Recirculation of Fly Ash in Boiler Furnaces", 
Combustion, January, 1942. 
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points. however. Mr. Bubar states that recirculation increaaes the per-

centage of ash passed through the boiler since the percentage of ash in 

flyash is considerably higher than in the coal forming it. In the c~se 

of recirculating all flyash from the separators this increase ~ill continue 

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

would be admitted to the sen:3.rP.tor without recirculation. Increasing the 

gas loading of the flue gases increasC's maintenr,nce of furnace wall1 due 

to increased slagging, rcduc~s heat transfer conditions due to gre8ter ash 

accumulation on boiler tubes, and furth~r hinders economical o,eration 

caused. by increased M'!h contf'nt bPing circulated.. The conclusions of the 

analysis made by Mr. Bubar practically elimin<J.tes the 1'ossib111ty of ri=>-

cireulating the flyaeh collected in the senarating anneratus within the 

same furnace. His observ£tions and analysis were baaed u-;:ion the idea that 

the flyash produced by a boiler be recirculeted in the sen:e boiler, th~'t 

the flyesh be injected dirPctly into thP furnace '.ltithout prior -ore9aration. 

and that the flyash for recirculation was tb>t removed from the flue geses 

in the aep~reting apparatus. 

In this investigEotion the author will be concerned. only with that 

portion of the flyaRh d(~posited. in the last-pass honper. The flyaeh -will 

be prepared for furnece injection by ~ulvPrizing it in the some manner 

a~ coal. 

Ae previously expressed. there could be found very little informa-

tion concerning the burning of flye.sh. From analyses mP.de at the Celco 

plant of the Celanese Corpor~tion of America laet-pass honper flyash was 
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found to contain apnroximately 4o per cent carbon, representing an unburned 

carbon loss of sufficient magnitude to warrant thie investigRtion. 

O:BJECT 

To determine if it is possible to reinj~ct for further burning the 

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

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

PROCEDUBE 

l. Significance And Theory 

The quantity and carbon content of the flyash deposited in the 

last-pass hopper and its ability to b~ burned were the fundamental items 

to be learned in order to fulfill the object of this investigation. 

Supplementar:r observations werP made, however, and due to their applica-

bility to the subject as a whole were incorporated. 

Suot checks were made for determining the quantity of flyash de-

posited, the carbon content, and the si2e consist of the flynsh. No ef-

fort was made to ascertain the effects of different ty".les of coal, varying 

loads, and other factors which would cause the amount of refuse denoeited 

to vary. Prior to making a spot check it wee first learned whether the 

unit was functioning under average conditions. The units are normally 

operated on a fairly uniform class of coal and with a rather constant output. 

It had previously been decided that for successful burning of the 

flyaah a 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 material considered for reinjection 

should, if possible, be prepared for the ccmbuation process by pulveriza-

tion. The grindability of the flyash was determined as ie 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 fundamental importance since upon it de-

pended the possibility of recovering the heat available in the flyash. It 

was necessary to devise a method for determining positively whether the 

burning of flyash could be accomplished. This could not be done by taking 

the last-pass hopper flyash deposited by a unit and attemnting to burn it 

at the unit'tii rate of deposition since the amount was so small that it would 

not be detecta.ble by either a steam flow chart or an efficiency test. A 

grester rate of feeding was, therefore, settled upon so that the quantity 

was significr..nt. By observing the flame, variation in co2 , and the ste~m 

flow chart the ability of flyash to be burned could be foundo 

An ash-balance for calculating the loss due to unburned combustible 

in the refuse was run. Information obtained from this test was used in the 

following manner: (1) the available heat in last-pass hopper flyash was 

determined, (2) a comparison was made between ash-pit refuse allowed to 

lay in the bottom of the furnace exposed to the radiant heat of the furnace 



and refuse drawn immediately from the furnece bottom without having an op-

portunity to burn, (3) the available heat in and the ~uentity of large 

-particle, high carbon flyash carried past the lest-pass hopper into the 

precipitator was calculated, (4) the lose due to unburned combu~tible in 

the refuse was found, and (5) the refuse distribution in the three fly-

ash collecting areas was determined. 

It had been planned to ruu several ash balance tests but the unit 

on which the test~ were to be run was subjected aftPr the one tPst to a 

prolonged outage making diPcontinuing of additional tests necessary. Every 

effort was made to rJ.n the test under average coniitions, therefore, re-

sults obtained should be representative of normal operation. 

A check was made of the time required for the pneumatic conveyor 

to withdraw the flyash from the last-pass hopner for varying Periods of de-

l)()eition. The theory was that as the flyash continued to collect in the 

last-pass hopper the area for gas flow past the ho~ner became less. in-

creasill€ the flue gas velocity. It was believed thet a -point would be 

reached where the high velocity gases would pick up flyash already 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 pr~ctpitetors 

and, possibly, out the stack. 

In conjunction with the analysis of the flyash, photomicrographs 

of flyaeh were made. It is known that the majority of the particles will 

be in the form of cenospheres (hollow spheres) and these photographs 
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verify this. The photomicrogrephe were included to show the structure of 

the flyash since they will show it more clearly than a written descri~tion 

could T.>oseibly do. 

2. Flyash Analysis 

Al. Per cent Carbon 

The three constituents of flyash are ash, carbon, and volatile mat.-

ter. The volatile matter Present is such a smell quantity as to be consid-

ered negligible. The per cent carbon was determined by burning a flyash 

aamule ground to to mesh in a muffle furnace at 700 to 750 degrAes centi-

grade until only ash remained. 

J.2.. Size Comnosition 

Tyler screens of U. S. Standard 30, 50, 100, and 200 mesh and a 

Rotatap shaker were used. The percentage of flyas~ larger thtm 3n mesh, 

between 30. and 50 mesh, between 50 and 100 mesh, between 100 e.nd 200 mesh, 

and smaller than 200 mesh were determined by shaking for a twenty minute 

period. 

AJ. Grindability 

Grind.ability tests were made since it was beli~ved thet for success-

ful burning of flyash a reduction in particle size was necessary. The 

standard Hargrove grindability test specifies narticle sizes between 16 and 

30 mesh necessitating the need for another means of comparing the grind-

abili ty of flyash with tha.t of coal. The particle size of the f J.yash with 

which this thesis ia concerned is smaller than 30 mesh. A comparison of 

the grindability of flyash with thet of coal wes made by tc.king coala whoee 



grindabilit ies were known, reducing them to the same size ss the flyBah, 

end running thP grindebility 8Ccord1ng to A. S, T. M. Stand<'irds with the 

exception of nart icle si7:e. Refer to Figure 5, ,.,age 4o. Grindsbil1 ties 

eo obt:=:.ined were ce.lled "com.,,ar<itivc" gr1ndabi11tie!'l. The comnarative 

grindebili ty of the flysAh was also d!'termined. Then, by ext!"ADoletion 

of the Hardgrove line, the grindability of the flyaeh was found on the 

basis of its having a size in accordance with A. S. T. M. Requirements. 

The grindabili ty so dE;terrnined enables a com:oarhon of flyesh grinda.bili ty 

with other coals in addition to those used to make this analysis. 

3. Coal Analysis 

The nroximate analysis and the higher heating value of the coal 

used for the esh be.lance test was made according to A. S. T. M. Standards 

at the Celeneee labon1.tory. 

4. Teet Procedure 

Bl. Weight of Flyash Depoeited 

The ho:pner was em:-ti~d initially nnd flyash EOllowed to collPct for 

an hour. A fifty gallon drum (Figure 1, page 18) was placed on platform 

scales and the tare weight recorded. A vacuum was nullf'd on the drum to 

which was attached a hose from thP bottom of the lE>st-pass horyper. See 

Figure 2, pege 19. The hopper was e111uti ed and the drum reweighed. 

B2. Burning Test 

Unit Number 4 was used since it was equipped for natural gas usage 

and the operating uersonnel were more familiar ~ith its operation under test 

conditions. There are two feeders on Number 4 which supply four horizonff.,l 
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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 producing approximately 70,000 pounds of steam per hour. 

The aouth feeder•• 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 flyaah 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 stoo~ed 

and the steam output was noted. The difference wae recorded as the steam 

su~plied by the flyash and proved conclusively that the flyash had burned. 

During the test the pulverizer amperage, the Ringleman Number of the stack 

gas, and the C02 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 ap-proximately 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 maintained 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 ho~per 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 

fall continously- into the hopner. 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 

and the pneumatic conveying system was allowed to remove the collected 

refuse from the hopper. A representative sample of the precipitator refuse 

was takAn as shown by Figure 3, page 22. 

The quantity of refuse which went to the nrPcipitator was calcu-

lated by equating the ash in the refuse equal to the total 8sh supnlied 

in the coal. 

The nrecipitator refuse was screened for flyash between 100 and 

200 mesh and larger than 100 mesh in order to determine the amount of large 

particle high carbon flyash which passed the last-pass hopner and entered 

the precioitator. These large narticles 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 cenoepheres. 

Information concerning to what extent the ash-pit refuse oxidized 

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

ash-pit refuse obtained during the ash balance test neriod was not exposed 

to the radiant heat of the furnace. With the pit door closed and the ash-

pit refuse exposed to the heat of the furnace the conditions of the test, 
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e.g., the same coal and a load of 200,000 pounds per hour, were continued 

for two hours after the normal test had been terminated. A s8mple of this 

refuse was taken, analyzed, and compared with the refuse of the normal run. 

B4. Last-Pass Hopper Carry-Over 

The United Conveyor's pneumatic ash-disposal line ends at a s~ring­

loaded air inlet valve. When the system is pulling the spring-loaded valve 

is practically closed since the suction force is bP.in~ 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. 

By observing the valve the end of the pull can be noted. The pull was 

started by opening the hopper valve exposing the flyash to the disposal 

system's vacuum. 

The time for pulling was recorded for deposition periods of from 

two to fourteen hours, with a deposition increment of two hours. For 

exrunple, the flyash was allowed to collect for ~ two hour period end the 

time for pulling the hop-per empty recorded. Th~m 1 t wns allowed to denos-

it for a four hour period and the nulling tim~ again recorded. Theoreti-

cally, if there were no carry over the time required to em~ty the quantity 

deposited for the four hour ~eriod would be twice that of the two hour 

period. If the time were less for the four hour period it was believed 

that the carrying over to the precipitator of flyash w!iich normally settled 

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

Al. Teats For Carbon Content In Lest-Pass Ho-p~er Flyash (;Eer CPnt) 
., 

+200 
+50 

+100 
-200 MESH SI:Z.E -50 -100 .Aggregate 

Run 1 57.1 34.5 15. 7 7.2 36.9 
2 55.5 30.8 36.6 11.0 35.9 • 
3 53.6 31.9 20.3 s.3 36.3 
4 5s.5 32.0 22.6 7.1 3!L5 

Ave. 56.2 32.3 23.s S.4 36.9 --
Semple Calculation: 

c = FA - A(lOO) 
FA 

1.0001 - .4290 100 = 1.0001 x 

= 57.1~ 
Where: c = per cent carbon in flyash aam~le 

FA = weight of flyeah sam~le in greme 

A = weight of ash in flyash sam~lc in grams 

A2. Tests For Size Com9osi tion In Last-Pass Honper Flyash (per cent) 

MESH SIZ.E 30 50 I 100 200 
-200 -30 -50 -100 

Run 1 6.3 32.5 35.4 18.9 6.9 
2 5.9 39.3 4i.3 11.3 2.2 
3 5.3 y:i.2 4o.4 12.4 2.S 
4 2.7 2s.3 37.4 25.0 9.6 
5 - 36.1( 5~) 38.7 17.8 7.4 
~ - 35.0( 50) 39.0 19.0 7.0 

(Continued on next page) 
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A2.. (continued) 

Sample Calculation: 

A3. 

= 32.5 (100) 
100 

Where: FA9 c = sized flyash (per cent) 

Testa For 

FA8 cw = weight of sized fly&8h (grams) 

FA = weight of flyash eam~le (grams) 

Grindabili ty 

a. Standard TEist fl Test fr2 
Logan and Kanawha Olo. 2 Gas) 72 : 74 
Smokeleeff (No. 6 Pocahontae) 109 111 

Raven Pocahontas (Raven Red Aah 83 84 
b. Comparetive 

Logan nnd Kanawha (lfo. 2 Gas) Bl 
Smokeless (No. 6 Pocehontee) 116 117 
Raven Pocahontr,s(Raven Red Ash) I 93 93 

I Ave. 

73 
110 

83 

82 
117 

93 
Fly ash 110 117 ' 113 

Se.mole Calculation: 

RGI - 6.93W + 13 

: 6.93 x 14.l + 13 

= 111.0 

Where: HGI = Hardgrove grindability index 

W - weight through 200 mesh after grinding 
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Bl. Weight of Flyaeh in Last-Pass Hop-per (f/hr.) 

Hopper South North 
Designation South Center Center North Total 

:Run 1 32 15 25 4o 112 
2 4g 20 42 63 173 
3 46 27 4o 58 171 
4 50 25 43 62 180 

5 43 30 38 58 169 
6. 63 32 45 70 210 

7 33 20 35 55 143 
Ave. 45 24 38 58 165 

•wet storage coal 

B2. Burning '!'est A 

r!!~h Ji!~~~t difference 
Ringleman No. 2.8 2.7 .1 

Pulverizer Amps. 95-100 70 25-30 
% c02 14.8 12.8 2.0 
Load (f/hr.) 85,000 76.000 9.000 

Rate of Feeding Flyash .....................•.•............. 2250 #/hr. 
BTU in Flyash Fed : Hrlf = 14150Crl x Wrlf = 14150 x .369 x 2250 = 11,780,000 Hf!U/hr 
Heat Absorbed in Making Steam = H8 = h8 - hfw = 1362 - 312 = 1050 "I!lU/t 
BTU in Steam Made by Jlyash Fed • Harl! = H8 x W8 r!f = 1050 x 9000 = 9,450,oooBTU/hr 
Recovery Efficiency of Burning Flyash (Approximate) = Hsrlf' 

Hr~f 
:: 9 t ·50 ,000 : 80~ 

11. 780,000 = 
Where: Hrlf = heat in last-pass hopper flyash fed (BTU/hr) 

Crl = pounds of carbon per pound of last-pass hopper flyash 
Wrlf :: weight of last-pass hopper flyash fed (f/"hr) 
Ha : heat absorbed in steam made, net (B'J!U/f) 
hs = enthalpy of steam at P .. Eioo paig and T = 72001 (B'!O/~: 

hrw : enthalpy of feedwater at P = 800 psig and T = 34ooF 
(BTU/f) 

Harl! : heat in steam made from flyash fed (BTU/hr) 
Warlf : weight of steam made from fl.yash fed (f/hr) 
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B2. :Burning 'feat B 
with without· 

fl.Ya sh f'lYaah difference 

Ringleman No. 2.8 2.7 .1 
Pulverizer Amps. 74 67 7 
~ C02 14.7 13.0 l. 7 
Rate of Feeding Flyaeh ....................................... 2250 f/hr 

B3. Ash Balance 'fest 

B3a. Refuse G,uantities ( ?0 u.nd S 'P P.r 8 hours) 

Hopper North South 
Dedgnation North Center Center South Total 

Last-pass 
-::::nnT'll>T" 546 350 190 293 1379 

Ash-Pit 567 315 189 252 1323 

:B3b. Refuse Carbon Analysis (percentage) 
MESH SIZE +50 ~~80 I +200 -200 .Aggregate _ion 
Last-pasa 57.1 34.5 15. 7 7.2 36.9 Hnnn•'r 

Ash-Pit 1• - - - - 24.4 
Ash-Pit I!u - - - - 37.1 
NOT1:: • Analysia of ash-pit refuse which had been exposed to the 

radiant heat of the furnace 
0 Analysis of ash-pit refuse which had not been ex"OOsed to the -radiant heat of the furnace 

BJc. Precipitator Refuse Data 
MESH SIZE +100 -ti88 I -200 Aggregate 
Carbon (per cent) 56.6 36. 7 I - 19.7 
Q.uantities (per cent) 8.6 19.3 I 72.1 I 100 
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B3d. Other Data 

1. Ash in coal. as received (from Celanese files) ................. 8.6% 
2. Higher Heating Value of coal, as received (fror:i Celanese files) .. . 

· .. · .......................... 13850 BTU/I 
3. ~uantity of coal burned during test period ........... 142,000 #/8 hr 
4. Enthalny of ~team at P: 6oo ~sig and T = 720° F ......... 1362 If!U/t 
5. Enthalpy of feedwater at P = 800 psig and T = 34oor ...... 312 IYrU/# 
6. Average steam produced (from integrator readings) ...... 196,ooo #/hr 

B3e. Calculated Data 

Identification of symbols: 

Ac - pounds of ash per pound of coal (as firf'd) -
Wf = pounds of coal burned during test 

Arl :: pounds of ash per pound of last-paes hopper refuse 

Wrl = pounds of lnst-pass hopper refuse denosited during test 

Ar2 = pounds of ash per pound of ash-pit refuse 

Wr2 : pounds of ash-pit ref use deuo sited during test 

Ar3 - nounds of ash per pound of precipitator refuse -
Wr3 :: pounds of prccipitator refuse de-oosi ted during test 

R - total weight of refuse deposited during test -
"'p = Assumed efficiency of prp,cipitator : 94% 

~ - percentage of refuse to precipitator -
Crl = pounds of carbon per pound of refuse in last-pass hopper 

Cr2 = pounds of carbon per pound of refuse in esh-pit 

Cr3 - pounds of carbon per "!l0Und of refuse in precipitator -
Wf - pounds of coal burnPd during test 

HHVf : higher heating value of coal (BTU/f) 
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Hs - BTU -
.hs = enthalpy of steam leaving boiler 

hfw - enthelpy of feedwater entering boiler -

Hrl = heat in last-pass hopper flyash (BTU/hr) 

Hr2 = heat in large particle precipitator flyash (BTU/hr) 

Cr2A =pounds of carbon per pound of larger than 100 mesh preclpi-
te.tor flyash · 

%r2a = per cent by weight of precipitator flyash larger than 
100 mesh 

Cr2B = pounds of carbon per pound of precipitator flyash between 
100 and 200 mesh 

%r?B = per cent by weight of precipitator flyash between 100 and 
200 mesh 

B3e1. Quantity of Flyash to Precipitator 

Ac x Wr = Arl x.Wrl + Ar2 x Wr2 + Ar3 x Wr3 

.086x142.ooo = .631x1379+.629x1323+ .803 x Wr3 

Wr3 = 13,100 # 

B3e2. Total Weight of Refuse De"l)Oeited in 8 Hour Period 

R = W r 1 + W r2 + W r 3 

R : 1379 + 1323 + 13100 

R = 15,802 I 
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E3e3. Refuse Distribution (~er cent) 

(a) In Last-pass Hopper = WnJ (100) 

(b) In Ash-pit 

(c) To Precipitator 

= 1379 (100) 
15802 

= 8.72% = 
= !r.a 

R 

- 1323 
15802 

= B.37'1> 

= !rJ. R 

- 13100' 
- 15802 

= 82.91% 

(d) Collected by Prec1pitator 

= ep x ~ 

= .94 x 82.91 

= 17-9% 
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B3e4. Loss Due to Carbon in the Refuse (per cent) 

(a) Loss in Last-pass Hop~er Refuse (per cent) 

= 14150 (Wr] x Cr1) (lOO) 
Wf x EHVf 

= . 366% -= 

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

= 14150 (1323 x .371) (100) 
142000 x 13850 

(c) Loas in Precipitator Refnae (per cent) 

- 14150 (Wr} x Cr3) (lOO) 
wf x HHVr 

- 14150 (13100 x .197) (100) 
142000 .x 13850 

- 1.84% 

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

= .366 + .354 + 1.84 

= 2.56% 

B}e5. ~TU in One Pound of Steam (net) 

- 1362 - 312 

- 1050 BTU/if 
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B3e6. BTU in Last-pass Hopper Flyash 

Hrl = 14150 Crl x ~ 

- 14150 x .369 x 1379 
8 

- 900,000 BTU/hr 

B3e7. BTU in Large Particle { 200 mesh) Flyaah Deposited in the Precipitator 

H 14150 (Cr2A x %r22 + Cr213 x 5'r2R) !z:.2. 
r2 = lSO x ~ x e~ 

- 14150 (.566 x B.6 + .367 x 19.3) 13100 x .94 
100 8 

::B3eS. Steam Available in Large Particle Flyash (f/hr) 

(a) In Last-pass Hopper = !!i:J.. 
Es 

(b) In Precipitator 

"' 900. ')')Q 
1050 

= 861 4.)hr 

_ 2.6co,ooo 
- 1050 

= 2480 #/hr 

(c) Total Steam Available in Large Particle FlyAsh 

- 66o + 2460 

- 3345 f/hr 
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134. Last-paes HoEner Carrz-over 

Hour• Depo ei ted Time to Pull 
in Hopner Hopper Empty (Sec.) 

2 120 

2 136 
2 &8 

2 53 
4 156 
4 124 

5 89 

5 136 
6 195 
6 210 
8 236 
8 110 

10 196 
14 192 
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DISCUSSION 

It had originally been proposed that the investigation be made 

with regards to the whole ph .. nt, the nlan being to collect the last-pass 

hopper flyash fro~ all units except the one into which it would be injected 

for burning. This was at first thought necessary beccuse of the excessive 

gas loading expected due to recirculrtion. This theory is explained more .. 
fully in the Review of Literature section of this thesis. Once the in-

veetigation began to progress, however, it was found that the QU&ntity of 

last-pass hopoer flyash availablr was too Rmall to cause concern and, too, 

the method of pulverizing the flyash prior to injecting for reburning 

practically eliminates the possibility of r~circulation. The burned flyash 

will be small, light, ash particles like those carried by the gases to the 

precipitator. Therefore, it was decided to confinP. the inve~tigetion of 

quantity and cerbon content to one unit. Another factor which aided in 

arriving at this decision waP.1 the expected reoroducibility of results. 

Four of the units, numbers 3, 4, 5. end 6, are Riley Stoker Corporation 

make. Units 5 and 6 are larger replicas of 3 and 4. Results obtained by 

investigflting onP of the uni ts would bP- epplicHble to any of the others. 

These four units constitute 82.5 uer cent of the rated canacity of the in-

atellation and have a greater opere. ting priority than do uni ts 1 and 2. 

It is of nrime importance that the steam generators continuously 

supply sufficient process steam and steam for el2ctrical generation. There-

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



unit a ~articular test was to be run depended considerably upon this con-

sideration. For instance. the burning test was performed on unit number 4 

since the load supplied by this unit could be absorbed. by the 1e.rger units 

if the fire were lost. Even so, every -precaution was tr.Ji:en to assure that 

no large fluctuation in the unit 1 s output would be experienced as would be 

the case if the flame blacked out. 

Al Per Cent Carbon in Flyas~ Ref~ 

Observing the plot of ner cent carbon in refuse VPreus time made 

from data kept by the Celco plant of the Celanese Corporation of America, 

where this thesis investigation was made, revealed that there were large 

Vftriations in the per cent carbon in refuse rangi. ng from 10% to 58%. See 

Figure 4, page (36). It wae these veriations in per cent carbon and the 

resulting search to find the reason for these VPrieti ons which rE:!Ve(:l.led 

that the last-pass hopper had such a significant percent~e of carbon. 

The analysis of the refuse was made from samules taken weekly from the 

silos where all the refuse materia.l is collected. prior to being loeded inOc> 

trucks for final dis:oosal. The variations in the ner c~nt C8.rbon in the 

refuse is due to the sample being teken from different pl.s.ces of the furnace, 

the value of the per cent carbon depending on whn.t ash wa!! \.n the t!ilo et 

the time the es.mule was tAken. It is obvious thc~t ~uch a nrocP.dure does 

not give a true picture of the losses resulting from unburned oerbon. How-

ever, it is probably safe to assume that the average for a l~rge ueriod of 

time gives a fairly accurate picture. 
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The carbon content of the flyash for the several checks made showed 

little variation. As 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 s~rnples for 

analyses were taken. The fact t:r..at tl1e carbon content showed such uniformity 

for the analyses made shows that the flyash will generally approximate the 

avPrage of these re~ults. 

A2 Size Composition 

The sieve anelysis was made to give a cle~rer oicture of what makes 

up last-pass ho·oper flyash. No d.ata corresponding to that taken regarding 

lest-pass hopper flyash could be found in any books or periodicals the 

author screRned. So the subjPct was new and any informAtion nttairu:ible 

within the limitations of the time available ~eA felt a gF.in of knowledge 

concerning the nature of flyash. In any event, the data tsken is only a-p-

plicable to the units in a_ueation and if similar n.f~te for other units are 

rE:quired they would have to be taken from those uni ts. But it is believed 

that the information o bts.ined throughout this thesis is comr>~rable, at 

least, to units of parallel construction, -particulflrly those built by the 

Riley Stoker Corporation. 

There is noticeable agreement bPtween the dBta of the Aevera.1 8ieve 

anAly~ea made. There are veriation~ between runs but generalitieA cen be 

drawn. Seventy to seventy-five -r:>er cent of th<-' materiel is made Uft of 

flyesh between 30 end 100 mP•h, div1.ded about eo.uelly bf'h:efm 50 to 100 

mesh and 30 to 50 n.esh. About 20 per cent of t.':"' flyaeh is between 100 



~.nd 200 mesh wl th the reme.inder divided between the large over 30 mesh 

and t1:.o Rrnell under 20C m{'sh sizes. It will be noted that there was no 

attempt to ~verage the analyses ~adc to get decimal point accuracy for 

size consist since the d~ by day changes in the anolyses due to the many 

vari~bles of operation would make such an ~verage meaningless. The gen-

eralities made from the data are of importance in thE:t they brecket the 

mein quantities making u:p last-pass ho-pper fly-ash and enable e. compa.ri-

son to be me.de of last-pe.ss hopper material with thE..t which goes to the 

:orecipitator. 

A3 GrindAbili tr 
It has 8een observed by many men in the steam generetion field that 

grindability indicP.s of coal as obtained by A. S. T. M. methods are not the 

perfect criteria on which to bese a comparison of powrr re~uirem~nts of 

coal for pulverization. It is used due to a lBck of a more univPrsally 

accepted method and the impetus it hae gained through the years. To a 

le.rge extent the method fulfils 1 ts neE"d but somP-times breaks down as a 

comparison when e.pplhd to different methods of nulvPrization and to coals 

of different sizes fed to a ~ulverizer mill. For instance a coal having 

a high grindability index may require more power in a hammer mill than 

cne having a lower index. This coal might be more susceptible to pulver-

izetion by crushing or attrition forces than to an impect·force such as is 

omuloyed by a hammer ~ill. The size of the coal fed to a ~ill is an im-

portant consider&tion. It is easily seen that more power is required to 

nulverize a large diameter piece than the small nut variety. The A.S.T.M. 
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m~chlne is a miniature ball-rece pulverizer using a crushing action. Coal 

sized bE'tweP.n 16 Eln<l 30 mesh is s0ecified for u~e grindability ind~x. 

The lf'.St-pass hopner flyash is smnller than 30 mesh, therf!fore. 

the stEJndnri A. s. T. M. gri4dAbi 11 ty method could not be used. The method 

for getting a compEirc.ble figure for flyash grin'tr:bi11.ty is dPscribed. on 

prge 16. 

Th~ ap-parent density of flyash is len than that of coal. thPre-

forA. the required 50 gram sample of flyash geve e lar~er volume th..~n a 

50 gram sample of coal. This caused the space for "':Ul Vf~rizing in the Hard-

grove machine to be more crowded when flynsh "ms us eci and, conc~i VE'.bly, 

,created forces which caused more complete pulvP.rizeti0n. This, of course, 

would be a source of error for the comnarative grinur:bili.ty obtnined. 

Comparative grindability of the flyash wa~ only ~lightly worse 

than that of the Smokeless coal, being 113 c.e compan .. .:: to 117. The true 

grindability of the Smokeless coal was 110 and thRt of the fly~sh obtAined 

from Figure 5. page 4o, wae 106. 

ThA importn.nt result obtainAd from the grindability analyds wes 

that the flyash could be nulverized and it annar~ntly could be do~e easily. 

Thie waA quite important since, prior to the investigetion. the belief of 

those the ~uthor contacted wns that flyash grindill€, if at all possible by 

standard coal pulverizing ap~aratus, would be extremely difficult. It was 

also important since it would now be possible to :oulvPrize before burning 

which would increase the possibility of more co=plet~ combustion and re-

duce the possibility of recycling. The problems involving the injection 

of the flyash both for the burning test and in the CB~P of A ryermnnent 
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arre.ngement for rr·burning were more ee.sily solvr:bl~ since it was necessary 

only t:i gc t the flyash to the oul vni ?f~r from wh£>ncP. the 1)rimary air would 

convey it into thf' furnc:.ce. 

Bl. Weight of F1yeieh Deposi t~d 

The "1uantity of flyash in thA last-!laee ho-p~er was disappointly 

small from the etandpoint of recoverable heat from this material. The 

amount depoei ted for the spot checks gave a deoosi ti on rate of from 112 

pounds per ho;.:.r to 210 pounds -::~er hour. Mo9t of the runs, however, were 

around 175 pounds nf'r hcur. Thie was done on unit number 6 with the load 

at the tirres of the tests b~ing anywhere from 170,000 pounds of steam per 

hour to 200,000 rounds of stenm per hour. The only observation made of 
. 

the coal was for t:i-.e test giving the lergest e.mount, · 210 pounds of flyash 

T>er hour. For this run it was 0bA£r%d th.rt the fuel ".ias wet storage 

coal although it wes th~ average tyne used. This seems reasonable since 

e nulverizer does nut do as good a job of nulverization when rnoiature in 

the coal incrP~S~~. Therefore, since a greeter percentage of large ~article 

coal was being discharged from the pulveri7.er and injected into the furnace, 

it follows that more large particle cenospheres were formed and ultimately 

dropped. out into the la.et-pass hop·Jer. It did not fa.11 within the scope 

of this thesis to follow through with this observdion and even go further 

into en investigation of various tynee of coal upon flyash distribution. 

It is suggAsted, however, that suc!1 an investigation would be both inter-

esting and worthwhile. 

All of the chec,<:s mHde gave a higher deT'JOSition re.tF for the north 

hopper. This is probably due to the WEIY the turbulent burners are set to 
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swirl the air-coal mixture. This f~.ct tl-....e.t the outer ho-pyiers contained 

more flynsh thf:'n the centPr on~s is due in part ~t ]ef!!!t, to the velocit;r 

gradient. The veloalt1es toward the outside Are less than in the center 

and are not as grer,t AS the t~rminfll VP-loci tif'!s of the l'.>articles, which e.1-

lowe them to fall into the hopner" 

It was noticed that there was carrying over into the vacuum eyetem 

of some of the small dust ?articles when the last-~E.ss hopper flyaeh was 

being deposited into the 50 gallon drum. A check reveeled that· this 

material was smaller than 200 mesh and approximated one -per cent of the 

tctal. a sr.iall enough qu~mtity to b£>, considered. negligible. 

:82. Burning Test 

The theory gov~rning th~ nerformenc~ of this teAt wss that if a 

large amount of flyash would burn with a small amount of natural gPs then 

a smEJll amount of flyesh would. burn t.r1th e large amount of medium volatile 

coFl, the kind normally us£d by the Celco nlAn.t. This !l'!!emed reasonable 

enough to the author a.nd to those whose advice he WBS able to receive im-

mediately. A trip was made to the Batelle Memorial Institute, however. for 

a discussion of the thesis work in general and, in particular, to get the 

opinion regarding this burning test theory of men whose work is of a prac-

ticel research nFture. The::, unanimously, were of the opinion thet such a 

conclusion was a sound one. 

The proc~dure employed for the burning test was neees~ary for three 

reasons. First, the mee.ns of injecting the flye,ah was considerably simpler 

by injecting with gAs r&ther then mixing with conl. 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 ~tarting and stoppi.mg seg-

ments of the load could more readily be handled. 

Two items of the data give an indication as to the extent of the 

burning of the flyash. The most direct and significent is the load aa 

rend fro:n the steem flow chart, Figure 6, nage 44. The constant load pro-

duced bj· 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 dro~ped immediately to 76,000 pounds 

per hour. The other item which indicated the flyash was burning to a good 

degree, verifying the results of the steam flow chart, was the C02. With 

just coal and gas this value was 12.g per cent but with flyash injection 

it w~s 14.8 pP.r cent, indicating that the carbon in the flyash was being 

burned to 002 1 a product of complete combuetiono 

The efficiency of the flyaeh burning emounted to approximately 

SO per cent. This is considered a1:rproximate since the amount of steam 

produced is only as accurate as the ability of the observer to reed the 

flows recorded on the steam flow charts. Very accurat~ rePdings are im-

possible here due to the scale of the chart and the nor~al fluctuations 

of the unit's output even when on hand control, maintaining a@ constant 

a load as possible. This value was, however, high enough to SF~· safely 

that a percentage of heat conversion was obtained apnroa.ching the normal 

efficiency the unit attains when burning coal. 

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

from an electronically operated meter for the two conditions of the teat. 
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There was only a slight tncreaae in this value when flyash was burned. 

The stack emission at the Celco plant is considered imnortant and, even 

though the Ringleman Number of 2.8 which was recorded during the fl.ya.sh 

burning period is not considered prohibitive for the unit, the fact that 

an increase in Ringleman iiumber accompanied the burning of flyash h un-

d.edrable. 

The pulverizer load was quite high for the first burning test, 

making the results obtained from the flyash grindability data seem pera-

doxical. Therefore a recheck was made to verify or nullify the pulverizer 

load recor,ded from the original burning test. This check, carried on in 

much the same manner as the first burning test, reve~led more satisfactory 

results in that the load required for pulverization of the flyash eoproxi-

mated more closely that which is needed to nulverize a similar quantity 

of coal. 

It was planned to gPt 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 in&bility to keep the unit 1 s load from 

swinging which, of course, made the recording of meaningful loads imuoe-

sible. It was observed, however, that the Ringleman Number and the co2 

behaved ae they had ~reviously. 

Air conveying the flyash from the pulverizer to the furnace was in-

creased for the second burning test since it was felt that this was respon-

sible for the unduly high pulverizer load exnerienced 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 pulverizer. 
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133. Ash-Balance 

Since the last-pass hopper quantities were •mall, giving a low re-

covery value for this muterial, it was thought advisable to determine the 

amount of similar me.terial which deposited in the preeipitator. This was 

the prime reason for running the ash balance test. Ii this quantity proved 

large enough future plans for the recovery of the large particle precipi-

tator flyash might be justifiable. The burnlng of large particle flyash 

had previously been proven, thus, the assumption that the large particle 

preci~itator material would be adaptable for heat recovery seemed logical, 

~roviding its analysis paralleled that of the last-pass hopper flyash. 

The quantity end distribution in the various hoppers of the laat-

paaa hopper flyash during this check were comparable to that found for 

previous chEcks. The hopper distribution has already been discussed on 

page 42. 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 ~er~itted to collect for an eight hour period, whereas, 

fer the spot checks the period of deposition was for only one hour. The 

quantity of refuse deposited in the esh pit and the hopner distribution of 

this refuse was similar to the lest-pass homJer q_us.ntities and distribution. 

An explanation for the distribution is the same as for the last-pass hoP-

per 1 e found on nage 42. 

The carbon in last-pass hopper refuse is much the same as found 

from previoua checks. The ash pit refuse carbon percentage was found for 

refuse exposed to the furnaces radiant heat and for refuse not expoeei to 

the radiant heat. That which was ex~osed contained 24.4 per c~nt carbon 
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and the.t not ex-posed contained 37.1 per cent carbon showing that 12.7 per 

cent of the refQse oxidized to CO liberating somP heAt or. putting it 

another wa.y, one-third of the Ct!rbon in the rE>fuse which dropped to the 

furnace bottom oxidized liberating heat. Because of unfavoreble air con-

ditions in this area some engineers doubt if this CO burns to C02 unless 

a grate and correct amount of air is nrovided. One Ile'f! large utility 

nlant puts flyash on a grate and provides air to assure its complete com-

bustion. This was an incidental portion of the tePt, included so that the 

value of allowing refuse to lay in the furnece might be observed. This 

observation might prove valuable if the noseibility of laying the high 

carbon last-pass hopper flyash on the furnace bottom is given future con-

sideration. 

The precinitator refuse deta from which calculations were made of 

the worth of high-carbon preci'pi tater materiel was made from a sample 

dralrlil from the preciuitator hooner as shown on Figure 4, page 36. It was 

noticed that the sized nrecipitator samples contained a higher perc~ntage 

of carbon than like sizes of last-pass hopner material. This is explain-

able from the standpoint of thti effect of the narticle 1 s ap1?srent density 

on the terminal velocity. As the annarent density increesee so does the 

terminal velocity of the narticle. The velocity of the gases required to 

carry the leas dense material is thus smaller tha.n for the h68vier materialo 

And, since the ash of the refuse is the heaviP,st and most dense of the fly-

aeh constituents it follows that the lighter material containing leee ash 

and more carbon i~ carried on to the nrP.cipitator. Likewise the heaYier 

particles are influenced more by the centrifugal force creat~d by the change 

in direction around the baffle into the laat pass than are the light particles. 



(48) 

To find the refuse distribution it was first necessary to determine 

the qtumtity of refuse which \o:ent to the prE'cibitator. Thie wae done by 

cfllculeting the ash in the coal ec.ual to the totnl ash in the refuse. Once 

the percentage of the refUPe to the precipi ta tor y.;a.e found a preci pi ta tor 

effici!':ncy of 94 rcr cent \\'ll.S nssumed to evaluvte the cercentagc of the r&-

fuse collected by the nreci~it~tcr. This is one of thr F.ources of error 

for this test. The Research Corporation test enginecrP ran several tests 

on the same ~reci~itator and found its efficiency to rcnge from 93 per 

cent to 95 per cent. Since this element is relatively new it was assumed 

that it is doing as well now. Another source of error is the VRlue used 

for the carbon content of the aggregate precinitator refuse. Although 

this V81Ue in itself is correct it wae used assuming thP refuse in the pre-

ci~itAtor an1 that out the stack to be of the same value. Thie is not true 

since one of the characteristics of an electroetRtic orecipitator ie its 

inability to separate large high carbon materiaL This means that the 6 

~Er cent which was discharged to the stack wae good high carbon flyash 

making the recovery value of high carbon flyash e.a calculated somewhat on 

the con$ervati ve side. It is regrettable that limitations o: time and 

available eq_uipment did not oermi t a true dctermin.<'-tion of the value of 

stac~ refuse. The refuse distribution and the value of high cnrbon flyash 

ectuRlly collected mere affected little by this since, in nraportion, the 

stack discharge is small as compared to the total. 

The loss due to combustible in the r~fuse waR 2.56 ~er cent which 

is not unusually large. The breakdown of this loER is significF.cnt. The 

loss due to last-pass hop~er flyash amounted to .366 end, considering an 
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aoprox1mate recovl:'lry efficlf.~ncy of 80 -per cent, would give only .293 per 

cent bcree.se in effic: c:i.cy utilizing la:st-!)css hopper flyesh. The steam 

avnilable in the last-pass hor;mer flyash was 86o pounds per hour and, with 

a recovery efficiency of 80 per cent, would yield only 690 pounds per hour. 

The precipi ta tor high carbon material ia a much larger figure, w1 th 2480 

pounds of steam available f.Ild ~ith a recovery efficiency of 80 -per cent 

would moke 1984 pounds of etenm oer hour. This quantity of eterun amounts 

to en increase in efficiency of .85 per cent. If the total of the last-

-pass hopper flyash and the l~.rge narticle nrf!cinit:itcir material were uti ... 

lized the increase in efficiency would be 1.143 per cent and produce 2674 

more pounds of steem per hour. 

B4. Laet-Paas Hop,er Cprry Over 

The data from the la~t-nass hopry~r cnrry over test were ~ery dis-

couraging. The resulting trend of the nlottP.d dt1ta, Figure 7. page 50. 

is h~rdly Perceivable. The points are so scattered that a conclu&ion thllt 

there is any trend et all is ~uestionable. Therefore, no conclusions can 

be definitely drawn from the data obtained. 

A discussion of the reasons for such random results is all that is 

a·pplicable to this data. In the first place thP time thP.t the air inlet 

valve opened wide was not as clearly defined as was desirable. Thus, the 

time recorded denended to some extent uoon the man who w2s making the 

reading end. since thC'rc werp 11cveral reo11le teking thi R dEOtll. depending 

on the ooer~ting crew tha.t was on et the end cf e. de"!)oei tion J ~riod, a 

good nercentege of thP. error cci.n bP ettributed to thi!~. Another source of 
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e:rror lies in the original premise that thf rete of pull would be eq_ual at 

E,ll t:--.e hoppers and cluring the ~ntire time of the -;::-ull. It is conceivable 

th2t such would not be the case since, a.s the hopper emoties a point is 

reached v1here flyash is still flowing into the ash disposal header but not 

in a s:..1.fficlent q_uantity to kt::ep the ialet -pi-oe filled. This. of courac. 

'/llould allow more of the suction to be applied to t;asses from the hop-per and 

to the ~iir inlet vr·1Vi". 

C. Photomicrogra~ha 

Pictures of flyash. Figure 8(a, b,c). magnified 19 diameters were 

ma.de (see -page11 52 and 53) :Jor a clearer concention of the reduction in 

r;;'"rticle Aize which took place in the nul verizer a nictu.re of flyaeh before 

~nd after ~ulverization wne made. The increased surf~ce area resulting 

from nul verization ia clea.rly sho-.in by com;:inring theAe nictures. The photo-

rricrograph of the flyash before _pul vPrization sho._s clearly the thin-walled 

cencephere structure. The ash narticles stand out quite cleurly. being 

mnch lighter then the high carbon cenospheres. In reality microscopic 

observations revealed the'TI to be anywhere from white to yellow. 

The large Particle precinitstor flyA.Bh nicture shows it to be com-

~osed, esscnti~lly. of the s~mc material thet is collected in the leet-

pass hop11ers. They. too. a.re cenospheres with tntersnersed narticles of 

pure agh. 

D. Reburning Discuased 

The author is not going to attempt to arrive at a conclu6ion as to 

·..,.hether it is a~visable to burn high carbon f1yesh or not. For the bcnefi t 
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8a 

ligure 8 

PHOTOMICROGRAPHS or 1LYASH 

Sao Large Particle (.200 Me•h) 
Precipitator Flyaah 

8bo Laet-paa• Hopper 11.J'a•h 
(Aggr~ate Sample) 

Seo La1t-pa1• Hopper llya1h 
(Pulverized .Aggregate Sample) 
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Figure 8 



of those who may use the data to arrive at such a decision a few of the 

things which must be considered will be discussed. 

It was proved that high ca~bon flyash will burn, therefore, the 

following discussion will be concerned ~ith the advantages and disadvan-

tages of a system devised to continuously burn high carbon flyaeh. 

Accompanying the injection of flyesh will be an increased quantity 

of a.sh to the furnace. This produces the possibility of slag build-up and 

erosion. Before the effects of flyash on these two fcctors can be known 

the system would have to actually be tri~d and observations made for a 

long period of time. The additional ash by just injecting last-pass 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 it 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 flyaeh would create additional 

wear on a pulverizer, but from the grindability determination it is seen 

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

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

of its cenosphere structure last-pass hopper flyeeh is quite easily ground. 

In order to make a continuous injection system for last-pass hop-

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

pass hopner averages about onP inch of water and at the nulTerizer 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 nulveri~er. This 



(55) 

should prove an eaay problem. The expenditure for additional piping could 

partially be written off by the salvage value of the existing last-pase 

hopper ash removsl system. Maintenance and replacement for an injecting 

arrangement would hardly be any greater than that for the exi•ting set up. 

A monetary gain for an injecting eyetem would be received by (1) 

an increase in steam output for a given quantity of coal, (2) discontin-

uance of the uee of steam to operate the pneumatic conveying system, and 

(3) the decrease in amount of haulage for refuee diepoaal. Thie value is 

admittedly small being approximately $0.35 per hour for the ash balance 

teat of this investigation. A much larger saving• could be made if a means 

were provided for the recovery of the large particle precipitator material. 

The author believes that the quantity found there is well worth further 

investigation. 



CONCLUSIONS 

It is evident from the literature read, experience of operating 

engineer1, and the re111lt1 from the varioue test• and observations made 

in connection with this study that there is very little known about fly-

aah. 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 aaid that last-pea• hopper flyash in a -pulverized 

coal unit can be P\llverized, reinjected, and will definitely burn with a 

fair efficiency. 

2. There waa not enough leat-paaa hopner material to jl.J!Jtify much 

reinjection equipment to recover it, but more complete separation at this 

point is possible and may be practical. 

3. In a pulverized coal 1teem generator about 70 per cent of the 

unburned carbon loss ia in large sizes which could be separated from the 

low carbon refuse. This carbon rich flyaah contains only about 30 per 

cent of the total aeho From this standpoint, then, the recirculation of 

carbon rich flyaeh b~gine to be attractive. 
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B ECOMMENDATI OHS 

The re1ult1 of thi1 inTe1tigation indicate that further 1tud7 

•hould be made on a number of itemeo Some of the1e would be nece11ar:v 

before practical uee could be made of the fact1 uncoTered. 

It 11 1ugge1ted that the Celco plant inveatigate~ 

1. the coat of variou1 method• of 1eparating a greater 

percentage of large particle fl.yaah. 

2. the value theae method• have by (1) increa1ing boiler 

efficiency and (2) reducing the plant dirt problem. 

3. what it would co1t to pulverize the f)Jra1h directly in 

exiating pulverizer1 •• compared with pul.Yeri1ing it in 

emall auxiliary pulveri1er10 

4o more fully inve1tigate the teat deta of thit the1i1, 

empeciall.7 the irregular and W:U!tTen rate of depoai ti on 

in the lut-pau hopper and aah-pit. 

5. the formulation of a routine procedure for obtaining 

more complete plant data. !hi1 may point to higher 

efficienciea. 
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CELANESE CORPORATION 
OF AMERICA 

Narrows, Va. 

TWO 
RILEY STEAM 
GENERATING 

UNITS 
Consisting of Riley Boiler, Water-
Cooled Furnace, Steel-Clad Insulated 
Setting. Riley Pulverizers and 
Burn~rs. Capacity 150,000 pounds of 
steam~ per hour. 

Engineering Data: 

. Efficiency - 86.2% @ 150,000 lbs. 

Working Pressure - 600 lbs. 

Temperature - 800 ) F. 

Furnace Volume - 8,800 cu. ft. 

Heat Release - 22,700 B.T.U. 

Heating . Surf aces: 

Boiler - 11,100 sq. ft. 

Water Walls - 5,500 sq." ft. 

Scale: Ys inch equals 1 foot 
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