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SUMMARY 

This is the first Quarterly Progress Report,for DOE Contract 

No. DE-AC21-80MC14266, "Coal Materials Handling Classifier Evalua- 

tion". 1t covers the.period 1 October - 31 Decemb.er 1980. 
The project is divided into seven Tasks which can be grouped 

into three general phases of work. These general phases 'of work 

are a Preparation Phase; a Testing and Data Reduc.tion Phase and a 

Reporting Phase. A last task, Task-VIII, involves maintenance of 

DOE owned test equipment used during the project. Work during 

this.project period has centered on the Preparation Phase and 

the following progress has.been made. 

One hundred tons of the study coal (Western Kentucky No. 9) 

has been ordered and is tb be delivered to KVS in mid-January. 

Al'l drawings required for fabrication of the Hukki centrifugal 

classifier have been.comp1eted; drawings for the ductwork are 

nearing completion. The first draft of the project Program Plan 

Manual bas been completed and is included here as an appendix. 

The classifier evaluation procedures has been developed includ- 

ing a laboratory procedure for subsieve size analysis. 

During the next quarter work wil.1 continue on the Preparation 

Phase, including receipt and preparation of the study coal and 

fabrication of the centrifugal classifier and ductwork. In 

addition, lt is anticipated that roughly one-third of the 

required testing and data'reduction will be completed;. 
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INTRODUCTION 

One of the most important industrial applications of classifiers 

is in closed circuit grinding systems. The primary function of a 

grinding device obviously is to produce a finer material from a 

coarser material. Standing alone, i.e., in open.circuit, the 

grinding device at steady-state produces a fine material from a 

coarse material at a coarse material feed rate that equals the 

fine material produck rate. When a classifier is coupled with the 

grinding device (thus closing the circuit) the coarse stream is . . .  

returned to the grinding device and the fine stream becomes the 

product stream of the grinding circuit. Under these conditions 

the actual steady-state feed rate to the grinding device itself 

will be higher than the circuit feed and product rates. 

There are many advantages in operating a.grinding device in. 

closed circuit. For example, if the grinding machine i . s  a reten- 

tfori  device; i - e . ,  there is a liuldup of material within the mill 

such that the mean grinding time i~ given by this holdup weight 

divided by.the feed rate, then at a constant holdup weight a 

finer product will be produced by decreasing Lhe feed rate. . By 

closing the circuit with a classifier the feed rate need not 

necessarily be reduced since coarse material is being recycled 

for further grinding. Iri t11is way it would be possible to produce 

a given fineness of grind, e.g., 95% passing 140 mesh, at a' 

significantly higher rate in closed circuit than in open' circuit. 

Since the energy to operate the grinding device is essentially 

constant the specific grinding energy (KWH/to.n) is reduced. Also, 



as demonstrated in the work performed under DOE Contract No. 

EX-76-C-01-2475, closed circuit grinding can result in better 

control of the size distribution of the circuit product, i.e.,a 

more closely sized circuit product. That is, while both open and 

closed circuit grinding might produce 95% passing 140 mesh, the 

closed circuit product might analyze 30% passing 400 mesh versus 

50% passing 400 mesh from the open circuit device. 

The desire and need to reduce energy requirements is, of 

course, the first and foremost reason for seeking a better under- 

standing of the role of classification in closed circuit coal 

grinding. A better understanding of classifiers typically used 

in conjunction with coal grinding circuits would. result in the 

ability to better utilize energies expended in coal grinding. In 
. . 

addition, the ability to better control the product size distribu- 

tion is of major importance to many new processes being introduced 

to our energy conscious economy. Such processes include coal-oil 

mixture production, .the production of coal-water slurries of pipelines, 

coal gas.ification and the production of solvent refined coal. All 

of these processes call' for the use of pumpabl'e and high concentrate 

slurries. In all cases the product size distribution has a direct 

effect on the pumpability and percent by weight solids concentration 

that is reasonably attainable. 

Recognizing the need for a better technical understanding of 

classifiers used in coal grinding, the United States Department of 

Energy and the Kennedy Van Saun Corporation conceived the present 



project to evaluate various classifiers currently .. . being used' iri 

air swept coal grinding systems. The classifiers under considera- 
. : .- . . . . .  . 

tion include a twin cone classifier, an expansion chamber type 
. . , .  . 

(vari-mesh) classifier and a new centrifugal classifier recently 
t .  

introduced by Hukki. The objectives of this evaluation are to 
- .  . . . 

compare the efficiency of the classifier deskgns with respect . . . .  to 

their affect on closed circuit . . grinding system performance and 

to pmvide data that will allow a preliminary evaluation of 
. .. 

classifier design with respect to coal separation on the basis 
9 .  

. . 

of sulfur and ash contyrlL. 
. , 



THE PROGRAM . . , . , . : .a 

. - . . . . . .  . . . 

The project program is broken down into' seven tasks that are 

grouped into three general phases of work: a Preparation Phase, a 

~esting'and Data Reduction Phase and a ~ e ~ o r t i ; ~  Phase. Progress 
. . .. . .  

. . 

made on these phases o f  work during the present reporting period 
' .  . . . . .  

is described in the following. 
. , 

. * 
.. . . , 

. . 

preparation Phase 
" . . . - .  

' The Preparation Phase is comprised of four tasks. These are 
1 . . 

Task I. . . Coal ~c~uisitionand Preparation 

Task 11. classifier Fabrication 

Task III. ~ a c i l i t ~  preparation 
. . 

Task IV. : ~ e s t  planning and Development of Jinalygi6 
Methodologies . . 

, . 

Progress : 

Task I. One hundred tons of the Western Kentucky No. 9 

study coal' has'been ordered.   he delivery date 
. . 

for this coal is mid-January 1981. The coal 

will be prGpared as needed during the Testing 

and Data Reduction Phase of work. 

Drawings necessary for fabrication of the Hukki 

Centrifugal .Classifier have, been .completed. 
~ .", 

Metlmax 'Corporation of Lewistown, PA' have been 

Task 11. 

contacted and have agreed to fabricate the 

. . 
classifier. . . 

. ... . . 
, . .. . . .  . 

. . 



Task 111. Drawings necessary for ductwork fabrication are 

nearing completion. As with the centrifugal 

classifier, ductwork will be fabricated at 

Metlmax Corporation. 

Task IV. The first draft of the Program Plan Manual has 

been written and is included here as an appendix. 

The reader wili find the Manual to be a stand 

alone docuhent which describes the Program Plan 

in detail and allows an updating of technical 

progress during the Testing and Data Reduction 

Phase of work. During this reporting period 

the classifier evalilatjon grncedqres have be.en 

developed including d laboratory methad for 

subsieve size analysis. The following describes 

the evalyation proe.edures: . . the subsieve. size 

analysis methods have be.en reported but are 

also included here. 



Classifier Evaluation Procedure 

The recommended methodologyL for evaluating classifier perfor- 

mance is to calculate the fractional coarse recoveries and then plot 

these values against size, thereby generating a size selectivity 

curve, an independent measure of effectiveness. The fractional 

coarse recoveries are calculated as 

amount of material of size Z in the coarse stream 
r(x) = amount of material of size x in the feed stream 

Since material.of size x cannot be measured, it is necessary to 

measure material between size x and x+dx. If the quantity dx is 

.suf£i.ciently small, the'resulting values .can be treated as point . . 

values. If dx is larger, the resulting values are interval values. 

Typically, interval values are calculated for size ratios, i.e., 

(x+dx)/x, equal to % or .fit the latter being a maximum value. The 

resulting interval values. are plotted against "size". Since they 
. . 

are interval values, it doesn't matter whether they are plotted 

against x+dx, x or some mean value, x+dx<x<x; as long as the, plotting 

method is consistent. The plotted values can be connected to 

produce a continuous,ci.~r.ve which in turn can be employed to char- 

2 .acterize the classification- . 

Data Analysis Techniaues 

Fitt'ing Size Selectivity Functions 

In order to develop a more consistent pattern for evaluation, 

it is often convenient to fit the va1.ues to a Eunctional form, the 

size selectivity function, Also, with such a function, the size 



. . 
selectivity vaiues can be' readily recreated. The suggested method 

for fitting the fract iohal ,r.ecoveriea to the siz'e selectivity f unc- 

tion is by a weighted least squares ;criterion, i.e., 
. . 

C ~ ( ~ 1 1  G (xi) -r (xi)] = minimum 
. . . . 

The weighting values. w(xi). "employed have included 1.0' (I .e., no 
. .  . 

weighting.) and the quantity, m(xi)/ (xi) (1's (xi) )I., where m(xi) 
Is the fraction of Mterial of 8ize xi in the feed,to the ciassifier. 

A suggested form for the s l z c  selectivity f unctibn2 1s 

where a, K and dS0 are characterizing parameters. Numerous func- 

tional forms have been suggested for tho t'& parameter function, 
' 

2 .  c (K, dS0;xi) . During this reporting quarter; various functional 
. , 

_ I  . forme - 
. Lynch's model 
. Rosin-Rammler 

. Logistic 
have been under study, with and without weighting. 

~ittlng a .Paucity of ~ a t a  

When there are relatively small particles in the fine stream, 

it is difficult to obtain size analyses fine .enough to cover the 

size range necessary to determine fractiona1,recovery values for 



the lower portion of the, size selectivity. curve. For such a case, 
. . ' .  5 .  . .. ..:. I 

the classifier feed size, consist $9 the only, data .th,a,k can be . . 
, . , .. 

extrapolated with minimm error. 1ns.tead of, calculating the frat- 
, . . . . , 

. . 

tional recovery, the fine recovery is calculated: i.e., 
.. , . . .. , 

amount of material of size x or less in the fine stream 
R(x) = amount of material, of size x o r  less in the feed stream 

. . . , 

Again, this. data i s  fitted to a functional form' by a weigmed least 

square crit.eri0.n;- i.e. -; 

. . 
I wtx. ) (xi) -R (xi)] = minimum 

1 

The functional form to be fitted. is . . 
I 

- 

(1-a) I ( l - c ( ~ , d ~ ~ ;  
1 =N 

x,) )p(xj) 

y(xi) = . i . .  

z p(xQ 
j=n . , ;  . . . .  ' 1 . :  . . . , .. .' ~. 

where n represents the number of measured size intervals and N; . . - 
. - .  . 1  . ?  

represents the number of measured.and extrapolated.. The resulting 
. < .  . I , '  . . 

characteristic.parameters obtained by fitting fractional recoveries 

and total recoveries are being compared. . , . . .  

1. A.I.Ch.E., "Classifier Equip~r~ent,Testing.and Evaluation Pro- . ; .  

cedure", (1980) . . .- ... 

2. Luckie, P. T. and L. G. Austin,, ;!Technique for Derivation of 
. . , 

Selectivity Functions from Experimental Data, loth IMPC, 

London, (1973). 
. < ,  



Fine Coal Size Analysis Procedure 

The technique chosen to analyze the fine coal samples involves 

basically three steps. First the coal is screened conventior~ally 

using U.S. standard sieves down to 400 mesh employing wet- screening 

on the 270 x 400 mesh fraction. The minus 400  mesh coal is then 

sampled and further analyzed using the Andreason pipet sedimenta- 

tion technique and the Cnultes Counter. The Andreason pipet is 

used as the standard against which the Coulter Counter i s  compared. 

For every Andreason run approximately ten Coulter runs are performed 

since a complete Andreason analysis requires approximately sixteen 

hours while a Coulter analysis requires only a few minutes. 

Sievinq 

O b j  ective 

To size any of the plus 400 mesh coal using sLandard ~ieve 

s i z e s  by dry screening the plus 270 mesh material and.wet screening 

the 270 x 400 mesh. 

Procedure 

A 50 gm sample of coal is placed on the top sieve of a set nf 

sievco. The sieves are then placed into a Rotap for 10,minutes then 

removed and deblinded. The screens are replaced into the Rotap 

for another 15 minutes Ll~en rcmuved and rechecked for blinding. If 

no blinding is present, the dry screening is complete. 

The 270 x 400 mesh coal is then removed and wet screened using 

a wetting agent such as ~ergitol NPX to wet the surface of the.coa1 

in order to prevent'the coal from agglomerating. The minus 400 mesh 



coal from the wet screening is combined'with.the minus 400.mesh 

coal from dry screened and saved for further analysis. 

Coulter Counter 

Objective 

The purpose of using the Coulter Counter is to analyze the 

sub-sieve (minus 400 M) coal. It has the advantage of being a 

preferred method of analyzing fine coal since the coal particles 

are rapidly and automatically counted. The disadvantage of this 

method is that at the lowest end of the analysis range, the counter 

cannot detect the particles. Thus a. steeper size distribution 

results since .no approximately minus 1 micron particles are 

'detected. .The Andreason pipet 1s used to determine the minus 1 

micron material in order to correct this error. 

Background 

When suspended fine particles, in an electrolyte solution, 

are passed through a small orifice, the. passage of each particle 

displaces fluid thus increasing the effective electrical resistance 

of the orifice. If electrodes are placed on either side of the 

urifice, a voltage pulse can be generated as each particle passes. 

Furthermore, the change in resistance and consequently the size 

of the voltage pulse are roughly proportional to the.particle 

volume. The Coulter Counter sorts these pulses and classifies them 

into 18 channels displaying a volume percent for each channel. 

-13-. 



Procedure . . 

A small sample of the minus,.400: mesh coal is dispersed into .. 
" 

a solution such as Tergitol NPX. The dispersed sample is then 

added to the electrolyte solution until a- sufficient concentration * 

is obtained. The particles are then counted. 

After counting, the volume percent in each channel is recorded. 

The results are then plotted as the cumulative volume percent 

passing versus t.he corresponding s.ize of each channel'. 

Andreason Pi~et * .  . 
. .  . . . 

Objective ... 

The purpose of using the Andreason pipet is to analyze the . . 

sub-sieve particles, using this analysis as the standard to check 

the Coulter Counter results. .. . . .  

Background , . . . 
. . 

The rate at which fine parti.cle.s. settle under gravity is . - ' 

, ,. . .  . 
given for, spheres, by Stokes' Law: , 

. . 
.. - , . # .  

.# ' 
. . % _  a.  

where Vt is thc terminal velocity of a particle of diameter d, 
.. . . ,. 

. . . ., I. . . . PP 
and pp are the densities of the-particle and the fluid respectively, 

A. 
> . I .  . . 

g is. the acceleration due to ;nd 1-1 is +he viscosity of 
. . 

the fluid. Thus, the time t taken fo; a particle of size d to 
. . .  

settle a distance h is given by: 
, , 



After time T, a sample of suspension taken fr0m.a distance h 

below the surface. will contain no ,particles of diameter than d. 

By sampling a suspension at' a known depth for a ser'ies of time 

iqtervals and determining the total solids content of each sample, 

the particle size distributkon of the material can be evaluated. 

This,.is the principle of the Andreason Pipet. 

Procedure 

Five grams of the minus 400 M coal' is dispersed in water using 

a dispersant such as Tergitol NPX. The dispersed solution is then 

added to the pipet and the pipet volume is brought up to the start- 

ing line on the pipet (-550 cc) using the dispersant. The pipet 

contents are mixed by shaking it for several minutes to insure 

complete mixing. As soon as the shaking stops, a 10 cc sample is 

withdrawn. Subsequent samples are then withdrawn with the time 

of withdrawal being noted for each sample. A time sequence of - 
initial time, 1 minute,. 2 minutes, 4 minutes, 8 minutes, 16 minutes, 

I .. 
30 minutes, 1 hour, 2 hours, 4 hours, 8 hours and 16 hours is .used . . . . 

. P 

SO that the determined' data ' points, are spaced evenly when' plotted ' .  

on a log-log plot. The times chosen, though, are not crucial so 

as long as the withdrawal time is noted. 

After withdrawing the samples' into preweighed pans, they .are . . 

dried and weighed. A blank is also checked to determine the w,eight 

,of the dispersant. The weight of'the sample is calculated by . 

subtracting the pan weight and dispersant weight. From these values 

the weight percent can be calculated while the size can be calcu- 

lated using Stokes I ,  ~ a w .  as previously stated. 



Results 

The following results were obtained for sizing a coal sample 

by employing the sieving/Andreason pipet/Coulter Counter procedure 

previously outlined. 

Sievina Results (Dry) : 

Size - Cumulative % Passinq 
140 mesh 100.0 
200 M 76.03 
270 M 62.91 
400 M 45.67 

Sievinu Results (Wet) : 

Size Direct Weiaht % 

-400 mesh (Dry) 45.67 
-400 mesh (Wet) 45.75 

Since the difference is only U. 08% t l l i s  coal camplr? d i d  not 

have to be wet sieved. 

Andreason Pi~et Results: 
. '  . . 

Cumulative % Passinq . . 

100.0 
9.7,45 
98.37 
96.83 
93.77 
48.72 
24.72 
18.39 
14.20 
11.34 
10.62 
13.18 

The hncilysis indicates that basically all the coal is less than 

approximately 40 microns which seems reasonable since minus 400 mesh 

caol was used. However, the steepness of the size consist is unusual. 

This unusual resu1.t . . may be due to the coal being one u£ variable 

density which in turn would affect the size according to Stokes1 
. . 

Law. Testing is continuing to refine this technique. 



Coulter Counter Results: 

Channel Size (um) Cumu1,ative % Passinq 

The Coulter Counter .results give a'smooth size distribution 

except that at the lower end, the distribution steepens.  h his is 
. . 

caused by the..non-detection of the minus 1 micron particles. A 

good Andreason result is required in order .to correct this. Also, 

since the Coulter Counter' detects by sizenot specific gravity, 

-this might explain why the Coulter gave a smooth result and the 

Andreason did not. A graph of the screening results and Coulter 

Counter results are given on the next page. The data was not 

corrected because of the problems with the'Andreason pipet. 



ioo 

rn Sieving 

' A Coul ter Counter ' 

Size distribution data tram siding aad Coul ter Counter analysis 



T e s t i n g  and Data Reduc t ion  Phase  

T h i s  phase  o f  work i s  broken i n t o  t w o  t a s k s .  These a r e  

Task V. T e s t i n g  

Task V I .  Data Reduc t ion  

P r o g r e s s :  

Task V. Sir lce work under  t h i s  Task i s  n o t  s c h e d u l e d  t o  

b e g i n  u n t i i  i a t e  ~ a n u a r y  1981,  'no  p r o g r e s s  c a n  

b e  r e p o r t e d .  

Task V I .  S i n c e  work under  t h i s  Task i s  n o t  s c h e d u l e d  t o  

b e g i n  u n t i l  e a r l y  F e b r u a r y  1981,  no p r o g r e s . ~  

c a n  be  r e p o r t e d .  

R e p o r t i n g  Phase  

T h i s  p h a s e  . o f ,  work, i s  comprised  o f  a  s i n g l e .  t a s k :  
. . 

Task .  V I I .  R e p o r t i n g  

P r o g r e s s  : 

Task V I I .  Monthly and q u a r t e r l y  r e p o r t  s c h e d u l e s  a r e  be ing  

m e t  a s  r e q u i r e d .  



FACILITY MAINTENANCE 

The last task, Task VIII. Maintenance of the Facility, is 

proceeding as required. It is noted that a formal Property Manage- 

ment System was required by the Project Property Administrator, Mr. 

Peter Rusinko. KVS has submitted this document to Mr. Rusinko. 

However, due to the modest dollar value of the DOE owned equipment 

in use for this project and the costs to bc incurred in carrying out 

the reporting requirements as set fo~.,Lh by DOE Handbook PR-002/R1, 

KVS has requested a waiver of the formal Property Management System 

Procedure. No problems have been encountered with the operation or 

maintenance of DOE owned equipment. 



CRITICAL ITEMS 

T.here are  no actual or .anticipated c r i t i c a l  items t o  report.  

1 t. 



APPENDIX 

T h i s  append ix  is  a f i r s t  d r a f ' t .  o f  t h e  P r o j e c t  Program P l a n  

Manual s u b m i t t e d  t o  t h e  T e c h n i c a l  P r o j e c t  O f f i c e r .  
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1.. INTRODUCTION ' 

, In a previous study supported by the,'.U.S. Department of 

Energy and conducted by the Kennedy Van Saun Corporation 

(DOE Contract No. DE-AC21-76MC02475) a number of coal grinding 

devices and circuits were investigated. As a part of this 

work, the twin cone and vari-mesh pne,umatic classifiers were 

coupled with a ball mill for studies of air-swept dry coal 

grinding. At the time of this study, the Hukki centrifugal 

pneumatic classifier was strictly a gravity fed device, 

thereby making its direct application .to air-swept coal 

grinding systems impractical. More recently, however, the 

Hukki classifier has been adapted for use in systems where 

the classifier feed is air entrained.' 

Based on studies conducted by Hukki there is evidence to 

show that the Hukki classifier might . , well be an excellent 

classifier for dry coal grinding applications. In fact, the 

classifier is presently being used in an industrial coal 

grinding circuit in Finland. In light of these recent 

developments, the present program was initiated, the ob- 

jective being to evaluate the Hukki centrifugal classifier 

as a classifier for fine coal. Under this program, the 

classifier will first be evaluated in the stand alone (open 

circuit) condition using an air-swept ball mill to prepare 

..the olassifier feed. This will be done to study the effect 

of feed rate, feed size consist, fluid/solid ratio and 

adjustable settings of the classifier on overall classifier 

performance. Then, comparative, closed circuit testing of 

the Hukki, twin cone and vaxi-mesh classifiers will be 

conducted utilizing the air-swept ball mill as the cornminutor. 

The test work will be evaluated based on size selectivity 

and the reduction of specific grinding energy. 



I n  o r d e r  t o  p rov ide  bo th  DOE and KVS personne l  an ea sy  

u p d a t i n g  of  p r o g r e s s  and f i n d i n g s  d u r i n g  t h e  cou r se  of t h i s ,  

e f f o r t ,  t h e  p r e s e n t  Program Plan  Manual h a s , b e e n  developed. 

The cant-ents o f  t h e  manual i n c l u d e s ,  f o r  t h e  b e n e f i t  of 

r e a d e r s  u n f a m i l i a r  w i th  c o a l  g r i n d i n g  and.  c l a s s i f i . c a t i o n ,  a  

d i s c u s s i o n  o i  c l a s s i f i c a t i o n  concep t s  ( i n c l u d i n g  t h e  r o l e  of  

c l a s s i f i e r s  i n  s i z e  r e d u c t i o n  sys t ems)  and a  d e s c r i p t i o n  of 

t h e  c l a s s i e i e r s  t o  be tested. Th i s  i s  fol lowed by an o u t l i n e  

o f  . t h e  program p l a n ,  inc lud , ing  t,he tes t  program, d a t a  a n a l y s i s  

p rocedures  and the f o r m a t ,  f o r  &*reing tes t  d a t a .  The test 
f a c i l i t i e s  and equipmerit; i n c l u d i n g  c o n t r o l  , f u n c t i o n s  and . . 

s a f e t y  d e v i c o s ,  a r e  a l s o  d e s c t i b e d .  The remainder (and 

b u l k )  of t h e  Manual i s  devoted t o  the  a c t u a l  d e s c r i p t i o n  o f  

each  test  t o  be conducted d u r i n g  t h e  program. T h i s  informa- 

t i o n  i s  p r e s e n t e d  i n  t h e  fo rm of  a two page r e p o r t  f o t  each 

test  which can  be i n s e r t e d  i n  t h e  Manual a s  t e s t  r e s u l t s  

become a v a i l a b l e .  I n  a d d i t i o n  t o  t h e s e  r e p o r t s ,  ASTM s u l f u r  

and a sh  a n a l y s e s  w i l l  be performed on v a r i o u s  c l a s s i f i e r  
p roduc t  samples i n  o r d g r  t o  a l l ow a p r e l i m i n a r y  a n a l y s i s  of  

c l a s s i f i e r  performallce w i t h  r e s p e c t  t o  t h e  s e p a r a t i o n  of t h e  

c o a l  on t h e  basis of s u l f u r  and a sh  c o n t e n t .  These test  

d a t a ,  generated a t  a. commercia l  l a b o r a t o r y ,  w i l l  , . be inciud'ed 
i n  t h e  Manual as A y p n A  i x C, 



2. CLASSIFICATION CONCEPTS 

classification is a term assigned t o  non-screening proceises 

w'hich split particles in a flbid stre'&, usualli air or 

water, on the basis of the'ir "sizen',' into two streams - one 
containing coarse particles) one containing fine particles. 

The device which does the is termed the classi- 
. . .  , . .  . 

fier . 
1 

1 

Within the classifier the .iluid id always moving. The . ., 
actual partitioning of the particles"is 'achieved by combining 

pavitational (including centrifugal ) , 'inertial and drag 
forces into a series of sip&rating mechani'sms. Classifier 

designers take advantage of the fakt that in a medium small 

particles fall at a slower rate than 'large particles; that . . 

larger particles are acted on with a greater force'in a 

cyclonic flow than small paiticles; that smaller particles 

can change their direction'of flow iork 'easily than larger 

particles; that large particles .require a higher conveying-, 

velocity than small particiks; o; that the probability of 

collision with'a rotary bliide is hiGh&r for a large particle 

than it is for a small particle. The designer then proceeds 

to design the classifier so that there is a minimum of 

mutual interference among the particles in the classification 

zone. 

It is assumed that size is the only characteristic that 

varies among the particles and hence only size influences 

the trajectories ofi the particles. A measure of particle' 

trajectories would'be the residence time of particles within 

.the cl-assifier. 1t is expected that because of the various 

gravitational and inertial forces acting an particles in a 
classifier, the residence time for smaller particles would 

be longer than that for larger particles. Obviously, other 

characteristics such as specific gravity or shape effect the 

trajectory of a particle but only in a minor manner if they 

are the same for a11 particles in the population. If there 



is a characteristic among the particles which varies and 

influences the trajectory such as specific gravity then the 

partitioning is termed sorting, not classifying. If the 

feed is a mixture of material with different specific gravi- 

ties then.each type of material must be treated individually 

when predicting the classifier performance. 

One of the most important industrial applications of classi- . . 
fiers is in closed circuit grinding systems. The function 

of a grinding device. obviously is to produce a finer material 

from a coarser material. Standing alone; i.t. in open 

circuit, the'grinding device at steady-state produces a fine 

material from a coarse material at a coarse material feed 

rate that equals the' fine material product rate. When a 

classifier is coupled with the grinding aevice (thus closing 

the circuit) the coarse stream is returned to the grinding 

device and the fine stream becomes the product stream of the 

.grinding circuit. Under these conditions the actual steady- 

state feed rate to the grinding device itself will be higher 

than the circuit feed and producL ra tco .  

Thefe are many advantages t.n operating grinding devices in 

closed circuit. For example, if t11c grinding machine is a, 
retention device; i.e., there is a holdup of material within 

the mill such that the mean grinding time is given by this 

holdup weight divided by the feed rate, then at a constant 

huldup wcight a finer product will be produced by decreasing 

the feed rate. By closing the circuit with a classifier the 

feed rate need not necessarily be reduced since coarse 

material is being recycled for further grinding. In this 

way it would be possible to produce a given fineness of 

grind, e.g., 95% passing 140 mesh, at a significantly higher 

rate in closed circuitlthan in open circuit. Since the 

energy to operate the grinding device is essentially constant 

the specific grinding energy; i.e., KWH/ton is reduced. 

Closed circuit grinding also produces a s,Leeper product size 



distribution. That is, while both open and closed circuit 

grinding might produce 95% passing 140 mesh, the closed 

circuit product might analyze 30% passing 400 mesh versus 

50.8 passing 400 mesh from the open circuit device. This is 

an important advantage in many industrial applications, 

e.g., in the preparation of coal for combustion, gasification 

and liquefaction processes. The practical constraints of 

closed circuit grinding are classifier efficiency (discussed 

, later) and the capacity of the grinding device; at high 

classifier coarse stream product rates the actual feed to 

'the grinding device can be several hundred percent higher 

than the circuit feed and product rates. 

Types of classification can be conveniently cataloged as in 

Figure 2.1. 

1 1 1 1 1 1  I I I I I I l l  1 I I 1 1 1 1 1  

' b (0 20 3 0 W ) M  '330 200  '300 a 0  300 tOOOp 

Product, a): - x microns 

Figure 2.1 Types of Classification 



Typically in classificatidn, the prbduct stream is usually 

not defined in terms' 0.f 100% passing a' particular- size since 

in order to.guarantee 100% passing requires the production 

of a product stream much finer than actually needed. Hence, ' .  

the product from the classifier is usually specified as 95% ' 

. . .  passing, 80% passing, 'etc. 

The performance of a- classifier is a function of the feed 

material, the operating conditions and classifier design. 

Feed material properties which influence performance include 

such things.as size consist, specific gravity and rheological 

properties. Operating conditions include such things as 

fluid/solid ratio, energy input and feed rate. Classifier 

design factors would include type of classification, geometric' 

configuration, settings of adjustable features and material's -' 

of construction, There are some obvious correlations between 

these factors. For example, the rheologioal properties of a 

fluid/solid stream are dependedt not only on thedmaterial 

but also on the fluid/solid ratio. Not all.of these factors 

are controllable; for any given system many are uncontrollable, 

Further, variation of the factors can give'results that 

range from excellent tio poor; e.g., a classifier which gives 

good results for cement classi'f j.cation' (specif lc gravity 4 3.0) 
~, 

may be unsuitable for coal classificakion (specific gravity- 1.4). 

Due to the numerous variables which can affect classifier 

performance, evaluating classifier performance can be very 

involved. Ideally, if individual particles could be Fol- 

lowed through a classifier and particles trajectories de- 

termined as a function of'eacli of 'thc c i t e d  vari'ables, a 
detailed, predictive evalugtion of classifier. performande 

would be available. Since this is not possible at the 

present time, the size selcotivity concept is used. 



size selectivity is . .defined . as the probability that particles 

of a.particular size entering the classifier will report to 

the coarse classifier product stream. The AIChE Classifier 

Equipment Testing and Evaluation Committee (1) has determined 

that the size selectivity function (size selectivity vs. 

size) gives the most complete measure of classifier performance. 

In terms of size selectivity, the .ideal efficient classifier 

would have selectivity values of unity for all sizes greater 

than a certain size (the.cut size) and values of zero for 

all other sizes. As defined in the AIChE Committee's document 

(1) . the . cut size (denoted DS0) is the size whose selectivity ' 

value is 0.5. 

Un,Eor.tunately, real classifiers are neither ideal nor 100 

percent efficient. Real classifiers suffer from two types 

of inefficiencies that are reflected in the size selectivity' 

function.. One type is the apparent by-pass; some fraction 

of fine particles report to the,coarse stream and some 

fraction.of.coarse particles report to the fine stream. In 

.both cases the particles in question short circuit or by-pass 

the classifying mechanisms. The second type of inefficiency 

occirs because real classifiers are non-ideal. ~ecause. of 

such thingsas the. inability to truly define size, the 

.trajectory.that a particular . .. size and density , of , particle 

follows in a classifier is not always the same and therefore 

it may enter one or the other existing strcams. Hence, khe 

probabi1ity.that.a particle less than the cut size will . . 

report to the coa,rse stream is not necessarily zero. Instead . .. . 

the probability increases from zero for the . smallest . sizes , '  

of particles to unity for the larger particles. Figure 2.2 
. ' 

illustrates selectivity functions for ideal; ideal, ineffi- 
. . 

cient; and non-ideal, inefficient classifiers. The frac- 

tions of by-passing material are given by a and b. For cases 

where there is particle by-passing,, the selectivity curve given 

in Figure 2.2c.would be corrected' such that .the corrected size 

selectivity values (termed class~fication values ) would 



range from zero for the smallest sizes to unity for the 

large sizes. The cut size would be the size for which the 

corrected size selectivity value is 0.5. A measure of the 

deviation from ideal classification is given by the sharpness 

index, K . The sharpness index is determined by dividing the 
size of particles having a corrected size selectivity of 

0.25 by the size of particles having a corrected size value 

of 0.75. A sharpness index of unity indicates ideal classi- 

fication; anything less than one indicates non-ideal classi- 

fications. Experience has shown (2) (3) (4) that selectivity 

values (and hence cut size, apparent by-pass and sharpness 

index) can be strongly dependent upon the various factors 

which influence classifier performance. 

Figure 2.2 Selectivity curves for iAcal ,(a) i i.nefficient (b) 

and inefficient, non-ideal (c) . The dashed line in (c) 
represents the correcfed ri?e selectivity curve (the classi- 

f ication curve), c: 



Finally, , . since the development of single stage. classifiers 

with .performances far superior to current:'industrial devices 

maynot be likely, an alternate approach ir to accept the 
limitations of:one stage classification arid attempt to 

correct them,by reclassification of the impure stream i n  a 

separate, independent step. It ,would be 'noted, however, : 

: . .  that. this can,..,l.ead to practical problems; '.e'.g., classif i.0.. ' .  

. .  . . 
. , cation. . ~ .can cause a..dilution of ,,the. so1ids:i'n .the .fluid . : . . 

.. . . . . stre.a.m, that . might .be unacceptable. in ' down:.stream processing' 

- , , of, t.he particu'l'ates in .question. Hence,. whiXe this, 'approach 

. , . might;..,be desirable for applications where :'the objective of 

the process is simply to size reduce the feed material, in 

most applications it is desirable to use an,optimum single 

stage classifier. 



In light of the foregoing, it is,seen that-the production of 

fine coal through size reduction can be greatly enhanced by 

coupling the grinding device with a classifier and recycling 

the coarse classifier product stream for further grinding. 

In the previous study supported by the U.S.,Department of 

Energy and conducted by the Kennedy Van Saun Corporat2on 

(DOE Contract No. DE-AC21-76MC02475) this was ,done for 

air-swept ball milling of dry ooal using cone-type (twin 

aone) and expansion chamber-type (varri-~seah) elaocifaers. 

Both of these classifier designs are presently being utilized 

in industrial air-swept coal grinding systems. 

At the time of this work, Hukki of Finland had developed a 

centrifugal, air-swept classifier that showed great promise 

for fine classification; however, the classifier was a 

gravity fed device and was therefore not used. More recently 

Hukki introduced an adaptation of the original device that 

allows for feed material that is air entrained. The air-en- 

trained feed centrifugal classifier is being successfully 

used in an air-swept coal grinding system in Finland. 

A s  seen in the following,, these three 'classifier designs are 

physically digsimilar and employ different combinations of 

classifying mechanisms. 



- -. .\ .- 
3.1 The ~ w i n  Cone Classifier 

..Figore 3.1 depicts what is probably the most'popular ' 

, type.of air classifier design for air-swept coal grinding 

. . '.- the twin cone classifier. . The feed stream enters 

the outer cone and then passes through'adjustable vanes 

into the .inner cone. When the vanes are fully opened, 

.'the inner ' cone acts as an ,expansion ,chamber, increasing 

the amount of product while decrehsing the overall 

fineness. 05 :the product. Turning the vanes towards the 

"closed position causes the inner cone -to'. act .as-a 

cyclone. .,The centrifugal action decreases-the product 

output while increasing the overall fineness of the 

product. The coarse particles are directed to the 

.bottom of the classifier and exit through a seal. 
. - - - 



vanes . 

F i n e  

Coarse 

Figure 3.1 The Twin Cone Classifier 



3.2 The Vari-Mesh Classifier 

Figure 3.2 gives a cross-sectional view of the expansion 

c,hamber type, vari-mesh classifier. Solids are brought 

to the classifier in a gas stream flow'ing through a 

volute. ~he'centrifugal action of the volute concen- 

trates the solids to the outside as they leave the 

elbow. The gas is directed via adjustable gates down 

the right hand sdde where it recontacts the solids at 

several points, causing the particles to be swept 

outwards and upwards into the main expansion chamber. 

Particles that continue to fall or drop out in the 

expansion chamber exit through a seal at the bottom of 

the classifier.. 

The main expansion chamber is adjustable, thereby 

varying the product fineness. At the 100% open position 

the air conveying velocity is at a minimum thus yielding 

a finer product.. 



Figure 3.2, The Vari-Mesh Classifier 



3.3 è he Hukki Centrifugal Classifier 

A new classifier design employed on an air-swept coal 

grinding system in . Finland . is shown in Figure 3.3. The 

feed stream enters through the volgte, concentrating 

the solids to the outside as they leave the elbow. The 

stream is then split as 'id enters the classifjer into 
, . 

an upper particle stream and a lower gas stream. The 

particle stream is forced downward as it enters the 

classifier. As the conveying velocity decreases the 

coarse particles fall to the bottom of the classifier. 

The gas stream passes through the coarse stream before 

it exits via a seal to remove any fine particles. The 

particle/gas stream is then directed upward into a 

centrifugal field. Adjusting the flow guide (A) such 

that its longest surface approaches a position parallel 

t o  the classifier entrance duct will cause more coarse 

material to enter the centrifugal.. . , field. The middling 

fraction is separated to the outer wall and returned 

back into the incoming particle stream. The fine 

stream is removed via the eccentrically placed exit 

pipe. Rotating the flow guide (B) towards the classi- 

fier wall will cause a large fraction of coarse par- 

ticles to enter the fine stream,. 
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4. THE PROGRAM PLAN 

The primary objectives of the present.program are to evaluate 

the Hukki centrifugal classifier as a classifier for coal 

and 'to compare the effect of different classifier designs 

(centrifugal, twin-cone and,vari-mesh) on air-swept coal 

grinding circuit performance. A secondary objective is to 

provide data to allow a preliminary evaluation of classifier 

design on the separation of coal with respect to sulfur and 

ash content. These objectives wili be accomplished according 

to the following plan. 

4.1 Testing, .% 

As a partial result of the previous DOE-KVS'coal grinding 

research program, the KVS Test Plant includes the 

air-swept ball milling circuit seen in Figure 4.1. 

This circuit was designed to allow the incorporation of 
, - 

various classifiers with a minimum of adjustment to the 

circuit. The design also allows testing in the open 

circuit mode; hence, the operation of a classifier in 

the stand alone rcondition with the ball mill as a feed 

preparation device is also possible. Figure 4.1 shows 

a general layout of the circuit; the circuit configura- 

tions for actual tests required for the present program 

are given later. Also, a detailed dcacriptio~l of each 
component of the circuit is presented in APPENDIX 

A - TEST FACILITIES. 

In order to evaluate the Hukki centrifugal classifier 

as a classifier for coal, the classifier will be tested 

in the open circuit mode. This testing is geared 

toward evaluating classifier performance as a function 

of operating conditions and settings of the adjustable 

features. Comparative, closed circuit testing will 



1. Uni t  202, A i r  Swept B a l l  M i l l  8. c l a s s i f i e r '  rejects d u c t :  - 

2. C l a s s i f i e r  

3 .  Uni t  204, Produc t  Cyclone 

Closed c i r c u i t - c l o s e d  
Open Circ1.1i.t - Opehi 

. . 
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4. M i l l  d i s c h a r g e ,  c l a s s i f i e r  d u c t  
i n l e t  d u c t  

5. Hot a i r  i n l e t  d u c t  
10. cyc lone  o u t l e t  - f an  

i n l e t  d u c t  

6. Un i t  106,  R e v e r s i b l e  Screw . 11. Uni t  205 ,  D i v e r t e r  
Canveyul Par frosh feed and 
c l a s s i f i e r  rejects 1 2 .  Un i t  211, Rotary Air Lock 

. . 

7. u n i t  209 Screw ,Conveyor 
f o r  produe t 

F i g u r e  4.1 Diagram o f  E x i s t i n g  A i r  Swept 
B a l l  M i l l  C i r c u i t  



? then be performed using the centrifugal, twin cone and 
8 '  . . 

. vari-nieshk classifiers. 'in turn.   he testing required 
. for thTs phase. of the program is as follows. 

4.1.1 . . , . Centrifugal .classifier , . 

The open circuit testing of the centrifugal 

classiiier cal'ls for. the circuit 'configuration 

as .seen. in Figure 4.2. During these tests, 

the ball mill is used siinply 'to prepare 

classifier feed. material ; therefore, . the 

: - . , .  divertor. numbered (11) is adjusted so that 

the classifier. rejects duct remain open. In 

this portion of the program testing will be 

geared toward examining the effect of air 
. . 

. flow rate, classifier settings and feed size 

consist on,.the class.i'fier size' selectivity 

. . : function. The test variables will include 

. one type of coal - Western Kentucky NO. 9 

. two coal sizes - 1-1/2" x 0" and 3 / 4 "  x O w  

... . (ball mill feed) 

" . four air flow rates 
. at each. air flow rate and for each type of 

- . .  coal tested, the classifier settings will 

be t .  adjusted tn  produce four different 
: coarse/fine stream product rate ratios. . 

. - 
A total of 32 open circuit tests of the centrifugal 

classifier will be performed. At each test 

condition, air and coal flow rakes and the 

settings of the classifier will be recorded. 

Samples of the circuit feed and classifier 

product streams will be .taken for sieve 

analysis. ASTM sulfur'and ash content de-. 



ARROWS INDICATE FLOW PATH FOR COAL 

F i g u r e  4 . 2  C i r c u i t  C o n f i g u r a t i o n  for O p e n  C i r c u i t  
T e s t i n g  of the H u k k i  C e n t r i f u g a l  C l a s s i f i e r  



terminations (product samples only) and, for 

selected tests, subsieve size analysis (pro- 

duct samples only). 

The closed circuit testing of the centrifugal 

classifier will be done using the circuit 

configuration seen in Figure 4.3.. The test 

variables for this phase of the work will 
. -. 
. - 

include 

. . 
.. ' . one coa1,type - Western Kentucky No. 9 . ., . . two coal sizes - 1-1/2" x 0 and 3 / 4 "  x 0 

(circuit feed ) 

. four air flow rates 
- .  . adjustments of the classifier, settings such 

.. - 
. - that four circuit circulating ratios are 

obtained. 

. . . A  total of 32 closed circuit tests of the 

~entr~ifugal classifier will be performed. At 

each test condition, air and coal flow rates 

and settings of the classifier will be re- 

corded. Samples of the circuit feed and 
. . .  . classifier product'streams will be taken for 

.. . . . . - sieve analysis, ASTM sulfur and ash content 
. .. , . 

determinations (product stream only) and for 

selected tests, subsieve size analysis (product 

streams only). 

4.1.2 Vari-mesh Classifier 

The circuik configuration for closed circuit 



Figure, 4.3 Circuit configuration for Closed Circuit 
Testfng of the Hukki Centrifugal Classifier 

' I  



testing of the vari-mesh classifier is seen 

in Figure 4.4. The test variables.wil1 

include 

. one type of coal - Western Kentucky No. 9 . two coal sizes - 1-1/2" x 0 and 3/4" x 0 
-. r 

_ . _  - _  (circuit feed) . four' air flow rates 
. two classifier width openings; .the .main 

t .  8 

- ., . gate of the classifier will be set at 50. 

percent and 100 percent width openings. 

: . - A total of 16 closed circuit tests of the 

* vari-mesh classifier wiil be performed. At , :  

. each test condition, air and coal flow rates 

. and classifier width will be recorded. Samples 

. . of the circuit feed and classifier product . . 
.streams will be taken for sieve analysis, 

! .  . ASTM sulfur and' ash' content (product samples 

only) and for selected tests, subsieve size 

analysis (product samples only). 

4.1.3 - Twin Cone Classifier 

. . 
Figure 4.5 depicts the circuit configuration 

. . "  
,.:- . that will be used for..closed circuit testing . 

of the twin cone classifier. Test variables 

will include 

. one type of coal - Western Kentucky No. 9 

. two coal sizes - 1-1/2" x 0 and 3/4* x 0 

(circuit feed) 

. four air flow rates 

. 25 percent and 50 percent open vane settings. . 



ARROWS INnICATE FLOW PATH FOR COAL 

'Figure 4.4 Circuit Configuration for Closed Circuit 
Testing of the Vari-Mesh Classifier 
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F igu re  4.5 C i r c u i t  C o n f i g u r a t i o n  f o r  C l o s e d  C i r c u i t  
T e s t i n g  of t h e  T w i n - C o n e  C l a s s i f i e r  



A total of 16 closed circuit tests of the 

twin cone classifier will be performed. At 

each test condition, air and coal flow rates 

and classifier vane settings will be recorded. 

Samples of the circuit feed and classifier 

product streams will be taken for sieve 

analysis, ASTM sulfur and ash content de- 

terminations (product samples only) and, for 

selected tests, subsieve size analysis (product 

samples only). 

4.1.4 .Test Procedures 

The actual procedure to be followed for a 

given test is comprised of the following 

steps. 

1. After grinding circuit start-up, as' de- 

scribed in APPENDIX. A .- TEST FACILITIES, 

the system is allowed Lu opercltc at the 

desired air flow rate and classifier 

settings. 

The circuit feed rate is adjusted manually 

until the mill holdup.monitor (a sound 

levei indicator) reports a constant 

reading; this i.ndicates, that the coal 

flow into and out of the mill is con- 

stant and therefore, steady-state con- 

ditions have been achieved. Experience 

has shown that the elapsed time between. 

system start-up and the attaining of .a 

steady-state operation Cali is ori. the 

order of two (2) to three (3) hours. 



After the circuit has reached steady- 

state, samples of the circuit feed, 

classifier fine and co'arse products and 

the dust collector product are taken. 

Samples from the fine 'product stream and 

from the dust collector are collected 

for five (5) minutes into fifty-five 

gallon conta.iners.. Classifier coarse 

product samples will be collected for 

fifteen (15) seconds (in order to pre- 

vent a "starvingn of the mill feed for 

any length of time). In all cases, a 

minimum of two samples per' stream are 

taken. 

At the completion oftesting at a . given . 

circuit condit.ion, the circuit condition 

(flow rates, classifier settings, etc.) 

are changed tb meet the requirements, for 
the next test. The elapsed time between 

the completion of a test and the attain- 

ment of steady-state conditions for a 

subsequent test is roughly one (1) hour. 

For tests on the centrifugal classifier 

in the stand alone condition, oampling 

of the coarse product stream will be 

conducted in the same fashion as that 

for the fine product and dust collector 
streams. 

The ~roject'~ngineer and 2 technicians 

will be present during each test. The 

estimated manpower loading is 12 man- 

hours per test. 



4.2 Data Analysis . . 

Data analysis is defined in the present context as 

the development of size selectivity functions for 

each of the test configurations and conditions 

that are performed.during the course of the pro- 

gram. To develop a size selectivity function . 
from experimental data requires fine size consist 

information that, in cases such as the previous 

DOE-KVS work and this program, canrlot be obtained 

using conventional scrcening techniques. It is 

possible ko employ subsieve size analysis techniques 

to obtain this information; however, these techniques 

are either too costly or too time consuming for 

routine application. For this reason (and others), 

researchers have turned to mathematical modelling 

and data reduction methods. For the most part 

these methods too have required fine size data 

when fine classification is being performed. How- 

ever, a recent development in the i ~ ~ a t h  modelling/ 

data reduction approach appears to have solved 

this problem and will thus he applied here. The 

new methodology .and i t s  evolution are presented 
in the following. 

4.2.1. The Ma.th ~odclling/Dat a Reduction Methods 

The direct, experimental approach for de- 

termininq size selectivity curves is to 

measure the classifier feed and coarse 

product rates and size distributions and 

form the ratio 



~ h e ' s ( x . 1  is  t h e  s i z e  s e l e c t i v i t y  v a l u e  
1 

f o r  m a t e r i a l  o f  s i z e  x i ,  t h e  q u a n t i t i e s  
- 

t ( x .  1 ) and p ( x i  ) r e p r e s e n t  t h e  f r a c t i o n  o f  

: m a t e r i a l  i n  t h e  c l a s s i f i e r  c o a r s e  and f e e d  

s t r e a m s  and t h e .  q u a n t i t y  C i s  t h e  r a t i o  o f  

t h e  c l a s s i f i e r  c o a r s e  t o  f i n e  p r o d u c t  r a t e s  

and c a n  be e x p r e s s e d  a s  
. ' .  . 

The P and T a r e  t h e  c l a s s i f i e r  f e e d  and 

c o a r s e  s t r e a m  r a t e s .  
. . 

I n  some c a s e s ' i t  i s  p o s s i b l e  t o  s a m p l e '  

t h e  c l a s s i f i e r  f i n e  and c o a r s e  s t r e a m s  

b u t  n o t  t h e  c l a s s i f i e r  f e e d  s t r e a m .  For  

. . , t h e s e  c a s e s  t h e  c l a s s i f i e r  feed r a t e  and 

s i z e  c o n s i s t  a r e  c a l c u l a t e d  from mass 

b a l a n c e  e q u a t i o n s  f o r  t h e  c l a s s i f i e r .  

These  a r e  

where Q is t h e  f i n e  product r a t e  and q ( x i )  

is t h e  f r a c t i o n  o f  m a t e r i a l  o f  s i z e  xi i n  

t h e  c l a s s i f i e r  f i n e  s t r e a m .  

The d i r e c t  approach  f o r  c a l c u l a t i n g  s i z e  

s e l e c t i v i t y  c u r v e s  i s  s i m p l e  and s t r a i g h t -  

fo rward  but, i n  g e n e r a l ,  makes s u b s e q u e n t  

d a t a  h a n d l i n g  and i n t e r p r e t a t i o n  cumber- 

some. Using math models and d a t a  reduc-  

. t i o n  methods c a n  s o l v e  t h i s  problem. 



Luckie and Austin '(5) have shown that the 

size selectivity curve can be represented 
. - 

by the functional form 

where 

classi 

7 

the . c(D5;,~,xi) . represents the 
. . 

f ication" curve. The actual formu- 

lation of the c i ~ ~ ~ , r , x ~ j  is a function 

of the classifier and is determined from 
the"adequacy of a given forhulationto 

model actual data. Some popular formu- 

lations that have been used are the log- 

nbrmal distribution by Aso ( 6 )  and Luckie . .  I 

and Austin (51,'the Rosin-Rammler distri- 

bition by Plitt (7) and ~ e i d  (81 ,  and 

the logistic d'istribution by Luckie (9). 

In the formulation chosen for a particular 
application the characteristic parameters 

D50' ~ , a  and b are either explicit in the 

formulation or contained in a size meta- 

meter. Then, since b should be zero for 

properly operating classifiers (5) only 

three parameters must be estimated Lo 

obtain the complete function. These can 

be estimated by ritriny L11e cxperimcntally 

determined selectivity values, s(x. ) , to 
1 

the model Ly a least. Equares procedure, i.e. 

n 2 
C x i  s x i  ] = minimum 
k=l 



I d e a l l y ,  t h e  .exper imental  d a t a  should in -  

c l u d e  s u f f i c i e n t  d a t a  s o  t h e  apparen t  f i n e s  

by-pa'ss, a ,  can be e a s i l y  es t imated .  How- 

e v e r ,  f o r  c a s e s  where subs i eve  s i z e  a n a l y s i s  

i s  r e q u i r e d ,  such d a t a  i s  n o t  always a- 

v a i l a b l e .  I n  o r d e r  t o  overcome t h i s  problem, 

Aus t in  ( 1 0 )  has  deve loped  t h e  fo l lowing ,  new 

methodology which i n v o l v e s  e x t r a p o l a t i n g  t h e  

c l a s s i f i e r  f eed  d a t a .  

Suppose a s l z e  a n a l y s i s  g i v e s  s i z e  c o n s i s t  

. . d a t a  f o r  t h e  c l a s s i f i e r  feed  and c o a r s e  
. . 

s t reams  over  a  t o t a l  of  . . n  s i z e  i n t e r v a l s  
, . 

and a  s i z e  s e l e c t i v i t y  f u n c t i o n  i s  r e q u i r e d  

f o r  N s i z e  i n t e r v a l s ,  N n. ~ h l s  nomen- . ,  . . 

c l a , t u r e  assumes t h a t  ' t h e  s i z e  i n t e r v a l s  

a r e ,  even ly  and c l o s e l y  spaced and t h a t  
, .  . 

t h e  l a r g e s t  s i z e  is s i z e  one wi th  s m a l l e r  

. c s i z e s  be ing  denoted 2 ,  3 ,  4 ,  ..., n ,  
..., N. Then, t h e  r a t i o ,  Ylc, can be 

c a l c u l  a,ted a s  

where T ( X ~ )  and P(xK) a r e  t h e  cumulat ive  

f r a c t i o n s  of  m a t e r i a l  p a s s i n g  s i z e  x  

i n  t h e  c o a r s e  and f eed  s t r eams ,  r e s p e c t i v e l y .  

Cont inu ing ,  



where t h e  s u b s c r i p t  i r e p r e s e n t s  t h e  ex- 

t r a p o l a t e d  d a t a  range. S ince ,  by d e f i n i t i o n ,  

. . 

it fo l lows t h a t  

S u b s t i t u t i n g  t h e  func t iona l  form f o r  s (x i . )  

g i v e s  

Now, as be fo re ,  t h e  t h r e e  parameters can. 

be es t imated  from experimental d a t a ,  ?Kt 
by pertnrming at l e a s t  squares  f i t t i n g  pro-' 

cedure,  i . e. , . . 

A 2 
- = minimum 

K =1 

Each s e t  of t e s t  d a t a  obtained dur ing  t h e  

program w i l l  be analyzed accordirlg Lo t h e .  

method presented  here.  A s  a s p o t  check 
of t h i s  method, s e l e c t e d ' s a m p l e s ' w i l l  be 

s i z e  analyzed according t o  s p e c i a l i z e d  

procedures t h a t  have been dev.eloped during 

t h e  course  of t h e  program. These proce- 

dures  have been descr ibed  ln t h e  November 

Monthly Progress  Report but a r e  a l s o  in-  

c luded here .  
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4.2.2 F i n e  S i z e  Analysis  Procedure 

.The procedure  t h a t  h a s  been d e r i v e d  f o r  

de te rmin ing  the subs i eve  s i z e  c o n s i s t  of  

t e s t  samples i s  a s  fo l lows .  

(1) W e t  s i e v e  down t o  400 mesh. 

( 2 )  Take some of t h e  minus 400 mesh m a -  

t e r i a l  and p u t  i n t o  t h e  Cou l t e r  

Counter and de te rmine  i ts  s i z e  d i s -  

t r i b u t i o n .  

( 3 )  Using t h e  same minus 400.mesh m a t e r i a l ,  

de te rmine  t h e  s i z e  d i s t r i b u t i o n  by 

t h e  Andreasen P i p e t t e  method. 

( 4 )  Then de te rmine  a f a c t o r  such  t h a t  t h e  

Cou l t e r  Counter d a t a  can  be a d j u s t e d  

t o  fit t h e  Andre,asen P i p e t t e  d a t a .  

( 5 )  Use t h i s  f a c t o r  t o  a d j u s t  t h e  Cou l t e r  

Counter d a t a  on a l l  t e s t s . .  (Note: 

Check t h e  f a c t o r  b y  running  an An- 

d reasen  P i p e t t e  t e s t  a f t e r  every  10 

Cou l t e r  ~ . o u n t e r  r u n s ) .  

( 6 )  Then normal ize  t h e  minus 400 mesh 

s , i z e  d i s t r i b u t i o n  and ex tend  t h e  

pluts 400 i i ~ e ~ h  3f ze d i s t r i b u t i o n .  

It i s  noted  t h a t  t h e  u se  of  t h i s  p rocedure  

w i l l  r e s u l t  i n  s i z e  d i s t r i b u t i o n s  t h a t  

a r e  based on s i z e  a s  defi-n'ed by s i e v i n g ,  

i .e. ,  t h e  i n a b i l i t y  of  a  p a r t i c l e  t o  p a s s  



th rough  a square  opening,  even though t h e  

Andreasen t echn ique ,  f o r  i n s t a n c e ,  de- 

f i n e s  s i z e  accord ing  t o  t h e  r a t e . s  a t  which 

p a r t i c l e s  f a l l '  th rough  a  s t a t i c  f l u i d .  

4 .  T e s t  Report , ing . . . . 

A two .page r e p o r t  w i l l  be developed- f o r  e a c h . t e s t  

t h a t  .is performed. 1.t i s  in tended  t h a t  a s  t hese .  . , :  -.. 

tes t  r e p o r t s  become a v a i l a b l e ,  - c o p i e s  of t h e .  r epo r t s , - :  

w i l l  be  i n s e r t e d  by t h e  r e a d e r  t o  APPENDTX B - 

TEST REPORTS. ( I t  i s  f o r  t h i , s  r ea son  t h a t , t h e  Program 

Plan-Manual i s  i n  l oose - l ea f  r a t h e r  t han  bound form.:): 

The fo l lowing  d e s c r i b e s  t h e  numbering system t h a t  has  

been developed.  f o r  e a s y  i d e n t i f i c a t i o n  and r e f e r e n c i n g  

of tests a s  w e l l  as  t h e  b a s i c  format  f o r  .each t e s k  r e p o r t .  

APPENDIX C i s  r e s e r v e d  f o r  ASTM s u l f u r .  and a s h  a n a l y s i s  

r e p o r t s  f o r  c l a s s i f i e r  f i n e  and c o a r s e  product '  s t reams.  

A s  w i t h  APPENDIX B,  it is in t ended '  t h a t '  t h e  reader : should  

i n s e r t  t h e s e  r e p o r t s  as they become a v a i l a b l e .  

4 .3 .1  , Test Report  1deritf.f J.cat=.ion 
. . 

Each t e s t  w i l l  be  i d e n t i f i e d  u s i n g . a  

.. - s e r i e s  o f  f i v e  letters o r  numbers which 

i n d i c a t e  t h e  c l a s s i f i e r  t e s t e d ,  t h e .  

c j . r c u i t  c o n f i g u ~ a t i o n  t h e  f eed  . s i z e  con- 

s is t ,  t h e  a i r  f l o w ' r a t e  and t h e  c l a s s i f i e r  

s e t t i n g ,  These t e s t  numbers w i l l  have 

t h e  form g i v e n  by 



through a square opening, even though the 

~ndreasen .technique, for instance, .de- 

fines size according to the rates at which 

particles fall through a,. static fluid., 

4.3 Test Reporting 

A two page report will be developed for each test 

that is performed. It is intended that as these 

test reports become available, copies of the reports 

will be inserted by the reader into APPENDIX B - 
TEST REPORTS. (It is for this reason that the Program 

Plan Manual is in loose-leaf rather than bound form.) 

The following describes the numbering system that has 

been developed for easy identification and referencing 

of tests as well as the basic format for each test 

report. 

4.3.1' ' Test Report Identification 

Each test will be.identified using a 

series of'five letters or numbers which 

indicate the classifier tested, the 

circui.t c.onfigurat.ion the feed size .con- 

sist, the air flow rate and the classifier 

setting. These test numbers will have 

the form given by 



C l a s s i f i e r  types  a r e  des ignated  a s  H I  T and 
, I 

V f o r  t h e  Hukki, twin-cone and vari-mesh 

c l a s s i f i e r s ,  r e s p e c t i v e l y .  The H I  T o r  V 

w i l l  f i l l  p o s i t i o n  X. C i r c u i t  modes a r e  

g iven  as  0 and C f o r  open and c losed  

c i r c u i t ,  r e s p e c t i v e l y .  These des igna t ions  

w i l l  f i l l  p o s i t i o n  Y. 

Feed s i z e s  are des ignated  a s  1 and 2 f o r  

3/4" x 0 and 1-P/2" x 0 c o a l ,  r e s p e c t i v e l y  

and w i l l  be  p laced  i n  p o s i t i o n  11. 

Target  a i r  f low r a t e s .  w i l l  be des ignated  a s  

t h e  a c t u a l  t a r g e t  va lues  t o  be t e s t e d .  

Tho p l a n  i s  t o  test a l l  c l a s s i f i e r s  a t  

t a r g e t  a i r  flow r a t e s  of 800, 1200, 1600 , 

and 2000 ACFM. One of thes'e numbers w i l l  

fill p o s i t i o n  V. C l a s s i f i e r  s e t t i n g s  w i l l  

be des igna ted  a s  fol lows.  

For t h e  Hukki c l a s s i f i e r ,  f low guides  A 

and B w i l l  be  adjusted i n  t h e  p o s i t i o n s  

a s  shown i n  Figure  4.6 with s e t t i r i g s  as 

def ined  i n  t h e  fol lowing t a b l e .  

SoLLing Flow Guide F l o w  Guide 
- .  

No. A P o s i t i o n  B P o s i t i o n  



- - - -  Position 1 
Position 2 

Separation Flow Guide 'B 

Figure 4.6 F1,ow Guide Settings for Tests of the 
H,ukki Centrifugal Classifier 



For t h e  twin cone c l a s s i f i e r ,  s e t t i n g s  1. 

axid 2 w i l l  be  2 5  percen t  and 50 pe rcen t  

open v a n e . s e t t i n g s ,  r e spec t ive ly .  

. . , . . . 
. . 

S e t t i n g  1 f o r  t h e  vari-mesh c l a s s i f i e r  w i l ' l  

i n d i c a t e  a  50 pe rcen t  width; opening; s e t t i n g  

2 w i l l  i n d i c a t e  a  100 pe rcen t  width. opening. 

. . The c l a s s i f i e r  s e t t i n g  des igna t ion  w i l l  be 

. found. i n  p o s i t i o n  W. 

With t h i s  numbering system, the reader  w i l l  

t h u s  know t h a t  a  t e s t  l a b e l l e d  a s ,  say,  
Tes t  VC-1-800-1 i s  a c losed  c i r c u i t  t e s t  

on t h e  vari-mesh c l a s s i f i e r  with 50 per-  

c e n t  width openinq a t ,  a  t a r g e t  a i r  flow 

rate of 800 ACFM with 3/4" x 0 c o a l  a s  

t h e  c i r c u i t  feed. 



4.3'.2 T e s t  Repor t  Format  

I n  l i e u  of  a  w r i t t e n  d e s c r i p t i o n  of  t h e  

tes t  r e p o r t  f o r m a t ,  a  sample  t es t  r e p o r t  
t - is  i n c l u d e d  i n  t h e  p a g e s  f o l l o w i n g  t h e  

. ., .. - p r e s e n t  d i s c u s s i o n .  A s  s e e n ,  t h e  f i r s t  

' . ' p a g e  b f  t h e  r e p 0 r t . i ~  g e n e r a l  i n f o r m a t i o n  

and p h y s i c a l  d a t a  p e r t i n e n t  t o  t h e  tes t  

i n  q u e s t i o n .    he' second p a g e  g i v e s  s i z e  

a n a l y s e s ,  e x p e r i m e n t a l  s e l e c t i v i t y  v a l u e s  

'and a  p l o t  o f  e x p e r i m e n t a l <  ( g i v e n  by o )  

, and  model ( g i v e n  ' by  - s e l e c t i v i t y  v a l u e s .  

' A l s o  g i v e n  a r e  v a l u e s  f o r  t h e  DS0,  by-pass 

f r a c t i o n s  and s h a r p n e s s  i n d e x  f o r  t h e  t e s t  

i n  q u e s t i o n .  ~ s ' n o t e d  e a r l i e r ,  t h e  t e s t  
r e p o r t s ' a r e  i n t e n d e d  t o  b e  f i l e d  i n  t h e  

Program P l a n  Manual i n  APPENDIX B - TEST 

REPORTS. 



CLOSEC C I R C U I T  T F S T I N G  OF THE T L ! I V  - COr,:E CLPS?IF:EF 
AT S E T T J S G  7 U S I h G  3 / 4 "  A 0" F E E L  4 1  T A g G E V  

41; FLOU P P T E  OF 1 4 0 G .  ACFP 

/ T E S T  O A T €  : 0 8 - 3 i - 6 0  

M L S S  F L O V  R A T E  ~ 6 / k ! f i  ---- ---- ---- ----- 
C I R C U I T  F E E D  1465; ;O 
C I R C U I T  PRODUCT 1 4 3 9 . 1  
C L A S S I F I E S  R E J E C T S  3 2 4 0 . 0  
DUST C O L L f  CTGR 4 1 . 1  

S T A T I C  P R E S S U R E  I F J 0 H 2 0  -------------- ------ 
M I L L  I N L E T  0.8 
M I L L  O U T L E T  - 4  0-0 
 CLASS^ r I E 0  IRLET 4.0 
C L A S S I F I E ! ?  O U T L E T  9.0 

i > T R  F L O U  P A T E  fi c ~ ' r 4  --- - - - 0  - - - 0  ---- 
H I L L  I N L E T  
M I L L  O U T L E T  
I D  F L Y  I K L E T  

T E K P E F  A T U a E  G E G .  F ----------- ------ 
M I L L  I N L E T  3 6 5 . 0  
P I L L  OUTLET 180 .0 .  
1.D FAY I h L E T  175 .0  

......................... REJECT S A E F L E S  --------------------------- 
S A M P L E  NO. 

S A M P L I N G  
' T I M E  ( S E C )  

SAMPLE 
TLKE.N AT 

.CP.LC.. S O L  I D S  
R A T E  L B / H P  

AVERAGE (STAh iDPRD D E V I A T I O b ! )  OF S O L I C S  F L O V  Rb.TE : 3 2 4 0 . 0  ( 45. )  

S A M P L E  NO. 
SAP'PL I b G  S A Y F L E  C k L C .  S O L I D S  

' T I V E  ( S C C )  TAI tEN 4 T  ? A T E - L P / H ! ?  

A V E R A G E  (STbh I f rARl ;  D E V ! A T I l i h )  O F  S C L I D S  FLOW h P T F  : 1 3 7 7 . 0  ( 2.0.) 

SAMPLE NO. 
SEHPLIMC; 

T I M E  (SFC). 
CALC. S O L I D S  

R B T E  L R / H R  

AVERAGE (STkP,lDARC: D E V I A T  T C N )  GF S O L I G S  F L O i J  3 b . T ~ :  : 41.1  ( 1.) 

( 4 )  T H E S E  S A M P L E S  S I Z E  P!,.'ALYZED 



* * * * * * *  P E E C E N T  L E S S  T V A N  S T A T E C  S I Z E  * * * A * * *  

P A P T I C L C  4 C R S T D  
SIZE . S I Z E  K I L L  C L P S S I F I E E  . C I ? C i ' I T  L C T L I C L  C O R Z F C T E D  

N O m  F ! I C R O A ' S  PROGUCT R E J E C T S  PROCClCT S E L E C T  . S E L E C T  

0 Actual ' s ( x )  

Model s ( x )  

,,, Model, c ( x )  

Size, x (Microns) 

6 5 
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APPENDIX A - TEST FACILITIES 

The contents of this appendix to the Program Plan Manual 

includes 

, A f'low diagram of the KVS Air-Swept Ball Mill Test 

Facility (Figure Al). 

, The start-up/shut-down sequence for facility operation. 

. A description of each.major component of the facility, 
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START-UP/SHUT-DOWN SEQUENCE FOR FACILITY OPERATION . - . * -  . ,  , 

A. Raw Mater ia l  Handling Sequence 

1.. S t a r t  bucket e l e v a t o r .  

2. . S t a r t  screw conveyor 102. 

Note: Screw conveyor 102 w i l l  au tomat ica l ly  s h u t  down when 

b i n  i n d i c a t o r  ( h i - l e v e l )  i s  a c t i v a t e d .  w .. 
. . 

B. ;Grinding Sequence 

Prepara t ion:  . Turn ,on cool ing  water t o  m i l l .  

Turn on a i r  t o  baghouse and d i v e r t e r  ga tes .  

Turn 'on propane and o i l  va lves  t o  combustor. 

Turn'power on t o  panel .  

Check sample. r e c e i v e r s  and dumpstkr.. 

S t a r t  screw conveyor 210 ( t o  dumpster).  

S t a r t  s c r e w  conveyor 209 (from cyclone and baghous'e), 

S t a r t  r o t a r y  a i r l o c k s  2 1 1 A ,  211B  and 206. 

S t a r t  o i l  pump, and primary a i r  f a n  t o  combustor. 

S t a r t  I.D. f a n  ,(.always s t a r t  with damper c l o s e d ) .  

Se t  combustor on low f i r e  (primary a i r  f a n  a t  15-20% 

open 1 .  
. . 

S t a r t  f i r e  a t  combustor. 

Increase  I . D .  f a n  t o  d e s i r e d  flow, and i n c r e a s e  

temperature by i n c r e a s i n g  primary a i r  f a n  opening, o r  

o i l  va lve  a t  combustor, 

S t a r t  m i l l  and i n c r e a s e  temperature t o  d e s i r e d  l e v e l .  

S t a r t  r o t a r y  a i r l o c k  201C. 

S t a r t  screw conveyor. 106 ( t o  m i l l ) .  

' S t a r t  weigh feeder .  



C. 'shut-  own Sequence 

Stop feeder .  

Shut o f f  o . i l  s a f e t y  va lve ,  when p r e s s u r e  of o i l  drops 

then s h u t  o f f  panel  a t  combustor ( p i l o t  l i g h t ) .  

Stop o i l  pump and primary a i r  fan.  

Let system empty. 

Stop m i l l  and I . D .  fan.  

Stop screw conveyor. 106. 

Stop a l l  a i r focks .  

Stop screw 209. 

Stop screw 210. 

*Note: B e  s u r e  system i s  p r a c t i c a l l y  empty, (do not  l e t  

h o t  c o a l  remain i n  system).  



DESCRIPTION OF MAJOR COMPONENTS OF THE FACILITY 

101 - Feed Hopper 

One 72 f t . '  Feed Hopper f a b r i c a t e d  by t h e  Mil ton S t e e l  Company. 

T h i s  Feed Hopper i s  f e d  by a f r o n t  end l o a d e r .  The Feed Hopper 

d i s c h a r g e s  i n t o  Screw Feeder 102. 

102 '- Screw Feeder 

One 12" d iameter  x 20'  long  i n c l i n e d  S c r e w  Feeder.  The Screw 
3 Feeder is des igned  t o  handle  400 f t .  /hr .  of m a t e r i a l s  weighing 

a s  much a s  100 l b / f t . 3  hav ing  a f e e d  s i z e  t o  1-1/2"'  and mois- 

t u r e  t o  10%. Th i s  s c r e w  f e e d e r  was s u p p l i e d  by Penn-Bangor, 

Inc . ,  a 5 HP motor was s u p p l i e d  by KVS. Thz Screw F e e d e r , d i s -  

charges  i n t o  Bucket E leva tor .  103. 

103 - .Bucke t  E leva to r  

.One Rex V e r t i c a l  C e n t r i f u g a l  Discharge I n d u s t r i a l  Bucket 

E leva to r  Model. #1108-1 des igned  t o ' , h a n d l e  10 TPH of bituminous 

c o a l  weighing 50 1 b . / f t o 3  c o n t a i n i n g  as much a s  10% moi s tu re  

w i th  m a t e r i a l  s i z e s  t o  1-1/2". Drive  i s  s i z e d  t o  handle  1 0  

TPH of m a t e r i a l  weighing 100 lb . / f t .  E l e v a t o r  i s  equipped 

w i t h  a s e r v i c e  p la t form.  The 3 HP motor was of KVS supply.  

Support  b r a c i n g  for ' L 1 1 i s  u n i t  was Suppl ied  and, f a b r i c a t e d  by 

Mil ton S t e e l  company. The Bucket E l e v a t o r  d i s c h a r g e s  i n t o  

Feed Bin 104. 

104 - Feed Bin 

One 200 c u b i c  feet feed b i n  wi th  h i g h  and, low l e v e l  a larms 

f o r  b i n  i s  provided.  by Milton S t e e l  Company. Support  s teel  

f o r  t h i s  i t e m  was . suppl ied  and f a b r i c a t e d  by .Milton S t e e l  

Company. The Feed Bin d i scha rges  o n t o  Weigh Feeder 105. 

7 3 



1'05 - Weigh Feeder 

One Autoweigh Model #300-18 Weigh Feeder with feed rates 

ranging from 0.25 to 5.0 STPH of material with a bulk density 

of 50. to 100 lbs./ft. and moisture up to 10%. Materials . 

range in size up to 1-1/21t. Feeder is of dust tight con- 

struc-tion. This Weigh Feeder was provided by Autoweigh Inc. 

Support steel for this unit ia supplied and fabricated by 

Milton Steel. The Weigh Feeder discharges into Reversible 

Screw Conveyor 106. 

106 - Reversible Screw Conveyor 

One 12" diameter x 28 '  long Reversible Screw Conveyor. The 
3 Reversible Screw Conveyor is designed to handle 400 it. /hr. 

of materials weighing as much a s  100 lb./ft.) havi-ng a .feed 

size to. 1-1/2" and moisture to 10%. This Reversible Screw 

Conveyor was supplied by Penn-Bangor, Inc., a 3 HP motor is 

supplied by KVS. The Reversible Screw Conveyor discharges 

through Rotary Airlocks 201 to the appropriate dry .grinding. , :  

mill or directly to the wet grinding mill. . . 

107 - Chutes 

One Chuta - From Screw Feeder (Unit 102) to Bucket ~l'evator. 
(Unit 103). . . .  . '  . 

One Chute - From Bucket Elevator (unit 103) to ~ e e d  Bin, 
(Unit 104). 



201 - ( 3 )  Rotary Air locks  

Three ( 3 )  1 2  inch' Newman TRV 300 Rotary ~ i r l o c k s  with c a s t  

hous:ings and Type 316 S t a i n l e s s  S t e e l  r o t o r s  were suppl ied  by 

Newm.an Indus t r i e s .  These Air locks  a r e  designed t o  handle 

ma te r i a l  t o  1-1/2" having a bulk d e n s i t y  t o  85 ~ b . / f t . ~  with 

moisture  t o  10%. ~ a c h  r o t a r y  a i r l o c k  is capable  of handl ing 

400 cubic .  f & e t / h o u r  of t h e  mater ial . '  Each Rotary Air lock was 

supp l i ed .wi th  a 1 HP, 3 phase,  60 h e r t z  motor. 

202 - Dry B a l l  M i l l  

One 3 ' - 6 "  diameter  x 5 ' - 0"  o r  7 '-0" long KVS Air-Swept Ba l l  

M i l l .  This  M i l l  is worm gear  d r iven  and has  p o s s i b l e  m i l l  . 

speeds' .of 29.2, 31.4, 34.6, and 36.8 RPM. This  u n i t  is  d r i v e n  

with a ,25 HP motor. 
, . / .I 

One 2'-6" diameter  KVS Cyclone. This  u n i t  is  designed t o  

remove t h e  product  from t h e  a i r  stream. The s o l i d s  d i s -  

charge through Rotary Air lock 211B2 i n t o  Screw Conveyor 209. 

205 - I .D.  Fan 

One, KVS #69-5 I.D. Fan designed with a r o t o r  t o  opera te  d t  

e i t h e r  1750 RPM o r  1160'RPM. This  Fan is 60" i n  diameter 

with a 5'" wide r o t o r .  This  Fan was f a b r i c a t e d  by Metalmex 

of Lewistown,,PA. . KVS . suppl ied  t h e  30 HP motor f o r  t h i s  
b e l t  dr iven ,  fan.  The I . D .  Fan r e c e i v e s  a i r  from Cyclone 204 

and exhausts  i n t o  Dust Co l l ec to r  206. 



206 - . Dust Coll .ector  . . 

2 'One Mikropul 100S620 Dust Co l l ec to r  with. 16 o'unce/yd.. . 

p o l y e s t e r  bags. One 8"  Rqtary Air lock with 1/2 HP TEFC. with 

an explosion vent.  Suppor t  steel f o r  t h i s  u n i t  was suppl ied  

and f a b r i c a t e d  by Milton S t e e l .  The Dust Co l l ec to r  exhausts  . 

t o  atmosphere and d i scharges  t h e  s o l i d s  through its r o t a r y  

a i r l o c k  i n t o  Mixing Screw Conveyor 210. 

207 - A i r  Heater 

One (1 s e t  of combustion equipment designed t o  h e a t  6,000 

SCFM of ambient a i r  from 8 0 O ~  i n l e t  temperature to 7 5 0 ~ ~  

o u t l e t  temperature,  wi th  a maximum gross h e a t  r e l e a s e  of 
6 3.50 x 10 BTU/Hr. when burning No. 2 Fuel O i l .  The system 

uses  ambient a i r  a s  quench a i r  and inc ludes :  one (1) com- 

bus t ion  chamber of a s i n g l e  wal l  design with an i n t e r n a l  

combustion chamber of  3'-3" i n s i d e  diameter by 6'-0" long 

formed by 4-1/2" t h i c k  super-duty f i r e c l a y  r e f r a c t o r y  with 

an o u t s i d e  carbon s t e e l  s h e l l  of 4'-0" diameter .  The a i r  

h e a t e r  has  approximate o v e r a l l  dimensions of 4 ' -0  1/2" 

diameter by 10'-0" long ( inc lud ing  t h e  b u r n e r ) .  The burner 

wa l l  of t h e  combustion chamber i s  l i n e d  with 6" of c a s t a b l e  

r e f r a c t o r y .  The d i scharge  s e c t i o n  is l i n e d  with 6" of super- 

d u t y  f i r e b r i c k .  The chamber is f a b r i c a t e d  with two s e p a r a t e  

i n l e t  connect ions,  one (1) f o r  combustion and one (1) common 

o u t l e t .  The h e a t e d  a i r .  i s  d i s t r i b u t e d  t o  t h e  appropr ia t e  

d r y  g r ind ing  m i l l  v i a  a common manifold system which uses  

blank f l a n g e s  t o  d i v e r t  t h e  a i r  stream. 



209 - Screw Conveyor 

One 9" diameter x 23' long Screw Conveyor; The Conveyor 

i s  designed t o  handle 200 f t O 3 / h r .  of m a t e r i a l  weighing as 
3 much as  100 lb./ft .  . This Screw Conveyor was suppl ied  by 

Penn-Bangor, Inc.  The 1-1/2 HP motor was supp l i ed  by KVS. 

The Screw Conveyor d ischarges  i n t o  Mixing Screw Conveyor 210. 

210 - Mixing Screw Conveyor 

One 12" .diameter x 30' long Mixing Screw Conveyor. The 

Conveyor is designed t o  mix water with ma te r i a l 'we igh ing  t o  

100 1 b . / f t o 3  having 200 f t O 3 / h r .  o f  t h e  m a t e r i a l .  T h i s  , 

Mixing Screw Conveyor was ' supp l i ed  by Penn-Bangor, Inc.  The 

3 HP motor was supp l i ed  by KVS. The Mixing' Screw Conveyor 

can d ischarge  i n t o  bulk d i sposa l  c o n t a i n e r s  o r  55 g a l l o n  open 

head drums. 

211 - ( 2 )  Rotary Air locks  

Two ( 2 )  Model 6022 Mikro Rotary Air locks complete wi th :  

1. Cas t '  I ron  Housing ' 

2. . S t e e l  Rotor with Replaceable Blades 

3. 1/2 HP TEFC Motor 

These Air locks  a r e  designed t o  handle 5 ton  p e r  hour 1/4" 
3 

m a t e r i a l  weighing as much as 100 I b . / f t ,  . These Air locks 

are supp l i ed  by Mikropul. 



APPENDIX B - TEST REPORTS / 

This appendix i s  reserved for test reports as they become 

available for insertibn by the reader. 
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APPENDIX C - ASTM SULFUR/ASH ANALYSES . . 

'This appendix 1s reserved for ~ s ~ M ' s u l f u r . a n d  ash analyses 
. , A  . 

reports as they become available for insertion by the reader. 
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