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OP1ATIflG o IiÁcT:RI2Ie OF 
B DiL IR CLì..IFIER 

INTRO.IJOTIO N 

The preparation o tbia ties1 !u boon concerned 

with tbe o1assif1ctiofl of two substxicoa, eroct pro- 

d.uoed Dy American Cyanamid Company and Plitrol produced by 

te 1?lltrol Uororation. These two substances are used t$ 

flui1 cta1yt In t' etro1eum industry. Filtrol is a 

refined form oÍ a natural occurring øu.bstanoe; Âerooat a 

synthetic catalyat. Botti of tl,ese catalysts are oomposed 

m1nly of aiumlnwn si lic at e with a small amount of iron 

Oxide. 

These two substuoe were chosen in orUer for one 

to determine the operatir &aruoterIetIos of te air 

classifier, becu'e of t1e large amount of work bcing 

carried on in the investigation of the p!iyaioal proper- 

ties Of these catalysts. 

A perfect classifier mit be dofined as one tiat 

would take a feed. and separate it into two portions, tie 

finer of contained no partioles coarser thun a 

given size and te coarser of *hich contained no particles 

finer than a given size (2,161). 

The prob was to dotmine by varying conUitions 

wiat degree of separation could be effected by the Federa]. 

iIr Olassifier. The method of particle-size measurement 

was by the use of a microscope equipped with a filr 
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eyepieoe. Iven with the irherant errors involveã in the 

use of a microscope in measuring particle size, ti 

method proved to be the most satisfactory one. 
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The odera1 Air G1aB3ifier used in tuis experiment 

consietod eesentially of un 8-inch cyclone, 12-inoh 

cyclone, blower, notor, icrew, conveyor, 1f-gaI1on 

Opper :for feed, two 1000cc ball flaiks, ix o1ot buge, 

and a 4-ino copper manifold for te o1ot bags. The 

8..inoh cyo].One is referred to as te classifier and. t1e 

121no) cyclone as te oofleotor, Figure 24 gives a 

diagram of te unit. 

The cata1yt w.s introduced to the haLf-ga11on 

opper sec.niired above te screw conveyor. The 5/8inoh 

conveyor is designed to carry 1/5 of a cubic inci per 

revolution. One find$ it pos3ib1e to reduce the rate of 

feed by tho use of cone inserte coiistrueted from enaae1 

stock paper. The $crew conveyor uiseharged te sL1p1e 

into the 1-inc oonveyiw pipe entering t1e 8-inch dia- 

meter classifier tangentially, the nipple being connected 

to direct the air in a count er-clockwise direction. The 

primary intake of t'is l-inoh pipe was fitted wit a 

graduated pres re i-valve which adapts the instment to 

products of any specific gravity (3,1). 

Air used to control t!e particle size of the sp1e 

wio was delivered to the interrnedite flask entered the 

classifier throug a graìuated me& Lvalve applied to 
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direct t'e ir in a clockwise flrection. Bot1 the k'-. and 

V-valves were graduated from 1-30. T!ie M-valve regulated 

te maximum size of øartioles sent 'to te Intermediate 

flask. No material ethioed to 200 me& or any greater 

mesh Is too fine to be conveyed nd classified wit tMs 

unit. Beoàuse of te nunierous articles written on to 

theory of cyclone performance and referred to in te 

blbliograpy te writer feels it necessary to mention bore 

only tIe funth3rxlental idea of cyclone operation. 

Exoerimontal invest iatlon of cyclones as shown 

that flow wltin the cyclone Is composed in the main of an 

outer downvuwd spiral and an inner upward spiral of higher 

velocity. The rotational velocity at any point in t'e 

cyclone be1c.v tbe exit duct varlea Inversely as the square 

root of tho radius. Friction loaes in t)e cyclone vy 
as t'e square of te inlet velocity, and for a iven 

velocity friction varies directly as the hei:ht of the 

Inlet and te inlet wldtb ud inversely as the squaa'e of 

t"e exit diameter (4,972). 

If for any reason in the future lt la Josired to 

duplicate te results of this thesis, Table i gives the 



veloliAeter1 readings taken at the V-.valve 8ettiflg oi 16, an 

operation whic deternilned wether te pressure drop 

trOug the apparatus was the seime. he preeure Urop is 

determined in this apparatus according to the amount oC 

material oollectoa In the bags. 

There aro varioue rnet'ods for determination of 

average particle SIze. The method selected is dependent 

upon the material under consideration. When the particles 

are confined to small limits of size, screens of micro- 

soopic methods of direct measuremt may be used. On the 

other hand, when the distribution is over a vide rango of 

sizes, indirect methods such as sedimentatIon and centri- 

:eu.ging are used (2.59). 

VThen the writer doterixined th particle sizo Oi the 

rejects, intermediates, and fines, monocular microscope 

with a fiar eye1ece was used. all measurente were 

made using the 44 objective, and 10 X eyepiece. 

The fiar eyepiece is composed of lens, scale, and 

movoablo cross-hair attached, to a micrometer. The cross- 

hair is made to traverse the field by means of a scrv 

11he velomotor is an instrument for measu.ring the 

velocity and pressure of air. In appearance it is 
quite similar to an electrical meter. The air 
enters the left hand port and leaves through the 
right hand port. The total cubic feet of air per 
minute is equal to the product of the velometer 
reading und the total free intace area. 



provided wits a miorometer tred. t1e umount o movement 

being lndioatel bry tie number o rovo1ution of ti'o gdu. 

ated micrometer drum áttao7ett to te or head. 

i3eOre ueing te mior000pe a eznb1T, it W&e 

neoomary to calibrate the iiar cyepioae. ab1e 4 Thowa 

rern1ts of thi operation. Ua11brition wa done a 

fo11ov:i atan4*rd drew tube tett1n of 160 mm ws used; 

a standard 1ide wit a oa1e 2 ram in 1ngth diirided. into 

PO parta wae placed below the objactive; te stnthwd 

ecale and the filar epiece sole were bougt in line 

t o U et rrmine t e numb er o f divi si ona o f t e miar cine t er 

scale reiuired to aove the orosaiair oross a given number 

of divisione on the etandard eoaie. 
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flflT1 PItUC 

iach run wIth te c1asiifier ws made using a 1OOO. 

gram saiiiple of catalyst w1c was placed in te a1f-g11on 

lOpper. Te V-valve wa et at the cteired sottixig. The 

1i-va1vo was stepped up in easy tagoa at a oomtant V-valve 

setting. Eao1 setting oÍ th . e u-valve constituted a run. 

A,t the completion of oacTh run the weigt o1 rejects and 

t1e weig)it of intermediates wcre recorded. The ei&t 

passed over to to e].oth bags was obtained by difference. 

en the setting of te 1i-vive was increased, te greater 

intake of air tO ti'o olassifiar increased the quantity of 

sample forced up t1roug the top exit of te classifier 

and over to te collector. figuros 2, 3, 12, and 13 

indicate tio percent by weight of te catalyst th at passed 

to t10 intermediate an d reject flasks at the constant 

V-valve settirg and Varyin3 J-va1ve settin. In order 

for one to prevent contamination, the approao was made 

from fine to coarse material, a fact wiich entailed start- 

Ing at low M-valve settiga. If the sample failed to flow 

readily from the collector, the frame ad to be rapped af 

ter tho motor was cut out. Venen the classifier was in 

operation, only two precautions were necessary. Neither 

the reject nor intermediate flasks could be removed while 

the machine was in operation or the coarse material wxld 
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be carried over. The blower was always st ted before 

starting the screw conveyor. 

Each rim i&4e with the classifier produced three 

samples to be analyzed for average particle size. The 

three samnplos are the rejects, internodiates, and fines. 

(See i?ig. 24.) 

Considerable time was spent determining the most 

satisfactory procedure in preparing slides. )ry slides 

were very unsatisfactory because the jrttoles did not 

separate from one another. The use of collodion solution, 

alcohol, and benzene as dispersing agents all proved to be 

unsuccessful. The best method found ws the use of 

several drops of water to disperse the sample over which 

was placed a cover glass. Grout care had to be taken to 

assure eren distribution of the particles under the cover 

glass; otherwise erroneous results would be recorded. 

The method of counting the number of various sized 

particles in a given area was dispensed with in favor of 

measuring all the particles under the field of vision. 

All the detectable particles were measured, the writer 

being fully aware that there were particles below the 

visible range. 

'rom each sample 100 particles wore counted. This 

may not appear to be a sufficient mimber of particles 



meusured ±br eac Bainpie, but because of duipiloatiori of 

sairrple weigts at other settings of the M- and V-valves 

sufficient checks were obtained to verify al]. measurements 

made. Table 2 exhibits how the diameter measurements were 

recorded. 
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Pigure i indicates the particle size distribution of 

Piltrol. It shows that approxiinate]y '15 percent of the 

particles are below ten microns. This substnce had a 

great tendency to agglomerate both in the classifier and 

under the microscope, facts which caused undue overlapping 

of particles in the intermediates and rejects. 

Pigures 2 and 3 reprec ont the percent by weight of 

the Piltrol that entered the intermediate flack and reject 

flask respectively. It was noted. that beyond t'e Li-valve 

setting of 20 the trend was toward na sep:ration. This 

trend carried on throughout with both substances. 

Pigures 4-9 were constructed for each constt 

V-valve setting. .t a setting oC 5 the separation was 

not satisfactory but as the V-valve setting was increased, 

the e±fect of changes in the ivalve were more pronounced 

and gave better separation. 

he material that paased t the bags consisted 

entirely of particles bela, 5 microns. The distribution 

of visible particles whether it was nall or large in 

quantity was always the se. This is shorn by the 

straight line in each case for the average diameter of 

the fines. Table 3 shows how the average diameter was 

obtained from the data. There are otb statistical 
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average d1aietrs that conlU be used in coii111ng t1e 1ata, 

bi.t beoaaeo the average diameter was needed or a basis 

of comparison on1i, the urithwetiø average was uscU. This 

aritmetio ar ae is teriied "no. average" on the graphs. 

Te weig1ted average diazeter wa included to ì1ow that 

the treno is t1e stio regardless of le statistical 

&Lametr calculated. 

Por Filtrol, V-valve settings of 20-30 gave t1e best 

results for classificatiOn. Between M-valve settings of 

3 and itS the greatest degree of separation was obtained. 

.td; low M-valve settings the fine particles ppearing in 

the intermediate cut were relatively free of large part-. 

joies, but as the Lvalve setting increased, the frequency 

of large-particle occurrence increased. The rejects in 

all cases contained fine particles. This was caused by 

the agglomerating tendency of Filtrol. TTheu the rejects 

were recycled the fine particles could be removed lmont 

entirely (3,2). 

Figure 3i) showa the maxiimun-. arid mlnimum.-sized 

partiales that occurred in the fines and intermediates. 

The maximum-.sized particles follow the number-average 

di&íìeter curve very well. 

Tabl5 d 6 give the weight of intermediates, 

the average dineter of the intermediates, and the weight 
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of fines to the cloth bags for both Piltrol and ierocat. 

The particle-eize distribution curve for erocat 

the very surie curvature as it did for Filtzol. The 

difference between the two substanoes lay mainly in the 

fact that te sra11est particles of 4erooat ran around 6 

microns :itb nothing below 5 microns while Piltrol rn 
75 percent below ]D microns. Pigure 11 iMicates the 

partio1esize distribution of ierooat. 

erocat particles were all spherical in shape, 

which facilitated measurement of the diameters. ii1tro1 

particles were partially spherio1, but also contained 

random-shaped particles. 'Then the area of the catalysts 

was calculated, a sphere was assumed in both oases. This 

calculation le only an approximation in the Oase of i?il- 

trol. ]?igure 23 shows a compr1son of the areas of 

J'iltrol and Aerocat. 

ligures 12 and 13 exhibit the weight percent of the 

Aerocat that appeared in the intermediate and reject 

flasks repeot1ve1y. 3oth substances gave simi1r curvos 

for the relation. 
s with Piltrol, the V-valve setting of 5 gave a poor 

degree of separation with Aerocat. 1. en the V-valve 

setting was increased, satisfactory results in classifica- 

tion were obtained as shown in fiurea 14-19. 



The maximum- and rninirmim-sizod particlea appearing 

in te fines, intermedites, and rejects is shown in 

fiurea 20, 21, and 22. Àppearare of fines in t,e 

rejects was very small in comparison wit Piltrol. 
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CONCLUSI O1S 

Jfroin the work done in coznpleting this thesis the 

:llving as bean cono1uUed 

1 iedoa1 Air Classifier serves well in elimin 

ating large partiales and cutting out the fine particles 

froxii the two catalysts. 

2. Jor both Filtrol and erocat Vvalve settings of 

2O.3Q appeared to give the best rosults for classification. 

3. The 1d.valve settings of 3-20 were nost effective 

in particle separation. Beyond 20 there was no separation. 

4. The overlapping of partiolos in the intorrieUiates 

and rejects was uro pronounced with Filtrol than .erooat. 

(See fijiires 10, 20, 21, 22.) The overlapping did not 

S occur between reeots and intermediates at ).ow Mvalvo 

settings of -6. 
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ABL3 I 

VLOM1Li TYPE 2220 71 

V_15 29.45 In. g 

15 550 TW, V4? 

M-7 950 

Lt-lO 15O 

M-12 1800 

M-15 2200 

M11 2450 

M-20 2700 

M-25 2'700 

M-30 2700 

39 



2 

RUN i).9 

V..20, Lt..:J.3 Wt. amp1e 7585g Wt. Rejects 187'5g 

NO. IVLIWu MIGRONS NU. i.IVIIONS 

1. 160 2.9 21. 54 11.8 

2 50 11.0 22. 26 5.'? 

r o. )C Io . 
')'' ' t 

J 

4. 2 13.6 24. 43 9.4 

5. 50 11.0 25, GZ 13.8 

6. 41 9.0 26. 45 9.9 

7. 27 5.9 27. 25 5.5 

8. 2 5.1 28. 32 7.0 

9. 48 10.5 29. 3? 8.1 

10. 50 11.0 30 47 10.3 

11. 21 4.6 31. 15 3.3 

12. 100 21.9 32. 40 8.8 

13. 72 15.8 33. 19 4.2 

14. 31 6.8 34. 22 4.8 

15. 40 8.8 35. 5? 12.5 

16. So 12.1 36. 58 12.7 

17. 31 6.8 3?. 30 6.6 

18. 150 32.9 38. 40 8.8 

19. 80 17.5 39. 25 5.5 

"il_t E)C) 
±1). 
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A3L 2 eont. 

RUN À).9 

V-20, t-.13 Wt. Sanp1e 758.5 g Wt. Rejects 187.5 g 

_o. »IVIONS ORON NO. i)IvI$IqN UORONS 

41. ?5 16.5 62. 25 5.5 

42 44 9.7 &). 2'7 b.9 

43. 38 a.: 64 27 b.9 

44. 27 5.9 63. 72 15.8 

45. 42 9.2 66. 22 4.8 

46. 1Y .7 67. 30 6.6 

47. 51 11.2 60. 32 7.0 

48. 100 '1.9 69. 41 9.0 

49. 61 1.4 70. 32 '7.0 

50. 29 6.4 71. 50 11.0 

51. 41 9.0 72. 51 11.2 

- 1') p1I 
It,. 

'ZV, O J. 

53. 47 10.3 74. 25 5.5 

54. 85 18.7 75. 55 12.1 

A r' rf% e. 

56. 34 7.4 77. 70 15.4 

57, 17 3.7 78. 39 8.6 

58. 40 8.8 79. 23 5.]. 

59. 65 14.3 80. 47 10.3 

60. 28 6.1 81, 49 10.7 

61. 2? 5.9 82. 2]. 4.6 
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TàBL? 2 Uont. 

RUN )-9 

V-20, ii-13 Wt. Sample 758.5 g t. Rejects 187.5 g 

!_ .IVIhICN MIOROS NO. iIV'ION 

83. 26 5.7 

84. 22 4.8 

85. 22 4.8 

86. 8.8 

87. 9 8.6 

88. 100 21.9 

89. 32 7.0 

90. 6? 14.6 

91. 55 12.1 

92. 43 9.5 

93. 18 4.0 

94. 50 5.5 

95. 19 4.2 

96. 55 12.1 

97. 35 7.7 

98. 20 4.4 

99. 50 11.0 

100. 30 6.6 



3 

RU4 .9 

3IB GROUP MEJ O NO. O RRTIOL3 
MICRONS GROUP O EtOT 

0-4.9 2,5 14 

-9.9 7.8 48 

:10-14.9 3.2.5 25 

L-19.9 17.5 10 

O 

n 

VJJt.ÍE 01? YAIUI1 0' V.LU UF 
xd. 

35 2180 5460 

360 20200 156000 

312.5 48800 610000 

75.O 53500 935000 

O O o 

65.8 68600 2226000 

48.3 193280 3932460 

ijav. : 9.48 = 9.48 }4oroua i. 3,932,460 20.4 erons 
100 193,280 

j)w. we1gted average d1rneter 

DaY. = arithnotic averagr diameter 



A2 4 

1IOBOMOfl O.LtBiL IÛXI 

a1tb&tion of Itl8r epieoe for M ifotiou of 4 z. 

Utero*et*r 

Tr8 (]) 223.0 

(2) 

¶hia1 () 

Trisl (4) 

11k*1 (5) 

22?.5 

22. eC 

22? .0 

228.0 

Jiviøton * ßQ a 0.219 1&oronø 
-22Ld 

Dtviatou s 0 0.22 ldrn'one 

4Ttoa $ 0,22 L4orona 

iTi*ion m 5J 0.22 oro3te 

4,lßtfl * 50 * Q,29 2$aroua 

ota1 Liiarouø : 3.098 

)rxe $viion ¡ 1j8 * 0.2195 Ìhirofla 

T ab!ve oaUbrttton wa3 ion wit ¿id of atinÁrt 

eaa:Le w1t *io1 tu e diviiton to croi 5 Utvtion3 ou te 

sttndar1 w t!e bì;i3, 

ç; ç t) rr r' JT] 

w. ; ç; r ir.iv -i -n 
* 

. . one ( 1) Uv1.nion on Èi1&r 1opiece aiarozzoter 

øo1e : Ø.ç3 J4orDn3, st O z. 
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TU31E 5 

V M T. ÂMdLE No. vaE LM11 WT. TO BGS 
GRAMS OP INTiRM1!iìLtTE8 - GRAMS 

5 5 182.5 8.44 30.5 

" 10 68b.0 12.40 21.0 

" 15 677.0 12.60 28.5 

" 20 660.0 11.60 30.0 

H 25 662.5 11.94 4.0 

" 30 677.0 11.80 34.5 

10 5 95.0 6.15 15.0 

6 135.0 6.105 

177,0 6.350 28.5 

7 246.0 7.595 27.5 

8fr 380.5 9.050 30.5 

n 9 534.5 10.425 25.5 

10 719.5 11.43 31.0 

15 6 11.0 5.1 44.0 

6 18.5 5.4 46.5 

7 74.5 5.45 37.5 

8 158.0 7.225 26.0 

9 195.0 7.42 35.5 



g.g h 

0P1' 9 

oc 

O'9 ctt O'O26 

o'og oe ote gt 

ct 

088 

it 

o'ooe at 

O'69t 6 

go'9 g'tot 8 

0'19 ¿I 
U 

OO 9 

9*Ot 9 

ttt 968 U 

9tt 968 M 

o.tt 0.998 

Ot t 

TIc!aEaJI io 
Ot * M &aPIt1 a'IaAr 'ON aM lt L 

T0TtIi 

'woo g 
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TLE 5 0 ont. 

JflLTROL 

T M WT. SJUPLE NO. ÄWBRGE £IÁTER dT. TO B4S 
GRAMS 0F 

25 8 6?.O 5.40 70.0 

9 77.0 5.97 60.5 

10 157.0 7.20 42.0 

12 248.0 7.30 49.0 

n PA r 
u) f X Q r J , 

14 669.5 9.02 75.0 

15 753.0 9.48 70.0 

20 927.5 11.23 51.0 

30 5 14.0 4.44 41.0 

ti A AA 

7 30.0 4.97 48.5 

8 43.0 4.80 50.0 

9 58.0 5.50 55.0 

10 129.0 6.46 40.0 

12 199.5 7.75 

14 462.5 9.15 54.0 

15 693.5 9.6 68.5 

20 924.0 11.23 47.5 



TABLE 6 

AROC.T 

Y M VIT. SAPLE 
GRW 

NO. AVE1.GE .ÌJIÂM'ETEB 
OF INTEJiLtTE 

WT. TO BAGS 
GRAMS 

r, XJ J 11 I. 

5 119.0 12.95 11.0 

7 401.0 16.10 8.0 

" 10 683.0 18.00 19.0 

" 15 679.0 17.32 21.0 

672.0 17.32 21.0 

698.0 18.00 27.0 

10 3 10.0 8.40 15.5 

b 70.0 11.43 15.0 

10 499.0 14.97 14.5 

15 824.0 19.O 15.0 

20 826.0 19.50 14.5 

15 14.0 9.25 1.0 

7 42.5 11.10 24.5 

10 394.0 15.30 13.0 

n 12 610.0 16.60 11.0 

15 783.5 18_40 9.5 

20 878.0 20.0 21.6 
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TABLE 6 Cont. 

A 

IU. AVÌJ i. L iiA 

C-RAJ5 0' INTMDIATE GRAMB 

20 5 9.0 8.5 7.5 

7 29.0 10.0 6.0 

VT 10 221.0 11.42 10.5 

II 12 548.0 14.70 2.0 

15 766.5 16.65 15.5 

20 935.0 20.02 13.5 

25 5 9.5 8eS 6.5 

7 30.0 9.5 6.5 

10 81.0 11.5 11.5 

12 28.0 15.99 10.0 

15 761.0 17.40 15.5 

20 916.0 20.00 14.0 

30 5 11.0 8.6 6.0 

7 22.0 9.15 7.0 

10 98.5 12.50 12.0 

13 302.5 15.80 21.5 

15 675.0 17.30 22.5 

II 

20 862.0 20.0 15.0 
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