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Table 6 

Weight Collection Erficiencies for Various Corr.btnations of 
Spray Generators during Two Stage Opera.tion of the "Solivore" 
Unit at 9 gpm per spray generator and an Air Flow of 600 cfm 

unit 

Aerosol 

Iron Oxide 
Fume 

Copper Sulfate 
lfi.crospheres 

Rrm 
No. 

at Room Temperature 

Spray Generators 
Used* 

1,2 
1,3 
1,2,3 
1,2,3,4 
1,2 
1,2,3 
l 2 3 4 

Inlet 
Loading 

gr./1000 cu.ft. 

Table 7 

10 
14 , 
10 
15 
o.4 
o.4 
o.4 

Comparative rerf'ormance of Several Wet 
Collectors 

Aerosol Loading Water 
I f ** Gr. cu. t. 

gal/ 

Weight Collection 
Efficiency 

ti 
/0 

19.9 
20.6 
30.1 
Jl .• 6 
86.8 
98.0 
98.0 

1·later 
Liquid Pressure 

psi 
lOOOcu.f't. 

SOLIVOHE l Fly Ash l.65 30 watP.r 7 
One Stage 2 Caco3 1.5 30 water 7 
Operation 3 Talc 1.5 30 water 7 

4 Vaporized Silica 1.0 30 water 7 
5 Fe203 19/1000 30 water 7 
6 H2S04 (mist-coarse) 2.5/1000 30 water 7 
7 H2S04*lH'e 30 water 7 
8 CUS04 (microspheres) 0.6/1000 30 water 7 

Three Stage 
Operation 

9 S02 180 mg/m3 90 water 7 

HYDROVOllJTE Fly Ash l 6.5 water 5-15 
Talc 1 6.S water 5-15 
Vaporized Silica l 6.5 water 5-15 
CuS04 (microspheres) l 6.5 water 5-15 

CoUec. 
Effie. 

% 

99.6 
93.4 
96.2 
96.) 
21.8 
95.5 
<5 
e5.o 
91.4 

98.4 
77.1 
94.0 
81.1 

PEASE-ANTHONY Fly Ash (2-5+µ} .s-2.6 J-10 water 88-98.8 
CYCLONIC SCRUBBER S02 100-150 mg/mJ water + 94.5-96.8 

PEASE-ANTHONY weak alkali 

VENTURI SCRJBBER Fe203 (.02-.50 µ.) 1-6 caustic 99 
water 

Humidified so3, 10.6 mg/m3 2-6 water 99.4 
P"2so4 mist 

FOG FILTER S02 230 mg/m.3 30**** caustic 450 98.) 

Chamber process 150 pp:m 70 water 500 99 
S02 I 503 I H2S04 

*Number refers to a specific spray generator and indicates its location 
relative to direction of air flow. 

**unless noted. 
***Formed by evaporation and condensation of H2S04 -fine particle size. 

****Stated to be lower for larger unit. 

- ···------·--··-·-------- ·-·-·--------·----------------··--·----·----
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STAGE OUTLETS 

NOJ N0.2 N0.3 

Fig. 1--Schematic Diagram of Experimental Four Stage "Solivore" 
Wet Collector. 
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Fig. 2--Large Size Spray Generator. 
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Fig. 3--Spray Generator in Operation. 

WATER RATE GALLONSllOOO CU. fT. Of' AIR 
0 10 zo so 40 &O 

I. COl'l'ER SULFATE MICRO SPHERES 

t. IULFURIC ACID MIST 

11. REGENERATED FLY ASH 

2. N. 
' 
r\. 

" r\.. 18 
'\!\.. 

16 

'\~ 
I 

" 12 ' ... , 
10 

r-...... 
8 

" ~ 6 --:--.., "'--4 

2 3 

~ I 2 3 4 ! 6 7 8 10 II IZ '" .. 15 
WATER RATE GALIMIM/SPRAY GENERATOR 

Fig. 4--E:ffect of Varying Water Rate on Percent 
Passage for One Stage "Solivore" Operation. 
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SUMMARY 

Representative stack samples were collected during seven 

incineration tests on the BOMAEC-30 incinerator and five tests 

on the BOMAEC-100 unit. Sawdust burnings were made in both 

incinerators to (1) compare their performance and (2) to evaluate 

the effect of design changes in the BOMAEC-30 unit. Office 

waste ranging in moisture content from 10 to 50 percent was 

burned in the incinerators to study combustion efficiency. Both 

units produced similar effluents when burning like charges and 

indicated the desirability of further improvements in combustion 

before design of final air cleaning systems. On a basis of 

sawdust tests the BOMAEC-100 incinerator yielded better overall 

combustion efficiency. Although the BOMAEC-30 appeared to do a 

better job in burning waste, the comparison is clouded by unavoid­

able differences in charge composition. 
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INTRODUCTION 

At the request of the Division of Engineering, Atomic Energy 

Commission (Dr. Joseph A. Lieberman) arrangements were made to have ,, 
the Harvard University Air Cleaning Laboratory conduct stack sampling 

and gas cleaner evaluation tests on two. special incinerators developed 

by the Combustion Research Section, u. s. B'\lI'eau of Mines, Pittsburgh, 

Pa., the BOMAEC-30 unit, designed for the disposal or radioactive 

waste materials from hospitals and research laboratories and the 

BOMAEC-100 unit for similar disposal of somewhat larger volumes. 

Stack sampling was conducted at the Bureau of Mines Combustion 

Research Laboratory, Pittsburgh, .Pa., from November 29 through 

December 3, 1954 and June 8 through Jiine 14, 1955 by staff members 

ot the Harvard University Air Cleaning Laboratory. Incinerator 

operation and apparatus for supplying a continuous ~ecord of the 

combustion process was supervised by Mr. Cecil H. Schwartz of the 

Combustion Research Section. 

The objectives of the first test program (1954) were (1) to 

establish air cleaning requirements for the BOMAEC-30 incinerator 

~ough the determination of concentration, size, and approximate 

composition of the incinerator effluent and (2) to evaluate the 

over-all performance ot the originalair cleaning system consisting 

or a centrifugal section followed by glass filter bags. 

Five sawdust incineration tests were made in which the quantity 

of charge, burning time, over-fire air flow rate and incineration 

temperature were essentially constant. 

Analyses of combustion and sampling data for the BOMAEC-30 unit 

as first tested indicated a sooty effluent during the first fifteen 

to twenty minutes of the combustion cycle which caused rapid plugging 

_, 
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of glass filter bags. Condensation or volatile organic materials 

in the staok gas after passing through the glass bags produced tar 
have been 

droplets which could not / filtered economically by an AEC absolute-

type filter. Pressure loss through the glass bags increased rapidly 

during the first stages or combustion but remained constant during 

the last 20 to 30 minutes or operation, indicating that the organic 
, 

constituents were the primary cause of bag plugging (Figure 1). The 

deposition of tars in the Ross tubular heat exchanger (which reduced 

cooling capacity) in conjunction with a fairly high pressure loss 

suggested that a simple spray tower might be substituted as a more 

effective means of precooling the stack gas. 

As a result of these tests arrangements were made to increase 

the depth of the combustion chamber and adjust the air supply through 

changes in either slot width or air volwue. The above modifications 

were based upon the following data: (a) the length to diameter 

ratio of the BOMAEC-JO combustion chamber was smaller ·and the 

Reynold's number through the air entry slots lower than those 

considered optimum in earlier studies on a smaller pilot plant 

incinerator (1). 

The Air Cleaning Laboratory supplied a pneumatic spray nozzle 

which was installed in a spray cooling tower (in place of the present 

tubular heat exchanger). It was also agreed that typical waste 

charges should be prepared for the BOMAEC-30 unit in addition to 

sawdust charges so that a more realistic picture of field per-

.t'ormance could be drawn. 

The objectives of the second test series were {l) to determine 

whether any improvement in combustion would be realized through 

design changes in the BOMAEC-30 incinerator, (2) to determine 

----··-·-·'"·--............ . 
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performance of the BOMAEC-30 unit in burning both rubbish and sawdust 

charges and (3) to determine the combustion characteristics with 

sawdust and rubbish and the composition and concentration of effluent 

gas from the BOMAEC-100 incinerator. 

This report includes the results of seven combustion tests 

(five sawdust and two office waste charges) upon the BOMAEC-30 

incinerator and five tests (three sawdust and two office waste 

charges) upon the BOMAEC-100 unit. 

,"> 

.. 
) 



223 

BOMAEC-30 INCINERATOR 

A. Description 

Figure 2 shows the original form of the BOMAEC-30 incineration 

and air cleaning equipment. Mejor design changes, based upon 

results of previous stack sampling, included an eighteen inch ex­

tension of the combust:!.on chamber and a reduction in the width of 

the air entry slots from i to 3/16 inches. 'No change was made in 

the position of the air preheat jacket, as shown in Figure 3, so 

that the preheating zone remained as in the original design. Minor 

changes in the location of the metering system for supply air have 

not been shown since they had no bearing upon incinerator performance. 

A vertical 4 ft. by 6 in. diameter steel pipe with a pneumatic 

spray nozzle (Figure 3), directed concurrently, was substituted for 

the Ross heat exchanger employed in the original gas cooling system. 

Gas sampling points in the incinerator stack and at the spray tower 

exit were the same as in previous tests. Oxygen and carbon dioxide 

concentrations were measured upstream of the water spray system. 

Gas temperatures were measured in the same locations as in previous 

tests or as noted in Figure 3. 

B. Physical Condi~ 

Prior to testing, the incinerator outlet pipe was blown out to 

remove a small deposit of ash. No condensate or significant amount 

of ash or tarry residue appeared in the spray tower drain line. 

Substitution of the spray tower for the tubular heat exchanger 

permitted greater air flows than the original system. Gass bags 

were employed in most tests. Although bag pressure los~ increased 

during each test to maximum values of approximately 9 inches of water, 

it was possible to maintain desired air flow rates throughout all tests. 
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STACK SAMPLING EQUIPMENT AND PROCEDURE 

A. Stainless Steel Probes and Glass Filters 

Particulate samples from the incinerator and spray tower outl~t 

pipes were collected on li inch diameter glass filter circles* 

supported in a stainless steel filter holder (constructed by machining 

flat, recessed surfaces on a standard ln stainless steel union). A 

i" diameter, 1611 long, straight, steel probe wa:'s attached to the 

.filter holder (Flgure 4) and inserted in the incinerator outlet duct 

(Figure 3) so that the tip of the probe faced the gas stream. A 

similar holder and probe (9" long) was inserted in the tee fitting 

downstream of the spray tower (Figure 3). The gaseous effluent from 

the upstream filter holder was drawn through a 41, water cooled, 

condenser prior to passing through the flowmeter and sampling pump. 

Cooling was required to protect rubber fittings from high gas 

temperatures ( 1100 to 1500°F). Sampling rates were adjusted so that 

the entry velocities were nearly isokinetic by applying standard 

temperature and pressure corrections to the flowmeter calibrations. 

However, rapid filter plugging during some tests and uncontrollable 

variations in incinerator air flow caused some deviation from iso­

kinetic sampling velocity. 

B. Bacharach Stain Tests 

Concurrent stain tests were made by the Bureau Combustion Research 

Laboratory on the incinerator stack gas with a Bacharach smoke in­

dicator. Density of the smoke stains (which are on record at· the 

Combustion Research Laboratory) showed excellent agreement with the 

appearance of samples collected upon the all-glass filters. No 

attempt was made during the current test series to sample the glass 

bag effluent. Bag pressure loss measurements and metering or total 

air .flow were conducted as reported previously. 

*Type 1106 B Glass Paper, Mine Sarety Appliances Co., Pittsburgh, .Pa. 

• 
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SAMPLING AND TEST RESULTS - BOMAEC-30 INCINERATOR 

A. Sawdust Charge 

Eight combustion tests on the BOMAEC-30 incinerator (PH-7 

·through PH-14) were conducted as' in the previous survey. Coarse 

sawdust was dumped into the combustion chamber, levelled by hand, 

and ~gnited with a kerosene soaked rag. T,yical results (repre­

senting tests PH-7 to PH-11) for the combustion of 25 pound sawdust 

charges at rated air flow (approximately 60 cfm) are shown graphi­

cally in Figure 5. Although sawdust charges were smaller than 

those used in earlier tests (33 pounds) these data indicate that no 

important changes in effluent concentrations {O.l to 0.5 gr./cu.rt. 

STP) or incineration temperatures (1400° - 1500°F) were produced by 

structural changes in the incinerator, i.e. lengthened combustion 

chamber and reduced air slot width. 

Incinerator stack temperatures rose to slightly higher levels 

(1300° - 1500°F) due to increased air' flow (approximately 10 percent 

more than in December tests) and a slight reduction in organic com­

ponents was noted in the stack gas effluent during the first 10 minutes 

of operation. However, the change in combustible co~centrations 

became insignificant when the periods of organic-free effluent were 

compared on a basis of total burning time. It should be noted that 

gas samples collected downstream of the spray cooling system (which 

showed a higher organic loading) furnished a more accurate picture 

of effluent composition since condensed tars, some of which passed 

through sampling filters in the volatile phase at high temperatures, 

were removed from the cooled gas. 

An attempt to improve combustion e!'ficiency through incre'ased 

air flow, approximately 75 cfm, proved unsuccessful as shown by the 

··---··-------------------·············. ----·-~ ....................... . 
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increased organic content of the ash (60 percent). This substantiated 

the results of past tests by the Combustion Research Laboratory where 

Bacharaeh smoke stains had been used to evaluate combustion efficiency. 

Stack temperature rose to a higher level (1700°F) and the total com­

bustion period was reduced to 25 minutes. Increased combustible 

loadings were attributed to shortened particulate retention time and 

changed air flow distribution within the incinerator. 

B. Waste Charge 

Tests PH-12 and PH-13 represent the combustion of 60 pound 

charges of office waste consisting of miscellaneous paper, cardboard, 

and lunch refuse. Estimated moisture contents in tests PH-12 and 

PH-13 were 10 to 15 percent and 50 percent, respectively, on a dry 

basis. Combustion of the drier charge (10 to 15 percent moisture) 

followed the general temperature pattern of the sawdust charges 

although the average effluent loadings were higher (0.6 gr./cu.ft.) 

and contained much less combustible material (3 percent). The 

reduction of distillable combustibles in the charge (primarily cellu­

lose and mineral fillers) accounted for the improved state of the 

stack effluent. Maximum bag pressure loss during this test was 

8. 6 inches as compared to 9. 5 inches of water f'or sawdust runs. 

A similar waste charge containing 50 percent moisture (Figure 6) 

showed unsatisfactory performance in that (1) ignition difficulties 

were experienced and (2} incineration temperatures did not climb to 

a high enough level to completely burn the entrained combustible 

materials. Average effluent loadings showed approximately 60 percent 

combust'ibles. Bag pressure loss, however, did not exceed the average 

value of 9.4 inches of water noted for sawdust. At the completion of 

this test some 16 pounds of ash and unburned charge remained in the 

incinerator. 

""""""·-·--·-.. ---------------
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BAG PRESSURE IDSS 

Pressure loss through the glass bags reached fairly high values 

during each combustion test (9.5 inches of water). However, pressure 

loss reduced to approximately 1.8 inches of water at 60 cfm following 

bag shaking (25 raps) and did not appear to build up to higher base 

levels during successive tests. The glass bags were removed from the 

BOMAEC-30 unit at the end of the tests and shaken into a barrel to 

examine the deposited material. Nearly two pounds of fine ash were 

dislodged from the bags which indicated that the mechanical shaking 

mechanism may not be as effective as it should be. The surface of 

the bags did not show the heavy soot stain observed in previous tests • 

. ··········-···-·· .. ----·----------
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SPRAY NOZZLE PERFORMANCE 

The pneumatic atomizing nozzle* located in the cooling tower 

had sufficient capacity at maximum rated flow (9.7 gal./hr.) to 

reduce stack temperatures from 1400°F to 200°F when air flow rates 

did not exceed 55 to 65 cfm. However, maximum water rates were not 

employed in most tests since cooling to 400°F was considered adequate 
, 

by Mr. Schwartz. It was noted that cooling capacity was exceeded 

- only during test PH-14 when a high air flow rate was used {approximately 

80 cfm) which elevated stack temperatures to 1700°F. 

* Spraying Systems Company, Bellwood, Illinois' 
Nozzle 22B - Water pressure 10-60 psi; Air pressure 10-70 psi. 

·····----·-----------------···-"'"'"'' 
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BOMAEC-100 INCINERATOR 

A. Description 

A schematic drawing of the BOMAEC-100 incinerator (Figure 7) 

shows the location of the stack sampling probe, the sampling points 

for the oxygen and carbon dioxide recorders and Bacharach smoke 

indicator, and the location of the thermocouples. 

Supply air ror these tests was deliverea under positive pressure 

by a turbo-compressor and entered the combustion chamber through six 

tangential inlets. Hot gases were exhausted through the incinerator' 

stack at the top of the unit. Although the effluent would, in 

practice, pass through filtration equipment, the hot gases were vented 

to an open hood since the primary purpose of the current tests was to 

evaluate stack gas particulate composition and concentration. 

B. Physical Condition 

Before any tests were conducted on this unit it was determined 

that no ash deposits existed in the combustion chamber and stack. 

According to Mr. Schwartz, incineration and recording apparatus were 

functioning properly and duplicated operating conditions of previous 

tests. 

c. Stack Sampling Eguipment and Procedure 

Only incinerator stack samples were collected during tests on 

the BOMAEC-100 unit. Sampling apparatus was identical with that used 

in testing the BOMAEC-30 except for a 90° bend in the sampling probe 

which allowed it to face into the hot gas stream. Again, simultaneous 

stain tests were run by the Combustion Research Laboratory with a 

Bacharach smoke indicator. The incinerator air flow for these tests 

was metered cold at the compressor inlet. Since the £low meter and 

the compressor handled standard_ air, delivered volume was nearly 

constant during each test. 
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SAMPLING AND TEST RESULTS - BOMAEC-100 INCINERATOR 

A. Sawdust Charge 

Five combustion tests were conducted on the BOMAEC-100 incinerator 

{PH-15 through PH-19}. The incinerator was charged by placing 20 

separate, five pound cardboard containers of sawdust in the combustion 

chamber. The charge was then ignited by an auxiliary gas burner. 

Tests PH-15 and PH-18 were conducted at an air,flow of 155 cfm. (700 

pounds per hour) and PH-16 at 193 cfm (870 pounds per hour). The 

inlet air was not preheated as in the BOMAEC-30 inqinerator and the 

slight temperature rise was due to the heat of compression. The 

indicated burning period was decreased from approximately 80 minutes 

(test PH-18) to 60 minutes (test PH-16) by the increase in air flow. 

Incinerator stack temperatures rose to slightly over 1300°F in the 

low air flow tests and to 1500°F in the high air flow test. Oxygen 

concentrations in the stack gas fell to very low values, less than 

o.5 percent, for the low air flow tests and to o.5 percent for the 

high air flow tests. Conversely, the carbon dioxide curves showed 

maximum concentrations of about 18 percent for corresponding times. 

During the runs it was noted that sparks were emitted from the stack 

when total dust loadings were at maximum levels. 

Stack loadings for these tests as obtained from the samples 

collected on all-glass filter circles are reported graphically along 

with the other operating data. Figure 8 (test PH-18) shows that for 

an air flow of 155 cfm the total dust loadings varied from 0.20 to 

0.52 gr./cu.ft. while the combustible loadings varied from o.o to 

0.20 gr./cu.ft. By increasing the air flow to 193 cfm the total dUJt 

concentrations ranged from 0.18 to 1.7 gr./cu.ft. while the combustible 

loadings varied from o.o to 0.45 ·gr./cu.ft. The high loading values 

___________________ .,_, ___________ _ 
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for the high air flow rate occurred at the end of the test after the 

oxygen concentration had returned to 21 percent; this may have been 

due to the entrainment of a large amount of partially burned material 

after the actual combustion had ceased. 

It appeared that increased air flow did not improve combustion 

since total combustible effluent was increased. This confirms the 

results of similar tests on the BOMAEC-30 incinerator. 

B. Waste Charge 

Test PH-19 (Figure 9) represents the combustion of 112 pounds 

of office waste {20 percent moisture) at an air flow of 155 cfm (700 

pounds per hour) and test PH-17 represents 101 pounds of office waste 

{10-15 percent moisture) at an air flow of 193 cfm (870 pounds per 

hour) in the BOMAEC-100 incinerator. The loose waste charge was 

dumped into the incinerator and ignited as before with an auxiliary 

gas burner. The estimated burning period was shortened by about 15 

minutes with increased air flow. However, minimum oxygen concentrations 

were 2.5 percent at the low flow rate (155 cfm) in contrast to 0.4 

percent at the high flow rate (193 cfm). Stack temperatures were 

consistent with reported oxygen concentrations in tests PH-19 and 

PH-17, i.e., the greater the temperature the lower the oxygen con­

centration. However, temperatures dropped below 1200°F for the last 

two-thirds of the runs. Reduced burning rate end greater excess 

oxygen in test PH-19 was attributed to possible differences in charge 

composition and bulk density. A series or violent smoke puf'fs were 

expelled from the incinerator stack for the first 5 minutes of both 

tests. Mr. Schwartz attributed this to rapid combustion or printers 

cleaning rags, film, or other highly volatile materials in the 

charge. The dust loadings, based upon stack samples, showed a great 

dependence on air flow. Test PH-19 {air flow 155 c.fnt) showed 1ust 



232 

loadings ranging from 0.5 to 1.2 gr./cu.ft. with an average value 

of approximately 0.9 gr./cu.ft. When the flow rate was increased 

to 193 cfm (test PH-17) the total loading rose to 5.9 gr./cu.rt. 

at one point and averaged approximately 2.0 gr./cu.rt. for the entire 

~un. The average combustible loading was nearly three times greater 

when air flow rate was increased to 193 cfm from 155 cfm (0.27 to 
, 

0.78 gr./cu.rt.). These data conform to the performance of the 

BOMAEC-30 incinerator when recommended air flows were exceeded. 

• 
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PERFORMANCE COMPARISON 
BOMAEC-30 AND BOMAEC-100 INCINERATORS 

Table I sl.lll'lI1larizes the comparative performance of the BOMAEC-30 

and BOMAEC-100 incinerators for sawdust and waste burning. Colwnns 

1, 2 and 3 indicate total weight of charge, air flow rate and ratio 

of air flow to charge, respectively; column 4, the burning rate in 

lbs./hr; columns 5 and 6, the stack emission' in terms of total and 

combustible materials emitted 1n lbs./hr./lb. of charge; and column 

7, the percent combustibles in the stack effluent. 

Air flow rates in excess of those recommended by the Combustion 

Research Laboratory resulted in increased stack emission of both 

mineral and combustible materials although burning rates were increased 

by about 20 percent. 

Over-all combustion efficiency of the BOMAEC-100 unit appeared 

better than that of the BOMAEC-30 unit with sawdust. Combustible 

loadings were equal to or less than those of the BOMAEC-30 unit, 

the.air to charge ratio lower and the burning rate approximately 6$ 

percent greater. However, waste combustion tests indicated a lower 

stack emission with the BOMAEC-30 unit at the expense of a lower 

burning rate and greater air to charge ratio. 

A higher moisture content and possible variation in composition 

in the waste may have accounted for the increased stack emission in 

the case of rubbish charges in the BOMAEC-100 unit. 

Based solely upon sawdust tests it appeared that the· arrangement 

of air jets within the BOMAEC-100 unit may have been responsible for 

its improved combustion. It should be noted, however, that since 

no preheating of inlet air took place in the BOMAEC-100 incinerator, 

the combustion conditions should have been less favorable than in 

the BOMAEC-30 unit. 
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TABLE I 

Comparative Performance of BOMAEC-30 and BOMAEC-100 Incinerators 

Total 
Charge 
lbs. 

25 
22 

60 

69 

100 
100 

100 
112 

A. 

B. 

c. 

D. 

E. 

Air 
Flow 
Rate 
cfm 

Air to 
Charge 
Ratio 
cfm/lb. 

BOMAEC-30; 
60 2.4 
79 3.2 

BOMAEC-30; 
6J 1.05 

BOMAEC-30; 
63 0.91 

BOMAEC-100; 
155 1.55 
19,2 1.9J 

BOMAEC-100; 
155 1.55 
193 1.72 

Burning 
Rate 

lbs./hr. 

Stack Emjss1on Rate 
Total Combustible 

lbs./hr./ lbs./hr./lb. 
lb. of of charge 
char e 

SAWDUST CHARGE , 
45 0.0033 0.0011 
6~ 0.012 0.0012 

WASTE CHARGE (10-15% MOISTURE) 
JJ~!- O.OO!t,2 0.00016 

WASTE CHARGE (SO% MOISTURE) 
22* 0.0071 o.oo~z 

SAWDUST CHARGE 
75 0.0043 0.0011 

100 0.012 0.002J 

WASTE CHARGE (10-20% MOISTURE) 
75 0.012 0.0035 

124 0.030 0.011 

Percent 
Combustibles 

in Stack 
Effluent 

33.3 
62.,2 

J.8 

66.2 

25.2 
18.8 

29.4 
37.4 

* Burning rate based upon weight of dry charge completely burned. 

,., ............ _ .. ,,,,,.,,._, _________ _ "'"'"""'"""'"" ___________ , 

.. 
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CONCLUSIONS 

A. BOMAEC-30 Incinerator 

1. The substitution of a high pressure water spra~ for the 

Ross heat exchanger provides better control of gas cooling and reduces 

the over-all pressure loss in the gas cleaning system. 

2. Glass bags still do not constitute an effective gas pre-
~ 

cleaner for AEC type absolute filters due to the presence of tar 

droplets and water vapor in the gas stream. Resistancewise, glass 

bags may be serviceable provided that sufficient fan capacity is 

available. 

). Increasing the height of the burning chamber and reducing 

the width of the air inlet slots makes no significant change in the 

concentration and physical nature of the stack effluent for sawdust 

combustion tests. Temperatures, oxygen concentrations and burning _ 

rates were essentially the same as in previous tests. 

4. Increasing air flow rate shortens the overall burning time 

but produces higher stack loadings containing a greater percentage 

of combustibles. These data agree with past smoke stain tests of 

the Combustion Research Laboratory. 

5. Burning of comparatively dry materials (10-15 percent moisture) 

or other cellulose type wastes results in a substantially lower emission 

of combustible materials than found for sawdust. However, the burning 

rate and uniformity of combustion is largely dependent upon the bulk 

density of the charge. 

6. Burning of wet waste (50 percent moisture on a dry basis) 

which simulates the water content o~ some biological wastes, is 

unsatisfactory. The burning rate was low, stack temperatures were 

* Spraying Systems Company, Bellwood, Illinois 
Nozzle 22B; Water pressure, 10-60 psi; Air pressure, 10-70 psi. 

-· .. ·-·-·---·-----------
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below l000°F for most of the test and the quantity or combustible 

material leaving the stack was about thirty times greater than that 

from low moisture content waste. 

B. BOMAEC-100 Incinerator 

1. Incomplete combustion of sawdust occurs during the first 

10 to 20 minutes of tests conducted at rated air flow (155 cfm) due 

to oxygen deficiency and rapid distillation of volatiles. During 

the last half of each test, stack temperatures dropped to less than 

1200°F, below which level combustion is not considered optimum. 

2. The concentrations of combustible materials in the stack 

effluent present the same gas cleaning problems posed by the BOMAEC-

30 incinerator. 

3. Sawdust combustion in the BOMAEC-100 incinerator appears 

more efficient than in the BOMAEC-30 unit based upon (1) equal or 

slightly lower stack emissions, (2) lower air to charge ratio, and 

(3) increased burning rate. Better performance may have been due 'to 

differences in method of air introduction and in air flow pattern 

within the incinerator. • 

4. Combustion of office waste (16 - 20 percent moisture) is 

less efficient than that of sawdust. Combustible erfluent loadings 

were about three times higher than those of sawdust and stack 

temperatures dropped below 1200° for the last two-thirds of each 

test. 

5. Combustion or both sawdust and waste is not improved by 

increasing air flow, 1.e. 193 cfm vs. 155 cf'm (the recommended flow 

rate). Although burning rate was increased in both cases by about 

30 percent, the total weight of combustible effluent was increased 

about five times for the same quantity of charge. 

.. 

• 

• 

.. 

.. 
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RECOMMENDATIONS 

A. BOMAEC-30 Incinerator 

1. Operational and constructional changes in the BOMAEC-30 in­

cinerator merit further consideration since tests with wet rubbish 

(50 percent moisture content) indicate unsatisfactory combustion. 

Since increased air flow did not improve combµstion it is suggested 

that a change in the number and arrangement of air inlets be considered. 

2. Preliminary drying of wet charges should be investigated if no 

auxiliary burners are to be employed. Combustion temperatures with wet 

waste were far below the level required for complete bu:ning of air­

borne particulates. 

3. If no further mechanical improvements can.be made, the inter­

mittent use of an after-burner to maintain a 1200°-1400°F stack temper­

ature still appears as a practical way to reduce combustible loadings. 

4. Recommendations for a final gas cleaning system, assuming that 

present combustion conditions are optimum, remain as reported previously. 

Following passage through a spray cooler and reheating {to prevent 

further condensation of water) cooled gases can be filtered through a 

mineral wool roughing filter to remove a large percentage of the 

organic materials. Final gas cleaning units would again consist of 

glass bags followed by absolute rilters. 

B. BOMAEC-100 Incinerator 

1. Recommendations to improve combustion in the BOMAEC-100 

incinerator follow the same pattern as for the BOMAEC-30 unit. Si:rne 

limited test data for both sawdust and waste combustion show reduced 

emission of combustibles at lower air flow rates, it seems reasonable 

to consider a further reduction in total air flow. 

2. Gas cleaning equlpment for the BOMAEC-100 incinerator must 

necessarily be comparable to that of the BOMAEC-30 unit. 
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FIGURE 2 - LEGEND 

l. Incinerator (29" Inside Diameter, 29 1/2" High) 

2. Air Inlet, Metered by 2" Orifice in 4" Pipe 

'· Incinerator Inlet Static Pressure Tap 

4. Sight Glass for Observing combustion 

5. Pre-Heat Air (Jacket) Temperature, ~hermocouple Nos. 1 and 4 

6. Incinerator Outlet Gas Temperature, Thermocouple No. 3 

7. Incinerator outlet static Pressure Taps 

8. Incinerator Outlet sampling Probe 

9. Gas Temperature Entering Heat Exchanger, Thermocouple No. 6 

10. Inlet to Heat !xchanger static Pressure Tap 

11. Ross Heat Exchanger 

12. cooling water Inlet and outlet 

13. Heat Exchanger Outlet static Pressure Taps 

14. Gas Sampling Tube to Oxygen Recorder 

15. Gas Sampling Tube to carbon Dioxide Recorder 

16. Drain Plug, Condensate from stack Gas 

17. Heat EXchanger Sampling Probe 

18. Bag House (Seven Glass Cloth Bags) 

19. Final CC-6 Filter Housing (No Filters used) 

20. Buffalo Fan 

21. Ash Drums (35 Gallon Size) . 

22. Sampling Probe to High Volume sampler 

2). Temperature After Fan, Thermocouple Nos. 2 and 5 

24. Bag Pressure Loss Taps 

25.. Fan Static Pressure Tap 

.. 
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Fig. 2--Schematic Drawing of Institutional. Incinerator (BOMAEC-30) 
Showing Sampl.ing Points. 
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Fig. 3--Schematic Drawing of Revised 
Institutional Incinerator (BOMAEC-30) 
Showing Sampling Points. 
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Fig. 4--Sta.inless Steel Sampling Probe and Holder for All 
Glass Filter Circles. 
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FURTHER STUDIES 
ON 

ELECTROSTATIC MECHANISMS OF AEROSOL FILTRATION 

by 

David M. Anderson and Leslie Silverman 

Afr Cleaning Laboratory 
School of Public Health 
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Boston, Massachusetts 

INTRODUCTION 

, 

At the Harvard School of Public Health, research on electro-

static mechanisms of aerosol separation has proceeded along three 

main lines. Packed fibrous beds have been studied to obtain the 

relation between aerosol and fiber charge, and the improvement in 

inherent filtration, 1.e. the electrostatic efficiency. Fabric 

media have been studied to relate apparent surface charge on tl::B 

fabric and collection improvement. Some preliminary studies of 

a more basic nature have been made to define coulombic, 

dielectrophoretic, image, and space charge forces operating between 

parallel plane and irregular surfaces. 

The initial studies on the first two phases have been 

completed. Detailed descriptions of the study on fibrous beds 

are available in NYO reports (1,2,3,4) and in the open literature 

(5). Results of the investigations on fabric media have now been 

published (7,9) and will be expanded in an NYO report soon to be 

released (8). The third phas~ of study, basic forces, is being 

completed and will be described in a separate NYO report. It 

is the purpose of this paper to sunnnarize very briefly the 

• 

completed studies, to describe the current phase of research, and 

to indicate proposed future studies. 

246 
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SUMMARY OF COMPLETED STUDIES 

A. Fibrous Bed Studies 

At the third Air Cleaning Conference the effects of aerosol 

charge on the efficiency of an uncharged fiber bed were reported 

(6). The apparatus (Figure l) was described, which consisted of 

a spinning disc aerosol generator (used for generating methylene 

blue spheres, MMD :a: 2.0 µ., 6g • 1.3), a wire-cylinder ionizer for 

aerosol charging, a test filter section which also served as the 

aerosol and f'iber charge meas11ring device by using the Faraday 

ice-pail principle, sampling probes, and a blower. The same 

apparatus was used for determining the effects of fiber charge 

on an uncharged aerosol and the combined effects of both aerosol 

and fiber charge. 

Using packed 50 µ. glass fibers as the uncharged filter it 

was found that efficiency increased systematically with aerosol 

charge reaching a maximum at a value 2 x lo-5 statcouiombs/gm. 

-t-2.QOO e/part.). These results were independent of aerosol 

polarity. Tests using a negatively charged 70 µ. saran fiber bed 

and an uncharged aerosol showed that filter efficiency increased 

smoothly with fiber charge to over twice the initial value at a 

fiber surface charge of 0.3 statcoulombs/cm.2. With the aerosol 

and filter charged to opposite polarities, efficiency increased 

more rapidly. At comparatively high fiber surface charge 

(0.7 statcoulombs/cm. 2) however, aerosol charge became unimportant 

and filter charge determined the efficiency almost exclusively. 

In addition this study included preliminary investigations of 

the effects of fiber size, filtration velocity, and packing density 

on electrostatic efficiency and related tests on the effective life 
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of a charged fiber filtPr. The concept of "self-6h~rglng" filters 

was investigated and results uslng filtered air, room air, and a 

methylene blue aerosol at loadings of 1.0 mg./M3, with velocities 

up to 360 fpm, showed no measurable electrification of 70 µ saran 

fibers. 

B. Fabric Media Studies 

In this phase of the over-all program a device was constructed 

in wr~ch a mechanically charged fabric surface was employed as the 

filtering medium for atmospheric dust. Figure 2 shows the final 

unit as it was developed into a two-stage cleaner. This unit 

consists of a lucite box, D, perforated on two sides and mounted 

vertically between two lucite rollers, E. The fabric to be tested 

was sewn in the form of an endless belt, F, and placed over the 

rollers thus enclosing the box. A small electric motor geared to 

the bottom roller caused the belt to travel around the box and 

also drove a counter rotating paddle, C, covered with a fabric 

which served to charge the belt by a contact-separation mechanism. 

This assembly was enclosed in a Masonite box, -G, one face of which 

was cut in grid form and covered with a fabric, A, the same as 

that covering the paddle. This fabric surface was charged by the 

action of' a windshield wiper blade, B, covered with the same 

fabric as the belt. Air flow was through the screen and then 

through the belt. The unit was tested by sampling at three points, 

upstream, interstage, and downstream. Efficiencies were computed 

using the stain density of the dust on Whatman No. 41 filter 

paper. Fabric surface charge was measured by a charge pick-up 

probe,. developed by thlR laboratory. Aerosol charge was not 

controlled and ranged from an estimatAd average net charge of 

<1.0 to 45 electron units (positive) per particle {as measured in 

a Faraday cage systP,m). 

·.· 

• 
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The fabrics tested in this unit included wool, resin-wool, 

saran, and orlon, in various combinations. The basic uncharged 

efficiency on atmospheric dust of the two-stage unit could be 

doubled by mechanically charging the fabrics by contact with other 

suitable fabric surfaces. It was shown that the electrostatic 

mechanism introduced by mechanical chargiog was not qu1.te as 

beneficial as_ that produced by the action of a resinous additive. 

However, mechanical chargin5 was accomplished at no change in 

resistance. Moreover, the magnitude of the improvement from 

mechanical charging was by no means maximized in these tests. In 

addition particle charging by the charged first stage was shown 

to occur and to aid collection when the second stage was uncharged 

but was found to be unimportant when the second stage was charged 

to a sufficient magnitude. (This is essentially the same con­

clusion reached in the independent packed fiber bed study just 

discussed.) Other tests showed that the efficiency due to electro­

static effects was inversely related to filtering velocity and 

directly proportional to the apparent surface charge generated 

on the fabrics. The magnitude of this charge was shown to be 

dependent on the fabric composition, type of charging action, and 

absolute humidity. 

·---·-···-····--·-·--------------· 
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FUNDAMENTAL HESEARCH 

Throughout the previous investigations there was a need for 

a more basic understandin~ of the fundamental mechanisms of electro-

3tatic capture with regard to aerosols such as atmospheric dust 

·posse.ssing only natural. charges due to their generation, and moving 

in the streamline flow range as occurs in the,motion past fibers 

in both packad beds and fabrics. The literature on electrostatic 

separation is, unfortunately, sparse in these two areas, most of 

it concerning aerosols of high charge moving in turbulence. 

Retention time in an electrostatic field, field strength, field 

· configuration, and position of the collection surface with respa ct 

to the aerosol, required further investigation. Therefore a study 

was initiated with atmospheric dust moving in streamline flow using 

a vertical parallel-plate type condenser unit, directly charged 

(Figure 3}. This is the simplest orientation which may be handled 

theoretically. The unit consisted of a rectangular Masonite 

channel of variable width, 16" long, and 18" deep. The inner faces 
/ 

of the channel were removable. In the following tests polished 

aluminum sheets, and plates covered with a layer of "Metlon", 

an aluminum-polyethylene woven cloth, were used as the collecting 

faces in the channel, producing uniform and non-uniform fields 

respectively. These collecting faces were charged directly with 

a 20 kv power supply and the field ntrength measured by plate 

voltage and capacitance. In the case of the non-uniform fields, . 
the "apparent" field strength was measured, which was accurate 

except at very short distances from the cloth surfaces. Atmospheric 

dust was used as the test aerosol and samples up- and downstream 

were again measured by stain density. A statistical method of 

• 

• 

.. 

• 
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averaging results was developed since many factors influence any 

one stain measurement and since an important variable, aerosol 

charge., varied during the tests. 

For charged particles moving between two:flat charged plates 

two i'orces were considered operating, field :forces and image forces. 

The field force is derived :from the definition of an electric field 

and is characterized by , 

Equation (1) 

The image force is due to the decreased energy in the weakened 

field surrounding the particle when it is near a conducting body, 

regardless of the potential or the conducting body. It can be 

thought of as a coulorobic force of attraction due to a mirror 

image of the charge in the conducting body and in the case of an 

infinite plane is characterized by (10} 

~2 

42 y 
Equation (2) 

Because the aerosol tested was considered to consist of approxi­

mately equal numbers of particles of opposite sign, space charge 

erfects were neglected. Calculations also showed that for the 

plate spacings used, dirfusional forces are negligible. Because 

of the vertical orientation of the unit., gravity effects can also 

be neglected. The equation of motion between these plates for 

particles in the Stokes' Law range is therefore 

m dV Y + 6-TrµrV y 
dt l+A(L/r) 

-tQ _ ~ ri _ -.L.J= o 
p 4 112 (Y-y)2J 

Equation (3) 

The first term is the inertia :force, the second is the particle 

drag, the third is the field force., and the fourth is the force 

due to images of the charged particle in both plates. The fourth 

term is actually only an approximation since the image charges 

themselves induce images in the opposite plate and these im~ges 
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in turn produce .further image·s in an inrinite series. The image 

.force as written contains only the .first terms o.f these infinita 

series and is a good approximation since each succeeding term 

decreases by the square or a distance which itself becomes inrinite • 

. By integrating the .fluid velocity distribution for streamline 

motion between parallel plates, and combining the result with the 

solution of Equation 3 for field forces operating alone, an , 

equation can be written for the stopping distance x 8 traveled by 

a particle starting at t • O; rrom the position x • O, y • y 

(any particle just entering the area between the plates) and 

arriving at the ~oint x • x 8 , y • 0 {being caught on the plate at 

distance x 8 ) (11): 

6n"µrVavg(3Yy2 -2y3) 

Y
2QpV.+A{L/r[J 

Equation (4) 

The precipitating efficiency of such a parallel plate device is 

the .fractional air volume swept clean in the distance Xs• Since 

the aerosol is considered to consist of equal numbers of particles 

of both signs the total efficiency is the ratio of the air volume 

entering the unit out to poin~ y to the total air volwne. Inte­

grating the velocity distribution again the efficiency is, for a 

variable distance y 

3 y 2 - 2 3 
\. - y y ,, y3 Equation (.5) 

Using equation 4 to determine the limiting distance y for 

Xs c X, i.e. the total plate length, and combining with equation 5, 

the over-all efficiency is expressed by 

h x .. rs.Qp ( 1 + A Cr/t>>fl ~ 
'( • Y Vavg t 6wµ. r -J •l(~l.O Equation (6) 

The term in brackets is the so-called plate migration velocity. 

This equation agrees in rorm with those given elsewhere (15). 

• 

• 

) 



253 

This equation is of limited application since it refers only to 

the field force operating between parallel charged plates oriented 

perpendicularly, with air flow in streamline motion and a homo­

geneous aerosol of uniform size and charge distributions. In the 

experimental tests field forces do not occur alone nor are· the 

charge and size distributions of the aerosol uniform. It will 

serve for comparison purposes, however, 

The equation of motion!br particles moving due to image forces 

operating alone could not be solved by any of the classical 

methods of differential equations. The use of finite differences 

was attempted but the number of steps required became prohibitive. 

Its solution is now being attempted using an electronic analog 

computer. 

In an irregular field, as produced by a charged rough surface, 

the field gradient ~~y is not c-onstant as between parallel plates 

but is a function of the distance from the surface. In such a 

field a third force, d1electrophoresis, becomesoperative, and is 

characterized by (12). 

(K1 - K) F = K 
D (K1 + 2K) 

Equation (7) 

This force is due to induction and attraction of electric 

displacement charges within the particle which tends to produce 

a dipole and occurs whether the particle is charged or not. The 

differential equation describing motion due to this force is 

complicated and can only be writtan for particular geometric 

shapes and orientations, and definitely not for the heterogeneous 

fields produced in these investigations. It will be noted, however, 

that the force is independent of particle charge and increases with 

particle size. 

'"'"-........ ..,,._ __ , ______ , _________ _ 



Figure 4 represents tests to determine the etfect upon effi­

ciency of field strength at constant velocity and plate spacing. 

Curve l shows the etfeot of' a uniform field. The relation is 

nearly linear up to a limiting field strength of approximately 

13 dynes/statcoulomb after which a maximum efficiency, 8o%,1s 

reached. The heterogeneous f'ield, Curve 2, shows a larger eff'ect 

at the same apparent field strength due to the added dielectro­

phore tic force described in Equation 7 but also reaches a maximum 

at the same efficiency. This added ef'ficiency is at no extra 

expenditure of power and shows the value or even a slightly 

heterogeneous field (See White (13), p. 936) • 

. It will be noted that both curves shown an intercept at zero 

field strength. This is attributed to image forces which are now 

being investigated separately. Curve 3 is a plot of equation 6 

starting at the intercept and using the previously measured average 

net QP of 25 electron charges~ Since eff'iciency was measured with 

a stain technique rather than a count method, and since aerosol 

~ize and charge characteristics were variable, exact analytical 

comparisons of the data and the theory are not warranted. However, 

in spite of these limitations, it is obvious that an average ~ 

of 25 e is notrealistic. Curve 4 is the theoretical count efficiency 

\lhich most closely fits the experimental data and is for a uniform 

aerosol with an average QP of 0.4 e~ The high measured charge is 

probably due to relatively few particles of high ~· The actual 

aerosol probably possesses a mean ~much nearer 0.4 e. The 

assymptotic efficiency of 8()1,( is attributed to the removal or all 

charged particles which can si~!)ificantly influence a stain density 

measurement. 
at 

Figure 4 reveals that/a low velocity a condenser-type apparatus 

will give high stain ef~iciencies on a naturally-charged aerosol 

• 

• 

) 
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such as atmospheric dust without aerosol charging by ioQization 

as in two-stage electrostatic precipitators. The field strength 

necessary for these high efficiencies (10 statvolts/om.) is 

about 40% of that used in the second stage or the conventional 

two-stage precipitator (Westinghouse Prec1p1tron). With a 
heterogeneous field the high efficiency (8o%) is possible at even 

lower field strengths. For removal of wi~harged particles (2o% 

by stain for atmospheric dust) the heterogeneity must be more 

intense than that produced by an irregular semi-plane surface 

i.e. the field gradient J£/Jy must be greater :for dielectro­

phoresis to become signi:ficant. 

Figure 5 presents the results o:f tests to determine the 

e:ffect of velocity and plate spacing on collection. Curve l is the 

experimentally determined relationship at E• 11.7 dynes/statcoulomb, 

Y • 4.44 ems. 

Curve 3 shows the experimental values at the same :field 

strength, 11.7 dynes/statcoulomb, but at a closer place spacing 

1.91 ems. Both curves indicate that stain efficiency falls off 

rapidly with increasing velocity. For decreasing plate spacing 

this rate of fall-off becomes less rapid. At the same time image 

forces increase at a rate proportional to the square of the spacing 

(see equation 2}. Therefore it appears that if plate spacing is 

further decreased high stain efficiencies will be obtained at 

velocities which will be more in line with practical values. The 

spacing must, of course, not approach values which will make 

pressure loss prohibitive. 

Figure 6 presents the experimental results :for the conditions 

o:f increased field strength, E= 17.9 dynes/statcoulomb, and Y c 

1.91 cm. Superimposing Curve 1 of this figure on Curve 2 of Figure 

5 it is found that the effect of increasing field strength is 

,_ ...................... -... -......... _, _____________________ , 
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significant above 150 fpm but below this velocity (and at this 

spacing) this 50% increase in field strength seems to affect the 

efficiency very little. This is to be expected since the 

difficult-to-assess areas are in the steep portions of these 

curves where efficiency is affected by velocity to the greatest 

extent. At low velocities the effect of field strength is 
, 

actually considerable as was shown in Figure 4. 
Curve 3 shows the effect of introducing a slight heterogeneity 

to the field form in the manner described previously. The results 

so closely parallel the uniform field that the two curves could 

actually be drawn as one. At low velocities, nevertheless, the 

effect of a slight heterogeneity is apparent as was shown in 

Figure 4. Curve 4 is a plot of results of tests where the field 

strength was zero, the "base-efficiency" of' the unit. The points 

represent two plate spacings, 1.91 and 4.44 ems., between which 

no significant difference in results were noted. There is a wide 

spread in the data, and, in fact, above SO f'pm the curve could 

p~obably have been plotted at zero ef'ficiency rather than at s.0%. 

Below SO fpm, however, there is a definite increase to a signif'i-

cant ef'ficiency as velocity is decreased. This efficiency is 

attributed to image forces. 

Curve 2 represents the theoretical cur•ve of best fit using 

equation 6 and the image force efficiency f'rom curve 4, i.e. 

n T = ~I + q F where ~T is the total ef'f'iciency I ~ I is the image 

force efficiency from the experimental curve 4, and Y{_F is the 

field f'orce efficiency determined from equation 6. It is plotted 

only up to 200 fpm where flow becomes turbulent (based on a 

Reynolds number criterion of 2000) and where equation 6, therefore, 

ceases to apply. The shape of this curve is a slightly modified 

equilateral hyperbola. It is plotted for an average Qp of 0.9 e 

-----------------··•-''"'"'''"''"""·----
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which is in the same order of magnitude as the Qp determined from 

Figure 4. The limitations in the stain efficiency technique and 

the variability of aerosol properties prevent an analytical com­

parison of the curves, as mentioned above. Nevertheless curves 1 

and 2 do possess some degree of similarity in shape. 

Over-all conclusions from this study,indicate: 1) high stain 

efficiencies on a naturally-charged aerosol are possible by using 

a condenser type apparatus at field strengths materially smaller 

than those normally used in the collecting stage of electrostatic 

precipitators; 2) low velocities and small plate spacings are 

necessary for optimum performance; 3) at low velocities a slight 

heterogeneity of the field form increases ef~iciency significantly 

at no increase in energy but a more intense field gradient than 

that produced by a rough plane surface is necessary to capture. 

Wlcharged particles by dielectrophoresis; 4} also at low velocities 

image forces become important as a precipitating mechanism; 5) the 

average net ~ of atmospheric dust appears to be in the order of 

one elect~on charge per particle (positive) but not all particles 

which influence a stain density measurement are charged, i.e. 

roughly 20'% are uncharged. 

---· ---------··----"""'"-""""'"--"""""-""""" 



CURRENT RESEARCH 

The next line or study undertaken has been a more detailed 

investigation or image forces. This phase is currently in progress. 

The over-all purpose of the electrostatic studies at Harvard has 

been the optimum utilization of naturally occurring or mechanically 

produced electrostatic charges for air cleaning, thus doing away 

with power supplies and expensive auxiliary electrical equipment. 

As was shown above, significant image force effects are possible 

with naturally charged aerosols. Consequently a study has been 

initiated to investigate this mechanism in a fundamental manner. 

Determining the value of this separating force resolves essentially 

to the solution of the following differential equation written for 

the image force operating alone in a grounded parallel conducting 

plate channel at distances of less than Y/4, where Y is the plate 

spdcing: 

m dVy + 67n1.rVy _ Qp
2 • 0 

dt l+A(L/r) 4y2 
Equation (8) 

This is Equation 3 rewritten for the image force due to one plate 

alone for the condition where this force becomes controlling, i.e. 

where the force due to the other plate becomes negligible. In 

cases of collection by convex shaped targets such as fibers or 

spheres the image force will be less than that given by the third 

term of this equation (10). Concave shaped targets such as the 

inside wall of a hollow cylinder will produce an image force greater 

than the third term of this equation (14) but the representation of 

this force becomes more complicated. Therefore a parallel plate 

system was chosen as the case to be studied since the image force 

is of intermediate magnitude and can be represented in the simplest 

manner mathematically. 

' 

j 
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Equation 8 appears to be simple in form but unfortunately 

cannot be solved by classical mathematics. All obvious substitutions 

of variable reduce the equation to non-separable, first order, 

second degree, or non-separable, second order, third degree forms 

which cannot be solved. The use of operational calculus and the 

Picard method of general solutions to differential equations are 

also of no avail. A finite difference so]ution is possible but at 

distances of y>lo-4 cm. the number of steps becomes prohibitive, 

e.g. for y • io-3 cm., the number of steps required is 1015. A 

graphical method has been developed which may lead to a solution. 

The validity of any deduced mathematical solution must 

necessarily be checked by experiment. Figure 7 is a schematic 

·representation of the unit now being tested to determine the value 

of the image force experimentally. The aerosol generator, A, 

consists of a 3~" diameter brass disc driven by a variable speed 

motor with a maximum speed of 3800 rpm. A 0.1% methylene blue in 

alcohol solution is fed from a constant head tank through a 

hypodermic needle onto the center of the disc and the aerosol is 

produced as droplets are centrifuged off the disc and the alcohol 

evaporates. The aerosol resulting consists of unif·orm solid spheres 

of 2.4 µ mass median diameter and a t/g • 1.3. The aerosol is 

charged by an ion current produced in the wire and cylinder 

ionizing section, B. Ion currents are .measured by a microammeter 

and voltages by a kilovoltmeter in parallel with the power supply. 

The upstream sample is drawn through a millipore filter E, mounted 

in a Faraday cage, D. Volume rates of flow are f'rom l - 30 lpm. 

As the charged aerosol is caught by the millipore the net charge 

is measured by the induced voltage on an electrostatic voltmeter, 

the entire system capacitance being known. The ~oncentration of 
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aerosol is measured colorimetrically by dissolving the sample and 

millipore in acetone. This upstream sample then gives the weight 

concentration and net charge of the aerosol which enters the test 

section, F. This section is constructed of two pieces of 18 gauge 

stainless steel which form a rectangular channel 36 11 long and 1211 

wide and of variable thickness. This conducting channel is gro\lllded. 

On the center of one face of this channel 1 11 steel circles, G, have 

been punched out every 6 inches such that the smooth discs may be 

removed. As the aerosol traverses the test section it is hoped 

that.sufficient aerosol will be deposited on the walls by the image 

force to give the gradient of concentration with length of path, 

by analyzing for the aerosol deposited on these sampling discs. 

The aerosol then passes to the downstream sampler, H, and is 

analyzed for weight concentration colorimetrically in the same 

way as the upstream sample, thus giving the over-all test section 

efficiency. Flow rates through H vary from l - 30 lpm thus varying 

the velocity in the test section. The .entire flow through the unit 

passes through the sampling ~ilters and therefore no external air 

mover is necessary. The dimensions of the test section have been 

so chosen to allow enough test aerosol for weight and charge 

analyses to move at the low velocities .(<10 fpm} required to 

determine the effect of the image force • 

. At this point it should be noted that with a unipolar aerosol 

such as is produced by this test setup an additional space charge 

erfect will occur simultaneously with the image force. Therefore, 

appropriate corrections will be made in the experimental results. 

No tests have yet been made with this unit. 

--·····----------·-----------· 
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PROPOSED RESEARCH 

Several lines of study have been proposed for future work. 

The most promising appears to be the evaluation of the electro­

.static properties of rluidized beds as they effect aerosol 

riltration. In particular the use of granular solids capable of 

triboelectrification appears reasonable., Tnese particles would 

become charged by the natural collisions occurring as they become 

rluidized and would present naturally charged targets for aerosol 

capture by coulombic and dielectrophoretic forces in addition to 

the image forces due to the aerosol itself. This will be the next 

main line of study on electrostatic mechanisms at Harvard. 

·------------------""---"~"'···~···~•___....,..,., ...... ,, ___ , ___ "" --•-Miii'=----·------•.,•-• -·-·-----·--•--•· 
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NOMENCLATURE{~ 

A • Cunningham correction factor, dimensionless 

Fe • coulombic force in an electrostatic field, dynes 

.FD • dielectrophoretic force in a divergent electrostatic field, dynes 

. FI• force due to an electric image, dynes 

K • dielectric constant of fluid, dimensionless , 
K1 = dielectric constant of particle, dimensionless 

L • mean free path of air molecules, cm. 

MMD • mass median diameter, microns 

~ = particle charge, statcoulombs 

Vavg = average fluid velocity parallel to plates, cm./sec. 

Vy• velocity perpendicular to plates at point y, cm./sec. 

X • length of plates in direction of flow, cm. 

Y • plate spacing, cm. 

m •mass of aerosol particle, gm. 

r • radius of aerosol particle, cm. 

x = distance along plates in direction of flow, cm. 

= stopping dist~nce of particle starting at x = 0 and y = y to 
point x = xs, y = O. 

y • perpendicular distance frow either plate, cm. 

e = electrostatic rleld strength, dynes/statcoulomb 

}l = fractional portion of aerosol collected, dimensionless 

a"g = geometric standard deviation, dimensionless 

µ = fluid viscosity, poises 

* Unrationalized cgs system of units used 

·------------------··· ............ , ... _,, ___ ,_, ___ ._ ... _._,, ___ , ________________ _ 
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HIGH TEMPERATURE FILTRATION STUDIES WITH MINERAL WOOL 
by 

Leslie Silverman, W. David Small and Charles E. Billings 
Harvard School of Public Health 
Department of Industrial Hygiene 

55 Shattuck Street 
Boston 15, Massachusetts 

The research discussed below has been ftponsored since 1953 by 

the American Iron and Steel Institute through its Subcommittee on 

Air Pollution Abatement. Although this study is primarily concerned 

with a solution to air pollution problems created in the open hearth 

steel making process, the results obtained may be successfully 

applied to problems in the AEC; particularly the cleaning of high 

temperature gases evolved from reactors and from incineration of 

radioactive waste materials. The degree of cleaning of open hearth 

gases is obviously not as severe as required by the AEC in most 

instances but the development of a low cost device could have appli-

cation for some AEC problems. In many instances a roughing filter of 

the type to be discussed might be advantageously used when followed by 

a higher e:f:ficiency .filter. 

Particulate loadings are much higher in exhaust gases :from the 

open hearth :furnace than would ordinarily be expected :from most AEC 

activities, ranging :from less than O.l to greater than 2.0 grains 

per cubic foot (STP). The aerosol is composed of fine particles 

of iron oxide ((0.1 µ), created by the molten steel bath,.eontained 

in a high temperature gas stream (500 to 1500°F). The general 

aspects of steel process needs in gas cleaning indicate a cleaner 

which will prevent the obscuring of visibility and is low in both 

capital and operating costs. To date the only acceptable method for 

open hearth :furnace fume removal has been electrostatic precipitation. 

Because of their cost, precipitators have only been applied where 

public relations demand the expenditure. About three tons of iron 
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oxide may be recovered from a typic&l 250 ton furnace (per heat) 

during the production of 750 to 900 tons of steel per 24 hour day. 

Recovery value ls negligible but a nuisance problem is created 

since the fume is of such a fine size that it has high light o?scuring 

properties. Some of it may subsequently agglomerate and produce some 

settled dust in the nearby neighborhood. The problem, then, consists 
, 

of removing economically large quantities of fine particles from 

high gas volumes at high temperature. 

The study has been divided into two phases. First, a study of 

agglomeration has been undertaken since freshly formed metallic fumes 

in high concentration can be shown to flocculate and aggregate rapidly. 

Knowing this fact it was conjectured that perhaps the particle size 

could be increased to a point where s:llllpler collection methods might 

be applicable. 

The second phase of the program is to develop a cleaner simple 

in principle, design and operation, capable of withstanding high 

temperatures continuously. Because it is low in cost and has proven 

successful on a laboratory basis for gas mask filters, we studied 

mineral or slag wool as a fibrous medium. This material is a by­

product of the steel mill blast furnace, and is readily obtained in 

bulk since it.is widely used for insulating purposes. It is pro­

duced by blowing or spinning molten slag (or rock) with steam or 

air into refractory fibers with a mean size of approximately 4 microns 

costing approximately $0.01 per pound. 

Studies by the Chemical Warfare Service and others in World War 

II showed that special finer fibers could be made but these would be 

higher in cost. 

The apparatus shown in Figure 1 was used to study filtration 

characteristics of layers of various thicknesses and densities of 

.. 

• 
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commercial slag wool fibers· formed into 6 inch diameter filter pads. 

An iron oxide fume was generated by burning iron powder in an air­

oxygen-acetylene flame, or by feeding iron carbonyl vapor into the 

flame. An electron photomicrograph of fume particles is shown in 

Figure 2. Although these are from an actual open hearth furnace, the 

fwne from burning iron carbonyl was found to be comparable in size. 
, 

Resistance characteristics of the filters were determined as shown 

in Figure 3. It was found that the optimum thickness and density 

for a desired resistance of 2 inches of water is approximately 1 

inch and 5 pounds per cubic foot, respectively. Figure 3 indicates 

that the resistance varies linearly with velocity and also inc1•eases 

with higher temperature due to the gas viscosity increasl~. The 

velocities to be used in slag wool filtration for steel industry gas 

cleaning purposes are far greater than those used in AEC applications 

except for precleaning. In order to minimize the size of equipment 

due to space limitations a filtration velocity of at least 100 feet 

per minute is necessary. A typical 250 ton open hearth furnace 

produces 25,000 cfm (STP) of gas which is increased to greater than 

50,000 cfm at the temperatures existing in the open hearth (>500°F). 

It was found from these and other laboratory studies that slag 

wool filters will collect from 80 to 95 per cent of the fine iron 

oxide fume, at temperatures of 500 to 1000°F, and at filtering 

velocities of 100 to 200 feet per minute. 

Investigations of the effects of time and dust loading on the 

resistance of the filter have been made with the laboratory fume and 

also with actual furnace fumes in the field. These have indicated 

• that the slag wool filter (of 1 inch thickness and 5 pounds per cubic 

foot packing density) will recover about 2.5 per cent of its initial 

weight per 1 inch rjse in resistance. To keep the filter resistance 

·---·-----------------..... _ .. ___ llM'I""' _ .... .,...,,,,.. .. _, •• ,, .... ~,, ........... ,,"''"'"_"" __ ...__..,.#, ...... ,,_ ----------
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within reasonable power limits it should not exceed l+ lnches of water. 

Its initial value is between 1 and 2 inches. For an allowable resis­

tance rise of 2 inches of water, the filter will then collect 5 poWlds 

of fume per 100 pounds of fiber. Higher recovery percentages were 

obtained in the field indicating that coarser material was present. 

· This appreciably raised the weight of the collected fume per 100 

pounds of fiber. , 

It was apparent that it would be uneconomical to use slag wool 

as a filter for one pass use. Studies were made with regard to washing 

and reclaiming the fiber. The method selected for washing also was 

ideal for re-establishing the filter. Laboratory studies (later 

confirmed in the field) have indicated that by washing and reusing the 

wool, approximately 8 to 10 re-uses could be made before the fiber was 

no longer satisfactory. This increases utilization to about 50 pounds 

of fu.~e per 100 pounds of fiber. In practice it is best to add 10 

per cent new fiber in each wash cycle. This replaces the fiber reduced 

to brokem fragments by the recycling. The iron oxide fume, slag wool 

shot and broken fibers were easily removed in the washing, the rejected 

material settling to the bottom of a decantation tank. 

Figure 4 shows the basic principle of the continuous slag wool 

filter developed at Harvard. The fibrous mater.ial forms a continuous 

filter pad which is passed through the furnace g~ses and removes the 

fume. The collected fume and slag wool are discharged into a wash 

tank where it is prepared for re-use. A pilot unit has been developed 

based on this design with a capacity of approximately SOO cubic feet 

of gas per minute. During the past winter, the metho~ has been 

success£ully tested on a typical open hearth furnace at a steel mill. 

Another filter is being constructed incorporating design changes 

suggested by the initial pilot unit. 

The possibility of causing the fine iron oxide parti~les to 
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agglomerate to a larger size is being investigated. A longer path 

is provided by passing the gas through a rotating screw flight. 

Additional turbulent and thermal forces can be controlled by counter­

rotating the screw and cooling the walls and shaft. With diffusion 

this should enhance the coagulation to a certain extent. The screw 

can also be provided with hoppers to take advantage of whatever 
, 

inertial collection occurs. Present studies are concerned with 

developing air flow equations to predict the pressure loss character­

istics of screws under various cooling and rotational conditions. 

Background efficiency data have also been obtained on iron oxide fume. 

· Methods for measuring aerosol agglomeration are currently being 

investigated. 

It is expected that a combination of the agglomeration and 

filtration techniques indicated above will lead to a compact gas 

cleaning unit to effectively remove 90 to 95 per cent of fine metal 

oxide fumes at low cost. 

Additional information on this project has been published at 

greater length and is available upon request. 
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BLAST EFFECTS ON Am CLEANING EQUIPi·J!:NT - Results 
of Filter Tests 

Charles E. Billings, Richard Dennis, and Leslie Silverman 
Harvard School of Public Health 

55 Shattuck Street 
Boston 15, 1'.assachusetts 

STJMJ.fARY 

This report summarizes results of studies of the effect of shock 
waves impressed on air filters L1 a direction opposite to normal air flow. 

Moderate damarre to Dust-Stop prefilters occurs at shock over­
pressures greater than one~ inch of mercury, severe damage_ occurring at 
pressures greater than thre·e :i'.nches of mercury. At o-fl.e' irich over-pressure 
large amounts of dust are removed from the filter but physical damage is 
slight. Pleated A.B.C. No. 1 filters (24 x 24 x 6 inch) were found to sus­
tain moderate daJ'llage at a pressure of six inches of mercury and a pressure 
of ten inches caused complete destruction. Pressures of five inches of 
mercury or less caused no apparent physical damage. A filter with 
perforated alumirrom plates na:i.led to both faces had no additional strength 
to.resist blast pressure. 

Reentrairunent studies have indicated large amounts of dust will be 
dislodged from a filter by the action of a shock wave. 

This study was made under Contract No. AT(J0-1)841 between the U. S. Atomic 
E.~ergy Commission and Harvard University. Opinions expressed are those of 
the authors and do not necessarily represent the views of the U. S. Atomic 
Energy Commission. 
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At the request of the Division of Engineering, U.S. 

Atomic Energy Commission, Washington, D. c. an investigation 

into the effects of shock waves on air cleaning devices has 

~een undertaken at the Harvard University Air Cleaning 

Laboratory. Major objectives of this study are: 

1. To determine what structural damage occurs to air 

cleaning devices when they are subjected to a shock wave in 

a direction opposite to normal air flow; 

2. To determine how much captured dust may be reentrained 

from the air cleaner and its connecting ductwork by the blast 

effect; 

3. To develop inexpensive methods for reducing damage 

and minimizing reentrainrnent. 

This report discusses expected damage to Dust-Stop 

roughing filters and A.E.C. No. 1 filters (and reentrainment 

of dust from A.E.C. No. 1 filters) at various blast over-. 

pressure level~. 

1. Test Equipment 

A 20 inch diameter shock tube has been constructed with 

a transition to and from a 24 x 24 inch square section to 

provide for location of test equipment as shown in Figure 1. 

The shock tube is attached to a 20 inch diameter air lock on 

an 8 foot diameter by 10 foot long compression chamber. A 

steel ring and clamp at the inner face of the lock hold 

layers of brown Kraft wrapping paper which burst at prede­

termined tank pressures. Rupture of this paper disc creates 

... 

1 

) 
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a shock wave which is propagated down the tube to the test 

section. The wave is dissipated in a pressure relief chamber 

at the end of the tube (about 20 feet from the test area) by 

a double layer cinder block wall. The pressure is re.lieved 

through a perforated wall of the relief chamber. Over-
~ 

pressures are recorded by a sensitive bellows placed in the 

wall of the tube just prior (6 inches) to the test section • 

• A mirror mounted on the rear of the bellows deflects a light 

beam and the trace is recorded on photo-sensitive paper. 

Before testing a filter, a number of layers of paper 

were ruptured to determine the magnitude of tbe wave produced. 

From this calibration, which varies somewhat due to weather 

conditions, a reliable estimate could be made of the strength 

of the shock wave to be impressed on the filter. With a filter 

in place the over-pressure is substantially increased at the 

test section as indicated by shock wave theory. 

2. Test Results 

a. Blast Damage 

Initial tests were made on damage to Dust-Stop pre-

filters at various over-pressure levels. These are 20 x 

20 x 2 inch Fiberglas mats held in a cardboard frame with 

light gage metal retaining screens on each face. The results 

of this series are .presented in Table 1, tests 1 to 5. 
These filters will not withstand over-pressures greater than 

about one inch of mercury without sustaining some damage. 

Pressures near 3 inches of mercury caused complete failure 

·--------------····-··-"-'"''"'"'•• ..................... _ ................... _, __ ,,, ______________ _ 
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and the Fiberglas media was carried down the tube into the. 

receiving chamber. It was observed that substantial dust 

was reentrained from the filter even though structural 

damage was slight at lower pressure levels. 

Several 24 x 24 x 6 inch "absolute" type (A.E.C. No. 1) 

pleated space filters were tested for damage levels in the 
" 

same manner (Table 2). Slight structural damage occurs when 

over-pressurei reach about 6 inches of mercury. Complete 

failure occurs at pressures .of 10 inches of mercury. Typical 

failure is shown in Figures 2 and J. Three filters (tests 

10, 11, and 12) were tested to determine air flow character­

istics before and after blast, and also to check mechanical 

strength of perforated aluminwn plates nailed to both faces 

(as supplied by manufacturer in some cases.) A standard 

24 x 24 x 6 inch filter tested at 6.2 inches of mercury over-

pressure showed moderatedamage. The pleats were pushed away 

from the blast about 1/4 inch over about one-half the face 

area. Air flow resistance (at rated 500 cubic feet per 

minute) fell from an initial value of o.80 inches of water 

to 0.76 inches of water after testing. The same test conditions 

{test 11) applied to a filter with perforated alurninwn plates 

on both faces showed about the same amount of damage. The 

filter media and the rear plate were pushed back about one 

inch over about one-third of the area as shown in Figure 4. 

Air flow resistance fell from 1.30 (initially) to 1.06 inches 

of water after test. A third filter tested at 4.3 inches of 

mercury (test 12) showed no physical damage but its resistance 

) 

) 
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was decreased from o.88 to o.80 inches of water by the test. 

It is concluded that moderate to severe damage will be sustained 

by 24 x 24 x 6 inch pleated "absolute" {A.E.C. No. 1) t'ilters 

at blast over-pressures greater than 5 inches of mercury. 

Filters subjected to moderate over-pressures may suffer some 

damage but may be suitable in emergency disaster situations. 

b. Dust Reentrainrnent 

Additional tests have been made on 24 x 24 x 6 inch and 

12 inch pleated "absolute" type (A.E.C. No. 1) filters to 

determine the amount of dust displaced by sub-damage level 

blast waves. This study is presented in detail in Table 3. 

The 6 inch filter held about one-half pound of dust (Calcium 

Carbonate) for an increasect'one inch in resistance at rated 

air flow (500 cubic feet per minute). The 12 inch filter held 

about one pound of dust for a one inch resistance rise at 

rated flow (1000 cubic feet per minute). These values were 

found to check approximately with data presented by Mr. 

Walter Smith (of Arthur D. Little Inc.), at the Third Air 

Cleaning Seminar at Los Alamos. Filters were loaded to 

various degrees with a known amount of dust and subjected to 

over-pressures of 4 (for 6 inch) to 5 (for 12 inch) inches 

of mercury. With one exception (noted in Table 3, test 14) 

no physical damage was apparent from these tests. 

It is concluded that at over-pressures just below 

damage levels (1) filters loaded to 100% capacity lose about 

90~ of this dust, and (2) filters loaded to 10% of capacity 

lose about 40% of this dust. The dust was carried down the 

shock tube and into the pressure relief chamber, and in fact, 

"'*"""-'_ ... __ , __________ _ 



was dispersed quite generally all over the testing area. High­

volum.e air samples taken in the shock tube about 2 feet behind 

the teat filter, and at the outlet of the tube into the relief 

chamber indicated air concentrations ranging from 18 to 20 

grains per cubic foot for the 12 inch filterwhEll fully loaded 

(tests 19 and 20) to no measurable amount when filters were 

loaded to 10% of capacity. A calculated value of air concen-

tration based on pressure rise in the compression chamber 

before rupture of the diaphragm indicated air concentrations 

as high as 68 grains per cubic foot are possible. Large 

a.mounts of air-borne dust are produced by blast wave effects 

on loaded filters. The pressures (4 to 5 inches of mercury) 

used in this test series correspond to a distance of 6000 

to 8000 feet from ground zero of a nominal atomic bomb. Blast 

wave duration time was of the same order of magnitude for 

this distance from ground zero, about o.8 to 1 second. 

c. Further Inves~igations 

Further study is underway to determine the reentrainment 

from pleated filters at lower over-pressures. Damage levels 

for 24 x 24 x 12 inch filters will be determined. These 

studies have suggested some inexpensive methods for increasing 

damage levels for filters, and these will be investigated. 
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TABLE 1 

Shock Tube Tests or "Dust-Stop" Fiberglas Prefilters • Failure Pressure 

-Test Number of 
No. Sheets 

in 
Diaphragm 

1 4 

2 2 

3 l 

4 3 

5 3 

IHaphragm 
Rupture 
Pressure 

"Hg 

6 

3 

1.5 

4.5 

6 

Remark& 

Complete failure. Both screens and 
Fiberglas carried dmvn tube to re­
ceiving chamber. 

Complete failure. Both screens remained 
attached to the filter frsme but the 
Fiberglas was carried down the tube about 
12 t. 

Partial failure. Downstream screen bent 
away from blast slightly. Large quantity 
of fly ash reontrained and carried into 
pressure relief chamber. 

Complete fai.lure. Upstream (blast side) 
screen remained in place, dovmstream 
screen and Fiberglas carried down into 
receiving chamber. 

Complete failure. 'No large pieces of' 
Fiberglas remained impinged on cinder 
block wall and some penetrated throuGh 
two layers. -~ost complete destruction • 

.... -¥~'""'"'""~''"'"''""'"""''"'"'"''''"''""''-~----~------------------



TABLE 2 

Shock Tube Tests or AEC "Absol:1te" Type (No. 1) Pleated Filters8 
- Failure Pressure 

Test Die.phra.gm Measured Pressure Trace Filter Resistance b Retne.rks 
Mo. Rupture Pressure Characteristics in. ~-r. E?:• 

Pressure at Filter No. Til"le to I':li-;;ial Fine.I 
"Hg "Hg Cycles Return 

to Zero • 
5 5.0 8.3 1 a.so - - No arparent damage. 

6 10.0 :> 20.0 3 1.45 - - Complete ~ailure (same filter as 
Test 5). 

7 4.2 6.3 1 0.72 - - No apparent de.mege. 

Partial failure over 1/3 or area. 
I\) 

8 5.4 11.8 1 o.s9 - - ~ 
Pleats pushed be.ck 1/4" (semo filter 
as test 7). 

9 s.o 12.4 2.5 1.22 - - Cqmplete failure (same filter as 
Tests 7 and 8)., 

10 s.2 14.0 l o.es o.ao. o.76 Partial failure. rear pushed back 1/4~ 

11 6.4 12.2 1 2.86 1.30 1.06 Partial failure, perforated aluminum 
plates nailed to each faoe. Rear plate 
pushed be.ck by pleats about l ''• 

12 4.3 9.0 1 o.92 o.ee o.ao No apparent damage. 

13 12.0 >20.0 1.5 0.86 - - Complete failure (same filter as 

a. 24'' x 24" x 6" b. At 500 cfm 
Test 12). 

,__. 
~~ .. ' , 

4\. 



TABII 3. hc:k Ta Tests of AU: DAbsolute° lype (fC. I) Pleated Fi ltn • Reartraf1119'1t Stm/ 

Test fl ltir llt2 Presrure Trace Characteristics fl ltEr Reslstarx:eli Fii ter load load Reroved Air Ccrantraticn, firainG/Cll.ft. Rmarb 
Slzea 0 i aptngm 11.ea~Jro:I ll'o. Time fo Return in. w.9. 

Ha. In. a.pture at Fi Her Cycles b Zero,sec. Clean Loaded Gr3rnS 'lo Graz:s 7- ?frcm Fl lter UJtlet af Tube Theoretical 

14A . 5.3 5.7 3.5 1.49 . . . - . - . - . Cal itnt Im 
l•B 6 3.4 . - . o.~ l.fJ9 206 100 114 55 1.2 1.6 2!I last, µartlal f1ihn 

pleets roved bade r. 
15A . 3.6 4.5 3.5 1.53 - . . . . . . . . Calitratloo 
158 6 3.6 . .. . . . . . . . .. . . Test to red1«fc 148 

n> epparent damage 
16\ . 3.6 4.S 3.5 1.42 . . - . . • - . • Ca litraticri 

181 6 3.4 5.2 I 0.60 0.1~ 1.57 155 78 152 !i1l 5.S 4.1 39 hat, m damage 
17A . 3.6 5.2 3.5 1.47 . .. . - • - .. . • Calltratloo I\) 

118 6 3.7 s.a l o.n o.n 1.15 126 56 74 59 3.4 1.4 16 lest ~ 
18' . 3.5 3.8 3 l.23 - . . . . . . • . Calitntion 
lf:B 6 J.B 9.5 I o.s.5 O.E4 0.92 .26 10 8 32 0 0 J.S Test 
l!iii • 4.6 6.9 3.5 1.47 . . - - . - . . • Ca lltntlon 
1$ 12 s.o 8.8 I 0.79 o.w 1.9'2 m m 359 84 17 9.9 62 Test 
20\ . S.3 6.0 3 1.29 . - • . • . • • ' • Calltntl111 \ 
z:e n s.1 7.4 I 0.11 0.99 1.91 417 JOO $6 !15 20 7.2 tie Jest 
21A . 4.5 S.9 3.5 1.s2 - • . . . • • • • Calitratlan 
218 12 4.7 ~· J 0.76 '·°' Ll2 39 8 20 51 0 0 3.4 Test 

'24" ll 24' ll "'1h Sun 

II 
At rated '40 be of !AD c:f1 for t and IClll cf 11 for It" 



DlA. JtAPHRAGM II II 
TEST FILTER - 24 X 24 SQ. 
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Figure 1. Experimental Shock Tube - Plan View 
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Figure 2. Pleated Paper Filter Showing Failure-

Frame In Test Location In Shock Tube 
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Figure 3. Pleated Paper Filter Showing Failure- Receiving Area 
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PROPERl'IlS OF AEROSOL AGGLOMER.AT~ 

W. J. Scheffy 

The process of coagula.tion in aerosols of both liquid a~i 

solid JS.rticles ~s been wicl'9ly studied 0 The effects of various factors 

on the rate of coagulation have been investigatedn Less work has beon 

done on the nature of the ~lomerated pe.rticles formo;d in the process, 

Coalescence of drops presents no problem in thia respect. But the 

properties of solid agglomerates differ greatly from those of the pure 

solid :tnrticles and, furthermore 1 vary widely with e.t;glomerate size, 

circumstances of formation and other fp.ctors. The density and dra.g 

diameter are ~rticul~rly important in many methods of air smnplinci; 

or cleanir.g. Measurements with a jet iza:pact ·Jr, for instance, yield 

a quantity which can be converted i:r.to a size distribution only if 

the density of the y.rticles is kno\m. This quantity is the impaction 

:parameter 
'i' = c'If?pv0/1~ D0 

a dimensionless measure of the rt'tio of the particle inertia to the 

resistant force of the fluid on the pe.rticle (7). It has bGen shown 

that collection efficiency for verioue imJB.ctors and conditions, 

within certain limits, b9s a unique relationship to \jf, so t~t sub­

stitution of the known qURntities into the expression for yt"gives a 

cheracterist ic plrticle diameter for one imp:i.ctor stage. With a 

c~scade irnp<i.ctor the size distribution of an eerosol may be obtained~ 

If pis unk:no\m, all tb?.t is obtained is a distribution of the qmmtity 

cri2po which, incidentally, is directly proportional to the free fall 

termina.l velocity. This que.ntity is enough for some purposes, but 

not for an idea of the PctUP.l size of the airborne p:lrticles. 
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The fact thr.t the density of solid agglomerates varies 

extrenely from the normal solid density is to be expected, and early 

wor!-: with smoke :pArticles proves it. llhytlaw-Gray and Patterson 

found pe.rticle densities lower than ten per cent of the normal solid 

value (9). In the present work the method used by these observers and 

others (1) has been extended to the measurement of drE'.g diameters A.nd 

densities for agglomern.tes of a. number of substances. The experiments 

are simply e.n ao.aptat ion of Millikan 1 s oil-drop measurements of the 

electronic charge (6). The velocities of a particle in free fall and 

risin,:; under t>.n electricE'l.l force are measured by obserw>.tion with a 

low-power microscope, using a dnrk field and an eyepiece scale. Such 

d?tP. for one ~.rticle are sufficient to calculate two of the three 

variables involved: pn.rticle drRg die.meter, p:i.rticle nr!ss, and the 

vi:>.lue of the electronic chm-ge 0 In tn,e original experil!lents with oil 

drops the density of the pP..rticle was that of the pure liquid, so the 

p:. .... rticle size and the electronic chcrge could be obtained. Since the 

value of the electronic chnrge is now fnirl~r well esto.oli shed, it cP.n 

be used to determine both the other V:"riv.bles \then they nre unkno\'lnt 

as in the Cf\.se of l'gglo.nerettes. 

The Millikr.n cell used was v. stP..ndnrd T:1odel built for the 

Centrnl Scientific Co1;i7.ny. The pln.te spicing w1s three millimeters, 

\'lith bgttery voltat;es ranging from 90 to Z{O, depending on the 

average particle mss of the nerosol used. :Dy n. number of precE'.ut ions, 

such as filtering the light from the source ~nd keeping the room 

temp:lrnture constant, convection fl.nd photophoretic effects were reduced. 

to very low levels even uit hout a constrint-temperature bD.th surrounding 

,,,,,, ......... ,_~_, _______________ , 



the cell. The prrticles \-1ere introduced into the cell by sprr.ying 

from on :?.spirat or or froM a elD.ss nebulizer which, nlt hm1gh nr.de for 

solutions or liquid susp1:msions, ~*'-S found quite useful far dry pol1ders. 

For one particle the free fall velocity nnd from five to t·an different 

velocities of rise under the electric field were me~sured, the 

different electrical velocities corresponding to different p-.rticle 

cht'.rges. The cnlculations require these velocities for vP.rious charges 

becQuse, ~-lthough the ~gnitude of one electronic clti.rge is kn.mm, it 

cannot be se.id n priori ho\1 mnny unit chl'.rgcs the P.."'·rticle ~'1.s. The 

n'W'liJers of electrons corresponding to the v~rious observed velocities 

c~~ only be deduced by compRrison of the velocities; the smnllest 

observed difference between two velocities then corresponds to a 

difference of one electronic charge, if enough meP.surements have been 

' 

made. 1) 

The equn.tions involved .ore simple force balr:i.nces,, ::Ooth in 

free fa 11 and in rise under the electr.ic field n termin°'l velocity 

is renched in a mcrtter of microseconds; the sum of the i0rces ncting 

on the p~rticle is then zero. In the first cnse, 

mg = 3~'-.{'Dv g/c 

If the particle is rising in the electric field, 

neX-mg = J1y~Dve/c 

(1) 

. (2) 

The t~·rq unkno1·rns D and m cn.n be obtained from these t\·10 independent 

equations. It should be noted that the D calculated here is actunlly 

the drag diameter, defined by Ii'lwksley (4) as the value of D which 

satisfies the Sto:-:es law of resistance. It is perh.,.ps nlso notcuorthy 

that the J'1".ss of the particle can be obtr-.incd without assunint; anything 

j 
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nbout the resist'.".Ilt force except tre.t it is proriortion<'.l to the 

velocity and has the sar.ia form \ti th or without tho electrical :forco 

actine;. For, by dividing (1} by (2) and rearranging, we obtain 

m ~ neXvg/g(ve+vg) 

All the coefficients of vg and v0 cancel in the division. The 

calculntion of D, of cot'!l's~, requires tho e:x:pticit form of Stokes• 

lr-.w, nnd nm.ch of the scatter in the de.ta is attributable to this 

approximation. When D c;ind m are known, an approxima.te density cnn be 

ca lcula.t ed. 

As a check of the method and apparatus, uniform Dow 

polystyrene spheres were measured. The diameter of the spheres l·ms 

kno~m very accurately from electron microscope obscrvrtions by the 

manufacturer. The standard devii:.tions for 0.51!+ and 1.171 micron 

spheres uerc 0.011 nnd 0.013 micron, rcsricctivcly. The avcrP.t;e error 

in the density of these s11heres detcr~iincd by the method nbove l~.s 

less than five per cent. The deviations arc probnb~r due to convection, 

the difficult ios :>f obscrvati on introduced by Brownian mot ion, and. 

the uncertainty of the values of the Cunninghnn slip correction to 

Stokes 1 law. ·Several choices arc possible for the CunninghoJ;i correct ioni 

those used here were bnsed on cxperiL1onts (2, 5, 8) with F'.rticlcs 

including sizes of the Sf".me order of mngnitudc as the ruer>.n free J:19.th 

of thr; ga.s molecules, the r~.nge of interest in this ltork. 

Dispersal of more concentrated suspensions of the polyst~,rrene 

produced agglomerates contain).ng from two to thirty single spheres for 

the o.51li micron particles, and up to 500 for another latex of Ool32 

......... ,~-..__......,_""""'"'"-"" 



diamutcr spheres. Photornicrographs rove~led two types of ngcrcentc: 

spheroid.'.' l clumps and c1'.ains of moderate length. For a~lomcrat cs 

of un if or?:ll:r sized particles of knotrn !'lB.Ss, the number of pr-rt iclos 

f 
per ag&lolll6rate can be casn:.· ascertained by dividing the t·.10 rr.sscs. 

In this t1Py fo't.U' of tha 0 .514 nicron agglomerates uare shown to be 

doublets, and five of them1triplcts. The doublets all hnd dr~g 
.. 

, 
dit>.J':letcrs between 0.67 and 0.73 micron, the triyilcts betuoen O.BO 

nnd 0.84 micron. The exr-.ct significnncc of these Vf'.lucs might be 

foi.md by calculations similf'.r to th?.t of Faxen (3), who obtnined o; 

theoretical Stokes diP.meter for symi:1etric~.1 doublets ft.-.lling with 

their line of centers in a vorticnl position. 

TE-.ble 1 shows all the substP.nccs measured, \tith their norm<-".l 

solid densitiGs and the range of aH'arent densities of the agglomerates, 

calculated fron the experimentally determined drag diameter and f;)'i SS" 

Only for the polystyrene and the aluminum oxide were the prir.K'.ry 

pirt iclc s horiogeneous in size. The results have been plotted on log 

JS.per in the form cn2p versus mass (Figures l to 5), The e.q~tio:-i of 
\ 

the lino s is• 

*Note r\dded J~.nu,.,,,ry 13 • 1956 

·rhe discov'.:!ry of an error in the c'°)lculations indicntcs 

that this equ~tion should read 

c#-p = A;,,, 

where }1 v::>ries from about l.l to 2.2 for the substances used. ~.lso, 
J 

B varies so widely among these substances and otheres subnequeDtly 

measured th~t the use of an average value is no longer justified. 
a 

The r?..nge of vnriation of J3 is 11pproxi~tely 0.3 to 0.67 ~ 'Figures 

l to 10 are still useful for s'howing the directions and orders of 
) 

magnitude of the differences in behavior. 

. .•... _ .. ..,..., ___________ " ............ """"''"''"'"'""'"-""'''-"""'' 
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The solid line on each graph is the best line through the dr-.tn for 

that substance. Tho dashed line represents the equzition when the 

average value of :S (o.644) for all the substances is uecd. The 

average deviation of thP; experimentally determince massfrom ~his line 

is 32 per cent• The deerce to which all the materials fit the snmo 

line is a measure of the similarity of botn .. the densities nnd sho.pcs 

of their a.gglomerat es. In other words• it is a measure of the 

constnncy of the rel.8.tionship between mass and drag diameter for 

various real :particles. 

Figures 6 to 9 show the date. obtained by previous observers 

(l,9) calculated in the same manner. The average equation 

on2p = mo. 644 

thus may be said to hold, within the deviation noted, for ne.terials 

with a range of normal density from i.05 to l9o3 g./cc. and a range 

of priI11<'1.ry particle si-ze from 0.02 to 0.5 micron, dispersed in the 

manner of these experiments. 

The behavior of :rarticularly abnornal agglomere.tes is 

indicated by the curve for cemphor smoke particles, which are well 

known to have a very open brenched-chain structure (Figure 10). The 

data here fall 90 per cent below the average line; it !I'IJ.Y be significant 

that the slope is not greatly different. A tendency towe.rd this type 

of behavior should be shown by a~lomerates formed in the presence of 

excess electric charges, which promote chain foroation. 

As he.s been noted, the wide scPtter of the data may be 

attributed to the wide vnriations in the ove~all shape of the 

agglomer~tes even of one substfmce. The smc>.ller constant deviations 

shmm by each material, however, are probably due to real differences 
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in the packing of primary perticles in an agglomerate. There is ~o 

obvious correll.\tion between these uniform deviations and any common 

properties of the substances, such as density, primary -particle size, 

crystal hab)t, etc. The effect is of course a composite of more than 

one such factor. Further experiments a.re being carried out to shed 

light on the problem, .~rticularly on the relf't ionship of cryste.l form 

e.nd surface structure to the :r;ecking, 

Referring to the first problem discussed, size distributions 

of airborne ~lomerates, the graph of CD2p versus nRSB nBy be used 

\·Tith the jet impe.ctor to obtain drag dian1eter distributions for such 

aerosols. From the cn2p distribution measured by the impactor the 

distribution of pe.rticle masses can be obtained simply by reference to 

the curve. Allowl\.nce llt!Y be ire.de for any available information on tha 

general shape of the particles. Then m can be substituted into 

Cn2p = 6mC/TiD = 6m(l + 2A >-/D)//riD 
• 

to obtain D. A limitation is that the primary particles must not be 

so inhomogeneons that agglomerates widely different in size can hr.ve 

the same nass. 
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Nomenclature 

A Factor in Cunninghnm correct ion, dimensionless 

B Exponent in ernpiricel equation, dimensio:r..less 

C = l+ 2A ~ ' Cunningham slir> correction, dimensionless 
D 

D Drag diam~ter of pnrt j.cle, cm. 

D0 Characteristic diner..sion of collector in jet i:!pE'ctor, cm. 

e :illlectronic cher,-:;e, electrostatic units 

2 e .Accclerr.tion of ernvity, cr.1.,/sec. 

m Mass of particle, gm. 

n Number of charge units on particle 

v
0 

Velocity of ~.ir flow in jet impactor, cm./sec. 

v Terminr.l velocity of pnrticle under electrical force, cm./sec. 
e 

v TerminRl velocity of pPrticle in free fall, cm./sec. 
g 

X Electric field strength, electrostatic units/cm. 

>-. J.iean free Jeth of air molecules, cm. 

,rA. Viscosity of air, gm.Jc~. sec. 

p p>rticle, gm.fee. Density of 

= cn2pva 
18/Dc 

, impact ion p:-.ra.:;1eter, dill1ensionle ss 
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g./cc. 

1.05 

2.70 

300 

Tablo 1 

Primary PP rt ic le 
Size, microns 

0.132 

0.514 

less then l 

Apparent Density of 
Ac,,glomerates, g./cc. 

Aluminum oxide 3.99 

5.61 

7.14 

2.25 

0.02 

0.26-o.76 

0.15-0.,97 

0.14-1.94 

0.14-1.45 

o.rG-2.50 

0.57-3.27 

0.0091-0 .o4ro 

Zinc oxide 

Z~nc less· than 1 

Carbon 
(camphor smoke) 

en 
0 
r-C 

H 

• 
8 

.......... 
• 
~ .. 
CV 

C\' 
0 
C,) .. 
Joi 
QJ .., 
Q) 

~ 
Q 
Pt 

'G1 
""' .. j.) 

k 
Cl> 

" H 

10 

l 

0.1 

o o. 514 micron primariJ 1)articles 

x o.1:32 micron primary parti oles 

Pol.yatyrene 

Average for five measured 
materialo 

)( 

0 

/ 
/ 

/ 
/ lJl> 

0 
0 

0 

I I I I I 
0.1 1.0 

Maas of an aggregate. g.x iol2 

Figure 1. Relations!1ip between mo.ss and inertial pareneter for 
polystyrene aggregatee 

') 

• 

i) 

t 

} 

' 
) 



CD 
0 ... 
H . 
8 

........ • tD 

• 
QI 

(\' 
Q 

1 C) .. 
k • ... 
QI a 
k 
~ 
~ 

~ 
....c .., 
k 

~ 
1-1 

301 

ATera.ee for five 1!leasnred :!!O. tericl.s 

0/ 
0 / 

/ 
0 / 

0 ,, 
/ 

/ 
/ 0 

0 

/ 

/ 
/ 

,, 

,, 
0 / ,, ,, 

/ 0 

0 
, 

0.1 

co 
0 
r-1 

H . 
D 

........ . 
'-> .. .... 

''b 
t.> .. 
k • ... 
CD 

! 
Id 
p, 

i;a 
....c ... 
k • Q 
1-1 

0.1 1.0 10 

l~se of an a&;gregnte, g. x iol2 

Pl.gure 2. Rel~tionship between r.:.:.ss o.nd inertiul paru.neter for 
o.lu.~inun S-g6rc~etes 

Alumin·mi o:>d .. de 

Average for five !'lea.sured 7:1.aterlal.e 

1 

0 

0.1 
10 0.1 i.o 

Haae of e.n aggregate, g. x io12 

Figure 3. Relo.tionahip between l"IO.OB an<l inertial pl'.ro.meter for 
nl tu'li num o :r..i de tll~g reg a. te s 



302 

10 

~nc oxide 
co 
~ Averr-..ge for five measured z:u:.teriala 

H 
• 

-! 
• bC .. 

a,, 
Cl) 

0 
0 

• k 
I) 

+> 
Cl) 

~ 
f1 
d 
P.• 

'QI .... 
'*' 1-4 
G> 
s:i ..... 

tr.I 
0 
rt 

H . 
~ . 
bD .. 
Cl.I 

t'I 
0 
0 .. ,.. 
O> 
+> 
II 

~ 
c p, 

';3 
or1 

t 
G> 
c: 
""' 

l 

J'igure 4-• 

l 

,, 
/ 

0.1 
0.1 

0.1 l.O 

!Iaae of an ag.~e!lnte, g. x iol2 

Relutionahip between maaa and inertial 
!Jr>.r::i..~eter for zinc oxide agc;rer.:;atee 

Avcrq~e 'for five 
nee.sured r.it:.teriul s 

/~ 
0 / 

<9,,"" 0 
o/ 
/ 

1.0 

/ 
/ 

/ 

Mass of an ~rei:;c.te. g. x io12 

F13ure 5. Rel::i. tio!1e'hi;i be tween 'r.13.!IS and inertial 
parameter for zinc ::i.::;grega tee 

--···--------·-----------·-···-"-·"'"' ..... 

t 

) 

\ 

J 

""'-•··-



,.,· 

CD 
0 .... 
H 

• 
El 

' . to .. 
QJ 
~ 

Q 
0 

• .. 
Q .., ., 
fi 
!':l 
P. 

'cl 
'" ... 
~ • s:i 
H 

•·1 
0 .... 
H 
• 
0 
' • ~ .. 

10 

1 

0.1 

303 

- - - Average for ti Te measured materiel.a 

/ 
/ 

/ 

0.1 

0 

/ 
/ 

/ 0 

1.0 

liase of o.n aggregate, g. x io12 

Figure 6. Relationship bet\leen maee o.nd inertial 
parameter for cadnium oxide a.ggrega.tee (18) 

--- .Aver::::.r;e !or five mei:.surcd mi;.terhl.s 

a.. 
C\? 

Q 
t.> .. 
k • ... ., 
~ 
Pt 

'd .... ... ,... 
• Q 
1-( 

1 
0 

/ 
/ 

Maes of an ~~reg~te, ~· x io12 

Figure 7 • Reln tionnh.ip bet1·reen rro.oa c.nd inertial 
paraneter for e~lvcr nr.Grc~atcs (18) 



c:o 
0 

"' H 
• 
~ • ltl 

• 
Q.. 

CIJ 
D 
u .. 
f4 

' i 
.aS 
Pi 

'ii 
...t .... 
f.f 
II 
s::I 
~ 

.. 

10 

l 

304 

- - - A·nr&Be "ror ti "I& men.ured material.• 

o,,. 
.,, 0 

/ 

,, O""o o 

0 
0 

/ 

0 

/ 
/ 

0 

0 

0 

, 

0.1 ....... .u..~~-L~-L..--L-..l-1....L..:LI..Jl.....,,,-~~L---l~..L......L....L.J i.o 0.1 

Figure 8. 

1 

0 

l~nn of' an aggregate, g. x 108 

.,, 

Relo.tionsbip bet\·teen tnaea e.nd inertial. 
parameter for gold aggreeates (18) 

ATeraee tor five !!lee.sured ma.terioJ.s 

0 

.,, ,,,. 
/ 0 0 0 .,, 

0 0.,, 
0 ,,,.t:>"' 

0 0 .,, 

0 ty"" 
/ ,,,. 

.,, 

0.1 

/ 
/ 

0 / 
0 / 

0 co.,, / 

"'o 
/ 

Maes of an t'..G~rego.te, g. x iol2 

lfiguro 9. Rc1ationshi:;> oe tween ::mes and inertie.l 
I:>nrCT:lcter :for celeni·.mi agzrogates (1) 

l.O 

., 

.• 

) 

' . 

' 

( 

] 

·······-·-·-·-·-··-· -----·· ---··-------------



.. 
CV 

C\.l 
Q 

---

305 

ATerage for five neaoured materials 
(not including o'i.:rbon) 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

c.> l / 
/ 

/ 
0 

/ ,, 
/ 

00 

0 cf' 
0 

C) 

0 0 

0 0 

o.i ..... -----&.~--'---'--'--J..-1-J...J....L.~----.1...-~.J--.L--L-.J...Ju.....LJ 
0.1 i.o io 

Maas of an aggregate. g. x 1012 

Figure 10. Rel~tionahi9 between mass and inertial. 
pe.ramcter for carbon aggregates 

·----·····--·-·------------· 



Introduction 

ABSORPTION OF NITROGEN OXIDES FROM WASTE GASES 

By Max S. Peters 

Engineering Experiment Station 
University of Illinois 

Urbana, Illinois 
, 

Many industrial processes evolve gases containing nitrogen 
oxides, and it is often necessary to effact removal or recovery of these 
oxides. In some cases, the gases must be cleaned before they can be 
released to the atmosphere, while, in other cases, efficient recovery of 
the nitrogen oxides is a direct and essential part of the manuf'acturing 
process. 

The removal of' nitrogen o:x:l.des from gases becomes particularly 
difficul.t at low concentrations because the efficiency of most removal 
equipment decreases with reduction in oxide concentration. It is neces­
sary, therefore, to understand the controlling mechanisms in the process 
bef.ore attempting to develop improved methods for removing nitrogen 
oxides from dilute gases. 

The purpose of this paper is to present an analysis of the 
basic principles governing the absorption process and to show the results 
obtained when various types of equipment are used :for removing nitrogen 
oxides from waste gases. 

Controlling Mechanism 

Nitrogen oxides are commonl.y removed from gases by aqueous 
absorption accompanied by chemical reaction. The important nitrogen 
oxides in processes involving reactions with aqueous solutions are N02, 
N204, and NO. Small amounts of N20:3 and N205 are also present in the 
gases, but these compounds rapidly come to equilibrium with NO and N02 
and represent onl.y a small fraction of the total oxides at room or higher 
temperatures (§, 1) • 

The essential chemical reactions occurring in the removal 
process are: 
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2 U02 (or 1T201') + lI20 ~ mTo3 + HM02 

2 mro2 < ) ~o + uo + No2 (or 1/2 N2o4) 

{A) 

(:S) 

(C) 

(D) 

Reaction (D) attains equilibrium rapidly and ihe equilibrium constant 
for this reaction is known as a function of temperature between o0c and 
90oC ( 8). The oxidation of NO proceeds relatively slowly al though the 
reaction goes essentia1ly to completion. 

:Reactions (A) and (B) are reversible and proceed at a finite 
rate. It is possible, therefore, that the rate of aqueous absorption 
is controlled by the rate of the chemical reactions. Diffusional 
resistance or a combination of diffusional resistance and chemical re­
action rate could also control the rate of the acqueous absorption. 
The following integrated rate equations have been obtained for the two 
~ting cases of chemical reaction rate controlling (2,) and gaseous 
dif'fusion controlling (,!!J: (See table of nomenclature for notation) 
Chemical reaction rate controlling, 

1 = l - 2 \[Kp ln 
(p ) 1/2 

°lr2CJ4 
+ Bt 

Gaseous diffusion controlling, 

/ 2 [ I~ i.s6 (p )1 0.715 + (p )l 2 
°N2o4 f"K;, 0N204 

F (pf )
1/2 [0.715 

M2°4 v~ 

= 

The following assumptions were made in deriving Eqs. (l} and 
(2): 

1. Chemical reactions occur under irreversible conditions. 
2. Constant temperature and constant gas rate prevail. 
3. Instantaneous equilibrium exists between N02 and N204. 
4. Contact time is suf':f'iciently short so that there is no 

appreciable oxidation of NO. 
The theoretical and experimental results can be interpreted 

on the basis of plate efficiency. With this approach, the practical 
significance of the results is 1.mmediately apparent. Plate efficiency 
is defined as the amount of nitrogen oxides removed from the gases 
divided by the amount of oxides which would have been removed if the 
plate were theoretically perfect. 

(l) 
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By choosing one experimental point as a basis, Eqs. (1) and 
(2) can be used to predict theoretical curves of plate efficiency versus 
eN02 (i.e., ND2 + 2 N204) content of the entering gases for the two 
possibilities of chemical reaction rate controlling and diffusion con­
trolling. These two theoretical curves are presented in Figure l. 

Experimental tests were conducted to determine the controlling 
factors in the aqueous absorption of nitrogen oxides. The experimental 
data were obtained with a bubble-cap plate column under conditions of 
constant temperature, constant gas rate, irreversible reactions, negli­
gible oxidation of NO while the gas was in contact with the liquid, and 
essentially instantaneous equilibrium between N02 and N204• A dense 
mist was observed in the gas phase in all the runs. 

The experimental results are presented in Figure 1 for com­
parison with the theoretical curves. As shown in Figure l, the exper­
imental plate efficiencies decrease with reduction in gaseous eN02 con­
centration and follow the theoretical curve predicted for the case in 

·which the controlling mechanism is the rate of the chemical reactions. 
In general, if operating equipment or operating conditions can be 
obtained which tend to eliminate chemical reaction rates as the con­
trolling factor, the upper limit on the plate efficiency would be 
represented by the diffusion-controlling curve in Figure 1. 

Effects of Q;Perating Variables 

Figure 2 shows the effect of temperature on the efficiency 
of nitrogen oxides removal from gases. As the operating temperature 
is increased, the removal efficiency decreases. If the rate of the 
chemical reactions controls the rate of the nitrogen oxides removal, 
the reduction in efficiency with increase in temperature can be at­
tributed partly to the decrease in the fraction of eN02 present as 
N204• On the same basis, an increase in operating pressure should 
give improved removal efficiencies. 

The material used as the absorbing medium may affect the 
removal efficiency. Experimental results a.re presented in Figure 2 
comparing the removal efficiencies for the cas~s in which water (or 
dilute nitric acid) and 20 per cent by weight aqueous sodium hydroxide 
were used as the absorbing media. As in~icated in Figure 2, the 
removal efficiencies with aqueous sodium hydroxide as the absorbing 
medium are lower than those obtained when water or dilute nitric acid 
is the absorbing medium. Tests have been made with catalysts in the 
absorbing medium in an attempt to increase the rate of the controlling 
chemical reactions; however, no effective catalysts for this purpose 
have been reported (l). 

The type of: equipment used for the removal operation deter­
mines the magnitude of the contact area between the gas and the absorb­
ing liquid. Experimental tests have shown that the rate of removal of 
nitrogen oxides from gases with aqueous absorption media is independent 
of the bulk liquid volume or bulk gas volume and is directly propor­
tional to the interfacial area between the gas and the liquid (2). The 
controlling chemical reactions, therefore, mu.st take place in the region 
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of contact between the gas and liquid phaseb. 

Equipment for Removal of Nitrogen Oxides from Waste Gases 

The preceding discussion indicates that two factors are Of 
major importance in the development of improved methods for removing 
nitrogen oxides from waste gases: {l) Since the rates of the chemical 
reactions may control the rate of nitrogen oxides removal, a reasonably 
long time of contact between gas and liquid should be maintained, and 
{2) it is desirable to supply the maximum amount of gas-liquid contact 
area. 

The chemical reactions involved in the removal process produce 
NO, and the absorption equipment must provide sufficient space for the 
occurrence of the slow oxidation of NO. However, this paper is con­
cerned primariJ.s- with methods for obtaining the maximum removal effi­
ciency for each gas-liquid contacting stage, and it is assumed that 
sufficient free space can be provided for the NO oxidation. 

A variety of types of equipment can be used for the contact­
ing operation. Bubble-cap towers, spray towers, packed towers, fritted 
bubblers, and Venturi atomizers are used for absorption operations. 
Removal of nitrogen oxides from gases can also be effected by adsorption 
on silica gel. 

Although Venturi atomizers give a large interfacial area be­
tween the dispersed liquid droplets and the gas, this type of absorption 
unit is not effective for removing nitrogen oxides from gases because 
of the short contact time (l). Fritted bubblers permit a relatively 
long contact time and also give a large amount of contact area between 
the dispersed gas and the liquid. Therefore, despite the disadvantage 
of the high pressure drop involved in the operation of a fritted bub­
bler, this type of absorption unit could be useful for removing nitrogen 
oxides from dilute gases. 

Experimental Results with Various types of Removal Equipment 

Experimental data were obtained with a fritted bubbler, a 
packed tower, a spray tower, and a bubble-cap tower at gaseous concen­
tration of eN02 ranging from 0.2 to 2.0 per cent by volume. The es­
sential information on the characteristics of the experimental equip­
ment is presented in Table 1. 

Water was fed to the units at a constant rate, and the flow 
rate was measured by a calibrated rotameter and checked by volumetric 
measurements. Gaseous nitrogen dioxide, obtained from cylinders con­
·taining N02 and N204, was diluted with air and admitted at a steady 
rate to the lower section of the towers. The gas flow rates were 
measured by calibrated Venturi meters. 

The towers were operated under steady conditions until 
equilibrium -w~D attained as indicated by a constant acid concentration 
in the liquid product. Temperatures, pressures, and flow rates were 
read, and samples of the inlet gas, inlet liquid, and product liquid 
were taken. The liquid samples were analyzed by titrating a known 
volume with standard NaOH solution. The gas samples were taken in 
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evacuated bulbs containing hydrogen peroxide. The amonnt of gas 
sample was determined by weighing, and the amount of nitrogen oxides 
present was determined by titrating the nitric acid formed from the 
reaction between H2<>2 and N02 and N204. From a knowledge of the flow 
rates and concentrations, it was possible to cal.culate the removal ef­
ficiency, expressed aa the per cent of entering oxides removed. 

The variables / such as gas rate, tower height, and liquid 
rate were chosen of magnitudes which would permit a fair comparison 
among the removal efficiencies of the various types of equipment. 
The values chosen represent aa closely as possible those which would 
be used in corresponding industrial units. 

The removal. efficiency was found to be independent of the 
liquid rate in the bubble-cap tower and the fri tted bubbler as long 
as the concentration of the liquid did not increase above 10 per cent 
by weight nitric acid. The spray tower was operateq at a liquid rate 
which would give a finely dispersed mist, while the packed tower was 
operated at approximately 90 per cent of the liquid flooding velocity. 
A slot gas velocity of l.17 ft/sec was used in the bubble-cap tower, 
while the gas rate used in the fritted bubbler was the rate at which 
well dispersed bubbles first appeared. Superficial gas velocities of 
l..84 ft/sec 'Were used in both the packed and spray towers. 

Air was used as the diluent gas for all. the test rwl.B. The 
gas-liquid contact time in the bubble-cap and fritted-bubbler units 
was not sufficient for any appreciable oxidation of the NO formed in 
the chemical reactions. Some of the NO formed was oxidized to N02 in 
the packed and spray towers; however, this difference in the operation 
is necessary in order to make a fair comparison among the various types 
of equipment. 

Comparative results are presented in Figure 3 showing the 
effect of entering oxide concentration on the removal efficiencies for 
the different types of equipment. A reduction in oxide concentration 
causes a decrease in removal efficiency for all. the types of equipment. 
Thus / as the gases become more dilute, the removal problem becomes 
more diff'icul.t. 

The resul.ts obtained with the single-nozzle spray tower 
indicate very poor removal ef'ficiencies at gaseous oxide concentrations 
less than about l per cent. At higher concentrations, the spray-tower 
efficiencies are comparable to those obtained in the other types of 
equipment. The use of multiple spray nozzles would, of course, cause 
a definite increase in the removal efficiency. 

The removal efficiencies with the packed tower are iower than 
those found vith the bubble-cap tower or fritted bubbler. It should 
be noted, however, that the decrease in efficiency with reduction in 
oxide content is fairly gradual, and, at nitrogen oxide concentrations 
l.ess than about 0.2 per cent, the packed tower would be nearly as ef­
ficient as the other types of equipment. 

From Figure 3, it can be seen that the :fritted bubbler gives 
much better removal efficiencies than the other types of equipment 
tested. The pressure drop per stage for the fri tted bubbler was ap­
proximately 30 times greater than the equivalent pressure drop for the 
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bubble-cap tower. Unless the gases were already under pressure, it 
would be expensive to add the equipment necessary to force a gas through 
a number of fritted-bubbler stages. 

Since the removal efficiency of the bubble-cap tower ap­
proaches that of the fritted bubbler at low gaseous oxide concentrations, 
the optimum type of absorption equipment should cO?!lbine the good features 
of' both operations. A bubble-cap unit designed with a number of small 
gas outlets in the caps should appro.x:i.mate the beneficial effects of the 
small bubbles and large gas-liquid contact area found in a fritted 
bubbler. , 

The results shown in Figure 3 indicate that the silica gel 
adsorber gives the best removal efficiency of the units tested at 
gaseous concentrations less than o.4 per cent nitrogen oxides. If' es­
sential.ly compJ.ete removal of the oxides ~s Deeessary, the silica gel 
adsorber should be used since the removal efficiency does not fall off 
rapid.cy' at low gaseous concentrations. 

NOMENCLATURE 

A = gas-liquid interf'acial area, sq cm. 
B = a constant at a:ny temperature. 

DN204 = gaseous diffusivity of N204, sq cm/sec. 
eN02 = NO~ + 2 N204• 
Ln F = (A/V g) (DN204/JtF) 1.43 t. 

Kp = equilibrium constant for the reaction 2 N02 = N204, atm-1. 
PfN204 = final partial pressure o:f N204, atm. 
PoN204 = original partial pressure of N204, atm. 

t = contact time, sec. 
V g =volume of bulk of gas, cc. 
Jgj' = effective film thickness, cm. 
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TABLE l 

'rES? CONDITIONS USED FOR DErERKINING THE .EFFICIENCY or NtrROGEN DIOXIDE 
REMOVAL. FROM DIL'IJrE GASES WITH D1FF.ERfil1T TYPES OF EQ.UIPMNNr 

Total pressure = 1 atmosphere 
Operating temperature = 25°c 

Absorbent = Water. Gaseous diluent =Air 

Type of Gas Rate L:lquid.- Rate Pressure 
Drop 

cm H~ 

Remarks 
Equipment cu ft (s.c.) cc per min 

per min 

Bubble-cap 
tower 

(one st~e) 

Packed tow-er 
(l/4-in. glass 
Raschig ri::lgs) 

~SY" tower 
(1 No .. T5g.­
l mm S:PTay 
nozzle) 

Fritted--gla:ss 
bubbler 

(one stage) 

1.06 
(slot velocity 
= 1 •. 17 ft /sec) 

0.53 
( superf'ieir. l 
vrpor velocity 
= i .s4 -rt I sec ) 

0.53 
(superficial 
vapor velocit:;r 
= 1.84 ft/sec) 

0.53 

300 

150 

470 

3()0 

1.8 

2i0 
per foot 

of 
p>.cked 
height 

1.,0 

59.0 

Tower diameter = 7 1/2 in, 
Six bubble caps with 4 or 8 
5/16-in. slots per cap. 

Liquid depth = l in6 
Distance between bubble-cap 

plate and top and bottom 
plates = 12 h .• 

T O\ter diamct er = l in• 
Pncked height = 46 in, 
Efficiency expressed as per 
foot of packed height. 

No channeling observed. 

T Clfter diameter = l in. 
Tower height = 52 in. 
Finely dispersed spray 

directed cour..tercurrcnt 
to rising gas. 

Neglieible amount of liquid 
car I"'; over in gas. 

Tower d.iamet er = 5 1/2 in., 
12 medium-frit glass rods. 
Fritted area = i.03 sq in per rod. 
Liquid head over frits = 3 3/4 in• 

Silica gel 0.53 Packed height = 12 in. 
adsorber (superficial Fraction saturated= 0.90~ 

(No. 5 comerc1al vapor velocit:y Ti!l'.e per cycle = 30 min,, 
gel - Ref. J) = 1.84 ft /sec} Effie iencies calcu~ted from Ref ~.J.~J. 
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AIR CLEANING PROBLEMS AND ACTIVITIES AT TBE GOODYEAR ATOMIC 
CORPORATION, PORTSMOUIB, OHIO 

By Howard Caterson 

LOCATION ANJJ DESCRIJ?TION 0F PLhNT 

As many of you know, the Goodyear Atomic Corporetion operates for the 
Atomic Energy Commission B gaseous diffusion plant located in Pike 
County, Ohio just 20 miles north of Portsmouth end the Ohio River. The 
plant was built et the direction of the Atomic Energy Commission for 
extracting urenium-235 isotope from verious isotopic essay mixtures of 
urenium. The aree of Southern Ohio in which the plant is located is 
thinly populated e.nd essentially rurel. In Pike County, where the plant 
is located, the 1950 census showed Waverly with a population of 1700 
inhabitants es the largest town. Prior to construction of the plant, 
most of the county's population we.s engaged in agricultural activities • 
.Although not perhaps as isolated as Los J..larcos, or son.e of the test sites 
in the west, there seens to be rur.ple area with sparse population between 
the plant site end the principal corr.munities. So thet you mey better 
orient yourselves, I have marked on the map (Fig. 1) the principal residen­
tial areas - Portsmouth, Lucasville, Beaver, Piketon and Waverly. 

The plant itself is locetec on a 4000-acre site and consists of three 
large process buildings and en assortment of euxilieries. The dimensions 
of e typical building are 2,500 feet long by 500 feet 'olide. 

PI"tThCIPitL ;.I.1.fOhNE CC·i~TJd'•;I!Ui.NT.-:> 

Ureniwn end fluorine, in several combinations, ere the principel airborne 
contaminants Yhich ILight result from the plant operations. I rright mention 
that the diffusion cascade itself consists of a vast configuration of 
relatively lerge diameter pipes, vessels end ges pumps whicb continuously 
circulste uranium hexsfluoride in gaseous stste. Except at the time of 
equipment or pipe feilure, the ureniun ges is contained in the cascade 
system. Process gas can, of course, escape accidentally et the feed point 
end et the withdrew[!l points. In the presence of vet eir, ureniUL~ hexa­
fluoride will hydrolyze to an oxifluoride or reduced to the insoluble 
tetrafluoride. Under normal atmospheric conditions, these compounds are 
solid and can form small particles which easi~ become airborne. The other 
gaseous contaminants consist of fluorine and hydrogen fluoride. Fluorine 
and hydrogen fluoride may be associated with or without uranium. 
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CONT.hlt..1-J!.NT OR IHSP:IBSION? 

,, 
L 

There are tvo directly opposite philosophies prevelent at our plant 
on the subject of airborne uranium contaminants. Should the released 
111Bterial be contained and collected et the point of dispossl or should 
the airborne material be exhausted to the atmosphere so that the area 
concentration is reduced by dilution7 Containment usually requires 
more equipment end is frequently more expensive. Containment, however, 
will prevent videspread contamination end \.'ill enacle easier recovery 
of airborne materials. 

URJ...NIUh GAS REI.EASES - LlJ\GELY CONSIDER.ED INTERNAft 

It has been noted that the airborne activity follo\dng e releese of 
process gas (UF6) tends to decrease more rapidly at the U-235 depleted 
end of the cascade than at the U-235 product end. The complete reason 
for this is not known st this time. The rapid settling of particulate 
matter after a release does permit entry by decontamination personnel 
wearing co~peny-issued clothing end shoes. Respiretory equipment is 
usually used for protection against ingestion brought about by dusts 
stirred up during the cleaning activity. 

Uranium gas released in en enclosed area handling higher assay material 
from the cascade does require ventilation to reduce the airborne activity. 
This higher assay meterial is sufficiently valuable that a filtering 
system is being installed for collection and recovery of the uranium. 
Since the alpha activity of this materiel is very hish, the dollar value 
is considered fortunate from an industrial hygiene point of view. It is 
proposed that severe.I deep bed fibre glass filter units be used as the 
filtering agent. It is believed and hoped that the routine changing of 
the filters will not give the fluorides sufficient ti.me to attack the 
filter media. In one such area where this problem exists, the ventilation 
provided by opereting air samplers within the enclosed ares is sufficient 
to reduce the airborne activity. The filter papers collecting the airborne 
contaminants ere processed to recover the uranium. This is en interim 
measure until the permanent ventilation system is instelled. 

In the room where depleted uranium hexefluoride is withdrawn from the 
cascade, the airborne activity follo\dng e releDse decreases rapidly. 
There are two ventilation systems in the area - one, over each \lithdra\olal 
point, designed to handle s:nell releases, and the second, en emergency 
system loc8ted in the ceiling desiened to exhaust any major release to 
the outside. It is the philosophy of our Health Physics Department thBt 
when the contE.reinant is conte.ined, there is no necessity to spreed it over 
a lar5e erea. Therefore, it is their recommend~tion thet the emergency 
ventilation syste~ be used during e m8jor release only when needed to 
facilitate the evacuation of personnel from the area. 
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In our product withdrs~el srec, vacuum pumps were provided, preceded 
by mechanical and chereiccl trep~, to exheust within tte roo~s. After 
e brief period of oper~tion in this fecility it wes discovered that 
the tre.ps did not renove ell of the urf'nium hexafluoride ges end it 
wes being dispersed in li~ht concentrf'tions throughout the room. The 
vecuum pumps heve since been connected to vent lines exheusting them 
to the outside. Because of the monetery wortt of even the small 
quantity of vented urenium, filters ere l:::ein[ designed to collect 
materiel which passes throu~h the pumps. 

THE ilh CLE:i.NING fhvLIDl 

An extensive ventileticn system is provided in eech process building 
(8,J00,000, 8, 750,00Q, 7,000,000 Cfl. respect! vely) to control end main­
tein a.rr.bient eir ter.:peretures in order to prevent the process ges (UF6) 
from freezing out end to provide air for cooline motors. iir mixing and 
filter rooms are provided at the air inteke openines into the buildings. 
J.. typical process building will include some 7 ,600 20" x 20 11 x 2 11 

viscous type wire mesh filters (kr,ericen J.ir Filter Type HV-2 - Design A -
1200 CFM per filter cepecity). 1be filter benks ere washed cleen with 
""arm water and reoiled when the stetic pressure drop reaches 0.25 11 of 
""eter (design point - 0.12 11 of water). Reoiling hEs been e fire hazard 
when ivproper spraying devices are used. On one occEsion, etor.~zing 
sprey heeds were used resulting in large quentities of oil vapor being 
csrried into lsree portions of the build.int;. Sut;gestions of uninflamn.able 
oils for consideration in this application would be welcomed. Although 
the above certainly represents an extremely large industrial ventilating 
installation, there are no unique radiation or nuclear problems directly 
associated with this application. 

EXTERNAL ATMOSPHERE CONTAMINANTS 

Fluorine and other light mass gasses such as nitrogen or air, must be 
removed from the cascade to prevent an excessive build-up of volUI'lles 
which should better be occupied by uranium gas. The removal of these 
so-called "lights" is accoraplished by allowing the gasses to vent through 
stacks. There has been, over the months, a build-up of radioactivity 
around the vents from traces of urani\lll passing through with the "light" 
gasses. 



4 

Until an adequate scrubher is designed for fluorine being vented, 
it is proposed to allo;.r the vent gases to pass directly into the 
atmosphere. The odor threshold for the various fluorine components 
is considerably belo;.r the plant limits {lPPM); as a result, nearly 
everyone on plant site has a more sensitive detector than the 
Industrial Hygiene Department. Even though background checks for 
fluoride contents of mud, vater, foilage and air indicate no change 
over the initial values observed prior to beginning plant operation, 
both off and on plant site, plans for fluorine scrubbers are being 
developed. 

These application items end problems wr~ch I have just discussed ere 
mentioned to give you a cross section of typical problems associated 
'With airborne activity et the Portsmouth plant site. Although some 
of the materials ere not commonly used in other industries, it i~ not 
claimed thst Portsmouth's problems ere unusuelly difficult or 
particulerly unique. ~e ere confident that the bulk of these problems 
have end will continue to be solved usinG stenderd industrial hygiene 
and engineering techniques. 

FUTURE CONSIDERATIONS 

Although the plant site is located in a sparsely populated erea, there 
ere privetely owned lends end farms on ell sides of the plant site. 
Our Industrial nygiene end Health Physics Groups regularly check 
plant effluent streams end teke air samples from regular points. In 
addition to this monthly data, arrangements have been made for annual 
photogrephic surveys es e check to determine whether airborne radio­
active materiels end corrosive gases heve had eny effect on foilege 
end crops. The first serial end ground photographic survey was made 
before plant operctions began in 1954 and the second survey was completed 
this pest summer. ~s expected, no apparent changes have yet been de­
tected. 

Several unanswered problems have been mentioned end I hope that perhaps 
in sou.e of the discussions here this week I might pick up some clues 
which will give us some help. Among these un8nswered problems were the 
absolute reI:JOval of uranium hexafluoride by banks of mechanicvl and 
chemical traps; the best filter media to be used for the collection of 
uranium fluorides and for the scrubbing and collection of fluorine from 
vented gases. In addition, a method which would analyze fluorides 
quickly end &ccuretely is needed. Our Laboratory people report thst the 
present Ir.Odified Willis rd l \\inters Titration Procedure requires a time 
consuminr, distilletion end gives much delayed results. 

In s\lIIllll8ry, I \.'ould like to say thet durinc; the start of operations 
at the Portsmouth Plant there have been meny interestinc problems 
in the eree of eir contDrtlnation and eir clevning. 1ne bulk of these 
center around uranium and fluorine com}•ound::; find the bulk of the 
solutions hvve been handled by dispersion and dilution. Trapping hes 
been successful, although improverr:ents ~re in order. It is not 
anticipfited thvt difficulties in the nepr or foreseecble future 'Ji th 
the corr.muni. ty 'Jill result from the present methods of operrtion st the 
l-'ortsI!louth ilI'ee Flent. 
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"SPECIAL AIR CLEANING AND VENTILATING EQUIPMENT FOR SPi::CIAL MACHINING OPERATIONS" 

Argonne National Labo.~.a tory 
November 3, 1955 

by 
M. D. Thaxter, UCRL Berkeley 

Machining oralloy shapes for experimental device3 or for ~eapons components poses 

a number of problems suggesting specialized engineering solutions. 

These problems may be listeds 

1. Di.Il'ensions of the work piece are such as to require a versatile size #2 rril-

ling machine. 

2. Hieh degrees of precision machining may be required, neces8itating fine finish 

cuts, frequent inspection, good visibility, and expert operators. 

3. Toughness of the metal is notorious, necessitating relatively massive, henc~ 

expensive, precision tools, amply powered and with abundant lubricant and coolant. 

235 Oralloy is not 1CXJ% pure U • Oralloy is of course radioactive. The u234 

impurity increases its rc..dioacti ve hazard when inhaled or inees ted. Penetra ti. nr 

radiation, both beta and i:;arnma, is such that workmen should limit their close co;,-

tact to work pieces and to chips to a minimum. 

). Criticality considerations are frequently controlling as to design and operations. 

The effect of moderators and tampers must be forseen. In fact, the near presence 

of the opera tor, due to the hydrocenous cons ti tu1':&ts of his body, may preclude cer-

tain shapes. Subdivision of the work piece, as in chip fonnation, can chan~e the 

cri tcali t;y of the arra:1 rapidly. A rross suhdi vision, as in a fire, followed by 

collection of the finely divided oxide in water ma:, promptly chanr,f' a subcri ti cal 

conficuratior. to above critical • 

.............. ______ .... _. _____________ _ 
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S. Oralloy idizes easily. This prorerly is enhanced by local temoerature in-

creases (as n machininr,)" and is furlher intitr.31..ely related to the available sur­

face. At room temperature in air oralloy masses will promptly develop an oxide 

coating which is self-limiting in depth. Exposure of a new surface is followed 

bj' additional oxide formation. This reaction is strongly exothermic. If in mach­

ining operations this temperature rise i.;; nvt controlled rigidly, combustion com­

mences and may proceed very rapidly. Under combuslion conditions, uranium metal 

will remove oxygen from water, carb0n dioxide, carbonates, and c,f co'.lrse from air. 

An established uranium fire in air may be practically impossible to put out. 

7. Accountability standards est.ablished by the AEC for Oralloy requires recovery 

of all scrap within "reasonable" limits for the opera vi on concerned. This may mean 

fractions of a gram. At a published $25.00/~ram there is also an economic incent­

ive to suffer no appreciable losses in processin£. Scrap may not be poisoned by 

cadmium, boron or other ncutron-absorbi~~ contaminants which could hinder repro­

cessing. 

8. As an eighth item, although not a problem peculiar to oralloy machining, the 

following philosophy enters into the eneineering. All radioisotope processing 

{whether mechanical or chemical) at UCRL is held to the criteria that work rooms 

shall be contamination freeJ that special protective suits, ~espirators, clothing, 

etc., shall be for emergencies only and that conta.rr.ination potentials shall be 

engineered to confine the problem to its locus and not to pen:U.t planned or prob­

able dispersal. 

Design of the milling machine facility: 

The salient features of the mill and its enclosure may best be presented by show­

ing a few slides (Chem 2802 - 45° front view)s a #2 mill is modified to include 

a special table for chucking the work pieco. This table is surrounded with a cool­

ant pan to hold a 211 lake for quenching and su'bmerging the bulk of chips. Surround­

ing all is a five sided enclosure fastened to the table. The front side is lucil~ 

wi lh r;love ports mounted in a rotary plate and with on~ access door leadine to 3.n 
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internal crane. The two ends 11~ ;c access doors. (Slide 2800 - front view) (Slide 

2801 - back view) The back is a stainless sheet rollin~ onto vertical shafts under 

tension. Top, bottom and sides of the sheet are sealed with Teflon 'Wipers. Tilis 

enclosure can therefore rise and !all, traverse, and proceed front to back 'With 

the same scope as the original milling machine. Major controls are external to 

the enclosure. Coolant is supplied at 4 GPM. An "Ansul" dry chemical system is 

installed for fire suppression. 

The enclosure is deemed to supply a reasonable compromise with the machinists' 

habits and requirements and those dictated by the "problems" above enumerated. 

It is the subject o! AEC Accident and Fire Prevention inforination Issue No. 19 

October 10, 1955. 

Desip;n of the air cleaning facility: 

The air cleaning design, as to capacity 1 is dictated by the area C·f opened access 

doors. A 50 FPM velocity was selected for all 3 doors open--a rare possibility. 

This bave us 300 CFM. 

Because of the complexity of operations and sizes of pieces, an early hope to 

€Y.haust the cutter area under close capture conditions was abandoned in favor of 

ceneral enclosure exhaust. 

The rir,orousness of desicn to he de3criPed is dictated by the worst possi~le air 

cle:aning eve:ituality--::. 1.:a:=sive out-of-conlrol co~ifle;rJ.+.ion in the milling enclos~re. 

S•Jc!1 an event would dj scharce 3.bur.dant hea L and a dense cloud of glowint; uranium 

oxide to the exhaust traj n. Clouds· with the;;;e properties have in rractice .Jlready 

plu[~ed filters and then burned through or melted down adjacent structures. It 

was therefore decided to ir.stall a "quencher" early in the system. We selected 

the perforated double-plate inertial separator (sold under the name 11 ::e,:a-Clog") 

\o.'hich, rihen employed with floodin[ :1ozzles deli\•erinp distilled water coolant at 

10 gµn is estimated to be adeqLl:>tc for qucnch~nf and placing int.o water suspension 

a very large fraction mas:;-".;.so of uran"i11'.'1 or uranium oxi<ic so airbcrne. 



The coolant is drained from t;oth upstn· and downstream faces of the separator 

to a cadmiura clad trifurca ted sump the c'. .r.iensions of which comply with criticality 

requirements. A siphon from one elemen~ returns the circulating coolant to a neo­

prene impeller pump and back to the floodinc; nozzles. 

Downstream airwise of the separator is a glass fiber filter pad (PF 105) as an 

"accountability" collector for that fraction of uranium particulates pansing the 

separator. Downstream of it is a hir,h temperature resistant fibrous pad :nade of 

"Fiberfrax" e:mployed as a fire stop. 

Downstream of the fire stop filter is an all-glass fiber clean-up filter of 1106 

B paper in the familiar C~S pleated pattern. 

An exhauster adequate to overcol!le the various pressure drops encountered dischar[CS 

to an ordinar; sheet metal duct exhausted to outdoors. 

Controls include a low level sump alarr.i, a coolant flow alarm, the usual electrical 

fusing and panel ligh~J denoting ener~ized motors or th~ contrary. Manometers 

indicate pressure drops across the air cleaning elements. 

An emergency air flow restriction valve, spring loaded, may be activated by the 

operator to cut CFY. from 300 to 70. 

Access ports are provided for viewing, for wash do.,.,'Tl and recovery as "ell as for 

monitoring. 

A periodic shut-downs the coolant pump circuit may be tapped via Saunders valves 

into a porous stainless steel plate acting as support for a filter on which fines 

can be recovered for accountability weighing. 

The assembly just described is a mobile unit (as arP. r.iost of the UCRL radioisotope 

processing units, where possible). To accomplish thin, many liberties had to be 

taken with good aerodynamic concepts othen<lse the unit would--on a straight line 

arrangement--have extended to 62 feet long. Actuall:v it is 4'6" x 4'8" x 6'6" 

high. Slide 441 shows a side elevation featurin1~ the control panel. Slide 442. 

shows a side elevation featurint; the sump and Slide 444 is a ~Of1 view. It is 
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anticipated this air cleani_nr, unit will also be employed (' . other machines such 

as lathes, drill presses, etc. Althouch considt:1rablc thou~·ht and effort has been 

expended we recognize this is our Mark I model and some changes may be dictated 

by operating experience. We would like to present some numbers derived from ex-

peri.mental runs, however. In one of these several hundred grams of uranium chips 

were deliberately ignited into the system (Table I) 

It is a pieasure to a.ckr..ol>'ledt;e the ossistance received from the ~st three air 

cleanine seminars and specifically from the Harvard Uni versit.y' s 2chool of Public 

Health Air Cleanine Laboratory. 1:e are also indebted to the N.Y.O.O. Industrial 

Hygiene Labs under W. Harris for his experience and data on uranium machining. 

Mr. Jack Murrow, chemist in our group is to be praised for his competent efforts 

in experimentation and desic,n and for his coordination of the vsl'ious detailers 

and technicians. 

I particularly wish to express per:::ono.l satisfaction in working under a Chief, 

Nels Garden, who invites problem so::..utic:is not :1£cessarily rooted in technoloeical 

antiquity. 



TABLE I 

0Rerating Data 

Pressure Drop 
Cross Velocity Inlet Diecharge 

Sectional Inches Water 
nm Area Air Operating DesiV1 Wet Dry Rel. Wet Dry Rel. 

ft2 
~340 Water @ 340 !; 

CFM CFM 300 
FPM CFM 

Bulb Bulb Humid. Bulb Bulb Humid. 

OF OF ~ OF OF "!:. 

56 68 48 60 72 50 Iierti~l Separator 2.J? 145 J.2-5.~ 5-6 
J~l/ ft -- 5-6 

Reco·-rc r/ Filter 

Lr':!s·.'Ji= F:.1~,er 

c::.~~~- ·;;:; Fil t.er 

TOTAL 

E::d1auster 

? .r.;. 

P1,..: 

()iJ ~.::; i ·Jr: P,; rcha ses 

Hct'.,cr~1L-; 

L:i. t;c :-

4 85 -

1 340 -

4 85 -

- 85-2300 ?.5-13 
gpm 

0.9-1.J 2 

2.6-J.O 1-1. 5 

0.7-0.9 0.5 

13.6 13.5 

CONSTRUCTION DATA 

At above typical conditions and at 340 CFM 3pprox. 
1/4 gallon of water would be evaporated ~.:>r :-.0•1r. 

McKee-Eclipse Centrifugal Pressure Blmrnr #1-6515-1!, 3600 Rf1'i . 11 HP, 440'1, 3~ 
Rated capacity 400 CFM 13.75 inches #20 

Jabsco, l~", Model FM, Bronze body, Neoprene impeller, S.S. Shaft, 900 RPM 1 HP 
Hated capacit;r 14.1 n:J:l : 32 psi 

lt copper water tube, type L. Velocity - 3-J. 5 fµn 

$1100.00 

approx. $225.00 

56 man day~ (desibninr, not included) 

I-' 
I-' 
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AIR CLEA.lTIHG Alm INERT ATMOSP~ vmrrILATIC·N SYSI1EJ£ 
FOR FACILITY 350 

by 

A. B. Sl:uck 

The Argonne National Laboratory Fuel Fabrication Facility will be a 

ulant for develo~ment and fabrication of reactor fuel COITI!'onents containing 

ulutonium or uranium-2JJ. It is not, as has ueen rumored, a refabrication 

~lent for iITadiated fuels. The Facility will be housed in a building 245 1 

long by 72 1 wide. The first floor .,,lan of this building is shown i:l Figure 1· 

It is divided ventilation-wise into three areas wh:'..ch, for reference, we have 

termed the Administration Area, the Teci1l1ice..l Area, ann the Fabrication Area. 

The Administration Area consists of a lohby, offices, counting room and 

cloti1illb change roo!:ls. This area is cons.idered to have the same likelihood 

of contamin£-tion as an.v office or street area in the im..'DecUate vicinity of a 

closely controlled radioactive materials laooratory. The area will be air 

conditioned and ventilated as an.v uncontaminated area. The Technical Area 

will contain storage vaults for radioactive materials, a mechunical laboratory 

used for maintenance or modification of equiument and tooli?lb, x-ray rooms, 

dark rooms, and a Health Physics Depe.rtm~nt work and storase room. No direct 

wor~ upon radioactive :::iaterinls \·:ill he dt)ne in this area and contamination 

-------··---·-··--------· 
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~·ill be th~ result of a handling accident or of trad:ine; contaminated 

material fro~ the Fabrication Area. 

The Technice.l Area is isolated from the Fabrication Area, from the 

Administration Area, and from a ShiprinG and Receivine dock area by means 

of air locks with interlocked doors. The ?abrication Area will be used 

for all W(')rk performed directly upon radioactive materials or upon clad 

f'uel elements containint; radioactive materials and, while every effort 

will be made to keep all personnel areas free of contamination, the con-

tamina.tion risk will be greatest in the Fabrication Area. Air will be 

sunplied to eaca of t~e areas by means of se~arate air conditioning systems • 

.A multizoned air conditionint, system will be used for the Administration 

Area and zoned air condi tionine; sys te:ns will be used for the Technical 

Area and for the Fabrication Area. Replaceable medium tyPe rou€;hing and 

secondard filters will be used on all air s1.rpplied to the Technical Area 

and to the Fabrication Area. The ro~e;hint filters will consist of J2 

21.J." x 2411 x 9" filters in V-a.rra.ngement. Each ror:.ghing filter will be 

American Air Filter Com:>an.y 5 ply type F Air Matte fireproof medium. The 

secondarY filters, 32 in number, and 2l~" x 24" x 911
, will be American Air 

Filter Compan.v 10 ply t;;!)e Air ?·la. t te filter medium. Similar filters will 

be installed for ventilation of the fan room. The air will be dehumidified 

by cooling and then reheated. A maximum absolute humidity eqw:i.l to 50J 

relative humidity at 80°F has been established. 

The transmission of air borne contamination l:>etween areas will be 

controlled by the usual methods of ventilation and pressure control. The 

·---·····----· ----· _.,_"'-···--·-----------
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Technical Area wilJ be established as a reference zone acainst which the 

pressure of the Fabrication Area and the Administration Area will be con­

trolled. The nressure of the Technical Area will be maintained at approxi­

mately 0.05" w.g. below the ambient barometric pressure. This will be 

estaolished as a d,vnamic uressure-air flow relationship by throttling the 

air supply to a flov slightly less than that of the e:xhau.st air. The area 

has no ouenings to the outside or to the other areas except through the air 

locks. The regulation of the air flow to produce the desired pressure will 

necessarily be a field adjustment since at this time there is no way of 

accurately determining the lecJcace rate of the zone. It is felt that this 

method will establish a more uniform pressure than if referenced to the 

wind sensitive outside air pressure. 

The pressure in the Administration Area will be controlled by modu­

lation of t.~e vortex damper en the exhaust fan as-a.inst the pressi;.re of 

the Technical ~rea by means of a differential pressure re6ulator set at 

+0.05" referenced to the Technical Area. The :nressure in the Fabrication 

Area will be controlled at -0.075" w.c. referenced to the pressure of the 

Technical Area by ceans of the differe,-:tia.l press\...re ree:,ulator modulating 

a vortex dBJlr.)er en the roon air ex.~a~st system. 

The Fabrication Area will contain equivment for alloying, melting, 

casting, rolling of sha:n~s, plate and foil, wire fabrication, 'T"Jressing, 

extruding, heat tr ea ting, and surfA.ce t?'t-:?ting of nlu tonium allo;its. This 

eqPiumcnt will be housed in the system of interconnecting, gas tight, hood 

lines. :&?.ch hood line will be coimectec1 to a bacl:-bone hooded conveyor 

by means of n pnenr;atically oneratec'i sealine do,-r. Access to nnd e&ress 

---------------·,····-········ 



from the system will be by means of a~ especially designed hood line with 

provision for air lock insertion of uncontaminated material and for sealing ! 

contaminated material in plastic pouches for extraction from the hood system. 
•, 

Additional equipment will be provided for canniDG, weldiJ16, and bonding of 

the radioactive metals into the nonradioactive jacketing materials, for 

ma.chining, weldiDG, brazing, and shearing of the clad fuel elements and for 

fabrication of finisbed fuel assemblies. The operations upon the clad fuels 

will be carried out in individually hooded equipment which will be separated 

from the contaminated hood s;rstem. The layout of the hoods in the Fa1'rication 

Area is shown in Figure £• 

Since the equi~ment ho~sed is larger than that ordinarily hooded, various 

methoCls of :orotecting the operating :personnel from exposure to the alpha 

racHoactive materials were considered in tile ureliminary studies for the Fuel 

Fabrication Facility. The glove box auproach to the problem was decided upon 

ne.inly because there is more background of experience with this method at ANL 

and at other installations from which to draw and because it appee.red to offer 

the maximum of process flexibility while affordinG satisfactory ~rotection 

to the worki!lg personnel. 

'l!he neavy equipment in the Fuel Fabrication Facility requires large 

sturdy enclosures. AccordiDblY, a flexible, modular enclosure system was 

develoned using aluminum extrusions for a rie;id frame \Ii th heavy transparent 

plastic or aluminum panel inserts in place of the usual liG}lt sheet metal 

construction. A prototype of this enclosure is shown in Figure 1• All of 

tl1e enclosures vere desibned \'!i th gloves on 'hott. sides a.ncl enclosed n space 

.............................. , ... -~------------------
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width of 4811 • The frames were fa"bricated fron :le five al\:Jllimun extrusions 

shown in Figure !!.· The extrusions incorporated gasket crooves, window 

recesses, bolting flanges, and ventiletion passB{:;es in the as-extruded 

shapes. Details of the hood construction will be available in a forth­

coming ANL report. 

The ventilation of the F'..iel Fabrication Facility consists of the 

following systems: Two-once throuch systems for ventile.ting ( 1) the alpha 

radioactive hood lines and (2) the clad hood lines. Two emercency stand-by 

or purge systems for ventilating (1) the alpha radioactive hood lines and 

(2) the clad work hood lines. A once through filtered air system to exhaust 

the room air and ventila.tine;; the eq-.iipment housed in the enclosures below the 

primary hood system. 

The hoods in which the unclA.d radioactive materials are \'!orked will be 

onerated at a negative pressure of between o.6" and o.8" w.5. whether operated 

on air or inert gas atmosphere. When the hoo<.".s are to be air ventilated, 

the pressure will be controlled by drawing a ma.xi1m1m of 120 cubic feet of 

room air through two 12" x 12" x 6 11 AEC fireproof medium filters at the outer 

end of ea.ch hood 1 ine. Outlet and inlet dampers will l:e Ii£'!P+<•lly adj:ua.:ted to 

produce the required pressure. The filtered air will be distributed through 

hollow cavities in the lower longi tt:.dinal extrusio!ls and will be introduced 

to the hood modules through slots with adjustable cover plates to regulate the 

amount of air to each nodule. The air will ventilate the hood and will be 

withdrawn through similar slots in the upper 1011Gitudina.l extrusions and then 

will be carried through the extrusions S!ld piped to the ot: tlet filter housing 

located just above the conveyor hood. Updraft ventilation is used to facili-

' ---··-------· 
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tate heat removal. Both the inlet and the outlet filters will be changed 

into the hood system. After :fil tra ti on through a 12" x 12" x 611 high 

efficiency fireproof filter, the air will ~ass a rubber lined butterfly 

control valve. This valve will serve the dual function of ~roviding positivP. 

shut-off of the air system when the hoods are o~erated on inert gas and as a 

balancing daeyer for air o:oeration. The air will then '!)ass throt1.gh a short 

run of pipe to the ma.in exhaust ventilation header which will be maintained 

to the static pressure of ap!_)roximately -2.011 w.g. It will then '!)ass throti.gh 

a bank of final AEC high efficiency fireproof filters in the fan loft, through 

a vortex damper controlled exhauster and will be discharged to a common dis­

charge header connected to a 100 1 stack outside of the building. 

Safe operation and filter changing required complete stand-by equipment 

and it was determined early in the design ~tudies to extend the stand-by 

equipment into a true emergency system capable of takill6 care of accidental 

or deliberate break in the ma.in hood barrier. This system will consist of a 

purge blower which will onerate continuously at essentially no flow. A pre­

fil ter and final filter system installed in the fan loft will be capable of 

handling up to JOOO cubic feet of gas. The purge ventilation system a~ the 

hood will consist of a b8-S tie;,ht, rubber lined, 10" butterfly valve operated 

by a pilot-nositioned damper ~otor and controlled by means of a pneumatically 

O'Pera ted static pres S1.'re regulator with one control tip within the hood and 

a reference tip '··'i thin the room. The ccntroller will be set to maintain 

ap~roximately 400 1 per minute face velocity across an opening into the hoods 

but, when the hoods are operating at - .611 to - .8" w.e;., to close the valve 

fUlly ann to seal. Four .hundred feet per r.1inute velocity will be maintained 
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through an onening of l_ess than seven squAre feet. The removal of the 

window will onen an area of ap~)roximatel:' 10 squ.ire feet and will recluc.;; 

the velocity to JOO feet per minu~e. If two windows are removed from any 

hood line or from two hood lines, the velocity will be reduced to approxi­

mately 150 feet per mirr.1te wi:ich is considered the minimum to p:-event the 

outward ciffusion of contaminated particles. Separate pur5e systems will 

be provided for the alpha radioactive mate•ials hood systems and for the 

clad work hood system. Both systems '~ill be simila.T in fu.nctio!l. F:i:nal 

fil tra ti0n will be thro'.lbh two banks of four 2L:.n Y.. 24 11 z 12" AEC fireproof 

mecliu'll filters in seri(;So The :."'i:i..·st filters of each se:d.es will be changed 

by the pb.stic pouch tec:mique. 

The room ventilation will b9 c once throubh sy~tem. The excess building 

ventilation not required for ventilation of the Drima.ry blove boxes will be 

carried through paneled suaces below the hocds to cool and ventilate the 

contamination risk equipment housed within these spaces. A slight negative 

-pressure will be maintained in the spaces by the introduction of air to the 

enclosures thro~gh special glass wool filters. The air leaving the S"Paces 

will be ~refiltered through similar glass wool filters before exhausting 

to the general building exhaust s~rs tern. The final filters of the general 

building exhaust system \·rill be of the AEC high efficiency type. Thus, it 

will be seen that all air leaving the primary hood systems will be twice 

filtered throue;h AEC high efficiency fireproof filters but the general 

room exhaust air will be prefiltered and then finally filtered through 

.AEC standard high efficiency filters. 

···-·········-·----------------
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The Inert Atmosphere System 

Originally it was thought tha.t a stra.ibht system of air ventil::ltion 

of the primary hoods for Facility 350 with local helium or argon suuplied 

to small chip collectors or work enclosures would be sufficient to prevent 

burning and oxidation of the plutonium alloys. Subsequently, it developed 

that many of the alloys under consideration were spontaneously pyrophoric 

and, for this reason, these alloys cannot be fabricated in the other AEC 

facilities. It became necessary to expand the inert atmosphere system and 

to investigate various possibilities for producing an economically operated 

inert •rentilation systeo serving eutire ho0ds a.:i~d hood lines. (This problem 

has o.lr~~'.dy been solved on a smaller scale in the Plutonium Physical 

Metallurgy Laboratory at AllL.) 

Several gases were sue;e;ested for use as a protective atmosphere, 

including nitrogen,. co2, synthetic hydrocarbon atmosuheres, hydrogen, argon 

and helium. Of these, only argon and helium were found to be of use. Argon 

gas has the advantage of being of the ea.me order of density as air and thus 

can be handled by fans and blowers designed for air, but purification of 

argon is somewhat of a problem. Regenerative adsorptive systems do not work 

~ell with argon since argon is adsorbed nearly as readily es oxygen and 

nitrogen. Cheraical p~rification methods may be applied but have the dis-

advantage of involving the handling and disuosal of large quantities of 

reactive alkali or alkaline earth metals which almost certainly will become 

radioactively contaminated and which by the nntnre of the process, form 

high melting· temperature slude;es which tend to clog the purification systet1. 

The operation of an argon liquifying and rectifyinb system was suggested to 

obtain hit)l purity argon and to eliminate other ~;eses but this ap;:ieared to 

be a costly expedient. 
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Helium 6 '8.s has certain disadvantat;es. l ts low density makes it 

difficult to circulate by means of fans or ccntrifu5al blowers. Its high 

diffusivity makes it somewhat more diff~cult to contain than the heavier 

gases. The high ratio of constant nressure to constant voll1me heat 

capacity (k = 1.66 for helium as compared to k = 1.4 for diatomic gases) 

causes the temoeratt;re to increase much more in compression th.an does that 

of the other gases. The negative Joule-Thompson coefficient causes the 

helium to heat slightly upon free expansion throug,h an orifice or eX!_)ansion 

valve. The principal advantage of the use cf l:eliwn is that regenerative 

adsorption methods of purifying it produce good yields and high cleanup 

factors. This final factor influenced our decision to use helium. 

~ne present plans call for the use of a recirculatine. helium atmosphere 

which can be used interchangeably with the once through air ventilation in 

the various hood lines connected to the conveyorized alpha radioactive hood 

system and in the welding and liquid meta.ls hood lines. The helium will be 

recirculatine; by means of seven stage turbocotlpressors wit~ an aftercooler 

after each compr~ssor. These compressors will be piped and valved so that 

they can be used inde"Oendently, in parallel, or in eeries. 

The helium gas will be purified by adsorotion of the moisture on 

activated drying agents (silica gel and activated alumina). The gases such 

as oxygen and nitrogen will be absorbed on activated carbon at normal 

refrigeration temoeretures, -20°F to -4o°F, and at a ~ressure of a~~roxi­

ma.tely 165 "Osie.. The peculiar ther,~od;r.,'1l~ic "Oroperties of heliUl!l will be 

used to assist the operation of the system. Hot gas will be pi!>ed directly 
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from the compressor to regener~te the drying to\·Jers. By expanding tl1e 

co:npressed ;1eliwn from 165 psia to the normal operating pressure through 

turbines, the gas may be used as its own refriberant and passed through a 

series of counter~~rrent heat exchangers between the activaten carbon 

adsorotion towers to reduce the temperatt:re below that \·!hich can be obtained 

with a freon refrigerant system. Re genera ti on of the activated carbon \·:ill 

be accomnlished by evac'1.B.tion wit!'lout cnange in temperature. 

------·-·,--------
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work, Neither the 
United States, nor the Commission, nor any person acting on behalf of the Commissions 

A. M::iku any warranty or representation, express or implied, with respect to the ac­
curacy, completeness, or usefulness of the information contained in this report, ar that the 
we of any information, opparatva, method, or process discloied in thi1 report may not in­
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ployee or contractor of the Commiuion to the extent that such employee or contractor 
prepares, handlea or distributu, or provides acc:eu to, any information punuant lo his em• 
ploymenl or contract with the Commission. 

This report has been reproduced directly from the best 
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was released from the burning cellulose material (not necessarily filter media, but with simi­
lar burnin~ characteristics) prevented continuation of the project and rendered the all-metal 
building unusable ever since. Fortunately the project was almost complete so project time and 
dollar loss was low but the building still stands abandoned as a stark reminder of a serious 
problem. There are too many vital production, research and development facilities within the 
AEC pro~ram where filter fires could cause similar disasters on a much larger and more 
serious scale. 

II. CONVENTIONAL FIRE PROTECTION STANDARDS FOR VENTILATION SYSTEMS 

Before we pursue recent filter fires at AEC installations, I would like to review briefly 
some of the conventional fire protection standards for ventilation and air conditioning systems. 
The code adopted for the AEC that incorporates reasonable provisions based on minimum re­
quirements for safety to life and property from fire is the National Fire Protection Association 
Code No. 90A "Standards for the Installation of Air Conditioning and Ventilation Systems of 
Other than Residence Type." The standards were revised and approved last May and the 1955 
edition was published July 30th. Most of you are quite familiar with this code and use it regu­
larly. This code like all of the other National Fire Codes are henceforth being revised and 
published annually, and I urge you to keep up-to-date by getting the latest edition around August 
each year. 

These standards apply to the air-duct systems employing mechanical means for the move­
ment of air and used for heating, ventilating, and air conditioning including filtration. Important 
consideration is given smoke removal systems, particularly in windowless structures where 
panic hazards are likely. Although personnel loads are usually light the panic problem is ap­
plicable to some of our AEC buildings. The construction of duct systems is of prime considera­
tion in the code and one of serious importance to older AEC installations where combustible 
ducts and plenums are in use, or where non-combustible, easily shattered, materials are laid 
over combustible frames and supports. Fires are occurring in such duct work at AEC plants. 

I would lfae to quote Paragraph 115 of the NFPA Ventilation standards; ''Work involving 
the use o!: torches shall not be undertaken on ducts until the system has been shut down, the 
duct cleared, and all combustible lining and covering material has been removed from the por­
tion of the duct being repaired." 

Failure to comply with Paragraph 115 is the prime cause of most fires in ventilation sys­
tems at AEC plants and in private industry. A typical disasterous fire in the duct work and 
ventilation system started by a welder's spark, occurred in Rochester, New York, in a high­
value film warehouse of the Eastman Kodak Works. Before extinguishment was accomplished a 
$3,000,000 fire loss had been incurred and the entire plant was virtually closed down. See the 
NF?A Quarterly of January 1952 for details. Code 90A emphasizes the need for inspection and 
clean-out openings. 

These are particularly needed on each side of fire damper installations. The requirements 
ior installation of ducts is quite clearly stated. Section 130 "Automatic Fire Doors and Dampers" 
is a vital guide for the design of a system that will not convey fire through fire walls and fire 
partitions. This section is frequently ignored or lightly treated in even new design work that is 
being reviewed. A solid 12-inch fire division wall is only as good as the poorest cutoff in the 
duct work that pierce it. A cardinal guide, at least from the fire protection view-point, should 
be to never pierce a fire wall with duct work if it can possibly be avoided. 

The sections on fans and controls are of serious consideration, particularly the tying in of 
controls to fire alarm systems so prompt shutdowns can be made where conditions warrant it. 
Compliance with the "National Electric Code" and required clearances of heating equipment is 
understandably included. The section on Smoke Detectors is informative, but these devices as 
well as sprinkler systems are generally lacking from most AEC installations. The recommended 



FIRE CONSIDERATIONS IN FILTER DESIGN 

By Don J. Keigher 

Fire Protection Engineer 
Hanford Operations Office 

Since my first walk across the roof of the old "Site B" 011 the University of Chicago campus, 
the fire hazards of filters and filter systems have been of personal concern and interest. The 
sight oi an 8- x 8- x 8-foot light frame and tar-paper roof house covering a bank of wood and 
paper filters, sitting on the roof of an ol\:l brewery building, surrounded by higher apartment 
buildings and residences, was a shock to a fire protection engineer still very new to the fire 
problems of the atomic age. The primary purpose of that installation was a very efficient air­
cleaning performance-which they were getting. The fire hazards of the set-up were known 
and accepted as a necessary "calculated risk" in getting the job done. 

A "calculated risk" is a term used by management, that fire protection engineers must 
often accept for financial or other quite valid reasons. Our concern is whether the true fire 
risk, with all its ramifications, is known, and if the risk can be reduced by the application of 
good fire protection engineering principles. This is a dual problem for the fire protection 
engineers at atomic energy facilities where elaborate ventilation and air supply systems are 
needed and where so many combustible filters are in use. We feel that we must emphasize the 
importance of the fire considerations in filters and filter designs, and we must assist in the 
search for better methods or media to reduce this fire problem. 

In looking back it is amazing how few fires developed in the filter banks, large and small, 
of the old asbestos-cellulose units, that were and still are in use at most of the major AEC in­
stallations. Not a single major fire occurred in filters or resulted from filter fires during 
Manhattan Engineering District days nor in the early history of AEC. Some minor fires that 
were potentially serious did occur in those early years to point up the concern of fire and 
safety personnel. In the fire and safety field it is easy to sell improvements after disasters, 
but we prefer doing it before, as we are attempting to do in the filter field. 

I. COMBUSTIBLE FILTERS POSE PROBLEM 

Those early high efficiency filters, originally developed by the Chemical Warfare Service, 
were deliberately designed to be combustible so they could be readily reduced by burning so as 
to recover any contamination contained therein. A need for such a filter still exists. I'm sure, 
it can be lived with if precautionary measures are taken. As fire protection engineers always 
do, we are forever advocating the elimination of burnable materials, so we're strongly recom­
mending that most of these combustible units be replaced with equally efficient filters that can 

. withstand high temperatures and not contribute to the fire itself. Of grave concern is the possi­
ble release of the contained radio-active material from these burning filters; the results from 
such a release can be devastating. The P-11 fire that occurred at Hanford in 1950 is an ex­
am_?le of what can result from the release of contamination from a fire. The contamination that 
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maintcnanct.' procedure is an excellent appendix to the code. 
I don't think the standard::; emphasize enough the need for accessability to ventilation sys­

tems. This is the prime problem in most fire fighting situations. When firemen cannot get at 
tlw sc:1t of a fire, va:-;t amounts of accumulated heat and smoke is given off, causing excessive 
fire and smoke dama~es and in turn force the fire fighters out of congested basements and 
crowded machinery spaces. When radioactive materials are airborne in such duct work the fire 
control problem becomes nigh impossible. 

Another consideration of conventional standards that is of concern in the "hot" atmosphere, 
is the filter media used in intake air cleaning equipment. Because of the possible exposure 
from outside fire sources, particularly leaves, tumble weed, alley rubbish, etc., from our ex­
perience we recommend that flame treated or non-combustible filters be used at least in the 
first bank of intake filters. Burnable and burning materials are easily sucked into many such 
installations, but they can be readily stopped if treated media is used. 

Also to be considered are the many large banks of combustible filters whether these be in­
take filter::; or the absolute filters in the exhaust systems. Frequently these banks contain liter­
ally millions of B.T.U.'s of heat potential, Based on the average figure of 7500 BTU per pound 
of paper, a bank of 100 or 120 24- x 24- x 11 1/ 2-inch CWS-Type 6 filter units, such as we have 
at Hanford, represents roughly 25,000,000 of BTU of potential heat. The effect of such a heat 
release at the unprotected steel supports and structural members of an all-metal building 
would literally collapse most of the building in a matter of minutes. 

III. RECENT FILTER FIRES IN AEC 

Recent fires in filters and small filter banks at AEC installations have borne out the con­
cern safety and fire personnel have always had for these highly combustible installations. 
Known fires have been reported here at Argonne, at Idaho Falls, at Hanford, and at Oak Ridge. 
I suspect there have been others. Two resulted from small particles of hot carbon residue, the 
costliest was started by a welding spark, one indirectly from a fire caused by spontaneous 
ignition, and the fifth from spontaneous ignition through nitric acid fume action. All were in the 
asbestos-cellulose CWS Type 6, or improved AEC 1 type. Although these filters consist of fine 
asbestos fibers mixed with coarser cellulose fibers to give mechanical strength and act as a 
support for the asbestos, according to "AEC's Handbook on Air Cleaning," the asbestos offers 
little fire retardant qualities to the filter. 

Argonne Incidents 

The first incident I would like to cite occurred here at Argonne on February 19, 1953, in 
the fan loft of the 310 Building. The radio-active waste incinerator was in use when the operator 
noticed a pressure drop across the filter in the uptakes. Almost simultaneously smoke was 
not4,;ed coming from the outside stack. The fire department was called while building personnel 
investigated the apparent fire. They found the single unit filter in the incinerator uptake burning 
briskly and proceeded to remove it from the housing. Two 15-pound carbon dioxide fire extin­
guishers did not completely extinguish the fire. Water pump cans were used by the firemen to 
completely extinguish the burning filter. 

On investigation it was found that the three small electric after heaters located in the duct 
above the scrubbers glowed red hot when in normal use. It was found in test that small carbon 
particles in the stack gases could pass through the scrubbers, accumulate in the duct and oc­
casionally pieces would peel off and become heated on the red hot heater elements. These 
heated particles would occasionally reach the filter face and with the proper size, air velocity, 
and heat, the filter had ignited. 

An almost identical fire of unknown cause had occurred in the same uptake and filter a year 
previous-February 27, 1952. At that time the incinerator was not in use but the heaters had 

____________________ , ____ , _______ , _________________ , 
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been on while some control adjustments were being made. From the '53 incident the cause was 
verified. A non-combustible filter was recommended after both fires. Loss from each of these 
fires was only about $150, but the potential was serious. 

Serious Oak Ridge Incident 

In the incident at the Oak Ridge Y-12 plant a $17,500 fire loss and a serious production in­
terruption resulted, The fire, or series of fires, was in the C and A air conditioning systems of 
Building 9204-2 and harrassed plant personnel and Oak Ridge firemen from April 19 through 21 
of this year. Following the e:i.."tinguishment of the initial fire, which had been caused by a spark 
from a welding job dropping into the plenum chamber on to a filter, re-ignition occurred on each 
of the two following days. About 500 pounds of C02 were used to control the first fire while 
filters were removed from the building. Water could not and was not used at any time during 
the fire because of the likely reactivity of the entrapped chemical dust. Eight filters damaged 
in the fire were replaced, the plenum cleared and the unit returned to use after a 51/rhour de-
13.y. But the fire was not over. 

The magnitude of each of these banks should be understood. Each of the plenum chambers 
involved in this fire is approximately 70 feet long, 10 feet wide and 18 feet high, and contains 
70 standard filter units stacked in banks 7 units high. This is a package of around 20,000,000 
BTU's waiting- to be released in an essentially frame building. 

After 15 hours of normal operation smoke was again noticed coming from the plenum. 
Warm and very hot areas were found in the joints of the duct-work lining which was built of 
layers of combustible fiber board sandwiched between sheets of transite. All joints showing 
evidence of fire were cut out and after a 13-hour production delay the system was restored to 
use. 

Within 1 '2 hours more fire was noticed and inspection revealed that the filters were again 
on fire. Despite the use of portable C02 extinguishers to retard the fire as previously, the in­
tense heat made a hit-and-run method of attack necessary during attempts to remove and iso­
late the burning filters. Since this work was slow, difficult, and hazardous the decision was 
made to apply C02 in massive attack. Approximately a ton of C02 from a large liquid C02 truck 
was applied and knocked out the fire. Many of the burning filters were finally extinguished out­
side the building with water. 

During the series of fires about 5000 pounds of C02 were used in all from the portable ex­
tinguishers and the Cardox truck. About 115 hours of production time was involved, along with 
the $17,500 damages, indirect losses and general upset. 

P-11 Hanford Fire 

The aforementioned P-11 fire at Hanford also involved filters. The hot gases and heat 
from the paper-boxed materials was being exhausted through the absolute CWS-type hood filters. 
Natural1.y the filters caught fire. Considerable difficulty was experienced in the fire in the hood 
filters. It was necessary under difficult working conditions to break open the filter units to put 
out the flames and prevent further spread of radioactive material to the atmosphere. This was 
the first experience of the Hanford fire personnel with the stubborn difficult filter fire extin-
guishing job. . 

Idaho Falls C.P .P. Filter Fire 

The fifth incident that illustrates another aspect of filter fires occurred at the Phillips 
Petroleum plant, National Reactor Test Station, Idaho, on the day following the Oak Ridge fire­
April 22, 1955. The fire took place in a case of four filters in the blower room of the CPP-602 
Building. These filters filtered exhaust air from laboratory hoods on the floor below. Water 
was necessary to bring the blazing bank under control. ·Total loss was about $800 for the four 
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filters, the blackened filter case, blower case, and stack. 
Investigation indicated that the fire could only have originated in the filters themselves, 

since no other source of ignition was available and inspection of the duct work showed that- the 
fire had not travelled from the hoods to the filters. Release of nitric acid fumes from the hoods 
apparently was sufficient to cause deep nitration of the cellulose filter media kicking off a hot 
fire. 

Detailed information on any one of these fires may be obtained through the Safety and Fire 
Protection Branch, Washington Office, USAEC. 

In the case of this and the other fires mentioned, with the exception of P-11, very little 
radio-active material was contained in the filters that burned. Adequate precautions including 
assault masks, with radiation monitoring, etc., were taken by laboratory, brigade and fire de­
partment personnel in all of these instances. Fortunately, personnel were al ways around to 
detec-c and report these incidents promptly. In none of these instances were standard automatic 
detection or sprinkler protection provided. Obviously such fortuitous circumstances cannot 
always be expected when filter fires occur. 

The potential seriousness of these filter fires, and others unreported, cannot be over em­
phasized. We mentioned earlier that filter fires can result in two serious effects-damage­
wise and production-wise. The first and the more serious is the release of highly radio-active 
ma:erials into vital buildings or areas around them. That radio-active material is a serious 
hazard to all personnel working in or around that building, particularly the fire fighters. Some­
times the released material is not particularly radio-active but it is highly toxic, as are some 
of the materials we deal with at Hanford. In any case the facility is untenable temporarily and 
only after costly decontamination and delay can it be returned to use- or if not econonically 
feasible, as in the case of Hanford's P-11 Building, abandoned. 

The second serious effect from a filter fire is the release of tremendous heat energy in 
confined spaces. Combustion is rapid because of the nature of the cellulose-asbestos filter 
media-the wood frame is a lesser fuel contributor-and the velocity of the air moving through 
the units. Most of the buildings at AEC facilities where the most filtration is necessary are 
usually large all-metal or light noncombustible structures, with many of the older ones frame 
or partially frame. In either case, if not quickly controlled, sufficient heat to weaken and col­
lapse the unprotected steel structural members or ignite the frame is available. Often in these 
ver:y buildings fire fighting forces have limited access and delayed attack because of security 
requirements and complex construction and layout. Generally fire divisions in these buildings 
are inadequate. Total fire losses can be expected in such buildings, even when there is very 
little to burn. No building has yet been built that can sustain a fire and not suffer loss from it. 
If the combustible material is not originally available, someone will at some time or another 
drag in enough to make it possible. 

We have never had a serious filter fire at Hanford although some of the conditions I've 
mer.tioned do prevail there, but a series of test fires in filters convinced all who witnessed 
them .. that they can be serious and are nasty to deal with. 

IV. FILTER FIRE TESTS 

As an outgrowth of the P-11 fire a study, involving many members of the General Electric 
and AEC staffs at Hanford, was made into the filter field. The committee investigating that fire 
among other recommendations included- and I quote-"d. A study should be undertaken to 
provide non-flammable filter elements for application where conditions of high levels of radio­
activity or toxicity exist." 

An indirect result of this recommendation were the filter fire tests conducted at Hanford 
in April 1953. Previous to these tests a series of studies were made by General Electric per­
sonr.el on the means of protecting the thousands of combustible filter units already in use. 

···- - -·-··········------·-···· ------·--------·--------------------
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Numerous possibilities were considered but the ultimate conclusion was that the proper solu­
tion to the problem would be the installation of non-combustible type filter elements. 

These studies spurred the filter fire tests of the CWS Type-6 units as a "yardstick" for 
estimating the probable fire that could result, and size and type extinguishing agent needed to 
put it out. The purpose of the tests was to check the advisability of continued use of CWS Type 
6 filters in the 234-5 Building. (See Fig. 1.) 

A scaled-down model ventilation system was constructed in a large quonset hut, consisting 
of 30 feet of 18-inch round pipe going into a plenum chamber 54- x 54-inch in which four stand­
ard size 24- x 24- x 111/i-inch CWS filters were installed in a framework of the same type con­
struction as exists in the actual filter rooms. The plenum was then reduced down to an exhaust 
fan which exhausted to the outside. (See Fig. 2.) 

All air flows were established to correspond to actual conditions in the 234-5 Building ex­
haust systems. The air velocity through the 18-inch round duct to the plenum was regulated at 
950 fpm and through the filters at 100 fpm. Thermocouples were installed to blanket the test 
filters. 

A total of ten tests were run using varying ignition sources and situations. In Tests 1, 2, 
and 3, pie~es of Kleenex, paper towels, and a handful of lint were lighted and thrown into the air 
stream 30 feet from the filters. All these materials were virtually burned out before reaching 
the plenum chamber or dropped harmlessly to the plenum floor with the drop in air velocity. It 
should be mentioned that the filters were placed vertically in the plenum and the air movement 
was horizontal. 

In Test 4 a small metal tray was loaded with paper tissues, towels, and excelsior and ig­
nited. A hot fire developed throwing off showers of sparks. Most of the sparks were out before 
reaching the filters; the few that did, appeared to strike the perforated aluminum face plate and 
go out. 

In Test 5 a large wad of excelsior was thrown into the air stream and results similar to 
Test 4 observed. A lighted cigarette was thrown into the stream, with negative results. 

Test 6 was more drastic for the same amount of excelsior was introduced 15 feet or 
half the distance from the plenum. Sparks appeared to shower the filter face plate for a few 
seconds but ignition did not take place. 

Test 7 was the most drastic of all (see Fig. 3) and very nearly destroyed the test equipment 
prematurely. A full pad of excelsior was stuffed in the end of the intake duct 30 feet from the 
plenum. It was ignited and allowed to pre-burn for about 3 minutes before the blower was 
started. The excelsior burned fiercely, creating a mass of flame that virtually filled the 18-
inch round duct and directly touched the filters. All four filters were seen to flash over and 
glow, then ignite almost simultaneously and the temperature of the discharge air jumped to 
600°C. The filters burned fiercely and created intense heat. Small "puffs" or explosions 
occurred within the plenum chamber, the wire-glass inspection windows cracked, the fan 
caught fire, and the fan housing distorted. Before the instrument men hastily removed their 
potentiometer, temperatures of ll l 2"F were recorded on the filter faces and the exhaust air 
stream had risen to 1472"F. Higher temperatures were probably reached before the firemen 
moved in to e>..1:inguish the blaze and save the mock-up. A acrid smoke was given cff from the 
adhesive used to bond the filter media to the frame. All personnel evacuated the building. 

The firemen directed 11/2-inch fog-nozzle streams discharging about 150 gallons of water 
per minute against the exhaust side of the filter. This seemed to momentarily accelerate 
burning and the temperature increased. It took almost ten minutes to extinguish the fire with 
two fog streams with a wetting agent, and even then only half of the burnable material had 
burned. The wood frames were relatively unmarked from the fire. (See Figs. 4 and 5.) 

After clean-up of the mock-up and replacement of the filters a final series of three tests 
were run to check the spread of fire from filter to filter in a bank. 

In Tests 8 and 9 an oily rag and Kleenex tissue were placed at the base of the filter bank 
and at the face but they burned out without igniting the filters. 
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In Test 10 an oily rag was hung on the filter face and ignited. The filter ignited immediately 
and burned for approximately 8 minutes before the others ignited. The others caught fire on the 
down- stream side due to the intense radiant heat accumulating on that side of the plenum cham­
ber. The fire department extinguished the fires before they became as hot as in Test 7. 

It is concluded from these fire tests, and from actual filter fires, that the need for a non­
combustible filter with equivalent or better filtering characteristics, even at a somewhat higher 
cost. is :m urgent necessity. 

The following comments and conclusions were arrived at from the tests and the actual fires 
that have happened since: 

1. It seemed more difficult to set the filters afire in the tests than it has been in some of 
the actual fires. 

2. In any case the high-air velocity in most exhaust systems tends to reduce the liklihood 
of ignition, but enhances the fires once ignition has occurred. 

3. A non-combustible pre-filter greatly reduces the liklihood of burning material or even 
flame to get through it to combustible CWS type filters. Thin sheet fiberglass is used at some 
installations for this purpose. 

4. Where large banks of absolute filters are installed only the non-combustible filters 
should be used. There is too large a fire loading to depend on a non-combustible picfilter only. 

5. The prime fuel in filter fires is the filter media and paper separators, not the wooden 
frame. 

6. It seemed relatively difficult for the fire to spread from filter unit to filter unit in the 
test fires and then only on the down-stream side, yet in actual fires where more than one filter 
unit was involved it has always occurred. 

7. Fires in filter rooms would be extremely difficult to combat. Normally only one side 
of the filter bank can be available for attack, yet wetter water as used in the tests could not 
penetrate through the filter. Application must be made from both sides. 

8. Carbon dioxide installations and a single sprinkler head would be helpful to retard 
ilame spread, but will usually be inadequate for extinguishing a full-blown filter fire. Heroic 
systems would be needed to protect large banks. 

9. The problem of fire fighting in areas of radiation exposure tend to hamper the firemen 
because of protective clothing and limited exposure times. Immediate, effective fire attacks 
usually cannot be carried out. 

1 O. By actual test it was found that the ignition temperature of the CWS filter media was 
419°F. All the component parts of the filter unit including the cardboard dividers and adhesive 
binding materials ignited at 490°F. 

V. RECOMMENDED CRITERIA FOR FIRE SAFE ABSOLUTE FILTERS 

The perfect filter from the fire protection aspect has not been developed although tests at 
Hanford have indicated that one or two of the manufacturers have units that with modification 
should provide the required characteristics. 

It is our opinion that the ideal criteria for a fire-safe filter should be-
a. Maximum operating temperature for one hour-1000°F. Such a media is already on the 

market and temperatures of over a 1000°F would only arise in an already well started fire. A 
filter unit that will not contribute to a fire starting in it is the best that can be asked for at this 
time. This unit can be disposed of elevated temperature and/or by crushing. 

b. Maximum flow resistance at 5 fpm- .10%. Fire is not a factor here except that the 
resistance should not increase even aiter the filter has been subjected to the lOOO"F one-hour 
test. 

c. Loading capacity-Comparable to or better than the CWS-6 or AEC-1 media. One 
manufacturer claims a 1/s greater capacity because a thinner media and more folds per filter as 
a result. 
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d. Frame- 1/ 16-inch steel with steel rivets with all exposed metal painted with fire retard­
ant paint. Hanford experience with the steel frame has not been good, so we feel the 1-inch 
wood frame with exterior coated with a fire retardant paint will be superior until better adhe­
sives and better expansion and contraction controls are developed. Experience in fires and fire 
tests to date indicate the wood frame was not a prime fuel. 

e. Dividers and separators- Use only fiber-glass types. Flame treated paper types 
readily lose their flame resistance even in dry atmospheres. The thin aluminum types rapidly 
deteriorate in acid and wet chemistry atmospheres and in a few months the aluminum salts will 
load up the filter media until it is useless. Also the aluminum dividers (m.p. 1218°F) noticeably 
weakened in the 1000°F one-hour test. 

f. Filter media-Either the Regal, Type A fiber glass or the MSA type are acceptable 
from a iire point. 

g. Stability-Maintain stability under saturated atmospheres for a minimum 24-hour test. 
Although not a direct fire necessity any unit that tends to buckle or sag, or pull apart is more 
easily affected when fire exposed. 

Whether or not the high efficiency filter with all these characteristics can be manufactured 
at competitive prices is not known. Fire and safety people at AEC installations are anxious to 
assist fae ventilation and filter specialists in bringing about such a filter. 

Earlier reference was made to the NFPA Code No. 90A as an excellent guide. Another 
reference newly published this year in May, also by the National Fire Protection Association, 
is their NFPA Code No. 801 "Recommended Safe Practice for Laboratories Handling Radio­
active Materials." This is a guide for fire protection specialists, designers and operators of 
these laboratories on practices necessary for fire safety. I would like to quote the fourth 
paragraph of Section 5.1 entitled "Heating and Ventilating" which states: "The use of combus­
tible filter permits easy disposal as an ash, but introduces a fire hazard into the venting sys­
tem and requires automatic sprinklers or special fire protection measures. In the absence of 
sprinklers within the ducts, fires in combustible filters are extremely difficult to extinguish." 

This we have tried to say, but as we've previously stated automatic protection must always 
be considered for protection of combustible filters, but the installations will usually be inade­
quate. Instead we recommend the widespread use of the non-combustible types. 

VI. CONCLUSION 

We have not touched on the problem for disposing of spent filters. Since we advocate the 
types that will not burn except at elevated temperature we seem to be adding a problem to the 
filter-use program. I am anxious to learn how these non-combustible units are disposed of, 
particularly where it is necessary to recover entrapped materials. 

In conclusion I would like to acknowledge the work done in the fire tests, the filter tests, 
and numerous other studies by General Electric personnel at Hanford, particularly Mr. Palmer 
who is 'JOur next speaker, and the fire protection personnel of the plant. 

We have attempted to present some information gained in the filter field through fires and 
fire tests. More so, I hope we have stimulated your interest in considering the fire aspect in 
your future design or operation of ventilation systems and filters-The problem is getting 
more serious! Further, I personally hope to learn a lot more about filters and ventilation sys­
tems while at this meeting. 

'"'""""""""'"----·-------------------
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