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II. INTRODUCTION 

I- 

% 

.a.., 

Source emission tests are being performed on a series of electric 

furnace instqllations, known as reactive metals or ferroalloys, for the 

Office of Air Programs, Environmental Protection Agency. The tests include 

grain loading measurements, particle size analyses, and chemical analyses 

for a variety of furnace formulations and control devices. The initial 

series of tests, contained in this report, were performed at the Foote 

Mineral Company, Vancoram Operations, P. 0. Box 217, Steubenville, Ohio, 

43952, during the week of May 17, 1971. 

, 

Emissions for this particular plant were determined for a ferrochrome 

silicon furnace (No. 25) and a chrome ore-lime melt furnace (No. 6). Both 

of these units were hooded furnaces without control devices. Each hood was 

provided with induced draft exhaust fans so that most of the dust and fumes 

were removed by exhaust stacks rather than random escape0 as shown in the 

diagram below. Further detailed diagrams and descriptions are ,included in 

Sections IV and V (Process Description and Location of Sampling Points). 
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During this particular survey particulate matter was sampled using the _I, 
special OAP train and a so-called ASUE train using an alundum thimble filter 

within the stack. Sulfur oxides were sampled using the Shell Development as%. 

I 

method and integrated combustion gases were sampled in a gas bag with 

analysis by standard Orsat. Particle size was measured in afiu with an mm 

I 

Andersen Sampler and a Brink Sampler. Most of the above samples were 

-... collected in duplicate runs. 

. 
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III. SUMMARY OF RESULTS 

Total "catches" obtained on the various samples taken by the two 

methods (OAP and ASME) are shown in Table I below. 

Sampling 
#Method 

OAP 

ASME 

OAP 

OAP 

ASME 

OAP 

OAP 

ASME 

OAP 

ASME 

Run No. 

25 E-l 

25 E-l 

25 E-2 
. 

25 W-l 

25 W-2 

25 W-2 

6 E-l 

6 E-l 

6 E-2 

6 E-2 

Date Time 

May 78 1438-1732 

May 18 1438-1727 

May 19 0950-1125 

May 18 1430-1727 

May 19 0953-1130 

May 19 0953-1128 

May 20 1129-1436 

May 20 1129-1343 

May 20 1533-1740 

May 20 1534-1745 

OAP vs. 
grains/SCF Lbs/Hour ASTM 

0.225 128.8 1 -28% 
0.307 179.4 \ 

0.388 239.7 

0.087 68.1 

0.208 202.2 
0.263 198.1 - 2% 

0.154 54.8 
0.183 60.4 -10% 

0.178 62.2 
0.219 72.3 -16% 

Emissions from the east and west exhaust stacks of Furnace 25 varied 

widely in the two tests, both between the two stacks and between the two 

test runs. One of two stoking machines failed during the second test and 

emissions were visibly different. 

The comparison between the "catch"by the OAP and ASME methods was 

reasonably close in some trials. It was somewhat unexpected that results 

from the OAP method were less than those obtained with the ASME method. 

There are wide fluctuations in the amount of dust or fume being produced 

from one moment to the next, and the traverses of OAP and ASME probes were 

in opposite directions to avoid interference. No errors or losses occurred 

to the best of our knowledge other than those inherent with each sampling 

method. 
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A summary of the various plant emissions measured is shown in 

Table 2. 

Nearly 100 percent of the total emissions from Furnace 25 were being 

'removed by the hood and draft fans. An additional duct was built into the 

same system to collect fumes generated during tapping operations. This 

collection efficiency does not include any dust or fumes produced by the 

pouring and hauling of the molten metal and slag during the subsequent 

operations that follow tapping of the furnace. 

A large amount of dust was escaping from Furnace 6, apparently due to 

the greater difficulty of hooding a tilting furnace. Measurements with a 

high volume sampler indicated that just slightly over half of the total 

emissions were being emitted from the exhaust stack. 

Analyses by photograph, atomic absorption, X-ray diffraction, electron 

beam X-ray microanalysis and optical spark emission indicated the compo- 

sitional variations and striations within each sample. Atomic absorption 

indicated that emissions from Furnace 25 were approximately 70% SiO2 and 

chromium ranged from 0.7 to 2.1%. The X-ray diffractions indicated that 

all samples were largely amorphous (non-crystalline). However, the two 

samples from Furnace 6 indicated recognizable patterns in the class of 

compounds called spinels. The electron beam X-ray microanalysis indicated 

that there were concentration gradients in which chromium, magnesium, and 

iron were concentrated near the filter, while zinc and calcium were near 

the surface of the collected fume. Optical (spark) emissions served as a 

check with the atomic absorption and electron beam results. In addition, 

numerous trace impurities were found which were not identified in the other 

approaches. 

Particle size analysis was conducted dynamically within the stacks by 

means of the Andersen impactor sampler. This unit was inadequate for the 

very fine fumes encountered because over half of the particles passed 
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TABtE 2 

SUMMARY OF RESULTS 

1 ,5 Wtl 
: 

/18-/71 i 

. 
!5 W&2 ,E-2 I 6E-1 /Run Numb& 

1 

'Date 

/Stack Flow Rate - SCFlrt** dry 

w*' % Water Vapor - X Vol. . 

25 E-l 

5/20/71 

11,492 

i/20/3 
II /19/71 j/19/71 fl8/7i 

5,800 87,900 +0,901 I 1, >oo 

1.01 0.76 0.88 

a.5 

26.1 

2010 

17.0 

ii/i 

0.5 

20.1 

2010 

N/A 

0.0468 I.249 

0.316 0.195 

36.7 187.6 

2,100 

2.22 0.24. I 

0.0 

1.28 

0.8 

20.3 

3383 

0.8 

/ % O2 - VOI X dri e . 20.3.' 

3383 

10.7 

!D&Emissions - ppm dry . 

Particulates 
: . 

Probe, Cyclone, & Filter Catcl- 

gr/SCF* dry . 

s 

3.376 

gr/CF 0 Stack Conditions 

Ibs./hr. 126-O 

3.264 

232.3 

Total Catch 

gr /SCF *dry 

/ 
gr /CF 0 Stack Conditions 

s 

0.225 

0.156 
/ 

Ibs./hr. . . 

0.272 

i 
128.8 239.7 

% Excess air @ sampling point 

/SO, Emissions - pg dry 0 

i 
N/A 

13.5 0’. 

N/A 

0.141 

0.124 

50.2 

0.136 

N/A N/A 

3.175 

3.148 

61.4 

0.0869 

. 

0,265 

0.065 

65.1 
-- 

0.204 

193.1 I 54.8 

70"F, 29.92" ljg 

-.-- 



completely through all stages and were deposi.ced on the final filter. A _ 

second series of tests was conducted with the~rink?%@iYc~~WIn ' 

this case, some three-fourths of the particles were on measurable stages, 

and the mass median diameter was found to be between 0.6 and 0.7 microns. 

Table 3 shows some of the more important operating parameters of each 

furnace during the testing period. 
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6/l&/71 

6/19/71 

6/18/71 

6/19/71 

6/20/71 

1438-1558 

1625-1732 

'1430-1555 

1625-1722 

0953-l 128 

6/20/71 1533-1627 6 E-2 

Location/' 
Test No. 

25 E-l 

MIX 

Quartzites, 
Chrome ores, 
Carbon reduc- 
ing agents, 
and Flux 

25 E-2 Same as above 

25 W-l Same as above 

25 w-2 Same as above 

6 E-l Chrome ores Ore lime See 
and 1 ime melt delay 

Chrome ores Ore lime See 
and lime melt Delay 

TABLE 3 

PLANT OPERATING CONDITIONS 

FURNACE 

Product 

L. c. 
FeCrSi 
(36-40) 

Tapped 

1503 hrs 
1518 
1702 
1722 

Same as 1109 hrs 
above 1125 

Same as 
above 

Same as 
above 

1503 hrs 
1518 
1702 
1722 

1109 hrs 
1127 

Delay Remarks 

None Normal 

None 

None 

None 

1222-1238 
(586 down 
1247-1255 
':",", $wn 

1332-1340 

1700-1707 
(6 down 

only) 
Tapped 

Abnormal: No stoking due 
to machine failure. Higher 
temp. than usual. 

Normal 

Normal stoking but affected 
by lack of stoking on east 
side 

Normal 

Normal 



IV. PROCESS DESCRIPTICN 

“e. 

The reactive metals are generally ferroalloys which are produced in 

submerged arc electric furnaces. The facilities under consideration in 

this report are open furnaces, with hooding, but without collection systems 

to reduce the emission of fumes and dust following collection. Figure 2 

is a process flow diagram indicating the inlet and outlet materials, A 

diagram (Figure 3) is included to show more details on a typical furnace. 

Figure 4 indicates the cross-sectional view of the actual furnaces under 

test in this survey. 

The electric arc is employed as a concentrated source of heat. Chrome, 

manganese and other ores are added to the surface of the furnace through 

mechanized equipment and chutes. Additional carbon in the form of coke, 

wood chips, etc., is an integral part of the furnace mix, along with 

specialized fluxes, etc. The mix is added directly to the surface of the 

furnace through chutes and is then spread over the surface with stoking 

machines. 

II 
I 
iit- 

The very high temperatures produced initiate a reaction in the bottom 

of the furnaces and form a layer of metal which is tapped at appropriate 

times. As the ore and carbonaceous materials settle to the bottom of the 

furnace, the heat, in conjunction with a lack of oxygen, react with the 

oxide ores to produce carbon monoxide which reacts further chemically, as 

a reducing agent, in order to remove oxygen from the original ores and 

thus produce the elemental metal. Escaping gases are burned at the surface 

of the furnace in the so-called open units. In closed furnaces, these 

gases may be burned in such manner to salvage their heat value. 

Furnace 25 produced a ferrochrome silicon product. Soderberg type 

electrodes are formed in place from a "paste" rather than using prebaked 

carbon electrodes. Furnace 6 was an open arc unit using the prebaked 

carbon electrodes. Induced draft fans are employed to pull fumes from 
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the hooding into exhaust stacks such that emissions are discharged above 

the roof level. Any escaping fumes rise to louvers or monitors in the 

roof where they are discharged. 

The furnaces are tapped at intervals somewhat less than two hours 

into ladles. The slag is removed from this ladle and disposed of by 

various means. Molten product is poured into molds, after which it is 

broken into usable sizes. Product from the No. 6 furnace is somewhat 

different in that it is a simple ore lime melt rather than a metallic 

product. 
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V. LOCATION OF SAMPLING POINTS 

a 
I - 

Sample port locations were selected where most satisfactory, during 

a presurvey inspection trip , and approved by the OAP Project Officer. 

Two ports, 90" apart, were provided by the plant personnel at each stack 

tested. Furnace 25, east and west stacks, had ports approximately four 

feet above the fourth floor level, or three stack diameters above the fan. 

A more satisfactory location was not accessible. Furnace 6 exhaust stack 

had the same diameter as the exhaust stacks from Furnace 25, but the 

sampling port locations were after approximately 25 feet of straight flow 

above the fan,. These were not conveniently accessible from the standard 

floor but were reached by special scaffolding, which was erected by the 

plant for this series of tests. Figure 4 (page12 ) is a simplified 

cross-section of the furnaces under test and indicates the relative location 

of sampling ports. 

Each of the test cross-sections was divided for 12-position sampling 

from each of ko different ports. The centroid of six equal areas was 

used for determining velocity, temperature, and samples. All three of the 

stacks tested had identical diameters and cross-sections. The sample port 

locations were slightly different with a long run of straight uniform flow, 

but the sample points within each stack were identical. Figure 5 shows a 

sketch of typical port locations and sample points. The test points were 

selected using the proposed source test method 6 by EPAjOAP in conjunction 

with previous experience and discussion with the Project Officer. 





VI. PROCESS OPERATION 

The operation of the two furnaces being tested is somewhat different. 

Furnace 25 is more typical of the usual ferroalloys furnace, while Furnace 6 

differs in that the electric arc is exposed and the furnace is tapped by 

tilting the entire crucible. 

The operation of Furnace 25 is essentially continuous, but it is 

considered to be an approximately 2-hour cycle as measured by the times at 

which it is tapped. The tapping cycle basically depends upon the total 

power produced within the furnace, therefore producing a specific amount 

of metal product. The chrome ore and reducing agent mix is added at 

appropriate intervals and spread over the surface of the furnace by stokers. 

In this large sized furnace, these are electrically operated mechanical 

stokers. They are small cars with a large pushing ram mounted on the front 

so that the ore mix, which is dropped into piles on the surface, may be 

spread around the electrodes. 

Furnace 6 operates with an open arc and without stoking. Two furnaces, 

5 and 6, are operated jointly. There is, therefore, a problem of two units 

tilting alternately into a single tapping ladle. These two units also 

share a single hood over the tapping area. Largely because of the tilting 

arrangement and the shared tapping area, there is considerably more dust 

and fumes which are not collected by the hooding arrangement. This fugitive 

dust emission was estimated with the aid of high volume samplers. 

Operation of the furnaces was considered normal for most testing. 

However, the tests conducted on May 19, 1971, (No. 25) coincided with a 

period in which one of the stoking machines was removed from service. As 

a result of this variant, only the west side of the furnace was stoked. 

The east side developed heat "blows" and tended to run at a much higher 

temperature than normal. This condition produced an excessive amount of 

fume and resulted in an unusually large number of individual filters 

16 



being required due to clogging. The more important plant opsrating 

conditions are shown in Table 3, page 8, under Summary of Results. 
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VII. SAMPLING PROCEDURES 

All test procedures were discussed with the Project Officer in advance. 

All procedures were essentially the same as those being issued by the 

Environmental Protection Agency for source sampling. 

Preliminary velocity and temperature readings were obtained in order 

to select nozzle sizes for isokinetic sampling. Particulate sampling was 

conducted using the GAP train as described in Appendix E-l. A so-called 

ASME train was used simultaneously with the OAP train. This was done 

alternately with Furnace 25 where there were two exhaust ducts but for each 

sample in Furnace 6 where there was a single exhaust stack. 

Gas sampling was also conducted in accordance with the proposed EPA 

Standard Source Testing Methods. Sulfur dioxide was sampled with midget 

impingers using isopropyl alcohol and hydrogen peroxide solutions. combus- 

tion gases were sampled in plastic bags for immediate analysis with an 

Orsat analyzer. 
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VIII. CLEANUP AND ANALYTICAL PROCEDURES 

The methods employed for cleanup of th e OAP particulate train have 

.I become relatively standardized through test i ng incinerators for government 

approval. Various sections of the sampling train are washed with acetone 

and water. The filter is removed carefully and each portion of the 

collected particulate matter is placed in s e parate containers. All portions 

are then dried at ambient conditions and the water is extracted for 

organic material , as well as being evaporated to dryness. These procedures 

are outlined in detail in Appendix E-2. 



IX. DISCILSSION 

P.. Results 

The OAP sampling train, heing a more comnlex and exacting device for 

measuring total particulate concentrations, was expected to collect more 

particulate material than the ASME train. However, this did not occur 

in any of the four comparisons. The relatively good agreement between 

OAP and ASME "catches" in two or three of the four tests would indicate 

that very little condensable material was passing through either the 

fiberglass filter or the alundum thimble. Although the particle size of 

this fume being emitted was largely less than one micron, a rapid buildup 

of filtering surface was apparently able to collect all material within 

the alundum thimble. In the ASME test 25 W-2, the probe was washed out 

with acetone (following the alundum thimble holder), but this extra material 

recovery changed the grain loading from 0.208 to only 0.213 grains per scf. 

Initial testing has indicated a severe problem with the reactive 

metal emissions plugging the filters in the OAP sampling train. This 

problem is apparently related to both the nature of fumes being generated 

as well as their concentration. There was a distinct difference in the 

tendency to clog the filters between Furnace 25 east and west exhaust stacks. 

The east stack contained a greater concentration of fumes in every test, 

and the filter train employed at this location clogged very frequently. 

This tendency to clog the filters, thereby increasing vacuum in the sample 

train such that isokinetic conditions could no longer be maintained, was 

especially noticeable during the period that one stoker became inoperable 

and emission concentrations increased. 

All tests were performed when furnaces were considered to be operating 

under normal conditions, except on May 19 when the stoking machine failure 

occurred. This lack of stoking allowed the surface of the furnace to 

develop hot spots and gas blows, which appreciably increased the emission 
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of fumes. The fumes were also increased on the opposite side of the 

furnace due to the mixing of air and gases over the furnace and under the 
_' 

hoods. 

The hood configuration allowed relatively greater emissions and 

temperatures to occur on the east side of the furnace under any circum- 

stances. Gas flow and concentrations were therefore dissimilar from side to 

side during normal operations as well as during abnormal operations. 

I- 

I- 

The large amount of dilution air resulted in very low concentrations 

of carbon dioxide in the exhaust gases and, therefore, made it completely 

impossible to detect carbon monoxide with an Orsat analyzer. Excess air 

was correspondingly great. 

One sulfur dioxide sample was mistakenly run using hydrogen peroxide 

in the first impinger rather than 80% isopropyl alcohol. This sample, 

therefore, measured total sulfur oxides as opposed to SO2. If the one 

sample can be considered indicative, i t would appear that some oxides of 

sulfur may be emitted in the form of sulfuric acid mist (or SOS). 

There was relatively little difference between the particulates caught 

in the probe, cyclone, and filter catch versus the total catch, including 

the condensables, in all samples except 25 W-l. The very low increase due 

to condensable particulates is also true of Furnace 6. This furnace had 

even greater air dilution than Furnace 25. Sulfur dioxide emissions were 

negligible from this unit, and even the carbon dioxide measurerrents 

bordered upon being undetectable. 

Chemical analysis emphasized the uneven operation of the normal ferro- 

alloy furnace. Photographs clearly indicated striations due to changes in 

material being emitted. 

*. a- 
i 
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Analysis of particle sizes with the Andersen impactor went without 

particular trouble. However, the average particle size was so small that 

three-quarters of the total material passed completely through all stages 

and was deposited upon the final filter. These tests indicated that the 

unit would not satisfactorily determine particle size without considerable 

extrapolation. 

.a* 

.- 

i 

A Brink cascade impactor was employed for the same conditions and this 

unit presented satisfactory data for determining mass median diameters. 

There were several problems with both units in attempting to obtain repre- 

sentative samples over any length of time. The concentration of fumes 

was so great that sampling had to be cut very short in order to avoid 

overloading the various stages. In addition, the physical configuration 

of the Brink sampler made it difficult to place completely in the exhaust 

stacks. This appeared to have had no detrimental effect upon the samples 

obtained. 

B. Operating Conditions 

The operating conditions of a ferroalloy furnace are nonuniform, 

because of the normal feeding and tapping procedures. The mix material 

is added from chutes and would tend to produce large particle size dust. 

This mix is then spread over the furnace with stokers, stirring up dust 

of other varieties. The reaction forms gases and fumes, therefore producing 

a third variety of emission. The tapping cycle often produces collapsing 

areas in the surface, thus exposing hotter materials. There are occasionally 

gas blows from within the surface. All of these factors produce continually 

changing emissions. Because of the difficulty in completely enclosing any 

furnace with hoods, it is not unexpected that emissions would be different 

from supposedly parallel exhaust systems. 

The location of sampling ports only three pipe diameters above the 

induced draft fan on Furnace 25 is not considered detrimental due to the 

very fine particle size of emissions. Each cross-section was provided 

~“i-~- 
: .; 
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with two sample ports at right angles. This cross-section was divided 

into equal areas for 12-position sampling in each port. 

The glass-lined probes had been supplied by the Environmental 

Protection Agency. These were somewhat short, therefore could not reach 

the last two points of the traverse. Where this occurred, the sample was 

correspondingly shortened or the very last point obtainable was used for 

an increased sampling period. 

Furnace 25 had two parallel exhaust stacks; however, only one ASME 

train had been requested. Therefore, these samples (in alundum thimbles) , 
were obtained alternately from the east and then the west stacks. 

C. Sampling and Analytical Procedures 

ASME and OAP trains were operated in comparison during the same period 

of time. In order to avoid interference within the stack, the OAP train 

was operated from points 1, 2, 3, etc., across one diameter. The ASME 

train was operated on the other diameter from point 12, point 11, point 10, 

etc. At the conclusion of a traverse in one direction, the two trains 

were reversed and then the same procedure was employed so that the two 

probes did not come in contact within the stack. 

All procedures were essentially the same as those methods being issued 

by the Environmental Protection Agency for source sampling. However, some 

of these new methods employ equipment which was not obtainable on relatively 

short notice. Particulate sampling with the OAP train was conducted 

without exception.* 

* The ASME train is a standard method which has been used by Resources 
Research, Inc., continuously at previous locations for industry. Sampling 
for sulfur dioxide calls for a heated glass probe which was not available. 
A stainless steel probe was inserted completely within the stack such that 
its temperature was maintained well above the dew point, and the impingers 
were connected very close to its exhaust. The impingers were interconnected 
with polyethylene connections. Since this particular survey, complete 
glass fittings and heated probes have been received. 
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Cleanup of the particulate train was done by standard procedure. 

Recent decisions by OAR now indicate that all acetone samples should be 

transported to the laboratory in glass containers. This survey employed 

polyethylene containers, but it is believed to be perfectly satisfactory 

for total particulate analyses , unless an analysis is required for mercury 

or some other exotic material which may be leached from the plasticisers 

or plastic. Results have indicated that the condensable material is 

unaffected by any such leaching. 
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