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FOREWORD

A previous Report No. EPA-600/2-76-009 presented the results
of experiments conducted at a rendering plant on the removal of
odors from plant ventilating air using a plant-scale spray
scrubber and a laboratory-scale packed bed scrubber.

This addendum to the previous report presents results of
additional experiments at the rendering plant on the use of the
laboratory-scale scrubber to remove high-intensity (5000 to 180,000
odor units) odors from a process air stream that normally goes to
an incinerator.

This report covers investigations performed by the IIT
Research Institute (IITRI), Project C8277, under contract with
the Fats and Proteins Research Foundation, Inc.

Those who contributed to this project were: J. E. Huff,
C. Swanstrom, L. Peckous, V. Ivanuski, T. Ripley, Dr. A. Dravnieks,
and Dr. R. H. Snow of IIT Research Institute; and Dr. W. Boehme
of the Fats and Proteins Research Foundation, Inc,; and
Gene Rosendahl of National Byproducts Inc. Data are recorded in
Logbooks C22333, C22334, C22335, C22336 and C22380.

The financial support of the Environmental Protection Agency,
under Contract No.:68-02-2128 , and the wvaluable advice and
assistance of the Project Officer, E. J. Wooldridge, is gratefully
acknowledged.

WWRoENjMwL/M;

Werner R. Boehme

Technical Director

Fats and Proteins Research
Foundation, Inc.
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ABSTRACT

In the previous project, the performance of packed-bed
scrubbers for high-intensity rendering plant odors (5,000 to
180,000 odor units) was investigated. In some cases, the
removal was as high as 997%, but the average was only 857%. 1In
this project, extensive performance data was obtained with an odor
panel over a period of 8 weeks. Removal averaged 937% with 3 stages
of sodium hypochlorite scrubbing even though each stage was
designed to remove 997 of the odors based on its mass-transfer

capacity.

The results were fitted to a regression equation, which showed
that the important variables are the age of the solution and the
relation of the inlet odor concentration to the previous history
of exposure of the scrubbing solutions to high odor intensities,
Chlorine concentration and pH also affect the results, and calcium
hypochlorite is about 1.5 times more effective than sodium
hypochlorite.

The experimental data could be explained by the assumption
that approximately 857 of the odor was contributed by compounds
that are oxidized by hypochlorite solutions, while the remaining
fraction consists of compounds that are refractory to oxidation.
Further efforts should be made to find scrubbing reagents that
will remove the odorous compounds that are refractory to hypochlorite.
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INVESTIGATION OF ODOR CONTROL IN THE RENDERING INDUSTRY -
SCRUBBING OF HIGH-INTENSITY ODORS

1. INTRODUCTION - PREVIOUS WORK

The original thesis of this series of projects was that a
reagent or combination of reagents could be found to react with
the compounds responsible for rendering plant odors. Then,
scrubbing systems to control rendering plant odors could be
designed based on mass transfer principles, with no chemical
reaction limitations. This thesis will have to be modified as

a result of the present work.

In the first project (Report No. EPA-R2-72-088), the major
compounds responsible for the odors were identified by a combina-
tion of gas chromatograph-mass spectrometer analysis, together
with a computer regression of the strength of odorous air samples
determined by an odor panel. Laboratory experiments with these
pure odorants then showed that most of these compounds could be
removed by reaction with strong oxidizers such as sodium hypo-
chlorite.

The next step was a series of studies to determine the
design of spray scrubbers and packed-bed scrubbers for rendering
plant odor control, based on mass-transfer principles. 1In the
previous project (Report No. EPA-600/2-76-009), scrubbing methods
using alkaline sodium hypochlorite solutions were developed for
both plant ventilating air (100 to 5,000 odor units) and for air
that contains high-intensity odors (5,000-180,000 odor units)
and normally goes to an incinerator. The use of a three-stage
countercurrent blowdown system was demonstrated; first with the
horizontal spray scrubber for plant ventilating air, and second
with a packed-bed scrubber for the high-intensity air from the
cooker. The plant odor scrubber averaged 927 removed, with an
average outlet odor level of 64 odor units for a two-week period.



The report also included computer procedures for design of
scrubbers based on mass-transfer principles, with coefficients
established from the plant tests. The report also contained
procedures for estimating the costs of scrubbing. For reasons
discussed below, the design procedures should not be extrapolated
beyond the conditions which were investigated experimentally.

These designs were checked by carrying out experiments using
a plant-scale spray scrubber and a laboratory-scale packed bed
scrubber at a rendering plant. The results for low-intensity
plant ventilating air (100 to 5,000 odorunits) confirmed the
design predictions, as long as removals up to 90 percent were
attempted. However, for control of high-intensity odors in
process air from cookers (5,000 to 180,000 odor units) removals
of 997 are needed. The 3-stage laboratory-scale scrubber was
designed so that each stage should remove 907 of the inlet odor,
and three stages should have been capable of removing 99.9% on a
mass-transfer basis. Subsequently, the depth of packing was
increased to raise the theoretical capacity to 997 for each stage.
The results were inconclusive; in some cases removals of 997
were attained in short tests, but a 2-week test gave removals
averaging 857. It was thought that the conditions for complete
reaction had not been maintained, and especially that pH above
11 was needed for complete reaction. On the other hand, there
was evidence from the literature that lower chlorine concentra-
tion than the 0.2 wt 7 investigated could do as well at lower
chemicals cost. The number of experiments done on the packed-bed
scrubber was limited, and therefore the statistical reliability
of the data could not be established.

The purpose of the present program was to determine the
effect of pH and purge rate on the performance of high-intensity
scrubbers. Determining the effect of chlorine concentration on
performance was also an objective of this program. Many rendering
plants operate scrubbers with chlorine levels in the parts per
million range, while the previous program utilized chlorine levels
of 0.17 to 1.0 wt % Cl,.



2. SUMMARY

The present project was intended to obtain more data on the
performance of the 3-stage packed-bed scrubber over a range of
conditions of pH and chlorine concentration and purge rate of
scrubber solutions. The depth of the packed bed in the 3 columns
was 4 ft, so that on a mass-transfer basis each column should
have been capable independently of lowering the odor concentration
by 99%. The 6-in. diam columns were packed with 1/2-in. Intalox
saddles. The air flow rate was 16.5 cfm, Experiments were done
with 1, 2, and 3 columns in series. Chlorine concentration was
varied from 0.005 to 0.25 wt 7%. pH was varied from 8 to 12.3.
Scrubber solution purge rate was varied from 9 to 30 &2/hr, with
either counter-current or separate purging of solution from each
stage. Experiments were also done with calcium hypochlorite
instead of sodium hypochlorite.

The experiments were carried out in a rendering plant in Iowa
over a period of 8 weeks during July to September, 1975. The
scrubber performance was evaluated using an odor panel with the
dynamic forced-choice olfactometer method.

A multiple-regression analysis showed that the data could be
fitted by either of two equations. The important variables are
the inlet odor concentration, the history of previous exposure
of the solution to odor and the number of hours of exposure, and
the pH and available chlorine concentration of the reagent.

The results of these experiments showed that odor removals
averaging 937 could be achieved. Removals of 997 were achieved
only with fresh solutions. Calcium hypochlorite removed 1.5 times
more odor than sodium hypochlorite at the same conditions

The experimental data could be explained by the assumption
that approximately 85% of the odor was contributed by compounds
that are oxidized by hypochlorite solutions, while the remaining
fraction consists of compounds that are refractory to oxidation,

Removal of the reactive odorants is aided by high pH and high
chlorine concentrations, within the range of these variables

3



studied. Removal of refractory compounds is highest in fresh
solutions, which explains the removals of 997 achieved under some
conditions. Variation of purge rate up to 30 £/hr did not affect
the results significantly. but theoretically an optimum purge
rate should exist.

A long-term solution to the problem of scrubbing high-
intensity rendering plant odors will depend on finding more
effective reagents than hypochlorite.



3. CONCLUSIONS

A computer regression analysis resulted in the following
equation to best fit the data:

%%ﬁiﬁ} = 1.6 exp(-0.64 cols) exp(0.41 reagent) exp (-0.372 Cl-pH)

- o.ooaoigggﬁ i, 0.0046195%5 - o.ooz3I9%%5]

with a standard deviation of a factor of 1.95
where

X exp-[O.OZSB%E%%§

outlet 1is the outlet odor concentration, odor units
columns is the number of scrubber columms in series

Cl is the average concentration of available
chlorine in the scrubber solutions

pH is the average pH of the scrubber solutions

inlet is the inlet odor concentration, odor units

OUl, 0U2, and OU4 are average inlet odor concentrations at
the following previous times: 0-2 hrs., 2-4 hrs.
and 10-15 hrs. respectively.

Reagent = 1 for sodium hypochlorite
= 0 for calcium hypochlorite

Purge Rate = rate of flow of make-up and purge
solution streams, liter/hr.

The results were also fitted by the following simpler equation:

outlet/inlet =

2.7e-0.622columns % e-0.284(Cl'pH) x hours

0.246 _ [1n1et]‘°-737

where
hours 1s the age of the scrubber solutions, or the
number of hours they have been in use.



The experimental data could be explained by the assumption
that approximately 85% of the odor was contributed by compounds
that are oxidized by hypochlorite solutions, while the remaining
fractionh consists of compounds that are refractory to oxidation.

Results may vary depending on plant odorous composition.
In fact, the response of a sulfur detector was found to vary by
a factor of 5 over a cycle of 10 min, which corresponded to the
period of an on-off raw material feeder to the continuous plant
cooher. A sulfur detector has been found by others to be corre-
lated to rendering plant odor level with a coefficient of 0.9.
The'figure of 85% represents an average for our tests.

Refractory compounds may be either present in the raw air
stream, or they may be products of reactions of odorants with
the scrubbing liquid. The rate of reaction of these refractory
compounds is so slow that allowing the scrubber solution to
stand a day does not affect the results. Apparently the refrac-
tory compounds have a limited solubility in water, so that remo-
val of greater than 99% can be achieved with fresh solitions,
but a purge rate much greater than 30 &/hr would be needed to
have a similar effect.

Removal of the reactive odorants is aided by high pH and
high chlorine concentrations, within the range of these variables
studied. Removal of the refractory compounds should be aided by
high purge rate. Use of a high purge rate at high concentrations
will result in high chemicals cost. To achieve constant chemicals
cost, the purge rate can be increased while reagent concentration
is lowered; some optimum must exist, but this was not investigateg.

With the existing reagents, the best that can be done is to
attempt to operate the sctubber near the optimum, A long-term
solution to the problem will depend on finding more effective
reagents than hypochlorite.



4. RE COMMENDATIONS

Further efforts should be made to find scrubbing reagents
that will remove the odorous compounds that are refractory to
oxidation by hypochlorite.



5. EXPERIMENTAL PROCEDURES

Modifications were made in the laboratory-scale scrubber
system at the rendering plant of the National By-Products Company
in Des Moines, Iowa. The purpose was to provide closer control
of scrubbing conditions.

No gas chromatograph measurements were made on this project.
The previous project has already presented GC data showing that
certain compounds tend to build up in the scrubber solutions, and
it was felt that further proof of this was not needed. (EPA
Report 600/2-76-009, pages 6-8 to 6-11 and Tables 9-1 to 9-5.)
Instead, it was thought best to concentrate on obtaining enough
sensory data to establish the statistical reliability of the
scrubber results.

An odor panel was set up in Des Moines, instead of shipping
bag samples to IITRI's laboratory. Having a local panel allowed
us to carry out sensory measurements daily, under direct control
of project engineers.

A sulfur detector was installed to record the inlet concen-
tration. This provided a measure of the time dependence of odor
concentration. Others have previously shown a 0.9 correlation
between sulfur detector response and odor units from a rendering
plant.

In other respects the experimental procedures and equipment
were similar to those described in the previous project (Report
EPA-600/2-76-009.) Experiments were done with 1, 2, and 3 columns
in series. Available chlorine concentration was varied from
0.005 to 0.25 wt 7%. pH was varied from 8 to 12.3. Scrubber
solution purge rate was varied from 9 to 30 &/hr, with either
counter-current or separate purging of solution from each stage.
The 6-in. diam columns were packed with 1/2-in. Intalox saddles.
The depth of the packed bed in the 3 columns was 4 ft, so that on
a mass-transfer basis each column should have been capable
independently of lowering the odor concentration by 99%.
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5.1 Equipment Modification

Before starting the experiments, two pH controllers were
installed to control the pH of solutions in the second-and third-
stage tanks. The controller opened a solenoid valve to allow
caustic solution to flow into each tank. The solution in the
first stage tank was manually controlled using one of the controllers
as a pH meter. Equipment is shown in Figure 1.

Piping and liquid rotameters were installed between each
stage so that the scrubbers could be operated either as a
continuous counter-current blowdown system, or with separate
make-up and blowdown of solutions in each stage.

5.2 Sulfur Detector

A Meloy Laboratory Flame Photometric Detector with a continuous
recorder was set up, and a sample line was installed from the inlet
air line to the detector. The sulfur detector was checked out at
IITRI prior to shipping and found to be extremely sensitive; a
concentration of 1 mg/% of diethylsulfide gave a response of 90%
of scale with the attenuator on 32 x 10°. Calibration in terms

of odor units is given in Section 6.

5.3 Odor Panel Measurements

To facilitate obtaining large amounts of odor data in an
expedient way. the Dynamic Force-Choice Triangle Olfactometer owned
by National By-Products was set up at Drake University in
Des Moines. For this purpose, we used dynamic odor panel device
similar to that used on the previous project {Dravnieks and Prokop,
APCA Journal, 25(1): 28-35, 1975}.

Thirty panelists were screened for response to a sample
of rendering air, under the supervision of Dr. Dravnieks. These
panelists were then categorized into above- and below-average
sensory perception. Two panelists were also asked not to
participate any further because their sensory perception was very
poor as compared to the other panelists. The panelists included
high school students, college students, teachers, housewives, and

9
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several unemployed people. Panel sessions were arranged for
Tuesday through Friday, one in the morning and one in the
afternoon each day. Four or five bag samples were analyzed at

each 2-hour odor session.

An experimental difficulty arose in the operation of the
olfactometer. This instrument provides six levels of odorous air
dilution. If several panelists detect the odor on the first, most
dilute level, then a 27:1 diluter is inserted in the inlet line
and the panel measurement is rerun. There should be an odor
level at which the measurement can be made on-scale both with or
without the diluter. It appears that there may be a systematic
error when the diluter is inserted, because the measured odor is
always higher with the diluter inserted, by a factor of 20 to 50%.
More research would be needed to prove this and find the reason.

10



6. EXPERIMENTAL RESULTS

This section describes the sequence of experiments carried
out, the objectives of each series of experiments, the experimental
difficulties encountered and the methods used to overcome them.

For an overall view of the effects of experimental variables on the:
scrubber performance, turn to the following chapter on statistical
analysis of results.

6.1 Preliminary Single-Stage Experiments

Our plan was to conduct one week of exploratory experiments
using two single-stage columns operated on the same air stream
in parallel, in order to directly compare the effectiveness of
high and low pH, chlorine concentration, and purge rate. The
experimental system for these parallel-column experiments is shown

in Figure 1.

For the first experiment, test 36, stage 2 was controlled at
pH 10 and stage 3 was controlled at pH 12. The Cl: level in both
stages was maintained between 0.15 and 0.20% and the blowdown rates
were both 9 &2/hr. The results are presented in Table 1.

These results were contrary to what we had expected; pH 10
appeared to be more effective then pH 12. For experiment 37, the
two scrubbing solutions were reversed; pH 12 was placed in stage 2
and pH 10 was placed in stage 3. Test 37 indicated that pH 12
removed more odor than pH 10. Alternatively, the results seemed
to suggest that column 2 was considerably more effective than
column 3, regardless of pH.

For test 38, fresh identical solutions were used in columns 2
and 3 to determine whether there was a difference in equipment
performance. Since this was intended as a brief test to compare
the difference in performance, no blowdown was used. The results
are presented in Table 2.

Since stage 2 gave higher removals than stage 3 in all three
tests, the results left little doubt that there was a significant
performance difference between the stages.

11



TABLE 1

EFFECT OF pH ON PERFORMANCE

PH 10 STAGE PH 12 STAG |
TEST AGE OF INLET | OUTLET 4 OUTLET %E—__
NO, SOLUTION ED so EDso | REMOVAL EDso | REMOVAL
Stage 2 Stage 3
36A 7 63,000 1,300 98 3,900 94
36B 9 47,000 390 99.2 2,700 94
36C 10 30,000 420 98.6 1,200 96
Stage 3 Stage 2
37A 15 81,0001 19,000 76 390 99.5
37B 18 81,000 | 18,800 77 2,400 97
37C 20 57,0001 18,000 68 5,900 90
AVERAGE -- -- 9,700 86 2,700 95

12
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TABLE 2

ODOR REMOVAL BY SCRUBBING WITH SODIUM HYPOCHLORITE
Parallel Tests With Two Single Columns

CHLORTNE PURGE
CONC RATE
pH WT % TEMP.OC | L/HR opor EDso % REMOVAL

TEST STAGE STAGE STAGE STAGE HOURS OF OUTLET OUTLET | COLUMN | COLUMN
1 No. 2 3 2 3 |2 3 21 3] REAGENT USE INLET COLUMN 2 COLUMN 3 2 3

38A 10 |10 | .o5| .05]|23 |23 0 23,000 410 4,800 98.2 79.

383 12 12 | .os| .osl22 |22 0 2 25,000 760 2,000 97. 92.

38¢C 12 |12 | .20] .20|22 |22 0 27,000 280 2,900 99. 89.

39 11 |11 | .os| .05{26 |26 ol o 1 39,000 350 2,400 99.1 94,

40A 12 .18 24 9 3 48,000 240 . 99.5

40B 12 .18 23 9 4 43,000 430 99.0

40C 12 .19 23 9 5 66,000 220 used 99.7

41A 10.1 | 10.0l0.15}0.15 26 0 2 > 93,500 250 2,100 99.7 97.8

41B 10.1 | 10.0{ 0.20]0.15 0 4 > 133,000 2,200 2,400 98.3 98.2

424 10.0 | 11.9] 0.15/0.19 | 22.5]24.5| 30|30 6 51,000 1,000 1,700 98.0 96.7




Prior to starting up the scrubbing system the following
night, the system was:

. Checked for leaks in sampling lines - none found
. Cleaned the spray nozzles on both stages
. Checked the columns for vertical alignment. Both
were off vertically 1-2 in. out of 6 ft. Straightened
the columns so that they were vertical.
The parallel system was again checked for performance with fresh
identical solutions in both stages. The results are given in
test 39, Table 2, which again showed that stage 2 performed better
than stage 3.

Before conducting test 41 in Table 2, the scrubbing liquid
distributor nozzles on each column were checked, as well as the
orifice plates used to measure the air flow rates. Columm 2 again
gave somewhat higher removals than column 3, although the difference
was less than before.

Test 48 in Table 3 compares the results of sampling in
different arrangements with no scrubbing solution being pumped
over the packing. Test 48A shows that column 2 does indeed give
a lower effluent EDsy than column 3 (8.200 odor units compared
to 18,400). When the éamplers were reversed in test 48B, columm 2
still gave a lower result (14,000 odor units compared to 21,000).
This indicates that the difference is not due to the sampling
equipment, but something inherent in the column or the sampling
port. Finally, test 48C was run with the two columns in series.
The EDs, decreased as the air passed through the columns, from
36,000 to 13,000 to 8,850. This shows that the packing, which was
still wet with scrubbing solution, was capable of removing some of
the odor, even though the scrubbing liquor pumps were not turned on.

With the columns in series, both orifice plates for mea-
suring gas flow were read simultaneously. to check whether the
air flow measurement was the same. They agreed within 47 in
Pressure drop (1.04 in. water pressure vs. 1.08 in. water).
This corresponds to only a 2% difference in flow rate, since
flow depends on square root of pressure drop. Therefore, there

14



COMPARISON OF PARALLEL AND SERIES COLUMN ARRANGEMENTS

TABLE 3
TEST 48

ScruBBING SorutioN Pumps NoT TurNED ON

oDoR_EDse
TEST | OUTLET OF | OUTLET OF | OUTLET QF
No, | cotumn 1 | corumn 2 | coLUMN 3
48A Columns 2 and 3 in parallel
27,000 8,200 18,400
48B Columns 2 and 3 in parallel,
reversed samplers and
shortened connections
14,100 21,000
48C Columns 2 and 3 in series
36,000 13,000 8,850

15




was no significant difference in air flow in the parallel tests.
By this time we were falling behind in our experiment plan, and
it did not seem likely that we could discover the cause of the
discrepancy without extensive further testing. There were 2
possible explanation but no evidence that either was correct:

1) column 2 actually removed more odor than column 3, or 2) the
sampling system for one of the columns was introducting a bias,
either by dilution or contamination.

Rather than deviate further from the project plan, we decided
to proceed with the planned experiments using three columns in
series, and to base the results on the output of colummn 3, This
will give the most conservative interpretation of the results,
since the output of column 3 showed a lower removal than the output
from column 2.

6.2 Effect of Variables - Preliminary Experiments

From the preliminary tests, it was tentatively concluded
that pH 12 is more effective than pH 10. Table 1 showed an
average removal of 957 for pH 12, and 867% for pH 10, when results
from both columns 2 and 3 are averaged. The effect of chlorine
concentration and blowdown rate remained to be determined from the
three-stage tests that followed.

The results of these preliminary experiments are further
summarized in Table 4, where only the data from column 3 are
extracted and presented. Inspection of the removals indicates
that the two main variables are hours of operation with the same
solution and pH of the solution. For solutions less than 10 hr
old and with pH of 12, removals range from 89.3 to 98.2 for a
single stage. (Note that the inlet air was also passing through
column 1, which contained wet packing without any solution being
pumﬁéd over the packing.) A high inlet odor may also contribute
to a high removal. These data are included in computer regression
of variables given in Section 8.

16
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COLUMN 3 -- SCRUBBING WITH SODIUM HYPOCHLORITE

TABLE U4

(EXTRACTED FROM PARALLEL COLUMN DATA)*
CHLORINE PURGE |
! CONC,, | TEMP., | RATE, 0DOR EDso q
TEST P WT o c HR 1 iours oF OUTLET_ [-~-REMOVAL
NO., REAGENT USE INLET _ | COLUMN 3
36A 12.3 0.13 29 9 7 63,000 3,900 93.8
363 12.0 0.16 27.5 9 9 47,000 2,700 94.3
36C 12.0 0.21 27 9 10 30,000 1,200 96.0
37A 9.0 0.25 26 9 15 81,000 | 19,000 76.5
37B 10.5 0.24 22 9 18 81,000 | 18,800 76.8
37C 10.5 0.19 21.5 9 20 57,000 | 18,800 67.0
38A 10.3 0.05 23 0 1 23,000 | 4,800 79.1
38B 12.1 0.10 22 0 2 25,000 2,000 92.0
38C 12.0 0.18 22 0 3 27,000 2,900 89.3
39A 10.9 0.028 26 0 1 39,000 | 2,400 93.8
41A 10.0 0.15 26 0 2 > 93,500 2,100 > 97.8
41B 10.0 0.15 -- 0 4 > 133,000 | 2,400 > 98.2
42A 11.9 0.19 24.5 30 6 51,000 1,700 96.7

* The air passed through column 1.

pump was off.

The packing of column 1 was wet, but the solution




6.3 Two-Stage Scrubbing with Sodium Hypochlorite,
Counter-Current Purge

From this point on, all tests were done with the columns in
series. In the next group of tests (Table 5), reagent was pumped
through only columns 2 and 3. From the results of test 48, we
now know that column 1 was also removing some odor, even though
solution pump No. 1 was turned off.

The purpose of these tests was to explore the effect of pH
from 9.0 to 12, and of chlorine concentration from 0.005 to 0.3 wt 7%.
Only one blowdown rate was used, 25 &/hr. We had planned to try
a lower rate as well, but since the odor removal was less than
desired, it was felt that a lower rate would not help to achieve
the desired removal. It appears from the table that age of solution,
inlet EDsy, chlorine concentration, and possibly pH affect the
removal. Computer regression will determine these relationships.

Test 52 was run in the same way as the other tests in Table 5,
except that a fiberglass filter was packed into the top foot of
column 1. The filter consisted of 16 6-in. dia. discs cut from
fiberglass furnace filter material, weighing 47.0 g. The scrubber
pump No. 1 remained off, Computer analysis may show an effect, but
none is apparent from inspection of Table 3. The fiberglass filter
was damp and odorous after exposure to the inlet air for 7 hr.
After drying it in the sun, the filter weight was the same as
before exposure within an accuracy of 0.1 g. Therefore, there is
no evidence that particulates were affecting the scrubber perform-
ance.

In the tests following test 52, the same fiberglass was
packed into the 4-in. dia. duct carrying the odorous air from the
incinerator inlet to the lab scrubber. The purpose was to assure
that no‘large quantities of particulates could enter the scrubber.

6.4 Three-Stage Scrubbing Tests - Sodium Hypochlorite,
Counter-Current Purge

Since the odor removal in two stages did not reach our goal,

18



61

ODOR REMOVAL BY SCRUBBING WITH SODIUM HYPOCHLORITE

TABLE 5

Two CoLumNs IN SErRIES, CoNTINUOUS COUNTERCURRENT PURGE

CHLORINE PURGE
CON RATE
pH WT TEMP. °C L/HR oDOR EDso __ % REMOVAL
TEST STAGE STAGE STAGE STAGE | HOURS OF OUTLET OUTLET OUTLET _ | COLUMN | COLUMNS
NO, 2 3 Z 3 2 3 2] 3 |oPERATION] INLET | COLUMN 1! CcOLUMN 2 | COLUMN 3 2 2&3
43A |10.0[11.3]0.07 [0.20 |29.5] 28 28 «|25 8.5 61,500 1,700 800 97.2 98.7
43B 9.8110.9|0.18 | 0.26 |25.5]26.5] 27 +«]25 11.5 40,000 2,300 2,500 94.3 93.8
43C 9.2 9.0|0.21 |o0.28 |23 23.6123.6|+]25 14.5 54,000 10,000 2,200 81.5 95.9
43D |10.3|12.0f0.31 |0.15 |23.5]25 25 125 19 8,300 6,900 1,700 16.9 79.5
43E 9.6 |10.4[0.20 |0.23 |22.5]23.5]24 <125 22 42,000 3,500 3,500 91.7 91.7
44A 9.1 9.9/0.18 [0.11 -- -- -- |«]25 25 13,800 -- 4,200 -- 69.6
44B 9.0 9.9]/0.13 }0.11 |21.5]|21.5|21L.5]+]{25 26.5 27,500 3,200 950 88.4 96.5
44C |11.1111.9}0.07 | 0.065| 24 24.5| 23 «|25 30 22,400 3,500 3,300 84 .4 85.3
44D | 11.2112.0]0.005] 0.0391{ 23 23 22.5]+| 25 0.5 19,500 3,800 1,800 80.5 90.8
44E | 11.5]12.0]| 0.005] 0.046 | 23 23 22 25 1.5 10,200 6,500 2,€00 36.3 74.5
52A | 11.8[12.1|0.18 |0.20 {21.5]23 23 o o 0.5 Filter | 22,000 10,500 590 57 97.3
52B | 12.1]12.3}0.19 |0.20 |21.5|22.5{22 o| o 2.5 Filter | 25,700 13,100 2,001 49 92.2
52 |11.5]12.0}0.22 |0.19 -- |22.5{22.530] 30 6.0 Filter | 47,000 11,300 3,200 76 93.2
+ INDICATES COUNTERCURRENT PURGE




the remaining tests used three stages of scrubbing. Our

objective was to carry out a one-week test using the strongest

and freshest reagents already tried in the preliminary tests. The
conditions and results are given in Table 6, tests 45 to 50.

The counter-current blowdown system was used. The pH was controlled
from 10 to 13 in stage 1 and 12 to 13 in stages 2 and 3. Chlorine
concentration was maintained from 0.2 to 0.3 in stage 3, 0.1 to

0.3 in stage 2, and 0.04 to 0.17 in stage 1.

The mean odor removal was 937 with a standard deviation of 3%.
This was short of our goal of 997 removal. Results show that
inlet odor EDso and age of solution both affect the results. Results
are included in the computer analysis in Section 6.

Experiment No. 45 was a blank run in that the scrubber was
not connected to the incinerator inlet. The inlet air was drawn
through 100 ft of 4-in. polyethylene tubing, which had become
contaminated with grease and no doubt evolved the odor of 376 0.U.
measured at the scrubber inlet. Fresh solutions were provided with
counter-current purging for 1 hr. The outlet odor units of 55 to
91 probably result from odors desorbed from the inside surfaces of
the scrubber air piping (which was constructed of 2-in. PVC pipe)
as a result of previous exposure to high odor levels. These odor
levels are smaller than those measured in the other tests, and
indicate that the background does not represent a significant
source of error.

Tests 49A and 49B of Table 6 made use of a low chlorine
concentration in stage 3 (0.025 to 0.03 wt %) with higher concen-
trations of about 0.27 in stages 1 and 2. The purpose was to test
the possibility that chlorine gas could be evolved from stage 3
and contribute odor to the scrubbed air; this should not be
possible with a low chlorine concentration in stage 3. It is
apparent that the removals of 69 and 90% are not better than the
mean for the rest of Table 6, which is 93% removal,

In tests 51A and 51B of Table 6, the tanks were washed out
and fresh solutions were provided. The removals were 98 and 98.6%.
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TABLE 6

ODOR REMOVAL BY SCRUBBING WITH SODIUM HYPOCHLORITE
THREE CoLumNs IN SERIES, CoNTINuous COUNTERCURRENT PURGE

1¢

CHLORINE PURGE
CONC RATE
WT TEMP, ° 2/HR oDOR EDse »_REMOVAL
TEST STAGE STAGE STAGE HOURS OF OUTLET |OUTLET JOUTLET [OLUMN| COLUMNS
NO ., 2 2 2 | 3 |oPERATION | INLET kcoLumMN lcoluMN 2coluMn 3] 1 L+ 2 + 3
45 -- - - -- - -- « |30 Blank 376 89 55 91| -- --
46A | 11.6 .9112.0]0.04|0.11]0.23 24 «|« |30 1 14,300 | 4,000) 2,200 830 | 72 94.2
468 { 12.9 .1]113.1]0.15]0.27]0.30 22.5 «]« |30 5 22,000 1,100 95.0
474 | 12,1 .6]12.110.17|0.15]0.14 27.5 «|« |30 9 30,000 1,100 96.3
478 1 10.5 .1]12.8]0.12|0.14{0.19 25 «~l« |30 13 15,000 ! 6,400 1,700 | 1,200/ 57.3| 92.0
47¢ | 10.7 .6 |13 0.11]0.14 | 0.23 -- «|« ]30 16 11,000 1,400 87.3
47D | 11.1 .7112.6|0.13{0.20]0.21 27 «|« |30 18 16,500 1,500 90.9
49A 1 11.5 .6|12.2]10.17/0.19]|0.03 - «110420| 20 (L)* 7,000 6,750 | 2,150 69.3
49B | 11.0 .5]12.1{0.19|0.18 | 0.025 -- «l10}20] 21 (2)* | 22,600 2,200 90.3
50A | 10.2 .0112.1]0.17}0.19]0.21 28.5 “|+ |30 23 34,000 1,850 94.6
50B | 10.0 .5]112.2]0.16 | 0.20]0.23 28.0 «l« |30 26 60,000 4,600 | 2,900 95.2
51A | 11.7 .7]11.9}0.180.17]0.19 23 o o| o 0.4 23,500 | 5,900 510 | 74.9| 97.8
51B| -- - 0.18}0.170.20 22.5 0o ol O 0.4 34,000 4,900 4901 84.9] 98.6
51C| -- - 0.18(0.20] 0.22 -- <[+« 130 2.2 32,500 790 97.6

* Tank 3




Computer regressions in Section 8 show that fresh solutions are

the most effective in removing odor.

6.5 Three-Stage Scrubbing with Sodium Hypochlorite,
Separate Purge of Each Stage

Since the removals were greatest with solutions only a few
hours old, it was decided to conduct tests with separate purge
of each stage. The conditions and results are shown in Table 7.

Through a misunderstanding, test 54 was conducted with
separate purge, and test 55 reverted to counter-current purge.
In test 56, the separate blowdown arrangement was restored, and
the test was run long enough (48.5 hr) to assure that the purge
solutions reached a steady state. Since the removal averaged 917
for Table 5, it does not appear that separate blowdown is the way
to achieve 997, removal. Computer analysis including all the
variables in Section 8 confirms this conclusion.

6.6 Supplementary Scrubbing Experiments

Additional experiments were conducted for the Fats and Proteins
Research Foundation, Inc. These experiments were not part of the
EPA project. The experimental procedures were described in
Report No, IITRI-C8277-3, Appendix. The experimental data are
contained in the computer analysis of results presented in Section 7.
Experiment series 57 consisted of scrubbing with calcium hypochlor-
ite, and experiments 58 and 59 consisted of scrubbing with the
following three stages in series: 5% sulfuric acid with 200 ppm
chlorine metered into the inlet air stream; dilute alkali at
PH 10; and 5% sodium hydroxide.
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TABLE 7

ODOR REMOVAL BY SCRUBBING WITH SODIUM HYPOCHLORITE
THREE CoLumns IN SERIES, CoNTiNuous SEPARATE PURGes (Except TEST 55)

CHLORINE PURGE
CONC RATE

PH WT TEMP, °C 2/HR oDoR_EDse %_REMOVAL

TEST STAGE STAGE STAGE TAG HOURS OF OUTLET [OUTLET |OUTLET |COLUMM COLUMNS

NO, 1 2 I 2 3 2 T] 2 [ 3 pPERATION INLET [COLUMN LCOLUMN 2coLuMn 3| 1 |+ 2 + 3
S54A | 8 10.3| 9.8 0.05 |0.067|0.087 | 24 23 22.3|34]30]30 1 56,000 | 5,400 | 5,300 890 [90.4| 98.4
548 | 9 9.8110.2]0.027|0.070 | 0.055]23.5]|22.5|22.5|30]|30]30 7 86,000 | 13,100 { 8,800 | 2,800 | 84.8| 96.7
55A| 9.7]|10.1| 9.8|0.002{0.05 |0.07 |30 29 28. «| «|30| 10.5 35,500 6,200 82.5
55B| 9.8| 9.7| 9.9|0.003|{0.054]|0.06 |29.5]28.0]27 «| «|30]| 1.0 25,500 | 18,500 | 10,900 | 4,000 27.5| 84.3
55¢| 9.4| 9.5| 9.8]0.002]0.05 [0.07 |29 27.5| 26. «! «|30]| 17.0 51,000 3,900 92.4
56A| 9.6|10.0/10.0{0.037(0.071|0.082|25.5}25.0]24.5(30]|30}30]| 20.8 51,000 6,000 88.2
56B|10.5]| 9.8|10.0}0.075{0.077|0.084} 25 24 23 303030 23.8 28,500 | 25,500 | 6,400 | 3,400]10.5| 88.1
56c{10.2| 9.9/10.0]0.027 {0.062 | 0.066{ 23 23 22 30[30|30]| 26.5 58,000 5,800 90.0
56D | 10.0|12.6| 8.7]0.016} 0.038 | 0.061 30|30]30]| 28.5 25,000 1,000 96.0
56E|10.0| 9.5]|10.0]0.0280.059|0.073|20.51 22 20 30[30}f30] 32.0 34,500 | 23,200 | 3,200 4,300)32.8| 87.5
56F | 10.0] 9.7| 9.9]0.014] 0.065/| 0.068 | 21 21.5]20.5)30)30)30] 34.0 [106,000 3,000 97.2
566| 9.5| 9.8| 9.5]0.022|0.0570.055]{ 20 20 19. 313030 37.5 44,500 1,250 97.2
S6H| 9.7} 9.5| 9.6|0.003|0.06 |0.061 3]130|30]| 40.5 35,000 1,850 94.7
56J {10.7|10.0|10.110.061|0.061}0.096 | 22.5| 22 21.5|30}|30|30]| 43.5 8,000| 2,100{ 1,700 1,600} 73.8| 80.0
56K| 9.8] 9.7 9.9]|0.023}|0.064{0.061[22.5|21.5/21.0}{30|30]|30]| 48.5 61,000 3,500 94.3




7. SULFUR DETECTOR AND INLET EDsg

During the first few weeks of the project, a Meloy Laboratories
sulfur detector was operated whenever the incinerator inlet air was
connected to the scrubber. Eventually. this system failed due to
corrosion, and could not be repaired in the field. However, much
useful data was obtained. Some data are compared with inlet EDs,
values in Figure 2. This calibration is not absolute, because
the response depends on the gas flow rate settings to the detector.
It does show that for a given setting, the response varies directly
with odor units.

Wahl, Duffee, and Marrone (EPA Report No. 650-2-74-008a) re-
ported that output from this monitor was correlated with rendering
odor units with a correlation coefficient of 0.91.

The object of these measurements was to have an on-line indi-
cation of odor level, so that periods of low inlet odor could be
avoided. Figure 3 shows a segment of the sulfur detector recorder.
Note the rapid fluctuations in output. Each peak occurs when the
level control on the continuous cooker in the rendering plant
causes the raw material feeder to start. Apparently, when this
material contacts the hot oil in the cooker, its moisture content
is boiled off, along with odorous compounds. This points out the
need for sampling inlet and outlet gases of the scrubber at the
same time and rate. Also, it suggests that the peaks in odor could
be reduced by a proportional feeder controller, rather than an on-
off controller.

The sulfur detector was put to a further use. The data pre-
sented above, for example in Table 7, indicate that the lowest odor
removals are obtained when the inlet odor is low. For example, in
Test §6J, the removal was 807 when the input level was 8,000 odor
units. 1In Test 56F, it was 97% with an input of 106,000 odor units.
Presumably, it is not the inlet odor level itself that is respon-
sible, but the previous history of exposure of the scrubbing liquid
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to higher odor levels, which tend to saturate the solution with
refractory compounds. This history of exposure cannot readily be
determined by the odor panel tests, because these tests are made
only intermittently. The sulfur detector gives a continuous
record that can be used to determine the history of exposure of
the solution, by calibrating the detector output with the odor
panel tests made on the same day. This sulfur detector data was
used for this purpose in the computer analysis of results given

in Section 8.
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8. COMPUTER REGRESSION ANALYSIS AND EXPERIMENTAL RESULTS

One objective of this project was to obtain sufficient experi-
mental data so that the statistical reliability of the results
could be determined. Since a number of variables appeared to
affect the results, the best way to achieve this objective was to
subject the data to multiple regression analysis. This was done
using an IITRI modification of the Biomed Program O2R, Stepwise
Multiple Regression Analysis.

8.1 Input Data

All of the primary experimental data for all experiments is
presented in Table 8. This consists of the data that were actually
measured during the experiments. Table 9 contains additional
variables that were computed from the primary data by coding added
to the computer program. Not all of the variables included in
the tables turned out to be important, but the statistical signifi-
cance of all were considered by the program.

Some explanation of the tables is needed. Reagent type is
identified as follows:
Type 1 -- Sodium hypochlorite
Type 0 -- Calcium hypochlorite
Type -1 -- Chlorine-acid/pH 10/alkali

Purge type is as follows:
Type +1 -- Separate make-up and blowdown of each stage
Type -1 -- Countercurrent blowdown

By coding discrete variables in this way, it is possible to include
them in the regression program, which is intended to handle con-
tinuous variables.

In some of the experiments, two or three columns were used
in series. 1In some cases, the outlet of an intermediate stage
was- also measured. These experiments are listed at the bottom of

28



TEST NO.

43A
3b
43C
43D
43E
dua
sus
4ac
4a0
GuE
S24
S28
sec
usa
['Y-Y:]
GTA
4718
47C
470
LYY
u9h
S04A
508
S1A
514
51¢€
SuA
S4B
554a
ss8
SSC
SeA
Seb
56C
Se0
SeE
SeF
566
SeM
S6J
Sex

REAGENT TYPE

B e vl e pub Pt Mt el Bh Gh Peb W mB g e R Ml b i B e B e b b hh e el B el G el Pl G e MR ek el bk e e

TABLE 8

SUMMARY OF ALL SCRUBBING DATA

- 'n
t (=]
S —
x x w
s & LB oE e o
g = ODOR UNITS HISTORY s = & ° CHLORINE CONC.,
PO 3 LB W ow : WT %
w ] EDsg x 10 o< =1 2 % STAGE
= 5 S w £ < z
z 3 oul oOu2 ou3 ouy <= & & ¥ : ) 3
81,5 X 61, 51, 100, 8,9 -y 25. 28, 07 «20
uo, 2.8 40, 6l. sS4, 100, 1[‘5 .y 25' 26.5 .18 26
sS4, 2.2 Sd, du, 61, 75, 16,5 o1 25, 23,6 .21 28
8.3 1.7 50, 54, a0, ol, 19, .y FLEW 25. .31 15
42, 3.5 (s, 8, S0, 45, 22. =1 25, 23,5 .20 ,23
13.8 4,2 18, S0, 15, 28. 25, =1 25, 23, .16 .11
27,5 .95 14, 16, 50. ie. 26,5 =i 25. 21.5 .13 W11
22.4 3.3 36, fu, 18, 315, 30, -y 25, 24,5 .07 2088
19,5 1e8 0. 0. G. o5 -1 25, 23, +005 4039
1002 2,6 19, 0. 0, 1.5 =1 25, 23. 4005 .06
22, Se R 0. 0. .5 ={ 0, 23, 18 .20
25.7 2. 22, 0. 0. 2.5 1 0, 22.5 +19 .20
w7, 3.2 2o, 22, O [ 1 30, 22.5 22 19
14.3 «83 0. G O e LB} 30. 24, J04 ot 23
22, 101 r--5 1d, O Se o] 30, 23, .15 27 .30
30, 1at 30, 2¢€. 1d., 9 =y 30, 27. W17 .15 W14

15, 12 1%, 36. 22. 14, 13, =t 30, 25, «12 o184 L19
11, 1.4 20, 15. 30. 18, 16, =1 30, 25, 11 o148 ,23
16,5 1ae% 11, 20, 15, 25. 1re -1 300 27, '13 20 21
7. 2.15 36, 27. 11. 18, 20. =1 20, 27. W17 419,03
22.m» 2.2 7 36, 27. 15, 21, =1 20, 27, «19 418 L0825
34, 185 2. T 36, Zd. 23. -1 30‘ ?8.5 '17 .19 021
60, 29 34, 2ée. Te 3oo 26, L3t 50, 23, w16 20 23

23.5 ,.5% 0. 0 0. Wu -1 0, 23. 18 L17T L19
3“' OQQ 00 oo 0- u“ ‘ 0. ?2.5 .!b '17 020
32,5 70 34, [ O 2.2 - 50. 22.% .18 «20 v22
Se, 180 [ 0, O 1. i 30, 23, 05 L0867 ,087
8o, Qe 8s, 56, (119 Te { 5o, 22,5 027 «070 ,0S8%
35.5 6.7 35, B6, 56, 19,5 =1 30, 29, +002 .05 L07
25.5 4 25, Iy, 86, Se, 14, -] 30. 28, +003 054 ,06
S1. 3.9 S1. 25%. 3%, 1711, 17 o3 30, 27,5 002 05 ,07
S1, L 51, Si. 2S. £y, 20,8 1 3o, 25, «037 <071 ,082

2R.5 3,4 29, 51, 51, 40, P3,R 30, 24, +07S5 4077 ,084

548, S5em $8, 29, Si1, 4%, k.5 3o, 23, 027 062 4006
25, 1. 25, Sb. 29, 50, 28,5 30, 23. «N1bh L03R ,061
3d,5 4.3 3%, 29. SA, 4o, 12. 30, ?2. N2k 4059 073
106. 3, 106, 35, 25. 50, $u, 21,5 014 065 ,06R

44,5 1425 4u, 10m, 35, 37, 37.5
35, 1.5 385, 45, {0, 36, 40.%
R, Ven 8 35, 4SS, 7%, a3, s
bl 3.5 61, &, 15, K0, ar,§

30, 20, «022 4057 ,L055
50, 20, 003 06 JN61
30, 22. «061 J061 ,096
36, ?21.5 «023 0608 L0061

- b et e b e b s
“
o
-

29

~ Nies N DN DTN - (]

~ ~d ~

4 9 ® 8 ® O ¢ P 4 6 0 4t A VS s e OO M

W~~~

e m o 0 0 8 I e OO e ODOMNINI A NJorddpnpns 8 5 O ¢ O
-

L O O O O O rsrs 1o 1o 0 g 1 10 Pt P P P e N e e et e O D D D
¢« T EP

»r

~Ne V@®~NNe O®ses U~4s 0s & 5 o
<o

12,
13,1
12.1
12,8
13,
12,6
12,2
12,1
12,1
12,3
11,9
11,9
11.9
9.8
10,2
9,8
9.9
9,8
10,
10,0
10,
Be?
10,
9,9
9.5
Vet
10,1
9.9



TEST NO.

A6AY
4781
S1Ag
S181
SqAy
Sust
5581
681
S8
s6J1
36A
368
36C
374
3718
3rc
384
1.1.)
38C
394
ata
s
124
58A
588
594
598
§9C
590
59E
59F
596
SoM
$9J
$8A1
5941
5981
$9Cy
Y98y
S9F4
SN
574
518
Src
$70
13/
S16
Stm

REAGENT TYPE

L}
—_— 000000V DOODDOOOO OO - re o s 5t -l it -0 B0 i b 20 Sl 8 b8 b 8 B8 s e e e e

e 8 8 0 0 8
[

P e

NO. OF COLUMNS IN SERIES

b 1ot ad ol L A U e b a en em s Lo Wl b Ul U L L Ld Ll Ll e S e e S 8 4 A S Ra e e SR A e b kA be e e el e e

INLET EDg =« 10 °

14,3
15,
23.5
4.
56,
86,
2545
26.5
34,5
8,
63,
47,
30,
120.
§S.
57,
23,
25,
27,
39,
93,5
133,
L3I
57,
74,
25.5
115.1
75,
27.
29.5
S1.5

30,5
33.5
S7e
25.5
115.1
7S,

*29.5

51.5
3045
S0.
36.
50.
St
48,
4.2
215

OUTLET EDsp x 1072

——ume R e

Diue &« » 5 o
e o £ 889

[V,

25,5
23,2
2ol
3.0
2.7
1.2
19,
18,8
18,8
den

2.9

2.4
2.1
2.4

1.08
o7
2.45
1.75
1s
81
1ed
2415
3.2
2.2
1e6
8.35
ig,d
8,

- o
e
. 0

—
~ 0w B
w o

Te » o o @

- WA UN =~ O

.
[~

TABLE 8 (CONT.)

SUMMARY OF ALL SCRUBBING DATA
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CASE
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REMOVAL
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the table with a suffix "1" added to the experiment number, to
represent the performance of just the third stage in a multi-stage
test.

Added to Table 8 is a section entitled '"Odor Units History'.
For example, the data which is identified as OUl represents the
odor concentration in the two hours previous to the experiments.
These data are obtained partly from sulfur detector measurements
on the inlet odor stream, and partly from the odor panel measure-
ments on the samples taken during the course of the experiment.
The sulfur detector was in operation during about half of the
experimental period. When it was operating, the sulfur detector
gave a continuous record of the odor concentration during this
preceeding period. The sulfur detector voltage was calibrated
by comparing it to odor panel results at sampling times, and the
comparisons during a given day were quite consistent.

During part of the time, the sulfur detector was not opera-
ting, and in this case, the odor concentration measured by the
panel at the time of the experiment was taken as representative
of the probable odor level during the previous two hours. This
assumes that the odor concentration did not vary rapidly with
time; analysis of the sulfur detector data shows that the inlet
odor level is sometimes reasonably constant over two hours, and
sometimes it changes rather suddenly, depending on rendering
pPlant operations.

OU2 represents a similar measure of the average inlet odor
for the period two to four hours before each experiment. O0U3
represents the odor level for the period five to nine hours pre-
vious; and OU4 represents an average of the odor level for the
period 10 to 15 hours previous. Of course, 0OU4 is zero for any
test conducted in the first nine hours after startup with a fresh
solution. Therefore, 0U4 is strongly correlated with the age of
the solution, as well as with the previous history of odor expo-
sure of the solution. In fact, the correlation coefficient
between 0U4 and ln(hours) is 0.66. The coefficient for 0U3 is
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0.53; for 0U2 is 0.44; and for OUl is 0.37. A correlation coef-
ficient of 1 means that the two quantities are directly related;
a coefficient of 0 means that they are not related at all.

Table 9 includes a number of computed variables. The vari-
able NTU (number of transfer units in mass transfer theory) repre-
sents In(inlet/outlet odor units). It is a measure of the removal
performance of the scrubber system. Another measure is the frac-
tion removed, called Removal in Table 9. Another measure is the
ratio Inlet/Outlet. By trial calculations, we found that the best
fit of the data was obtained by using NTU as the measure of per-
formance (the independent variable) in the computer analysis.

The variable Cl ¢« pH is the prdduct of the average available
chlorine concentration times the average pH, averaged over the
number of stages of scrubber used in each particular experiment.
OUl + 2 is a combination of OUl and 0U2. In(inlet) and ln(hours)
are the logarithms in the inlet concentration and the hours of use
of the scrubbing solution, respectively.

8.2 Results of Regression

A number of combinations of wvariables in Table 8 were tried
in a regression analysis, and the resulting best equation was
found to be:

1n 2BIEE - .75 + 0.64(Cols - 2) + 0. 0253(:{“588) - 0.0080[1—0%8—0)
. 0.0046[OU]1_ “503/2] + 0.372CL-pH - 0.41Reagent + 0.67 (1)
Rearranging,
outlet _
Tnlet - 0.625exp(-0.64 cols) exp(0.41Reagent) exp(-0.372Cl.pH)
inlet ou4 oUl 0u2
X exp- (o 025332555 - 0.0080707 - 0.00467 %5y - 0.00231205s 000] (2)

with a standard deviation of a factor of 1.95
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where

outlet is the outlet odor concentration, odor units
columns is the number of scrubber columms in series

Cl is the average concentration of available
chlorine in the scrubber solutions

pH is the average pH of the scrubber solutions
inlet is the inlet odor concentration, odor units

hours .is the age of the scrubber solutions, or the
number of hours they have been in use

Reagent = 1 for sodium hypochlorite
= 0 for calcium hypochlorite -
Reagent -1 was not included in the regression.

Purge Rate = rate of flow of make-up and purge solution
streams, liter/hr

An equation such as the above is useful to analyze the statis-
tical reliability of the data and to express the effect of the
variables on scrubber performance.

Table 10 lists the variables included in the equation and
indicates their contribution to fitting the data. As each variable
is added, the value of RSQ increases, showing that the equation
accounts for an increasing fraction of the variance of the data.
With all variables included in the equation, RSQ has a value of
0.6201.

Table 11 gives further statistics showing the importance of
the variables in the equation. In the column headed P is listed
the probability that the fit provided by each variable could have
occurred by chance. The lower the value of P the better the fit
provided by the variable, increasing the confidence that it is im-
portant in the equation. P ranges from essentially zero for Columns
to 5% (95% confidence limit) for Reagent, to 9% for the variable
OUl+2.

8.3 Discussion of Results and Age of Solution

Our attempt has been to define additional variables that have
a physical significance, and to include these in a computer
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regression equation. For example, the theory of mixing in solu-
tion tanks tells us that the rate of purging of the tanks with
fresh solution affects the mean age of the solution in the tanks,
where age is the length of time that the solution has been ex-
posed to the odorous air stream. The age should also be affected
by the method of purging, which was either a countercurrent purge
method or a separate purge and make-up of solution in each tank.
Furthermore, the history of exposure of the solution to odorous

air of various concentrations should affect its remaining capa-
city to remove odors. This is explained by the following hypo-
thesis: We postulate that the hypochlorite scrubbing solutions can
oxidize most of the odorous components, and thus remove about 85% of
the odorous compounds except those that are refractory to oxidation.
Apparently, these refractory compounds are sparingly soluble in

the solution. When the solution is fresh, the scrubber can dis-
solve enough of these refractory components to lower the odor

level by 997%. As the solution is used, it becomes saturated

with dissolved refractory components, and the overall odor re-
moval decreases to 85 or 90%, as in Experiments 54A to 55 in

Table 9. Furthermore, if the solution is exposed to an air stream
of high odor concentration (e.g., 100,000 odor units in

Experiment 56F) and then is used to scrub a stream containing

only 8,000 odor units (in Experiment 56J), the odor removal may
fall as low as 80%. 1In previous reports (EPA Report No. 600/2-
76-009), we showed that when fresh air is passed through a scrub-
ber containing used solutions, the effluent air will actually
receive odor from the solutions, giving an outlet odor level of

30 to 100 odor units.

Further evidence for the existence of refractory but soluble
odorants is given by the following observation. In defining the
variables OUl, 0U2, 0U3, and OU4, we considered whether the re-
fractory components might be oxidized during the time when the
schbber was not in operation. The scrubbing experiments were
run at night while the rendering plant was operating, normally
from 7 pm to 4 am. In many cases, the solution was left in the
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tanks during the day, and the experiment was started again the
following evening. An attempt was made to allow for reaction of
solution with dissolved odorants during this fallow period by
setting the corresponding values of OUl, OU2, 0OU3, and OU4 equal

to 0. However, this procedure gave a relatively poor fit by the
regression equation. The fit was improved when the shut-down
periods were ignored in defining OUl, 0U2, 0OU3, and OU4. Evidently
no significant reaction of dissolved odorants occurs during shut-

down periods.

In Eq 2, the coefficient of the variable Inlet is 0.0253,
while the sum of the coefficients of OUl + 0U2 + 0OU4 is only
0.0149. This could indicate that the variable Inlet has some
effect in addition to its relation to saturation of the solution
by exposure to previous odor history. However, this seems unlikely;
mass transfer theory and chemical reaction rate theory indicates
that lower inlet odors would less deplete the reagent and be
easier to remove. It is possible that the strongest odors have
a different composition; further study of the GC data in Report
No. EPA-600/2-76-009 might give information on this point. But
the most likely explanation is that the wvariables OUl, etc.,
were not exactly measured, because the sulfur detector was only
working during half of the tests. During the rest of the tests,
the variables OUl, etc., had to be estimated from the less fre-
quent measurements of inlet odor units determined by odor panel
samples. This incomplete data probably also explained why the
variable OU3 did not improve the regression, and was excluded
from Eq 2.

A satisfactory model of scrubbing should include the effect
of purge rate. Purge rate should affect the results, because
in-creasing the purge rate will result in a reduction of the
effective age of the scrubber solution. However, we did not
include purge rate in Eq 2 because Table 11 shows that the cor-
relation of the purge rate (variable 15) with the odor removal
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has the wrong sign. The reason is that the purge rate is acci-
dentally correlated with the hours of solution use, with a cor-
relation coefficient of 0.55.

An attempt was made to include purge rate in the equation
by multiplying the variables OUl, 0OU2, 0U3, and OU4 by the func-
tion exp[-purge rate/ (30 x number of columns in countercurrent
purge)]. This function, based on the work of Levenspiel
(Chemical Reactor Engineering, Wiley and Co., New York, 1962).

expresses the age of solution in a tank when a purge stream

is continuously mixed in.

This procedure did not improve the fit of the equation to
the data. Purge rates of 0, 9, 25, and 30 liters/hour were used
in the experiments and the effect was eithin the uncertainty of
the effect of other variables on the results,

The experiments with fresh solutions could be considered
equivalent to experiments with infinite purge rate; and these
experiments resulted in significantly high removals, averaging
near 997%. We had thought that 30 liters/hour was a high purge
rate, but apparently a much higher purge rate is needed to sig-
nificantly affect the results, at least for experiments lasting
up to 48 hr. These results show that experiments at much higher
purge rates are promising, but wvarying the purge rate within the
range investigated was not as significant as starting with fresh
solution.

Eq 2 represents a model that is reasonably successful in
fitting the experimental results, but further study might result
in a model that gives a better fit and reflects actual processes
that govern the scrubbing behavior.

8.4 Effect of Reagent Type and Temperature

The variable Reagent was found to have a significant effect.
The ratio of outlet/inlet is a factor of 1.5 less favorable
when sodium hypochlorite is used than when calcium hypochlorite
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is used. In this comparison, the effect of different pH during
the experiments is taken into account; the experiments with cal-
cium hypochlorite used a pH between 8 and 9, whereas those with
sodium hypochlorite mainly used a pH between 10 and 12. The equa-
tion implies that the factor of 1.5 improvement would be obtained
if they were run at the same pH.

Even at the actual pH of the experiments, the calcium hypo-
chlorite gave slightly better removals: calcium hypochlorite gave
96.3% removal with a standard deviation of 2.0 compared to sodium
hypochlorite average removal of 937 with a standard deviation of
3.0%.

Temperature was found to have no sigificant effect upon the

results.

When the experiments using Cl, gas in the air stream are
included, the variable Cl ¢ pH cannot be defined. In these experi-
ments, the first column contained 5% H,SO,, the second column con-
tained water adjusted to pH 9 with sodium hydroxide, and the third
column contained 57 sodium hydroxide. 1In this case, the best fit
was obtained by:

gutlet _ 2.2 exp(-0.705columns) exp(-0.00360UL - 0.00180U2)
. -0.626
0. 310 inlet
x hours X (1’000] (3)

The statistics for this equation are given in Table 12. The
coefficient RSQ is 0.6066, compared to 0.62 for Eq 2, which means
the fit is nearly as good. However, the variable Hours of Reagent
Use is of less practical value than the variables in Eq 2.

With Eq 3, the variable Reagent is not significant, according
to Table 12. This means that scrubbing with Cl, gas added to the
air stream is not significantly different from the other two rea-

gents.
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8.5 Results of Previous Project

Since we now know that the inlet odor level and the previous
exposure of the solutions to high odor intensities affect the
scrubber performance, we can reexamine some of the performance data
in the previous project (Report No. EPA-600/2-76-009). For example,
Test 32 in Table 6~5 on page 6-10 of that report showed a two-stage
laboratory scrubber having a very high (99.9%) removal with fresh
solutions, and subsequent tests over a period of 24 hours of opera-
tion showed removals that were greatest for high inlet odor levels
and less for low inlet odor levels. A similar effect is seen in
Test 31 on page 6-7 of that report. (Note that the complete GC
data is given in Appendix 7 of that report). Similarly, in Test 34,
Table 9-1 on page 9-8 of that report, very poor removals of 32
and 597 were obtained with relatively low inlet concentrations,
although the low pH between 9.3 and 10 was an additional factor
as was pointed out in that report. A more quantitative analysis
of these results is difficult since we do not know the odor expo-
sure of the solutions during the hours between each test sampling.

8.6 Prediction of Scrubber Performance by Regression Equation

In Report No. EPA-600/2-76-009, computer models were developed
to design scrubbers based on mass transfer equations, calibrated
with the experimental measurements available at that time. Those
models included calculations of costs and sizing of the equipment.
They are still valid for those purposes, including the performance
predictions for plant ventilating air. For high-intensity (5,000
to 180,000 odor units) air, the statistical regression Eq 2 may
be used to predict performance. Since it is based on experiments
rather than theory, Eq 2 can only be used within the range of the
variables measured during the experiments upon which the equation
is based. For example, it cannot be used to predict the effect
of using higher purge rates than 30 %/hour at low reagent concen--
trations, even though we suspect that such a procedure would yield
better results at the same cost. To permit predictions outside
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the range of experimental data, an equation must have some theore-
tical basis. Such theoretical predictions would be useful to de-
termine whether further experiments are promising to improve scrub-

ber performance.

Eq 2 was used to compute the predicted performance of scrubber
systems under various conditions, and the results are presented in
Table 13. The removal percent is in the high nineties when the
inlet concentration approaches 100,000 odor units. It is generally
in the 907 range when the inlet is 5,000 to 25,000 and the previous
inlet was higher than the present inlet, especially with three
stages or with the highest chlorine and pH (0.2 and 12), Poor re-
moval (60% or less) is found with only one stage, when the inlet
concentration is lower than previous inlets, and chlorine and pH
are low (0.02 and 10, respectively), The use of three stages gives
a safety factor to maintain removal close to 907 when the previous
inlet concentration was as high as 100,000 odor units,

Table 11 also compares calculated and experimental results for

the conditions of each experiment,

8.7 Conclusions

The data from this investigation are sufficient to define the
performance of hypochlorite vacked-bed scrubbers under a range of
typical operating conditions. The problem of rendering plant odor
control is not completely answered, however, since removals of
997 cannot be attained under most conditions listed in Table 13.
The problem is not one of equipment design. since the scrubber has
been shown to have more than enough mass transfer capacity. The
problem is that hypochlorite reagents will not remove all the odor-
ants, and the limitation is one of chemical reactions. Thus, a
more effective scrubbing reagent is still needed.
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TABLE 13

VALID ONLY WITHIN RANGE OF EXPERIMENTAL DATA
(607 < REMovAL < 99,47%)

SCRUBBING PERFORMANCE PREDICTED BY REGRESSION EQUATION

NO. oF | INLET [PREVIOUS INLET HISTORY OUTLET*
coLUMNS | EDs oul, 0U2, Ouy CL - PH INLET | 7 REMOVAL
3 75,000 0 0,20 x 12| 0.0056 99.4
0.02 x 10| 0.0128 98.7
0.0 x 9| 0.0133 98.7
75,000 75,000 0.20 x 12| 0.017 98.3
0.02 x 10| 0.039 96.1
0.01 x 9| 0.041 95.9
25,000 0 0.02 x 10| 0.045 95.5
75,000 0.138 86.2
5,000 0 0.02 x 10| 0.075 92.5
5,000 25,000 0.109 89.1
2 75,000 0 0.02 x 10| 0.024 97.1
25,000 0 0.085 91.5
25,000 75,000 0.261 73.9
1 75,000 0 0.02 x 10| 0.046 95.4
25,000 0 0.162 83.8
25,000 75,000 (0.495) | (50.4)
3 25,000 75,000 0.2 x 12| 0.061 93.9
2 0.116 88.4
1 0.219 78.1
|

* Multiply by 1.5 for sodium hypochlorite reagent.

Standard deviation is a factor of 1.95.
Values in ( ) are outside experimental range.
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