[ ]
‘ Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

Background Report Reference

AP-42 Section Number: 9.12.1

Background Chapter: 4
Reference Number: 5
Title: "Control of Odors and Aerosols from

Spent Grain Dryers" in Journal of the
Air Pollution Control Association

Melvin W. First et al.

July 1974



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



¢ AP42 Section D21

Reference
Report Sect. 4
-

' Reference

Control of Odors and Aerosols
From Spent Grain Dryers

Melvin W. Firsl
Harvard School of Public Health

Walter Schilling and J. H. Govan
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Alan H. Quinby
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The information contained in this poper is directed to
research workers concerned with odor identification and

the development of methods for removal of odorous

components from hot, moist stack gases and to application
engineers foced with the practical problem of selecting
effective, yet economical, odor control equipment for
industrial operations. The new techniques described here
demonstrate the beneficial uses of gos phase reactions
as a conditioning step preceding obsorption in a chemically
reactive solution, Cost comperisons show markedly lower
costs for full-scale reactor-chsorbers than for gas inciner-
ators for equal contaminant removal. Other methods of
removing odors at the source, e.g., injection of ozone, use
of nonvolatile oxidizing agents in solution, and adsorption
on activated charcoal, were found to be impractice!, in-
effective, or both. The application of reactor-absorbers
to spent grain drying is discussed in detail and reference
is made to the use of this technique for other food industry
waste treatment processes including rendering and fish
and pouliry meal production.

D, First is Profeszor of Fnvironmental Health Fneineer-
ing at the Harvard University School of Public Health,
Boston, Mass, 02015, Mes<rs. Schilling and Govan are
with Canadian Blewer and Forege Co., Lid. in Kitchener
and Toronte, Ontario, Canada, respectively. My, (hiinby
ix with the Baffalo Forge Compuny, Buifulo, N0 Y, Tins
paper was presented a: Paper Noo 73-274 at the G66ih
Annual Meeting of APCA at Chicage in June 19735,
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A number of grain processing industries, including distilling,
brewing, and starch extracting, utilize only the starch content
of the grain! and end up with a proaduct known as “spent
grain®™ which contains alimost all of the proteins, fats, minerals,
vitumins, and fiber of the original cereals.  The residues of
the distilling industry contain, in addition, veast cells and
unidentified nutrients formed during the fermentation process,
Aol the zpent grains have excellent nutritive values for the
feeding of chickens, swine, catdde, and far bearing annnals?®

Income from the sale of spent grains is an important factor
in the profitability of distilleries, breweries, and starch manu-
facturing plants and, consequently, economical processing of
this by-product is of major importance to these industries.
TFormerly, fresh spent grains were fed to local farm ammals,
principally beef and duiry cattle, in the form of wet mash bug
the iucreasing size of brewerles and distilleries and their
concentration in urban centers has made it impossible to
dizpose of spent grains promptly in the wet state. When
dried. spent gramns lose none of their nutritional valnes and
may be shipped conveniently and stored many wonths prior
to use. The dry product contains about 259 protein, 8%
fut, and an extensive list of vitaming and minerals.

An the distilling indusiry, de-aleoholized fermentation
residues are dizscharged from the beer still, the first distillation
gtep, as a mash containing about 7% solids.  This product is
sereendd and pressed to form a cake containing about 17,
gelids that goes to the deyver.  The liquid fraction, containing
about 19 solids plus soluble nutrients. is sent to muliple
effect evaporators and concentrated to a thick, dark molnsses-
like syrup that is wsuadly added to the pressed enke as it
enters the dryver.  In addition, about 809 of the dricd
material, containing approximately 90%; solids, is recyeled
through the dryver to produce u combined feed stoek contain-
g up to 0% soluls and provide the additional bulk needed
for proper Tunctioning of the dryer.
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Figure 1. Typical distillery spent grain recovery system,

Drvers are of two general types: (1) Indireet heat cylin-
drical rotary shelis have the heating elements, often steam
jackets, separated from the wet cake flowing through on the
inside. Flow rates are low, e.g., 2500 c¢fm, and exit
temperatures are 185-205°F. Indirect heat grain dryers
producc an excellent product but production rates are low.

(2} Direct fired cocurrent rotary dryers ure used most widely
hecause of hefter-fuel-cconomy~and higher preduction rates.”
Gas flow through the dryer ranges from 10,000 to 25,000 cfm,
depending on size, and drver exit temperature will be in the
deinity of 250°F.  Direct fired units often use natural gas
Lthe fuel (although GiEtiNTEE ot can be usedy and the fhme
is diTeEtad"into (he rotating shell axially to heat the drying air’
{tlirough which thie grain showers under-ihoonetion. of the
rcTtT_mrrfr—r\ ]mdm‘)"md to-pisduce radiative heat transfer to
the shell Towi~t# contents.  As flame and product enter the
dryer shell at the same point, some scorching and burning of
‘the feed stock oceurs and this produces a ty pwn] “hurntioder.
The effluent drver gases coutain numerous substances in’
addition to water vapor including: (a) combustion gasez, (b)

inely divided grain dust in amounts™0f wfew pouu(h peT -
four that may be sufficient to give the discharge a tan color,

(€) condensible vapers, also present in wmownis of a fe fcw
pnund- per hour and ]mmlmll\' composed of oils and Wixés
ihat pive the discharge the appearauce of a bluish-white haze,,
and (@) non-condenzible vapors ihat contain most of the
Bdorous projErties of the discharge. Dryers volatilize a
fumber of predicets which oceur naturally in grain and syrup
to produce typieal “wet grain” or “muash like™ udors which
differ somewhat d(]n nding on the proportions of corn, rye,
aned barley in the orginal mixture.  Neighborhood complaints
are usuahy directed toward MIL arain 0(!0!:,. The bluish-
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white haze and brown grain dust discoloration associated
with dryer offgazes are of concern 1o air pollution control
agencies.

The discharge from the rotary drver goes to a cyclone '
collector where all but the finest dried grain particles are
separated from the moist, hot 2azes and sent to the produet .
bins.  Gases, vapors and some of the grain fines pass through ‘
an indueed draft blower and are (11-L11'1rncd to the ‘nmo\phere
Figure 1 shows a schematic of a t¥ }ncal gpent grain recovery
svstem for a distillery with mass s balance figures for each step
of the process,

The grain using mdustries have studied a number of
effluent control methods over the past zeveral years including
destruction of the visible and odorous components by gas
incineration, .1d~orpt1m1 on chareoal, conversion to nonodorons
m._ T czone; wad abrorption inréactive surubbing
Tlutions, Gas incineration has been found to be efiective
or destroving all odorous compounds, as well as the bluish-
white haze and the brown discoloration characteristic of the
untreated dryer effluent, when gas temperature is maintained
at 1400-1600°1" for 0.5 sce, but fuel eosts on the order of
810/vear/efm of capacity for round-the-clock operation are
considered uhaceept: ible.*  Eflicient heatrecovery devices can
reduce wag incinerator fuel requirements substantially Hut
gome of this =aving will be ofizet by increaszed equipment and
maintenanee costsd  Natural zas, the ideal fuel for gas
ncineration, has been in short supply recentiy and future
prospects are for increasingly severe shortages and higher

2June 1973 fuel costs, ~.

" Journal of the Air Paliution Control Association




" prices. There is o good possibility that natural gas may
“become nnavailable for this use in the fucure.

Gas adsorption charcoals have been investizated for appli-
cation to cffluents from indirect heat srain driers becuuse
they have lower off gas volumes relative to direet heat units
(i.e., roughly an order of magnitude difierence) and the
number of products emitted is smaller as there is far less
overheating and charring of grain and syrup. Chromato-
graphic studies® of vapors in the effiuent from an indireet heat
dryer showed six prominent peaks. After passing through
charcoal, four peaks remained but odor was greatly reduced
and it was concluded that the characteristic odor was asso-
ciated with substances in the missing peaks. These sub-
stances were not identified and no studies were conducted to

-determine .charcoal eapacity, service life, or reactivation
potential for this application. The presence of waxlike
materials in the dryver eflluent gases suggests that charcoal
service life might be affected adversely.  In additien, it would
be necessary, for satisfactory charcoal service, to remove the
fine grain solids that penetrate the centrifugal grain collectors
customarily used in these processes.

Gas absorption in rteactive chemical solutions has been
studied extensively. It has been found that nonvolatile
oxidizing chemicals, such as KMnQ,y, are effective only after
the odorous and haze producing substances have been ab-
sorbed in the scrubbing liquid, whereas a gaseous oxidizing
agent, such as chlorine, can prepare compounds for absorption
by chemical reactions in the gas phase and act as a poweriul
oxidizing agent in liquid phase reactions afier abserption.
Permanganate is a costly chemieal and produces an insoluble
MnO; reaction produtet which can clog the scrubbing equip-
ment and plug the droplet carryover stage.
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The use of ozone requires concentrations in the vicinity of
10 ppin to peodiee a suflicient eoncentration to effect ‘a
reasonable degree of oxidation of odorous vapors within an
acceptable retention time.  As the oderous compounds are
present in fractions of a part per million (often less than a part
per billion) most of the injected ozone would be emitted to
the atmosphere, unchanged, without further treatment. This
amount of ozone would constitute an excessive atmospheric
emission in most air pollution control districts and a scrubber
of some sort is required to remove exceess ozone, .

Chlorine, another gazeous oxidizing :ubstance that can
be added to the efiluent from the grain dryer to induce gas
phase reactions, has a number of advantages for this service:
(1) less toxicity than ozone, (2) unreacled chlorine 18 easily
removed by canstie serubbing and the sodium hypochlorite
that is 1ormed reacts with absorbed materials, such as oils,
to reduce vapor pressure of dissolved volatiles and preparves
materials for dispozal by changing oils and waxes to soluble
sodium compounds, (3) chlorine, readily available as a com-
pressed gas, ean be injected into the dryer offgas stream
through a simple manifold and automatic equipment for
dispensing it in controlled amounts has been used universally
over many decades for drinking water treatment and is
relatively inexpensive and very reliable.

Pilot Plant Studies

A pilot study of spent grain dryer offgas cleaning was con-
ducted at a distillery to determine if satisfactory deodorization
and solids removal could be accomplizhed with a gaustic,
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Figure 2. Schematic of pilot reactor-absorber,
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to the staek,_ As the substanees praducing the characteristic

e associated with spent grain drver offgazes are mostly
water insoluble, chloring gas was added to the drver effluent
gases and long wus phase eontact time between the water
insoluble eomponents and chlorine was built into the pilot
seale air eleansr to make it possible for these componnds to
react and become water soluble before reaching the (‘.nhtlc
gerubber, .

Evaluation was by sensory methads, ie., odor reduc-
tion was judged by an odor panel and particulate re-
moval by visaul inspection of the stack discharge. Although
substuntial improvement in offgas quality was indieated by
these mwethods, nothing of a quantitative nature conld be
deduced from these tests. Therefore, when an opportunity
occurred to conduet additional pilot scale tests of a similar
nature at nnother distillery, inajor emphasis was directed
toward quantitafive evaluation.  As there iz no known toxic
substance emitted from spent grain dryvers and as odor and
opacity reduction remain major reguircments, sensoryv re-
sponses continued to be of interest and importance aud were
retained as an essential part of the evaluation procedure,

Quantization was eonducted by two methods: (1) pai-
ticulate concentrations were evuluated by stack sampling at
rokinetic ramphing rates and calleeting the purticles na flter
located in the nose of the samapling probe, {2} gas and vapor
concenirations were evaluated by zas chromatographic tech-
niyues using fame ionization and electron capture deteciors.

Pilot Air Cleaner

The four stage pilot reactor-abserber used for this rest
program 15 shown schematically in Figure 2, In the direction
of airfiow, the first stage is a \\ct.u.d double-impingement
gereen that performs the dual functions of removing partie-
ulate matter and absorbing masez. The next two wetted
stages contnin fibrous packings with large wetted .surface
areas for good gas absorption. The fnal stage iz a dry fiber
filter to prevent liquid earrvover. A centrifugal blower,
located downstream of the scrubber, discharges to the effluent
stack. Liquid sumps are located below each of the wetted
stages.  They supply serubbing liquid for each stage through
individua) reeireulating pumps and provide means, through a
sertes of overflow weirs, for easeading the serubbing ligquid
from the last wetted stage (in the dircetion of airflow) to
the second, the first, and then out of the system by way of the
dramn.  I'resh water and fresh canstic enter the sv=tem at the
last wetted stage by the connections shown in Figure 2. The
efficet of cascading the serubbing liguid from the last wetted

stage to the first is to ereate a temperature and caustic gra-
dmm sich that the gas meets cooler and more alkaline zerub-
bing liund as it proceeds through the unit. This helps to
maintain maxinmm heat aid hiss transfor rates throughout
the severs! stages of the serubber.

A long entry duet 1s located Dbetween the dryer exhaust
stack, from which the representative effluent stream is drawn,
and the pilot wnit to permit long gaz phase reaction time be-
tween hseluble eomponents in dryver offzases and chlorine.
Chlorine s added in metered amounts from a compressed
gas cylinder, as shown in Figure 2.

[ach stage of the pilot serubber was 12 3 15 . in cross
seetion and had a design airflow eapacity of 270 ¢fm (although
higher and Jower air flow rates were feasible). The design
liquid flaw rate on each stage was 3 gpm/sg ft of face area.
Yor ench test, measurements were made of: gas il Jiguid
temperatures al entry, exit, and in each stage of the scrubber;

pH and hguid flow rate for each wetted stage; total gas flow

rate; and pressure drop through ench section ef the apparatus.
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. . Representative Samples

For pilot trials, representative samples of the grain dryer
effiuent gas strenm were extracted from a loeation iu the main
dizcharge duet downstream of the exhaust blower. ‘The
ceneral arcangement 1= shown in Figure 2. Initial pitot-
static traverses of the propozed lovution Indicated that flow
was highly concentrated on one side of the duet by the een-
trifugal action of the blower wheel but by trial and error
adjustments of individual damper blades loeated between the
blower dizcharge and the draw-off point for the test stream,
it was possible to readjust the flow pattern to make it satis-
factory for these Lests,

Particulate Matter Tests

Repre%enmti\e i-o!\inetic -nmnlin"~ were gonducied i the

fxer: m&mutcnLmtmu:»of—gmm—uu-t.. Three sets of mmp]e
tm\ crses, taken from the centers of equal areas across the

dryer exit duct,_cach_showed less thun 0.01 grains/normal
enbie _foot of dryver offéns,
of 15,000 cfm at 230°F, _t_l)_l;roprmcnted an_emission rate of

less thfm 11b
Thic igh rotontmn efficieney of the dried grain eyclone ('01-

]ocmr muld be aecounted Tor by the large Size of the grains
TG, by welght less than 10 HIn) and the 1lmm\n
fsiet that hlvh (!u 1 concentrations nerease “collector efficiency
hecause of ;nrudc wulomermon and the additiTe effdet 7of
large particles “Sw cepm" out” the smaller ones in their path.?

A\lthmlgh the emisston of =ohds from the dricd grain éollee-
tor was sufficiently low to be acceptable without further treat=
ment, passage through an absorber (where impingement,
cooling, and filtration take place) reduces condensable and
non-condensahie fractions by approximately one order of
magnitude and provides a needed safety measure during
upset conditions when large quantities of grain dust ean be
emitted ina short period from an uncontrolled stack.

Gas and Vapor Tests

A Varian eas chromatograph with o 6 ft packed colunn
containing 5% cthylene glyveol phthalate ou Chemisorb-W
was used to separate the several compounds contained in the
dryer offauxex, A flame ionization detector (F11)), which is
especially zenzitive to carbon melecules in organic compounds,
was uzed to quantitate up- and dewn-=tream concentrations.
An electron
halides, was ysed to evaluate changes in eomposition induced
by the addition of chlorine to the dryer offgases.

Sampling was conduected through heated copper sampling
lines maintained at a temperature that would prevent con-
densation of water and condenzable vapors at all points in the
line. The abjective was to keep the lines hot enough to
prevent condensation but below a temperature that would
induce cracking or other degradation of the organic com-
pounds that were present. The instrnument was equipped with

a 6 port high temperature, zero dead volume sampling valve.

A continuous flow of several liters per minute wus maintained
through the sampling valve with the assistance of a me-
chanical sampling pump and it was only necessary to activate
the valvte manually to inject a sample of uniform volume into
the ecolumn.  Inastive sampling lines were al=o maintained
in a condition of continuous flow with the aid of additional
vacuum pimps 20 that when comnected into the avtomatic
=ampling valve of the chromatograph there would be a mini-
mum time recuired to reach steady state eonditions.

Fhe primary interest in this series of tests was to compare
up and downstream concentrations by comparing the heights
of the three recurring peaks. Tt would have been more exact

Journal af the Air Pollution Control Association

apture detector, which is especially sensitive to |

For a dr\ er discharge voliite

ol

i

e

ol

-



TN

Table 1. Pilot test results of gas and vapor removal. .
Peak height and overall efficiency
Gas  Absorber  Caustic  Chlorine Peak 1 Peak 2 Peak 3 Sum of
Run rate resist. add'n add’'n %, Redue- 9% Reduc- % Reduc- Peaks )
No, cfm in.w.g. gph ppm tion tion tion o4 Reduction Sensory observations
1 2713 5.50 ) 0 0 12 13 18 Strong burnt caramel odor
2 278 6.00 0.75 0 95 91 ] 91 Strong burnt caramel odor—not greatly
different from water alone
3 278 5.88 0.75 1.9 90 97 4 91 Moderate burnt caramel odor—no
- chiorine or hypochiorite edor
4 288 5.56 0.75 5.7 g1 99 2 95 Very low odor intensity with faint burnt
< odor. No c¢hlorine or hypochlorite
ador
5 280 5.25 0.75 9.0 85 99 27 9 Distinet hypochlorite odor but not
sharp
6 318 9.25 0.75 8.5 98 79 0 96 Distinct hypochlorite odor but not
sharp
7 318 9.25 8.75 4.7 ‘98 86 0 95 Very low odor intencity with faint

burnt odor. No chlorine or hypo-

chlorite odor

to have compared areas under the peaks rather than peak
heights but as the slope of the curves up and downstream of
the pilot serubber, az well as from test to test, remained
substantially the same a3 long as the zame sample volume,
instrument attenuation, chart speed, temperature, ete.
remained constant, only a small errer was introduced by com-
paring peak heights rather than areas under the curves.
Overall scrubber efficiency was determined by summing the
peaks and comparing up and downztream results to caleulate

- percent removal by weight.

Test Schedule

The tests were designed to compare the perfermance of the
pilot scrubber under a variety of operating conditions: (1)
using {a) plain water, {b) an alkaline solution, and {c) an
alkaline hypochlorite solution as zerubbing liquor, all at a gas
flow rate of 230 cim, (2) using different dosages of chlorine
to the zas phase over the range 2 10 9 ppm at a gas flow rate
of 280 ppm, and (3) changing «as rate {rom 230 10 317 ¢fm, a
gas volume change that is probubly too small te be the basis
for any firm conclusions.

A total of 7 tests was conducted to cover these several
conditions. Pertinent operating data are summarized in
Table I. Dryer temperature ranged between 230 and 236°F
for these tests and this uniformity in dryer temperature is
reflected in a similar steadiness in offgag, serubber entry, and
scrubber exit temyperatures, Fresh water was added at a
rate ranging {rom 2.0 to 3.1 gpm for the several tests.  This
is erquivalent 1o 1.1 to 1.7 1b fresh water,1b of dryer ofieas
andd produced a gas temperature drop of 90-100°F in the
serubber.  This is a greater fresh water rate (and spent water
discharge) than would be uszed for a full seale serubber unit
but water utilization in a small pilot unit (beeause of wall
losses and failure of the nozzles to develop their full spray
pattern) is less efficient,

In all cases but one, 209, NaOH was added to the last wet
stage at the rate of 0.73 gph to maintain a pil in all three
tanks between 11 and 12, A pii in excess of 11 1 the last
wet stage that contacts the gas is not required forsatisfactory
operation of the scrubber but as many hours of steady opera-
tion are required to reach steady stute conditioms, economy
in caustic usage was not attempted for the pilot tests,

The vesults of the gas chromatograph tests are summarized
inTable I Efficictey has been enleulated for each compound
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based on the up and downstream heights of the peaks which
appeared afier the same eolumu travel time aund for all com-
pounds based on summations of peak heights up and down-
stream of the pilot serubber.  Also ineluded in Table 1 are
observations of odor quality and odor intensity.

Table | shows clearly that scrubbing with plain water {Run
No. 1) produced only a modest removal of volatile compounds:
and observations of odor at the scrubber discharge indicated
that odor quality and intensity were not perceptibly differen:
from the untreated efflucut drawn directly from the dryer
exhatst duct.  The addition of eaustie fo the scrubber water
{Run No. 2) effected a large reduction in volatile emiszions by
chromatographic measurement but did not significantly lower
odor intensity or change ador quality.

Run No. 3 of Table T was the first in which chlorine waz
added upstream of the absorber. The effect was to increase
the efficlency for peaks 2 and 3 but there was a decrense in
removal etficieney for peak 1. Heviewing the entire display
of rezults in Table T, the hieh recorded efficiency for peak No.
1 when using caustic alone appears to be an anomaly in the
data.

The effect on odor of adding 1.9 ppmn of chlorine to the
dryer offens was to produce a marked reduction of odor in-
tensity whereas inereasing the chlorine addition to 5.7 ppm
(Run No. 4) produced an effluent which was almnst odorless,
with no hint of a chlorine or hypoehlorite odor. Overall
reduction of the sum of the three peaks for Run No. 4 was
95%. indicating a high level of collector efficieney by chemical
mensurement as well as by gensory evajuation, The plume
was colortess at the point of cmiszion, but a few exit duct
diameters from the discharge nozzle, condensing water vapor
produeed n faint haze until the plume was more completely
mixed with the outside air.  As the ambient temperature was
in the vieinity of 90°F, this oecurred promptly.

Alarger addition of chlorine (9.0 ppm) to the reactor section
produced an equally wood overall removal efliciency chemi-
cally (Run No. 3) but the absorber effluent had o distinet
h:pochlerite odor which was not considered aceeptable.

For Huns: No. 6 aned 7. s flow throueh the ahsarber waz
increased from 230 to 318 ¢fm.  High (8.5 ppn) and moderate
(1.7 ppm) additions of ¢hlorine were made upstream to coni-
pare perfoermunce with lower uir How rates under =hnilur
conditions. When adding 8.5 pprr of chlorine, the unit
produced the same high overall reduction in chenieal coutent

!

1 £57




(96%) but retained the hvpochlorite odor; whereas at 4.7
ppm Cly, the hypoelborite odor disuppeared and enly a very
faint burnt odor remained.  The high gas fow rate with 4.7
ppm Cly appeared to be as effective as the lower gas flow rate
with an equivzlent ehlorine addition.

It was noted that although the upstream heights of each of
the peaks varied over a runge very nearly equal io one order
of magnitude for Runs 4 through 7, the downstream con-
centrations were almost unchanged.  This behavior is char-
acteristic of an absorption process in which the rute of mass
transfer 13 highly eoncentration dependent, i.e., the mass
transfer coetficient is proportional to the concentration of
solute n the gus phase.  Other chemicals that exhibit this
sme tendeney inelude NOy, for which the outlet concentration
iz almost independent of nlet concentration but only de-
pendent on contact in the absorption apparatus’® For
proceszes of this nature, it would be preferable to express the
results in terms of 1rankfor vnits but there are too many un-
knowns at present to make thiz approach feasible.

Figure 3 shows some typical flame lonization detector
traces.  These have been identified by run number, whether
up or dowustream samples, and by peak number. Figure
4 shows typienl electron capiure detector traces before and
after additions of chlorine.  Althoueh well defined ¢hanges in
the number of compounds present after the addition of
chlorine can be produced and demonstrated under laboratory
conditions, the appearance of theseé new compounds is not
easy 10 detect under the less than ideal conditions of field
operaztion, Nonctheless, there are clear indications of new
compounds being produced in the gas phase.

Inlet sample, run 3. 1
Sensitivity: 32 x 1012 5

\ {]

Pt *
Inlet sample, run 3, e 1
Sensitivity: 32 x 10712 =
for peaks 1 and 2; { et
4x10712 for peak 3 %3

' i
b | [
- i
Outiet samples, run 3 ol i
Sensitivity: 4x 107 %2 .
3

—a ]

Figure 3. Typical flame jonization detector traces,
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flgure 4, Typical electron capture traces,

Full Scale Reactor-Absorber

On the basis of the highly favorable pilot seale results con-
dueted on a =mall portion of the grain dryver exhaust stream,
a single full zeale unit was installed at a distillery to handle
the gas flow {from two natural gas fired, direct heat rotary
grain dryvers. The dryvers handle 809% distillers grain plus
409, by-products frem an adjecent starch plant.  The starch
by-products huwlude wet fiber, fed to the drvers directly,
plus steep water converted to coneentrated syrup in evapora-
tors with the diztillers’s thin stillage.  Each dryer discharges
14,000 ¢fm at 200°F and cither may be operated alene, al-
though it is usual to operate both together. The full-seale
fiberglass reinforced polvester reactor-absorber is 56 {t long,
14 ft widie, and 9 £t high sud requires a 60 hp exhaust blower to
overcome the resistance of reactor-absorber, exterior piping,
and stack (a pre-existing blower in cach system overcomes the
resistances of dryver, dried grain colleetor, and interior duct-
work). Lach wet stage is spraved with 383 gpm of caustic
kept to the correct alkalinity by an autowatic pH controller.
Liquid and gas flow counter-currently through the apparatus
but cocnrrently through encl wet cell.

The full seale unit operates 7 days per week, 24 hours per

- day and already hue been in service for over two years, It

has performed exanet!y as the pilot tests predicted.  Routine
maintenanee requires a4 hr shutdown each week during which
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time the serubber is hosed to wash out accumulated grain
particles and the entire svstem i3 fluzhed with suliamic acid
solution to remove precipitated alkaline carbonate salts {(from
CO, in the combustion gases) that may have depesited in
nozzles and absorption  packings. Operating  eosts  are
summarized in Table 117 Two rerious problems were on-
counterecd. (1) The first stage Neva-clog serecns, fabricated

of Monel metal, fuiled from the corrosive attack of chlorine.

and hypochlorite . solution.  Neva-clog sereens  fabricated
from selected stainless steel alloys and titanium appear to be
resistant and are a satisfactory replacement for Monel.  {2)
During the fuel shortage period of the winter of 1972-72, the
natural gas supply was interrupted and the dryer burners were
“switchied~to" NG 4 fuel oil.  After 21 hr of oil burning, the
inside of the unit™wias=covered "with a bluck waxy depusit
and the final stage became plugged with this material to the
point of total shutdown. [t was apparent that the gas
burners were unable to burn the fuel o) cleanly enough to
prevent serious interference with the operation of the reactor-
ahsorber and it wus necessary to purchase a higher cost, non-
interruptible gas service for the dryvers. It is possible that
burners designed specifically for distilate fuel oil burning
would have performed satisfactorily in this service.

Discussion

OCdorous emissions are associated with a number of widely
employed food waste processing industries.  These include, in
addition to grain residues from brewing, distilling, and corn
processing, the production of fish meal, pouliry meal from
offal and feathers, and rendering of slaughterhouse wastes.
The last named proeesses frequently involve the use of putrid
raw materials that possess substantial malodorous properties
at the start and are degraded further during the several manu-
facturing sieps, including dehydration in rotary direct-heat
dryers. All of these industries produce odorous offgases con-
taining dozens of poorly defined but foul-smeliing compounds
in the ppm and ppb concentration range that fall into several
chemiea! claszes knowu to contain malodorous substances,
e.z., hyvdrogen sulfide, mereapians, disulfides, aldehvdes, and
organic acids.  Many of these industries, individually and
through their trade aszociations, have investigated the =everal
feasible meihods of odor control fur their particular prob-
lerns$-'t and each has concluded that charcoal is impractical
because of short service life and gas incineration is too costly
but that chemieal scrubbing is a satisfactory method for re-
ducing odors at an acceptable cost.

Applieations of the technigues described here to spent grain
dryving, a final processing step for a number of important and
widely dispersed inclustries, are of special significance because
they demonstrate the beneficial uses of gas phase reactions as
& conditioning step preceding absorption in chemically reactive
solutions, These studies also point up the futility of attempt-

Table Il. Weekly operating costs, full-scale reactor absorber.®

Consumables Cost per week
Water $200.00
Chloerine 40.00
Caustic 142.00
Sulfamic acid ~24.00
Electricity 182.00 -
TOTAL $582.00

s 7 day, around-the-clock, operation. Capacity, 28,000 cfm at 200°F.
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ing to solve these problems by gas phase reactions alone, as
by injection of vzone, beeause these reactions are always in-
complete in practical applications and a large excess of the in-
jeeted gas phase reactant must be used,  Ultimately this ex-
cess must be emitted to the atmosphere tunchanged and will
then behave as a pollutant in its own right.  This makes it
necessary to exereise extreme eaution in the use of chemically
active additives to stack effluent gases unless adequate means
are provided for complete removal prior to emission to the
atmosphere, <

Applications of the reactor-absorber techniques and equip-
ment to food waste processing industries, in addition to spent
grain drying, have included rendering.  Effectiveness has not
been evalusted quantitatively in the manner of the grain
dryvers but neighborhood odor complaints have ceased since
the system has been pliced in operation and this is indicative
that a substantial improvement has taken place. Initiation

- of gas phase reactions followed by absorption of the reaction

products in chemically active solutions appears to be an air
pollution control method that ean be applied to a wide range
of food waste processing industries that generate odorous gases
and vapors and fine particulate eontaminanis in the untreated
offgases. :
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