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The informotion contained in this paper is directed to  
research workers concerned with odor identification and 
the development of methods ior  removal of odorous 
components from hot, moist stack gases and to application 
engineers faced with the practical problem of  selecting 
effective, yet economical, odor control equipment i o r  
industrial opero:ions. The new techniques described here 
demonstrote the beneficiol uses of gas phase reactions 
as a conditioning step preceding obsorption in a chemicolly 
reactive solution. Cost comparisons show markedly lower 
costs for full-scole reactor-absorbers than for gas inciner- 
ators for equal contominont 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 b e  impracticol. in- 
effective, or both. The application of reoctor-absorbers 
to  spent grain drying i s  discussed in detail and reference 
is made to the use of this technique for other food industry 
waste treotment processes inclbding rendering and fish 
and poultry meol production. 

July 1974 Volume 24, No. 7 

AP-12 Section 9 a  
Reference __ 
Repo~t Sect. & 
Reference A 



Figure 1. Typical distillery spent grain recovery ~ y s t e m .  

Dryers are of two general t,ypei: ( I )  Indirect heat cyliii- 
ilric:il r o h r y  shells h:ive tlie heating e l e i n e i i t ~ ,  ofteii strani 
jackets, separated from tlie wet  cake flowiiig through on the 
i n d r .  Flow rates are low, e.g., 2.500 cfm, and exit, 
trinper:inirei nre 1S5-205"F. Indirect heat graii i dryers 
urotluce ail excellent. Iirotluct but i~roduction rates are low. 

Gas flow through the dryer r n i i p  from 10,000 to 25,000 e fm3  
d e o e n d i i ~  011 size. and h e r  exi t  temi)crature will be i n  the 

white haze and brown grnin dust discoloration associated 
ir.it,h dryer offgases are of eoiicerii t o  air  pollntioii control 
agellcles. 

T!ie discharge from the rotary dryer goes to R cyc lo~~e '  
collector !There all but  the fiziest dried grain pirtieles arc.  
$li:irat& from the moist, hot.'g%cs nnil w i t  to tlie product, 
bin=. G:ircs, vqiors :iiid some oi the graiii fines pass through I 

i n  iiiduccd draf t  IIlorwr aiid :ire di..char:ed to  the :it,niosphere. ' 
Fi<i i re 1 5hows a achemntic of a typical q i c i i t  graiii recovery . 
sritem for 3 clistillerv with mas3 halai ice fiziirrs for each stm 
of the proccis. 

The main i isi i io i i idwstrics 1i:irc studied a numbcr of 
~ 

efiluent contrul methods over the lin3t :e\-cral )-ears iiicluding 
ileitruction of the visible :ind odorous emnooilelits bv Y ~ S  

- ! 

\ 'June 1073 l i d  costs. 
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prices. Yhcrc is a good possibilit,). thnt  ,nntiirnl xns n n y  
bccotoe iiiiawilnblc for th is use ill the iuture. 

Gn.; :i(lsnrl>tioii cli:ircn:ils hnvc becii iiircstig:itc(l ior :ilq>li- 
cntioti to cfllueiits ironi iiidirect hctit g x i n  driers 1,ec:nise 
they have lowcr off pi volumes rclntire to direct Imt unit.; 
( i s . ,  rouglily :LII order of iii:igiiitude difiereim) :mil the  
n u m l m  cui products cinit,ted is m:dIer ns thcre is i:tr 111-s 

overheating and chxrriii: oi ;r:iin and .syrup. Chrom:ito- 
grnphic studies' of vapors i i i  the cfliuent from nil  indirect hcnt 
drrer sliowd six prominent ~ x n l i s .  .\iter 1imsiing ilirorigh 
chnrconl, lour pc:~ks rem:iiiicd Iiut odor \ . 
and it \vas concluded tli:it the clinractcri 
cinted with siibstniiecs iii the niisiin: peaks. These d i -  

s t a n c e  \vcre not identified a i d  no studies \rere coiiductctl to 
-detcrnuiic .charcon1 cnpncity, serrirc .liIc: or re:ict,i\-:itiot~ 
yotcnthl for bhis npplicntion. The Iircseiice oi nnxlikc 
nuterials i i i  thc dryer ellliicnt gases supgcsts t h t  chnrconl 
service life niiglit bc :tfiected adrersel>-. 111 :idditioli, it  would 
be neccssnrj-, for satisfnctory chnrconl scrricc, to remore tlic 
fine grain solids thnt peiietrnte the centriiugnl grain collectors 
customnrily uscd in thcsc processes. 

Gas absorption in rcnctive chemicnl sohitions has been 
studied extensively. I t  hcis been inrind that  iioiirolatilc 
oxidizing chemicnls, such :is I<MnO,, arc cffect,ivc only nitcr 
the odorou niid haze producing subst3iiccs hare  been nb- 
sorbed iii the scriibbiirg liquid, whcrens R gnaeous oxidizing 
agent, such ns chlorine, cnii 1ireii:trc cornpowids ior nlisorption 
by chemienl renctions i l l  the gas ph3se n i d  act. tis n powriiil 
oxidizing :tgcnt ill l iqti ir l  phase rcnctious niter nbsorptioii. 
Perrnang:nintc is n costly chemienl and produces :III iiisolublc 
XIiiO? reoctioii prodiict which can clog the scrubling equip- 
ment nix1 plug the droplet carryover sta:c. 

. 

\ / .-: 

Chlorine 
l e i e m i r  

Wall l  

rest location 
"C" 4 

Typical overflow weir 

feed pump 
Figuro 2. Schematic of pilot reactor-absorber. 
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react mid hccniiie water .~olulile Irefore renchirig the  wi i s t i c  
scrublicr. 



~ -- 
\ ,. Table 1. Pilot test results of gas and vapor removal. 

Peak height and overall efficiency - 
Gas Absorber Caustic Chlorine Peak 1 Peak 2 Peak3 Sum of 

Run rate resist. add'n add'n % Rcduc. % Reduc- % Roduc- Peaks Sensory observations 
No. cfm in.w.g. gph DPm tion tion tion %Reduction 

5.50 0 0 0 . 12 13 18 Strong burnt caramel odor 
Strong burnt caramel odor-not greatly 

different from water alone 
5.88 0.75 1 . 9  90 97 34 91 Moderate burnt caramel odor-no 3 278 chlorine or hypochlorite odor 
5.56 0.75 5.7 91 99 0 95 Verylowodor intensitywith faint burnt 

odor. No chlorine or hypochlorite 4 288 

odor 
5 280 5.25 0.75 9.0 89 99 27 94 Distinct hypochlorite odor but not 

sharp 
9.25 0.75 8.5 98 79 0 96 Distinct hypochlorite odor but not 6 318 sharp 

95 Vcry low odor intexity with faint 7 318 9.25 0.75 4.7 ,911 86 0 
burnt odor. No chlorine or hypo- 
chlorite Odor 

91 
1 278 
2 278 6.00 0.75 0 95 91 0 

to hnre conqinred ureas under the  peaks rather than peak 
heights but as t h c  slol)c of the curves u p  niid do\viislre:ini of 
the pilot seruhbcr, as \vcll ns from t e t  to test ,  reniaiiied 
subrtnntinlly the snnic ns long n the  sniric sample r ~ l i ~ i i i e ,  
instrument nttetiuntion, chnrt speed. temper:itiire, etc. 
reniniiied coitstont, only n sinnll error irni iiitroduced by coni- 
paring peak heights ruther than nrms uiider the  curvcs. 
Overall scruhber cfliciency was dctcrmincd by suinming the 
peaks a i d  conipnriiig up :ind dorvnrtrenm results t o  cnleulnte 
percent rcniornl hy wight,. 

Test Schedule 
The  tests \!-ere designed to eoniI?nre tlic ~icriorniniicc oi the  

pilot rcruhber uudcr n vnricty oi opcrntiiis ro::rlitiuus: (1) 
wing  (n) plain xiitcr, (b) n n  alkaline solution. nt id  (c) nil 
nlknline hyjioclilorite solution n.5 scrubl)in: liquor. all nt  ~ 1 %  

f l o ~  ra te  oi 2S0 cim? p) usill. differeiit do;ngs oi chloriiie 
to the  as p h n s  OW the rnnge 2 io 9 p l m  a i  :1 ?:is How r ~ r e  
oi ?SO ppn,. nlid (3) chnn:iiig ~~1.5 rnte iroin 5 0  to :SI; cim, :i 
gas rolunie clungc tlint is 11rohably too sni:ill to be the 1x.G 
for nny firm conclusions. 

A totnl a i  i tests was coiidtictcd to  corer t h e  scrernl 
cotiditioiis. l'crtiiicnt oiierntitig &itn are ;unirn:irizcd in 
Table I .  Ilrycr tenipcrnture rail& b e t w e i i  ?BO oiid 2WF 
for these te i ts  niid this uniformity i t ,  drycr teinperatiire i.5 

reflected in n similar stnirlines; in ofisns. scrihber eiitrJ-, ntid 
scrubhcr exit teniiicrntiircs. Fresh n n t e r  wui ntlded st n 
n t e  rnn;iiig irom 2.0 t o  3.1 g m  ior the  scver:iI tczi'. l - h i i  
is cqiiiviileiit IO 1.1 t o  1. i  Ib I r d i  watcr;lb oi dryer otirns 
ntd producrd n gas tempcrnttm drop oi 90-100"F ill t h e  
scrubber. This  is R grcntcr fresh water rate (nr id  qwrt  i n t e r  
dischnrge) t1i:iii ~rould lic used for  n full scale scrol~bcr uiiit 
but, w i t w  uti1iz:itioii i n  n sinal1 pilot u i i t  (bcc~u:c oi xi11 
losses niid failure of the  tiozzlcs to dc~c1o11 t l ie i r  itill siiriiy . .  
pottern) i i l e s s  efliciciit. 

I 657 



Grain drier offgar. run 4, 
before addition of chlorine 
sensitivity: I I 10-9 

Grain drier offgas, run 4, at 
entry lo absorber afler addition 
of chlorine. 
Sensitivity: I x 

Note number of ner peaks 
and attenuation 01 the two 
prominen: peaks in uniredted 
s8mple. above.'New Pedhs are 
labelled A, B 6 C 

Flgurc 4. Typical electron capture traces, 

Inlet s~rnple. run 3. 
Sensitivity: 32 I !O-" 
for peaks 1 and 2; 
4 x lor peak 3 

. .  

F ~ ~ ~ ~ c  3. Typic01 flamt? ionization detector traces. 
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time tlie scru1)ber .is hosccl to rmsl i  out nccuiiiitlntcd grniti 
pnrticles i i t id  tlie ciitire tcni is flttrlicd wit l i  suliatnic acid 
solutioti to remove Iirccij tcd :ilk:tliix c:irhoti;ito s n l k  ( i ron  
COS i n  the c i r t i ~ i ~ u s t i o ~ ~  gnies) t h i t  miy  h v c  ileIiositcd i i i  

nozzlc.i : t i i ( l  nl,.<orilt ion lnckiii:s. 01Jer:itit): c w t s  arc 
sutnni:irized i n  T : i I h  11.' 'l'w, icriouc pniblcrns w r e  i:n- 
coutitcrcd. (I)  'l'hc lirst stage Scv:i-clop screct1.s. i:ibrirnted 
of 3Ioitel metxl ,  f;iilcil iroin the corrozive :ittack oi cliloriiie. 
aiti l  Iiypnchloritc tiott. Xcva-elog ucrccils iabrimteil 
froni sclcctcd st;iiitl twl :~lluy.i : i i d  tit:itiiuni : i l q x u  to I IC 
rcsistaitt :itid are n s:iiidactory reli1;icenient for 3Iottcl. (2) 
I h r i n g  the fuel sliortngc period oi the wintcr of IOi?-i2, the  
natural &:is suplily !cis iutcrrupted :itid the dryer burtiers were 
swtclied-to-Xo: -1 i d  oil. After ? I  hr of oil burning, tlic 
i n ~ ~ l ~ ~ ~ ~ ~ i l ~ e ~ u t i i i - i v i ~ s ~ c o v e r r d  .\vitlh :I bla& .wtxy deiwsit 
and t he  f inal  stage Imxnic plugged with this material to the 
poittt. oi total s l i i i t du im I t  wns apiinreiit thnt the  gns 
burtiers wcrc utiahlc to bitrii the i d  oil (.ImiIy enou:h to 
p r e k i t  serious interiercttcc with tlie opcmtion oi tlie reictor- 
absorber ntid i t  w s  tincussary t o  I>urcli:ise ii highcr cost: noti- 
interruptible ~ n s  scrvicc for t h e  dryers. I t  is Iiosiblc i h a t  
burtiers desigiied specific:illy lor di.still:ite fuel oil burtting 
would hnre performed jntisiactorily iti this service. 

Discussion 

Odorous emissions are aszociitcd with 3 nittiibcr of r d e l y  
entplo~cil food iv:i.:tc Iirucessitig iidustriez. Tlicsc ineludc: in 
additioti to grain residues ironi brewing, distilling, and corn 
processing, the production uf fish meal, poultry nieal irotn 
otial ntal ientliers, atid retidcriiig of slnugliterliousc n'astes. 
The last tinnied processes ircrluetitly ittvolve tlic use of putrid 
raw tnnterials t1i:it posress su1xtmiti:il malutlorous properties 
at tl iu atnrt unrl arc degraded iurthcr rlurin: tlie several ntnnii- 
fncturitig s t e p ,  iitcluilitig de1iydr:itiuii in rolitry direct-heac 

. dryers. :\I1 of these industries produce odorous on'giiscs con- 
taitiitq ~ I o z e i i . ~  of poorly i1efi:ieil h i t  focil-snicllitig coni!Joiiti,d.? 
in the Iiptii nnd l ~ p b  coiicetttrntioii rntige tilot inll into several 
chemical classes ktion.ti to cotrtain ninlotlorous siibstatices. 
e.g., 1iydro:eii sulfide. niercnIJtatis, ili~itlfidcs~ al~le1i.wlesl atid 
org:inic acids. l l s u y  oi iiicse itiditstriez~ itiilivi~litail~ atid 
tlu?iii:Ii ihcir trnrlc ;i..suci:itiotis: Iiave ittvezti?~terl the several 
ic:isible nieiliods oi odor C O L I I I . ~  iur their pxriicuiar p r o b  
Ietns+" aml cacli 113s conclutled that  cliarconl is imIirneticd 
because oi short serL-ice life aud gas inciiierntion is loo costly 
but  tliat chemical scritIJbiti~ is n sarisinetory rncrhod for re- 
ducing odorsat ati aceelit:ible cosc. 

ApIilicntiotis oi blie tecliniyues ilcrcribed here tu spent grain 
drying, a f inal  Ixwcssitig step for n tiuniber of iin1iurt:itit aiid 
\\-i-idcly ilisper.sed industries: arc oi special i.i:.nificntice because 
they dciiim.stratc tlic beneficial uscs o i  gas pltnsc rcnctioirs 3s 
B conditiotiittf; s t q i  Iircce<lin: :ibsorptiott in  clietnicnll- r e x t i w  
solutions. These studics also point up tlie futility of ntternpt- 

-.- 

\ 

Table It. Weekly operating Costs .  full-scale reactor absorber: 

Consurnables Cost per week 
water 5200.00 
Chlorine 40.00 
Caustic 
Sulfamic acid 
Electricity 

142.W 
" 24.00 

.182.00 . 
~ 

TOTAL 5588.00 . 7 day. alOYnd-lhe.CIoCh.  oierai ion. 
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ing to solve tliese problems by ~ I I S  1h:ise rcnctiotts :tIotie~ as 
by iiijrctiott oi I ~ I I I C .  bccnuse thew rc:ictiotks a rc  :iIwiys in- 
crmi1,lcte ii i  pr:u:tic:iI i i l i l ~ l i c a t i o n ~  : L I ~  :L 1:irgc csce~c bi t he  in- 
jcctcd g:is pl~ase rc:icliiut initst be ttscd. Ultiiti:itely this ex- 
cess triiizt he einit(u1 to  tile ntmoslhere uncIt;ut:rc<I at i r l  will 
then 11cI1:~ve ns n po1litt:iitt i t i  its o w  riglit. This m k e s  i! 
neccs>nry to cscrcisc cxt,rcnie cuutioti i l l  tlie use o i  clicttiicnlly 
a c t i x  nililitivcs to st:tck elfluttrt g;iscs unless ntlcquate tneatts 
are provided ior coni1ilcte removal prior to eniissiuti .to tile 
ntmoslhcrc. 6 

:\lJplic:ttions of the reactor-absorber techiiiqitc3 :tiid equip- 
ment to  food ~ w j t e  processing industries, in :iililitiot~ to spei i t  
grniii dryiiig, l u r e  iiicludc~l rendering. ERectirctws 113s tint 
been evaluatetl qu:ititit:btively in tlic iliatitier of tlic srnin 
iirycrs but nciyliburh~~orl odor compl:iiiits Iiirri: cc:ixd since 
the system 1~1s beer1 ~~l:tccd in opcratioll nrtii this is itttlicatiw 
hltnt :I substnntial itiiprovctncnt lias t:iken plncc. Itlitintion 
of :ns pliase reactiotis iollwved by hsorpt iot i  oi the reaction 
Iirotluots in clicniicnlly act i re  solutiotis nlipears to l ie :in air 
pollutim control nictliiirl tha t  cnii tic npplieil to  :I \vide range 
of food . x ~ s t t -  1Jrocessillg inrlustrics tlintgetiernte odorous gnses 
and vapors and fine Iinrticulate cotitaniitiniits in the untrc:itcd 
offgnscs. 
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