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PREFACE 

T h i s  report.  i s  one o f  a  c o n t i n u i n g  s e r i e s  designed t o  a s s i s t  S t a t e  

and l o c a l  j u r i s d i c i  ions i n  t h e  development o f  a i r  p o l l u t i o n  c o n t r o l  

r e g u l a t i o n s  f o r  ~ o l ~ i t i l eo r g a n i c  compounds (VOC) which c o n t r i b u t e  t o  t h e  

f o r m a t i  on o f  photochernicdl o x i d a n t s .  T h i s  r e p o r t  dea ls  w i t h  VOC emissions 

f rom w i r e  c o a t i n g  ovens. 

Below a r e  p r o v i d e d  emiss ion  l i m i t a t i o n s  t h a t  rep resen t  t h e  presumpt ive  

norm t h a t  can be ach ieved th rough  t h e  a p p l i c a t i o n  o f  reasonab ly  a v a i l a b l e  

c o n t r o l  techno logy  (RACT) . Reasonable a v a i  l a b 1  e  c o n t r o l  t echno logy  i s  

d e f i n e d  as t h e  l owes t  emiss ion  l i m i t  t h a t  a p a r t i c u l a r  source  i s  capab le  

o f  meet ing b y  t h e  a p p l i c a t i o n  o f  c o n t r o l  techno logy  t h a t  i s  reasonably 

a v a i l a b l e  cons i  der i r lg  t e c h n o l o g i c a l  and economic f e a s i b i l  ity. It may r e q u i r e  

techno logy  t h a t  hds been a p p l i e d  t o  s i m i l a r ,  b u t  n o t  n e c e s s a r i l y  i d e n t i c a l  

source ca tego r res .  I t  must be  c a u t i o n e d  t h a t  t h e  l i m i t s  r e p o r t e d  i n  t h i s  

Pre face a r e  based c a p a b i l i t i e s  and problems wh ich  a r e  genera l  t o  t h e  

i n d u s t r y ,  bu t  may n o t  be a p p l i c a b l e  t o  every  p l a n t .  

The most comnon c o n t r o l  t echn ique  used f o r  w i r e  c o a t i n g  ovens i s  

i n c i n e r a t i o n .  E s s e n t i a l l y ,  a l l  s o l v e n t  emissions f rom t h e  oven can be 

d i r e c t e d  t o  an i n c i n e r a t o r  w i t h  a combust ion e f f i c i e n c y  o f  a t  l e a s t  90 

pe rcen t ,  T h i s  e f f i c i e n c y  i s  reasonab le  t o  a t t a i n .  Thermal i n c i n e r a t o r s  

have an e f f i c i e n c y  range f rom 90 t o  99 p e r c e n t ,  C a t a l y t i c  o x i d i z e r s  have 

an e f f i c i e n c ~range o f  90 t o  95 pe rcen t  i f  n o t  f o u l e d .  



Low polluting coatings a re  beginning t o  be used in the wire coating 

industry. I t  i s  reasonable t o  exempt an oven from the incineration 

requirement i f  the coatings used contain less  than the recommended 

limitation given below fo r  low solvent coatings. 

Affected Fac i l i ty  Recommended Li mi t a t i  on for  
Low Sol vent Coatings 

kg solvent per lbs solvent per 
1 i t e r  of coating gallon of coating 

(minus water) (minus water) 

Wire Coating Oven 

This emission limit can be met with high-solids coatings having greater 

than 77 percent solids by volume. Powder coatings and hot melt coatings 

will both achieve t h i s .  This emission l imit  can a lso  be met with a water- 

borne coating which contains 29 volume percent sol ids ,  8 volume percent organic 

solvent, and 63 volume percent water. A water-borne emulsion with no organic 

sol vent would, o f  course,meet the  recommended 1 imit.  

Approximately the same amount of solvent will be emitted from a low 

solvent coating meeting the above limitation as from an equal volume of 

sol ids applied as a conventional coating with 90 percent incineration of 

sol vent emissions f  roni the conventional coating. 

Many wire enameling ovens already have incinerators which reduce 

vol a t i  1e organi c compound ( V O C )  emissions. Because of the number of sources 

already controlled, national emissions from wire enameling i s  not so great as 

from some other sources. B u t  a  wire enameling plant with only a few 

uncontrolled ovens could easi ly exceed 91 Mglyear (100 tonslyear) of VOC 



ew~issions. T h u s ,  a wire enameling plant can be a s ignificant  source in 

a local area. 



SUMMARY 

Wire enamel i n g  i s  t h e  process o f  i n s u l a t i n g  e l e c t r i c a l  w i r e  by 

app ly ing  va rn i sh  o r  enamel. Organic so lven t  i s  d r i v e n  o f f  i n  t h e  w i r e  

d r y i n g  oven. I n c i n e r a t i o n ,  e i t h e r  thermal  o r  c a t a l y t i c ,  i s  t h e  most common 

way t o  c o n t r o l  these so lven t  emissions. Con t ro l  e f f i c i e n c i e s  o f  90 

t o  95 percent  a r e  t y p i c a l .  Because o f  t h e  h i g h  oven temperatures and 

h i g h  s o l v e n t  concen t ra t i ons  i n  t h e  exhaust, t h i s  i s  a favo rab le  s i t u a t i o n  

f o r  heat  recovery.  The fue l  va lue o f  t h e  waste s o l v e n t  may be used t o  

supp ly  much o f  the  hea t ing  requirements o f  the  oven. 



CONVE RS ION FACTORS FOR METRIC UN ITS 


Metric- Unit Metric Name 
Equivalent 

Engl i sh Unit 

Kg 
3kilogram (10 grams) 2.2046 l b  

1 i t e r  1 i t e r  0.0353 f t 3  

dscm dry standard cubic meter 35.31 f t 3  

scmm standard cubic meter per min. 35.31 ft3/min 

Mg 
6 megagram ( 1  0 grams) 2,204.6 1b 

metric ton metr ic  ton 6(10 grams) 2,204.6 I b  

In keeping wi th U . S .  Environmental Protection Agency pol i cy,metric 

un i t s  a r e  used in t h i s  report.. These uni ts  may be converted t o  common 

Engl i sh uni t s  by using the  above conversion f ac to r s .  

Temperature in degrees Celsius ( C O )  can be converted t o  temperature 

in degrees Farenheit by the  following formula: ( O F )  

t o f = 1.8 ( t o C )t 32 

to f = temperature in degrees Farenheit 

tGc= temperature in degrees Celsius o r  degrees Ccntigraae 
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'I. 1 GENERAL DISCUS3I I N  

1"lgnet wirr .  cu?t i )? jI ;  :he p rocess  o f  a p p i y i n g  d c o a t i n g  o f  e l e c t r i c a l l y  

~ n s u l a t i n g  v a r n i 5 h  ol  enanlei to alun!inum 3 r  coppe r  w i r e  t o r  use  ~ t - I  

e l e c t r i c a l  m a c h i n e w  ' - $ e  w i r e  i s  c a l  l e d  magnet w i r e  because, in such 

equipment  a s  e l e c t  r l c d l  mu to r s ,  y e n e r a t o r ,  and t r a n s f o r m e r s ,  t h i s  w i r e  

c a r r i e s  an e l  ectv- - ic r i l  ( c u r r e n t  wh ich  c r e d t e s  a n  e l e c t r o m a g n e t i c  f i e l d .  The 

w i r e  c o a t i n g  must  rilw r-iq-id s p e c i f i c a t i o t ~ so f  e l e c t r i c a l  , the rma l  and 

a b r a s i o n  r e s i s t d n c ~  

Magnet w i r e  I . ,  l l c , i ~ d l l y  c o a t e d  I n  l a r g e  p l d n t s  wh i ch  b o t h  draw and 

i n s u l a t e  t h e  wire. T7(3 w l r e  i s  t h e n  s o l d  t o  manu fac tu re r s  o f  e l e c t r i c a l  

equ ipment .  The re  d r.c. dppb-oxirnatel y 30 enamel i n 9  p l a n t s  i n  t h e  U n i t e d  S t a t e s .  

These a r e  l o c a t e d  I P  , e ve rd l  S t a t e s  i n c l u d i n g  Kew York, C o n n e c t i c u t ,  I 1  l i n o i s ,  

V i r g i n i a ,  M a s ~ a c n u s e t t ~ ,, N o r t h  Caro l  inti., Georq i a  and L o u i s i a n a .  The l a r g e s t  

g e o g r a p h i c a l  ~ o n c e r i t r a t ?on c f  w i r e  coa?.ers i s  F o r t  Wayne, I n d i a n a .  Seve rd l  

companies have L d 1 r - i  t . ~ ra rn~ li n q  p l a n t s  t h e r e .  

1 . 2  PROCESSES AND 4FFE C T E D  1-ACILIIY 

1 .2 .1  Processes 

F i g u r e  1  show: d t y p ~ ~ a lw i r e  r f i a ~ i w  o p e r a t i o n .  The w i r e  i s  unwound 

f s o m  s p o o l s  an4  pdssel t h r o q h  an imnea l  i n g  f u r ~ a c e .  Anneal i n j  s o f t e n s  

t h e  w i r e  t o  make i :  In:\re pl i a b l e  f o r  i t s  ; r i p  o v e r  t h e  p u l l e y  ne two rk  and a l s o  

a c t s  as a c lear i i r i r ,  - r imbey t o  b u r 0  o f f  o: 1 and d l  rt l e f t  f r o m  presJ lous 

o p e r a t i o n s .  





The w i r e  i s  t h e r ~  ready f o r  coat i n y .  There a r e  s e v e r a l  v a r i a t i o n s  on 

t h e  method o f  a p p l i c a t i o n .  T y p i c a l  l y ,  a t  t h e  m a t i n g  a p p l i c a t o r  t h e  

w i r e  passes th rough  a, ba th  o f  c o a t i n g  and p i c k s  up a  t h i c k  l a y e r  o f  c o a t i  ncl. 

The w i r e  then  i s  d r a m  v e r t i c a l l y  th rough an o r i f i c e  o r  c o a t i n g  d i e  as 

shown i n  F i g u r e  2. ?he d i e  scrapes o f f  excess c o a t i n g  and leaves a t h i n  

f i l m  o f  t h e  d e s i r e d  t h i c k n e s s .  

A f t e r  t h e  w i r e  [.;asses th rough t h e  c o a t i n g  d ie ,  i t  i s  r o u t e d  th rough 

t h e  oven where t h e  c o a t i n g  d r i e s  and curl2s. The exhaust  f rom t h e  oven i s  

t h e  most i m p o r t a n t  s o l v e n t  err l ission source i n  t h e  w i r e  c o a t i n g  p l a n t .  

Most c o a t i n g  oven: c o n s i s t  ot '  two zones. W i re  e n t e r s  a t  t h e  d r y i n q  

zone which i s  h e l d  a t  about  200°C. The second o r  c u r i n g  zone and t h e  

temperature here  i s  a round 430°C. 

A t  some p l a n t s  t h e r e  i s  a n o t i c e a b l e  s o l v e n t  odo r  near  t h e  c o a t i n g  

a p p l i c a t o r  i n d i c a t i n g  incomple te  c a p t u r e .  I n  o t h e r s ,  s o l v e n t  f rom t h e  

c o a t i n g  b a t h  appears t o  be drawn i n t o  the  oven by i t s  i n d r a f t .  A t  any r a t e ,  

t h e  s o l v e n t  emissions f'rorn t h e  a p p l i c a t o r  a r e  low compared t o  t h e  p r i n c i p a l  

emiss ion  source,  t h e  d r y i n g  oven. 

The exhausts fror:~ t y p i c a l  ovens range from I 1  d r y  s tandard  c u b i c  meters 

(dscm) p e r  m inu te  t o  42 dscm p e r  minute  w i t h  t h e  average be ing  around 28. 

The s o l  vent c o n c e n t r a t i o n  i n  t h e  exhaust  i~i11 t y p i c a l l y  range from 10 t o  25 

percent  o f  t h e  LE.L ( l o w e r  e x p l o s i v e  l i m i t ) .  T h i s  would be e q u i v a l e n t  t o  

about  12  kg s o l v e n t  p e r  hou r  emissions from t h e  oven. Each oven u s u a l l y  

ope ra tes  t h r e e  s h i f t s  pe r  day f o r  seven days a  week. It i s  n o t  unusual f o r  

a  w i r e  c o a t i n g  p l a n t  t o  have 50 c o a t i n g  ovens. An u n c o n t r o l l e d  p l a n t  c o u l d  

e a s i l y  e m i t  more thar, 90 F;g (megagrarns) ? e r  y e a r  o f  s o l  vent  which would make 

i t  a  s i g n i f i c a n t  source o f  VOC emiss ions .  
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Figure 2. Wire coatimj die. 
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A f t e r  a  w i r e  passes th rough  t h e  oven and t h e  c o a t i n g  i s  cured,  i t  

aga in  passes t h m u g h  t h e  c o a t i n g  app1ic;ator and oven t o  r e c e i v e  another  

lay ler  o f  c o a t i n g .  Th;c, may be repeated f o u r  t o  12 t imes so t h a t  t h e  w i r e  

recieives a  t h i c k  c o a t i n q  o f  many l a y e r s .  A f t e r  a f i n a l  pass th rough t h e  oven, 

t h e  w i r e  i s  wound on ;i spool  f o r  shipment t o  t h e  customer. 

1.2.2 Types o f  Emissions 

The o r g a n i c  s o l v e n t  c o n t e n t  o f  w i r e  c o a t i n g s  range f rom 67 t o  85 pe rcen t  

by  we igh t .  Coat ing  r e s i n s  i n c l  ude t h e  f o l l o w i n g  compounds : 

P o l y e s t e r  amide i m i d e  
P o l y e s t e r  
Po lyure thane 
EPOXY 
P o l y v i n y l  f o rma l  
Po l y im ide  

I n  a d d i t i o n  t o  s o l v e n t ,  f rom 10 t o  25 pe rcen t  o f  t h e  c o a t i n g  r e s i n s  may 

be v o l a t i l i z e d  i n  t h e  d r y i n g  ovens and e m i t t e d  w i t h  oven exhaust . '  Most 

o f  t h e  v o l a t i l i z e d  r e s i n  condenses i n  t h e  atmosphere t o  fo rm a  p a r t i c u l a t e ,  

b u t  some b reakdown  t o  fo rm V O C .  

Coat ing  r e s i n s  qay be d i s s o l v e d  i n  a v a r i e t y  o f  s o l v e n t s .  C r e s y l i c  

a c i d  and v a r i o u s  c r e s o l s  a r e  ma jo r  s o l v e n t s .  Xylene and m i x t u r e s  o f  C8 - C , 2  

,aromat ics a r e  w i d e l y  1 ~ 5 e d  a l s o .  The f o l l o w i n q  so l ven ts  a r e  used t o  some 

degree. 

Cresyi  ic  d c i  d  H i -F las  h naptha 
Xyl ene Methy l  e t h y l  ke tone 
A1 coho1 s N-methyl p y r r o l  i d i n e  
Cresol s , meta para Ortho c r e s o l  
Di  acetone a1 coho1 Phenol 

To1 uene 



Cresols have a strong disagreeable odor which i s  usually noticeable 

inside a wire coating plant. This odor has been one incentive for  many 

operators t o  ins ta l  1 combustion systems t o  avoid complaints. 
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2.0 APPLIGAGLF SYSTEMS O F  EMISSION REDUCTION 

2.1 INCINERATION (COMBUSTION SYSTEMS) 

Incineration i s  the  most common technique used t o  control emissions 

from wire coating ovens. Since these ovens operate a t  high temperature 

(g rea te r  than 3 5 0 r C )  and have moderate t o  high solvent loads (10 to  25 

percent L E L )  they provide a favorable s i tua t ion  f o r  incinerator .  Because 

the  oven exhaust i s  re la t ive ly  hot, i i  t t l e  additional fuel i s  needed to  

reaich the  sol vent combustion temperature. Furthermore, the fuel val ue of 

the exhausted so1 vent may be h i g h  enough tha t  l i t t l e  extra fuel i s  required 

t o  heat the  oven. Combustion systems have been variously referred to  as  

inc inera tors ,  afterburners and oxidizers . For fur ther  de ta i l s  on the  theory 

of incinerat ion,  see Chapter 3 of "Contro1 of Volatile Organ i c  Emissions 

froni Existing Stationary Sources - Volume I:  Control Methods fo r  Surface- 

Coating Uperati ons. ,, 

The four hasic types of incinerators are:  

Internal cdta ly t ic  
External ca ta ly t i c  
Internal thermal 
External thermal 

Figure 3 shows s diagram of an interndl ca ta ly t i c  incinerat ion.  (This 

drawing i s  simplified fo r  i?l u s t r a t ive  purlpose; most ovens have two drying 

zones.) The ca ta lys t  i s  bu i l t  (as an intcyval part o f  the oven. Hot 

solvent-laden a i r  from the  drying chamber i s  circulated past the ca ta lys t ;  

combustion of solvents takes place in the  presence of the ca ta lys t  a t  260°C 
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Figure 3. Wire coat lng oven w i t h  internal  catalyst. 



t o  320°C. Ifthe  h o t  d i r  from t h e  d r y r n g  chamber i s  i n  t h i s  tempera ture  

range, t h e  oven o p e r a t ~ o n  may be s e l f  s u b s t a i n i n g .  I f  n o t ,  a  supplementary 

b u r ~ n e r  ( e l e c t r i c  or l qds- f i red)  i s  used t o  raise t h e  s o l v e n t - l a d e n  gases t o  

t h e  combustion tempera ture .  The gases l eave  t h e  c a t d l y s t  a t  450°C, and 

a r e  r e c i r c u l a t e d  back th rough t h e  c u r i n g  zone. 

I n t e r n a l  c a t a l y t i c  i n c i n e r a t o r s  were f i r s t  i n t r o d u c e d  i n  t h e  l a t e  

1950 's .  A1 1 m a j o r  w i r e  oven des igners  now i n c o r p o r a t e  meta l  c a t a l y s t s  i n t o  

t h e - i r  new ovens. A r e p r e s e n t a t i v e  o f  one major  manufacturer  s t a t e d  t h a t  

2eve ry  w i r e  oven b u i l t  by h i s  f i r m  s i n c e  1960 has had an i n t e r n a l  c a t a l y s t .  

There a r e  t h r e e  reasons why i n t e r n a l  c a t a l y s t s  a r e  so popu la r  

1. The i n t e r n a l  c a t a l y s t  burns s o l v e n t  fumes dnd r e c i r c u l a t e s  t h e  

heat. back i n t o  thtb wire d r y i n g  zone. Fuel o t h e r w i s e  needed t o  ope ra te  

t h e  oven i s  e l i m ~ n a t e do r  g r e a t l y  reduced.  

2. S ince t h e  gases a r e  c leaned and r e c i r c u l a t e d  w i t h i n  t h e  oven, 

l e s s  makeup a i r  i s  r e q u i r e d .  T h i s  r e s u l t s  i n  f u r t h e r  energy sav ings .  

3. C a t a l y s t s  a r e  r e p o r t e d  t o  be t o  95 pe rcen t  e f f i c i e n t  i n  d e s t r o y i n g  

s o l  vents .  3 y 4  However, e t h e r s  r e p o r t  t h a t  c a t a l y s t s  a r e  o n l y  75 t o  90 pe rcen t  

e f f i c i e n c y ,  s i n c e  e f f i c i e n c y  d m p s  o f f  as t h e  c a t a l y s t  g e t s  d i r t y S 5  A i r  

p o l  1  u t i  on c o n t r o l  has been o f  secondary importance t o  w i r e  coa te rs  ; energy 

conse rva t i on  i s  most i m p o r t a n t  because o f  r e s u l t a n t  c o s t  sav ings .  

An oven equipped w i t h  an e x t e r n a l  c a t a l y s t  i s  shown i n  F i g u r e  4. T h i s  

t y p e  o f  m o d i f i c a t i o n  i c  u s u a l l y  made t o  o l d e r  w i r e  c o a t i n g  ovens t h a t  do 

n o t  have an i n t e r n a l  The e x t e r n a l  c a t a l y s t  system i; added p r i m a r i l y  

f o r  po l  1  u t i o n  c o n t r o l  s i nce  t h e  hea t  i s  n o t  as e a s i l y  recovered.  
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Figure 4. Wire coat ing oven with add -on  catalyt ic  incinerator, 



A s e r i o u s  imped.iment t o  t h e  f u t u r e  use o f  c a t a l y t i c  i n c i n e r a t o r s  

as a i r  p o l l u t i o n  devices f o r  w i r e  c o a t i n g  ovens i s  t h a t  some o f  t h e  newer 

7
w i r e  c o a t i n g s ,  p r i m a r i l y  p o l y e s t e r  amide-imi des, a c t  as a  c a t a l y s t  poison.  

O r d i n a r i l y ,  a  w i r e  c o a t i n g  c a t a l y s t  can be used f o r  10,000 hours,  b u t  some 

coa t i ngs  reduce the  . isefu l  l i f e  t o  as l i t , t l e  as 60 hours .8  However, 

exper imenta l  c a t a l y s t s  a r e  b e i n g  developed which r e p o r t e d l y  o p e r a t e  f o r  

9

3,1000 hours and p o s s i b l y  lnuch l o n g e r  using amide- imide c o a t i n g s .  

P o l y e s t e r  ami de- imi  de c o a t i n g s  have s u p e r i o r  tempera ture  r e s i s t a n c e  

and a l l o w  e l e c t r i c a l  equipment t o  ope ra te  a t  h i g h e r  temperatures,  a  ve ry  

des i  r a b l e  qua1 it y .  W i  r e  c o a t i n g  p l a n t s  wh ich  c o n v e r t  t o  these coa t i ngs  w i  11 

be unab le  t o  use c a t a l y t i c  i n c i n e r a t o r s  and w i l l  l i k e l y  use thermal  

i n c i n e r a t o r s  f o r  d i  r p o l l u t i o n  c o n t r o l  . 

A simp1 i f i e d  drawing o f  an i n t e r n a l  thermal  i n c i n e r a t o r  ( o x i d i z e r )  i s  

shown i n  F i g u r e  5 .  So lvent - laden gases from t h e  d r y i n g  zone a r e  drawn p a s t  

10t h e  thermal  o x i d i z e r  where t h e y  a r e  combusted w i t h  98 p e r c e n t  e f f i c i e n c y .  

The h o t  c l ean  gases a re  then  r e c i r c u l a t e d  back t o  t h e  d r y i n g  zone. T h i s  

t y p e  o f  i n c i n e r a t o r  has n o t  been p o p u l a r  w i t h  w i r e  coa te rs ,  r e p o r t e d l y  

because o f  h i g h  fue l  usaqe. 

E x t e r n a l  thermal  i n c i n e r a t o r s  a r e  used m a i n l y  f o r  a i r  p o l l u t i o n  c o n t r o l .  

U s u a l l y  t h e  d i scha rqe  f rom 10 t o  15 w i r e  ovens a r e  man i fo lded  t o  each 

i n c i n e r a t o r  such t h d t  t h e  t o t a l  volume i s  250 t o  450 dscm p e r  minute .  

U!;ually t h e  ~ n l e t  t o  t h e  i n c i n e r a t o r  i s  p reheated by c o n t a c t  w i t h  t h e  

i n c i n e r a t o r  exhaust gases ( p r i m a r y  heat exchange!. Secondary heat  recove ry  

systems a r e  a1 so employed on many l a r g e  e x i s t i n g  i n s t a l l a t i o n s ,  p r i n c i p a l l y  

f o r  space h e a t i  ny . 1.1 , I 2  
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2.2. CARBON ADSORPT I ON 

Carbon adsorp t ion  i s  n o t  used as a c o n t r o l  method i n  t h i s  i n d u s t r y  

f o r  several  reasons: 

1. Wire ovens exhaust a t  200°C t o  380°C. The gases would have t o  

be coo led t o  38°C before  adsorp t ion  would be e f f e c t i v e .  

2. Resins v o l a t i l i z e d  i n  t h e  oven would t e n d  t o  f o u l  t h e  carbon bed 

and c r e a t e  maintenance problems un less  ( o r  even i f )  p r e f i l t e r s  were employed. 

3 .  Since c o l l e c t e d  s o l v e n t  m ix tu res  would n o t  be reused i n  t h e  process, 

t h e  recovery c r e d i t  i s  re1 a t  i v e l y  smal l  . 

2.3 LOW SOLVENT COATINGS 

Low so l  vent coa t ings  o f f e r  o n l y  a p o t e n t i a l  a l t e r n a t e  way of  reduc ing 

s o l v e n t  emissions.  Un fo r tuna te l y ,  low s o l v e n t  coa t ings  have n o t  y e t  been 

developed w i t h  t h e  p r o p e r t i e s  t h a t  w i l l  meet a1 1 w i r e  c o a t i n g  needs. 

Water-borne w i r e  coat ings,  t h e  most advanced low s o l v e n t  technology,  

are  be ing used i n  m a l l  q u a n t i t i e s .  One p l a n t  r e p o r t e d l y  coats 10 percent  

o f  i t s  p r o d u c t i  on w i t h  water-borne coat ings.  These however, a r e  n o t  

a v a i l a b l e  w i t h  p r o p e r t i e s  s u i t a b l e  f o r  a l l  w i r e  c o a t i n q  a p p l i c a t i o n s .  High 

temperature r e s i s t a n c e  i s  n o t  as good w i t h  water-borne w i r e  coat ings.  

Powder coat ings have been a p p l i e d  t o  w i r e  on an exper imental  b a s i s .  

A powdet- c o a t i n g  17ne a t  the Westinghouse Wire D i v i s i o n  p l a n t  (Ab ingdon, 

V i r g i n i a )  was f e a t u r e d  i n  Products F i n i s h i n g  maqazine i n  February 1975.13 

Westinghouse has been experiment i n g  w i t h  powder coat ings s ince  1967. Powder 

c o a t i n g  appl i c a t i o n s  have been 1 i m i t e d  f o r  t h e  f o l l o w i n g  reasons: 



1. Epoxy powders a r e  t h e  main t y p e  a v a i l a b l e ;  u n f o r t u n a t e l y ,  

t h e  upper temperature  range f o r  an epoxy c o a t i n g  i s  o n l y  130°C whereas 

marly t ypes  o f  e l e c t r i c a l  equipment must ope ra te  a t  temperatures up t o  

220°C. l4 

2. Powder can be used o n l y  on l a r g e r  d iameter w i r e s .  For  f i n e r  w i re ,  

t h e  powder p a r t i c l e  approaches t h e  w i r e  d iameter  and w i l l  n o t  adhere we1 1 

t o  t h e  w i r e .  

Several  o t h e r  t,ypes o f  low s o l v e n t  w i r e  coa t jngs  a r e  i n  t h e  exper imenta l  

stage. Hot  niel t coa t ings ,  which a r e  a p p l i e d  as a mol ten mass and have no 

so l  vents,  have r e p o r t e d l y  been used s u c c e s s f u l l y  i n  ~ u r o ~ e .l5U l t r a v i o l e t  

cured c o a t i n g s  a r e  now a v a i l a b l e  f o r  s p e c i a l i z e d  systems. E l e c t r o d e p o s i t i o n  

coa t ings  a r e  t h e o r e t i c a l l y  p o s s i b l e ,  b u t  once a l a y e r  o f  c o a t i n g  i s  appl i e d  

t o  t h e  w i re ,  t h e  su r face  i s  i n s u l a t e d  a g a i n s t  f u r t h e r  e l e c t r o d e p o s i t i o n  

Thus, t h i c k  f i l m s  cannot  be b u i l t  up. 
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3 . 0  COST ANALYSIS 


3.1 INTRODUCTION 

3.1.1 Purpose 

The purpose o f  t h i s  chapter i s  t o  present est imated cos ts  f o r  con t ro l  

o f  v o l a t i l e  organic  compound (VOC) emissions from w i r e  coa t ing  1  ines a t  

e x i s t i n g  magnet w i r e  coa t ing  p lan ts .  

1 . Scope 

Estimates o f  c a p i t a l  and annual ized costs  a re  presented f o r  c o n t r o l l i n g  

solven,t emissions from d ry i ng  ovens o f  e x i s t i n g  magnet w i r e  coa t ing  1  ines  us ing 

ex te rna l  (add-on) c a t a l y t i c  and thermal i nc i ne ra to r s .  Cont ro l  costs  a re  

developed f o r  f ou r  model s izes - one, f i v e ,  10 and 15 ovens per  i n c i n e r a t o r .  

Each oven i s  medium s i z e  w i t h  emission exhausts averaging 28 dscm per  minute 

and product ion averaging 690 Mg per year o f  w i r e  coated. I nc i ne ra to r s  a re  

costed w i t h  and w i thou t  so lven t  heat recovery. Cost e f fec t i veness  r a t i o s  

(annual i zed  costs  per megagram o f  so lven t  emissions con t ro l  l e d )  a re  shown f o r  

t h e  sing1 e  and mu1 t i p 1  e model oven con f igu ra t ions .  

Most w i r e  coa t ing  ovens b u i l t  s ince  t h e  e a r l y  1960's have b u i l t - i n  

( i n t e r n a l  ) i n c i ne ra to r s .  Since t h i s  r e p o r t  i s  concerned w i t h  

e x i s t i n g  f a c i l  i t i e s ,  con t ro l  costs  o f  i n t e r n a l  c a t a l y t i c  and thermal 

i n c i n e r a t o r s  a re  n o t  inc luded.  Other techniques, such as carbon adsorpt ion,  

a re  no t  costed s ince  tlbey a re  no t  used as con t ro l  methods i n  t he  w i r e  coa t ing  

i ndus t r y  (see sect ions 2 . 2  and 2 .3 ) .  



3.1.3 Use o f  Model Emission Poin ts  

Wire coa t ing  p l an t s  vary cons iderab ly  as t o  the  number and type  o f  

ovens; the  s i ze ,  t yp?  and speed o f  w i r e  processed; t he  types o f  coat ings 

appl ied;  and the  number o f  ovens per  i n c i n e r a t o r .  2 y 3 y 4 ' 5 y 6  s ince an actua l  

p l an t  i s  l i k e l y  t o  have s i g n i f i c a n t l y  d i f f e r e n t  c o n t r o l  costs  than another 

ac tua l  p l a n t  and t he  wide v a r i e t y  o f  i n s t a l l a t i o n s  reduces t h e  a p p l i c a b i l i t y  

o f  a  model p l an t ,  the use of model emission po in t s  becomes a necess i ty .  

Therefore,  t h e  cos t  analyses i n  t h i s  chapter a re  based on model emission 

po in t s  - s i n g l e  and m u l t i p l e  d ry ing  oven models. The techn ica l  parameters 

used f o r  t he  model ovens have been se lected t o  represent  t y p i c a l  operat ing 

cond i t i ons  a t  ac tua l  w i r e  coa t ing  p l an t s  and a re  l i s t e d  i n  Table 3-1. 

Although model oven con t ro l  costs may d i f f e r  w i t h  ac tua l  costs  incurred,  

they a re  t he  most convenient means o f  comparing the  r e l a t i v e  costs o f  con t ro l  

opt ions.  

3.1.4 Bases f o r  Cap i ta l  and Annual i zed  &st Estimates 

Cap i ta l  cos t  est imates represent the  t o t a l  investment requ i red  t o  

purchase and i n s t a l l  a  p a r t i c u l a r  con t ro l  system. Cost est imates were 

obtained from EPA con t rac to r  r epo r t s ,  equipment vendors and p l a n t  i n s t a l l a -  

t i o n s .  R e t r o f i t  i n s t a l l a t i o n s  a re  assumed. Costs f o r  research and 

development, product ion losses du r i ng  i n s t a l l a t i o n  and s ta r t -up ,  and 

o ther  h i g h l y  v a r i a b l e  costs  a re  no t  inc luded i n  the  est imates.  A l l  c a p i t a l  

costs  r e f l e c t  second qua r t e r  1977 d o l l a r s .  

Annualized c o n t r o l  cos t  est imates i nc l ude  opera t ing  labor ,  maintenance, 

u t i l i t i e s ,  and annual ized c a p i t a l  charges. Reduced f u e l  ( u t i l i t y )  costs are 

based on 35-50?; pr imary heat recovery f o r  t h e  i n c i n e r a t o r s  w i t h  heat exchangers. 



Table 3-1. TECHNICAL PARAMETERS USED IN  
DEVELOPING CONTROL COSTS' 

I. VOC Emission Kate:  12 Kg/hr. 

11. VOC Concent ra t ion : 15% LEL 

111. Average Lxhdus t  F l owrate 28 dscm/min. (990 dscfm) 

I V .  Exhaust Temperatures: 

C a t a l y t i c  i n c i n e r a t i o n :  260' C t o  450°C (50G°F t o  842OF) 

Thermal I n c i n e r a t i o n :  760 '~  (14OO0F) 

b
V.  I n c i n e r a t i o n  Residence Time: 0.5 sec. 

V I .  VOC Cont ro l  E f f i c i e n c i e s :  

C a t a l y t i c  I n c i n e r a t i o n :  90% 

Thermal I n c i n e r a t i o n :  90% 

V I I .  Heat Recovery E f f i c i e n c i e ~ : ~  

C a t a l y t i c :  3 5 4 5 %  (Pr imary)  

Thermal : 35-50% (Pr imary) 

dV I I I .  Operat ing Factor :  7000 hours/year 

I X .  Average Dens i t i es :  

Sol vent: 0.882 Kg11 i t e r  (7.36 1 b /ga l  . )  

Coatings: 1.138 K g l l i t e r  (9.5 I b / g a l . )  

R a t i o  o f  Uncon t ro l l ed  Solvent  Emissions t o  
Wire Product ion:  " 

Average Uncon t ro l l ed  Solvent  Emissions -10.9- Kg 
Average Wire Product ion 100 Kg 

a ~ x c e p t  as noted, values are  taken f rom Chapter 2. 

b~~~ est imate.  

" ~ e f e r e n c e s  7 and i O. 

d~efer -ence8. 

e ~ e f e r e n c e9.  



The annual ized c a p i t a l  charges a re  sub-div ided i n t o  c a p i t a l  recovery 

costs (deprec ia t ion  and i n t e r e s t  cos ts )  and costs f o r  p roper ty  taxes, 

insurance and admin is t ra t ion .  Deprec ia t ion and i n t e r e s t  costs  have been 

computed us ing a  c a p i t a l  recovery f a c t o r  based on a  10 year  deprec ia t ion  

l i f e  o f  the  c o n t r o l  equipment and an i n t e r e s t  r a t e  o f  10% per annum. Costs 

f o r  p roper ty  taxes, insurance and adm in i s t r a t i on  a re  computed a t  4% o f  

t he  c a p i t a l  costs .  A1  1 annual ized costs  a re  f o r  one year  per iods commencing 

w i t h  t h e  second qua r t e r  o f  1977. 

3.2 CONTROL OF SOLVENT EMISSIONS FROM WIRE COATING OPERATIONS 

3.2.1 Model Cost Parameters 

Control  costs  have been developed f o r  f o u r  model s i zes  us ing each o f  

the  f o l l o w i n g  i n c i n e r a t i o n  devices: c a t a l y t i c  i n c i n e r a t o r  w i thou t  heat 

exchanger; c a t a l y t i c  i n c i n e r a t o r  w i t h  heat exchanger; thermal i n c i n e r a t o r  

w i t hou t  heat exchanger; and thermal i n c i n e r a t o r  w i t h  heat exchanger. A l l  

i n c i ne ra to r s  a re  externa l  (add-on) u n i t s .  Tab1 e  3-2 presents the  cos t  

parameters f o r  each o f  the f o u r  model s izes.  These parameters a re  based 

upon s tud ies  o f  t he  w i r e  coa t ing  i ndus t r y  by con t rac to rs  and the  EPA. 

3.2.2 Cont ro l  Costs- 

Table 3-3 presents c o n t r o l  costs  f o r  t he  s i n g l e  oven model (one oven 

per i n c i n e r a t o r )  us ing f o u r  d i f f e r e n t  ex te rna l  con t ro l  devices: c a t a l y t i c  

i n c i n e r a t o r  w i t h  and w i t hou t  heat exchanger, and thermal i n c i n e r a t o r  w i t h  

and w i t hou t  heat exchanger. S i m i l a r l y ,  Tables 3-4,  3-5, and 3-6 present 

con t ro l  costs  of the  f o u r  con t ro l  devices f o r  t he  5-oven, 10-oven and 

15-oven model s  . Very h igh  i n s t a l  1  a t i o n  costs  (75-90% o f  equipment cos ts )  have 

been al lowed f o r  a l l  rnul t . ip le oven models t o  prov ide f o r  a d d i t i o n a l  costs o f  



Table 3-2. COST PARAMETERS USED I N  COMPUTING ANNUALIZED COSTS 

Number of  Emission ~l owratesa Average Wire b 
Ovens pe r  Be fo re  Con t ro l  p roduct  i o n  

Model I n c i n e r a t o r  dsmJ/mi n  . (dscfm) Mg/Y r. (1  000 1b / y r  . ) 

I 1 

b ~ v e r a g e  w i r e  p roduc t ion  f rom References 8, 9, and 11; a c t u a l  w i r e  p roduc t ion  w i l l  v a r y  and depends on t h e  
s i z e  and speed of t h e  w i r e ,  t h e  number o f  w i r e s  pe r  oven and t h e  number o f  passes th rough  t h e  oven. 
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T a b l e  3-3 .  CONTROS COSTS FOR MODEL I (one oven p e r  i n c i n e r a t o r ;  
28 dsm /mi?.  emiss ion f l o w r a t e  b e f o r e  c o n t r o l )  

! .st21 i e t  C a y  t a l  Cost  ( $ 0 0 0 ) ~  
D 

D l  r e c t  Oper3 t ing  Cost  ( $ 0 0 0 / y r )  
C 

finnudl i z e d  Cap1 t a l  Charges ($000 /y r ;  
d 

T o t a l  Anr,,al i z e d  Cost iSOOO/yr) 

So lven t  Ev7sslons C o n t r o l l e d  ( M g l y r )  

f
L o s t  p e r  Yg i - ~ s ~ l c n cCon t rn :?ed  ( $ / i l q )  

I -

~ a D ? e3-4 

I n s t a l  l e d  C a p i t a l  Cos t  ( $ 0 0 0 ) ~  

b
D i r e c t  O ~ e r a t ' n g  Cost  ( $ 0 0 0 / y r )  

Annual i r e d  C a ~ i t a l  Charges ($000 /y r ) '  

d
T o t a l  Ann~,a!ized Cost  (S000 /y r )  

e
So lven t  Emiss ions C o n t r o l l e d  ( M g l y r )  

T
Cost  p e r  Flg E ~ i s s i o n s  C o n t r o l l e d  , ( $ / M g )  

- . .-

E x t e r n a l  C a t a l y t i  c  I n c i n e r a t o r  '3 E x t e r n a l  Thermal - c i n e r a t o r  --
w i t h  Heat Exchanger . j  Without  H. E. W i t h  Heat E x c h a n n  Wi thou t H.E. 

1 

I
- - - L 

CONTROL COSTS FOR MODEL !I : F i v e  ovens p e r  i n c i n e r a t o r ;  
140 dsm3/min. emission f l o w r a t e  b e f o r e  c o n t r o l  ) 

E x t e r n a l  L a t a u  incineratorq E x t e r n a l  Thermal I n c i n e r a t o r  
W i t h  Heat Exchanger Wi thout  H.E. Wi th Heat  Exchanqer l  W i t h o u t  H.E. 

I 

a ~ e f e r e n c e s2, 7 ,  8, 11, 12 and 13; h i g h  i n s t a l  l a t i o n  c o s t s  (65% t o  70% o f  purchased equipment c o s t s )  have been a l l o w e d .  

bAverage anni ial  o p e r a t i n g  and maintenance c o s t s  pe r  References 7  and 10, assuming t h e  use o f  n a t u r a l  gas and e l e c t r i c  
energy.  The m u l t i p l e  oven model c o s t s  have been compared w i t h  References 14 and 15. 

' c a p i t a l  recovery  c o s t s  ( u s i n g  c a p i t a l  r e c o v e r y  f a c t o r  w i t h  10% i n t e r e s t  r a t e  and 10  y e a r  equipment l i f e )  p l u s  4% o f  c a p i t a l  
c o s t s  f o r  p r o p e r t y  taxes ,  i n s u r a n c e  and a d m i n i s t r a t i o n .  

d ~ u m  o f  D i r e c t  Opera t ing  Cost and A n n u a l i z e d  C a p i t a l  Charges. 

" roduct  o f  U ~ c o n t r o l l e d  VOC Emiss ion  Ra te  t imes  Opera t ing  F a c t o r  Times C o n t r o l  E f f i c i e n c y .  

f ~ o t a l  Annua l i zed  Cost d i v i d e d  by  t h e  S o l v e n t  Emiss ions C o n t r o l l e d .  

9 ~ a t a l y s t s  assumed t o  have normal  rep lacement  l i v e s  and w i l l  n o t  become p r e m a t u r e l y  po isoned by  m e t a l l i c  c o a t i n g s  

' ~ v c r a g e  i n s t a l l e d  c a p i t a l  c o s t s  p e r  References 10, 14, 15, and 16; v e r y  h i g h  i n s t a l l a t i o n  c o s t s  (754 t o  90% o f  purchased 
equipment c o s t s )  have been a1 lowed t o  p r o v i d e  f o r  a d d i t i o n a l  c o s t s  o f  d u c t i n g ,  c o n t r o l s ,  l i n e s ,  a u x i l i a r y  equipment  and 
some s u p p o r t i n g  s t r u c t u r e s .  
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duc t ing ,  c o n t r o l s ,  l i nes ,  a u x i l i a r y  equipment and some suppor t i ng  s t r u c t u r e s ;  

w h i l e  h i g h  i n s t a l l a t i o n  c o s t s  (65% t o  702 o f  equipment c o s t s )  have been 

a l lowed f o r  t h e  s i n g l e  oven model. Wherever poss ib le ,  t h e  c o s t  es t imates  

But ,  i t  i sha,ve been compared w i t h  i n d u s t r y  cos ts .  2,8,11,12,13,14,15,16 

recogn ized t h a t  c o n t r o l  c o s t s  o f  a c t u a l  i n s t a l l a t i o n s  may v a r y  f rom t h e  

es t ima tes .  

The s o l v e n t  emissions c o n t r o l l e d  pe r  yea r  a r e  determ i n e d  as t h e  un-

c o n t r o l l e d  VOC emiss ion r a t e  t imes t h e  o p e r a t i n g  f a c t o r  t imes t h e  c o n t r o l  

e f f i c i e n c y .  For  example, t h e  s i n g l e  oven model s o l v e n t  emissions c o n t r o l l e d  

a r e  c a l c u l a t e d  as (12 Kg/hr)  (7000 h r s l y r )  ( .go)  = 75,600 Kg/Yr. The c o s t  

pe r  Mg o f  c o n t r o l l e d  emissions i s  t h e  t o t a l  annua l ized c o s t  d i v i d e d  by t h e  

s o l v e n t  emissions c o n t r o l l e d ,  o r  $17,600/75.6 Mg = $235 p e r  Mg f o r  t h e  s i n g l e  

oven model u s i n g  c a t a l y t i c  i n c i n e r a t i o n  w i t h  heat  recovery .  

As evidenced by t h e  es t imates ,  t h e  c a t a l y t i c  i n c i n e r a t o r s ,  b o t h  w i t h  

and w i t h o u t  heat  exchangers, have lower  o p e r a t i n g  c o s t s  than  t h e  cor respond ing 

thermal  dev ices .  The c a t a l y s t s  cause combustion t o  occur  a t  lower  temperatures,  

t hus  r e q u i r i n g  l e s s  f u e l  t han  t h e  thermal  dev ices .  These c o s t s  assume t h a t  

t h e  c a t a l y s t s  w i l l  have normal replacement l i v e s  and w i l l  n o t  become pre-  

ma tu re l y  poisoned by m e t d l l i c  coa t ings  (see Sec t ion  2 . 1 ) .  A lso ,  f o r  each 

model s i z e ,  t h e  i n c i n e r a t o r s  w i t h  heat  exchangers have h i g h e r  c a p i t a l  c o s t s  

and lower  o p e r a t i n g  c o s t s  than those w i t h o u t  heat exchangers. T h i s  r e l a t i o n -  

s h i p  i s  due t o  the  d a d i t i o n a l  c a p i t a l  c o s t  o f  t h e  heat  exchangers (and 

a u x i l i a r y  equipment)  and t h e  r e s u l t i n g  f u e l  savings ob ta ined  from 35 t o  50% 

p r imary  heat  recovery .  

3.2.3 Cost E f f e c t i v e n e s s  

F i g u r e  3-1 g r a p h i c a l l y  d e p i c t s  t h e  es t imated c o s t - e f f e c t i v e n e s s  o f  t h e  

fou r  e x t e r n a l  c o n t r o l  dev ices  f o r  t h e  f o u r  model s i z e s .  For  t h e  convenience 



F i g u r e  3-1. Cost -e f fec t iveness  o f  VOC Emiss ion  Con t ro l  
o f  Wire Coat ing  Ovens 

SYMBOLS: 

Ex te rna l  thermal  i n c i  n e r a t o r  w i t h o u t  heat  exchanger 

0 E x t e r n a l  thermal  i n c i n e r a t o r  w i t h  heat  exchanger 

X Ex te rna l  c a t a l y t i c  i n c i n e r a t o r  w i t h o u t  heat  exchanger 

0 Ex te rna l  c a t a l y t i c  i n c i n e r a t o r  w i t h  heat  exchanger 

3 
Average Emi s s i  on F l  owrate  (dsm /mi n. ) 

378.0 756.0 

Average Emi s s i  ons C o n t r o l  1 ed (Mgly r  . ) 
3,450 6,900 

Average Wire P roduc t i on  (Mg w i r e  coa ted /y r .  ) 



o f  t h e  user ,  severa l  d i f f e r e n t  measures (average enii s s i o n  f l o w r a t e s ,  

average emissions c o n t r o l  1ed, and average w i r e  p r o d u c t i o n )  have been 

p l o t t e d  on t h e  h o r i z o n t a l  a x i s .  

I t shou ld  be noted f r o m  t h e  c o s t - e f f e c t i v e n e s s  curves t h a t ,  f o r  a l l  

model s i zes ,  t h e  e x t e r n a l  c a t a l y t i c  i n c i n e r a t o r  w i t h  hea t  exchanger i s  

t h e  most c o s t  e f f e c t i v e  dev i ce .  Also,  c o n t r o l  c o s t s  pe r  Mg o f  c o n t r o l l e d  

emissions a r e  l ower  f o r  m u l t i p l e  oven models and appear t o  l e v e l  o f f  a t  

t h e  10 and 15 oven models. Thus, t h e  l owes t  c o s t  emiss ion c o n t r o l  system 

i s  t h e  15-oven c a t a l y t i c  i n c i n e r a t o r  w i t h  heat  exchanger; t h e  c o s t s  of t h i s  

system a r e  es t ima ted  t o  be $105 p e r  Mq o f  emissions c o n t r o l l e d .  Ifa 

c a t a l y s t  cannot  be used because o f  po i son ing  o r  o t h e r  reason, then  t h e  

lowest  c o s t  system i s  t h e  15-oven thermal  i n c i n e r a t o r  w i t h  heat  recovery ,  

a t  an es t imated c o s t  o f  $145 p e r  Mg o f  emissions c o n t r o l l e d .  The h i g h e s t  

c o s t  dev i ce  i s  t h e  s ing le-oven model thermal  i n c i n e r a t o r  w i t h o u t  heat  

exchanger a t  an es t imated c o s t  of  $405 pe r  Mg o f  emissions c o n t r o l l e d .  
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4.0 ADVERSE AND BENEFICIAL EFFECTS OF APPLYING TECHNOLOGY 

4.1 BENEFICIAL EFFECTS 

About 29,500 m e t r i c  tons o f  so lven ts  a re  used i n  t h e  i n s u l a t i o n  varnishes,  

i n c l u d i n g  w i r e  coat ings,  each year.1 Much o f  t h i s  i s  now burned w i t h i n  d r y i n g  

ovens sincemost w i r e  c o a t i n g  ovens i n s t a l l e d  s ince  1960 have i n t e r n a l  

c a t a l y t i c  i n c i n e r a t o r s .  Th is  t ype  o f  oven has grown i n  p o p u l a r i t y  because 

i t  u t i l i z e s  the heat of combustion o f  t h e  exhaust gases, e l i m i n a t e s  

malodors and avoids b u i l d u p  o f  flammable r e s i n s  i n  t h e  s tack.  However, 

t h e  c a t a l y s t s  i n  many o f  these c a t a l y t i c  i n c i n e r a t o r s  may have been poisoned 

o r  have l o s t  r e a c t i v i t y .  Also, some o l d e r  ovens have no c o n t r o l s  a t  a l l  , 

so t h e r e  i s  no way t o  know how much so lven t  i s  a c t u a l l y  emi t ted .  

Unquestionably, however, un i fo rm appl i c a t i  on o f  c o n t r o l  r e s t r i c t i o n s  would 

e f f e c t  a  r e d u c t i o n  i n  emissions. 

4.2 ADVERSE EFFECTS 

Wire c o a t i n g  ovens a r e  g e n e r a l l y  b u i l t  w i t h  a  c a t a l y s t  w i t h i n  t h e  

oven thereby t a k i n g  advantage o f  t h e  heat o f  combustion o f  t h e  c o a t i n g  

so l  vent t o  reduce f u e l  requirements . Where an ex te rna l  a f t e r b u r n e r  must 

be r e t r o f i t t e d ,  however, t h e  oven system may n o t  be designed t o  b e n e f i t  

by t h e  heat made a v a i l a b l e .  Consequently, the  f u e l  requirements f o r  

opera t ing  t h e  1 ine would increase.  
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5.0 MONITORING TECHNIQUES AND ENFORCEMENT ASPECTS 

The suggested emiss ion  l i m i t a t i o n s  w i l l  p robab ly  be met w i t h  an 

i n c i n e r a t o r .  Wire ovens a r e  enc losed and hooding shou ld  be designed t o  

c a p t u r e  and d i r e c t  e s s e n t i a l l y  a l l  s o l v e n t  t o  t h e  i n c i n e r a t o r .  The main 

problem o f  t h e  c o n t r o l  o f f i c i a l  i s  de te rm in ing  t h a t  t h e  i n c i n e r a t o r  i s  

o p e r a t i n g  c o r r e c t l y .  A measurement o f  combustion e f f i c i e n c y  ac ross  t h e  

i n c i n e r a t o r  c o u l d  be r e q u i r e d  when t h e  u n i t  i s  i n s t a l l e d .  (One t e s t  may 

be adequate when severa l  i d e n t i c a l  u n i t s  a r e  i n s t a l l e d . )  

A thermal  i n c i n e r a t o r  wh ich  shows a h i g h  combustion e f f i c i e n c y  w i l l  

p robab ly  c o n t i n u e  t o  per form w e l l  i f  ope ra ted  under t h e  same tempera ture  

c o n d i t i o n s .  Normal ly ,  a tempera ture  i n d i c a t o r  read ing  i n  t h e  combustion 

chamber i s  s u f f i c i e n t  t o  m o n i t o r  p r o p e r  o p e r a t i o n .  For  c a t a l y t i c  i n c i n e r a t o r s ,  

t h e  tempera ture  r i s e  across t h e  c a t a l y s t  bed shou ld  be measured d u r i n g  t h e  

t e s t  f o r  combustion e f f i c i e n c y .  T h i s  tempera ture  r i s e  r e f l e c t s  t h e  a c t i v i t y  

o f  t h e  c a t a l y s t .  

Wire oven c a t a l y s t s  n o r m a l l y  have a f i n i t e  l i f e  o f  6,000 t o  14,000 

hours .  The p l a n t  shou ld  be r e q u i r e d  t o  r e p l a c e  c a t a l y s t s  a f t e r  10,000 hours 

o f  o p e r a t i o n  un less  t h e  p l a n t  can document t h a t  t h e  c a t a l y s t s  w i l l  ope ra te  

l onge r .  C a t a l y s t s  wh ich  a r e  exposed t o  p o l y e s t e r  amide im ide  c o a t i n g s  may 

become d e a c t i v a t e d  i n  as l i t t l e  as 60 hours.  Thermal i n c i n e r a t o r s  shou ld  

be r e q u i r e d  t o  c o n t r o l  c o a t i n g s  which po i son  c a t a l y s t s .  C a t a l y s t  per formance 

can be mon i to red  b y  tempera ture  i n d i c a t o r .  

There a r e  seve ra l  t echn iques  f o r  t e s t i n g  t h e  e f f i c i e n c y  across  an i n c i n -

e r a t o r .  For  a more d e t a i l e d  d i s c u s s i o n  o f  o r g a n i c  compound t e s t  methods, see 

Chapter 5, "Approaches t o  D e t e m i n a t i o n  o f  T o t a l  Nonmethane Hydrocarbons", 

i n  Volume I o f  t h i s  s e r i e s .  1 
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