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Volume I i s  t h e  f i r s t  o f  a  con t inu ing  s e r i e s  o f  r e p o r t s  designed 

t o  a s s i s t  t he  Sta te  and Regional O f f i c e s  develop regu la t i ons  f o r  

i n d u s t r i e s  t h a t  emi t  v o l a t i l e  organics.  I t  conta ins  i n fo rmat ion  on 

c o n t r o l  schemes now being used, est imates o f  t he  cos t  of several  systems 

and provides guidance f o r  sampl i n g  and ana lyz ing  organ ic  emissions. 

We expect Volume I 1  t o  be issued by the  y e a r ' s  end. It w i l l  

con ta in  d e t a i l e d  i n fo rmat ion  on a l t e r n a t i v e s  a v a i l a b l e  f o r  reducing 

emissions from f i v e  coa t ing  i n d u s t r i e s ;  can, c o i l ,  f a b r i c ,  paper and 

automobile. (P rep r in t s  o f  t h e  sec t ions  f o r  t h e  f i r s t  f o u r  a re  

a v a i l a b l e  now). Future volumes w i l l  p rov ide  guidance on t h e  c o n t r o l  

of o rgan ic  emissions from o the r  i n d u s t r i e s .  These should be e s p e c i a l l y  

he lp fu l  as r e v i s i o n s  are  made t o  f u t u r e  Sta te  Implementation Plans. 

A l l  quest ions concerning t h i s  se r ies  should be d i r e c t e g  t o  

John Haines, Ass i s tan t  t o  the  D i r e c t o r ,  Emission Standards and 

Engineering D i v i s i o n ,  FTS 629-5271. 
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GLOSSARY 

2rfv actual  cubic f e e t  per minute 
I..'. . bU 5-? t$sh thermal u n i t s  

cm3 cubic centimeters 

CH4 methane 

C32 carbon d iox ide 

co carbon monoxide 

EPA U. S. Envi ronmental Protect ion Agency 

O F  degrees Farenhei t 

r I  D flame i on i za t i on  detector  
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H2 hydrogen 
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i n .  inch 

kW k i  1 owatt 

l b  pound 
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m H g  m i l l ime te r s  o f  mercury 

MS mass spectrometry 
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YBIR nondi spersive i n f r a r e d  absorber 
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02 oxygen 
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TRC The Research Corporat ion o f  New England 
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1.0 INTRODUCTION 


1.1 Purpose o f  This Series of Documents 

Photochemi cal  oxidant  con t ro l  s t r a teg  i e s  cu r ren t l y  r e l y  heav i l y  on 

the subs t i t u t i on  o f  organic solvents t h a t  are considered t o  be of r e l a t i v e l y  

low photochemical r e a c t i v i t y ,  coupled w i th  add-on con t ro l  and process and 

mater ia l  changes t o  reduce emissions o f  the compounds o f  h igher r e a c t i v i t y .  

Recent informat ion ind icates t h a t  so lvent  subs t i t u t i on  i s  o f  only marginal 

effectiveness i n  1 oweri ng ambient oxidant leve ls .  This ser ies  o f  documents 

prov i  des guidance on ways t o  reduce v o l a t i  l e  organic emissions i r r espec t i ve  

o f  photochemi cal  r e a c t i v i t y  . Speci f ic source categories and avai 1 able 

con t ro l  technology fo r  these sources are discussed i n  Volume 11. Subsequent 

vo1 umes w i  11 cover add i t i ona l  source categories. 

1.2 Vol a t i  1 e Organi c Sources 

V o l a t i l e  organics are emit ted from a v a r i e t y  o f  anthropogenic sources. 

Total  nationwide emissions f o r  1975 were estimated by EPA t o  be about 

31 m i l l i o n  tons, o f  which 19 m i l l i o n  tons were from s ta t ionary  sources. 

Evaporation o f  organic solvents cont r ibuted about, 44 percent o f  the  t o t a l  

from s ta t ionary  sources; the remainder i s  from petroleum r e f i n i n g  and 

d i s t r i b u t i o n ,  i n d u s t r i a l  processes, and combustion o f  f ue l s  and wastes. 

Major i n d u s t r i a l  sources o f  v o l a t i l e  organics discussed i n  Volume I1 

i n c l  ude automobi 1 e and 1 ight-duty t ruck  assembly, can coa t i  ng, co i  1 

coating, f a b r i c  coating, and paper coating. Other i n d u s t r i  a1 categories 

which may be examined i n  future volumes are wood f u rn i t u re  manufacturing, 

degreasing operations, drycleaning, graphic a r t s  production, ti r e  manu- 

fac tur ing,  petroleum re f i n i ng ,  magneti c tape coa t i  ng, m i scel  1 aneous 



printing and coating, metallurgical processing, production and use of 

synthetic organi cs such as pl as t i  cs , rubbers and resins ; production of 

various high-vol ume organi c chemi cal s , pharmaceuti cal production, 

stationary combus tion sources, and food processing. 

1.3 Control Technology 

Emissions of organic a i r  pollutants can be reduced by ( 1 )  add-on 

control devices that  e i the r  destroy or  col lect  the organic fo r  reuse 

or  disposal and ( 2 )  process or  material changes tha t  reduce or  eliminate 

the use of organics. 

Today, the principal add-on control devices f o r  the control of 

vola t i le  organics are: 

Catalytic and noncatalyti c (thermal ) incinerators 

Activated carbon and other types of adsorbers 

Liquid scrubbers or adsorbers 

Condensers t h a t  use r e f r i  gerati  on or compression 

Incineration i s  the technique most universally applied by industry, 

but i t  usually requires measurable supplemental fuel.  Incinerati  on, 

therefore, i s  most acceptable where the developed heat can of fse t  other 

fuel or energy needs. Adsorption, absorption, and condensation techniques 

although effect ive - are l imited to exhaust streams with a much narrower 

range of process charac ter i s t ics  than i s  incineration. 



Process and m a t e r i a l  changes are  the  most d i ve rse  op t ions  a v a i l a b l e  

t o  sur face coa t i ng  i n d u s t r i e s  . Among the  avai  1 ab le  process and m a t e r i a l  

changes are: 

New coa t i ng  technologies--e.  g. water-borne, h i  gh-sol ids,  

and powder coat ings.  

Reduction o f  a i r  i n g e s t i o n  i n t o  the  gas stream r e q u i r i n g  

t rea tment  

Curing coat ings i n  an i n e r t  gas 

More e f f i c i e n t  coa t i ng  a p p l i c a t i o n  methods 

Although these changes o f f e r  g r e a t  promise, almost each one i s  unique. 

Consequently the  number necessary t o  meet a l l  p roduct  and process 

requirements i s 1 arge, and conversion cos ts  are f requen t l y  very  h i  gh. 

Process and m a t e r i a l  changes, therefore,  can o f t e n  be implemented o n l y  

ove r  much longer  t ime  per iods  than those r e q u i r e d  f o r  i n s t a l l i n g  add-on 

devi  ces . 
Several f a c t o r s  i n f l  uence t h e  e f fec t i veness ,  c o s t  and appl i cabi  1 i t y  

of avai lab.le c o n t r o l  devices o r  techniques t o  a g iven source category. 

Qu i te  o f t e n  t h e  c h a r a c t e r i s t i c s  of a p a r t i c u l a r  process o r  exhaust gas 

stream d i c t a t e  t h e  use of c e r t a i n  c o n t r o l  techniques. Many c o n t r o l  methods 

are e q u i v a l e n t  i n  reduc ing  p o l l u t i o n  b u t  vary i n  cost .  I n  t he  l a t t e r  

instances, i t  i s  assumed t h a t  t h e  ope ra to r  w i l l  s e l e c t  t he  o p t i o n  t h a t  

p rov ides  the  most reduc t i on  f o r  t he  fewest d o l l a r s .  

Other l e s s  obvious fac to rs  t h a t  a re  unique t o  t h e  c o n t r o l  o f  o rgan ic  

emissions i n f l uence  t h e  s e l e c t i o n  o f  a c o n t r o l  op t i on .  For example, 

v i  r t u a l  l y  a1 1 organi  cs are de r i ved  from petroleum, and the  i nc reas ing  

cos t  of crude o i l  p rov ides  cons iderab le  economic i n c e n t i v e  t o  bo th  
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reduce sol vent consumption and maximize recovery fo r  use. Other 

regulatory requirements also can preclude - or d ic ta te  - the use of 

certain options. Insurance and occupational safety requirements tha t  

specify maximum a1 lowable organic concentrations for  f i r e  prevention 

and operator safety are exampl es of such regulatory requirements . 
Finally, long-term warranties or  customer requirements can l imi t  the 

scope of material or process changes. Section 3 presents a discussion 

of the control options. 

- Economics 

Economjc aspects of control include not only the investment and 

annual costs applied t o  control devices o r  processes, but also the 

a b i l i t y  of the affected industries t o  absorb these costs. A1 though the 

affordabi l i ty  question i s  obviously important, i t  cannot be addressed 

in de ta i l  because each f i rm's  financial position i s  unique. I t  must, 

however, be addressed by any control of f ic ia l  who i s  considering 

imposition of a regulation. 

Section 4 presents a discussion of the important cost factors along 

with estimates of the cost to  i n s t a l l  and operate incineration and carbon 

adsorption systems. A1 though generalizations are di f f i  cul t , the data 

indicate that,  where feasible, carbon adsorption i s  the most economical 

approach fo r  low concentrations (about 100 ppm) of organics. For high 

concentrations ( in  the range of 25 percent of the low explosive 1 imi t ) ,  

carbon adsorption i s  preferred i f  the recovered organics can be reused 

as solvent; otherwise, incineration with heat recovery i s  preferred for  

hi gh concentrations. 



Process and material changes are not discussed in Section 4. I t  

i s  v i r tua l ly  impossible to  generalize because of the almost unlimited 

variety of materials and formulations that  are  available. For the same 

reason, costs are estimated in t h i s  volume fo r  only the major add-on 

control options applicable, b u t  not fo r  process or  materi a1 changes. 

These options will  be discussed in future volumes when considered feasible  

and reasonable, a1 though in some instances less  reasonable examples may 

be p,resented to  highlight the wide variation in costs tha t  can be incurred. 

Where possible, the cost effectiveness,  t ha t  i s  the cost per unit  o r  

organic emission reduction, i s  presented fo r  each major control option 

to  a1 1 ow cornpari son between options and i ndus tri es. 

1.5 Test Methodology 

Material balance, the most desirable means of quantifying emissions 

of vola t i le  organics, i s  often not practical because of the complexity 

of reactions, combustion processes, o r  the dispersed nature of some 

operations. Where quantification i s  necessary, a source t e s t  w i  l l  be 

required. To date, EPA has not adopted a general method fo r  quantification 

of " total  nonmethane hydrocarbons. " However, methods have been drafted 

(and in one case formally proposed) for  measurement of gasoline vapor 

losses from marketing operations. The 1a t t e r  techniques a re  not usually 

app'l icable t o  the surface coating industry, parti  cul ar ly  to  baking and 

curing processes. 

In-stack samplers fo r  to ta l  nonmethane hydrocarbons are  not presently 

available;  therefore,  extract ive sampling i s  requi red. Various techniques 



are a v a i l a b l e  - a l l  o f  which r e l y  upon absolute c lean l i ness  o f  equipment 

and a  minimal elapsed t ime between sampling and ana lys is .  

Analys is  i s  normal ly  poss ib le  when a  s i n g l e  compound o r  very l i m i t e r  

number o f  s i m i l a r  organics are emi t ted  and t h e  gas stream p r o p e r t i e s  are  

n o t  severe, e.g., gaso l ine  t r a n s f e r  operat ions.  Unfor tunate ly ,  these 

favorable cond i t i ons  occur i n f r e q u e n t l y .  Where known m a t e r i a l s  a re  being 

emit ted,  gas chromatography appears t o  be the  most use fu l  technique. 

Where the  ma te r ia l s  i n  the  gas stream are unknown, techniques which 

combust t he  nonmethane hydrocarbons and quan ti fy the  r e s u l  t an  t carbon 

d i o x i d e  appear accurate. Severe gas cond i t i ons  ( h i  gh temperature, f o r  

example) g r e a t l y  increase the  d i f f i c u l t y  o f  bo th  sampl i n g  and ana lys is .  

Al though no t e s t  method i s  u n i v e r s a l l y  app l i cab le ,  t e s t i n g  i s  u s u a l l y  

poss ib le  us ing  one o r  more o f  t h e  techniques descr ibed i n  Sec t i on  5. 

1.6 P o l l u t a n t  D e f i n i t i o n  and Expression o f  Emission ~ i m it s  -- I n  e s t a b l i s h i n g  

standards which apply t o  sources f o r  which s p e c i f i c  compliance t e s t  methods 

have n o t  been es tab l ished,  cons ide ra t i on  should be g iven t o  exprzss ing  

l i m i t a t i o n s  i n  absolute terms r a t h e r  than i n  terms o f  a reference method. 

I n  t h i s  manner, t h e  i n t e n t  and e f f e c t  o f  t h e  s tandard  i s  c l e a r l y  es tab i  i shed 

w i t h o u t  r e q u i r i n g  d e t a i l e d  knowledge of t h e  c h a r a c t e r i s t i  cs of a s p e c i f i c  

a n a l y t i c a l  technique as a p p l i e d  t o  a s p e c i f i c  t e s t  stream. 

When a l i m i t a t i o n  i s  expressed i n  absolute terms, compliance determina-

t i o n s  may be made w i t h  t h e  most p r a c t i c a l  technique s u i t a b l e  t o  t h e  

s p e c i f i c  case. For screening purposes, a s imple t o o l  such as an e x p l o s i -

meter may be s a t i s f a c t o r y  even t'iough i t s  accuracy may n o t  be more than 



a factor  of two. A t  the other extreme, gas chromatography combined 

with mass spectrography could be used where emissions are close t o  legal 

1 imi t s .  In most applications, methods employing FID detectors,  o r  

total  carbon analysis methods would be used fo r  compl iance measurements. 

In any case, the absolute accuracy of the t e s t  technique as appl ied t o  

the specif ic  source would need t o  be considered in determining compliance. 

As described under "Test Methodology" there are many exhaust streams 

where i t  i s  impracti cal t o  apply methods to  quantify mass of vo la t i l e  organic 

compounds. Therefore, consideration should be given t o  measuring emissions 

and expressing standards in  terms of carbon ( i . e . ,  "xx pounds per hour 

measured and expressed as carbon"), rather than in terms of t rue  mass. 

For certain source categori es ,  a more representative mol ecul a r  weight 

other than that  of carbon could be assigned. For example, l imitat ions on 

petroleum emissions could be expressed as propane, i .e. , "measured as 

carbon, expressed as C3Hg " I t  should be noted tha t  expression of emission 

limitations in terms of carbon simply broadens the range of potential 

compliance techniques ; i t  does not necessitate the use of to ta l  carbon 

analysis methods. In f ac t ,  appl icabi l i ty  and accuracy of the more commonly 

used measurement techniques involving FID or IR detectors a re  not in any 

way diminished by the expression of emission limitations in  terms of to ta l  

carbon. For any stream where an FID analyzer i s  acceptable, resu l t s  may, 

by mathemati cal mani pul a t i  on, be "measured and expressed as carbon. " 

The resu l t s  so expressed are,  however, not necessarily an expression 

of the t rue  vola t i le  organic mass such as would be determined by materi a1 



balance c a l c u l a t i o n s .  An approach based on t h e  use o f  f lame i o n i z a t i o n  

de tec tors  i s  presented i n  "Regulat ion 3," as amended October 2, 1974, 

Bay Area A i r  P o l l u t i o n  Contro l  D i s t r i c t .  A general t o t a l  carbon ana lys i s  

method as used by the  Los Angeles County APCD i s  descr ibed i n  "To ta l  

Combustion Analys is :  A Test  Method f o r  Measuring Organic Carbon D iox ide  

i n  a So lvent  E f f l u e n t  Contro l  Program," A l b e r t  E. Salo, W i l l i a m  L. Oaks, 

and Robert D. MacPhee. A i r  P o l l u t i o n  Contro l  D i s t r i c t ,  County o f  

Los Angeles August 1974, and "Determinat ion o f  So lvent  Vapor Concentrat ions 

by To ta l  Combustion Analysis:  A Comparison o f  I n f r a r e d  w i t h  Flame 

I o n i z a t i o n  Detectors," A1 b e r t  E. Salo, Samuel W i  t z ,  and Robert D. MacPhee, 

presented a t  68th Annual APCD Convention, Boston, Mass., Paper 75-33.2. 

I n  e s t a b l i s h i n g  v o l a t i l e  o rgan ic  regu la t i ons ,  t h e  d e f i n i t i o n s  must 

s t a t e  c l e a r l y  which compounds, i f  any, a re  t o  be exempt. For example , 

ift h e  purpose i s  t o  p revent  t h e  emission of ox idan t  precursors,  i t  would 

be necessary t o  iden t i fy  and d e l e t e  from consi d e r a t i  on carbon monoxi de , 

methane and o t h e r  carbon compounds t h a t  do n o t  c o n t r i b u t e  t o  photochemical 

smog. 

' 

I n  add i t i on ,  cons idera t ion  has t o  be g iven t o  t h e  sample c o ? l e c t i o n  

procedure. The normal procedure i s  t o  withdraw a sample, f i 1 t e r  a; c 

r e s i  dual p a r t i  cu l  a t e  and cool , dehumidify o r  otherwise t r e a t  t h e  sample 

such t h a t  i t  i s  compatible w i t h  t h e  FID, I R ,  explos imeter ,  e tc .  I n  t he  

most uncompl icated s i t u a t i o n ,  t h e  sample mi gh t  be withdrawn a t  ambient 

temperature and pressure and passed through a f i l t e r  p r i o r  t o  ana lys i s  

i n  an explos imeter .  Where t h e  gases are  h o t  and con ta in  organ ic  gases , 

and vapor and some p a r t i c u l a t e ,  t he  sampl i n g  procedure i s  necessa r i l y  more 



comp'lex. A suggested approach fo r  such an operator would be t o  f i l t e r  

a t  an elevated temperature, probably 200 to 2 5 0 ~ ~  not greater than b u t  

the source temperature, i f  t h i s  i s  necessary to  protect the analytical 

instrument. If  t h i s  means cooling the sample, as from an oven operating 

a t  500°~,  some condensation of high boiling organics may occur a t  

250°F b u t  t h i s  cannot be avoided. Organics which pass through the 

f i l t e r  would then be measured by a sui table  analytical technique and 

considered a vola t i le  organic fo r  enforcement purposes. Thus a 

regul ation shoul d speci fy whether f i  1 terabl e organic materi a1 i s t o  

be removed before analysis of organics and shoul d delineate temperature 

1 irni ta t ions a?pl i cable to such f i  1 t e r s  . 



2.0 BACKGROUND INFORMATION 

2.1 Oxidants and Vol a t i  1  e  Organi cs 

Oxidants are seldom emi t ted  d i r e c t l y  i n t o  the  atmosphere b u t  r e s u l t  

p r i m a r i l y  f rom a s e r i  es o f  chemi ca l  reac t i ons  between organi c  compourlds 

and n i t r o g e n  ox ides i n  t he  presence o f  sun1 i g h t .  The f a c t o r s  t h a t  

determine the  concent ra t ion  o f  ox idants formed i n  t h e  atmosphere i n c l u d e  

the  amounts and k inds o f  o rgan ic  compounds i n i t i a l l y  p resent  and t h e  r a t e  

a t  which a d d i t i o n a l  organics are emi t ted.  The very complex chemical 

reac t i ons  i nvo l ved  have been the  sub jec t  o f  con t i nu ing  s c i e n t i f i c  

i n v e s t i g a t i o n  du r ing  the  pas t  twenty years,  i n c l u d i n g  s tud ies  i n  t he  

atmosphere, 1  aboratory (smog chamber) s tud ies ,  and computer s imu la t i ons  

o f  t h e  ox idant  forming process. 

I t has been shown i n  smog chambers t h a t  when exposed t o  a g iven 

amount of r a d i a n t  energy, o rgan ic  compounds do n o t  form ox idants  a t  t h e  

same ra te .  Given long per iods  o f  exposure t o  r a d i a n t  energy and s u f f i c i e n t  

q u a n t i t i e s  o f  n i t r o g e n  oxides, however, almost a1 1  organi  c  compounds w i l l  

.form oxidants.  H i g h l y  r e a c t i v e  compounds can r e s u l t  i n  h igh  ox idan t  l e v e l s  

w i t h i n  a few hours. Less- reac t ive  compounds r e q u i r e  l onge r  pe r i vds  o f  

i r r a d i a t i o n  t o  form oxidants.  I n v e s t i g a t o r s  t h e o r i z e  t h a t  these n. . .%er ia ls  

may be c a r r i e d  g rea t  d is tances by an a i r  mass before  reac t i ng .  Thus, 

they  may increase ox idan t  concent ra t ions  a t  a l a t e r  t ime, f a r  downwind 

of  the  source. 



2.2 S t a t i o n a r y  Sources o f  Vol a t i  1  e  Organics 

2.2.1 Nat ionwide Emission Est imates -- No t r u l y  comprehensive i n v e n t c r y  

o f  o rgan i c  emi ss ions i s  a v a i l a b l e  today, a l though a  number o f  es t imates  

have been made. The most r e c e n t  es t imates  made by EPA a r e  g i v e n  i n  

Table 2.1. These da ta  a re  o b t a i n e d  f rom the  da ta  f i l e  ma in ta i ned  by 

t h e  N a t i o n a l  A i r  Data Branch o f  t h e  O f f i c e  o f  A i r  Q u a l i t y  P lann ing  and 

Standards. 

The methodology employed t o  o b t a i n  these  emiss ion  es t ima tes  i n v o l v e s  

t h e  use o f  a i r  p o l l u t a n t  emiss ion  f a c t o r s  a p p l i e d  t o  na t i onw ide  pub l i shed  

da ta  on i n d u s t r i a l  p roduc t i on ,  fue l  consumption, moto r  v e h i c l e  use, and 

o t h e r  a c t i v i t y  1  eve1 in d i  c a t o r s  f o r  p a r t i c u l a r  source types.  When 

app rop r i a te ,  es t imates  o f  average p o l l u t a n t  c o n t r o l  e f f i c i e n c y  f o r  

p a r t i  c u l  a r  processes a re  i n c l u d e d  t o  c a l  c u l  a t e  c o n t r o l  l e d  emi ss ions .  

It i s  no ted  f rom Tab le  2-1 t h a t  t h e  emiss ions f r om o r g a n i c  s o l v e n t  

usage comprise a  s u b s t a n t i a l  p o r t i o n  o f  t h e  n a t i o n a l  t o t a l  o r g a n i c  emiss ions.  

I n  Table 2.2 some o f  t h e  ma jo r  sources o f  o rgan i c  emiss ions i n  t h e  

U n i t e d  S ta tes  a re  1  isted. 

2.2.2 Major  Nor theas te rn  Sources -- One o f  t h e  f i r s t  t asks  i n  :.his s tudy  

was development o f  a reasonably  comprehensive 1  is t  o f  t h e  ma jo r  5 ..at.ionary 

sources i n  t h e  No r theas t  where photochemical  ox i dan t s  a r e  a  ma jo r  conc.3rn. 

Use fu l  hydrocarbon emiss ions da ta  had been developed i n  Region I 

by t h e  GCA Corpo ra t i on  Technology D i v i s i o n  f o r  t h e  M e t r o p o l i t a n  Boston 

A i r  Q u a l i t y  Con t ro l  Region (AQCR) and t h e  Rhode I s 1  and - Southeastern 

Massachusetts AQCR. Using t h i s  and f i l e s  f r om t h e  S ta tes  o f  Massachusetts 

and Connect icut ,  Table 2-3, a comprehensive l i s t  o f  l a r g e  ( o v e r  100 t ons  

p e r  y e a r )  sources was developed. 



Table 2.1 NATIONWIDE EMISS ION ESTIMATES OF VOLATILE ORGANIC 
COMPOUNDS - 1975 (PRELIMINARY) 

Source Category 
6Emissions , 10 t o n s l y r  

Transporat i  on 

H i  ghway 

Non-Hi ghway 

S ta t i ona ry  Fuel Combustion 

E l e c t r i c  U t i  1ities 

Other 

Industria1 Processes 

Chemi c a l  s  

Petroleum Re f in ing  

Metals 

Other 

M is  c e l l  aneous 

Organi c s o l  vents 8.3 

O i l  and Gas Product ion and market ing 4.2 

S o l i d  Waste 0.9 

Open B u r i  ng 1.O 

Forest  W i  1  d f i  res  

Forest  Man aged Burning 

Agr i  cu l  t u r a l  B u r i  ng 

Coal Refuse Burnina 

To ta l  



TABLE 2-2.  TYPICAL SOURCES OF VOLATILE O R G A N I C S  WITHIW INDUSTRIAL CATEGORIES 

Fuel combusti on, burn ing  and so l  i d  waste i n c i  ne ra t i on  

B o i l e r s  (coal ,  o i l  and gas) 
Wood combus ti on 
S ta t i ona ry  engines 
Agr i  cul t u r a l  burn ing  
Sol i d  waste in c i  n e r a t i  on 

(munic ipal ,  i n d u s t r i a l ,  and domestic) 
Coal re fuse 
Orchard heaters 

Petroleum r e f i n i n g ,  d i s t r i b u t i o n ,  and marke t i ng  

Miscel laneous p o i n t  sources - r e f i n e r i e s  
Vacuum d i s t i l  l a t i o n  
Process gas combustion 
Crude, gasol ine,  d i s t i l  l a t e ,  naphtha, e t c .  

Trans fer  losses 
Working 1 osses 
Breath ing 1 osses 
Refuel i n g  1 osses 

Chemical manufacturing 

Ammon ia Formaldehyde 
Carbon b lack  Ethylene d i c h l o r i d e  
Charcoal Phthal ic anhydride 
Pa in t ,  varnish,  and p r i n t i n g  i n k  Malei c  anhydride 
Pharmaceuticals Ethylene 
Syn the t i c  res ins ,  f i b e r s  and p l a s t i c s  Propyl ene 
E t h y l  benzene Butadi  ene 
E t h y l  ox ide  Ethane,, butane, propane 
A c r y l o n i t r i l e  Benzene, t o 1  uene, xy lene 

Evaporat ion o f  o rgan ic  s o l  vents 

Degreasi ng T e x t i l e  coa t i ng  and f i n i s h i n g  
Drycleani  ng Dyeing 
Graphic a r t s  Scour ing 
Metal coa t i ng  Rubber iz ing 

Auto assembly Carpet manufactur i  ng 
Can manufactur ing Paper and f i l m  coa t i ng  
Coi 1 coa t i ng  Coated papers 
Appl iances Water p roof ing  
Machinery Pressure s e n s i t i v e  tapes 
Commercial products Magneti c  tape 
Furn i  t u r e  Wood f i n i s h i n g  

Pes ti c i  de Manufacture and use F u r n i t u r e  
Vegetable o i  1 manufactur ing Plywood and panel coa t i ng  

T i  r e  manufactur ing 
Other i n d u s t r i  a1 sources 

Wood processes Mineral  processes 
K r a f t  pu l  p i n g  Aspha l t  
Plywood F i  berg1 as 

Metal l u r g i  ca l  processes M i  n e r a l  wool 
Cast i r o n  foundr ies  Food processing 
By-product coke D i r e c t  f i r i n g  o f  meats 

Beer and whiskey p roduc t i on  Deep f a t  f r y i n g  



A d d i t i o n a l  i n f o r m a t i o n  s u p p l i e d  b y  Regions 11, I 1 1  and V was 

g e n e r a l l y  i n  t h e  fo rm o f  "source-ca tegor i  es-consi  dered- to -be-s i  g n i f  ican t "  

w i t h  l i t t l e  s p e c i f i c  da ta  on emiss ion ra tes .  

Table 2-3 summarizes t he  i n f o r m a t i o n  ob ta i ned  f rom EPA's Regional  

O f f i  ces. Again, a1 though t h e  da ta  a re  n o t  n e c e s s a r i l y  comprehensive 

n o r  a l l  i n c l u s i v e ,  t h e  r e c e n t  emiss ion i n v e n t o r i e s  t end  t o  c o n f i r m  t h a t  

these  sources em i t  l a r g e  amounts o f  v o l a t i l e  o rgan ics .  The l i s t i n g  i n  

n o tTables 2-3 i s  -i n  o r d e r  o f  amount o f  emiss ions o r  p r i o r i t y .  



Table 2-3 MAJOR INDUSTRIAL ORGANIC EMISSION SOURCE 
CATEGORIES I N  THE NORTHEASTERN U.S. 

Paper c o a t i  ng 
Fabr ic  coa t ing  and f i n i s h i n g  
Automotive assembly 
Shi pbui 1 d ing  and repa i  r 
Gegreasi ng 
Drycl  eani ng 
Graphic A r t s  Appl ic a t i  on 
T i  r e  manufactur i  ng 
Can manufactur i  ng 
Co i l  coa t ing  
Petroleum r e f i n i n g  
Magneti c tape coa t ing  
Steel  p roduct ion  
Various syn the t i  c organics product ion  

(p las t i cs ,  rubbers, res ins ,  e t c . )  
Pharmaceutical p roduct ion  
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3. CONTROL TECHNOLOGY 


3.1 INTRODUCTION 

V o l a t i l e  o rgan ic  emissions can be reduced by add-on c o n t r o l  devices 

and by process and m a t e r i a l  changes. This  sec t i on  reviews the  most commonly 

used methods; impor tan t  t echn ica l  aspects o f  each method a re  discussed and 

problems and 1 i m i t a t i o n s  considered. 

3.2 ADD-ON EQUIPMENT 

3.2.1 Carbon Adsorpt ion 

3.2.1.1 I n t r o d u c t i o n  -- Carbon adsorp t ion  uses a phys i ca l  phenomenon t o  

separate organ ic  vapors f rom a gas stream and t o  concentrate these vapors t o  

a more manageable form. The theory  o f  carbon adsorp t ion  i s  discussed, 

va r i ab les  a f f e c t i n g  carbon adsorp t ion  explored, and design and ope ra t i on  

discussed along w i t h  problem areas. 

Carbon adsorpt ion i s  app l i cab le  t o  most organi  c-emi tting i n d u s t r i e s  

s tud ied  ( w i t h  a few so lvents  excepted) b u t  the  cos ts  and d i f f i c u l t i e s  w i l l  

vary w i t h  the  s p e c i f i c  industry . '  A more complete d iscuss ion  o f  appl i c a b i  1 i t y  

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

The term " s o r p t i o n "  app l i es  t o  two types o f  phenomena: ( 1 )  where 

vapor molecules a r e  concentrated by adsorp t ion  on the  sur face,  and ( 2 )  where 

vapors are concentrated by absorp t ion  of t h e  vapor molecules i n t o  the  mass 

of t h e  sorbent.  Adsorpt ion i s  accomplished us ing  f o u r  d i f f e r e n t  types o f  

ma te r i a l s :  (1 ) chemica l ly  r e a c t i v e  adsorbents ( 2 )  p o l a r  adsorbents (3 )  

molecular  sieves, and (4)  nonpol a r  adsorbents. 



When adsorp t ion  i s  accompanied by chemical reac t i on ,  the process i s  

termed "chemisorpt ion," an exothermic process where molecules can on ly  be 

one l a y e r  t h i c k .  I t  has been used f o r  odorous s u l f u r  compounds and some 

o l e f i n s  b u t  has l i t t l e  a p p l i c a t i o n  a t  t h i s  t ime f o r  organic so l ven t  c o n t r o l .  

When adsorpt ion i s  n o t  accompanied by chemical reac t i on ,  the process 

i s  termed physi ca l  adsorpt ion.  I n  general,  p o l a r  adsorbents adsorb p o l a r  

molecules (e. g. , water)  p r e f e r e n t i  a1 l y ,  w h i l e  nonpol a r  adsorbents adsorb 

nonpolar  molecules (e. g. , hydrocarbon) p r e f e r e n t i  a1 l y .  Physical  adsorp t ion  

i s  l e s s  s e l e c t i v e  than chemisorpt ion, the  process i s  r e v e r s i b l e  and vapor 

molecules can be adsorbed i n  more than one l a y e r  on the  surface. The force 

o f  adsorp t ion  i s  the  Van der  Waals fo rce .  Molecules o f  any s o l i d  are 

a t t r a c t e d  t o  each o the r  and t h e  sur face molecules o f  the  adsorp t ion  medium 

are sub jec t  t o  unbalanced fo rces  t h a t  cause vapor o r  l i q u i d  molecules t o  

be a t t r a c t e d  t o  the  surface. These fo rces  can be induced i n  such a way 

t h a t  more than one l a y e r  o f  molecules can be adsorbed. It must be noted 

t h a t  i n  p rac t i ce ,  adsorp t ion  takes p lace through a comb-,nation o f  molecular  

a t t r a c t i o n  (Van der  Waals forces) and c a p i l l a r y  condensation o f  t h e  vapors 

be ing  adsorbed i n  the  pores prov ided by  t h e  extended sur face o f  t he  adsorbent. 

Al though a c t i v a t e d  carbon does n o t  e n t e r  i n t o  chemical r e a c t i o n  w i t h  t h e  

adsorbed vapors, i t  does ca ta l yze  h y d r o l y s i s  and degradat ion reac t i ons  o ' 

c e r t a i n  o rgan ic  so l  vents, such as ketones. 

A c t i v a t e d  carbon is the  on ly  physi  c a l  adsorbent p r e s e n t l y  i n  widespread 

use f o r  o rgan ic  vapor c o l l e c t i o n .  It i s  a nonpolar  adsorbent a l though it 

has some adso rp t i  v i  t y  f u r  water. 



3.2.1.2 Theory o f  Carbon Adsorpt ion 

Ac t i va ted  carbon -- Act iva ted carbon can be produced from a v a r i e t y  

o f  carbonaceous mater ia ls ,  i t s  c h a r a c t e r i s t i c s  depend on the  raw mate r ia l  

and t h e  a c t i v a t i o n  process. Carbon i s  a c t i v a t e d  by ox ida t ion  o f  po r t i ons  d f  

t he  carbon w i t h  steam o r  chemicals. The end-product o f  a c t i v a t i o n  i s  a 

ma te r ia l  w i t h  a f i n e ,  p a r t i a l  1~ interconnected pore s t r u c t u r e  t h a t  has a 

very l a r g e  sur face area. 

Primary va r iab les  -- The sur face area o f  t he  a c t i v a t e d  carbon i s  the  

pr imary va r iab le .  The l a r g e r  the  a v a i l a b l e  area, the  l a r g e r  the  adsorp t ion  

capac i ty  o f  t h e  carbon, o the r  th ings  being equal.  A t y p i c a l  a c t i v a t e d  carbon 

may have a sur face area o f  1100 square meters pe r  gram. 

The capac i ty  of carbon i s  o f t e n  represented by "adsorpt ion isotherms" 

such as F igure  3-1 showing the  e f f e c t  o f  i nc reas ing  molecular  we ight  of 

organics on carbon capaci ty .  The isotherms l e v e l  o u t  as t h e  micropores a r e  

f i l l e d .  For p o l l u t i o n  c o n t r o l  s i t u a t i o n s ,  t h e  range o f  i n t e r e s t  i s  below 

a p a r t i a l  pressure o f  10 mm o f  Hg. The e f f e c t  o f  ternperat~i-e on adsorp t ion  

i s  shown by F igure  3-2. 

The Polanyi  equat ion can be used f o r  p r e d i c t i n g  t h e  e f f e c t  o f  i n l e t  p o l -  

lu t a n t  concent ra t ion  on adsorp t ion  capac i t y  i n  t h e  low concent ra t ion  range. 

It can be expressed as fo l l ows :  

Adsorpt ive Capacity 4. "m 
g so lven t  T l o g  (Co/Ci) 

in 

"' g carbon 

Where Vm = 1 i q u i d  molar volume o f  p o l l u t a n t  a t  normal b o i l i n g  p o i n t  

T a absolute temperature 

Co = concent ra t lon  o f  sa tura ted vapor 

Ci = i n i t i a l  p o l l u t a n t  vapor concent ra t ion  i n t o  adsorber 



PRESSURE (PI, mm Hg 

Figure 3-1. Adsorption isotherms of hydrocarbon vapors (amount adsorbed, w, 
at pressure, p, on type Columbia L carbon a t  100°F, liquid volume of w a t  
boiling temperature).l 





Ci = INLET CONCENTRATION 

Cb = OUTLET CONCENTRATION BEFORE BREAKTHROUGH 

-~s---b-./ 
I 

LENGTH DOWN AOSORBER 

Figure 3-3. Movement of vapor concentration distribution curve in carbon bed with increased adsorption time. 
For curve 4, Ls i s  the saturated zone and LZ is the adsorption zone.1 



This equat ion shows t h a t  low temperature, h igh  V , and h igh  concentrat ions 
rn 

of t h e  organic being adsorbed a l l  tend t o  increase capac i ty .  

M a m i c  adsorp t ion  -- For a f ixed-bed carbon adsorber, t h e  concent,'?.- 

t i o n  p r o f i l e  i n  the  bed changes w i t h  t ime as the  capac i ty  o f  t he  bed i s  

approached. F igure 3-3 shows an exampl e o f  organic vapor concentrat  i o n  

p r o f i l e s  f o r  f i v e  d i f f e r e n t  elasped times a f t e r  regenerat ion o f  t h e  carbon. 

Curve number 4 represents the  "breakthrough" time, i.e., the  t ime when 

organic vapor concent ra t ion  a t  t he  o u t l e t  o f  t h e  adsorber reaches a def ined 

l e v e l  ( u s u a l l y  1 percent o f  t he  i n l e t  concent ra t ion) .  I n  F igure  3-4, t he  

e x i t  concent ra t ion  versus t ime i s  shown f o r  a s p e c i f i c  case. The break- 

through t ime i s  600 minutes and corresponds t o  Curve 4 o f  F igure 3-3. A 

t ime o f  1000 minutes corresponds t o  Curve 5 o f  F igure  3-3. The bed should 

be regenerated a t  600 minutes a l though f u l l  u t i l i z a t i o n  o f  t h e  bed i s  n o t  

r e a l i z e d  u n t i l  1000 minutes. The leng th  o f  t h e  bed where a c t i v e  adsorp t ion  

occurs i s  c a l l e d  t h e  adsorp t ion  zone. Length o f  t h i s  zone i s  u s u a l l y  about 

2 inches. 

For exhaust streams con ta in ing  mu1 t i p l e  solvents,  vapors o f  h ighe r  V,,, 

w i l l  d i sp lace  vapors o f  lower V,. I f  t h e  vapors have very  d i f f e r e n t  V,, 

adsorp t ion  w i l l  be as ifeach so lven t  was adsorbed independently i n  a bed 

as shown i n  F igure  3-5. Ift h e  vapors a re  c lose  i n  Vm the re  w i l l  be co-

adsorp t ion  as shown i n  F igure  3-6. I n  e i t h e r  case, t h e  compound w i t h  the  

lowest  Vm w i l l  e x i t  the adsorber bed f i r s t .  Bed depth f o r  mu1 t i p l e  

so lvents  can be est imated from summation o f  t h e  bed depths necessary t o  

adsorb each o f  t h e  vapors i f  those vapors were a lone i n  the  gas stream. A1 1 

o f  t he  adsorp t ion  zones must be considered i n  t h e  c a l c u l a t i o n  o f  necessary 

bed depth. 
23 
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Figure 3-5. Adsorbed vapor profile in activated carbon bed after steady state is  established 
but with no coadsorption. The odd numbered zones are saturated with the respective sol- 
vents, and the even numbered zones are the adsorption zones.1 





3.2.1.3 Regeneration -- For concentrat ions g rea te r  than a few p a r t s  

pe r  m i  1l i o n ,  carbon must be used many times f o r  economic reasons. 

To remove adsorbed vapors and reuse the  carbon, regenera t ion  i s  

necessary. Regeneration i s  t he  removal o f  adsorbed organics from 

the  carbon and i s  accomplished by b r i n g i n g  the  bed t o  near e q u i l i b r i u m  

a t  a h i g h e r  temperature. Typ ica l  regenerants are  steam, h o t  a i r ,  

and h o t  i n e r t  gas. The h o t t e r  t he  regenerant and the  longer  t h e  

regenerat ion,  t h e  more adsorbed s o l v e n t  w i  1l be removed (desorbed) 

from t h e  carbon bed. There i s  an economic optimum where adequate 

desorpt ion occurs a t  reasonable energy cost.  The r e s i d u a l  s o l v e n t  i n  

the bed a f t e r  regenera t ion  i s  c a l l e d  the  "heel"  and "working capac i t y "  

the  d i f f e r e n c e  between f u l l  capac i ty  and the  heel.  Regeneration i s  

t y p i c a l l y  about 50 percent  complete f o r  each cyc le  under proper  ( o r  

economi c )  o p e r a t i  on. To o p t i  m i  ze the  frequence o f  regenera t i  on, an 

automatic device t h a t  s i g n a l s  breakthrough may be use fu l  i f  t h e  s i z e  

o f  t he  adsorber warrants. 

Steam regenera t ion  -- Steam i s  t he  most w ide l y  used regenerant.  

The bed i s  c losed o f f  from p o l l u t a n t  f low,  and steam i s  i n t roduced  

i n t o  the  bed. The steam and t h e  p o l l u t a n t  vapors a re  rou ted  t o  a 

condenser a f t e r  which they can u s u a l l y  be separated by  g r a v i t y  o r  

d ist i 1lat ion .  Steam regenera t ion  has t h e  advantage of l e a v i n g  the  bed 

wet.. By c o n t r o l  of t he  degree of  wetness i n  t he  bed, var ious  degrees 

of gas c o o l i n g  can be accomplished. In a v a r i a t i o n  o f  t h i s  scheme, 

steam and p o l l u t a n t  can be i n c i n e r a t e d  w i t h o u t  condensation. 



Noncondensible gas regenera t ion  -- As i n l e t  concent ra t ion  decreases, 

the  bed capac i ty  i s  reduced. I n  order  t o  achieve adequate work ing capac i ty  

f o r  low concentrat ions,  t he  heel must be minimized w i t h  consequent increased 

steam usage. Figures 3-7 and 3-8 show the  e f f e c t  o f  vapor concent ra t ion  

on the  steam requ i  rement f o r  r e g e n e r ~ t i o n .  The two compounds (propanone 

and 4-methyl-2 pentanone) span the  range o f  V, f o r  which carbon adsorp t ion  i s  

app l icab le .  For  concentrat ions l e s s  than 700 ppm, a i r  o r  i n e r t  gas should 

be considered f o r  regenerat ion,  e s p e c i a l l y  i f  (1)  t he  adsorbed s o l v e n t  has 

no value, ( 2 )  the  m a t e r i a l  has appreciable m i s c i b i  1  i t y  w i t h  water,  o r  

(3 )  t h e  s o l v e n t  does n o t  conta in  l a r g e  amounts o f  halogen-, n i t rogen- o r  

su l  fu r -conta in ing  compounds. 

I f '  a noncondensible gas i s  used f o r  regenerat ion,  t h e  organ ics  can be 

removed by condensation, adsorpt ion,  and/or i n c i n e r a t i o n .  Condensation of 

v i r t u a l l y  a l l  organics i n  a  stream i s  poss ib le  ift h e  stream i s  cooled t o  a 

low enough temperature. A  more p r a c t i c a l  approach i s  t o  condense a  p o r t i o n  

of t h e  vapor and t o  r e c y c l e  t h e  remainder back through che ope ra t i ng  bed. 

A schematic o f  t h i s  system i s  shown i n  F igure  3-9. 

. Secondary adsorp t ion  o f  t h e  vapors i n  a  sma l l e r  adsorber o f f e r s  a  p o s s i b l e  

method of recov ing  vapors from a  d i l u t e  source. The pr imary  adsorber i s  

regenerated by heated i n e r t  gas, y i e l d i n g  a  gas stream i n  which t h e  vapor 

concent ra t ion  i s  about 40 t imes as h igh  as i n  t h e  o r i g i n a l  stream. A f t e r  

coo l ing ,  t h i s  stream can then be passed through a  secondary adsorber which 

i s  regenerated by steam and the  o rgan ic  m a t e r i a l  recovered. Reference 1 

g ives  f u r t h e r  d e t a i l s  f c .  , i~ is scheme. 



Figure 3-7. Amount of regenerating agent required to regenerate BPL V type 
carbon equilibrated with propanone at varied concentrations.1 
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3.2.1.4 Problem Areas w i t h  Carbon Adsorpt ion -- Several problems a r e  

encountered i n  systems c o n t r o l l i n g  t h e  bake ovens which f o l l o w  most 

surface coa t i ng  operat ions.  Thermal breakdown of t h e  so lvents  and/or r e s i n s  

can generate a range o f  low Vm compounds t h a t  cannot be adequately adsorbed; 

examples a r e  formaldehyde, methanol, and a c e t i c  ac id .  Po lymer iza t ion  r e a c t ~ o n s  

may produce t a r - l i k e  products t h a t  w i l l  condense a t  t h e  ope ra t i ng  temperatures 

o f  carbon adsorbers and n o t  be desorbed, causing f o u l i n g .  These compl ica t ions ,  

i f  present,  do n o t  make carbon adsorp t ion  imposs ib le  f o r  ovens, b u t  they  w i l l  

necess i ta te  precaut ions  o r  lower carbon l i f e .  

Compounds such as acetone, methyl e t h y l  Ketone (MEK), and phenol, 

may cause problems because o f  h i g h  hea t  o f  adsorpt ion.  Wi th  proper  design, 

however,, problems can be avoided. The main requirement i s  t he  use of a wet 

bed and a c o n t r o l l e d  r e l a t i v e  humid i ty  i n  the i n l e t  gases t o  p rov ide  a hea t  

s i n k  f o r  t he  adsorbed vapors. Dimethyl formamide (DMF) and n i  t ropropanes 

are  a more ser ious  problem; carbon adsorp t ion  i s  probably n o t  app l i cab le  

where these so lvents  a re  used. 

Reuse o f  s o l v e n t  - - Unless a s i n g l e  s o l v e n t  i s  used and breakdown i s  

avoided, reuse of t h e  s o l v e n t  may n o t  be f e a s i b l e .  D i s t i l l a t i o n  i s  poss ib le ,  

b u t  t he  complexi ty  and cos t  a re  so v a r i a b l e  t h a t  i t  i s  d i f f i c u l t  t o  general ize.  

Reuse o f  mixed recovered so lvents  i s  u n l i k e l y  i f  t h e  source i s  a " to1  1 coater "  

o r  " jobber"  where many so lvents  are run  on t h e  same machine. I n  general,  i t  

has been assumed i n  t h i s  ana lys i s  t h a t  i f  t h e  s o l v e n t  i s  recovered, i t  has 

fuel  va lue only .  

P a r t i c u l a t e s  -- P a r t i c u l a t e  mat ter ,  i f  a l lowed t o  e n t e r  t he  carbon bed, 

can coat  t he  carbon o r  p l u g  the  voids between carbon p a r t i c l e s .  A d s o r b t i v i  t y  



i s  decreased and pressure drop increases. The n e t  r e s u l t  i s  t h a t  t he  

carbon must be replaced o r  cleaned more o f ten .  S i l  i con ized  coat ings 

cause e s p e c i a l l y  d i f f i c u l t  problems. 

A s o l u t i o n  t o  a p a r t i c u l a t e  problem i s  precleaning o f  t he  gas. 

Fabr ic  c o l l e c t o r s ,  m i s t  e l im ina to rs ,  o r  scrubbers may be used. The 

p a r t i c u l a t e  may be very small i n  p a r t i c l e  s ize ,  viscous o r  tacky and hence 

d i f f i c u l t  t o  remove. M i s t  e l i m i n a t o r s  may be used i f  the  p a r t i c u l a t e  i s  

a l i q u i d .  I f  the  condensed vapors harden a t  t h e  opera t ing  temperature 

o f  t h e  p a r t i c u l a t e  c o l l e c t o r ,  f requent  c leaning may be necessary. 

Temperature -- Carbon capaci ty  is g rea te r  a t  1 ower temperatures. 

Usual l y  1OOOF i s  considered the  maximum e n t r y  temperature. Cool ing may 

be accompl ished by d i  r e z t  water sprays o r  by c o o l i n g  c o i l s .  I f  condensible 

gases are  present,  a spray coo le r  and m i s t  e l i m i n a t o r  should be p laced ahead 

o f  the  adsorber i f  poss ib le .  

Humi d i  ty -- A1 though carbon p r e f e r e n t i  a1 l y  adsorbs organi  c ma te r i  a1 s, 

water  w i l l  compete w i t h  t h e  organics f o r  adsorpt ion s i t e s .  To minimize t h i s ,  

re1 a t i v e  humid i ty  must be kep t  be1 ow about 50 percent.  A minimum o f  20 t o  

40 percent  re1 a t i  ve humid i ty  should be main ta i  ned, however, especi a1 l y  i f  

ketones are t o  be adsorbed. Ifgases are h o t  and wet, c o o l i n g  fo l l owed  by 

some reheat  may be necessary. Water formed by f u e l  combustion must be 

cons idered. 

Concentrat ion -- The range o f  concentrat ions f o r  which carbon adsorp t ion  

i s  app l i cab le  i s  1i m i  ted. The increased opera t ing  c o s t  of low concentrat ions 

has been discussed. There i s  a l s o  a p o t e n t i a l  problem w i t h  h igh  concentrat ions.  

Adsorpt ion i s  always an exothermic phenomenon; t y p i c a l l y  200 t o  300 B t u  i s  

generated p e r  1 b o f  so l ven t  adsorbed. I f  s u f f i c i e n t  a i r  i s  n o t  present  t o  



ca r ry  t h i s  off ,  t he  bed can overheat. This can r e s u l t  i n  poor adsorpt ion 

and, i n  extreme cases, bed f i r e s .  For concentrat ions over  25 percent  o f  t h e  
* 

lower exp los ive  l i m i t  (LEL), heat ing  of t h e  bed must be considered i n  

ca l cu la t i ons .  The problem can be minimized by l e a v i n g  the  bed wet w i t h  

water. 

3.1.2.5 Equipment Design and Operat ion -- Although there  are  a g rea t  v a r i e t y  

o f  poss ib le  schemes f o r  carbon adsorpt ion, most app l i ca t i ons  are s i m i l a r  i n  

desi gn. 

The face v e l o c i t y  i s  de f ined as the  f l ow  r a t e  d i v ided  by cross sec t i ona l  

area o f  t h e  bed. A t  h igh  face v e l o c i t i e s ,  t h e  pressure drop increases and 

i s  the  c o n t r o l  1 i n g  f a c t o r  i n  p r a c t i c a l  cases. Flow v e l o c i t i e s  f o r  regenerable 

systems vary  from 30 t o  110 f e e t  pe r  minute. The s izes  of necessary vessels 

a re  shown i n  Table 3-1 assuming a face v e l o c i t y  o f  90 f e e t  p e r  minute. Note 

t h a t  f o r  l a r g e r  beds, design i s  f o r  h o r i z o n t a l  flow.. I n  eva lua t ing  t h e  

a p p l i c a b i l i t y  o f  carbon adsorpt ion t o  a source, f l o o r  o r  roo f  space must 

be considered. 

Table 3-1. TYPICAL BED S I Z E S  FOR CYLINDRICAL CARBON ADSORBERS 

Flow ra te ,  cfm S ize  o f  bed 

4 ft diameter - v e r t i c a l  vessel 
7 ft diameter - v e r t i c a l  vessel 

12 ft diameter - v e r t i c a l  vessel 
12 ft diameter/28 f t  long  -

h o r i z o n t a l  vessel 

*The lower exp los ive  l i m i t  of a sustance i s  t h e  lowest  volume percent  concent ra t ion  
o f  t h e  vapor i n  a i r  which can be i g n i t e d  a t  700F and normal atmospheric pressure. 



The usual p r a c t i c e  i s  t o  i n s t a l l  a t  l e a s t  two adsorbers and operate so t h a t  

one i s  adsorbing w h i l e  the  o t h e r  i s  regenerat ing.  The l a r g e s t  vessel t h a t  

can be f a c t o r y  assembled handles about 30,000 cfm. Thus f o r  l a r g e r  sources 

the  designer  has t o  choose between m u l t i p l e  packaged u n i t s  and f i e l d  

assembled adsorbers. The ma te r ia l s  o f  cons t ruc t i on  depend on the  source 

t o  be c o n t r o l l e d .  Ifcarbon d i o x i d e  i s  present ,  carbonic a c i d  may be formed. 

I f  halogenated compounds a r e  formed, halogen a c i  ds may form. Formaldehydes 

can y i e l d  fo rmic  ac id.  Often a s t a i n l e s s  o r  h igh  n i c k e l  s t e e l  i s  requ i red .  

Bed depths vary w i t h  t h e  organ ic  vapor type, w i t h  the  concent ra t ion  

o f  o rgan ic  vapors and w i t h  t h e  des i red  t ime between regenerat ions.  The 

lower  the  Vm, t he  lower the  capac i ty  o f  t h e  carbon. Higher  concent ra t ions  

increase the  capac i t y  o f  the carbon, b u t  a l s o  increase t h e  amount o f  o rgan ic  

vapor t o  be adsorbed p e r  u n i t  volume of gas. The n e t  e f f e c t  i s  t h a t  a t  

h ighe r  concentrat ions,  the bed must be deeper f o r  a g iven vapor, face  v e l o c i t y ,  

and t ime between regenerat ion.  Bed depths t y p i c a l l y  range from 1-1/2 t o  

3 f e e t  bu t  can be l e s s  a t  low concentrat ions.  Cycle tin-ies f o r  regenerable 

systems u s u a l l y  run  about 2 hours. Higher  f low r a t e s  cause the  adsorp t ion  zone 

t o  be longer.  For t he  bed depth range of i n t e r e s t  f o r  regenerable systems, 

t h i s  l e n g t h  of 2 t o  4 inches w i l l  n o t  be s i g n i f i c a n t  i n  comparison w i t h  t o t a l  

bed depth. 

For  a system i n  which t h e r e  a re  no compounds w i t h  Vm g r e a t e r  than 

3190 cm Jrnol , and no polymer formers, o r  excessive p a r t i  c u l  a tes reaching the  

carbon, a carbon l i f e  of 5 t o  10 years can be expected. 



3.1 .2.6 Contro l  E f f i c i e n c y  -- Where carbon adsorp t ion  i s  app l icab le ,  

90 percent  removal i n  the carbon adsorber i s  commonly a t t a i n a b l e .  

3.1.2.7 Adverse Environmental E f f e c t s  o f  Carbon Adsorpt ion -- I f  t h e  

organ ic  so lvents  t o  be recovered are  m i s c i b l e  w i t h  water, a  p o t e n t i a l  water 

p o l l u t i o n  problem e x i s t s .  Ways t o  avoid t h i s  a re  t o  t r e a t  the  water  o r  t o  

i n c i n e r a t e  the  desorbed vapor, together  w i t h  t h e  steam o r  a i r  purge. 

Ifi n c i n e r a t i o n  i s  used w i t h  so lvents  con ta in ing  halogens, s u l f u r ,  

o r  n i t r o g e n  compounds, a c i d  gases, SOx and NOx w i l l  r e s u l t .  

3.1.2.8 Effect of Technical Assumptions on Cost Models -- The major  t echn ica l  

assumption made f o r  carbon adsorbers i n  t he  c a l c u l a t i o n s  i n  Sect ion  4.2.3.2 

was the  assumption t h a t  t he  organ ic  vapor was 50 percent  benzene and 50 percent  

hexane by volume. The impor tan t  parameters f o r  these so lvents  a re  g iven i n  

Table :3-2. 

Table 3-2. PROPERTIES OF HEXANE AND BENZENE 

Molar  yolume Lower expl  o s i  ve 
Sol vent  (V,) ,cm / m d  l i m i t ,  ppm 

Hexane 140 12,000 

Benzene 95 14,000 

These compounds a r e  i n  the  midd le  o f  t he  a p p l i c a b l e  range f o r  carbon adsorp t ion  

and are a l s o  among the  most w ide l y  used organ ic  compounds. I f  t h e  so l ven ts  

used have a h igher  V,, capac i t y  o f  the  bed i s  increased, w i t h  subsequent 

increased d i f f i c u l t v  o f  r e ~ e n e r a t i o n .  Ifsolvents  used hovo a lower  V,, capac i t y  

i s  l e s s  and regenera t ion  eas ie r .  W i th in  t h e  app l i cab le  range o f  Vm f o r  carbon 

adsorpt ion,  cos ts  would n o t  vary g r e a t l y  f rom the  assumptions given. 



The assumption o f  a hexane/benzene so l ven t  invo lves  some secondary 

assumptions. Steam can be used f o r  regenerat ion,  a t  a f a i r l y  low steam 

t o  so l ven t  r a t i o .  The p a r t i c u l a r  so lvents  can be separated e a s i l y  and 

cheaply from the  condensed steam by decantat ion.  Thus, e f  f 1  uent  water  

conta ins no measurable organics.  I f  t h e  so l ven t  conta ins water  s o l u b l e  

components a d d i t i o n a l  equipment and operat ions w i  11 be requ i red ,  such as: 

( 1  ) d i s t i l l a t i o n  equipment p l u s  water t reatment ;  o r  ( 2 )  i n c i n e r a t i o n  o f  t he  

desorbed vapor/steam mix ture ;  o r  ( 3 )  h o t  a i r  regenera t ion  fo l lowed by 

i n c i n e r a t i o n .  These opt ions  can increase cos ts  markedly. Because s o l  vent  

formulat ions a re  extremely var ied,  t h e r e  i s  i n s u f f i c i e n t  i n fo rma t ion  upon 

which t o  base r e l i a b l e  est imates o f  t h e  increased costs under these cond i t i ons .  

P r i o r  t o  t he  adopt ion o f  Rule 66 so lvents  w i t h  adsorp t ion  p r o p e r t i e s  

s i m i l i a r  t o  hexane and benzene were q u i t e  comnon. However, r e f o r m u l a t i o n  

l e d  t o  the  widespread i n t r o d u c t i o n  o f  oxygenated components (a1 coho1 s  , ketones, 

esters,  and e the rs )  i n t o  most so l ven t  mix tures .  Most o f  these compounds have 

s i g n i f i c a n t  s o l u b i l i t y  i n  water. Therefore, a so l ven t  m ix tu re  s i m i l i a r  t o  

benzeneJhexane i s  probably the  except ion r a t h e r  than the  r u l e .  

The c o s t  assumptions do n o t  i n c l u d e  any p a r t i c u l a t e  removal equipment. 

Ifp a r t i c u l a t e s  are  present  i n  amounts s u f f i c i e n t  t o  r e q u i r e  removal, t h e  

system cos t  w i  11 be increased s i g n i f i c a n t l y .  

The cos t  of steam f o r  desorp t ion  i s  based on compounds which desorb 

r e a d i l y .  I f  compounds which are  d i f f i c u l t  t o  desorb a r e  encountered, steam 

cos ts  w i  11 be increased. 



3.2.2 - I n c i n e r a t i o n  

3.2.2.1 I n t r o d u c t i o n  -- I n c i n e r a t i o n  destroys organ ic  emissions by -
o x i d i z i n g  them t o  carbon d iox ide  and water  vapor. I n c i n e r a t i o n  i s  the  

most un i  versa1 l y  appl icable c o n t r o l  method f o r  organi  cs ; given the 

proper  condi tions , any organ ic  compound w i  1  1  ox i  d i  ze. Oxi d a t i  on proceeds 

more r a p i d l y  a t  h ighe r  temperatures and h igher  o rgan ic  p o l l u t a n t  content .  

I n c i n e r a t o r s  ( a l s o  c a l l e d  a f te rbu rne rs )  have been used f o r  many years on 

a  v a r i e t y  o f  sources ranging i n  s i z e  from l e s s  than 1000 scfm t o  g rea te r  

than 40,000 scfm. 

Use o f  E x i s t i n g  Process Heaters f o r  I n c i n e r a t i o n  -- The use of 

e x i s t i n g  b o i l e r s  and process heaters f o r  d e s t r u c t i o n  o f  o rgan ic  emissions 

prov ides f o r  the  p o s s i b i l i t y  o f  p o l l u t i o n  c o n t r o l  a t  smal l  c a p i t a l  cos t  

and l i t t l e  o r  no fuel  cost .  The o p t i o n  i s ,  however, severe ly  l i m i t e d  i n  

i t s  appl icat ion .  Some of t h e  requirements a re :  

1. The heater  must be operated whenever the  p o l l u t i o n  source i s  

operated; w i  11 be uncon t r o l  l e d  du r ing  process heater  down t ime.  

2. The f u e l  r a t e  t o  the burner  cannot be a l lowed t o  f a l l  below 

t h a t  requ i red  f o r  e f f e c t i v e  combustion. On-off  burner  c o n t r o l s  

are n o t  acceptable. 

3. Temperature and res idence t ime  i n  t h e  heater  f i r e b o x  must be 

s u f f i c i e n t .  

4. For proper  c o n t r o l ,  t h e  volume o f  p o l l u t e d  exhaust gas must be 

much sma l l e r  than the  burner  a i r  requi rement  and be l o c a t e d  

c lose  t o  t h e  process heater.  For most p l a n t s  doing sur face 



coat ing,  e s p e c i a l l y  i f  sur face coa t i ng  i s  t h e i r  main business, 

t he  combustion a i r  requirement i s  smal le r  than the  coater -  

r e l a t e d  exhaust. I n  many d i v e r s i f i e d  p lan ts ,  the  coa t i ng  

ope ra t i on  may be d i s t a n t  from heaters and b o i l e r s .  

5. Const i tuents o f  t h e  coat ing-re1 a ted  exhaust must n o t  damage 

the  i n t e r n a l s  o f  t h e  process heater  

Few b o i l e r s  o r  heaters meet these cond i t ions .  

Use o f  add-on i n c i n e r a t o r s  -- I n  n o n c a t a l y t i c  i n c i n e r a t o r s  (sometimes 

c a l l e d  thermal o r  d i r e c t  f lame i n c i n e r a t o r s ) ,  a  p o r t i o n  o f  t he  p o l l u t e d  

gas may be passed through the  bu rne r (s )  i n  which auxi  1 i a r y  f u e l  i s  f i r e d .  

Gases e x i t i n g  the  burner (s )  i n  excess o f  20000F are blended w i  t k  t h e  

bypassed gases and h e l d  a t  temperature u n t i l  r e a c t i o n  i s  complete. The 

equi l ib r i  um temperature o f  m i xed gases i s  c r i  ti ca l  t o  e f f e c t i v e  combus tion 

o f  o rgan ic  p o l l u t a n t s .  A diagram o f  a t y p i c a l  arrangement i s  shown i n  

F igure  3-10. 

The coupled e f f e c t  o f  temperature and res idence t ime i s  shown i n  

F i  gure 3-1 1. Hydrocarbons w i  11 f i r s t  o x i  d i  ze t o  water,  carbon monoxide 

and p o s s i b l y  carbon and p a r t i a l l y  o x i d i z e d  organics. Complete o x i d a t i o n  

conver te rs  CO and r e s i d u a l s  t o  carbon d i o x i d e  and water .  F igure  3-12 

shows the  e f f e c t  of temperature on organ ic  vapor o x i d a t i o n  and carbon 

monoxide ox ida t i on .  

A temperature o f  1100 t o  1250°F a t  a res idence t ime o f  0.3 t o  0.5 

second2 i s  s u f f i c i e n t  t o  achieve 90 percent  o x i d a t i o n  o f  most o rgan ic  

vapors, b u t  about 1400 t o  1 5 0 0 ~ ~  may be necessary t o  o x i d i z e  methane, 

ce1losolve,  and s u b s t i t u t e d  aromatics such as to luene and xylene. 2 

Design -- I n c i n e r a t i o n  f u e l  requirements a re  determined by  t h e  con-

c e n t r a t i o n  o f  the  p o l l u t a n t s ,  the waste stream temperature and oxygen 
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Figure 3-10. Typi.:al burner and chamber arrangement used in direct-flame incinerator. 
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Figure 3-11. Coupled effects of temperature and time on rate of pollutant oxidation. 1 





level ,  and the incineration temperature required. For most organic 

solvents, the heat of combustion i s  about 0 .5  Btu/scf fo r  each percent 

of the LEL. This i s  enough to ra i se  the waste stream temperature about 

2 7 . 5 ' ~  for  each percent of the LEL ( a t  100 percent combustion). Thus, 

a t  25 percent of the LEL, the temperature r i s e  will be 6200F fo r  

90 percent conversi on. 

Fuel--- Natural gas, LPG and d i s t i l  l a t e  and residual oil  are used t o  

fuel incinerators.  The use of natural gas or LPG resu l t s  in lower 

maintenance costs; a t  present, natural gas also i s  the l e a s t  expensive 

fuel .  However, the dwindling natural gas supplies make i t  almost a 

necessity to provide newly instal  led incinerators with o i l  -burni ng 

capabil i t i e s .  

In most cases where natural gas or  LPG i s  not available,  incinerators 

are  fixed with d i s t i l l a t e  fuel o i l ;  residual o i l  i s  seldom employed. 

O i  1 flames are more 1 uminous and longer than gas flames, thus require 

longer fireboxes. Almost a1 1 fuel o i l s ,  even d i s t i  1 l a t e ,  contain measurable 

sul fu r  compounds. Residual oi 1s general ly have greater  su l fur  and 

part iculate  contents and many have appreciable nitrogen fract ions.  

Sulfur oxides, par t iculates  and NOx in combustion products from fuel 

oi l  increase pollution emissions and cause corrosion and soot accumulation 

or incinerator work and heat t ransfer  surfaces. 

Heat recovery -- Heat recovery of fers  a way to  reduce the energy 

consumption of incinerators. The simplest method i s  t o  use the hot 

cleaned gases exi t ing the incinerator t o  preheat the cooler incoming 

gases. Design i s  usually for  35 t o  90 percent heat recovery efficiency. 



The maximum usable e f f i c i e n c y  i s  determined by the concent ra t ion  o f  

the  organics i n  t he  gases, the  temperature o f  t h e  i n l e t  gases, and t h e  

maximum temperature t h a t  t he  i n c i n e r a t o r  and heat  exchangers can w i ths tand.  

I n  a n o n c a t a l y t i c  system w i t h  a pr imary  heat  exchanger, the preheat 

temperature should n o t  exceed 680°F, a t  25 percent  LEL, i n  o rder  t o  1i i r i i  t 

i n c i n e r a t o r  e x i t  temperatures t o  about 1450°F f o r  the  p r o t e c t i o n  of the  

heat  exchanger. The a u x i l i a r y  f u e l  would heat  t he  stream about 1 5 0 0 ~  and 

o x i d a t i o n  o f  t h e  s o l v e n t  would heat i t  about 6200F f o r  an e x i t  temperature 

o f  680 + 150 + 620 = 1450°F. A t  12 percent  LEL t h e  preheat temperature 

should n o t  exceed 9300F. Most burners have n o t  been designed t o  t o l e r a t e  

temperatures above 11 00oF. 

There are  several  types o f  heat  recovery equipment us ing  d i f f e r e n t  

m a t e r i a l s  a t  var ious  costs.  The most common i s  the  tube and she1 1 heat  

exchanger. The h i  gher temperature exhaust passes over tubes, which have 

lower temperature gas o r  l i q u i d  f low ing through t h e  tubes; thus i nc reas ing  

the  temperature o f  t h a t  gas o r  l i q u i d .  Another method uses a r o t a t i n g  

ceramic o r  metal  wheel whose ax i s  i s  along t h e  w a l l  between two tunnel  s . 
Hot exhaust f lows through one tunne l  and heats h a l f  o f  the  wheel. Lower 

temperature a i r  f lows through t h e  o t h e r  tunne l  and i s  heated as %e whee 

ro ta tes .  Another method uses several  chambers con ta in ing  i n e r t  ceramic 

m a t e r i a l s  w i t h  h i g h  heat  r e t e n t i o n  c a p a b i l i t y .  The h o t  gas (e.g. f rom 

t h e  i n c i n e r a t o r )  passes through these beds and heats t h e  ceramic m a t e r i a l .  

The a i r  f l o w  i s  then reversed, and lower temperature gas passes through 

t h e  heated beds; thus r a i s i n g  the  temperature o f  t h a t  gas t o  near 

i n c i n e r a t i o n  temperature. Fu r the r  d e t a i l s  on var ious  heat  recovery 

methods and equipment can be obta ined from the  vendors of i n c i n e r a t o r s .  



The use o f  i n c i n e r a t o r  exhaust t o  preheat i n c i n e r a t o r  i n l e t  a i r  i s  

o f t e n  r e f e r r e d  t o  as "pr imary" heat recovery as i l , l Jus t ra ted  i n  Case 2 o f  

F igure 3-13. Since some systems have a maximum al lowable i n l e t  tempera- 

t u r e  f o r  t he  i n c i n e r a t o r ,  i t  may n o t  be poss ib le  t o  recover a l l  o f  the  heat 

a v a i l a b l e  i n  the  i n c i n e r a t o r  exhaust. I n  such case, the  i n l e t  t o  t h e  

i n c i n e r a t o r  i s  c o n t r o l l e d  t o  minimize f u e l  requirements. Note t h a t  a non-

c a t a l y t i c  i n c i n e r a t o r  always requ i res  some fuel  t o  i n i t i a t e  combustion. 

"Secondary" heat recovery uses i n c i n e r a t o r  exhaust from the  pr imary heat 

recovery stage ( o r  from the i n c i n e r a t o r  d i r e c t l y  ifthere  i s  no pr imary heat 

recovery)  t o  rep lace energy usage elsewhere i n  t h e  p l a n t .  Th is  energy can 

be used f o r  process heat requirements o r  f o r  p l a n t  heat ing. The amount of 

energy t h a t  a p l a n t  can recover and use depends on the  i n d i v i d u a l  circum-

stances a t  t h e  p l a n t .  Usua l ly  recovery e f f i c i e n c y  of 70 t o  80 percent  i s  

achievable, making the  n e t  energy consumption o f  an i n c i n e r a t o r  minimal o r  

even negat ive  i f  gases a re  near o r  above 25 percent  of t h e  LEL. The use o f  

pr imary and secondary heat recovery i s  i l l u s t r a t e d  i n  Case 3 o f  F igure  3-13. 

It should be noted t h a t  heat recovery reduces opera t ing  expenses f o r  f u e l  a t  

t h e  expense o f  increased c a p i t a l  costs.  Primary heat recovery systems a r e  

w i t h i n  the  i n c i n e r a t o r  and r e q u i r e  no 1ong ducts. Secondary heat  recovery 

may be d i f f i c u l t  t o  i n s t a l l  on an e x i s t i n g  process because t h e  s i t e s  where 

recovered energy may be used a re  o f t e n  d i s t a n t  from the  i n c i n e r a t o r .  I n  

app ly ing  ca l cu la ted  values f o r  recovered energy values i n  Case 3 t o  r e a l  

p lan ts ,  the  c o s t  of us ing  recovered energy must be considered. I f  secondary 

heat  recovery i s  used, o f t e n  t h e  p l a n t  cannot operate unless t h e  c o n t r o l  

system i s  opera t i ng  because i t  supp l ies  heat  requ i red  by. t h e  p l a n t .  
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Figure 3-13. Configurations for catalytic and noncatalytic incineration. 



Ift h e  gases i n  an oven a re  i n e r t ,  t h a t  i s ,  c o n t a i n  l i t t l e  oxygen, 

exp los ions  a re  n o t  p o s s i b l e  and h i g h  concen t ra t i ons  o f  o r g a n i c  s o l v e n t  

vapor can be handled s a f e l y .  The oven exhaust  can be b lended w i t h  a i r  

and burned w i t h  min imal  a u x i l i a r y  f u e l .  The i n c i n e r a t o r  may be t h e  

source o f  i n e r t  gas f o r  t h e  oven. Coo l ing  o f  t h e  i n c i n e r a t o r  gas i s  

necessary,  removing energy t h a t  can be used elsewhere. Case 4 of 

F i gu re  3-13 i l l u s t r a t e s  t h i s  scheme. A m o d i f i c a t i o n  o f  t h e  scheme shown 

i s  t h e  use o f  an e x t e r n a l  i n e r t  gas genera to r .  Th i s  scheme can have a  

s i g n i f i c a n t  energy c r e d i t  because t h e  o the rw i se  d i sca rded  o rgan i cs  a r e  

conver ted  t o  usefu l  energy. Because o f  t he  s p e c i a l i z e d  n a t u r e  o f  Case 4, 

i t  may n o t  be a p p l i c a b l e  t o  r e t r o f i t s  on e x i s t i n g  ovens and cos t s  f o r  t h i s  

case a r e  n o t  i n c l u d e d  i n  t h i s  s tudy .  Note t h a t  i n  t h i s  case t h e  i n c i n e r a t o r  

exhaust  i s  i n  c o n t a c t  w i t h  t h e  p roduc t .  Th i s  l i m i t s  t h e  a v a i l  a b l e  f u e l  

f o r  t h i s  o p t i o n  t o  n a t u r a l  gas o r  propane. The use o f  t h i s  o p t i o n  would 

p robab l y  be imposs ib l e  ifany compounds c o n t a i  n i  ng app rec iab le  s u l f u r  o r  

halogens a r e  used. 

To i l l u s t r a t e  a  s p e c i f i c  case, F i g u r e  3-14 o u t l i n e s  a  source 

c o n t r o l l e d  by a  n o n c a t a l y t i c  i n c i n e r a t o r .  The source i s  assumed t o  

opera te  2 5  p e r c e n t  o f  t h e  LEL and t h e  i n c i n e r a t o r  has p r i m a r y  and 

secondary hea t  recovery.  The p r ima ry  h e a t  exchanger r a i s e s  t h e  tempera tu re  

t o  700°F, a t  35 pe rcen t  h e a t  recovery  e f f i c i e n c y .  The h e a t  o f  combust ion 

of t h e  o r g a n i c  vapors p rov ides  a  6200F a d d i t i o n a l  temperature r i s e  a t  

90 p e r c e n t  combustion and t h e  bu rne r  must supp l y  o n l y  enough hea t  t o  

r a i s e  t h e  gases 800F t o  reach  t h e  des ign  combustion temperature o f  1400°F. 

Combustion p roduc t s  pass th rough t h e  p r ima ry  h e a t  exchanger -- where 
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Figure 3-14. Example of incinerator on oven with primary and secondary heat recovery 



they are cooled t o  1025OF -- and e n t e r  a 35 percent  e f f i c i e n t  secondary 

heat  exchanger. I n  t he  secondary heat  exchanger, f u r t h e r  energy i s  

recovered f o r  use i n  o the r  areas. I n  t h i s  example, makeup a i r  f o r  t h e  

source i s  heated from ambient temperatures t o  source entrance temperaturec 

(h ighe r  than oven ex i  t temperatures).  

The energy i m p l i c a t i o n s  of t h i s  scheme can be seen by comparing the  

energy i n p u t  o f  t h i s  c o n t r o l l e d  source w i t h  an uncon t ro l l ed  source. I n  

an uncon t ro l l ed  source, fuel would be necessary t o  r a i s e  the  temperature 

o f  t h e  makeup a i r  from 70°F t o  4250F o r  355'~. For a c o n t r o l l e d  source, 

f u e l  would on ly  need t o  r a i s e  t h e  temperature 800F. Thus, t h e  energy 

i n p u t  would be reduced by over 80 percent  by use o f  i n c i n e r a t i o n  s imply 

because t h e  organ ic  vapors c o n t r i b u t e  heat  when they burn. 

I n  t he  above ana lys is ,  t he  assumptions made a re  important .  I f  t h e  

organ ic  vapors a re  more d i l u t e ,  the  temperature r i s e  due t o  combustion 

w i l l  be 1  ess. Heat recovery can be more e f f i c i e n t  than 35 percent ,  making 

up f o r  a l l  o r  some o f  t h i s  d i f f e rence .  F i n a l l y ,  t h e  ana lys i s  assumes 

t h a t  the  heat  recovered i n  t h e  secondary heat  exchanger can be used i n  the  

p l a n t .  The heat  can be used t o  produce steam, heat  water,  supply process 

heat  o r  hea t  b u i l d i n g s .  Obviously,  a case-by-case ana lys i s  i s  necessary 

t o  a s c e r t a i n  how much recovered heat  cou ld  be used. 

P a r t i  c u l  a tes -- The 1  eve1 of p a r t i  c u l  a te  concent ra t ion  found i n  

surface coa t i ng  opera t ions  should n o t  pose any problems f o r  n o n c a t a l y t i c  

v o l  a t i  1  e  o rgan ic  combustion. However, an i n c i n e r a t o r  designed f o r  

hydrocarbon removal u s u a l l y  w i  11 n o t  have s u f f i c i e n t  res idence t ime  t o  



e f f i c i en t ly  combust organi c parti  cul ates.  

Safety of preheat -- (At 25 percent of the LEL) , oxi dation rates 

a t  temperatures below llOOOF are slow. Complete oxidation can take 

several seconds. Because the gases are in the heat exchanger for  less  

than a second preignition should not be a problem using heat recovery 

i f  temperatures are be1 ow 1000°~  to  11000F. 

Some problems have occurred in the past with accumulations of 

condensed materials or  par t iculates  igniting i n  the heat recovery devices. 

If  t h i s  occurs, the accuml uations must be periodically removed from the 

heat t ransfer  surfaces. The user shoul d give careful consideration fo r  

hi s par t i  cul a r  s e t  of circumstances to potenti a1 safety problems. This 

i s  especially t rue i f  gases a t  a high percent of the LEL are preheated. 

Adverse envi ronmental e f fec ts  -- Sul fur-containi ng compounds will  

be converted t o  the i r  oxides; halogen-containing compounds wi 11 be 

converted to  aci ds . A portion of ni trogen-con taining compounds will  be 

converted t o  NOx and additional NOx wil l  r e su l t  from thermal fixation. 

I f  use of these compounds cannot be avoided, the benefit  from incineration 

should be evaluated against the adverse effects  and a l te rna te  methods 

of control should be thoroughly expl ored. 

The concentration of oxides of ni tmgen (NOx) i s  about 18 t o  22 ppm f o r  

natural gas-fired noncatalytic incinerators and 40 t o  50 ppm fo r  oil-fire.! 

noncatalytic incinerators a t  a temperature of 1500°F, assuming no nitrogen 

containi ng compounds are  incinerated. 



t t r t b , I 0 1.- Technical Assumptions on Cost Models - - I n  t h e  cos t  est imates 

k t b c S tI lot, 4.2.2.1 ) f o r  n o n c a t a l y t i c  i n c i n e r a t i o n ,  the organ ic  was assumed 

I O  Lw 50 molar percent  hexane and 50 molar  percent  benzene. For 

t i onca ta l y t i c  i n c i n e r a t i o n ,  the  two impor tan t  f a c t o r s  are the  heat 

a v a i l  ab le per  u n i t  volume a t  the LEL and the  temperature necessary f o r  

combustion. For most so lvents,  the  heat  o f  combustion a t  t he  LEL i s  

about 50 ~ t u / s c f . '  This w i l l  vary about -+ 20 percent  f o r  almost t h e  e n t i r e  

range of so lvents  used (methanol and ethanol  a re  s l i g h t l y  h ighe r ) .  Thus, 

there  i s  l i t t l e  v a r i a t i o n  due t o  the  type o f  so lvent .  

The assumed temperature of combusti on (1400°F) i s  s u f f i c i e n t  t o  

o b t a i n  95+ percent  removal o f  t h e  e n t i r e  range o f  o rgan ics  used as so lvents .  

3.2.2.2 C a t a l y t i c  I n c i n e r a t i o n  -- A c a t a l y s t  i s  a  substance t h a t  speeds up 

the  r a t e  o f  chemical r e a c t i o n  a t  a  given temperature w i t h o u t  being perma- 

n e n t l y  a l t e red .  The use o f  a c a t a l y s t  i n  an i n c i n e r a t o r  r e p o r t e d l y  enables 

s a t i s f a c t o r y  o x i d a t i o n  ra tes  a t  temperatures i n  t h e  range o f  500 t o  6 0 0 ~ ~  

i n l e t  and 750 t o  lOOOOF o u t l e t .  Ifheat  recovery i s  n o t  p rac t iced,  

s i g n i f i c a n t  energy savings are poss ib le  by use o f  a  c a t a l y s t .  The f u e l  

savings become l e s s  as pr imary and secondary heat  recovery a re  added. 

Because of lower temperatures, mater i  a l s  of c o n s t r u c t i o n  savings are  

poss ib le  f o r  heat  recovery and f o r  t h e  i n c i n e r a t o r  i t s e l f .  A schematic 

o f  one p o s s i b l e  con f i gu ra t i on  i s  shown i n  F igure  3-15. 

Cata lys ts  a re  s p e c i f i c  i n  the  types o f  reac t i ons  they  promote. There 

are, however, o x i d a t i o n  c a t a l y s t s  a v a i l a b l e  t h a t  w i l l  work on a  wide range 

of  o rgan ic  so lvents .  The e f f e c t  o f  temperature on conversion f o r  so l ven t  

hydrocarbons i s  shown i n  F igure  3-16. Comnon c a t a l y s t s  a re  p la t i num o r  

o t h e r  meta ls  on alumina p e l l e t  support  o r  on a  honeycomb support.  A l l -me ta l  

c a t a l y s t s  can a l s o  be used. 
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Figure 3-15. Schematic diagram of 
catalytic afterburner using torch- 
type preheat burner with flow of 
preheater waste stream through fan 
to promote mixing. 1 





The i n i t i a l  cos t  o f  t he  c a t a l y s t  and i t s  p e r i o d i c  replacement 

represents, respec t i ve l y ,  increased c a p i t a l  and opera t ing  costs.  The 

l i f e t i m e  o f  t h e  c a t a l y s t  depends on t h e  r a t e  o f  c a t a l y s t  deac t i va t i on .  

Cata lys t  Deact iva t ion  -- The e f f e c t i  veness o f  a c a t a l y s t  requ i res  the  

accessabi l  it y  o f  " a c t i v e  s i t e s "  t o  r e a c t i n g  molecules. Every c a t a l y s t  

w i l l  begin t o  l o s e  i t s  e f fec t i veness  as soon as i t  i s  p u t  i n t o  se rv i ce .  

Compensation f o r  t h i s  must be made by e i t h e r  overdesigning theanount o f  

c a t a l y s t  i n  the  o r i g i n a l  charge o r  r a i s i n g  the  temperature i n t o  the  

c a t a l y s t  t o  main ta in  the  r e q u i r e d  e f f i c i e n c y .  A t  some t ime, however, 

a c t i v i t y  decays t o  a p o i n t  where the  c a t a l y s t  must be cleaned o r  replaced. 

Cata lys ts  can be deact iva ted  by normal aging, by use a t  excess ive ly  h igh  

temperature, by coa t i ng  w i t h  p a r t i c u l a t e s ,  o r  by poisoning.  Ca ta l ys t  1  i f e -  

t ime o f  g rea te r  than 1  year  i s  considered acceptable. 

Ca ta l ys t  m a t e r i a l  can be l o s t  f rom t h e  support by eros ion,  a t t r i t i o n ,  

o r  vapor iza t ion .  These processes increase w i t h  temperature. For metals on 

alumina, i f  the  temperature i s  l e s s  than 1 1 0 0 ~ ~ ,l i f e  w i  11 be 3  t o  5 years 

i f  no d e a c t i v a t i o n  mechanisms are  present.  A t  1250 t o  13000F, t h i s  drops 

t o  1  year. Even shor t - te rm exposure t o  1400 t o  1500°F can r e s u l t  i n  near  

t o t a l  l o s s  o f  c a t a l y t i c  a c t i v i t y .  1 

The l i m i t e d  temperature range a l lowab le  f o r  c a t a l y s t s  se ts  o n s t r a i n t s  

on the  system. As mentioned e a r l i e r ,  a t  25 percent  o f  t h e  LEL and 

90 percent  combustion t h e r e  w i  11 be about a  6 2 0 ' ~  temperature r i s e  as 

a r e s u l t  o f  o rgan ic  combustion. Because an i n l e t  temperature o f  500 t o  

6000F i s  necessary t o  i n i t i a t e  combustinn, t h e  c a t a l y s t  bed e x i t  

temperature w i l l  be 1120 t o  l22O0F a t  25 percent  of t h e  LEL. Th i s  i s  



the upper l i m i t  f o r  good c a t a l y s t  l i f e  and thus concentrat ions o f  

g rea te r  than 25 percent  o f  t h e  LEL cannot be i n c i n e r a t e d  i n  a  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  damage t o  t h e  c a t a l y s t .  R e s t r i c t i o n s  on heat  

recovery opt ions are a l so  mandated. These w i l l  be discussed l a t e r .  

Coat ing w i t h  p a r t i  cu l  ates -- The b u i l d u p  o f  condensed polymer ized 

m a t e r i a l  o r  s o l i d  p a r t i c u l a t e  can i n h i b i t  con tac t  between t h e  a c t i v e  

s i t e s  o f  t h e  c a t a l y s t  and t h e  gases t o  be con t ro l l ed .  Cleaning i s  t he  

usual method f o r  r e a c t i  v a t i  on. Cleaning methods vary w i t h  the  c a t a l y s t  

and i n s t r u c t i o n s  are  u s u a l l y  g iven by the  manufacturer. 

Po ison ing  -- Cer ta in  contaminants w i  11 chemical l y  r e a c t  o r  a1 1  oy w i t h  

comon ca ta lys  t s  and cause deact i  v a t i  on. A  common 1  is t  in c l  udes phosphorus , 

bismuth, arsenic,  antimony, mercury, lead, z inc ,  and t i n .  The f i r s t  f i v e  

are considered f a s t  ac t ing ;  t he  l a s t  t h ree  are  slow ac t i ng ,  e s p e c i a l l y  

below 1 1 0 0 ~ ~ .  Areas of care i n c l u d e  avo id ing  the  use o f  phosphate metal 

c lean ing  compounds and galvanized ductwork. S u l f u r  and halogens a re  a l s o  

considered c a t a l y s t  poisons, b u t  t h e i r  e f f e c t  i s  r e v e r s i b l e .  

Fuel -- Natura l  gas i s  t he  p re fe r red  f u e l  f o r  c a t a l y t i c  i n c i n e r a t o r s  

because of  i t s  c lean l i ness .  Ifp r o p e r l y  designed and operated, a 

c a t a l y t i c  i n c i n e r a t o r  cou ld  p o s s i b l y  use d i s t i  1l a t e  o i l .  However, much 

of t h e  su l  f u r  i n  t h e  o i  1  would probab ly  be ox id i zed  t o  SO3 which would 

subsequently form su'l f u r i  c  a c i d  m i s t .  This  would necess i ta te  co r ros i ve  

r e s i s t a n t  m a t e r i a l s  and would cause the  emission o f  a  very undes i rab le  

p o l l u t a n t .  Therefore, the  use of f u e l  o i l  (even low s u l f u r )  i n  a  

c a t a l y t i c  i n c i n e r a t o r  i s  n o t  recommended. 

b 




Heat Recovery -- The amount o f  heat  t h a t  can be t r a n s f e r r e d  t o  the  

coo ler  gases i s  1 i m i ted. The usual design i s  t o  have t h e  ex i  t 

temperature from t h e  c a t a l y s t  bed a t  about 1000~F.  I f  t h e  gas i s  a t  

15 percent  o f  t he  LEL, f o r  example, t he  temperature r i s e  across the  

bed would be about 375OF, and the  gas could on ly  be preheated t o  about 

625OF. Secondary heat  recovery i s  l i m i t e d  by the  a b i l i t y  t o  use the  

recovered energy. I f  a gas stream i s  a l ready a t  combustion temperature, 

i t  i s  n o t  usefu l  t o  use "pr imary"  heat  recovery b u t  "secondary" heat  

recovery may s t i l l  be poss ib le .  Note t h a t  f o r  c a t a l y t i c  i n c i n e r a t i o n ,  

no flame i n i t i a t i o n  i s  necessary and thus i t  i s  poss ib le  t o  have no f u e l  

i npu t .  

As i n  n o n c a t a l y t i c  systems, heat  recovery equipment may need 

p e r i o d i c  c lean ing i f  c e r t a i n  streams are t o  be processed. For a d iscuss ion 

o f  t h e  s a f e t y  o f  preheat, see Sect ion 3.2.2.2. 

Adverse envi ronmental e f f e c t s  o f  c a t a l y t i c  in c i  n e r a t i o n  -- As i n  non- 

c a t a l y t i c  i n c i n e r a t i o n ,  i f  s u l f u r - o r  n i t rogen-conta in ing  compounds are 

present,  t h e i r  oxides w i l l  be generated. Ifha1 ogenated compounds are 

present,  t h e i r  acids w i l l  be formed. Ifi t  i s  impossib le t o  avoid us ing  

these compounds i n  q u a n t i t y ,  i n c i n e r a t i o n  may be unwise. 

The concent ra t ion  o f  NOx f rom c a t a l y t i c  i n c i n e r a t o r s  i s  low, sbout 

15 p a r t s  p e r  m i  11 i o n  ,'assuming no n i t r o g e n  compounds are  i nc ine ra ted .  

E f f e c t  o f  t echn ica l  assumptions on cos t  models -- I n  t h e  cost  est imates 

f o r  c a t a l y t i c  i n c i n e r a t i o n ,  the  so l ven t  was assumed t o  be 50 molar percent  

hexane and 50 molar percent  benzene. For c a t a l y t i c  i n c i n e r a t i o n ,  t h e  two 

impor tant  fac tors  are t h e  heat  a v a i l a b l e  per  u n i t  volume a t  t h e  LEL and 
4 

the temperature necessary f o r  c a t a l y t i c  ox ida t ion .  



As discussed e a r l i e r ,  there  i s  l i t t l e  v a r i a t i o n  i n  t h e  a v a i l  ab le 

heat  from combustion a t  the  LEL. 

The assumed temperature i n t o  the c a t a l y t i c  i n c i n e r a t o r  i s  s u f f i c i e n t  

t o  ob ta in  95 percent  removal o f  t h e  e n t i r e  range o f  organics used i n  

s o l  vents. 

3.2.3 Condensation 

Any component o f  any vapor m ix tu re  can be condensed i f  brought  t o  

e q u i l i b r i u m  a t  a low enough temperature. The temperature necessary t o  

achieve a g iven s o l  vent vapor concent ra t ion  i s  dependent on t h e  vapor 

pressures o f  t he  compounds. 

When c o o l i n g  a two-component vapor where one component can be 

considered noncondensi b le ,  f o r  example, a s o l  v e n t - a i r  m ix tu re ,  condensation 

w i l l  begin when a temperature i s  reached such t h a t  t h e  vapor pressure 

of t h e  v o l a t i l e  component i s  equal t o  i t s  p a r t i a l  pressure.  The p o i n t  

where condensation f i r s t  occurs i s  c a l l e d  t h e  dew p o i n t .  As the  vapor 

i s  cooled fu r ther ,  condensation cont inues such t h a t  the  p a r t i a l  p ressure  

s tays  equal t o  the  vapor pressure. The l e s s  v o l a t i l e  a compound, t h a t  i s ,  

t h e  h i g h e r  t he  normal b o i l i n g  p o i n t ,  the  lower  w i l l  be t h e  amount t h a t  

can remain vapor a t  a g iven temperature. 

I n  cases where the so l ven t  vapor concent ra t ion  i s  h igh,  f o r  example, 

from t h e  desorp t ion  cyc le  of a carbon adsorber, condensation i s  r e l a t i v e l y  

easy. However, f o r  sources where concent ra t ions  are  t y p i c a l l y  below 

25 percent  of t h e  LEL, condensation i s  very d i f f i c u l t .  



Nonhalogenated organic vapors a t  25 percent  o f  the  LEL or  l ess  are 

a l ready very d i l u t e ,  t h a t  i s ,  on t h e  order  o f  0.1 5 t o  2 percent  by 

volume. Figure 3-17 shows t h e  vapor pressure dependence on temperature 

f o r  several  compounds. Table 3-3 shows the  temperature necessary t o  

condense var ious amounts o f  compounds spanning t h e  v o l a t i l i t y  range of 

compounds used f o r  solvents.  Note t h a t  dodecane i s  n o t  v o l a t i l e  enough 

t o  be used as a major component i n  most solvents.  To cool  l a r g e  

q u a n t i t i e s  o f  gas from ambient o r  oven temperatures t o  below OOF would 

be economical ly p r o h i b i t i v e .  

The above ca l  cu l  a t i  ons are f o r  s i  ng le  condensable compound systems. 

The c a l c u l a t i o n  methods f o r  mu1 t ip l e  condensable component systems are  

complex, p a r t i  cu l  a r l y  if the re  are s i  gni f i cant departures f rom ideal 

behavior  o f  t h e  gases and 1 i qu ids .  As a s i m p l i f i c a t i o n ,  the  temperatures 

necessary f o r  c o n t r o l  by condensati on can be rough ly  approximated by the  

weighted average o f  t he  temperatures necessary f o r  condensation o f  a 

s i n g l e  condensable component system a t  concentrat ions equal t o  the  t o t a l  

organi c concentrat ion.  

To ta l  l y  c h l o r i n a t e d  and f l  u o r i  nated compounds, f o r  example, carbon 

t e t r a c h l o r i d e  and perchlorethy lene,  a re  nonflamnable and may be handled 

sa fe ly  i n  a1 1 concentrat ions f o r  nonoccupied areas. Condensation , .  ~y 

be p r a c t i c a l  ifh i g h  concentrat ions of these so lvents  are present.  I n  

fact,  condensation i s  w ide ly  used i n  t h e  dryc lean ing i n d u s t r y  f o r  

perch loroethy lene recovery, because the  r e l a t i v e l y  h i g h  cos t  o f  

c h l o r i n a t e d  so lvents  makes recovery a t t r a c t i v e .  T o t a l l y  c h l o r i n a t e d  

compounds, however, are n o t  used ex tens ive l y  i n  the  sur face coa t ing  i n d u s t r y .  



TABLE 3-3. PHYSICAL CONSTANTS AND CONDENSATION PROPERTIES OF SOME ORGANIC SOLVENTS 

25% o f  LEL 90% condensation 95% condensat ion 90% condensation 
concent r a t i o n  from 25% o f  LEL from 25% o f  LEL from 200 ppm 

p-. 

Normal (a )  P a r t i a l  P a r t i  a1 ( b )  P a r t i  a1 (b )  P a r t i  a1 (b )  
b o i l i n g  LEL, Pressure, Dew pressure,  Temp ,OF pressure, Temp ,OF pressure, TernpY0F 

Compound point,"F % r m o f  Hg point,OF m m o f  Hg mm o f  Hg mm o f  Hg 

Dodecane 421 0.6 1.1 120 0.11 6 1 0.55 54.4 0.15 19 
P i  nene 

'1 oH1 6 
(Terpent ine)  

0 - x y l  ene 

C8Hl  0 

To1 uene ul 

C7H8 

Benzene 175 1.3 2.5 -1 5 0.25 -69 0.125 -96.4 0.015 -114 

Methanol 147 6.0 11.4 2 1.14 -41 0.57 -68.7 0.015 -126 

C2H60 

Hexane 155 1.2 2.3 -39 0.23 -93 0.115 -108 0.015 -129 

'gHl 4 

(a )  From Reference 1 

( b )  From F igu re  3-16 



TEMPERATURE, O F  

Figure 3-17. Vapor p~essures o f  organic solvents versus temperature. 

60 



I n  summary, condensation i s  n o t  app l i cab le  as an organic so l ven t  

c o n t r o l  method f o r  sur face coat ing  except i n  r a r e  instances i n  which 

h i  gh concentrat ions o f  re1 a t i  ve ly  nonflammable mater i  a1 s are present.  

3.2.4 Absorpt ion (Scrubbing1 

Absorption, as an a i r  pol l u t i o n  c o n t r o l  process, invo lves  d i s s o l v i n g  

a so lub le  gas component i n  a r e l a t i v e l y  n o n v o l a t i l e  l i q u i d .  The absorpt ion 

s tep i s  o n l y  the c o l l e c t i o n  step. A f t e r  t h e  gas i s  d issolved,  i t  must be 

recovered o r  reacted t o  an innocuous form. 

Common absorbents f o r  organi c vapors are water  ,, nonvol a t i  1 e organ i  cs , 

and aqueous s o l  u t i  o m .  Absorpt ion i s  increased by lower temperatures, 

h ighe r  s o l u b i l i t y  o f  t h e  gas, h ighe r  concentrat ions of t h e  gas, h ighe r  

l i q u i d  t o  gas r a t i o s ,  lower concentrat ions of gas i n  the  l i q u i d ,  and g rea te r  

contac t ing  surface. Absorpt ion has been w ide ly  used as a product  recovery 

s tep i n  t h e  petroleum and petrochemical i n d u s t r y  where concentrat ions 

are  t y p i c a l l y  very high. These products are genera l l y  recovered by 

hea t ing  t o  lower the  s o l u b i l i t y ,  o r  by d i s t i l l a t i o n .  

I f  a chemical o x i d i z e r  is present  i n  t h e  l i q u i d  stream, organics 

can be o x i d i z e d  i n  t h e  stream. This technique has been used t ~ lconver t  

low concentrat ions o f  odorous compounds t o  l e s s  odorous forms. The 

expense o f  t h e  o x i d i z i n g  chemical, however, prevents i t s  use where 

concentrat ions g rea te r  than a few p a r t s  p e r  m i l l i o n  are present.  

The absorp t i  on-regenerat ion approach f o r  o rgan ic  so lvents  i s  severe ly  

l i m i t e d  by t h e  low concentrat ions and consequent low s o l u b i l i t i e s  of most 

organi  c gases i n  t h e  absorbent. Exceptions are a1 cohols, ketones, ami nes , 

g lyco ls ,  aldehydes, phenol, and organ ic  acids. Gases may be regenerated 



by heat ing  and rec la imed by condensation o r  destroyed by i n c i n e r a t i o n .  

D i r e c t  contac t  w i t h  water may be used as a coo l i ng  method f o r  

removal o f  h igh  b o i l i n g  compounds t o  avoid opac i t y  problems i n  t h e  

exhaust o r  t o  preclean t h e  a i r  be fore  a carbon absorber, b u t  i n  most 

cases the  m a t e r i a l s  do n o t  go i n t o  s o l u t i o n  t o  any appreciable ex tent .  

I f  water  i s  used f o r  condensation i n  t h i s  way, water t reatment  may be 

necessary be fo re  discharge. 

I n  sumnary, except f o r  a few spec ia l i zed  cases, absorpt ion i s  n o t  

app l i cab le  t o  c o n t r o l  o f  o rgan ic  so l ven t  emissions from sur face coa t ing  

except as a  p r e l i m i n a r y  s tep f o r  p a r t i c u l a t e  and h igh-boi  l i n g  compound 

removal . 



3.3 PROCESS AND MATERIAL CHANGES 

3.3.1 Water-borne Coatings 

3.3.1.1 In t roduct ion -- There i s  much confusion over the terminology of 

coatings contain ing water as p a r t  o f  t h e i r  solvent  content. Water-borne, 

water-reducible, water-based, water-thinnable, and l a t e x  are a l l  used t o  

describe these coatings. S t r i c t l y  speaking, water-borne i s  the co r rec t  

generic term f o r  coatings contain ing water.4 The base o f  a coat ing i s  the 

polymer o r  resin,  but  many use the term water-based interchangeably w i t h  

water-borne. 

There are three types o f  water-borne coatings : water-sol u t i  ons, water-

emulsions, and water-dispersions. Water-solut ion coatings feature very 

small p a r t i c l e s  dissolved i n  a mix ture  o f  water and a coupl ing solvent. 5 

The water-soluble res ins  normally contain ion izab le  amine o r  carboxyl i c  

ac i d  groups t h a t  s o l u b i l  i z e  the molecule^.^ These systems are more e a s i l y  

mixed and appl i e d  than other water-borne systems. However, r e s i n  proper t ies  

t h a t  make the r e s i n  so lub le  can a lso cause water s e n s i t i v i t y  a f t e r  cur ing 

unless add i t ions are made t o  e l im ina te  t h i s  s e n s i t i v i t y .  

' Water-emu1 sions are h igh molecular weight p a r t i c l e s  suspended i n  water 

by some s t a b i l i z i n g ,  d ispersing agent.5 The resins,  o f  which v i n y l s  and 

a c r y l i c s  are  the most prominent, have very few funct iona l  groups and requ i re  

emulsifying agents t o  maintain t h e i r  form.4 Emulsion coatings general ly  have 

the  highest  water resistance of the water-borne systems. 

Water d ispers ion coatings are  intermediate i n  p a r t i c l e  size, i n  use o f  

func t iona l  groups, and i n  water s e n s i t i v i t y .  



3.3. r .2 Appl ication Techniques -- Water-borne coatings may be appl ied 

using any of the methods used for  organic solvent-borne coatings, t ha t  i s ,  

knife, blade, ro l l e r ,  d i p ,  flow coat,  and spray. The conductivity of water 

a l so  enables use of electrophoresis t o  deposit a coat ing  on conductive 

materials. Conversely, the conductivity makes e l ec t ros t a t i c  spray more 

d i f f i c u l t ,  although s t i l l  feasible.  Also, a new d i p  process i s  available 

in  which the driving forces a re  chemical ra ther  than e lec t r ica l  i n  

Knife and r o l l e r  coatings -- Application of water-borne coatings w i t h  

a knife o r  r o l l e r  presents no special problems. corrosion-resistant vessels 

and delivery l ines  must be used as  f o r  a l l  water-borne paint f ac i l  i t i e s .  

Small amounts of grease or  soot tha t  would be no problem w i t h  organic solvent- 

borne coatings may produce unacceptable coverage w i t h  water-borne coatings. 

Therefore, fo r  knife and r o l l e r  coating and for  a l l  other water-borne appl i-

cai tons, surface clean1 iness is v i ta l  . 
Dipping -- Dipping of materials i n  water-borne paints has many forms. 

A dip into a bath of water-borne coating may be applicable f o r  a material 

t ha t  does not need a smooth surface. This method has been used f o r  par ts  

of automobiles tha t  a re  not usually v is ib le  a f t e r  assembly. 

Electrophoretic coating -- By us ing  a d i r ec t  current potential in  a 

bath and grounding the  item t o  be coated, the item can a c t  a s  an. anode o r  

cathode and be coated. T h i s  method was f irst  used by Ford Hotor Company in  

the ear ly ~ i x t i e s . ~  I t  is now a proven method for  primer application i n  

the automotive industry8 and is f i n d i n g  use in  s ingle  coat metal f inishing 

appl ications.  



This method i s  appl icable f o r  conduct i  ve surfaces and non-conducti ve 

surfaces t h a t  can be rendered conduct ive. A very even coat  i s  produced, 

and coverage o f  edges and hidden pa r t s  i s  excel l e n t .  The system has 

been appl ied t o  prime t rucks,  automobi 1 es , appl iances, and o t h e r  metal 

ob jec ts .  

Because the  i tem i s  immersed, care must be taken t o  avoid contaminat ion 

o f  t h e  ba th  s ince t h e  bath  i s  very suscept ib le  t o  i m p u r i t i e s .  Washing 

w i t h  de ion ized water  i s  necessary before  imners ion i n  a d i p  tank f o r  1 

t o  3 minutes. The th ickness o f  t h e  coa t ing  may be ad jus ted by the  vo l tage  

and t o  a l e s s e r  ex ten t  by the  imnersion time. The composit ion o f  t h e  

ba th  f l u i d  i s  u s u a l l y  10 t o  15 percent  so l i ds ,  80 t o  85 percent  water,  

and 5 percent  organic solvent .  The composit ion o f  t h e  coa t ing  as i t  

emerges from t h e  system i s  u s u a l l y  above 75  percent  s o l i d s ,  and l e s s  than 

23.5 percent  water  and 1.5 percent  organic so lvent .  

The tank must be cont inuously ag i ta ted,  f i1 tered,  temperature-, pH-, 

and ba th  s o l i d s - c o n t r o l l e d  t o  g i v e  proper coat ing.  Cool ing must be supp l ied  

t o  overcome t h e  e f f e c t s  of e l e c t r i c a l  heat ing. 

Upon e x i  ting the  system, t h e  itern must be r i n s e d  t o  remove excess 

coat ing.  Ul t r a f i l t r a t i o n  i s  used t o  recover p a i n t  s o l i d s  from the r i n s c  

water. The s o l i d s  are re tu rned  t o  the  tank and t h e  pure u l t r a f i l t r a t e  

water  i s  used t o  supplement t h e  deionized water  t h a t  i s  normal ly  used 

f o r  t he  f i n a l  r i n s e .  



Control  o f  t he  system i s  complex b u t  l a r g e l y  automated. One opera tor  

normal ly  moni tors the  equipment and performs analyses on t h e  bath. The 

operator  does n o t  e n t e r  the  bath  area, and hence v e n t i l a t i o n  of t h e  tank 

i s  minimal. Dur ing an annual tank cleaning, a spare tank i s  used t o  

h o l d  t h e  coat ing.  

The e lectrodeposi  tion system i s  a s i  g n f i  c i  an t  user of e l e c t r i c a l  

energy. For the  General Motors p l a n t  a t  Framingham, Massachusetts, t he  

device operates a t  1000 amps and 400 vo l  t s .  Each automobi le i s  i n  t h e  

tank f o r  about 3 minutes; thus, e l e c t r i c a l  energy usage i s  about 20 kw/hr 

p e r  automobile. I n  add i t i on ,  a 150-ton coo l i ng  system i s  r e q u i r e d  t o  

main ta in  t h e  bath  temperature. This o v e r a l l  energy usage must be balanced 

aga ins t  t he  energy usage f o r  v e n t i l a t i o n  and p a r t i c u l a t e  c o l l e c t i o n  i n  a 

spray booth. 

A s i g n i f i c a n t  drawback f o r  these systems i s  t h e i r  h igh  investment 

cost. The systems are l i m i t e d  t o  one c o l o r  per  ba th  and t h i s  would be 

p r o h i b i t i v e  f o r  f i n a l  coat  where many co lo rs  were needed. Lack o f  g loss 

i s  a l so  a drawback f o r  topcoat  app l i ca t i on .  

Energy t o  cure water-borne coat ings i s  considerably h igher  than t h a t  

necessary t o  cure s o l  vent-borne coat ings. This w i  11 be discussed l a t e r .  

Autodeposited coat ings -- A t r u c k  p l a n t  has r e c e n t l y  i n s t a l l e d  an 

"autodeposited" p r im ing  system f o r  frames. 6'7 This p l a n t  has been repor ted  

t o  have now completed 11 months o f  successful  product ion.  Another company 

has r e c e n t l y  s t a r t e d  opera t ion  o f  a autodeposi t i o n  l i n e  f o r  head 1 igh t  

housings. A t h i r d  l i n e  i s  scheduled t o  s t a r t  opera t ion  very soon. 



The exact  d e t a i l s  o f  t h e  process are p rop r ie ta ry ,  bu t  i t  i s  claimed 

t h a t  i s  achieves the  same r e s u l t  as e lec t rodepos i t i on  w i thou t  t h e  

e l e c t r i c a l  requirements. The process i s  claimed t o  now be past  t h e  

developmental stage. Current problems inc lude  inabi 1  it y  t o  coat  iterns 

o f  more than one metal (such as carbodies) and t h e  nonsandab i l i t y  o f  

t he  c o a t i  ngs . 9 

Flow coat ing  -- Flow coat ing  i s  s imply the  immersion o f  an i t e m  i n  a 

coarse spray o f  coat ing  ma te r ia l .  Most o f  t h e  coa t ing  runs o f f  the  i t e m  

and i s  r e c i  r cu la ted .  The coat ing  i s  n e i t h e r  even no'r smooth enough f o r  

v i s i b l e  areas unless sanding i s  performed on edges. 

Spray c o a t i n g  -- Water-borne coat ings may be app l i ed  by a i r  spray, 

a i  r l e s s  spray, and e l e c t r o s t a t i c  spray. Observance o f  s a f e t y  cons idera t ions  

w i t h  the  h i g h  vo l tage make manual e l e c t r o s t a t i c  spray poss ib le .  

The main problems w i t h  spray ing o f  water  borne coat ings a r i s e  f rom 

the phys ica l  na ture  o f  t h e  solvent .  Organic so lvents  f o r  coat ings a re  

u s u a l l y  a  m i x t u r e  o f  several  components. Some so lven t  evaporates w h i l e  

the  spray i s  i n  t r a n s i t  from the gun t o  the  object .  Some evaporates very  

q u i c k l y  t o ' o b t a i n  t h e  v i s c o s i t y  necessary t o  avoid d r i p p i n g  w h i l e  a l l ow ing  

l e v e l i n g .  The remainder has a h ighe r  b o i l i n g  p o i n t  and comes o ~ ~ ts low ly  

t o  a l low l e v e l i n g  o f  t h e  coa t ing  and t o  avoid bubbles f rom f o r m i r , ~  due t o  

too  r a p i d  escape o f  solvent .  Because the re  i s  o r i g i n a l l y  no organ ic  

s o l  vent  i n  incoming a i  r, these evaporat ion p r o p e r t i e s  are n o t  dependent 

on t h e  p roper t i es  o f  t h e  incoming a i r  ( o t h e r  than temperature).  



Water-borne spray coat ing so lvent  i s  t y p i c a l l y  70 t o  80 percent 

water and 20 t o  30 percent organic solvent .  The organic so lvent  i s  a 

necessary p a r t  of the coat ing t h a t  gives proper l e v e l i n g  and performance 

proper t ies .  Un l ike  organic so lvent  mixtures, water i s  on ly  one compound 

w i t h  one evaporat ion r a t e  and b o i l i n g  po in t .  The heat o f  vapor iza t ion 

i s  much higher than organic solvents and the r a t e  o f  evaporat ion from a 

coat ing i s  very dependent on the r e l a t i v e  humidi ty  o f  the a i r  surrounding 

the coat ing as we l l  as the cosolvents used. Ro l l e r  app l i ca t i on  fo l lowed 

immediately by cu r ing  has l i t t l e  humidi ty  problem. When spray coat ing 

w i t h  water-borne coatings, humidi ty  con t ro l  i s  required. This increases 

energy consumption. This i s  an espec ia l l y  severe problem when spray 

booths are occupied. 

3.3.1 .3 Performance and Appearance -- Appearance of water-borne enamel s 

can be as good as organic solvent-borne enamels i f  proper cu r ing  procedures 

are  used. "Orange peel ,"t h a t  i s ,  bumpiness o f  the surface, i s  greater  

fo r  any enamel than f o r  lacquer. The organic so lvent  p o r t i o n  o f  water-borne 

coat ings minimizes t h i s  "orange pee " e f f e c t .  Only a l i m i t e d  number o f  

res ins  are ava i l ab l e  t h a t  a l l ow the generat ion o f  high-gloss water-borne 

coatings. Water-borne coat ings f o r  aluminum are f a r t h e s t  advanced w i t h  

t i n - p l a t e  s tee l  second. Coaters p r  ducing a wide v a r i e t y  o f  products 

and coaters who must warrant products f o r  l ong  per iods o f  t ime i n  severe 

environments have the same problems w i t h  water-borne coat ings as they do 

w i  t h  o the r  process changes. 

3.3.1.4 Energy C o n s u ~ ; ~ t i o n  -- The energy requ i red t o  remove the so lvent  

i s  greater  fo r  a given amount o f  water than f o r  the same amount o f  organic 

solvent .  The heat o f  vapor iza t ion o f  water i s  about 1000 B t u l l b ,  about 



5 times that for most organic solvents. The curing temperatures and 

time for water-borne coatings i s  greater t h a n  for organic sol vent- borne 

coatings. I t  should be noted that the energy for heating the part i t s e l f  

often exceeds the energy to remove the solvent and cure the coating, 

particularly with large metal parts. Counterbalancing these higher 

energy items i s  a significant savings in oven a i r  heating costs. Air 

recirculation i s  governed by the necessity t o  maintain levels below 

25 percent LEL (or somewhat greater with proper safety controls). 

Because of the lower solvent content per unit weight of sol ids,  the 

volume of exhaust a i r  can be safely reduced somewhat. In some cases, 

however, the coating quality can be adversely affected by too large a 

reduction, because of the drying properties of the coating. The net 

result i s  that the energy required to cure water-borne coatings i s  

approximately equal to t h a t  for organic solvent-borne coatings for some 

applications b u t  will be somewhat higher for most applications. 

If humidity control i s  required, a significant increase i,. 

electrical energy will occur, especially i f  the coating i s  applied in 

an occupied area. This will be discussed for the automotive and l ight  

truck assembly industry in Volume 11. 

3.3.1.5 Safety -- One of the major advantages of water-borne coatings 

i s  their  non-flammabil i ty and low toxicity. Considerable savings in 

insurance costs can be realized in some cases. 



3.3.2 High-sol i d s  Coatings 

3.3.2.1 I n t r o d u c t i o n  -- The bas ic  i n g r e d i e n t  i n  an organic coa t ing  i s  

the  b inder  o r  r e s i n .  A r e s i n  i s  a f i lm- forming organic polymer hav ing 

glassy, p las ' t i c ,  o r  rubbery p r o p e r t i e s  i n  the  d r i e d  s t a t e .  As app1 i e d  

the  r e s i n s  are l i q u i d s  o f  c o n t r o l l e d  v i s c o s i t y .  On d r y i n g  and c u ring 

(baking)  the  ma te r ia l s  undergo po lymer iza t ion  and cross-1 inkage t o  

form a s o l i d  f i l m  o f  the  des i red  p roper t i es .  

The m a t e r i a l s  f o r  r e s i n s  t o  be used i n  conventional solvent-borne 

coat ings  are "cooked" i n  r e s i n  k e t t l e s  t o  y i e l d  l i q u i d s  which have a 

h igh  v i s c o s i t y  a t  ambient temperatures. To f a c i l i t a t e  compounding w i t h  

pigments t h e  r e s i n s  a re  d i sso lved  i n  organ ic  so lvents  which reduce the  

v i s c o s i t y .  To f a c i  1 it a t e  appl i c a t i o n  more s o l  vent may be added. A f t e r  

appl ic a t i  on, t he  so l  vent  evaporates and t h e  r e s i n s  f u r t h e r  po l  ymeri ze 

t o  y i e l d  the  s o l i d  f i l m .  

The v i s c o s i t y  o f  t h e  coa t ing  as appl i e d  can be reduced by us ing  low 

molecular  weight monomers o r  "prepolymers," which a re  app l i ed  and then 

polymerized (cured) t o  the  h igh  molecular  weight  s o l i d  f i l m .  The amount 

o f  s o l  vent  requ i red  decreases w i t h  decreasing r e a c t a n t  molecular  weight  . 
However, as the  molecular  weight  o f  t he  r e s i n  formers are  reduced, t h e  

d i f f i c u l t y  o f  c o n t r o l  l i n g  the  po lymer iza t ion  reac t i ons  increases.  The 

a p p l i c a t i o n  and c u r i n g  cond i t i ons  must be p r e c i s e l y  f i t t e d  t o  t h e  reac tan t  

c h a r a c t e r i s t i c s  t o  y i e l d  a f i l m  o f  t h e  des i red  p roper t i es .  

Another method o f  reducing v i s c o s i t y  o f  h i  gh-sol i d s  coat ings  is 

by heat ing  the  coa t ing  ma te r ia l .  As a r u l e  of thumb an increase i n  

temperature from 70°F t o  125OF i s  equ iva len t  t o  a 10 percent  so l ven t  



reduct ion .  However, hea t ing  can cause l o s s  o f  so l ven t  c r u c i a l  t o  

t h e  a p p l i  c a t i o n  performance o f  h i  gh-sol i d s  c o a t i  ngs . Heat ing can a l s o  

cause premature gel a t i o n  of coat ings,  p a r t i c u l a r l y  on standing.  

The s o l i d s  content  of a coa t ing  i s  expressed as the  volume o r  

weight  o f  t he  f i n a l  cured coa t ing  per  volume o r  weight  o f  t he  coa t ing  

as appl ied.  The term "h igh  s o l i d s  coat ings"  i s  u s u a l l y  reserved f o r  

low so lven t  coat ings  which are app l i ed  and cured by convent ional  means. 

Low molecular  weight m a t e r i a l s  which a re  cured by r a d i a t i o n  ( u l t r a v i o l e t ,  

i n f r a r e d ,  and e l e c t r o n  beam) are c l a s s i f i e d  separateqy. Radiat ion-cured 

coat ings  are  discussed i n  Sect ions 3.3.3 and 3.3.8. 

High s o l i d s  coat ings  were f i r s t  de f i ned  by t h e  Los Angeles County 

A i r  P o l l u t i o n  Cont ro l  D i s t r i c t  i n  i t s  Rule 66; coat ings  o f  80 percent  

o r  more s o l i d s  (by volume) were exempt from emission l i m i t a t i o n s .  

Segments of the  coat ings  i n d u s t r y  have asked r e g u l a t o r y  agencies t o  

accept 70 percent  s o l i d s  by volume as the  d e f i n i t i o n  o f  h i g h  s o l i d s .  

Because t h e  v i s c o s i t y  of a c o a t i n g  increases r a p i d l y  w i t h  s o l  i d s  content ,  

c o a t i n g  manufacturers repor ted  t h a t  ser ious  c o a t i n g  a p p l i c a t i o n  problems 

a re  encountered a t  80 percent  s o l i d s  content .  As a consequence, some 

r e g u l a t i o n s  have been adopted t h a t  g i v e  exemptions t o  coat ings  w i t h  70 

percent  s o l i d s  by volume. The Boston T ranspor ta t i on  Cont ro l  Plan10 

i s  one such r e g u l a t i o n .  

Some coat ings  i n d u s t r y  representa t ives  a1 so r e p o r t  t h a t  even coat ings  

of 70 percent  s o l i d s  volume a re  n o t  now t e c h n o l o g i c a l l y  feas ib le ,  

a l though they  cons ider  70 percent  s o l  i d s  by we ight  as reasonable. 

Seventy percent  s o l i d s  by weight  corresponds t o  54 t o  65 percent  s o l i d s  



volume dependi ng on the coa t i  ng compos tion. Representati ves from 

the s ta te  agencies of 19 northeastern s ta tes ( r e fe r red  t o  as the Moodus 

Conference) on September 28, 1976, i n  New York C i t y  recommended t h a t  

coatings w i t h  70 percent so l i ds  by weight and coatings whose l i q u i d  

f r a c t i o n  contains no more than 30 percent v o l a t i l e  organic compounds 

be allowed emission l i m i t s  o f  550 I b s  per day and 110 I b s  per hour. 

3.3.2.2 Mater ia ls  and Processes -- Most h igh so l i ds  res ins  f a l l  i n t o  

two categories, two component ambient temperature cured and s i ng le  

component heat converted. The most important types are as fo l lows:  

Two Component Single Component 
Ambient Cure Heat Converted 

Urethane EPOXY 

Acryl ic-Urethane Acryl  ic 

Epoxy/ami ne Polyester  

A1 kyd 

Many two component systems use a c a t a l y s t  t o  increase the cur ing  

react ions.  Although these chemical react ions can take place a t  room 

temperature, many p lan ts  use low-temperature ovens t o  cure two-component 

systems r a p i d l y  so t h a t  the coated product can be handled sooner. The 

oven temperatures requ i red are much lower than f o r  conventional ovens and 

the amount o f  so lvent  i s  lower. This w i l l  r e s u l t  i n  la rge  energy savings. 

Most thermosett ing h igh-so l ids  coatings are based on epoxy o r  urethane 

res ins .  The most popular two-component coatings are based on polyurethane 

res ins .  Coatings proper t ies  compare favorably w i t h  those obtained from 

conventional based enamels. Tox i c i t y  o f  the isocyanates used f o r  urethanes 

i s  a po ten t i a l  problem. 



Fast - reac t ing  two-component systems are u s u a l l y  app l i ed  w i t h  

spec ia l  spray guns t h a t  mix the  two components a t  t he  spray nozzle. 

Thi s  equipment, more compl i c a t e d  than convent ional  spray equipment, i s  

a l so  more expensive. Some s lower- reac t ing  two-component coat ings  can 

be app l i ed  w i t h  convent ional  spray equipment. 

H igh-so l ids  coat ings can be used i n  a  v a r i e t y  o f  i n d u s t r i a l  coa t ing  

processes. Two-component c a t a l y t i c a l l y  cured coat ings  are p r e s e n t l y  

being a i r  sprayed t o  coat  small  metal products. I t  might  be poss ib le  

t o  coat  l a r g e r  products such as automobiles w i t h  such systems. The c o i l  

coa t ing  i n d u s t r y  i s  c u r r e n t l y  i n v e s t i g a t i n g  t h e  possi  b i 1it y  o f  us ing  

h igh-so l  i d s  coat ings,  e s p e c i a l l y  two-component c o a t i  rigs.l1The can 

i n d u s t r y  i s  t e s t i n g  a  r o l l - c o a t - a p p l i e d  h i g h  s o l i d s  coa t fng  f o r  can 

e x t e r i o r s .  I n t e r i o r s  o f  cans can p o s s i b l y  be coated w i t h  spray-appl ied 

h igh -so l i ds  coat ings .  Coatings o f  h i g h  v i s c o s i t y  can be app l i ed  w i t h  a  

k n i f e  coater ,  there fore ,  t h e  paper and c l o t h  i n d u s t r y  may be ab le  t o  

app ly  h igh-so l  i d s  coat ings  us ing  e x i s t i n g  k n i f e  coa t ing  equipment. 

3.3.2.3 Advantages o f  Hi  gh-sol i d s  Coatings -- I n  a d d i t i o n  t o  r e d u c t i  on 

of so l ven t  emissions h igh -so l i ds  coat ings have o t h e r  advantages: 

1. I n  most cases convent ional  a p p l i c a t i o n  methods can be used. 

Therefore, convers ion cos ts  are  1  ow. 

2. I n  many cases, the  energy requ i red  f o r  c u r i n g  i s  l e s s  than 

e i t h e r  convent ional  s o l  vent  coat ings  o r  water-borne coat ings .  However, 

i n  some cases h igher  c u r i n g  temperatures are r e q u i r e d  and energy usage 

i s  g rea te r  than f o r  convent ional  coat ings.  



3.  I n  some cases t h i c k  coat ings  can be appl ied,  t h a t  mask surface 

defects ( i f  des i red) ,  so t h a t  l e s s  sur face p repara t i on  f o r  a product  

i s  needed. 

3.3.2.4 Disadvantages o f  H igh-so l ids  Coatings -- The 1 i m i t a t i o n s  o f  h igh-  

s o l i d s  r e l a t e  t o  t h e  p r o p e r t i e s  and a v a i l a b i l i t y  o f  these coat ings:  

1. Achieving the  des i red  p r o p e r t i e s  i n  t h e  f i n i s h e d  coa t ing  i s  

d i f f i c u l t .  I n  conventional coat ings the  necessary f u n c t i o n a l  p r o p e r t i e s  

are  c reated by polymer b u i l d i n g  i n  t h e  r e s i n  k e t t l e .  Solvents are  then 

added t o  opt imize  a p p l i c a t i o n  and appearance. Most o f  t h e  po lymer iza t ion  

i n  h igh -so l i ds  coat ings occurs a f t e r  a p p l i c a t i o n  and c o n t r o l l i n g  t h e  

cond i t i ons  so as t o  produce the  des i red  p r o p e r t i e s  i s  much more d i f f i c u l t .  

2. The a v a i l a b i l i t y  o f  h igh -so l i ds  coat ings  i s  very 1 i m i  ted.  These 

coat ings  a re  j u s t  beginning t o  be converted f rom l a b o r a t o r y  coat ings  t o  

proven i n d u s t r i a l  f i n i s h i n g  systems. Coating manufacturers r e p o r t  t h a t  

e f fo r t s  t o  produce coat ings  o f  80 percent  s o l i d s  by volume have been 

unsuccessful. Coatings o f  70 percent  s o l i d s  a re  s t i l l  i n  t h e  developmental 

stage. Only coat ings  i n  t h e  50 t o  60 percent  s o l i d s  range appear t o  

o f f e r  immediate prospects f o r  expansion t o  widespread usage. 

3. P o t - l i f e  o f  two component systems i s  very  shor t ,  l e a d i n g  t o  

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

4. There i s  a h e a l t h  hazard associated w i t h  t h e  isocyanates used 

i n  some two-component systems (urethanes) . 



3.3.2.5 Organic Solvent  Emission Reduction P o t e n t i a l  -- I n  o rde r  t o  

compare emissions f o r  coat ings o f  var ious fo rmula t ions  a common bas is  

i s  necessary, such as a g iven volume o r  weight  o f  cured s o l i d s .  Table 3-4 

makes such a comparison f o r  o rgan ic  solvent-borne coat ings  and water-borne 

coat ings .  The water-borne coa t i ng  i s  assumed t o  have a v o l a t i l e  p o r t i o n  

con ta in ing  80 percent  water and 20 percent  o rgan ic  solvent .  Such coat ings  

a r e  exempt from emission 1 i m i t a t i o n s  by Rule 66 type regu la t i ons .  

I t  can be noted t h a t  t h e  emissions f rom a t y p i c a l  water-borne coa t i ng  

o f  25 percent  s o l i d s  by volume w i l l  have about t h e  same emission as an 

organ ic  solvent-borne coa t i ng  o f  60 percent  s o l i d s  by volume. Coatings 

manufacturers and users have contended t h a t  organi  c  so1 ven t -borne c o a t i  ngs 

should have the  same emission exemption as water-borne coat ings,  on the  

bas is  o f  comparable q u a n t i t i e s  o f  s o l i d s .  They m a i n t a i n  t h a t  such an 

a1 lowance woul d g r e a t l y  s t imu l  a t e  the  f u r t h e r  development o f  h i  gh-sol ids 

coat ings.  

3.3.3 Powder Coatings 

3.3.3.1 I n t r o d u c t i o n  -- Powder coa t i ng  i nvo l ves  t h e  a p p l i c a t i o n  o f  f i  ne l y  

d i v i d e d  coa t i ng  s o l i d s  t o  a sur face,  f o l l owed  by a m e l t i n g  of t h e  coa t i ng  

s o l i d s  i n t o  a cont inuous f i l m .  Very l i t t l e  s o l v e n t  i s  used ( l e s s  than 

one percent ) ,  and the  process i s  thus almost p o l l u t i o n  f r e e .  Several types 

o f  r e s i n s  may be app l i ed  as a powder, b u t  t he re  are  l i m i t a t i o n s  on t h e  

type of  o b j e c t s  t h a t  can be powder coated. Advantages of and problems 

w i t h  powder coa t i ng  are discussed below. 



TABLE 3-4. COMPARISON OF EMISSIONS FROM 
ORGANIC SOLVENT-BORNE AND WATER-BORNE COATINGS 

Basis: 1 gal  o f  s o l i d s  weighing 11 I b s .  

Organ i c Sol vent- 
_ Borne Coat ing 

Percent Sol ids  
by Vol by W t .  

Organic 
Emi s s i  ons 

g a l  l b s  

7.3 42 

4.0 26 

--

Water-borne* 
Coati nqs 

. 

Organic 
Emissions 

gal -l b s  

1.8 11*9  

7.1 7.4 

2.3 15 

1.5 9.9 

0 6.6 

0.67 4.3 

0.43 2.8 

0.25 1.6 

* V o l a t i l e  p o r t i o n  i s  assumed t o  be 80 percent  water  and 20 pe rcen t  o rgan ic  so lvent .  



3 . 3 . 3 . 2  Advantages o f  Powder Coat ing -- I n  a d d i t i o n  t o  t h e  a lmos t  t o t a l  

e l i m i n a t i o n  o f  o r g a n i c  s o l v e n t  emissions, powder c o a t i n g  has seve ra l  

advantages ove r  so lven t -borne  coa t i ng :  

1. S i n g l e  coa t  a p p l i c a t i o n  i s  p o s s i b l e  w i t h  t h e  f l ~ r i d i z e d  bed 

techn ique  f o r  t h i ckness  up t o  40 m i l  w i t h  one a p p l i c a t i o n  versus severa l  

appl  ic a t i o n s  necessary f o r  so lven t -borne  coa t i ngs .  

2. M a t e r i a l  u t i l i z a t i o n  can approach 100 p e r c e n t  i f  t h e  powder 

can be c o l l e c t e d  and reused. Th i s  f a c t o r  a1 lows powder c o a t i n g  t o  be 

p o t e n t i  a1 l y  t h e  most economi ca1 c o a t i n g  m a t e r i a l .  The d i f f i c u l t y  w i t h  

reuse  o f  powder occurs i f  m u l t i p l e  c o l o r s  a r e  used. T h i s  w i l l  be d iscussed  

1  a t e r .  

3. Sa fe t y  aspects o f  powder coa t i ngs  o f f e r  some advantages. Powders 

a re  low i n  t o x i c i t y  and n o n f l a m a b l e  i n  s to rage ;  however, v i r t u a l l y  any 

o r g a n i c  powder suspended i n  a i r  can be exp los i ve .  

4. Maintenance i s  g e n e r a l l y  l e s s  because t h e  powder can be vacuumed 

from any unbaked areas. L i kew ise  t h e  p a i n t  f rom any mis takes can s imp l y  

be vacuumed o f f  from unbaked i tems.  

5.  Exhaust a i r  volume i s  g r e a t l y  reduced f rom t h a t  used f o r  s o l v e n t -  

borne  spray  because a p p l i c a t i o n  i s  g e n e r a l l y  e i t h e r  au tomat ic  o r  e l s e  

done i n  a much s m a l l e r  area. Spray boo th  a i r  t h e o r e t i c a l l y  c o u l d  be 

fi1  t e r e d  and r e t u r n e d  t o  t h e  p l a n t  i n t e r i o r .  Fan power i s  reduced as a r e  

space c o o l i n g  o r  h e a t i n g  requi rements.  

6. Water p o l  l u t i  on problems a re  absent because d r y  p a r t i c u l a t e  

c o l l e c t i o n  i s  p o s s i b l e .  



7 .  Natura l  gas usage can be t h e o r e t i c a l l y  decreased because l i t t l e  

d i  1 u t i  on a i r  i s  requ i red  i n  ovens. However, h igher  bake temperatures 

are  u s u a l l y  requ i red ,  which may resu l  t i n  increased gas usage. 

3.3.3.3 Disadvantages o f  Powder Coat ing -- Some o f  t he  s p e c i f i c  problems 

w i t h  d i  f f e r e n t  methods o f  appl i c a t i o n  are  discussed 1 a t e r .  General 

problem areas i n c l  ude the  f o l l o w i n g :  

I .  Color  change i s  a d i f f i c u l t  problem f o r  powder. The automobi le 

and t r u c k  assembly i n d u s t r y  has t h i s  problem i n  i t s  extreme. Here, 

c o l o r  changes can occur as o f t e n  as once a minute and 'w i th  as 1 i t t l e  

as 15 seconds t o  change co lo rs  between veh ic les .  Furthermore, more than 

a dozen co lo rs  a re  u s u a l l y  app l ied .  For  f l u i d i z e d  bed methods, con-

s ide rab le  t ime would be necessary t o  sw i t ch  c o l o r s  because c leanout  

o f  the  equipment would be necessary. A separate d i p  f o r  each c o l o r  

would be necessary i f  c o l o r  were changed more than once a day. For 

spray operat ions,  t h e  problem o f  changing c o l o r s  can be so lved by sw i t ch ing  

coa t i ng  supply 1 i nes  and pu rg ing  the  smal l  amount o f  powder i n  the  nozzle. 

Th is  can, however, be a d i f f i c u l t  mechanical problem. A remain ing 

d i f f i c u l t y  w i t h  c o l o r  change i s  t he  problem o f  reus ing  overspray. I f  

c o l o r s  become mixed i n  the  c o l l e c t i o n  device, reuse o f  powder i s  impossib le 

f o r  any a p p l i c a t i o n s  t h a t  change c o l o r s  more than about once a day, 

unless t h e  number o f  c o l o r s  are few and i t  i s  f e a s i b l e  t o  use separate 

spray areas f o r  each. Wi thout  t h e  a b i l i t y  t o  reuse t h e  oversprayed 

powder, powder coa t i ng  1oses one of i t s  c h i e f  economi c advantages---

low m a t e r i a l s  l o s s .  



2. Color masking i s  more d i f f i c u l t  f o r  e l e c t r o s t a t i c a l l y  appl i e d  

powder coat ings than f o r  so l  vent-borne coat ings.  Fine d e t a i l  , such as 

p r i n t i n g ,  i s  n o t  poss ib le  and even two-tone automobiles present  a  

problem, a l b e i t  a  so lvab le  one. 

3. Powder coa t ing  ma te r ia l s  are d i s c r e t e  p a r t i c l e s  each of which 

must be t h e  same col o r .  Thus, there  can be no user  t i n t i n g  o r  b lend ing 

and a l l  co lors  must be ava i lab  l e  from t h e  manufacturer. For a  coater  

t h a t  must match a  g  i ven  co lo r ,  such as i n  a  trademark, t he  necessary 

c o l o r  may n o t  be a v a i l  able. Color matching problems. can occur when us ing 

recyc l  ed powder. 

4,, The h igh  cu r ing  temperature requ i red  f o r  powder coat ings makes 

them app l i cab le  on ly  f o r  metals and some p l a s t i c s .  

5. A  t y p i c a l  p a r t i c l e  s i z e  f o r  sprayed powder coat ing  m a t e r i a l s  i s  

genera l l y  g rea te r  than 15 m i  crometers. Because 1  m i l  i s  about 25 

micrometers, i t  i s  obvious t h a t  t h i n ,  un i fo rm spray coat ings are  d i f f i c u l t  

t o  achieve a t  coa t ing  th ickness o f  l e s s  than 2 t o  3 m i  1s. F l u i d i z e d  bed 

coat ing  ma te r ia l s  are  usual l y  about 200 m i  crometers i n  diameter and thus 

are  n o t  app l i cab le  f o r  t h i n  coat ings. 

3.3.3.4 Appl ic a t i o n  Methods -- The th ree  general appl ic a t i  on methods f o r  

powder coat ings are  e l e c t r o s t a t i c  spray, convent ional  f l u i d i z e d  bed, and 

e l e c t r o s t a t i c  f l u i d i z e d  bed. 12 



E l e c t r o s t a t i c  Spray -- I n  t h i s  method, an e l e c t r o s t a t i c  charge i s  used 

t o  a t t r a c t  and h o l d  the  p a r t i c l e s  t o  the  o b j e c t  u n t i l  they can be heated 

t o  form a continuous coat ing.  E l e c t r o s t a t i c  powder spray coat ing  invo lves  

t h e  passing o f  a powder through a spray gun where i t  i s  g iven an e l e c t r i c a l  

charge. The o b j e c t  i s  e l e c t r i c a l l y  grounded and t h e  powder i s  a t t r a c t e d  

t o  t h e  ob jec t .  I f  the  o b j e c t  i s  above t h e  m e l t i n g  p o i n t  o f  t he  powder, 

t h e  powder w i l l  me1t, l o s i n g  most o f  i t s  charge and a l l ow ing  f u r t h e r  

a t t r a c t i o n .  Ift h e  o b j e c t  i s  n o t  above t h e  m e l t i n g  po in t ,  t h e  powder 

w i l l  he a t t r a c t e d  t o  the  sur face and the  charge w i l l  b u i l d  up because 

unmel t e d  powder i s  genera l l y  a poor e l e c t r i c a l  conductor. The powder i s  

a t t r a c t e d  t o  areas w i t h  l e s s  coat ing  and thus good u n i f o r m i t y  o f  coa t ing  

i s  obtained. Powder cont inues t o  b u i l d  up u n t i l  t h e  charge from deposi ted 

powders i s  such t h a t  no more powder i s  a t t r a c t e d .  The app l i ed  powder w i l l  

remain a t t r a c t e d  t o  the  o b j e c t  u n t i l  t h e  powder i s  me1 t e d  i n t o  a continuous, 

smooth coat ing.  Appl i c a t i o n  can be automatic o r  by manual spray. An 

example o f  an e l e c t r o s t a t i c  spray l i n e  i s  shown i n  Figure 3-18. 

I n  e l e c t r o s t a t i c  spray app l i ca t i on ,  t h e  o b j e c t  t o  be coated does n o t  

need t o  be h o t  and thus does n o t  need t o  have a h i g h  heat  capaci ty .  There 

i s ,  however, t h e  requirement t h a t  t h e  sur face be conduct ive so t h a t  i t  

may be grounded. This means t h a t  metals o r  conductive-primed mater i  a1 s 

must be used. There i s  s t i l l  a heat - res is tence requirement f o r  t h e  o b j e c t  

t o  be coated s ince  powders r e q u i r e  a temperature over  3 0 0 ' ~  t o  cure. 

This l i m i t s  t h e  use of powder coat ings on paper, f ab r i c ,  and many types 

of p l  a s t i  cs. 
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F igu re  3-1 8. Typical powder spray operation. 

(Courtesy Society of Manufacturing Engineers) 



Coverage of recessed areas i s  b e t t e r  w i t h  e l e c t r o s t a t i c  spray 

than w i t h  f l u i d i z e d  beds s ince the powder w i l l  seek ou t  areas w i t h  l e s s  

coat ing.  P r e f e r e n t i a l  coat ing  o f  one s ide  o f  f l a t  3b jec ts  can a l so  be 

achieved, b u t  some over lap i s  d i f f i c u l t  t o  avoid. Masking i s  d i f f i c u l t  

as the  powder can d i f f u s e  e a s i l y  through small cracks o r  over1 ap i n  the  

masking. F i n a l l y ,  some shapes are d i f f i c u l t  t o  coat  because of 

"Faraday Cage" e f f e c t .  This i s  a phenomenon t h a t  prevents charged 

p a r t i c l e s  from e n t e r i n g  c e r t a i n  recessed areas because o f  r e p u l s i o n  from 

charged p a r t i c l e s  near t h e  area. 

E l e c t r o s t a t i c  spray coat ings have been used f o r  a wide v a r i e t y  of 

16
products i n c l u d i n g :  metal chai  rs14, s t a d i  um seats15, a i r  f i  1 t e r s  , 

20telephones1', lawn spr ink le rs18,  appl iances19, magnetic w i r e  i n s u l a t i o n  , 

and b u i l d i n g  panels. General Motors and Ford have experimented w i t h  

e l e c t r o s t a t i c  powder spray f o r  automobi le bodies. 

Conventional F l u i d i z e d  Bed -- I f  a f l u i d  (such as a i r )  i s  passed up through 

a bed o f  g ranu la r  s o l i d s  w i t h  s u f f i c i e n t  v e l o c i t y ,  t h e  s o l i d s  w i l l  be 1 i f t e d  

by the  f l u i d .  I f  t h e  vessel design i s  such t h a t  t he  s o l i d s  r i s e  and f a l l  

i n  a conf ined area, t h e  bed i s  s a i d  t o  be f l u i d i z e d  because i t  has many 

o f  p r o p e r t i e s  o f  a f l u i d .  The process o f  f l u i d i z a t i o n  i s  shown i n  

F i  gure 3-19. F l  u i  d i  zed bed appl ic a t i  on of powder invo l  ves the  i.mmersion 

of a heated o b j e c t  i n  the  f l u i d i z e d  bed. Powder adheres t o  t h e  surface 

and may be reheated t o  c reate  a smoother coat ing.  A schematic i s  shown 

i n  F igure  3-20. To ob ta in  c o n s i s t e n t  coat ings,  i t  i s  necessary t o  keep 

t h e  p a r t  temperature and t h e  bed p r o p e r t i e s  constant. This i s  done by 

c a r e f u l  c o n t r o l  o f  cu r ing  t ime and temperature and by f requent  a d d i t i o n  

of m a t e r i a l s  t o  the  f l u i d i z e d  bed. 



LOW AIR FLOW; FLUIDIZATION HIGH AIR FLOW; 
BED STATIONARY BEGINS BED FLUIDIZED 

G GAS 

INCREASING AIR FLOW 4 

Figure  3-19. Steps in bed fluidization. 
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Figure  3-20. Fluidized bed coating process. 



The f l u i d i z e d  bed process can achieve a good q u a l i t y  coat ing  of 

7 t o  30 m i l s  th ickness w i t h  g rea te r  consistence than dust ing.  l3The 

ob jec ts  t o  be coated must be capable o f  being heated t o  the  necessary 

temperature and must have s u f f i c i e n t  heat  capac i ty  t o  m e l t  t h e  coat ing.  

This e s s e n t i a l l y  l i m i t s  the  method t o  metal products. F l u i d i z e d  bed 

coat ings do n o t  depend on g r a v i t y  alone as does dust ing,  b u t  there  are 

s t i  11 d i  f f i c u l  ties w i t h  coat ing  recessed areas o r  complex shapes. 

F l  u i  d ized beds have been successfu l  l y  used i n  appl icat ions  such as 

dishwasher racks and w i r e  coat ing.  

E l e c t r o s t a t i c  F l u i d i z e d  Bed -- A r e l a t i v e l y  new e l e c t r o s t a t i c  appl ic a t i o n  

method i s  e l e c t r o s t a t i c  f l u i d i z e d  bed. The f l u i d i z e d  bed i s  a source o f  

charged powder f o r  appl icat ion .  Electrodes a re  p l  aced w i t h i n  t h e  f l  u i d i  zed 

bed t o  g i ve  the  p a r t i c l e s  a charge. The charged p a r t i c l e s  repe l  each o t h e r  

and r i s e  i n  t h e  bed. As a grounded o b j e c t  i s  passed over o r  through the  

bed, the  charged p a r t i c l e s  a re  a t t r a c t e d  t o  it.12 An oven i s  then used 

t o  me1 t t h e  powder t o  a continuous coat ing.  F igure  3-21 shows a t y p i c a l  

l i n e .  Again, p a r t s  may be preheated t o  g i v e  t h i c k e r  coat ings.  

Some powders, i n c l u d i n g  p o l y v i  n y l  c h l o r i  de and n y l  ons , have e l  e c t r i  c a l  

p r o p e r t i e s  t h a t  make them unusable i n  t h i s  process. l2Some o f  t h e  m a t e r i a l s  

t h a t  can be used are: epoxies, ce l  l u l  ose aceta te  butyrates,  po lyes ters ,  

polypropylenes, polyethylenes, a c r y l  ics, f l  uorocarbons , and c h l  o r i  nated 

p o l  yethers.  
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Figure 3-21. Typical electrostatic fluidized bed operation. (Courtesy Society of Manufacturing 
Engineers). 



Other e l e c t r o s t a t i c  appl ic a t i o n  methods t h a t  have had li m i t e d  

appl ic a t i o n  are  the  e l e c t r o s t a t i c  c u r t a i n  and e l e c t r o s t a t i c  d i s c  methods. 

The e l e c t r o s t a t i c  c u r t a i n  method uses a  t r a v e l i n g  b e l t  f i l t e r  t o  h o l d  

the  powder before spraying. A j e t  o f  a i r  propels the  powder through a  

charging area towards the ob jec t .  This method i s  most app l i cab le  f o r  

l a r g e  f l a t  ob jec ts  because i t  app l ies  an equal q u a n t i t y  o f  powder t o  

a l l  areas o f  t h e  passing surface.13 The e l e c t r o s t a t i c  d i s c  method uses a 

r o t a t i n g  nonconductive d i s c  as a  powder d i s t r i b u t e r .  The d i s c  i s  

coated w i t h  a  r e s i s t i v e  m a t e r i a l  t h a t  i s  charged and imparts a  charge 

t o  t h e  powder. This method has been used t o  apply powder t o  s t e e l  door 

13jam sect ions.  

D u s t i n g  -- Dust ing o r  f l o c k i n g  as i t  i s  sometimes ca l l ed ,  i s  t h e  

e a r l i e s t  and s imples t  powder a p p l i c a t i o n  method. It invo lves  t h e  appl i-
c a t i o n  o f  powdered mate r ia l  "onto a  sur face which i s  a t  a  temperature 

above the  melt ing p o i n t  o f  the  powder so as t o  have the powder fuse 

upon h i t t i n g  the  sur face and form a  coa t ing  over  the  surface.'* When 

powder . is app l i ed  t o  an o b j e c t  a t  350 t o  500°F, some o f  i t  w i l l  adhere 

and become tacky. The mate r ia l  may be reheated t o  cause t h e  powder 

t o  f l o w  i n t o  a  smoother coat ing.  A p p l i c a t i o n  may be by automatic o r  

manual means. Spray guns are normal l y  used t o  d i s t r i b u t e  t h e  coat ing.  

Dust ing has been used t o  apply powder t o  raw rubber goods, t o  

prevent  o f f s e t  i n  the  p r i n t i n g  i ndus t ry ,  t o  color-code s t e e l  b i l l e t s ,  and 

t o  coat  sheet  p l a s t i c  i n  2 , ;g ina l  processi l ly.12 Dust ing  i s  l i m i t e d  i n  

t h e  consistency o f  coat ings t h a t  can be appl ied.13 A p p l i c a t i o n  i s  s o l e l y  

by g r a v i t y  s e t t l i n g ,  so coat ing  o f  complex shapes i s  d i f f i c u l t  i f  n o t  

impossib le.  



3.3.4 Hot Melt Formulations -- Hot melt coatings are applied in a 

molten s t a t e .  The molten resin film cools soon a f t e r  being applied 

to  the substrate.  Because there i s  no solvent to evaporate, v i r tua l ly  

100 percent of the materials t ha t  are deposited remain as a sol id par t  

of the coating. Hot melt coatings are most often applied to  paper, 

paperboard, c loth,  and p las t ic .  

When the hot me1 t coating has been applied and cooled, the film does 

not need fur ther  heat curing. Since the only heat required i s  tha t  t o  

me1t the coating i n i t i a l l y  and to  heat the coating applicator,  a considerable 

energy savings can resu l t  compared to oven curing. Also, because an 

oven i s  not needed, less  f loor  space i s  needed fo r  the coating l ine .  

The l ine  can be r u n  f a s t e r  with hot melts than with organic solvent- 

borne coatings. A chi l led ro l l  can be used to  speed cooling, i f  necessary. 



Hot m e l t  coat ings are app l i ed  a t  a  v a r i e t y  o f  temperatures. Low 

m e l t i n g  p o i n t  coat ings  are a p p l i e d  a t  temperatures as low as 150 t o  

210°F. These are m a t e r i a l s  such as waxes o r  p a r a f f i n  coat ings  t h a t  a re  

s o f t  and easy t o  scra tch .  To improve sc ra tch  res is tance,  h ighe r  m e l t i n g  

r e s i n s  are added. These are  u s u a l l y  s y n t h e t i c  o rgan ic  compounds. Hot 

m e l t  blends w i t h  m e l t i n g  p o i n t s  i n  t he  range o f  300 t o  450°F u s u a l l y  

con ta in  no p a r a f f i n ,  waxes, o r  o the r  low m e l t i n g  p o i n t  i n g r e d i e n t s  b u t  

r a t h e r  a re  composed o f  f i l m  forming r e s i n s  and p l a s t i c i z e r s .  The r e s u l t a n t  

f i l m s  from such h igh  me1 t i n g  p o i n t  fo rmula t ions  show p r o p e r t i e s  t h a t  

21are  comparable t o  h i  gh grade s o l  vent-borne coat ings . 
Hot me1 t coat ings  must, o f  course, be a p p l i e d  a t  temperatures t h a t  

a re  h i g h e r  than t h e  m e l t i n g  p o i n t  o f  the  coat ing .  Because t h e  subs t ra te  

may be harmed by h igh  temperatures, h o t  m e l t  coat ings  w i t h  m e l t i n g  points  

above 400°F cannot be used f o r  some a p p l i c a t i o n s .  However, some 

e x t r u s i o n  coat ings  are heated t o  600°F t o  achieve proper  adhesion between 

t h e  polymer and subs t ra te .  22 

Hot me1 t s  may be a p p l i e d  i n  a  v a r i e t y  o f  ways. Usua l l y  spec ia l  

heated c o a t i n g  equipment i s  requ i red .  Lower m e l t i n g  h o t  me1 t s  may be 

a p p l i e d  by heated ro togravure  o r  r o l l  coa ters .  Ex t rus ion  coaters  are  

w ide l y  used a1 so, especi a1 l y  w i t h  h ighe r  me1 t ing p o i n t  m a t e r i a l s  . 
Ex t rus ion  coat ings are a  l a r g e  subclass o f  h o t  m e l t  coat ings .  I n  

t h i s  t ype  o f  coa t i ng  a  screw ex t rude r  discharges a  mol ten p l a s t i c  sheet 

onto t h e  subs t ra te .  Food conta iners  such as m i l k  carbons are  o f t e n  

coated w i t h  e x t r u s i o n  coat ings because t h e  p l a s t i c  f i l m  provd ies  a  good 

mois ture  b a r r i e r .  



Ethylene/vi nyl acetate copolymer, 1 ow and medi u m  density poly- 

ethylenes are the resins rnos t widely used for  hot me1 t coati ngs. 

Polyethylene forms a strong fi lm, mixes we1 1 with other resins and 

waxes, has good water resi stance, has good f lexi  bi 1 i ty a t  low temperatures, 

and i s  re lat ively low in cost. Other resins used include vinyls, 

cell  ul ose es te rs  , a1 kyl es te rs  , malei c e s t e r s ,  and polystyrenes . A1 1 of 

these materi a1 s must have vi scosi t i e s  sui tab1 e fo r  appl i cation and they 

must be chemically s table  fo r  long periods in the molten s t a t e .  

Hot me1 t s  are applicable to  the paper and fabr ic  coating industry, 

a1 though only for  certain applications. Thus, hot me1 t coatings cannot 

be judged to  be universally applicable in the paper and fabric  coating 

industry a t  t h i s  time. 

3 . 3 . 5  Electrostat ic  Spray Coating -- Electrostat ic  spray coating u t i l i zes  

the a t t r ac t ive  force between materials of opposite e lec t r ica l  charge as an 

aid in applying a uniform coating to various surfaces. The method reduces 

overspray and waste and thereby increases the coatings application 

efficiency over conventional spray coating processes. In the case of 

sol vent- and water-borne coatings, t h i s  will  i n  e f f ec t  reduce the amount 

of coating sol ids  and corresponding solvent ca r r i e r  needed f o r  a spec i f ic  

coating job. Electrostat ic  spray coating can be used t o  apply solvent- 

borne, water-borne, or  powder coatings. Powder coatings are discussed 

in Section 3 . 3 . 3 .  

In typi ca1 e l ec t ros t a t i c  spray coating processes where re1 a t i  vely 

nonconducti ve sol vent-based coati ngs are  used, coating par t ic les  are 



charged up t o  100,000 v o l t s  w i t h  an e l e ~ t r o d e . ' ~  The grounded o b j e c t  

then a t t r a c t s  t h e  nega t i ve l y  charged p a r t i c l e s ,  which are captured t o  

form a f i l m .  I n  instances where conduct ive coat ings are used, water-borne 

coat ings,  f o r  example, i t  i s  poss ib le  t o  use reverse p o l a r i t y ,  t h a t  i s ,  
24

charging the o b j e c t  t o  be coated and grounding t h e  spray equipment. 

E . l ec t ros ta t i c  spray coa t ing  i s  p r i m a r i l y  app l i cab le  t o  metal surface 

coat ing .  I t  i s  o f  p a r t i c u l a r  value f o r  complex shapes. Glass, p l a s t i c s ,  

paper and f a b r i c  have been success fu l l y  coated w i t h  t h i s  technique. 

Corners o r  extreme concave shapes on ob jec ts  may escape coa t ing  due t o  

t h e  "Faraday cage" e f fec t .24  This phenomenon r e s u l t s  from the  r e p u l s i v e  

e l e c t r i c a l  forces i n  corners o r  concave areas. 

E l e c t r o s t a t i  c  spray coat ing  has t h e  p o t e n t i  a1 o f  reducing organ ic  

emissions s ince i t  can improve the  e f f i c i e n c y  o f  a p p l i c a t i o n  of s o l i d s  over  

o rd ina ry  spray. This r e s u l t s  i n  l e s s  organ ic  sol 'vent emissions. 

3.3.6 E lec t ron  Beam Curing 

.-3.3.6.1 I n t r o d u c t i o n  -- The e l e c t r o n  beam cu r ing  process uses h i g h  energy 

e lec t rons  t o  promote cu r ing  o f  e l e c t r o n  beam-curable coat ings . Electrons 

bombard a  coat ing  t o  produce f r e e  r a d i c a l s  throughout the  coat ing.  Th is  

i n i t i a t e s  a  c ross l  i n k i n g  r e a c t i o n  t h a t  cont inues u n t i  1  the  coa t ing  i s  

cured. The e n t i  r e  process takes on ly  a few m i  11 iseconds t o  complete. 25 

Since most f ree  r a d i c a l s  are  terminated by oxygen. An i n e r t  atmosphere 

i s  des i rab le  so t h a t  t h e  surface o f  t h e  coat ing  w i l l  n o t  be l e s s  h i g h l y  

c ross l  i nked  than t h e  i n t e r i o r .  



3 . 3 . 6 . 2  Energy Consumption -- The energy source f o r  e l e c t r o n  beam cu r ing  

i s  e l e c t r i c a l .  The e l e c t r o n  beam cu r ing  u n i t  conta ins an e l e c t r o n  

acce le ra to r  t h a t  ac t i va tes  the  e lec t rons  t o  the  necessary energy s ta te .  

The h i g h  energy e lec t rons  are emit ted,  cu r ing  the  coat ing  by a  s t a t i o n a r y  

o r  moving beam. 

The energy requirements f o r  e l e c t r o n  beam c u r i n g  are  dependent on 

the s i z e  o f  the u n i t  and the  coat ing  th ickness b u t  are t y p i c a l l y  lower 

than f o r  thermal cur ing.  There i s  an a d d i t i o n a l  energy savings 

because o f  the  i n s t a n t  s t a r t u p  and shutdown c a p a b i l i t y  o f  the  

e l e c t r o n  beam u n i t .  

3.3.6.3 Safety -- E lec t ron  beam cu r ing  u n i t s  must be sh ie lded p roper l y  

t o  avoid r a d i  a t i  on exposure. Accordi ng t o  occupat ional  Safety and Hea l th  

Admin is t ra t i on  regu la t i ons  , exposure should n o t  exceed 5 m i 11iFerns of 

r a d i a t i o n  i n  1  hour and 100 m i l l i r e m s  i n  any 5 consecut ive days. 26 

Some e l e c t r o n  beam-curabl e  coat ings may conta in  monomers t h a t  

a re  t o x i c .  Caution should be taken when us ing such monomers. 

3.3.6.4 Organic Solvent  Emissions Reduction P o t e n t i a l  -- There have 

been few, ifany, t e s t s  performed t o  q u a n t i f y  o rgan ic  vapors emi t ted  

d u r i n g  t h e  c u r i n g  process. It i s  genera l l y  assumed t h a t  some low 

mol ecul  a r  wei gh t  organic compounds are  emi t ted  du r ing  c u r i n g  even 

though a l l  t he  components are  reac t i ve .  There a l so  may be some ozone 

generated from the c u r i n g  process i t s e l f .  2 7 

3.3.6.5 A p p l i c a t i o n  t o  I n d u s t r i e s  Studied -- The use o f  e l e c t r o n  beam 

c u r i n g  i s  most e f f e ~ t i . . ~  on f l a t  sur faces where the  e l e c t r o n  beam s t r i k e s  

t h e  sur face v e r t i c a l l y .  I f  the  beam s t r i k e s  the  sur face a t  an angle 

c l o s e r  t o  t h e  h o r i z o n t a l  , the  amount o f  absorbed energy can be too  small  

and the  coa t ing  w i l l  n o t  cure p roper l y .  



Electron beam curing, unlike u l t rav io le t  l i gh t  curing, can cure 

thick and pigmented coatings because of the penetrating power of the 

electrons. 

Because electron beam curing uses re1 a t i  vely new techno1 ogy , 
the coatings necessary for  the electron beam curing process are in 

the early stages of research and development. The use of electron 

beam curing i s  very limited a t  the present time. 

3.3.7 Ultraviolet  Curing 

3.3.7.1 Introduction -- In u l t rav io le t  curing, u l t rav io le t  l i g h t  reacts 

with photosensi t i ze r s  in the coating to  i n i t i a t e  crosslinking to  form 

a sol id  film. The basic components of an u l t rav io le t  curable coating 

are:  an ul traviolet-curable base polymer, di 1 uent monomers, and u l t ra -  

v io le t  photochemical i n i t i a t o r s .  28 

The ultraviolet-curable polymers provide most of the desired 

coating properties. The di 1 uent monomers decrease the viscosity of the 

polymers, increase the crossl inking density, and improve other features 

of the coating such as gloss, hardness, and curing speed. The photo- 

chemi cal i n i t i a to r s  are unstable chemi cal s tha t  form free radical s when 

bombarded by u l t rav io le t  1ight  t o  i n i t i a t e  the crossl inking process. 29 

The energy source used fo r  u l t rav io le t  curing i s  e l ec t r i ca l ly  

produced u l t rav io le t  l i gh t  energy such as from mercury vapor lamps. 

The use of u l t rav io le t  l i gh t  for  curing i s  most effect ive on f l a t  

surfaces where the 1i g h t  reaches the surface vert ical ly .  When the 

u l t rav io le t  l igh t  s t r ikes  a surface a t  an angle closer to  the horizontal, 

the amount of absorbed l igh t  can be too small fo r  effect ive curing. 

Obviously, no curing will occur i f  an area i s  shielded from the l i g h t .  



3.3.7.2 Performance and Appearance -- The actual performance and appearance 

of ultraviolet-curable coatings i s  not only dependent on the base polymers, 

di 1 uent; monomers, and photochemical ini  t i  a tors ,  b u t  a1 so on other agents 

such as pigments, f i l l e r s ,  and mar res i s tors  added to  the coating to  

provide the desi red properties. 

In certain industr ies ,  the use of u l t rav io le t  l i gh t  curing has been 

successful , a1 though th i s  success has been 1imi ted mostly t o  semi transparent 

coatings, such as inks. Ultraviolet  cured polyester based coatings have 

made a s igni f icant  penetration in to  the fores t  products industry as f i l l e r  

coatings fo r  par t i  cl eboard. Most uses of ul travi o l e t  coati ngs , however, 

are s t ' i l l  in the research and development stage. Major problems are 

curing of thick coatings and coatings with pigmentation. The main 

d i f f i cu l ty  with pigmentation i s  t ha t  the pigment par t ic les  absorb or 

r e f l ec t  u l t rav io le t  l i g h t ,  thus reducing the 1 i ght energy avai 1able to  

cure the coatings in the deeper layers of the coating. 

3.3.7.:3 Energy Consumption -- Because l i t t l e  i f  any f l amab le  solvent i s  

emitted, the amount of di 1 uti on ai r flow through ovens can be greatly 

reduced. There i s  a substantial  decrease in energy usage compared with 

thermal curing. An u l t rav io le t  curing uni t  may use only one-third the 

energy of a standard thermal oven. 30 

3.3.7.4 Safety -- The u l t rav io le t  curing equipment must be shielded 

properly to  avoid exposure of the equipment operator. Exposure a t  short  

distances can cause severe burns to the skin and the eyes. 31 



Cer ta in  u l t r a v i o l e t  coa t i ng  m a t e r i a l s  may produce s k i n  and eye 

i r r i t a t i o n .  Others, such as those con ta in ing  " the  more v o l a t i l e  c r y l i  c  

monomers, a re  considered t o x i  c and hazardous chemi ca ls  ."31 The hand l ing  

of u l  t r a v i  o le t - cu rab le  coat ings requ i res  care and caut ion .  

3.3.7.5 Organic So lvent  Emissions Reduction P o t e n t i a l  -- There have been 

few, ifany, emission t e s t s  performed t o  determine whether v o l a t i l e  

organics are  em i t ted  d u r i n g  u l t r a v i o l e t  cur ing .  Some 1  ow molecu lar  

wei g h t  o rgan ic  compounds a re  probably emi t t e d  d u r i  ng t h e  u l t r a v i o l e t  

c u r i n g  process even though a1 1  t h e  components o f  t h e  c o a t i n g  are  r e a c t i v e .  
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4.0 COST OF VOLATILE ORGANIC CONTROL 


4.1 Summary 


This chapter shows that many factors can affect the investment 


and annual cost of hydrocarbon control (Section 4.2.1); thus a wide 


range in control costs at existing facilities is anticipated. Cost 


estimates made for incineration and adsorption (4.2.2) indicate that 


for 1ow hydrocarbon concentrations (around 100 ppm) , carbon adsorption 

is the more economical of the two control alternatives. For control of 


high hydrocarbon concentrations (around 25 percent of the LEL), carbon 


adsorption is more economical and can even make money if recovered solvents 


can be credited at market value; if no value is given for recovered solvents, 


then incineration with primary heat recovery is more economical than 


adsorption at high LEL concentrations. 


With regard to cost effectiveness, (cost per ton of volatile organic 


removed), it is found that control of high concentrations is more economical 


than is control of low concentrations by roughly one order of magnitude 


( 4 . 2 . 3 ) .  .It is beyond the scope of this chapter to evaluate the afford- 

abi1ity of various volatile organic control costs for the industries affected, 


because each industry has a unique financial position. 


4.2 General Discussion of Costs 
-
For most business ventures, an adequate return on investment is the 


most important requirement to be evaluated before investment. Air pol 1ution 


control often does not provide any return on captial investment--the objective 


is to comply with a given emission standard. The primary criteria for 


selection is ability to achieve the required emission reduction. If several 


methods exist to control emissions, the problem then becomes one of 


evaluating the cost of feasible a1 ternatives to determine the preferred 


a1 ternative. 
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To evaluate the cost of feasible alternatives, it is important to 


understand the factors that affect costs and the magnitude of these 


costs. Factors affecting the investment and annual cost of control are 


given in Section 4.2.1. Costs of hydrocarbon control for two types of 


control technology is given in Section 4.2.3. The discussion is aimdd 


primarily at add-on control equipment. It is beyond the scope of this 


discussion to consider the cost of process and material changes to achieve 


compliance with hydrocarbon regulations at existing facilities due to 


the almost unlimited variety in processes and facilities. 


4.2.1 Factors Affecting Investment and Annual Cost 


4.2.1.1 Process Characteristics -- Before one can estimate investment and 

annual cost of control, one must first know certain characteristics (gas 


stream volume and temperature, for example) of the source of pollution 


because these characteristics affect selection and sizing of the control 


equipment. In some cases only one control alternative may be feasible; 


however, in most cases two or more alternatives are feasible. A good 


knowledge of the specific source of pollution is advisable because process 


or input material changes may be the least expensive method of controlling 


vol ati 1e organic emissions. 


4.2.1.2 Present Degree of Control -- Another important factor to consider 

is the present degree of control of volatile organics versus the required 


degree of control. Industries may have control equipment but must achieve 


more reduction in emissions to comply with a standard. Upgrading or 


modifying the existinq equipment is usually the least expensive in these 


cases but complete replacement of the existing control equipment with more 


efficient equipment is another alternative. Application of engineering 


ingenuity is often needed to solve problems related to volatile organic 


control at existing facilities. 
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If  process modification or upgrading existing control equipment i s  

not possible, the use of additional add-on collection equipment must be 

examined. Once the types of controls capable of achieving the  desired 

control level a re  chosen, one can choose the equipment w i t h  minimum to ta l  

instal led cost .  (The cost of the control equipment i t s e l f  can sometimes 

be a small f ract ion of the to ta l  system instal led cos t . )  Tables 4-1 and 

4-2 show the items typical ly  included in the investment and annualized 

operating cost of add-on control systems. 

4.2.1.3 Plant Faci l i ty  Characteristics -- Availabi1,ity of physical space 

fo r  the control system, u t i l i t i e s  t o  operate the control system, forms 

and quantity of heat recovery possible a t  the f ac i l  i t y ,  and abi l  i t y  t o  

u t i l i z e  recovered products a r e  c lass i f ied  as  plant f a c i l i t y  charac ter i s t ics  

tha t  a f f ec t  selection and costs  of organic vapor control technology. 

4.2.2 Organic Vapor Control Costs 

4.2.2.1 Incineration -- Incineration can be an economical control a1 ternat ive 

i f  heat recovery techniques can be u t i l  ized. To ( i l l u s t r a t e  the importance 

of heat recovery, three cases were investigated: 

1. No heat recovery. 

2. 35 percent primary heat recovery. 

3. 35 percent primary heat recovery and 55 percent secondary 

heat recovery of the remaining 65 percent. 

For each case, cost estimates 1 were made fo r  three i n l e t  flow ra tes  

(5,000, 15,000, and 30,000 scfm), two i n l e t  stream temperatures (70 and 300°F), 

and three stream conc-,rirations (0,  15, md 25 percent of the L E L ) .  Other 

assumptions used in developing the estimates a r e  given i n  Table 4-3. 



Table 4-1. TYPICAL ITEMS INCLUDED IN INVESTMENT COST 

OF ADD-ON CONTROL SYSTEMS 


-

" Basic Collection Equipment 

" Auxiliary Equipment 

- Air movement equipment 
Fans and blowers 

Hoods, ducts 

Electrical (motors, starters, wire conduits, switches, etc. ) 

.Liquid movement equipment 


Pumps 

Electrical (motors, starters, wire conduits, swi tches , etc. ) 
Piping and valves 

Settl ing tanks 


-Instrumentation for measurement and control of: 


Air and/or liquid flow 

Natural gas and/or fuel oil flow 

Temperature and/or pressure 

Operation and capacity 

Power 


O Research and Development - this might include gas stream 
measurement, p i1ot plant operations, personnel costs, etc. 

O Installation 

Labor to install 

Cleaning the site 

Yard and underground 

Building modification 

Inspection 

Support construction 

Protection of existing facilities 

Supervising and engineering 

Startups 


O Storage and Disposal Equipment 


O Contingencies 


O Sales Tax 



Table 4-2. TYPICAL ITEMS INCLUDED IN ANNUAL COSTS 

OF ADD-ON CONTROL SYSTEMS 


O Capital Charges 


O Operating Costs 


Utilities needed to operate the control equipment 


Materials consumed (such as fuel) in operating the 

control system 


Waste disposal operations 


O Overhead 


Property taxes 


Insurance 


O Maintenance Costs 


Rep1 acement of parts and equipment 


Supervision and engineering 


Repai rs 


Lubri cation 


Surface protection (such as cleaning and painting) 


" Offsetting Cost Benefits from Operating Control System 
(such as recovery of valuable by-product) 




Table 4-3. ASSUMPTIONS USED IN DEVELOPING COST 
ESTIMATES FOR CATALYTIC AND NONCATALYTIC 
INCINERATORS 

" Noncatalytic incinerators designed for  both o i l  and natural gas operation. 

" Catalytic incinerators designed fo r  natural gas and propane operation. 

" Catalytic incinerators capable of 800°F operation below 6 percent L E L ;  
1200°F design capabili ty fo r  operation from 6 percent t o  25 percent L E L .  

" 3-year ca ta lys t  1 i f e .  

" Costs based on outdoor location. 

" Rooftop ins ta l la t ion  requiring s t ructural  s t ee l .  

" Fuel cost of $1.50 mi 11 ion B t u  (gross).  Correction fac tors  a r e  provided 
t o  determine operating costs a t  higher fuel prices.  

" Elec t r ic i ty  a t  $0.03 kw-hr. 

" Depreciation and in t e res t  was taken a s  16 percent of capi tal  investment. 
Annual maintenance was assumed t o  be 5 percent of capi tal  cos t ,  taxes 
and insurance, 2 percent, and building overhead, 2 percent. 

" Direct labor assessed a t  0.5 h r l s h i f t  x 730 sh i f t s /y r  x $8.00/hr = 
$2920/yr d i r ec t  labor expense. 

" Operating time: 2 shif ts lday x 8 h r l sh i f t  x 365 days/yr = 5840 hr/yr. 
Correction factors  a r e  provided t o  determine annual cost a t  d i f fe rent  
operating times. 

O The noncatalytic incinerator u t i l ized  was based on: 

1500°F capabi 1 i t y  . 
0.5-second residence time. 
Nozzle mix burner capable of No. 2 t h r u  No. 6 o i l  f i r ing .  
Forced mixing of the burner products of combustion using a 
s lo t ted  cyl inder mixing arrangement. T h i s  cyl inder a1 lows 
the burner flame t o  establ ish i t s e l f  before radial  entry of 
the eff luent  t h r u  s l o t s  in the f a r  end of the cylinder. 
A portion of the eff luent  t o  be incinerated is ducted t o  the 
burner t o  serve a s  combustion a i r .  This allows the  burner 
t o  ac t  as a raw gas burner, t h u s  saving fuel over conventional 
nozzle mix burners. T h i s  design can only be used, however, 
when the 02 rnntent of the oven exhaust i s  17 percent by 
vo1 ume o r  above. 

"The ca ta ly t i c  afterburner was costed f o r  two design points, 800 and 1200°F. 
the higher temperature design is required for  LEL levels  exceeding 6 percent. 
(At 600°F in to  the ca ta lys t  and a 6 percent LEL,  the ou t l e t  temperature of 
the ca ta lys t  i s  approximately 800°F; a t  a 25 percent LEL condition and a 
minimum i n i t i a t i o n  temperature of 500°F, the ca ta lys t  reaches an out1 e t  
temperature of around 1200°F. 



Based upon the results of the cost estimates, cost curves were 


developed (Figures 4-1 through 4-15). Because of the unique plant 


facility characteristics, actual control costs for some plants can be 


substantially higher than estimates given here. For figures that give total 


annual cost, cost effectiveness information is also presented, that is, 


the cost per ton of hydrocarbon removed. Cost effectiveness information 


is a useful criterion when trying to devise air pollution control strategies 


to reduce the total amount of a pollutant emitted at a minimum cost. 


Cost effectiveness is discussed further in Section 4i2.3. 


Installed cost of incinerators -- Figures 4-1,4-6,and 4-11 give the installed 

cost for incinerators designed for (1 ) no heat recovery, (2) primary heat 

recovery, and (3) primary and secondary heat recovery. The costs were intended 


to represent typical retrofit situations. However, further investigation has 


revealed that the costs are more representative of the minimum retrofit 


situation, essentially the same as installation during the construction of 


a new plant. The installed cost in more typical retrofit situations will be 

* 

1.5 to 2 times the values shown in Figures 4-1,4-6,and 4-11. In very 


difficult cases, the cost can be 3 to 5 times that shown in the figures. 


The average installed cost of incinerators with primary heat recovery 


is roughly 25 to 30 percent greater than incinerators without heat recovery. 


Incinerators with primary and secondary heat recovery have roughly 50 to 60 


percent higher installed costs than incinerators without heat recovery. 


Annual control cost of incinerators -- The annual control costs for incinerators 

given in this section include the items shown in Table 4-3. (Annual depreciation 


is viewed in this study as a cost, not as a credit against taxable income.) 


Thus, the analysis is simp1 ified, but the annual control cost may be overstated. 


However, given the wide range in cost of retrofitting control equipment at 


exist.ing facil ities, this approach is deemed acceptable. ) 



Annual control cost curves a re  given in Figures 4-2 through 4-5, 

Figures 4-7 through 4-10, and Figures 4-1 2 through 4-15 fo r  the three 

cases investigated. The costs obtained from these figures include a fuel 

cost of $1.50/million B t u  and operating time of 5840 hr/yr. If fuel cost 

and/or operating time fo r  a specif ic  ins ta l la t ion  d i f f e r  from these values, 

the annual costs obtained from these figures can be adjusted by correction 

factors  obtained from Figures 4-16 through 4-19. The annual costs  read 

from the figures a r e  multiplied by the correction f a c t o r ( s ) .  The cost 

effectiveness can be corrected by the following equation: 

CEc = C E i  x Ff x F,, x 5840 
actual hours operated 

where: CEc = corrected cost effectiveness 

CEi  = Cost effectiveness read from the appropriate f igure 

= Correction fac tor  fo r  fuel costFf 

= Correction fac tor  f o r  hours operated 
h 

The costs  given i n  annual cost f igures include depreciation and in t e res t  

f o r  the capita1 investment a t  a minimum r e t r o f i t  cost  s i tua t ion .  In cases 

where r e t r o f i t  d i f f i c u l t i e s  cause the ins ta l led  cost  t o  be increased 

substant ial ly ,  an appropriate mu1 t iplying fac tor  ( r e t r o f i t  d i f f i cu l ty  fac tor )  

can be used t o  obtain the increased capi tal  cost.  The increase i n  annual 

cos t ,  f o r  a given r e t r o f i t  d i f f i cu l ty  fac tor ,  will be a varying amount 

for  the d i f fe rent  cases of vapor concentration, i n i t i a l  temperature, and 

heat recovery. The increase i n  the annm-1 cost fo r  the d i f fe rent  cases i s  

given i n  Tables 4-4 and 4-5. The annual c o s t . i s  f i r s t  read from the 

applicable f igure,  then i s  increased by the  percentage given i n  Tables 4-4 

and 4-5 under the appropriate d i f f i c u l t y  factor .  
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PROCESS FLOW, 103 sdm (APPROXIMATE) 

Figure 4.1. Capital cost for direct flame and catalytic afterburners without 
heat recovery (70 - 300 OF process gas inlet) - Case 1. 
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Figure 4 - 4  Annual cost and cost-effectiveness o f  catalytic incinerators in0 heat ~ X o v e r Y  - praess 
temperature = 70 OF1 - Case 1. 





PROCESS FLOW, 103 scfm (APPROXIMATE) 

Figure 4-6. Capital cost fo r  direct flame and catalytic afterburners w i t h  primary heat 
recovery (70 - 300 OF process gas inlet) - Case 2. 
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Figure 4-7. Annual cost and cost-effectiveness of direct flame incinerators (primary heat recovery -
process temperature = 70 OF) - Case 2. 
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- Figure 4-10. Annual cost and cost effectiveness of catalytic incinerators (primary heat recovery -
process temperature = 70 OF)  - Case 2. 
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Figure 4-15. Annual cost and cost-effectiveness of catalytic incinerators (primary and secondary 
heat recovery - process temperature = 300 OF) - Case 3. 
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Figure 4-17. Factors to correct annual cost of catalytic incineration for varying fuel cost. 







Table 4-4 INCREASE IN ANNUAL COST OF DIRECT FLAME INCINERATORS 
DUE TO RETROFIT DIFFICULTY FACTORS 

Percent Increase in Annual Cost 
Vapor Process Heat A t  Retrofit  Diff icul ty  Factor: 

Concentration Temperature Recovery 

100 ppm 70" None 

15 percent LEL 70" None 

25 percent LEL 70" None 

100 ppm 300" None 

15 percent LEL 300" None 

25 percent LEL 300" None 

100 ppm 70" Primary 

15 percent LEL 70' Primary 

25 percent LEL 70" Primary 

100 ppm 300" Primary 

15 ~ e r c e n t  LEL 30Q0 Primary 

25 percent LEL 300" Primary 

100 ppm 70" Pri. & Sec. 8 

.15 percent L E L  70" Pri .  & Sec. 16 

25 percent LEL 70" Pri . & Sec. 80 

100 ppm 300" Pri .  & Sec. 10 

15 percent L E L  300" Pri . & Sec. 25 



Table 4-5 INCREASE IN ANNUAL COST OF CATALYTIC INCINERATORS 
DUE TO RETROFIT DIFFICULTY FACTORS 

Percent Increase in Annual Cost 
Va~or  Process Heat A t  Retrof i t  Difficulty Factor: 

~ o n c e n t r a t ion Temperature Recovery 

100 ppm None 

15 percent LEL None 

25 percent L E L  None 

100 ppm None 

15 percent LEL None 

25 percent LEL None 

100 Dpm Primary 

15 percent L E L  Primary 

25 percent LEL Primary 

100 ppm Primary 

15 percent LEL Primary 

25 percent LEL Primary 

100 ppm Pri.  & Sec. 12 
15 Percent LEL Pr i .  & Sec. 18 

25 percent LEL Pri .  & Sec. 36 

100 ppm Pri .  & Sec. 14 
15 percent LEL Pri . & Sec. 25 



'Three observat ions regard ing c a t a l y t i c  i n c i n e r a t o r s  a re  o f f e r e d  f o r  

those choosing between a c a t a l y t i c  and n o n c a t a l y t i  c i n c i n e r a t o r .  F i r s t , 

a cat (a1y t ic  i n c i n e r a t o r  w i l l  probably o x i d i z e  any s u l f u r  i n  the  f u e l  t o  

SO3 which w i l l  subsequently form s u l f u r i c  a c i d  m i s t .  Therefore, i t  i s  

recommended t h a t  on l y  f u e l s  t h a t  are e s s e n t i a l l y  s u l f u r  f ree ,  i.e., 

natur(a1 gas and propane, be used w i t h  c a t a l y t i c  i n c i n e r a t o r s  . Second, 

t h e  c a t a l y t i c  element may be b l i nded  by any p a r t i c u l a t e  ma t te r  i n  t h e  

exhaust gases t o  be in c i  nerated; t h e  b l  ind i  ng reduces e f f e c t i  veness 

because the  c a t a l y s t  con tac t  area has been decreased. Th i rd ,  c a t a l y s t s  

cannot operate above approximately 1200°F and s t i l l  g i ve  reasonable 

s e r v i  ce 1 i f e  (2 t o  3 years) .  I n  general, c a t a l y s t  manufacturers w i l l  

l i m i t  t h e i r  a p p l i c a t i o n s  t o  streams w i  t h  concentrat ions no h igher  than 

25 percent  o f  t he  LEL. 

Primary heat  recovery (preheat o f  t h e  e f f l u e n t  f rom t h e  oven before  

i t  en te rs  t h e  i n c i n e r a t o r )  reduces t h e  f u e l  r a t e  i n  the i n c i n e r a t o r  

s i g n i f i c a n t l y  regardless o f  i n l e t  temperature o r  LEL cond i t i on .  However, 

a t  t he  h igher  LEL concentrat ions,  t h e  r e q u i s i t e  heat  exchanger presents 

problems f o r  bo th  c a t a l y t i  c and n o n c a t a l y t i  c i n c i n e r a t o r s .  A t  "he 

assumed 35 percent  e f f i c i e n c y  o f  t h e  heat  exchanger, t h e  design l i m i t a -  

t i o n s  f o r  t h e  i n c i n e r a t o r s  may be exceeded ( f o r  example, t h e  c a t a l y t i c  

u n i t  may be fo rced t o  operate a t  temperatures g rea te r  than 1200°F, which 

would shorten t h e  l i f e  o f  the  c a t a l y s t ) .  This problem can be solved by 

us ing  a bypass around t h e  pr imary  heat  exchanger, i n  e f fec t  c r e a t i n g  

a heat recovery u n i t  o f  v a r i a b l e  e f f i c i e n c y .  

Annual c o n t r o l  c o s t  curves f o r  i n c i n e r a t o r s  w i t h  pr imary  heat  

recovery a r e  presented i n  F igures 4-7 and 4-10. 



An imnor tant  assumntion used i n  developing the  cos t  est imates f o r  

Case 3 i s  t h a t  a l l  o f  the  recovered secondary heat i s  u t i l i z e d .  

Sect ion  3.2.2 discusses the  i m p l i c a t i o n s  of t h i s  assumption. 

-4,2.2.2 Adsorpt ion -- Whereas i n c i n e r a t i o n  r e l i e s  on heat  recovery techniques 

t o  o f f s e t  annual ope ra t i ng  cost ,  adsorp t ion  systems r e l y  p r i m a r i l y  on 

so l ven t  recovery and/or heat recovery t o  o f f s e t  annual ope ra t i ng  cos t .  

Many d i f f e r e n t  con f igu ra t i ons  could be costed o u t .  To s i m p l i f y  t h e  

ana lys i s  and p resen ta t i on  o f  r e s u l t s ,  t h i s  sec t i on  i s  l i m i t e d  t o  carbon 

adsor~ t ionsys tems  w i t h  so l ven t  recovery,  t h e  system t h a t  i s  more commonly 

used. 

Several assumotions were made i n  developing t h e  c a s t  est imates presented 

i n  t h i s  sec t ion .  These bas ic  assumptions are l i s t e d  i n  Table 4-8. I n  

a d d i t i o n  t o  these assumptions, several assumptions were made when d e f i n i n g  

t h e  c o n t r o l  system before  the  c o s t  analyses were i n i t i a t e d .  The approach 

taken was t o  use Reference 2 as a source f o r  such design in fo rmat ion  as horse-

power requirements and water  requirements f o r  t h e  var ious  s ized c o n t r o l  systems. 

Where poss ib le ,  assumptions f o r  adsorp t ion  systems were chosen t o  be i d e n t i c a l  

t o  assumptions f o r  i n c i n e r a t o r s  (see Table 4-3) t o  p rov ide  a  d i r e c t  c o s t  

comparison between adsorp t ion  systems and i n c i n e r a t o r  systems. The recovered 

so lven t  was assumed t o  be valued a t  (1 ) zero value, (2 )  $1.50 per  m i l  1  i o n  

Btu based on using t h e  recovered so lvent  as a f u e l ,  (3 )  $0.85 per  g a l l o n  f c V  

benzene and $0.465 per  g a l l o n  f o r  hexane based on s e l l  i n g  t h e  recovered so lvent  

a t  i t s  c u r r e n t  market value. 

The assumptions do n o t  p rov ide  f o r  any d i s t i l l a t i o n  equipment o r  water 

t reatment  f a c i l i t i e s .  I f  any water so lub le  compounds a r e  encountered i n  t h e  

vapor, t h e  cos ts  w i l l  be increased considerably.  The cos ts  do n o t  i n c l u d e  



Table 4-8. ASSUMPTIONS USED I N  DEVELOPING COST ESTIMATES FOR 
CARBON ADSORBERS 

O Exhaust gases contain benzene and hexane (50150 weight percent) 
mix ture  i n  a i r .  

O Exhaust gas temperatures o f  70, 170, and 375°F. 

O Hydrocarbon concentrat ions o f  100 ppm, 15 percent o f  the LEL and 
25 percent o f  the LEL. 

" Exhaust gas f l ow  ra tes o f  1,000, 10,000, 50,000 scfm. 

O Fuel costs o f  $1 .5O/mi 11 i o n  Btu. 

O E l e c t r i c i t y  a t  $0.03/kw-hr. 

" Act ivated carbon a t  $0.68/lb. 

* Water a t  $0.04/thousand gal lons. 

" Steam a t  $2/thousand 1 b. 

O 5-year l i f e  o f  ac t i va ted  carbon. 

" Adsorber operat ing a t  1 00°F. 

O Market value (December 1975) o f  benzene = $0.85/gallon; 
market va l  ue (December 1975) o f  hexane = $0.465/gall on. 

Normal r e t r o f i t  s i t ua t i on .  

O D i r e c t  l abor  assessed a t  0.5 h r l s h i f t  x 730 s h i f t s l y r  x $8/hour = 
$2%?O/yr. 

Annual maintenance, taxes, insurance, bu i l d i ng  overhead, depreciat ion, 
and i n t e r e s t  on borrowed money taken as 25 percent o f  c a p i t a l  investment. 

O Operating t ime = 5840 h r /y r .  



any p a r t i c u l a t e  removal equipment. Compounds which are  d i f f i c u l t  t o  adsorb 

o r  desorb, if present,  w i l l  a l s o  add considerably t o  t h e  i n s t a l l e d  and 

opera t ing  costs.  

I n s t a l l e d  cos t  o f  adsorbers -- Cap i ta l  cos t  f o r  adsorp t ion  systems designed 

t o  recover t h e  so l ven t  i s  g iven i n  F igure  4-20 Based upon Figure 4-20, 

t h e  u n i t  c a p i t a l  cos ts  f o r  two gas f l o w  r a t e s  a re  g iven i n  Table 4-9. 

For a g iven gas f l o w  r a t e  i n  Table 4-9, t h e  h igher  u n i t  cos ts  a re  

f o r  adsorp t ion  o f  gases a t  25 percent o f  t h e  LEL and t h e  lower u n i t  cos ts  

a r e  f o r  concentrat ions o f  100 ppm. 

Table 4-9. UNIT CAPITAL COST FOR CARBON 
ADSORPTION SYSTEMS 

Gas f l o w  r a t e ,  Contro l  cost ,  
scfm $/scfrn 

Annual c o n t r o l  c o s t  f o r  adsorbers -- Figures 4-21 through 4-23 a re  

g iven t o  i l l u s t r a t e  t h e  annual cos ts  of carbon adsorp t ion  systems over a 

rep resen ta t i ve  s i z e  range. These f i g u r e s  and Table 4-10 i l l u s t r a t e  t h e  

importance o f  t h e  value of t h e  recovered solvents.  





A - 100 ppm; 70° EXHAUST TEMPERATURE 
B - 15 percent LEL; 170°F EXHAUST TEMPERATURE 
C - 15 percent LEL; 375OF EXHAUST TEMPERATURE 
D - 25 percent LEL;170°F EXHAUST TEMPERATURE 
E - 25 percent LEL; 375OF EXHAUST TEMPERATURE 

-

-
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ADSORBER CAPACITY, scfm x 103 AOSORBER CAPACITY,scfm x 103 

Figure 4-21. Annual cost and cost-effectiveness of carbon adsorption systems (no credit given for 
recovered solvents). 



350 C A - 100 ppm; 70 OF EXHAUST TEMPERATURE 
B - 15 percent LEL; 170 OF EXHAUST TEMPERATURE 

C - 15 percent LEL; 375 OF EXHAUST TEMPERATURE 

D - 25 percent LEL; 170 OF EXHAUST TEMPERATURE 

E - 25 percent LEL; 375 OF EXHAUST TEMPERATURE 
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Figure 4-22. Annual cost and cost-effectiveness o f  carbon adsorption systems (recovered solvent 
credited a t  f ~ l e lvalue). 



300 - LEGEND: -
A 100 ppm; 70 OF EXHAUST TEMPERATURE 

B 15 % LEL; 170 OF EXHAUST TEMPERATURE 

200 - C 15 % LEL; 375 OF EXHAUST TEMPERATURE -
D 25 % LEL; 170 OF EXHAUST TEMPERATURE 
E 25 % LEL; 375 OF EXHAUST TEMPERATURE 

-

-100 -

FLOW, scfm x 103 FLOW, scfm x 103 

Figure 4-23. Annual cost and cost-effectiveness of carbon adsorption systems (recovered solvent 
credited at market chemical value). 



Table 4-10. ANNUAL COST FOR CARBON ADSORPTION SYSTEMS 


- Annual cost, 10' $ 
Val ue of recovered 


sol vent 5,000 scfm 30,000 scfm 


No value 


Value = fuel value 

Value = market chemical value 

a
Low concentrations. 


b ~ i g h  concentrations; parentheses indicate a net prof1 t. 


4.2.2.3 Cost Comparisons, Incineration Versus Adsorption -- Based upon 

the cost analysis in this section, the following conclusions are indicated: 


1. For control of low hydrocarbon concentrations (approximately 


100 ppm) , carbon adsorption is more economical than incineration 

if there are no water soluble compounds in the vapor, no compounds 


(which are difficult to adsorb or desorb, and no particulate 


matter. 


2. For control of high hydrocarbon concentrations (approximately 


25 percent of the LEL) , carbon adsorption is more economical 

than incineration only if recovered solvent can be credited 


(at market value and none of the above-mentioned types of material 


(are encountered. 


3. Incineration with primary heat recovery is more economical than 


adsorption at high concentrations if no value is given for recovered 


sol vents. 
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5.0 APPROACHES TO DETERMINATION 
OF TOTAL "NONMETHANE" HYDROCARBONS 

5.1 Summary 

No s ing le ,  p rac t i ca l  emission measurement method cu r ren t l y  ex i s t s  

t h a t  can be general ly  used t o  determine t o t a l  nonmethane concentrat ions i n  

a1 1 s i tua t ions .  If used se lec t i ve ly ,  however, several hydrocarbon sampling 

and ana l y t i ca l  techniques t h a t  y i e l d  acceptable r e s u l t s  are ava i l  able f o r  

s p e c i f i c  appl i ca t ions .  This sect ion b r i e f l y  explains each o f  these techniques 

and p rov i  des appl ica t ion  gui  del ines. Supplementary measurements needed t o  

determine an emission r a t e  are a lso  suggested. For t h i s  sec t ion  "hydrocarbons" 

i s  used interchangeabl y w i  t h  "vol a t i  1 e organi cs " . 
5.2 In t roduc t ion  

Where appl icable, a mater i  a1 bal ance is the most accurate measurement 

technique ava i lab le .  The technique r e l i e s  on the f a c t  t h a t  what goes i n t o  

the process must e x i t  the process, unless chemical change occurs. It i s  

useful  f o r  such sources as spray booths and low temperature ovens where con t ro l  

i s  by carbon adsorption. The so lvent  content f o r  coatings can e a s i l y  be 

determined and the amount o f  so lvent  recovered can be accurately measured. 

For chemical l y  reac t i ve  coatings, e .g. two component coatings, co r rec t ion  

f o r  the reac t ion  products i s  necessary, Some problems can occur i f  separation 

o f  evaporation quan t i t i es  i s  necessary, e.g., f o r  spray booths and f o l l ow ing  

ovens. I n  such cases i t  would probably be necessary t o  measure the emission 

from a t  l e a s t  one of the exhaust streams t o  determine the proper apport ion- 

ment o f  emissions. 



For those cases where a ma te r ia l  balance can be made, t h e  recommended 

approach i s  f o r  t h e  sources t o  be requ i red  t o  kee:? records o f  so lvent  

used ( i n c l  uding d i l  uent and c lean ing so l ven t )  and so lven t  recovered. A one 

:,eek check by t h e  con t ro l  agency cou ld  be used t o  v e r i f y  t h e  p l a n t s  record-.  

keeping sys tem. 

Source eva lua t ion  by emission measurement can be app l i ed  when i t  i s  

n o t  poss ib le  t o  generate emission values of s u f f i c i e n t  accuracy through a 

mater i  a1 balance, o r  when stack gases have been ox id i zed  o r  otherwise a f f e c t e d  

t o  an unknown ex tent .  Emission measurement methodology invo lves  two separate 

b u t  r e l a t e d  steps : sample c o l l  e c t i o n  and sample ana lys i  s  . Before using 

any s p e c i f i c  t e s t  method, however, t h e  quest ion  o f  h e t h e r  t h e  c o l l e c t i o n  and 

a n a l y t i c a l  techniques w i l l  s a t i s f y  t h e  t r u e  i n t e n t  o f  t h e  hydrocarbon emission 

standard must be resolved. 

A1 though t h e  d e f i n i t i o n  of any p o l l u t a n t  i n  a des i red  o r  proposed emission 

standard i s  normal ly  t h e  p o i n t  o f  reference f o r  designing t h e  emission measurement 

method, i t  must be recognized t h a t  t h e  measurement method used can modi fy  

t h e  p o l l u t a n t  V e f i n i t i o n . "  Therefore, t o  s a t i s f y  t h e  t r u e  i n t e n t  o f  t h e  

emission standard, a t t e n t i o n  must be g iven t o  t h e  proper s e l e c t i o n  o f  

measurement methodology and t o  t h e  e l i m i n a t i o n  o f  vagueness i n  t h e  s p e c i f i c a t i o n s  

of t h e  se lec ted method. Consider f o r  a moment a d e f i n i t i o n  o f  nonmethane 

hydrocarbons as "those hydrocarbons, methane excepted, which e x i s t  i n  the  

gaseous s t a t e  o r  behave as a gas a t  t he  p o i n t  o f  measurement." The words 

"behave as a gas" are  impor tant  from a c o l l e c t i o n  standpoint ,  because i t  

may n o t  be poss ib le  t o  separate t h e  gaseous from t h e  p a r t i c u l a t e  hydrocarbons 

w l  t h o u t  lnduc ing a mechanism t h a t  s h i f t s  t h e  o r i g i n a l  gas /pa r t i cu l  a te  r a t i o .  



For example, i f  a sample c o l l e c t i o n  method s p e c i f i e s  a g lass wood p lug  o r  

s i m i l a r  f i l t e r  i n  the  gas sample probe t o  prevent p a r t i c u l a t e  hydrocarbons 

from reaching the  sample conta iner ,  gaseous hydrocarbons might  adsorb on 

the  f i l t e r , ,  o r  they might  condense on p a r t i c u l a t e  hydrocarbons o r  o t h e r  

p a r t i c u l a t e  condensation nuc le i  . P a r t i c u l a t e  hydrocarbons in i  tia1 l y  entrapped 

on the  f i 1 t e r  could, on t h e  o the r  hand, vapor ize dur ing  t h e  course o f  sampling. 

When sampling occurs, where acids are  present,  such as a t  an i n c i n e r a t o r  ou t -  

l e t ,  t h e  f i l t e r  cou ld  serve as a s i t e  f o r  reac t i ons  between acids and hydro- 

carbons. Moreover, by  n o t  spec i fy ing  t h a t  t h e  sample probe i s  t o  be heated 

t o  stack temperature, an a d d i t i o n a l  quest ion cou ld  be r a i s e d  as t o  t h e  

poss ib le  l o s s  o f  sample r e s u l t i n g  f rom condensation i n  t h e  probe. 

A n a l y t i c a l  requ i  rements shoul d a1 so be i n d i c a t e d  i n  the  d e f i n i t i o n  o f  

nonmethane hydrocarbons. For example, a d e f i n i t i o n  t h a t  s ta tes  "...measured 

on a carbons basis..." s p e c i f i e s  t h a t  a l l  t h e  carbon atoms present  i n  t h e  

sample t h a t  r e s u l t  f rom nonmethane hydrocarbons are  t o  be counted. Omission 

o f  t h i s  c lause would imp ly  t h a t  t h e  ana lys i s  method must r e p o r t  t h e  e n t i r e  

mass o f  t h e  nonmethane hydrocarbon compounds. 

. Because o f  v a r i a t i o n s  i n  t h e  makeup o f  t he  hydrocarbons emitted, each 

process t e s t e d  must be i n d i v i d u a l  l y  evaluated t o  ensure t h a t  t h e  c o l l e c t i o n  

and a n a l y t i c a l  methods employed a re  cons is ten t  w i t h  t h e  d e f i n i t i o n  o f  non- 

methane hydrocarbons. 

5.3 Measurement Approaches 

General requirement f o r  o b t a i n i n g  va l  i d  a i r  p o l l u t i o n  measurements are  

covered q u i t e  w e l l  i n  the  I I te ra ture l  '3 and w i  11 n o t  be r e s t a t e d  hers. The 

c u r r e n t l y  employed hydrocarbon source measurement techniques are  1 i m i t e d  

t o  t h e  " e x t r a c t i v e "  c l a s s i f i c a t i o n ,  which means t h e  gas must be withdrawn 



from the  source before  i t  can be analyzed. 

Normally, process o f f -gas  i s  ex t rac ted  a t  the  c e n t r o i d  o f  t he  s tack  

o r  duct,  except when the re  i s  reason t o  suspect t h a t  t he  hydrocarbon con-

c e n t r a t i o n  var ies  w i t h i n  t h e  stack cross sec t ion .  I n  t h a t  event, t h e  sample 

must be obta ined by a procedure known as t ravers ing ,  t h a t  i s  t h e  sample 

must be obta ined from the  cen t ro ids  o f  a number o f  equal areas w i t h i n  t h e  

cross sec t ion .  (The number se lec ted i s  i n  d i r e c t  p ropor t i on  t o  t h e  expected 

degree o f  i r r e g u l a r i t y  i n  t h e  exhaust gas.) 

Va r ia t i ons  i n  gas concent ra t ions  a re  most o f t e n  encountered where 

r e l a t i v e l y  quiescent  zones e x i s t  i n  the  stack cross sect ion.  These zones 

are u s u a l l y  revealed by a v e l o c i t y  t raverse.  I f  several  ducts t h a t  serve 

d i f f e ren t  processes o r  vent  noncontinuous opera t ions  a re  mani fo lded together ,  

however, i n s u f f i c i e n t  gas mix ing  cou ld  r e s u l t  i n  unpred ic tab le  concent ra t ion  . 

v a r i a t i o n s  -- t h e  presence o f  which would n o t  be d i sc losed  by a v e l o c i t y  

t raverse.  E i t h e r  o f  t h e  above s i t u a t i o n s  a re  bes t  revealed by t r a v e r s i n g  

t h e  cross sec t i on  w i t h  a continuous-response hydrocarbon de tec to r .  I n  

add i t i on ,  persons conduct ing the  t e s t  must be Tami 1  i a r  w i t h  t h e  processes served 

by t h e  s tack  t o  assure rep resen ta t i ve  sampl i n g  o f  t h e  emissions . 
Depending on t h e  requirements o f  t he  emission standard, e i t h e r  a grab 

( instantaneous) sample o r  an i n t e g r a t e d  sample (a sample c o l l e c t e d  a t  a r a t e  

p ropor t i ona l  t o  t h e  stack f l o w  r a t e  f o r  a  s p e c i f i e d  t ime pe r iod )  may be taken. 

Three consecutive sampl es a re  normal l y  c o l  1  ected f o r  each t e s t .  

I f  the  mass emission r a t e  i s  t o  be measured, simultaneous o r  near s imul-

taneous measurements of s tack  f l o w  r a t e  a re  requfred. Unless t h e  stack gas 

m ix tu re  'is known ( a i r ,  f o r  example), i t s  molecular  weight  must be determined. 

As most a n a l y t i c a l  techniques are  on a  wet bas is ,  t h e  water  content  o f  t he  
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exhaust must a l so  be measured t o  c o r r e c t  f l o w  ra tes  and hydrocarbon concen- 

t r a t i o n s  t o  standard condi t ions.  EPA Methods 2,3, and 4, respec t i ve l y ,  w i l l  

4
normal l y  s u f f i c e .  

Ift h e  emission concent ra t ion  va r ies  and the  emission standard i s  a 

time-averaged value, grab samples may be taken i n  s u f f i c i e n t  q u a n t i t y  and 

spread over a g iven t ime pe r iod  t o  y i e l d  an average value. When the  s tack  

f l ow  r a t e  a l s o  var ies ,  i t  w i l l  have t o  be measured a t  t he  t ime each grab 

sample i s  taken i n  order  t o  p ropor t i on  t h e  r e s u l t s .  Grab samples may be 

analyzed d i r e c t l y ,  o r  be h e l d  f o r  subsequent recovery and ana lys is .  I n -

teg ra ted  gas samples may be c o l l  ected w i thou t  a1 t e r a t i  on, o r  t h e  hydrocarbons 

can be concentrated w i t h  a sorbent. I f  t h e  emission concent ra t ion  i s  suspected 

t o  vary e r r a t i c a l l y  w i t h  t ime, i t  i s  bes t  t o  use t h e  i n t e g r a t e d  sample approach 

thus reduc~ing t h e  t o t a l  number of samples t o  be analyzed. I n  some s i t u a t i o n s .  

a cont inuous hydrocarbon de tec to r  can be i n t e g r a t e d  i n t o  t h e  sampling system 

w i t h  i t s  data averaged e i t h e r  manually o r  automat ical  l y  over  a g i ven  t ime 

p e r i o d. 
The nex t  two p o r t i o n s  o f  t h i s  s e c t i o n  are devoted t o  explanat ions and 

d iscussions o f  sampling and a n a l y t i c a l  techniques t h a t  show promise f o r  t h e  

determinat ion  o f  t o t a l  nonmethane hydrocarbons. These techntques can, except 

as noted, be combined i n  a v a r i e t y  o f  ways t o  y i e l d  an emission measurement. 

The b e s t  combinat ion f o r  a p a r t i c u l a r  source category w i l l  depend on t h e  

i n t e n t  o f  t h e  r e g u l a t i o n  o r  emission standard i n  quest ion.  

General sampling techniques and precaut ions have been e x t e n s i v e l y  

repo r ted;2'93,5 those most s u i t e d  t o  c o l l e c t i o n  o f  t o t a l  nonmethane hydrocarbons 

are  discussed below. 
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Activated Carbon Adsorption -- Firs t  investigated fo r  use as an a i r  

sampling method by Kupel e t  a1. ,6 an activated carbon collection device 
7(Figure 5-1 ) was fur ther  examined by Muel 1er  and Mil l e r  in 1974. 

Figure 5-1 shows a typical sample device. Once adsorbed on the 

activated carbon, hydrocarbons are  subsequently desorbed with a 

solvent--usually carbon disulf ide.  The hydrocarbon sample, now a 

l iquid,  i s  then analyzed by a detector that  i s  insensit ive t o  the 

sol vent. 

Advantages of the carbon adsorption tube are:  

1. Small sample quant i t ies  a re  collected. 

2. Leaks a re  less  1 i kely to  occur, i n  comparison w i t h  bag samples. 

3.  Analysis of each sample can be repeated several times 
because only a few mi l l i t e r s  of the solution a r e  
required. 

Disadvantages incl ude: 

Gas temperature must be below 125OF fo r  adsorption t o  be 
effect ive;  precool e r s  a r e  often required. 

Moisture i n  the stack gas may condense and plug the carbon 
bed. 

A to ta l  gas sample i s  not col lected,  so hydrocarbon "break- 
through" must be prevented. Because a second carbon section 
i s  needed i n  each tube t o  demonstrate collection eff ic iency,  
each sample becomes two samples, thus doubling the number of 
analyses required. 

Collection efficiency f o r  noncondensi bl e and some vo la t i l e  
organics i s  poor.7 

Sample desorption efficiency i s  poor for  some vo la t i l e  
organics, par t icular ly polar compounds. 

Organic compounds could be  displaced from carbon by more 
readi ly adsorbed gases. 7 

The technique i s  not adaptable t o  to ta l  combustion analysis.  
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Figure 5-1. Carbon-filled tube employed to trap solvent vapors.7 



Universal Collector -- The Universal Collector described by Isbel l  8 

a l so  employs ac t iva ted  carbon, but only t o  c o l l e c t  the  more v o l a t i l e  

organic compounds ( see  Figure 5-2) .  A preadsorber of Tenax GS i s  used 

t o  c o l l e c t  hydrocarbons t h a t  a r e  d i f f i c u l t  t o  desorb from ac t iva ted  

carbon. 
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Figure 5-2. Schematic diagram of universal collector.* 



The adsorbers are maintained a t  or below ambient temperature during 

sample collection. Recovery i s  obtained by raising the temperature to 

approximate1y 200°C and flushing the adsorbers with a carrier  gas. 

Advan,tages of the Uni versa1 Col lector over activated carbon a1 one are : 

1. Sample coll ection and recovery efficiencies are improved. 
2. The method i s  adaptable to total combustion analysis. 

3. Sample recovery prodedures are simp1 i fied. 

Disadvantages include: 

1 .  Two collectors in series must be used to demonstrate good collection 
efficiency. 

2. Operating temperature during sampling affects collection efficiency. 
Efficiency i s  best a t  low temperature b u t  i f  the temperature i s  too 
low, water condensation may plug the device. 

3. Because extensive col lection and recovery efficiency d a t a  are 
1 acki ng , source components should be checked before the procedure 
i s  used. 

4. Only one analysis can be made of each sample. 

Cold Trap/Evacuated Cyl i nder - Condensable organi cs can be concentrated with 

a cold t r a p ,  which normally consists of a piece of stainless steel  t u b i n g  

immersed i n  a refrigerant. Midget impingers, however, both with and without 

t ips ,  can be used in place of the t u b i n g .  A pump or an evacuated cylinder 

can be used to  move the sample gas, i f  necessary. If a pump i s  used, the 

cylinder must be teed-in between the second cold trap and the pump. 

Collection occurs hhen the pollutant vapor i s  sufficiently cooled to  condense 

and deposit on the interior  surfaces of the trap. Figure 5-3 i s  a generalized 
9
schematic of the sample system described by Gadomski e t  al .  
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Six inches of glass wool in the tubing immediately preceeding the metering 

valve prevents condensation carryover into the evacuated cyl i nder. Both 

the trap and the cylinder are analyzed for hydrocarbons. 

Advantages of the sampling system are: 

1. Collection efficiency should approach 100 percent because the 
device i s  a total gas sampler. ( A  total sample i s  not collected 
i f  a pump i s  used; collection efficiency must then be demonstrated 
by using a second cold trap placed in series with the f i r s t . )  

2. If probe heating i s  not required, no electrical devices 
are required a t  the stack sample s i t e .  

3. No restrictions are made on the analytical technique(s) used. 

Disadvantages incl ude: 

If condensabl e organi cs are carried into the cyl lnder, recovery 
may be incomplete. 
Water in the stack gas may cause the cold trap to freeze. This 
difficulty may be avoided i f  the gas f i r s t  passes through an 
irnpinger with the t i p  removed. 
Only one analysis per sample can be made. 
Proportional sampling i s  d i f f icul t  i f  the cylinder vacuum i s  the 
sole stack gas withdrawal force. 

Imnersion of traps into refrigerant prior to sampling i s  
accompanied by a lowering of internal pressure and a corresponding 
influx 76 gas must be taken into account when calculating sample 
vol ume . 

Syringe or Purge Flask - Relatively simplified grab samples can be collected 

with ei ther glass syringes or purge flasks. If condensation problems are 

expected, ei ther may be preheated with heat tape and maintained a t  an elevated 

temperature during the short sampling period with an insulated caslng. 

Although the syringe i s  obviously a manual technique, the purge flask can also 

be manually operated with a rubber, one-way squeeze bulb. After i t  has been 

repeatedly f l  ushed wi t h  stack gas, the syringe or purge flask is a1 lowed 

to equilibrate to stack pressure before i t  i s  sealed. The syrlnge i s  d i f f icul t  

to leak check, b u t  the purge flask i s  not, rf the volume of the purge flask i s  



large re la t ive  t o  the quantity of gas required fo r  analysis,  several 

analyses may be performed on the same flask before the pressure i s  

appreciably decreased. On the other hand, the syringe i s  normally 

exhausted by one analysis. I f  sample adsorption on the walls of e i the r  

device i s  appreciable, sample recovery may be enhanced by using a heat 

tape to  ra i se  the temperature. 

The chief advantages of both techniques are: 

1. They are  l eas t  expensive of hydrocarbon sampling techniques; no 
reagents a re  requi red. 

2 .  Electrical devices are  not required a t  the sampling s i t e ,  which 
i s  a safety consideration a t  s i t e s  where the atmosphere may be 
expl os i ve . 

3.  Collected samples a re  sui table  for  various analytical techniques. 

Disadvantages i ncl ude: 

1. I t  i s  d i f f i c u l t  t o  detect leaks and perform leak checks on a 
syri  nge. 

2 .  Multiple samples are requ ired f o r  t ime-averaged emission 
determinations. 

3 .  I t  may be d i f f i c u l t  t o  obtain repeatable analyses with identical 
samples unless sample reeovery techniques a re  automated. 

Collapsible P las t ic  Bags - Collapsible p l a s t i c  bags have been used to  co l lec t  

integrated gas samples fo r  several years. EPA Method 3 employs a f lex ib le  

bag for  samples t o  be analyzed f o r  carbon dioxide, excess a i r ,  and dry 

molecular weight.4 More recently,  EPA has suggested tha t  ~ e d l a p  bags be 

used to  co l lec t  samples f o r  measurement of vinyl chloride emJssions. 11 

The sampling t r a in  (see Figure 5-4) i s  intended to  be used on stack 

exhausts having a re1 a t i  vely 1 ow moi s ture  content, because water condensation 





cou ld  a f f e c t  t h e  hydrocarbon concent ra t ion .  Ifwater condensation i s  a pro-  

blem, p r e d i l u t i o n  o f  t h e  s tack  gas a t  a constant  r a t e  w i t h  c lean d ry  a i r  

o f t e n  has been suggested as a remedy. The bag must be sub jec ted  t o  a 

r i go rous  l eak  check be fo re  use. 

~ e d l a p h a s  been shown t o  be a super io r  bag m a t e r i a l  ,12 b u t  a luminized 

may work equa l l y  w e l l .  General ly ,  any bag sample should be analyzed ~ y l a p  

w i t h i n  24 hours t o  min imize adsorp t ion  losses ." Other techniques f o r  

m in im iz ing  losses would i n c l u d e  i nc reas ing  t h e  bag s i z e  (maximizing the  volume/ 

area r a t i o )  and p redond i t i on ing  t h e  bag w i t h  sample gas. 

Advantages o f  bag samples are: 

1. Because a t o t a l  a i r  sample i s  provided, c o l l e c t i o n  e f f i c i e n c y  
shoul d approach 100 percent.  

2. Sample recovery requ i  res no i n te rmed ia te  procedure; t h e  1 i ne 
i s  merely connected t o  t h e  analyzer.  

3. The q u a n t i t y  of each sample permi ts  many reanalyses. 

4. The q u a n t i t y  o f  sample i s  s u f f i c i e n t  to12erve o t h e r  purposes, 
such as odor th reshho ld  determinat ions.  

D i sadvantages in c l  ude: 

1. The bag cannot be r e a d i l y  heated t o  enhance sample recovery. 

2. Higher  molecu]ar weight  compounds have a tendency t o  adsorb 
on bag wa l ls .  

3.  The s i z e  o f  t h e  sample and t h e  r i g i d  con ta ine r  may c rea te  problems. 
As w i t h  any sample, i t  should be p ro tec ted  from s u n l i g h t .  

4. Bags have a g r e a t e r  tendency t o  develop leaks  than any o t h e r  
sampling device; f requen t  l eak  checks a re  mandatory. 

5. The cos t  i s  h igh,  r e l a t i v e  t o  o t h e r  sampling devices. 

6. Some hydrocarbon so l ven ts  may r e a c t  w i t h  t h e  bag. 10 

Sample D i r e c t  t o  Analys is  - As the  name imp l i es ,  , t h i s  technique reduces t h e  

detainment o f  t h e  sample from t h e  p o i n t  o f  e x t r a c t i o n  t o  t h e  p o i n t  o f  ana lys i s  

t o  a minimum. The sample f lows f rom the  stack through a sample c o n d i t i o n i n g  



system (normally referred to  as the interface system) to  the hydrocarbon 

detector. Care must be taken to  see tha t  the sample interface system does 

not a l t e r  the hydrocarbons to  an unknown degree. I t s  operation i s  best 

checked by periodi cal ly introducing a gas of known hydrocarbon concentrati on 

a t  the sampling probe. The previously cal ibrated analyzer i s  then monitored 

to  verify attainment of the  expected response. 

The degree of complexity of an interface system may vary from the 

extreme of simply transporting a portion of the stack gas from the stack 

t o  the analyzer to  the  extreme of cooling or heating, f i l t e r i n g ,  drying, 

concentrating or di lut ing,  and reacting the stack gas. Application of any . 

of these s teps are acceptable, provided the nature and extent of t h e i r  

occurrence is known. 

Some advantages of d i rec t  analysis are: 

1. Time-re1 ated degradation phenomena are  el imi anted. 
2. The amount of sample equipment i s  reduced. 
3. The use of a permanent o r  semipermanent setup reduces the frequency 

of leak checks. 
4 .  The rapid ava i l ab i l i t y  of data may be useful f o r  process control.  

Disadvantages i ncl ude: 

1 ,  I t  i s  not always possible t o  provide on-site analytical requirements. 
2. The method requires a portable o r  semi portable analyzer, which may 

be an added expense. 
3. Taking the analyzer t o  the source means i t  can only be a t  one source 

a t  a time, whereas a 1 aboratory-si tuated analyzer could rapidJy 
analyze samples from several sources. 

5 . 5  Analysis 

The means of detecting hydrocarbon gases, e i t h e r  d i rec t ly  o r  indi rec t ly ,  

t ha t  a re  currently employed are  l i v i t e d  t o  infrared and ionization spectroscopy 

and t o  mass spectrometry. Principle variations of these techniques are  now 

discussed. 151 
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Nondispersive I n f r a red  Absorption (NDIR) - This procedure, the on ly  type of 

i n f r a r e d  analysis t h a t  has had much app l i ca t ion  i n  t h i s  f i e l d ,  i s  described 

13i n  a recent survey o f  hydrocarbon methodology as fol lows: 

Nondispersive i n f r a r e d  spectometry i s  a technique 
based upon the broadband absorption cha rac te r i s i t i c s  o f  
ce r t a i n  gases i n  the wavelength region o f  a few micrometers. 
I n f r a red  rad ia t i on  i s  t y p i c a l  l y  d i rec ted  through two separate 
absorption c e l l s  -- a reference c e l l  and a sample c e l l  (see 
Figure 5-5). The sealed reference c e l l  i s  f i l l e d  w i t h  non-
absorbing gas, such as n i t rogen o r  argon. The sample c e l l  
i s  phys i ca l l y  i d e n t i c a l  t o  the reference c e l l  and receives 
a continuous stream o f  the gas being analyzed. When a 
p a r t i c u l a r  hydrocarbon i s  present, the I R  absorption i s  
propor t iona l  t o  the molecular concentrat ion o f  t h a t  gas. 
The detector  consists o f  a double chamber separated by 
an impermeable d i  aphragm. Radiant energy passing through 
the two absorption c e l l s  heats the two por t ions o f  the 
detector  chamber d i f f e r e n t i a l  l y  . The pressure d i f fe rence  
causes the diaphragm t o  d is tend and vary a capacitance which 
i s  measured e l ec t ron i ca l l y .  The va r i a t i on  i n  capacitance i s  
propor t iona l  t o  the concentrat ion o f  the  component o f  gas 
present. By o p t i c a l l y  chopping t he  I R  rad ia t ion ,  the capaci- 
tance may be made t o  change per iod ica l  l y ,  and as a resu l t ,  
the e18ectroni c readout problems are f a c i  litated. 

Beckman, Horiba, and Mine Safety Appliances a l l  manufacture 
N D I R  analyzers based on the above p r inc ip les ,  and use two IR 
sources. Ecological  Instruments used a sing1 e rad ia t i on  source. 
In f rared Indus t r ies  uses two concave mi r rors ,  thus a l low ing  a 
s i ng le  source arrangement. Bendix produces an analyzer w i  t h  
the two detector  chambers i n  ser ies;  both detectors are f i l l e d  
w i t h  the  gas under measurement. The gas i n  the forward chamber 
i s  heated by the center o f  the absorpt ion band; the gas i n  the 
rea r  chamber by the edges o f  the  band. Hydrocarbon gas i n  the  
sample w i l l  absorb p r i m a r i l y  i n  the center o f  the band and thus 
cause the f r o n t  chamber t o  become cooler. The pressure change 
i s  detected as a change i n  capacitance and read ou t  as prev ious ly  
descr i  bed. 

N D I R  instruments are usua l l y  subject  t o  in te r fe rence  
because o ther  gases (e.g ., H 0, CO ) absorb a t  the wavelength 
o f  the gas o f  i n t e res t .  ~ f f 8 r t st 8  e l im ina te  the in ter ferences 
by use of reference c e l l s  o r  op t iona l  f i l t e r s  are on ly  p a r t i a l l y  
successful. For HC moni tor ing the detector  i s  f i l l e d  w i t h  one 
o r  several d i f f e r e n t  hydrocarbons, which may be d i f f e r e n t  from 
the HC contained i n  the sample. This w i l l  cause a dispropor- 
t i ona te  response. Other sources o f  e r ro rs  inc lude such th ings 
as gas leaks i n  detector  and reference ce l l s ,  inaccurate zero 
and span gases, non- l inear response, and d r i f t  i n  the e lec t ron ics .  



I n f r a red  analyzers are a lso used t o  measure carbon d iox ide produced by 

ox ida t ion  o f  hydrocarbons, which can then be t rans la ted  i n t o  an i n d i r e c t  

measurement o f  t o t a l  hydrocarbons. 

Flame Ion i za t i on  Detection (FID) - F i r s t  reported as a hydrocarbon detector  

by Andreatch and ~ e i n l a n d l ~  and others15 approximately 15 years ago, the 

flame i o n i z a t i o n  detector  (FID) has s ince achieved considerable recogni t ion.  

F I D  i s  a lso we11 documented i n  reference 13: 

With standard FID, a i r  sample i s  int roduced i n t o  a 
hydrogen flame (see Figure 5-6). The combination o f  even 
0.1 ppm o f  a hydrocarbon produces measurable i o n i z a t i o n  
which i s  a funct ion o f  the number o f  carbon ions present. 
A c o l l e c t o r  surrounding the flame i s  made p o s i t i v e  by an 
external  power supply and the i o n  cu r ren t  caused by the 
hydrocarbons i s  measured e l ec t ron i  ca l  lg. Since pure hydrogen 
burning i n  a i r  produces very l i t t l e  ion iza t ion ,  the e f f ec t s  
o f  background subt ract ion are minimi zed. The output  cur rent  
ca l i b ra ted  i n  ppm (o r  percentage) i s  read on a panel meter 
o r  char t  recorder. 

Hydrocarbons contain ing nitrogen, oxygen, o r  halogen 
atoms g ive a reduced response. Thus, FID hydrocarbon 
analyzers are almost un i ve rsa l l y  ca l i b ra ted  i n  terns of 
a gas such as methane o r  hexane and the output  read i n  ppm 
of carbon measured as methane-or hexane. 

It i s  important  t o  note t h a t  n i t rogen, CO, and CO 
do no t  produce inter ferences.  Patterson and Henein po?nt 
out  t h a t  a1 though there i s  a very low s e n s i t i v i t y  t o  water 
vapor, condensed water vapor may block the sample en t ry  
tube and cause e r r a t i c  readings. Also when oxygen i s  
present i n  excess o f  4%, a s i g n i f i c a n t l y  lower output  
reading may occur. Beckman Instruments r epo r t  t h a t  
r e l a t i  ve response o f  the Model 400 Hydrocarbon Analyzer 
t o  various hydrocarbons, inc lud ing  those w i t h  attached 
oxygen, ch lor ine,  and n i t rogen atoms i n  Table 5-1. The 
response i s  given i n  e f f e c t i v e  carbon numbers (ECN) where: 

Instrument resDonse caused 
by atom o f  g iven type 

ECN = Instrument resoonse caused 
by a l i p h a t i c  carbon atom 

These values are t r u e  f o r  one mode o f  operat ion o f  a 
s p e c i f i c  detector  under s p e c i f i c  condi t ions (e .g., 
mixed N H f u e l ) .  However, these numbers may vary 
widely fir 8 i f f e r e n t  operat ing condi t ions and f o r  
d i f f e r e n t  detectors.  





Table 5.1 APPROXIMATE EFFECTIVE CARBON NUMBERS '~  

E f f ec t i ve  
Type o f  atom Occurrence carbon number 

Carbon I n  a l i p h a t i c  compound 

Carbon I n  aromati c compound 

Carbon I n  o l e f i  n i  c compound 

Carbon I n  acety l  eni c compound 

Carbon I n  carbonyl rad ica l  

Carbon I n  n i t r a t e  

Oxygen I n  e ther  

Oxyge'n I n  primary alcohol 

Oxygen I n  secondary alcohol 

Oxygen I n  t e r t i a r y  alcohol , es te r  

Ch1o r i  ne As two o r  more ch lo r ine  
atoms on s i ng le  a l i p h a t i c  
carbon atom -0.12 each 

Chlorine I n  o l e f i n i c  carbon atom 

Nitrogen I n  amine Value s i m i l a r  
t o  t h a t  f o r  
oxygen atom 
i n  corresponding 
a1 coho1 



Gas Chromatography (GC) - Measurement o f  hydrocarbons by GC i s  a we l l -  

documented process. ''-I8Normally thought o f  as a device f o r  separating 

a hydrocarbon mixture i n t o  i t s  i nd i v i dua l  compounds, GC may a lso  be used 

t o  separate nonmethane hydrocarbons from the o ther  gases i n  a sample. 

Here again, reference 13 provides a wel l  -s ta ted descr ip t ion  o f  the 

basic GC operation: 

Gas chromatographs have been used manually by research 
1 aborator ies t o  monitor hydrocarbons f o r  many years. The 
great; power of t h i s  technique i s  the unique a b i l i t y  t o  separate 
hydrocarbons i n t o  a number o f  i nd i v i dua l  compounds; I n  p r i n -  
ciple,GC i s  a method f o r  phys i ca l l y  separating a gaseous mix- 
t u r e  i n t o  i t s  components by passing i t  through a column w i t h  a 
h igh surface-to-volume r a t i o  (see Figure 5-7). The surface area 
consists o f  a s o l i d  mater ia l  o r  a l i q u i d  dispersed on a s o l i d .  
The segregation o f  the  various components depends upon t h e i r  
se l ec t i ve  absorption i n t o  the column mater ia l .  An i n e r t  c a r r i e r  
gas moves the sample through the  column. I f  the gas sample 
consists o f  d i f f e r e n t  hydrocarbons, the d i f f e r e n t  components 
w i  11 requ i re  d i f f e r e n t  times t o  pass through the  column. The 
weakly absorbed components are the f i r s t  t o  emerge from the 
column. The se lec t i ve  process i s  h i gh l y  temperature-sensi tive 
and thus requires t h a t  most o f  the components o f  the chromato- 
graph be housed i n  a temperature-control led oven. As the 
various components emerge from the column, t h e i r  i d e n t i f i c a t i o n  
and concentrat ion are determined by an appropr iate detector. 
For hydrocarbons, f l  ame i o n i z a t i o n  detect ion,  descr i  bed i n  the 

. previous sect ion,  i s  almost un i ve rsa l l y  employed. 

A value f o r  t o t a l  nonmethane hydrocarbons can be generated chromato- 

g raph ica l l y  by s u m i  ng the i nd i v i dua l  concentrat ions as they are revealed 

by t h e i  r respect i  ve chromatogram peaks. Another approach i s  t o  operate 

the chroma,tograph i n  such a manner t h a t  a l l  nonmethane hydrocarbons e l u t e  

as one from the column. One peak on the chromatogram then represents t o t a l  

nonmethane hydrocarbons. 





Mass Spectrometry (MS) - Mass spectrometry i s  described as "... essential 

to the absolute identification of organic components.. ." in a recent 

survey of hydrocarbon detection techniques.' Because individual compound 

identification i s  not an absolute requirement for the measurement of total 

nonmethane hydrocarbons, MS i s  mentioned here for the benefit of those 

who sample sources emitting single species of hydrocarbons for which 

confirmation of their  presence i s  required. 

Mass spectrometers sort  a gas into i t s  indivtdual components by f i r s t  

ionizing the individual gas molecules. The ionized mo1;cules are then 

subjected to various physical effects that serve to classify o r  resolve 

them into thei r  respective mass numbers. Several types of mass spectrometers 

are explained by win^." By studying the relative intensities of the mass 

numbers generated, a value for total methane hydrocarbons could probably be 

generated. 

Total Combustion Analysis (TCA)  - Personnel of the Los Angeles County Air 

Pol 1 uti on Control Di s t r i  c t  have reported their  progress w i t h  implementati on 

of the concept of TCA for  several years. 21 -24 The following quotation i s  
24taken f m ~  Solo e t  a1 . 

The Los Angeles Rule 66 solvent control program has been in use 
Cor almost a decade. Measurements of source emissions for  
organic carbon are a vital adjunct for  determining compliance 
with the law. The l a t t e r  i s  accomplished using an analytical 
system termed Total Combustion Analysis (TCA). I t  involves 
the measurement of stack flow volume, and the collection 
of samples in a stainless steel freezeout trap followed by an 
8-1 i t e r  stainless t a n k  in tandem. An analysis of the organic 
carbon in t rap and t a n k  i s  made by conversion and measurement 
of Cop. The results are scaled t o  the total exhaust flow 



volume. Thus, a  measurement o f  t o t a l  o rgan ic  carbon i n  pounds 
per  hour i s  obtained, which f o r  p r a c t i c a l  purposes i s  i n t e r -
p re ted  as being very c l o s e  t o  t h e  ac tua l  o rgan ic  quan t i t y .  

The d e t e c t o r  system has h i s t o r i c a l l y  been a non-dispers ive 
i n f r a r e d  analyzer  s e n s i t i z e d  t o  CO . Recently,  we have 
been t e s t i n g  a hydrogen flame i o n i  $ a t  i o n  de tec to r  (FID) i n  
p lace  o f  t h e  non-dispers ive system. I n  t h e  FID ve rs ion  o f  
t h e  TCA inst rument ,  i t  i s  necessary t o  conver t  t h e  C02 t o  
CH4 i n  o rde r  t o  i~t i lize t h e  enhanced s e n s i t i v i t y  o f  t he  
de tec tor .  This  i s  accomplished over  a n i c k e l  c a t a l y s t .  
Resul ts  i n d i c a t e  t h a t  t he  newer FID de tec to r  i s  p r e f e r a b l e  
f o r  low concent ra t ion  cases, and can be used s a t i s f a c t o r i l y  
i n  any event  f o r  a l l  measurements o f  o rgan ic  carbon. 

F igure  5-8 i11 u s t r a t e s  the  a n a l y t i c a l  steps f o r  b o t h  t h e  c o l d  t r a p  

and t h e  evacuated c y l i n d e r .  Other  sampling devices, such as t h e  Universal  

C o l l e c t o r ,  sy r inge,  purge f l a s k ,  and c o l  l a p s l b l e  bag cou ld  a l s o  be used. 

Because a l l  hydrocarbons reach t h e  FID as CH4, t h e  problem of va ry ing  

response f a c t o r s ,  as exp la ined e a r l  ier,  is e l  i m i  nated. 

Corros ive gases c rea ted by combustion o f  halogenated hydrocarbon cou ld  

c rea te  problems f o r  t h i s  system. A poss ib le  remedy would be t o  i n s t a l l  a 

s e l e c t i v e  absorber f o r  these gases between t h e  o x i d i z e r  and the  reducing 

c a t a l y s t .  

No comnercial , f i e l d p r o v e n  TCA's a r e  p r e s e n t l y  a v a i l a b l e .  I f  a 

semipor table vers ion  can be developed, t h i s  approach w i l l  become even more 

appeal ing, because t h e  d i r e c t  sample technique can then be used. S u b s t i t u t i o n s  

o f  an FID i n  p lace  o f  t h e  NDIR g r e a t l y  enhances the  ana lys i s  system's 

s e n s i t i v i t y .  

5.6 Conclusion 

This s e c t i o n  has d e a l t  w i t h  t h e  de terminat ion  o f  t o t a l  nome2hane hydro- 

'carbon emissions through emission measurements. I n  t h e  course o f  d e s c r i b i n g  

var ious  sampling and a n a l y t i c a l  techniques t h a t  a re  c u r r e n t l y  avai 1  able, 
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concepts have been p resen ted  t h a t  shou ld  o r i e n t  those  persons r e s p o n s i b l e  

f o r  (determin ing source compl iance w i t h  emiss ion s tandards t o  t h e  t y p e  o f  

ques,t ions t h a t  must be reso l ved  b e f o r e  a p a r t i c u l a r  method i s  a p p l i e d .  
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