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Successful waste minimizat ion programs have ex i s ted  since the  e a r l y  
1970's when they were pa r t  o f  prudent environmental management ph i l oso -  
phies. These successful programs prov ide  a b l u e p r i n t  f o r  developing waste 
m in im iza t i on  programs hecause they have several elements i n  conmon i n c l u d -  
i n g  (1) Management conmitment t o  encourage design and operat ing personnel 
t o  change the  way waste generation i s  viewed so t h a t  i t  becomes an add i -  
t i o n a l  p a r t  o f  t h e i r  jobs, (2 )  Def in ing  the  t r u e  source of wastes by exam- 
i n i n g  processes from the  po in t  o f  view o f  discharges and (3 )  Applying 
e f f e c t i v e  chemical engineering p r i n c i p l e s  t o  balance and in teg ra te  source 
con t ro l  opt ions w i th  terminal  treatment a l t e rna t i ves  t o  opt imize c a p i t a l  
expendi tures t o  meet shor t -  and long-term environmental object ives.  

This paper w i l l  descr ibe a proven approach f o r  waste minimizat ion and 
how t h i s  approach was used t o  minimize the  format ion o f  isobutylene as an 
unwanted by-product from a process i n  which t - b u t y l  a lcohol  was used t o  
b lock  a reac t i ve  s i t e  dur ing a mul t i -s tep  synthesis o f  an organic chemical. 
The emissions o f  isobutylene were reduced from t h r e e  d i f f e r e n t  process 
steps by i d e n t i f y i n g  process cond i t ions  which (1) reduced the  format ion o f  
i sobuty lene so t h a t  add-on emission cont ro ls  were not needed and ( 2 )  
s i g n i f i c a n t l y  increased process y i e l d s  o f  the  des i red  products. The 
r e s u l t s  from a l l  three process steps are exce l len t  i l l u s t r a t i o n s  of the  
concept t h a t  t he  format ion o f  an unwanted by-product i s  not necessar i l y  
i nev i tab le .  Knowing why and how a hy-product was formed l e d  d i r e c t l y  t o  
t h e  i d e n t i f i c a t i o n  o f  methods t o  reduce the  format ion o f  t he  hy-product. 
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I n t roduc t i on  

I n  the  1984 RCRA Reauthor izat ion B i l l ,  t he  U.S. Congress "declared i t  
t o  be na t iona l  p o l i c y  o f  the Uni ted States tha t ,  wherever feas ib le ,  the  
generat ion o f  hazardous waste i s  t o  be reduced o r  e l im ina ted  as exped i t i -  
ously as possible,  Waste tha t  i s  nevertheless generated should be treated, 
stored, o r  disposed o f  so as t o  ,$nimize the  present and fu tu re  th rea t  t o  
human hea l th  and the  environment. 

Waste minimizat ion technologies are a v a i l a h l e  f o r  two types o f  wastes: 
ma te r ia l s  cu r ren t l y  generated hy i n d u s t r i e s  t h a t  produce or  use chemicals 
and accumulations o f  p rev ious ly  generated wastes. 

Wastes cu r ren t l y  produced can be minimized by apply ing resource 
recoverylsource cont ro l  (RR/SC) technologies as cos t -e f fec t i ve  a l te rna t i ves  
t o  end-of-the-pipe treatment. Wastes generated hy remediating remnants 
from previous disposal p rac t i ces  can he minimized by using mobile 
technologies and equipment t o  reduce t h e  volume and/or t o x i c i t y  of  wastes 
t h a t  must be hauled o f f  s i t e .  This paper addresses cu r ren t l y  produced 
wastes. 

Implementing t h i s  p o l i c y  w i l l  r equ i re  t h a t  f i rms  reduce the  volume and 
t o x i c i t y  o f  hazardous wastes by app ly ing  e f f e c t i v e  chemistry and chemical 
engineer ing p r inc ip les  s i m i l a r  t o  those used by companies tha t  manufacture 
chemicals. Indeed, the  concept o f  waste min imiza t ion  d i d  not begin w i th  
the  1984 RCRA Amendments. Waste min imiza t ion  has heen an i n t e g r a l  pa r t  
( a l b e i t  sometimes a sub t le  p a r t )  o f  t h e  func t i on  of many chemical engineers 
and chemists when they have designed, constructed, operated, and r e t r o -  
f i t t e d  chemical product ion processes. This means tha t  t he  chemical engi- 
neers and chemists w i th  i n d u s t r i a l  experience w i l l  be t h e  most q u a l i f i e d  
pro fess iona ls  t o  implement waste min imiza t ion  because they can hest under- 
stand the  sources o f  the  wastes. 

Waste minimizat ion concepts and programs have had various t i t l e s  over 
the  years. They inc lude waste reduct ion,  waste minimizat ion,  source 
con t ro l ,  resource recovery, p o l l u t i o n  prevent ion,  and p o l l u t i o n  cont ro l  a t  
t h e  source. Many papers have heen presented descr ib ing  the  methodology and 
b e n e f i t s  o f  waste minimizat ion.  1 y 2 ' 3  Even though the methodology was 
developed i n  the e a r l y  1970s as an extension o f  the  e f f e c t i v e  chemical 
engineer ing approaches used by t h e  chemical i ndus t r y ,  t h i s  methodology i s  
j u s t  as app l i cab le  today. 

Elements o f  a Waste Minimizat ion Program 

The elements o f  successful waste min imiza t ion  programs include: 

Management commitment t o  convince product ion personnel 
and process design engineers t h a t  consider ing process 
changes t o  reduce the  generat ion o f  wastes and cont ro l  
p o l l u t i o n  a t  t he  source i s  an important pa r t  o f  t h e i r  
jobs. 

Problem d e f i n i t i o n  t o  e s t a b l i s h  t h e  environmental and 
economic impact o f  e x i s t i n g  discharges by examining 
processes from the  po in t  o f  view o f  process discharges 
(sewers, vents, or l i q u i d /  s o l i d  res idues)  ra ther  than 
products. 
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0 Process d e f i n i t i o n  t o  conceptualize and evaluate simple, 
as w e l l  a s  sophist icated, techniques for reducing waste 
formation. 

0 Implementation t o  develop, design, and i n s t a l l  process 
mod i f i ca t ions  and/or recovery and treatment systems. 

These elements are discussed below. 

Management Commitment 

Management commitment i s  as important t o  a successful waste minimi- 
za t ion  program as i t  i s  t o  successful safety,  qua l i t y ,  energy reduct ion or 
cost savings programs. I n  order t o  be successful, a l l  o f  these programs 
usua l ly  requ i re  d i rec t i ves  f r o m  management t o  encourage personnel t o  
incorporate increased a t t e n t i o n  t o  these top i cs  i n  t h e i r  everyday jobs. 
For waste minimizat ion,  en thus ias t ic  endorsement by management i s  o f ten  
required t o  help people overcome the widespread op in ion  t h a t  no f u r t h e r  
improvements can be made t o  "mature" processes. Although res is tance t o  
consider ing process changes i s  o f ten  encountered, i t  o f ten  d iss ipa tes  when 
the  benef i t s  t h a t  can accrue are recognized. 

Problem De f in i  t i on 

A key element o f  an e f f e c t i v e  waste min imiza t ion  program i s  t o  
i d e n t i f y  and de f ine  the  waste prohlems before t r y i n g  t o  so lve  them. The 
ob jec t ive  o f  problem d e f i n i t i o n  i s  t o  determine the  t r u e  sources o f  waste, 
i.e., whether they are re la ted  t o  the  process chemistry or t he  way the  
process i s  engineered, operated, o r  maintained. 

It i s  important t o  no te  t h a t  prohlem d e f i n i t i o n  goes beyond a normal 
waste charac ter iza t ion  which only determines "What and How Much" wastes are 
generated. Problem d e f i n i t i o n  should a lso  inc lude determinat ion o f  "How, 
Why, and When" wastes are generated i n  order t o  i d e n t i f y  t he  t r u e  source o f  
waste. The bene f i t s  o f  determining "How, Why, and When" wastes are 
generated ( the  d i f f e rence  between prohlem d e f i n i t i o n  and a simple waste 
cha rac te r i za t i on )  can be i l l u s t r a t e d  hy a f requent ly  encountered example 
concerning organic so lvent  losses. Calculated losses o f  solvents f r o m  
known discharges o f ten  do not account fo r  known consumption based on 
inventory  and purchasing records. When the  process i s  observed and 
reviewed from the  s p e c i f i c  viewpoint o f  discharges, the  l o c a t i o n  and nature 
of  p rev ious ly  u n i d e n t i f i e d  losses can f requent ly  be determined. Def in ing  
the  problem (i.e., t he  l oca t i on  and nature o f  t he  losses) can make 
determining and then implementing t h e  s o l u t i o n  s t ra igh t fo rward .  

Understanding the  environmental impact o f  e x i s t i n g  and f u t u r e  produc- 
t i o n  prac t ices  necessar i l y  includes an assessment o f  t he  l oca t i on ,  cost ,  
and r i s k  o f  cur ren t  and f u t u r e  disposal operations. 

The output o f  the  problem d e f i n i t i o n  step i s  a summary o f  t he  economic 
and environmental impacts o f  the  process t h a t  was reviewed. This sumnary 
p rov ides  the  basis f o r  p r i o r i t i z i n g  the  process d e f i n i t i o n  a c t i v i t i e s  so 
t h a t  the  most s i g n i f i c a n t  problems are addressed f i r s t .  

Process D e f i n i t i o n  

The se lec t i on  o f  the  optimum approach for managing a waste i s  usua l l y  
based on a techn ica l  and economic eva lua t ion  o f  one or  more a l te rna t i ves .  
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For both cu r ren t l y  generated and prev ious ly  generated wastes, the  
a l te rna t i ves  usua l ly  f a l l  i n t o  one o f  t he  fo l l ow ing  ca tegor ies :  

Evaluate the c a p a b i l i t i e s  of e x i s t i n g  terminal  t reatment 

Evaluate requirements f o r  add i t i ona l  terminal  t reatment 

system versus the  requirements 

f a c i l i t i e s  

Def ine on-si te waste reduct ion opt ions 

0 Analyze the cos t /benef i t  o f  waste reduct ion versus 
te rmina l  treatment. 

For p rev ious ly  generated wastes, on -s i t e  waste reduc t ion  opt ions are 
l i m i t e d  t o  changing the charac ter  o f  t he  wastes t o  reduce t h e i r  volume or 
t o x i c i t y .  For wastes generated by c u r r e n t l y  operat ing processes, addi- 
t i o n a l  RR/SC oppor tun i t ies  t o  change t h e  process frequent ly can be i den t -  
i f i e d  based on the  resu l t s  o f  the  problem d e f i n i t i o n .  They usua l ly  f a l l  
i n t o  one o f  t he  fo l lowing categor ies:  

Improvements r e q u i r i n g  on ly  equipment repa i rs  o r  changes 
i n  operat ing procedures which hecome obvious a f t e r  the  
s p e c i f i c  source of discharge has been defined. Improved 
phase separations are  one example. 

0 Simple improvements i n  opera t ing  procedures which 
requ i re  some form o f  simple tes t ing .  Reuse of k e t t l e  
washes as the makeup water fo r  the  next batch or  minor 
mod i f i ca t ion  of a rec ipe  t o  reduce t h e  amount of excess 
raw mater ia l  are two examples. 

0 Process changes r e q u i r i n g  s i g n i f i c a n t  development work 
and/or cap i ta l  expenditures. Prov id ing  add i t i ona l  
capac i ty  fo r  chemical reac t ion ,  d i s t i l l a t i o n ,  ex t rac-  
t i o n ,  o r  s t r i p p i n g  i s  an example. Another example i s  
recovery of l o s t  product which may requ i re  extensive 
t e s t i n g  t o  v e r i f y  proper separat ion from unwanted by- 
products. 

0 Addi t ion  of an ex t ra  system t o  reduce the  discharge o f  a 
s p e c i f i c  component a t  the  source. Separation and re- 
covery o f  a valuable ma te r ia l  o r  ox ida t i on  o f  a t roub le -  
some component are two examples. 

Implementation 

The a c t i v i t i e s  t o  design, permit ,  cons t ruc t  and s t a r t  up process 
mod i f i ca t ions  t o  reduce the  generat ion o f  wastes from cu r ren t l y  operat ing 
processes are we l l  known i n  t h e  chemical i ndus t r y  and need not be described 
i n  t h i s  paper. Dealing with remnants from past disposal p rac t ices  provides 
another oppor tun i ty  t o  apply e f f e c t i v e  chemical engineering techniques. 
Frequent ly t h e  volume and/or t o x i c i t y  o f  t h e  wastes t ransported o f f  s i t e  
can be reduced by using mobi le process equipment t o  assemble a temporary 
t reatment process on s i t e .  Mobi le t reatment technologies w i l l  be discussed 
l a t e r .  
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Case H is to ry  

Although few would argue w i th  the  ove ra l l  concept t h a t  minimizing 
wastes i s  a prudent way t o  operate chemical p lan ts ,  the value o f  t h i s  
concept and ways t o  implement i t  can be i l l u s t r a t e d  through case h i s to r i es .  
Our experiences over the  l a s t  16 years have shown t h a t  there  are many 
f e r t i l e  areas f o r  reducing wastes through e f fec t i ve  chemical engineering. 
These f e r t i l e  areas include: 

* Purer raw mater ia ls  

* Improved s o l i d / l i q u i d  separation 
Segregation 
Debottlenecking equipment t o  improve performance 
Vacuum system 

0 Countercurrent washing 
e Leaking pump seals 

Improved l i q u i d / l i q u i d  separat ion 

Although numerous examples are ava i l ab le  f o r  each area, we would l i k e  
t o  descr ibe a more soph is t i ca ted  case h i s t o r y  which involves a ser ies  o f  
process changes t h a t  e l im ina ted  the need f o r  an emission con t ro l  system. 

C o n t r o l l i n g  Isobutylene Emissions v ia  RR/SC 

During the  comprehensive problem d e f i n i t i o n ,  th ree  s i g n i f i c a n t  sources 
of isobutylene emission from one organic synthesis process were i d e n t i f i e d .  
Isobutylene i s  a s i g n i f i c a n t  a i r  po l l u tan t  because, as an unsaturated 
hydrocarbon, it i s  photochemically reac t i ve  and has been i d e n t i f i e d  as an 
ingred ien t  o f  smog-forming compounds. Figure 1 i l l u s t r a t e s  the  batch 
process steps which were i d e n t i f i e d  as isobutylene emission sources. 

As shown i n  Figure 1, t h i s  process consisted o f  four  batch operations. 
I n  t h e  f i r s t  reac t ion ,  a t - b u t y l  group suppl ied by t - b u t y l  a lcohol  was 
added t o  temporar i l y  b lock an ac t i ve  s i t e  on the  primary molecule ( W )  
dur ing  the  second react ion.  Fol lowing the second react ion,  from which no 
s i g n i f i c a n t  emissions were detected, the t -bu ty l  group was removed as 
t - b u t y l  ch lo r i de  by hydro lys is  w i th  HC1. The recovered t - b u t y l  ch lo r i de  
was then hydrolyzed t o  recover the t -bu ty l  a lcohol  which was recycled t o  
the  f i r s t  reac t ion  step. The isobutylene formed i n  three o f  t he  fou r  steps 
resu l ted  from the  decomposition o f  t -bu ty l  a lcohol  and t - b u t y l  ch lo r ide .  

The cha rac te r i za t i on  o f  the emissions not only i d e n t i f i e d  th ree  
s i g n i f i c a n t  a i r  p o l l u t i o n  sources bu t  a lso  pinpointed the  sources o f  most 
of t he  t - b u t y l  l o s t  from the  process which resu l ted  i n  subs tan t ia l  t - b u t y l  
a lcohol  makeup requirements i n  Step 1. (Part  o f  the  t - b u t y l  loss  was 
i d e n t i f i e d  dur ing  the  cha rac te r i za t i on  o f  l i q u i d  waste e f f luen ts  from the  
process.) 

Since i t  was not an t i c ipa ted  t h a t  the emissions could be t o t a l l y  
e l im ina ted  through source process changes, the fo l l ow ing  a l t e r n a t i v e  
so lu t ions  were considered: (1) i n s t a l l a t i o n  o f  p i p i n g  t o  c o l l e c t  and 
t r a n s f e r  isobutylene t o  the  steam generation p lan t  f o r  comhustion i n  the  
bo i l e rs ,  o r  ( 2 )  t h e  i n s t a l l a t i o n  o f  a recovery process t o  e i t h e r  generate 
p u r i f i e d  isobutylene f o r  resale, o r  t o  convert isobutylene t o  t - b u t y l  
a lcohol  f o r  use i n  the  process. The cap i ta l  cost  f o r  the  i n s t a l l a t i o n  o f  a 
t - b u t y l  a lcohol  recovery process ( the  most a t t r a c t i v e  a l t e r n a t i v e )  was 
estimated a t  approximately $200,000. 
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The i n i t i a l  t h r u s t  o f  t h i s  p ro jec t  was t o  charac ter ize  the  isobutylene 
emissions from the  th ree  batch processes i n  order t o  def ine the  design 
bases f o r  an isobutylene emission con t ro l  system. Since isobuty lene was 
not an i nev i tab le  hy-product o f  the  process, i t  was hoped t h a t  an add i t ion-  
a l  b e n e f i t  o f  t h i s  p ro jec t  would be the  i d e n t i f i c a t i o n  of opera t ing  condi-  
t i o n s  t h a t  would reduce the  quan t i t y  o f  isobutylene generated. 

F i r s t  Reaction. This step combined th ree  l i q u i d  components: con- 
cent ra ted  s u l f u r i c  acid, t - b u t y l  a lcohol ,  and W ,  t he  product f r o m  the  
previous step. The temperature o f  t he  mixtur: was ra ised and the  e leva t -  
ed temperature maintained f o r  a per iod  t o  ensure completeness o f  t he  
react ion.”  The cha rac te r i za t i on  o f  emissions from the  p l a n t  operat ion 
i nd i ca ted  t h a t  most of t he  isobuty lene was emit ted as the  temperature o f  
the  batch was increased, and emissions continued a t  a lower r a t e  throughout 
the  ho ld  period. 

Laboratory scale t e s t s  discovered t h a t  the  react ion:  

W + TBA # X  

was s i g n i f i c a n t l y  reve rs ib le  and t h a t  although higher temperatures accel-  
e ra ted  t h e  achievement of equ i l ib r ium,  acceptable reac t ion  ra tes  could be 
achieved even i f  the  reac tor  were not heated. The t e s t s  a lso  showed t h a t  
h igher  temperatures and extended ho ld  times increased the  conversion o f  
t - b u t y l  a lcohol  t o  isobutylene. This combination o f  f ac ts  demonstrated 
t h a t  heat ing  the  reac tor  and ho ld ing  the  reac tor  contents not only i n -  
creased the  quant i t y  o f  isobutylene emi t ted  hut a lso  decreased t h e  y i e l d  o f  
X because the  i r r e v e r s i b l e  loss  o f  t - b u t y l  a lcohol  (as i sobuty lene)  s h i f t e d  
t h e  e q u i l i b r i u m  back toward W. 

When the  revised cond i t ions  ( lower temperature and sho r te r  residence 
t ime)  were incorporated i n  the  p lan t  operat ion,  isobutylene emissions were 
reduced by 99 percent, pr imary product y i e l d  (from W )  was increased from 
approximately 94.5 t o  99.7 percent, batch cyc le  t ime was reduced from 
approximately 8 hours t o  less  than 4 hours, and steam requirements were 
el iminated. These improvements were a t ta ined  w i t h  v i r t u a l l y  no c a p i t a l  
expenditure. 

H d r o l  s is .  
( y ,  a+ne 
b o i l i n g  po in t .  

I n  t h i s  operat ion the  product from the  second reac t ion  
s o l i d )  was d isso lved i n  HC1 so lu t i on  and heated t o  the  

Dur ing the  react ion,  a mix tu re  of t -bu ty l  ch lo r ide ,  HC1, 
water -vapor, and isobutylene (formed from the  decomposition o f  t -bu ty l  
c h l o r i d e )  was vented from the  reac tor  as an overhead vapor stream. Heating 
o f  t h e  reac tor  was continued u n t i l  t he  reac t ion  was e s s e n t i a l l y  complete 
and a l l  the  t -bu ty l  c h l o r i d e  formed was vaporized. The overhead vapor 
passed through water- and br ine-cooled condensers i n  ser ies,  condensing 
most o f  t he  t - b u t y l  ch lo r ide ,  HC1, and water vapor. 

The charac ter iza t ion  o f  emissions showed a pa t te rn  s i m i l a r  t o  the  
f i r s t  reac t ion ,  where the  emissions were h igh  as the  reac t ion  mix tu re  was 
heated, and then more moderate once the  maximum temperature had been 
a t ta ined.  
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A ser ies  o f  labora tory  experiments were conducted, aimed simultane- 
ously a t  reducing emissions and increas ing  pr imary product y i e l d .  The most 
favorable combination o f  condi t ions found was: 

Higher HC1 concentrat ion (h igher  normal i t y  and mole 

Slower heat ing  ra te  

Lower f i n a l  temperature 

Shorter residence t ime a t  maximum temperature. 

r a t i o  t o  the  primary reac tan t )  

When these changes were incorporated i n  the  p lan t  operat ion,  

y i e l d  o f  2 was increased by 8-10 percent. 

equ iva len t  t o  the reduct ion i n  i sobuty lene loss.  

Isobutylene emissions were v i r t u a l l y  e l im ina ted  and the  

T-butyl  ch lo r i de  y i e l d  from t h i s  step was increased 

I n  cont ras t  t o  both the f i r s t  reac t i on  ( t - b u t y l  add i t i on )  and the  TBA 
recovery, there  i s  no d i r e c t  re la t i onsh ip  between primary product ( Z )  y i e l d  
and isobuty lene emissions from t h i s  step. It was fo r tunate ,  i n  t h i s  case, 
t h a t  t he  cond i t ions  which were found t o  he favorab le  fo r  minimum i sobu ty l -  
ene emission and maximum t - b u t y l  ch lo r i de  y i e l d  (i.e., h igh  HC1 concentra- 
t i o n ,  lower temperature) were compatible w i t h  the  cond i t ions  which improved 
pr imary  product y i e l d  ( i  .e., h igher  i n i t i a l  HC1 concentrat ion,  slower heat- 
i n g  ra te ,  sho r te r  residence time, and lower temperature). 

TRA Recover . I n  t h i s  operat ion t h e  t - b u t y l  ch lo r i de  formed i n  the 
h y d r o b a s  converted t o  t - b u t y l  a lcoho l ,  as shown hy the  fo l l ow ing  
summary equation: 

I 
H20 ~ -. CH3 - C - OH + Na+ + C1- 

I 
CH3 - C - C1 + NaOH 

I n  t h e  o r i g i n a l  process, a f t e r  t r a n s f e r r i n g  t -bu ty l  ch lo r i de  t o  a 
jacketed, s t i r r e d  reactor,  a s l i g h t  s to i ch iomet r i c  excess o f  NaOH was 
added, r e s u l t i n g  i n i t i a l l y  i n  a s t rong ly  bas ic  water phase i n  t h e  two-phase 
mixture.  The s o l u t i o n  was heated t o  the  b o i l i n g  po in t  ( i n i t i a l l y  50OC) and 
was then re f luxed u n t i l  conversion o f  the  t - b u t y l  ch lo r i de  was complete. 
Laboratory t e s t s  focussed on determining t h e  e f f e c t  o f  pH on the  conversion 
o f  t - i p t y l  c h l o r i d e  t o  t - b u t y l  a lcohol ,  because in fo rmat ion  from the  l i t e r -  
atuve i nd i ca ted  t h a t  a pH o f  7 o r  less  was more favorable f o r  t he  forma- 
t i o n  o f  t he  in te rmed ia te  t - b u t y l  carbonium ion .  The l i t e r a t u r e  a lso  
i nd i ca ted  t h a t  h igh  pHs would enhance the  fo rmat ion  o f  isobutylene. The 
r e s u l t s  showed t h a t  although a s to i ch iomet r i c  q u a n t i t y  of NaOH was required 
t o  complete t h e  reac t ion ,  order o f  add i t i on  and the  r a t e  of NaOH add i t ion  
was c r i t i c a l .  I f  NaOH were added a t  a c o n t r o l l e d  r a t e  t o  maintain the pH 
between 1 and 2, t h e  reac t ion  would proceed r a p i d l y  a t  ambient temperature. 
These cond i t ions  s t rong ly  favored the  format ion o f  t - b u t y l  a lcohol ,  i n  
preference t o  isobutylene, almost e l im ina t i ng  isobuty lene formation. As pH 
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was increased, the  reac t ion  r a t e  hecame much slower, r e q u i r i n g  h igher  
temperatures f o r  p rac t i ca l  reac t i on  t imes and causing increased isobutylene 
formation. 

When the  most favorable cond i t ions  as determined f r o m  the labora tory  
experiments (pH 1-2, temperature 30-35'C) were incorporated i n  the  p lan t  
operation, the emission o f  i sohuty lene was almost e n t i r e l y  e l im ina ted  and 
t h e  y i e l d  o f  t -bu ty l  alcohol was increased. The only c a p i t a l  requirement 
f o r  t he  revised process was t h e  i n s t a l l a t i o n  o f  a pH cont ro l  loop. 

This case h i s t o r y  v i v i d l y  demonstrated t h a t  even though t h i s  organic 
synthesis was a mature process, product y i e l d s  could s t i l l  he increased, 
and the  generation o f  an unwanted by-product was not i nev i tab le .  Under- 
standing the  condi t ions under which isobuty lene was created i d e n t i f i e d  
th ree  d i f f e r e n t ,  eas i l y  implemented, and obvious chemical engineer ing 
so lu t ions .  These th ree  so lu t i ons  e l im ina ted  the  need f o r  an expensive a i r  
p o l l u t i o n  cont ro l  device w i t h  concurrent savings of $500,000 a year i n  
operat ing costs at  a t o t a l  c a p i t a l  cos t  o f  less  than $50,000. 

Sumnary 

The ob jec t ive  o f  a waste min imiza t ion  program should be t o  opt imize 
c a p i t a l  expenditures requ i red  t o  meet shor t -  and long-term environmental 
ob jec t i ves  and t o  minimize f u t u r e  l i a b i l i t i e s .  For c u r r e n t l y  operat ing 
p lan ts ,  t h i s  ob jec t ive  i s  met hy i n t e g r a t i n g  and balancing i n -p lan t  RR/SC 
opt ions with terminal  t reatment a l t e rna t i ves .  For p rev ious ly  generated 
wastes, on-si te treatment op t ions  t o  reduce the  volume or  t o x i c i t y  should 
be compared t o  o f f - s i t e  t reatment and disposal  a l te rna t ives .  

Our experience as we l l  as t h e  experiences o f  other successful waste 
reduc t ion  programs i n  the  chemical i ndus t r y  have shown t h a t  ( 1 )  t he  produc- 
t i o n  o f  waste i s  not necessar i l y  i n e v i t a b l e  and (2)  d e f i n i n g  t h e  true 
source o f  the  waste i s  the c r i t i c a l  step i n  consider ing ways t o  reduce the  
format ion o f  waste. 

We hope t h a t  t h i s  paper w i l l  he lp  s t imu la te  managers i n  the  chemical 
i ndus t r y  t o  d i r e c t  t h e i r  s t a f f s  t o  se r ious l y  consider waste min imiza t ion  
and the  technical  s t a f f s  t o  c rea te  t h e i r  own successful case h i s t o r i e s  by 
examining t h e i r  processes from the  perspec t ive  o f  the waste streams. 
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ISOBUTYLENE EMISSION CONTROL SYSTEM 

RECYCLED TEA 

FIGURE 1 
ORGAN IC CHEMICAL SYNTHESIS 
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