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D i f f e r e n t  o x i d i z i n g  a g e n t s  f o r  p e r f o r m i n g  t h e  
c l e a v a g e  o x i d a t i o n  o f  t h e  d o u b l e  b o n d  o f  the  u n s a t -  
u r a t e d  f a t t y  a c i d s  a r e  p r e s e n t e d ,  a n d  t h e i r  e c o -  
n o m i c  p e r f o r m a n c e  i s  a n a l y z e d .  O z o n e  a n d  s o d i -  
u m  h y p o c h l o r i t e  a r e  t h e  m o s t  c o m m e r c i a l l y  e f f i -  
c i e n t  o x i d a n t s .  

L a b o r a t o r y  w o r k  for  t h e  o x i d a t i o n  o f  o l e i c  ac id  
to  a z e l a i c  a n d  p e l a r g o n i c  a c i d s  u s i n g  h y p o c h l o r i t e  
a s  o x i d a n t  i s  d e s c r i b e d .  T h e  a d v a n t a g e s  o f  w o r k -  
i n g  in  a n  e m u l s i o n  s y s t e m  a n d  u s i n g  RuC,13 a s  a 
c a t a l y s t  a r e  d i s c u s s e d ,  a n d  a p o s s i b l e  m e c h a n i s m  
o f  t h e  r e a c t i o n  i s  p r e s e n t e d .  A f l o w  s h e e t  f o r  a n  
i n d u s t r i a l  p r o c e s s  b a s e d  o n  t h i s  c o n c e p t  i s  p r o -  
p o s e d .  A s i m u l a t i o n  o f  a p l a n t  u s i n g  t h i s  t e c h n o l -  
o g y  i s  m a d e  by  a c o m p u t e r i z e d  m o d e l ,  a n d  t h e  e c o -  
n o m i c  p a r a m e t e r s  o b t a i n e d  p e r m i t  us  to  c o n c l u d e  
t h a t  t h e  s o d i u m  h y p o c h l o r i t e  c a n  be  a n  i n t e  r e s t i n g  
r e a g e n t  f o r  i n d u s t r i a l  o x i d a t i o n s  o f  d o u b l e  b o n d s  
in  f a t t y  ac ids .  

Some  processes  in the  o leochemica l  i ndus t ry  include 
the  ox ida t ion  of the double bond  of u n s a t u r a t e d  f a t t y  
acids.  A r e p r e s e n t a t i v e  e x a m p l e  of  such  a r eac t ion  is 
the  ox ida t ion  of the  oleic acid in order  to ob ta in  pelar-  
gonic  a n d  azela ic  acids: 

CH3(CH2)TCH = CH(CH~)7 C O O H  ........ 202 
oleic acid 

CH3(CH2)7 C O O H  + HOOC(CH~)7 COO].:I 
pe la rgon ic  acid azela ic  acid 

(a) 

The  ox ida t ive  c l e avage  of the  double  bond  of the  
u n s a t u r a t e d  f a t t y  ac ids  is u sua l ly  p e r f o r m e d  in a 
l iquid p h a s e  by  a n u m b e r  of  oxidiz ing agents .  P r io r  
to a n y  l a b o r a t o r y  work  we h a v e  compared ,  f rom a 
techno-economic  point  of  view, those  ox ida t ion  agen t s  
which  are  p resen ted  in T a b l e  1. In  order  to fac i l i ta te  
such  a c o m p a r i s o n ,  the  concept  of  " c h e m i c a l  func- 

t i on"  as p resen ted  by  U. Colombo h a s  been used (1). 
In  our case  the  chemica l  func t ion  of the  oxygen  do- 
no r s  is the  ox ida t ion  of a double  bond  wi th  its cleav- 
age  into  two ca rboxyl ic  groups:  

-HC = CH- + 202 - - -  2x(-COOH) (b) 

T h e  ef f ic iency of  a n  ox id iz ing  a g e n t  (OE) is def ined  
as  the  cost  of  the  o x i d a n t  (OC) n e c e s s a r y  to pe r fo rm 
the  reac t ion  (b). 

OE = 2.10 3 (OC)[MW(Ox)](Ox.St)- '  (c) 

OE = eff iciency of ox idan t  (S/ ton  double bond  c leaved  
a n d  oxidized) 
OC = cost  of  o x i d a n t  (S/ ton  oxidant )  
MW(Ox) = molecu la r  we igh t  of  oxidant .  
Ox.St  = s to ich iomet r ic  ra t io  o x i d a n t / a c t i v e  oxygen  
(as in reac t ion  b) 

T h e  OE va lues  for  the  r e l evan t  ox idan t s  are  pre- 
sen ted  in T a b l e  2. We are  a w a r e  t h a t  those  f igures  do 
not  g ive  the  comple te  i m a g e  of the  ox ida t ion  process  
a n d  t h a t  s u p p l e m e n t a r y  p a r a m e t e r s  such  as oxida- 
t ion  potent ia l ,  yield of the  process ,  phys i ca l  condi- 
t ions  of  the  react ion,  sa fe ty  a n d  ecological  considera-  
t ions  can  c h a n g e  the  order  of  the  ox idan t s '  eff ic iency 
p re sen t ed  in Tab l e  2. Yet the  use  of  the  a l g o r i t h m  (c) 
c a n  fu rn i sh  a f i rs t  tool for choos ing  ox idan t s  for in- 
dus t r i a l  ope r a t i ons . In  the  above  specif ic s i tua t ion  the  
bes t  economic  eff iciencies are  p resen ted  by  ozone a n d  
sod ium hypochlor i te .  

Use of  ozone. The  p roduc t ion  of  ozone a n d  the  oxi- 
da t ion  process  of  oleic acid a re  descr ibed in a recent  
ar t ic le  (2). The  use of  ozone as ox idan t  p resen t s  some  
a d v a n t a g e s ,  n a m e l y  h igh  reac t iv i ty ,  se lec t iv i ty  and  
lack  of  res idues  or by-products .  In  our  opinion,  those  
benef i t s  are  ove rwhe lmed  by  s h o r t c o m i n g s  including:  

• Need for spec ia l  h igh  t e chno logy  e q u i p m e n t  for the  
p roduc t ion  of ozone, which  impl ies  a l a rge  cap i t a l  

TABLE 1 

Commercial  Oxidants 

Oxidant Reaction 

Generated 
oxygen 

mol OJmot oxid. 

Potassium 
permanganate 

Potassium 
bichromate 

Chromic acid 
Hydrogen 

peroxide 
Ozone 
Sodium 

hypochlorite 

K2Mn2Os + H20 -- 2MnO2 + 2KOH + 3/202 

K2Cr2Oz + H 2 8 0 4  - -  K~SO4 + Cr2(SO4)3 + 4H20 + 3/202 

2CrO3 - Cr203 + 3/202 
H202 - H20 + 1/202 

O~ - 3/202 
NaOC1 - NaC1 + 1/202 

1.5 

1.5 

1.5 
0.5 

1.5 
0.5 
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TABLE 2 

Cost  Ef f ic iency  of  Var ious  Oxidants  

Oxidant 

Active oxygen Cost of Cost of 
Price of generated active oxygen double bond 
oxidant ton oxygen/ S/ton active oxidation 
S/ton a ton oxidant oxygen $/tmol 

Potassium permanganate 2400 0.152 11,500 b 740 b 
Potassium bichromate 1056 0.163 6480 c 415 ~ 
Chromic acid 2596 0.480 5410 345 
Hydrogen peroxide 710 0.235 3020 195 
Ozone 1505 d 0.666 2260 145 
Sodium hypochlorite 425 e 0.216 1967 126 

aprices quoted are f.o.b. USA, May 1986. 
bA value of $605/ton potassium permanganate has been allocated for the by-product MnOe. 
cThe value of by-product potassium sulfate is considered equivalent to the cost of sulfuric acid. 
dThe cost of ozone has been calculated as in reference (3) with cost of electricity at $0.05/kilowatt hr. 
eThe price of sodium hypochlorite considers a total conversion for chlorine and 95% conversion for 
sodium hydroxide. A value of $45/ton has been allocated for operating costs. 

i n v e s t m e n t  ($17,000/kg o z o n e / h r  ins ta l l ed  capaci-  
ty) a n d  g r e a t  a n n u i t y  costs.  

* Di lu t ion  of  the  ozone in the  feed (1.5-2% ozone in 
weight) ,  wh ich  impl ies  a n  i nc rea se  in the  v o l u m e  of  
ga se s  to be processed  wi th  a n e g a t i v e  inf luence  on  
the  k inet ics  of  the  ox ida t ion  react ion.  

* H i g h  dependence  on e n e r g y  costs,  due to a g r ea t  
c o n s u m p t i o n  of electricity. 

As  a consequence  of th is  s i tuat ion,  to the  bes t  of  our 
knowledge ,  on ly  one c o m p a n y  uses  ozone for  the pro- 
duct ion of  azeleic a n d  pe la rgon ic  acids.  

Use of sodium hypochlorite. F r o m  the  l ist  of  oxi- 
d a n t s  p re sen ted  in Tab l e  2, sod ium hypoch lo r i t e  is 
the  l eas t  expens ive .  I t s  p r e p a r a t i o n  is r e l a t ive ly  s im- 
ple, w i th  a yield of  95-100%, and  concen t r a t ed  solu- 
t ions  can  be obta ined.  No soph i s t i ca t ed  e q u i p m e n t  is 
n e c e s s a r y  for  i ts  p r e p a r a t i o n  a n d  use; therefore ,  the  
i n v e s t m e n t  is m in i m a l .  The  res idues  f rom the  sod ium 
hypoch lo r i t e  p r e p a r a t i o n  a n d  use are  so lu t ions  of  so- 
d ium chloride.  Therefore ,  we h a v e  tes ted  i ts  po ten t i a l  
as  a n  o x i d a n t  for  u n s a t u r a t e d  f a t t y  acids.  

In  order  to p e r f o r m  the  ox ida t ion  reac t ion ,  one  
m u s t  a s su r e  a s a t i s f a c t o r y  m a s s  t r a n s f e r  be tween  the  
oil p h a s e  a n d  the  aqueous  solut ion of sod ium hypo-  
chlori te.  One  poss ib le  w a y  of p e r f o r m i n g  th is  t a s k  is 
to use  a p h a s e  t r a n s f e r  ca t a lys i s  (PTC) technique.  A 
r epor t  on the  use of  sod ium hypoch lo r i t e  as a cooxi- 
d a n t  (with r u t h e n i u m  tetroxide)  of  a lkenes  in a P T C  
ope ra t i on  h a s  been  pub l i shed  (4). T h e  ac tua l  commer -  
cial  pr ice  of  q u a t e r n a r y  sa l t s  used as  P T C  c a t a l y s t s  
($10-14,000/ton) is l imi t ing  the  indus t r i a l  use  of  the  
P T C s  to the  product ion  of f ine or spec ia l ty  type  chemi-  
cals  wh ich  can  r each  va lues  of  a t  l eas t  $7,000-10,000/ 
ton.  (5) Th i s  pr ice  level  is out  of  r a n g e  for  the  p roduc t s  
of  the  o leochemical  indus t ry .  

A n  a l t e r n a t i v e  w a y  to a s su re  a s a t i s f a c t o r y  m a s s  
t r a n s f e r  be tween  the  oil p h a s e  a n d  the  s od i um hypo-  
chlor i te  so lu t ion  is the  use  of  su r face  ac t ive  agen t s .  
S t ab le  o / w  e m u l s i o n s  c a n  be fo rmed  wi th  drople t s  
0.2-1 m i c r o n s  in size a n d  h a v e  v e r y  l a rge  su r f ace  
a r e a s  (6). T h e  addi t ion  of  sod ium hypoch lo r i t e  as a n  
oxid iz ing  a g e n t  to such  emuls ions  pe rmi t s  ox ida t ion  

of the  double bond  a t  the  in te r face  of  the  oil droplets .  
Such  r eac t i ons  h a v e  po ten t i a l  se lec t iv i ty  a n d  good 
chances  to c leave  double bonds .  

Experimentalprocedures. A stable  emuls ion  consist-  
ing of 0.2-1 ~m drople t  size h a s  been  p r e p a r e d  using:  

10% (w/w)  oleic acid 
1% (w/w) Brij 35, e thoxy la t ed  laury l  a lcohol  

89% (w/w) Wate r  
The  emuls ion  was  p r e p a r e d  by  m i x i n g  all the  ingre-  

d ients  a t  once a t  25 C by  s t i r r ing  (magne t i c )  for 10 
min .  One  hund red  g (0.035 mol)  of  the  above  emuls ion  
w a s  added  to a sod ium hypoch lo r i t e  so lu t ion  (0.035 
mol). T h e  reac t ion  m i x t u r e  w a s  m a i n t a i n e d  a t  20 C 
a n d  pH = 12.5, wi th  m e c h a n i c a l  s t i r r ing  for  50 min ,  
a f t e r  wh ich  a n o t h e r  0.177 mol  of  sod ium hypoch lo r i t e  
solut ion a n d  1.7 X 10 -4 mol  RuC13 was  added,  a n d  the  
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FIG. 1. Convers ion  as funct ion o f  ox idant  quant i ty - -ca ta -  
l yzed  reaction;'  a, in emuls ion;  b, nonemuls i f i ed .  Reac-  
t ion  mix ture  c o m p o s i t i o n  ( w / w ) :  Ole ic  acid,  10%; Brij 35,  
1%; w a t e r ,  89%; ca ta lyza tor  1 / 1 0 0  m o l a r  r e l a t i v e  to o le ic  
acid. Temperature ,  10 C; t ime,  8 hr. 
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FIG. 2. C h a n g e  o f  pH w i t h  t i m e - - r e a c t i o n  in enmls ion .  
Reac t ion  mixture  co mpo s i t i o n  (w/w):  o le ic  acid, 10%; 
e m u l s i f i e r  Brij 35,  1%; water ,  89%; 117-ml  so lu t ion  o f  
sodium hypoch lor i t e  8 . 3 M / 1 0  gr o f  o le ic  acid. 

r eac t i on  w a s  con t inued  for  one more  hr.  A t  the  end  of 
the  reac t ion  the  solut ion h a s  been acidif ied wi th  hy- 
drochlor ic  acid (15%, w/w) .  The  o rgan ic  p h a s e  was  
ex t r ac t ed  wi th  hot  w a t e r  a n d  the  azela ic  acid  was  
s e p a r a t e d  in the  aqueous  solution.  The  r e m a i n i n g  or- 
gan i c  p h a s e  cons is t s  of  pe la rgon ic  (70%), d i b y d r o x y  
stearic,  stearic,  pa lmi t ic  a n d  myr i s t i c  acids.  The  pelar-  
gonic  acid m a y  be s e p a r a t e d  by  dis t i l la t ion f rom this  
mix ture .  The  azela ic  acid h a s  been  separa ted ,  wi th  a 
yield of  80%, f rom the  aqueous  solut ion by  crys ta l l iza-  
t ion a n d  f i l t ra t ion.  The  ini t ia l  wa t e r  p h a s e  which  con- 
t a i n s  the  c a t a l y s t  h a s  been  t r ea t ed  wi th  i sop ropano l  
in order  to recover  the  RuC13. A degree  of r ecove ry  of  
75% h a s  been  a t t a i n e d  in the  l abo ra to ry .  The ana ly -  
ses were car r ied  out by  GC us ing  s t a n d a r d  procedures.  

RESULTS AND DISCUSSION 

In  order  to check the  r e l evance  of  the  emuls i f i ca t ion  
opera t ion ,  the  ox ida t ion  s t ages  also h a v e  been per- 
fo rmed  on a nonemul s i f i ed  m i x t u r e  of  oleic aci d, solu- 
t ion of hypoch lo r i t e  a n d  ca ta lys t .  I t  h a s  been  found  
t h a t  w h e n  the  r eac t ion  is p e r f o r m e d  in a n  e~aulsion 
sys tem,  some i m p o r t a n t  a d v a n t a g e s  occur in compar i -  
son  wi th  the  nonemuls i f i ed  (heterogenous)  l~ystem. 
For  a g iven  molecu la r  ra t io  hypoch lo r i t e /o l e i c  acid, it 
h a s  been  found  t h a t  in emuls ion  s y s t e m s  a h ighe r  
c o n v e r s i o n  of  oleic acid  is a t t a ined .  T h e  resu l t s  a re  
p re sen ted  in F igure  1. The  use  of  the  emuls ion  s y s t e m  
h a s  a lso  pe rmi t t ed  a reduc t ion  of  the  r eac t ion  t ime  
needed  to ob ta in  the  desi red oleic conversio:a (85%) 
f rom 10 to 2 hr. 

F r o m  the  exp lo ra to ry  exper iments ,  the  folLlowing 
conclus ions  h a v e  been reached:  
• In  th is  specif ic s y s t e m  the  r u t h e n i u m  chloride accel- 

e ra tes  the  decompos i t ion  of  the  h y p o c h l o r i t e  There-  
fore, p a r t  o f  the  hypoch lo r i t e  p re sen t  in the  s y s t e m  
c a n  be d e c o m p o s e d  before  a c t i n g  as  a n  o x i d a n t  

Oleic Acid 

Catalyst 

i Propenol I 
i 

Catalyst 
Recovery 

I Distillation 
i 
By 

Products 

Pelargonic Acid 

Active Surface Agent 

i i i  Water 
Chlorine 

IEmulsificati°n I ~ NaOH Solution 

J Hypochlorite 
Preparation J 

Oxidation J 

I Phase Separation 
Aqueous ~ Organic 

I Extraction 

I Phase Separation 
Organict Aqueous 

Hot Water 

Cooling Agent ® 

I Crystallization 

I  ,tration I 
I ] A_queous Waste 

Azelaic Acid 

FIG. 3. Oxidat ion  o f  ole ic  acid w i t h  Na hypochlor i te .  Pos-  
s ible  f l o w s h e e t  o f  industr ia l  operat ion.  

agent .  
• Pr ior  to the  c leavage  of the  double bond,  an  oxida t ive  

process  f o r m i n g  a d i h y d r o x y  f a t t y  acid t akes  place. 
• The  i n t e r m e d i a r y  oxida t ive  process  conduc t ing  to 

the  d i h y d r o x y  acid can  be done w i thcu t  ca ta lys t .  
Therefore ,  we p ropose  t h a t  ox ida t ion  of oleic acid 

by  hypochlor i te  should  be carr ied  out in three  consecu- 
t ive s tages :  
• Emul s i f i ca t i on  of oleic acid in water ,  u s ing  Brij 35 

(e thoxy la ted  l au ry l  alcohol)  as  su r face  ac t ive  agent .  
Brij 35 h a s  been  selected because  i ts  h y d r o p h o b i c  
cha in  is s tab le  to oxidat ion.  

TABLE 3 

Basic  A s s u m p t i o n  o f  the  T e c h n o - e c o n o m i c  S imula t ion  

Yield of oxidation: 

Cost of raw materials: 

Indirect labor: 
Maintenance: 
Packaging: 
Sales expenses: 
Depreciation: 
General and 

administrative expenses: 
Factory administration: 
R & D expenses: 
Working capital: 

90% relative to oleic acid 
65% relative to sodium hypochlorite 
as in Chemical Marketing 
Reporter, May 1986. 

40% of direct labor 
3% of fixed capital investment 
$30 per ton 
10% of total sales value 
Straight line method; 10 years 

3.5% of total sales value 
40% of direct labor 
4% of total sales 
for an average of 30 days 
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• Nonca t a ly t i c  oxidation.  In  this  s tage  the double 
bond  of  the  oleic acid ha s  to be oxidized to give 9-10 
d ihydroxy  stearic acid. 

NaOC1 
CH3(CH2)7 CH=CH(CH2)7 COOH - -  * 

N a O H  

CH~(CH2)7 CH - CH - (CHDv C O O H  
J 1 
OH OH 

In  this  step one mole of  sodium hypochlor i te  and  
sodium hydrox ide  are consumed,  as  it appears  f rom 
Figure  2, in wh ich  a sha rp  drop in the  pH is observed. 

• Ca ta ly t i c  oxidat ion.  I n  this  s t age  the  9-10 bond  of  
the  9,10 d i h y d r o x y  stearic  acid previous ly  formed is 
oxidat ively  cleaved. Pe largonic  and  azelaic acids 
are formed. 

NaOC1 
CH3(CH2)7 C H -  C H -  (CH2)7 - COOH - -  

OH OH RuC13 

CH3(CH2)7 COOH + H O O C -  (CH2)7 - COOH 

RuC13 is used as a co-oxidant  and  is recovered at  the  
end of  the reaction.  

A n  indus t r ia l  procedure  for the  ox ida t ion  of  oleic 
acid will comprise  a two-s tage react ion between the 
acid conta ined  in the wa te r /o i l  emulsion droplets and  
the hypochlor i te  present  in the aqueous phase,  fol- 
lowed by the  s epa ra t ion  of phases .  The  RuCI3 used as 
ca t a ly s t  will be recovered f rom the aqueous  phase.  
The  azelaic acid will be ext rac ted  f rom the  organic  
phase  with ho t  wa te r  and  sepa ra ted  in a fu r the r  se- 
quence by crysta l l izat ion.  The  pelargonic  acid is ob- 
ta ined  by the dist i l lat ion of  the r e m a i n i n g  o rgan ic  
phase  (Fig. 3). 

TABLE 4 

P r o f i t  a n d  L o s s  A c c o u n t - - M a t u r e  Y e a r  a 

000$/yr S/ton % Gross sales 

Gross sales 43,600.0 2,180.0 100.0 

Direct mfg cost (1-7) 32,688.1 1,634.4 75.0 
t. Raw materials 31,999.4 1,600.0 73.4 
2. Direct labor 129.0 6.5 0.3 
3. Indirect labor 51.6 2.6 0.1 
4. Maintenance 266.3 13.3 0.6 
5. Supplies 39.9 2.0 0.1 
6. Utilities 1.8 0.1 0.0 
7. Packaging 200.0 10.0 0.5 

8. Marketing expense 872.0 43.6 2.0 

Overheads (9-13) 
9. Depreciation (str line) 

10. General & admin. 
11. Factory admin. 
12. Local taxes & insurance 
13. Research & development 

Total product cost (1-13) 

3,078.8 153.9 6.5 
887.7 44.4 2.0 

1,526.0 76.3 3.5 
51.6 2.6 0.0 

177.5 8.9 0.0 
436.0 21.8 1.0 

36,639.0 1,831.9 83.5 

Gross profit 6,961.0 348.1 16.5 
Net profit after 40.0% tax 4,176.6 208.8 9.9 

Breakdown of costs: 

Component % Product cost 

Raw materials (1) 87.3 
Capital related (4 + 5 + 9) 3.3 
Labor related (2 + 3 + 11) 0.6 
Sales related (7 + 8) 2.9 
Energy related (6) 0.0 
Overheads (10 ÷ 12 + 13) 5.8 

Variable costs (1 + 6 + 7 + 8) = 1,653.7 S/ton (90.3% of cost) 
Fixed costs (2 + 3 + 4 + 5 + 9 + 10 + 11 + 12 + 13) = 178.3 S/ton ( 9.7% of cost) 

aproduction, 20,000.0 tons/yr. 
Production: 10,800 T/yr azelaic acid; 9,200 T/yr pelargonic acid. 
Sales prices S/ton: azelaic acid 2,700; pelargonic acid, 1,540. 
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TABLE 5 

E c o n o m i c  P e r f o r m a n c e  

DOUBLE BOND OXIDATION OF 

Yearly cash flow 

Production year % Plant utilization Cash flow (0005) 

0 0.0 
1 80.0 
2 85.0 
3 90.0 
4 100.0 
5 100.0 
6 100.0 
7 100.0 
8 100.0 
9 90.0 

10 8O.0 

-5,917.95 
-6,212.53 
+5,382.D2 
+5,908.36 
+6,961.04 
+6,961.04 
+6,961.04 
+6,961.04 
+6,961.04 
+5,908.36 
+19,353.93 

Economic parameters 

Maximum cash exposure 
($000) 

Profit 
Payback time 
Break-even price 
Break-even production 
Return on investment 
Net present value ($000): 

21,040.8 

4176.6 $000/yr (9.89% of s ales) 
2.1 yr 
1827.1 S/ton 
6774.6 tons/yr (33.9% of capacity) 
47.1% 

For rate of return of 10.0% 27,114.3 
For rate of return of 15.0% 18,440.6 

Internal rate of return +42.2% 

E c o n o m i c  eva lua t ion .  An economic  analy,,ds of  a 
poss ib le  i ndus t r i a l  ven t u r e  ba sed  on the  above  pro- 
posed t echno logy  h a s  been  done. A computer ized  mod- 
el of  a chemica l  p lan t ,  b a t c h  opera ted,  e s t ab l i shed  a t  
the  Casa l i  I n s t i t u t e  (7) h a s  been  used  to s imu la t e  the  
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produc t ion  of  20,000 t o n s / y  of  acids (9,000 T pe largon-  
ic; 11,000 T azelaic). The  t echn ica l  a n d  economic  as- 
s u m p t i o n s  on which  th is  s imu la t i on  is ba sed  are  sum- 
mar i zed  in Tab le  3. 

T h e  economic  i m a g e  predic ted  for  the  p l a n t  for  a 
t yp i ca l  m a t u r e  y e a r  is p resen ted  in T a b l e  4, a n d  the  
economic  p a r a m e t e r s  to be real ized a p p e a r  in Tab l e  5. 
I t  s eems  t h a t  the  economic  p e r f o r m a n c e  of the  pro- 
posed  process  is good as  d e m o n s t r a t e d  b y  the  indica-  
tors,  Re tu rn  on I n v e s t m e n t  (47%) a n d  I n t e r n a l  Ra t e  of  
R e t u r n  (42.2%). T h e  process  h a s  a h igh  degree  of  sta-  
bi l i ty  to even tua l  c h a n g e s  in the  economic  environ-  
ment ,  as  s h o w n  by  the  low b r e a k  even values .  

The  l a b o r a t o r y  exper imen t s  and  the  techno-econom- 
ic a n a l y s i s  p rove  t h a t  sod ium hypoch lo r i t e  is a suit- 
ab le  ox ida t ion  a g e n t  able  to rep lace  ozone in th i s  spe- 
cific appl ica t ion .  
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