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©  Alkyl  or  alkenyl  succinic  acids  as  corrosion  inhibitors  for  oxygenated  fuels. 

©  This  invention  relates  to  a  corrosion  inhibited  system  comprising 
(1)  an  oxygenated  fuel,  and 
(2)  an  alkenyi  or  alkyl  succinic  acid  or  a  polymer  thereof. 
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ALKYL  OR  ALKENYL  SUCCINIC  ACIDS  AS  CORROSION  INHIBITORS  FOR  OXYGENATED  FUELS 

This  invention  relates  to  the  use  of  aikyl  or  alkenyl  succinic  acids  to  inhibit  the  corrosion  of  metals  in 
oxygenated  fuel  systems. 

Because  of  the  energy  crises,  oxygenated  fuels  such  as  alcohol  have  been  employed  as  fuels,  either 
alone,  or  in  combination  with  pretroleum  products.  Non-limiting  examples  of  oxygenated  fuels  include 

5  ethanoi.  methanol,  tertiary  butyl  alcohol  (TBA).  methyl  tertiary  butyl  ether  (MTBE)  or  mixtures  thereof,  which 
are  incorporated  into  the  fuel  as  fuel  extenders,  octane  boosters  or  both. 

We  have  now  discovered  that  alkyl  or  alkenyl  succinic  acids  or  polymers  thereof  are  excellent  corrosion 
inhibitors  for  oxygenated  fuel  systems. 

Gasohol  (and  other  oxygenated  fuels)  present  at  least  one  special  problem.  That  is  if  water  is  mixed 
10  with  gasohol  a  clear  solution  results  up  to  about  0.5  to  0.7%  (depends  upon  fuel  temperature  and  aromatic 

content  of  the  gasoline).  When  the  critical  amount  of  water  is  exceeded  a  phase  separation  occurs.  The 
separate  phase  contains  both  water  and  ethanoi.  In  addition  to  the  obvious  potential  problem  of  poor 
operability  should  this  aqueous  phase  enter  the  fuel  systems  of  vehicles  there  is  the  concern  that  this 
waterethanol  phase  is  quite  corrosive.  The  compositions  of  the  present  invention  are  useful  in  solving  this 

?5  problem. 
Alkyl  or  alkenyl  succinic  acids  are  utilizable  in  this  invention.  The  general  structural  formulae  of  these 

compounds  are: 

A n h y d r i d e  
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wherein  R  is  an  alkyl  or  alkenyl  radical. 
The  alkenyl  radical  can  be  straight-chain  or  branched-cham;  and  it  can  be  saturated  at  the  point  of 

unsaturation  by  the  addition  of  a  substance  which  adds  to  oiefinic  double  bonds,  such  as  hydrogen,  sulfur, 
45  bromine,  chlorine,  or  iodine.  It  is  obvious,  of  course,  that  there  must  be  at  least  two  carbon  atoms  in  the 

alkenyl  radical,  but  there  is  no  real  upper  limit  to  the  number  of  carbon  atoms  therein.  However,  it  is 
preferred  to  use  an  alkenyl  succinic  acid  anhydride  reactant  having  between  about  8  and  about  18  carbon 
atoms  per  alkenyl  radical.  Succinic  acid  anhydride  and  succinic  acid  are  not  utilizable  herein. 

Nevertheless,  the  alkenyl  succinic  acid  anhydrides  and  the  aikenyl  succinic  acids  are  interchangeable 
so  for  the  purposes  of  the  present  invention.  Accordingly,  when  the  term  "alkenyl  succinic  acid  anhydride'  is 

used  herein,  it  must  be  clearly  understood  that  it  embraces  the  alkenyl  succinic  acids  as  well  as  their 
anhydrides,  and  the  derivatives  thereof  in  which  the  oiefinic  double  bond  has  been  saturated  as  set  forth 
hereinbefore.  Non-limiting  examples  of  the  alkenyl  succinic  acid  anhydride  reactant  are  ethenyl  succinic 
acid  anhydrides;  ether  succinic  acid:  ethyl  succinic  acid  anhydride;  propenyl  succinic  acid  anhydride; 
sulfurized  propenyl  succinic  acid  anhydride:  butenyl  succinic  acid.  2-methylbutenyl  succinic  acid  anhydride: 
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1  ,2-dichloropentyl  succinic  acid  anhydride;  hexenyl  succinic  acid  anhydride;  h'exyl  succinic  acid;  sulfurized 
3-methylpentenyl  succinic  acid  anhydride;  2,3-dimethylbutenyl  succinic  acid  anhydride;  3,3-dimethylbutenyl 
succinic  acid;  1  ,2-dibromo-2-ethylbutyl  succinic  acid;  heptenyl  succinic  acid  anhydride;  1,2-dioctyl  succinic 
acid;  octenyl  succinic  acid  anhydride:  2-methylheptenyl  succinic  acid  anhydride;  4-ethylhexenyl  succinic 

5  acid;  2-isopropylpentyl  succinic  acid  anhydride;  nonenyl  succinic  acid  anhydride;  2-propylhexenyl  succinic 
acid  anhydride;  decenyl  succinic  acid;  decenyl  succinic  acid  anhydride;  5-methyl-2-isopropylhexenyl 
succinic  acid  anhydride;  1  ,2-dibromo-2-ethyioctenyl  succinic  acid  anhydride;  decyl  succinic  acid  anhydride; 
undecenyl  succinic  acid  anhydride;  1,2-dichloro-undecyl  succinic  acid;  3-ethyl-  2-t-butylpentenyl  succinic 
acid  anhydride;  dodecenyl  succinic  acid  anhydride,  dodecenyl  succinic  acid;  2-propylnonenyl  succinic  acid 

io  anhydride;  3-butyloctenyl  succinic  acid  anhydride;  tridecenyl  succinic  acid  anhydride;  tetradecenyl  succinic 
acid  anhydride;  hexadecenyl  succinic  acid  anhydride;  sulfurized  octadecenyl  succinic  acid;  octadecyl 
succinic  acid  anhydride;  1  ,2-dibromo-2-methylpentadecenyl  succinic  acid  anhydride;  8-propyipentadecyl 
succinic  acid  anhydride;  eicosenyl  succinic  acid  anhydride;  1  ,2-dichloro-2-methylnona  decenyl  succinic  acid 
anhydride;  2-octyldodecenyl  succinic  acid;  1  ,2-diiodotetracosenyl  succinic  acid  anhydride;  hexacosenyl 

15  succinic  acid,  hexacosenyl  succinic  acid  anhydride;  and  hentriacontenyl  succinic  acid  anhydride. 
The  methods  of  preparing  the  alkenyl  succinic  acid  anhydrides  are  well  known  to  those  familiar  with  the 

art.  The  most  feasible  method  is  by  the  reaction  of  an  olefin  with  maleic  acid  anhydride.  Since  relatively 
pure  olefins  are  difficult  to  obtain,  and  when  thus  obtainable,  are  often  too  expensive  for  commercial  use, 
alkenyl  succinic  acid  anhydrides  are  usually  prepared  as  mixtures  by  reacting  mixtures  of  olefins  with 

20  maleic  acid  anhydride.  Such  mixtures,  as  well  as  relating  pure  anhydrides,  are  utilizable  herein. 
Corresponding  alkyl  succinic  anhydrides  can  also  be  employed,  i.e.,  where  the  alkenyl  group  is 

saturated  in  any  of  the  above  instances,  the  preparation  of  alkyl  succinic  acids  and  anhydrides  thereof  is 
well  known  to  the  art. 

In  addition  other  alkenyl  succinic  acids  can  also  be  employed  such  as  by  way  of  illustration  and  not  of 
25  limitation  polymeric  alkenyl  succinic  acids  such  as  those  containing  the  following  repetitive  unit 

OH  OH 
I  I 

O=C  C=O 
-CH--CH-CH  CH  or  the  anhydr ide   t h e r e o f  

30  2  [ 

where  R  is  a  hydrocarbon  group  having  at  least  about  8  carbons  such  as  about  8  to  48  carbons,  for 
example  from  about  12  to  42  carbons,  but  preferably  from  about  20  to  28  carbons.  Preferably  the 

35 hydrocarbon  group  is  alkyl. 
The  following  examples  are  presented  by  way  of  illustration  to  prove  the  effectiveness  of  the  present 

compositions  in  oxygenated  fuels. 

40 

45 

50 

55 
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Table  I 

Additive  Compositions  Tested 

Compos  ition  M 

55%  R  -  CH  -  C  -  OH 

CH_  -  C  -  OH 2  \  
70 

where  R  i s  

CH,  CH,  CH 
I  3  I  3  I  3 

-  C  -  CH  -  C  -  CH2  -  CH  -  CH2  -  CH2  -  CH3 

CH, 

75 

20 
45%  aromatic  hydrocarbon  solvent 

Composition  N 
25 

50%  R  -  CH  -  C  -  OH 
I 
CH_  -  C  -  OH 2  ^  

JO 
where  R  =  CH3(CH2)1i  "~ 

50%  aromatic  hydrocarbon  solvent 

35 
Composition  P 

66%  /   ° « * C - N ^ °   , 

X  -f-CH.  -  CH  -  CH  -  CH  ■■  \  V 
T   i 

\  (CH  )  X'OCfCH,), \  [  
|  

2'  21-25  /  3  3 

\   CH3  
/   n  Y=H 

n=l-10 

40 

45 

34%  aromatic  hydrocarbon  solvent 

50 

55 
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Table  I  Con t inued  

oh  oh  N Composition  R 

66» 
x=oc  (CH 

Y=H 

n«l-10 

3'3 
X  -f  CH_  -  CH  -  CH-  CH 

T  I 
V  W 2 1 - 2 5  

10 
CH, 

34%  aromatic  hydrocarbon  solvent 

75 

Table  II  

Fuels  Employed  in  Testa 

Fuel No. 

1 
1-A 
1-B 

2 
2-A 
2-B 

3 
3-A 
3-B 

4 
4-A 
4-B 

5 
5-A 
5-B 

6 
6-A 
6-B 

7 
7-A 
7-B 

20 

Unleaded  Reference  Gasoline 
90%  no.  1  +  10%  Ethanol 
95%  no.  1  +  5%  Oxinol® 

Canadian  Reg.  leaded  gasoline 
90%  no.  2  +  10%  Ethanol 
95%  no.  2 + 5 %   Oxinol  ® 

Canadian  Premium  no  lead  gasoline 
90%  no.  3  +  10%  Ethanol 
95%  no.  3  +  5%  Oxinol® 

Canadian  reg.  no  lead  gasoline 
90*  no.  4  +  10%  Ethanol 
95%  no.  4 + 5 %   Oxinol  ® 

Gulf  Coast  no  lead  gasoline 
90%  no.  5  +  10%  Ethanol 
95%  no.  5 + 5 %   Oxinol  ® 

Major  Unleaded  gasoline 
90%  no.  6  +  10%  Ethanol— 
95%  no.  6  +  5%  Oxinol  <8) 

Major  unleaded 
90%  no.  7  +  10%  Ethanol 
95%  no.  7 + 5 %   Oxinol  ® 

25 

30 

35 

40 

45 

Nat ional   Assoc i a t i on   of  Corrosion  E n g i n e e r s  
N.A.C.E.  TM-01-72 

so  Apparatus:  As  s p e c i f i e d   in  ASTM  method  D-665. 

Procedure:   1.  I n s e r t   po l i shed   sp indle   into  300  ml  of  t e s t   f u e l  
2.  Allow  sp ind le   10  minute  s t a t i c   and  20  minu te  

dynamic  wet t ing   time  at  100°F. 
3.  Add  30  ml  of  d i s t i l l e d   H,0  and  s t i r   for  3*5  h r s .  
4.  Remove  sp ind le ,   wash  witn  i sopropy l   a l coho l ,   then  

55  i sooc t ane ,   air   dry  and  grade  i m m e d i a t e l y .  
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Rat ing  I n d e x :  A  100%  r u s t   f r e e  
B++  0.1%  or  less   of  t o t a l   su r face   area  r u s t e d  
B+  0.1%  -  5%  t o t a l   su r f ace   area  r u s t e d  
B  5%  -  25%  t o t a l   su r f ace   area  r u s t e d  
C  25%  -  50%  t o t a l   su r f ace   area  r u s t e d  
D  50%  -  75%  t o t a l   su r f ace   area  r u s t e d  
E  75%  -100%  t o t a l   su r f ace   area  r u s t e d  

10 
Table  I I I  

NACE  Rust  Test  R e s u l t s  

75 P r o c e d u r e :   NACE  TM-01-72 

Spindle   R a t i n g  Fuel  A d d i t i v e   Cone.  
No.  Added  ppm  (V/V)  L e t t e r  

1  none  —  E 

1-A  none  —  E 
1-A  Composi t ion   M  1.0  B++ 

1-B  none  —  D 

2  Compos i t ion   M  1.0  A 

2-A  Composi t ion   M  1.0  A 
2-B  Compos i t ion   M  1.0  A 

3  none  —  E 
3  Compos i t ion   M  1.0  A 
3-A  none  —  E 
3-A  Compos i t ion   M  1.0  B++ 
3-B  none  —  B+ 
3-B  Compos i t ion   M  1.0  A 

4  none  —  E 
4  Compos i t ion   M  1.0  B++ 
4-A  none  —  E 
4-A  Compos i t ion   M  3.0  B+ 
4-A  Compos i t ion   M  3.5  A 

4-B  none  —  C 
4-B  Composi t ion   M  1.0  A 

%  R u s t  

80 

80 
{1  s p o t )  

65 

0 

0 
0 

80 
0 

90 
(2  s p o t s )  

2 
0 

90 
(2  s p o t s )  

90 
(<1%) 

0 

25 
0 

20 

25 

30 

35 

40 

45 

50 

55 
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Table  IV 

NACE  Ruat  Test  Results 

Procedure:  NACE  TO  -01-72 

Additive  Ccmc. 
Added  ppm  (v/v) 

none 
Composition  M  1.0 

none 
Composition  M  1.0 

none 
Composition  M  1.0 

none 
Composition  M  1.0 

2.0 
3.0 

none 
Composition  M  1.0 

2.0 
3.0 
4.0 

none 
Composition  M  1.0 

2.0 
3.0 

none 
Composition  M  1.0 

none 
Composition  M  1.0 

none 
Composition  M  1.0 

Spindle  Rating 
Letter  >.  Rust 

Fuel  No. 

S 
S 

5A 
5A 

SB 
SB 

10 
C 
A 

E 
A 

D 
A 

40 
0 

90 
0 

60 
0 

75 

6 
6 
6 
6 

6A 
6A 
6A 
6A 
6A 

6B 
6B 
6B 
6B 

7 
7 

7A 

n  
7B 

E 
A 
A 
A 

E 
B 
B* 
B++ 
A 

C 
B* 
A 
A 

D 
A 

E 
B** 

C 
A 

20 90 
0 
0 
0 

90 25 

(4  spots) 

30 
<l 
0. 
0 

60 
0 

90 
(1  spot) 

2S 
0 

30 

35 

40 

45 

50 

55 
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Table_V 

NACE  Rust  Teat  Results 
Procedure:  NACE  TM-01-72 

Spindle  Ratin Additive  Cone. 
Fuel  No.  Added  (lb/Sbbl 

1  none 

1  Composition  N  20 
1  "  8 
1  "  6 

1  Composition  P  10 
1  "  6 
1  "  4 

1  Composition  R  10 
1  '•  4 

1A  Composition  N  8 

1A  Composition  P  14 

10  1  none  —  E  90* 

1  Composition  N  20  A  0 
1  "  8  A  0 
1  6  A  0 

75 
1  Composition  P  10  A  0 
1  "  6  A  0 
1  "  4  B++  (1  spot! 

1  Composition  R  10  A  0 
20  l  ■•  4  B*  <1* 

1A  Composition  N  8  A  0 

1A  Composition  P  14  A  0 

25 

Gasohol  Static  Corrosion  Test  Procedure  D 
30 

35  Objective 

This  test  is  used  to  determine  the  corrosive  effects  of  a  water  ethanol  phase  on  various  metals  that  are 
in  direct  contact  with  this  mixture. 

40 
Summary 

A  polished  metal  coupon  is  totally  immersed  in  a  water  ethanol  phase  obtained  by  adding  water  to 
gasohol  in  an  amount  sufficient  to  extract  ethanol  into  the  aqueous  phase.  The  sample  is  stored  in  the  dark 

45  at  room  temperature.  The  coupon  is  visually  inspected  for  evidence  of  corrosion  and  weight  changes  are 
also  recorded. 

Procedure 
50 

A  one-inch  square  metal  coupon  with  a  -Hnch  centered  hole  is  polished,  rinsed  in  heptane  then 
acetone,  and  dried.  Initial  coupon  weight  is  then  obtained.  Two  hundred  (200)  mis  of  gasohol  are  placed  in 
an  8-ounce  acid-cleaned  jar.  Twenty  (20)  mis  of  water  are  added  to  the  gasohol  and  shaken  thoroughly  to 
effect  the  separation  of  a  lower  water  ethanol  phase.  The  metal  coupon  is  then  suspended  in  the  lower 

55  phase  using  a  ?-inch  glass  rod  with  an  enlarged  and  flattened  end  so  that  the  coupon  surface  is  totally 
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immersed  in  the  lower  phase  but  off  the  bottom  of  the  jar.  The  jar  lid  is  sealed  and  the  jar  is  placed  in  a 
dark  environment.  Visual  inspections  for  evidence  of  corrosion  are  made  periodically  and  a  coupon  weight 
change  is  recorded  at  the  end  of  the  test.  The  corrosion  products,  if  any,  are  removed  using  a  camel's  hair 
brush  prior  to  obtaining  a  final  weight. 

Visua l   Rating  Sys tem 

Rating  Coupon  Appea rance  

0  Co r ro s ion   f r e e  

1  very  l i g h t   c o r r o s i o n  

2  l i g h t   c o r r o s i o n  

3  modera te   c o r r o s i o n  

4  heavy  c o r r o s i o n  

5  very  heavy  c o r r o s i o n  

1  very  l i g h t   c o r r o s i o n   1%  s u r f a c e   area  c o r r o d e d  

2  l i g h t   c o r r o s i o n   1  to  10%  s u r f a c e   area  c o r r o d e d  

3  modera te   c o r r o s i o n   10  to  25%  s u r f a c e   area  c o r r o d e d  
75 

4  heavy  c o r r o s i o n   25  to  50%  s u r f a c e   area  c o r r o d e d  

5  very  heavy  c o r r o s i o n   50  to  100%  s u r f a c e   area  c o r r o d e d  

20  *Procedure   B  the  same  as  P rocedure   D  above  excep t   tha t   ten  (10) 

mis  of  water  are  added  i n s t e a d   of  twenty  (20)  mis  of  w a t e r .  

25 

30 

35 

40 

45 

50 

55 
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Gasohol  S t a t i c   Cor ros ion   Test  R e s u l t s   -  Aqueous  Phase  -  S t e e l  

P r o c e d u r e :   Gasohol  S t a t i c   C o r r o s i o n   Test ,   Procedure  D. 

Fuel:   90%  unleaded   g a s o l i n e  
10%  Fuel  Grade  E t h a n o l  

Water:  d e i o n i z e d   w a t e r  

Coupons:  Low  carbon  s tee l . ,   C-1010,  cold  r o l l e d ,   14  t emper ,  
1  inch  x  1  inch  x  0.03  inch  with  \  inch  c e n t e r e d  
hole.   I n i t i a l   p o l i s h   with  280  g r i t   paper  by 
coupon  s u p p l i e r .   F ina l   p o l i s h   with  nylon  p a d s .  
(Norton  #707  Bear-Tex)  . 

10 

R e s u l t s :  

A d d i t i v e  

No  Add. 

Compos i t ion   M 

75 Table  V I I  

Visua l   O b s e r v a t i o n s   f o r  
Evidence  of  C o r r o s i o n  
1  day  2  days  

Con. 
(v/v  ppm) 

20 

0  c l e a n  0  c l e a n  6 . 0  

Gasohol  S t a t i c   Cor ros ion   Test   R e s u l t s   -  Aqueous  Phase  -  S t e e l  

P r o c e d u r e :   Gasohol  S t a t i c   C o r r o s i o n   Test ,   Procedure   D. 
25 

100%  un leaded   g a s o l i n e  

d e i o n i z e d   w a t e r  

Low  carbon  s t e e l ,   C-1010,  cold  r o l l e d ,   #4  t e m p e r ,  
1  inch  x  1  inch  x  0.03  inch  with  h  inch  c e n t e r e d  
hole.   I n i t i a l   p o l i s h   with  280  g r i t   paper  by 
coupon  s u p p l i e r .   F ina l   p o l i s h   with  nylon  pads  
(Norton  #707  Bear-Tex)   . 

F u e l :  

W a t e r :  

Coupons  : 

30 

35 

R e s u l t s :  
Table  V I I I  

Visua l   Obse rva t i ons   f o r  
Evidence  of  C o r r o s i o n  
1  day  2  days  

40 
Cone  . 
(v/v  ppm) A d d i t i v e  

No  Add. 
Compos i t ion   M 0  c l e a n  0  c l e a n  3 . 0  

45 

The  compositions  of  this  invention  may  be  employed  in  any  amount  capable  of  inhibiting  rust  or 
corrosion,  in  minor  amounts  of  at  least  1  p.  p.m.,  such  as  5  p.  p.m.,  for  example  15  to  200  p.  p.m.,  or  more. 

50  but  preferably  25-50  p.  p.m. 
In  certain  instances,  it  may  be  desirable  to  add  larger  amounts  of  the  compositions  of  the  invention,  for 

example  from  about  20  to  1,000  p.  p.m.  or  greater,  such  as  10,000  or  greater,  but  there  is  generally  no 
economic  advantage  in  adding  more  than  is  required. 

In  addition,  it  is  clearly  understood  that  the  claims  of  this  invention  include  the  presence  of  water  therein 
55  as  a  dissolved,  suspended,  and/or  separate  phase.  The  compositions  of  this  invention  inhibit  corrosion  in 

those  systems  where  water  is  in  the  dissolved,  suspended,  or  separate  phase,  including  inhibition  in  the 
gasohol  phase,  as  well  as  the  separate  water  phase  or  separate  water-alcohol  phase. 
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Claims 

1  A  corrosion  inhibited  system  comprising 
I.  an  oxygenated  fuel,  and 
II.  an  alkenyl  or  alkyl  succinic  acid,  or  polymer  thereof. 

2  The  system  of  claim  1  where  the  alkyl  or  alkenyl  group  has  at  least  about  8  carbons. 
3  The  system  of  claim  1  where  the  alkyl  or  alkenyl  group  has  about  8-30  carbons. 
4  The  system  of  claim  1  where  the  alkyl  or  alkenyl  group  has  about  12-30  carbons. 
5  The  system  of  claim  1  where  the  alkyl  or  alkenyl  group  has  12  carbons. 
6  The  system  of  claim  1  where  the  aikenyl  group  is  tetrapropenyl. 
7  The  system  of  claim  1  where  the  aikyl  group  is  dodecyl. 
8  The  system  of  claim  1  where  the  polymer  has  the  following  repetitive  unit 

70 

OH 
I 
c = o  
I 

-CH— 

OH 
I 

o = c  75 

-CH2-CH- :h- 

20 
where  R  has  at  least  8  carbons 
or  the  anhydride  thereof. 

9  The  system  of  claim  1  wherein  the  polymer  R  has  at  least  1  2  carbons. 
10  The  system  of  claim  1  wherein  R  has  20-30  carbons. 
1  1  The  system  of  claim  1  where  the  polymer  has  the  following  formula 25 

30 or  the  a n h y d r i d e  
t h e r e o f  

n = l - 1 0  
35 

12  The  system  of  claim  1  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

13  The  system  of  claim  2  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

14  The  system  of  claim  3  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

15  The  system  of  claim  4  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

16  The  system  of  claim  5  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

17  The  system  of  claim  6  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

18  The  system  of  claim  7  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

19  The  system  of  claim  8  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

20  The  system  of  claim  9  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

21  The  system  of  claim  10  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

22  The  system  of  claim  11  when  oxygenated 
methyl  tertiary  butyl  ether  and  mixtures  thereof. 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol.  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol.  tertiary  butyl  alcohol, 

fuel  contains  ethanol.  methanol.  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

fuel  contains  ethanol,  methanol,  tertiary  butyl  alcohol, 

40 

45 

50 
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