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Description 

This  invention  relates  generally  to  improving  the  stability  of  middle  distillate  fuels  and  more  particularly  to 
stabilized  middle  distillate  fuel  compositions  which  contain  a  combination  of  N,N-dimethylcyclohexyl  amine  and 

5  a  Mannich  Base. 
Middle  distillate  fuels  such  as  diesel  oil,  fuel  oil,  jet  fuel  and  kerosene  when  stored  for  long  periods  of  time 

are  subject  to  the  formation  of  color  and  solid  deposits.  The  deposits  accumulate  on  filters  causing  the  filters 
to  become  plugged.  Various  additives  and  combinations  of  additives  have  been  employed  to  reduce  color  and 
deposit  formation.  For  example:  U.S.  Patent  2,984,550  discloses  the  use  of  Mannich  bases  derived  from  phe- 

10  nols,  formaldehyde  and  polyamines  for  stabilization;  U.S.  Patent  3,490,882  discloses  stabilized  petroleum  dis- 
tillate  fuel  oils  containing  N,N-dimethylcyclohexylamine  antioxidant  and  a  N,N'-di(ortho-hydroxyarylidene)- 
1,2-alkylenediamine  metal  deactivator  such  as  N,N'-disalicylidene-1,2-propylenediamine;  U.S.  Patent 
4,166,726  discloses  a  fuel  additive  which  is  a  mixture  of  a  polyalkylene  amine  and  a  Mannich  Base;  and  U.S. 
Patents  4,501,595  and  4,533,361  disclose  diesel  oil  which  contains  a  condensate  of  tetraethylene  pentamine, 

15  paraformaldehyde,  a  hindered  phenol  such  as  2,6-di-t-butyl  phenol  and  polyisobutenyl  succinic  anhydride. 
The  effectiveness  of  any  particular  type  of  additive  combination  can  vary  with  different  fuel  stocks  and 

combinations  which  are  more  effective  at  the  same  total  additive  concentration  reduce  treatment  cost.  We  have 
now  discovered  novel,  synergistic  additive  combinations  which  include  certain  Mannich  Bases  and  provide 
middle  distillate  fuels  having  generally  improved  storage  stability  compared  to  fuels  containing  the  same  total 

20  concentrations  of  either  N,N-dimethylcyclohexylamine  antioxidant  alone  or  N,N-dimethylcyclohexylamine  in 
combination  with  an  N,N'-di(ortho-hydroxyarylidene)-1,2-alkylenediamine  metal  deactivator. 

In  accordance  with  this  invention,  there  is  provided  a  fuel  additive  concentrate  comprising  a  mixture  of 
N,N-dimethylcyclohexylamine  and  a  Mannich  Base  which  isthe  reaction  product  of  an  aldehyde,  an  amine  and 
an  alkyl  phenol  selected  from  (a)  hindered  phenol  having  the  formula: 

25 

OH 

30 

35 
where  R2,  R3are  independently  selected  from  hydrogen,  t-butyl,  t-amyl  and  isopropyl,  provided  that  at  least 
one  of  Rt,  R2  and  R3  is  hydrogen  and  at  least  one  of  R̂   and  R2  is  t-butyl,  t-amyl  or  isopropyl;  and  (b)  p-alkyl 
phenol  having  the  formula: 

40 

OH 

45 

50  where  R4  is  C9  to  C30  alkyl. 
The  concentrate  can  also  contain  a  N,N'-di(ortho-hydroxyarylidene)-1,2-alkylenediamine  metal  deactivator 
such  as  N,N'-disalicylidene-1,2-propylenediamine.  Also  provided  is  a  stabilized  fuel  containing  from  1  to  1400 
mg/l  of  N,N-dimethylcyclohexylamine,  from  0.5  to  1100  mg/l  of  Mannich  Base  and  from  0  to  400  mg/l  of  an  N,N'- 
di(ortho-hydroxyarylidene)-1,2-alkylenediamine. 

55  The  N,N-dimethylcyclohexylamine  component  of  the  compositions  of  the  invention  is  a  commercially  avail- 
able  fuel  antioxidant. 

The  N,N'-di(ortho-hydroxyarylidene)-1,2-alkylenediamine  component,  in  which,  typically,  the  arylidene 
radical  contains  6-7  carbon  atoms  and  the  alkylene  radical  contains  2-3  carbon  atoms,  is  a  metal  deactivator 
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whose  presence  in  combination  with  the  other  components  provides  fuel  compositions  of  the  invention  having 
the  most  improved  stability.  The  preferred  metal  deactivator  is  N,N'-disalicylidene-1  ,2-propylenediamine  which 
is  commercially  available. 

The  Mannich  Base  component  of  the  invention  is  produced  by  the  Mannich  condensation  reaction  of  a 
5  hindered  or  p-alkyl  phenol,  an  aldehyde,  such  as  formaldehyde,  ethanal,  propanal,  and  butanal  (preferably  for- 

maldehyde  in  its  monomeric  form  or  paraformaldehyde)  and  primary  and  secondary  amines. 
The  hindered  phenols  which  are  useful  in  preparing  the  Mannich  Base  component  of  the  invention  are  phe- 

nols  which  are  characterized  by  the  presence  of  at  least  one  and  preferably  two  ort  ho-  t-butyl,  t-amyl,  and/or 
isopropyl  groups.  Specific  examples  of  such  hindered  phenols  include:  2,4-di-t-butylphenol,  2,4-diisopropyl- 

10  phenol,  2,6-diisopropylphenol,  2-t-butyl  phenol,  and  2-t-amylphenol  with  2,6-di-t-butylphenol  being  most  pre- 
ferred. 

The  p-alkyl  phenols  which  are  useful  in  preparing  the  Mannich  Base  component  of  the  invention  are  those 
which  contain  from  9  to  30  carbons  which  can  be  arranged  in  either  a  straight  or  a  branched  chain.  Preferred 
phenols  are  C9  to  C12  p-alkylphenols  such  as,  for  example,  p-nonylphenol  and  p-dodecylphenol. 

15  The  amines  which  are  useful  in  preparing  the  Mannich  Base  component  of  the  invention  are  primary  and 
secondary  amines  which  can  be  selected  from  one  or  more  of: 

A.  alkyl  monoamines  of  the  formula; 

20 

25 
where  R5  is  selected  from  H  and  to  C5  alkyl,  and  R6  is  selected  from  to  C14  alkyl  and  the  group 

-(CH2)n-OR7  where  n  =  1  to  10  and  R7  is  to  C20  alkyl, 
B.  alkyl  diamines  of  the  formula; 

where  R5  is  selected  from  H  and  to  C5  alkyl,  R8  is  to  C6  alkylene  and  Aand  B  are  independently 
40  selected  from  H,  to  C5  alkyl,  mono-hydroxysubstituted  to  C5  alkyl,  and  the  group  (CH2)n-OR7  where 

n  =  1  to  10  and  R7  is  to  C20  alkyl, 
C.  ethylene  polyamines  of  the  formula; 

45  where  n  =  2  to  1  0,  and 
D.  cyclic  amines  of  the  formula; 

50 

H2N4(CH2)2NH7nH 

/ C H 2 ) n  

HN  X 
\   /  

55  where  n  and  m  are  independently  integers  from  1  to  3,  X  is  selected  from  CH2,  O,  S  and  NR9  where 
R9  is  H,  Ci  to  C10  alkyl,  or  the  group  (CH2)n-NH2  where  n  is  1  to  1  0.  The  alkyl  groups  can  have  a  branched 
chain. 
Specific  examples  of  such  amines  include  1,3-diaminopropane,  1,2  diaminopropane,  dimethylamine,  die- 

3 
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thylamine,  dipropylamine,  dibutylamine,  N,N-dimethyl-1,3-diaminopropane,  1,1-dimethyldodecylamine,  mixed 
C12-C14  t-alkyl  amines,  2-methyl-1,5-pentadiamine,  ethylenediamine;  cyclic  amines  such  as  piperazine,  ami- 
noethylpiperazine,  morpholine  and  thiomorpholine;  and  ethylene  polyamines  such  as  diethylene  triamine  and 
triethylene  tetraamine. 

5  The  Mannich  Base  can  be  formed  by  reacting  from  1  to  5  moles  of  aldehyde,  from  about  1  to  2  moles  of 
amine  and  from  1  to  4  moles  of  phenol  at  a  temperature  of  from  0°Cto  150°Cfor0.5  to  10  hours.  An  inert  solvent 
such  as  isopropanol  can  be  used  which  is  distilled  from  the  product  along  with  water  formed  in  the  reaction. 

The  Mannich  Base  product  is  usually  a  mixture  of  materials  which  may  contain  unreacted  ingredients,  es- 
pecially  the  phenol.  The  Mannich  Bases  can  be  isolated  from  the  product  mixture  but  the  product  mixture  itself 

10  can  conveniently  be  used  in  forming  the  compositions  of  the  invention.  Examples  of  Mannich  reactions  and 
products  are  illustrated  below: 

35 
R 1 

40 HO CH2—  NH—  fCH2)  3  -NH2  + 

R2  I I  

45 

4 
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R l  

where  R2,  R4,  R5  and  R6  are  as  defined  above. 
The  additive  mixtures  of  the  invention  are  usually  prepared  and  marketed  in  the  form  of  concentrates  for 

15  addition  to  the  fuel  by  the  customer  although  the  individual  components  could  be  added  directly  into  the  fuel. 
Suitable  proportions  of  additives  in  the  concentrates  of  the  invention,  based  on  the  total  weight  of  concentrate, 
include  from  25  to  95  wt%  N,N-dimethylcyclohexylamine,  from  0  to  25  wt%  N,N'-di(ortho-hydroxyarylidene)- 
1,2-alkylenediamine  and,  from  5  to  75  wt%  Mannich  Base. 

The  concentrates  are  added  to  the  fuel  in  effective  amounts  to  provide  improved  stability.  Suitable  amounts 
20  of  additive  concentrate  in  the  fuel  are  from  1  to  500  pounds  per  thousand  barrels  (Ptbs)  (3  to  1500  mg/l,  pre- 

ferred  2.5  to  100  Ptbs  or  8  to  300  mg/l).  This  will  provide  a  stabilized  fuel  containing  from  1  to  1400  mg/liter 
(preferred  2  to  250  mg/l)  N,N-dimethylcyclohexylamine,  from  0  to  400  mg/l  (preferred  0  to  100  mg/l)  N,N'-di(or- 
tho-hydroxyarylidene)-1,2-alkylenediamine  metal  deactivator  and  from  1  to  1100  mg/l  (preferred  1  to  250  mg/l) 
of  Mannich  Base.  When  used,  the  metal  deactivator  is  present  in  amounts  of  1.0%  to  25  wt%  of  concentrate 

25  or  .3  to  400  mg/l  of  fuel.  The  concentrates  can  also  contain  an  inert  diluent  or  solvent  which  can  be,  for  example, 
an  aliphatic  hydrocarbon  such  as  kerosene  or  an  aromatic  hydrocarbon  such  as  xylene. 

The  middle  distillate  fuels  whose  stability  is  improved  by  the  invention  typically  include  those  boiling  within 
a  temperature  range  of  150°-400°C  which  may  commonly  be  labeled  as  kerosene,  fuel  oil,  diesel  oil,  No.  1-D, 
or  No.  2-D. 

30  The  compositions  of  the  invention  are  further  illustrated  by,  but  are  not  intended  to  be  limited  to,  the  fol- 
lowing  examples  wherein  parts  are  parts  by  weight  unless  otherwise  indicated. 

Example  1 

35  A  Mannich  Base  reaction  product  of  formaldehyde,  1,3-diaminopropane  and  2,6-di-t-butylphenol  is  pre- 
pared  by  the  following  process. 

Dissolve  103  grams  (0.5  mole)  of  2,6-di-t-butylphenol  in  100  grams  of  isopropyl  alcohol  (IPA)  in  a  500  ml 
round  bottom  flask.  Add  18.5  grams  (0.25  mole)  of  1,3-diaminopropane  dropwise  over  15  minutes  while  the 
contents  of  the  flask  are  stirred.  There  is  an  exotherm  observed  as  the  amine  is  added.  Cool  the  contents  of 

40  the  flask  to  below  30°C  and  add  a  1  0%  excess,  (44.6  grams  0.55  mole)  of  37%  aqueous  formaldehyde  solution 
dropwise  over  30  minutes  while  maintaining  the  temperature  below  30°C.  Heat  the  contents  of  the  flask  to  re- 
flux  and  continue  to  reflux  for  one  hour.  Switch  from  reflux  to  distillation  and  distill  off  IPA/water  mixture  to 
105°C.  Apply  28  in.  Hg  vacuum  to  remove  residual  materials.  The  total  product  yield  is  122.2  or  96%  of  theory 
which  contains  compounds  of  the  Structure  III  and  IV. 

45  Additive  blends  of  the  reaction  product  were  prepared  and  tested  in  different  fuels  using  both  the  D  4625 
43°C  (110°F)  Storage  Stability  Test,  in  which  the  color  change  (using  ASTM  D1500)  and  the  total  insolubles 
in  the  fuel  (reported  in  mg/100  ml)  are  determined  on  400  ml  samples  stored  for  13  weeks  in  the  dark  and  the 
F-21-61  149°C(300°F)  Accelerated  Stability  Test  in  which  the  color  change  and  insoluble  gums  are  determined 
on  50  ml  samples  heated  to  149°C  for  a  selected  time,  which  was  90  minutes,  allowed  to  cool  in  the  dark,  tested 

so  for  color  (ASTM  D1  500),  and  then  filtered  (using  a  4.25  cm  Whatman  #1  filter  paper)  and  the  filtrate  discarded. 
The  filter  is  washed  clean  of  fuel  with  isooctane  and  measured  for  deposits  by  comparison  with  a  set  of  refer- 
ence  papers.  The  blend  compositions  and  test  results  in  comparison  to  untreated  fuel  and  blends  without  the 
Mannich  Base  product  are  reported  in  Table  I  below. 

55 
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A  significant  difference  in  stability  at  149°C  is  indicated  by  a  color  difference  of  about  1/2  number  and/or 
a  deposit  difference  of  2  numbers  and  a  significant  difference  in  stability  at43°C  is  indicated  by  a  color  differ- 
ence  of  about  1/2  number  and  a  deposit  difference  of  20%.  The  results  in  Table  I  show  that  the  blends  of  the 
invention  which  contain  Mannich  Base  in  addition  to  DMCA  or  DMCAand  MDAgave  significantly  better  overall 
stability  when  compared  to  comparable  blends  which  did  not  contain  the  Mannich  Base,  for  example,  blend  3 
vs  blend  2  and  blend  5  vs  blend  4  of  Fuel  #1  . 

Example  2 

A  Mannich  Base  reaction  product  of  formaldehyde,  dimethylamine,  and  2,6-di-t-butylphenol  is  prepared 
by  the  following  process. 

Dissolve  103  grams  (0.5  mole)  of  2,6-di-t-butylphenol  in  100  grams  of  IPA  in  a  500  ml  round  bottom  flask 
and  add  72  grams  (0.64  mole)  of  a  40%  aqueous  dimethylamine  solution.  Cool  the  mixture  to  about  30°C  and 
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add  dropwise  with  stirring  44.6  grams  (0.55  mole)  of  37%  formaldehyde  while  keeping  the  mixture  at  a  tem- 
perature  below  40°C.  Heat  the  mixture  to  reflux  and  reflux  for  4  hours.  Remove  IPA/water  by  distillation  and 
apply  vacuum  to  remove  residual  materials.  The  product  yield  is  113  grams  or  86%  of  theory  which  contains 
N,N-dimethyl-3,5-di-t-butyl4-hydroxybenzylamine. 

Additive  blends  of  the  above  reaction  product  were  prepared  and  tested  in  different  fuels  using  the  test 
procedures  described  in  Example  1.  The  blend  compositions  and  test  results  in  comparison  to  untreated  fuel 
and  blends  which  did  not  contain  the  Mannich  Base  product  are  reported  in  Table  II  below. 

2.  re 
(/>  (A 
8  S 

o  o re  o -4  Z  X >  O  01  o 8:  S  3  * 

o~  r- ■  ui 00 
o  o  o 
b o o  

ui  w  iro o  Ul 
b  b 

3 
m x 
I  

ro  -T- 
bo 

4>  U4  I.T- 

Ul  —  » o  r- 
b  b 

o 
ro  -o ui  ui 

.IN  W  |U1 St 
O  W 
ro  bo 

-Nj  Ul 
-vl  CO  l-» o  o  o 

>0  Ul 

c re o  UJ  |ro o  o 
Ul  Ul 

O  -si 
Ul 

ui  *» o b o b 
o  o b  b 

3 
a  
c 3- 
1  

I  
a  a  

s 
a  

ro  ro 
ro  ui c  ro  !-• a  o 

b  b 

ui  ro  iw O  -» 

—  .  ro 
oj  ui 01 

ro  lui 

The  results  indicated  that  the  blends  containing  Mannich  Base  gave  fuels  having  significantly  improved 
stability  except  in  the  case  of  Fuel  #4  where  the  results  were  mixed. 

Example  3 

A  Mannich  Base  reaction  product  of  formaldehyde,  C12-C14  t-alkyl  amine  mixture  (Primene  81  R)  and  2,6- 
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di-t-butyl  phenol  is  prepared  by  the  process  described  in  Example  2  using  95.5  grams  (0.5  mole)  of  Primene 
81  R  in  place  of  the  dimethylamine.  The  product  yield  is  200  grams  or  82%  of  theory  which  contains  N-[3,5-di- 
t-butyl-4-hydroxybenzyl]-mixed  C12-C14  t-alkyl  amines. 

Additive  blends  of  the  above  reaction  product  were  prepared  and  tested  in  #2  diesel  fuel  using  the  test 
5  procedures  described  in  Example  1.  The  blend  compositions  and  test  results  are  reported  in  Table  III  below. 

TABLE  I I I  
Composit ion  Pounds  Per  Thousand  B a r r e l s  

Components  1 2   3  4  5  6  7 

DMCA  0.0  9.5  0.0  4.75  19.0  0.0  9 . 5  
MDA  0.0  0.5  0.5  0.50  1.0  1.0  1 . 0  
frlanriich  Base  0.0  0.0  9.5  4.75  0.0  19.0  9 . 5  
T o t a l  

A d d i t i v e s   0.0  10.0  10.0  10.0  20.0  20.0  2 0 . 0  

Test  R e s u l t s  
149  "C  (F-21-61)  

CoraDonents  1 2   3  4  5  6  7 

Color  L5.5  L4.5  L5  L4.5  L4.5  L5  L4 .5  
Deposi t   8  6  4  3  4  3  2 

43°C  (D  4625) 

Components  1  2  3  4  5  6  7 

Color  L6.5  L6  6  L6  5.5  L6  LS .5  
Deposi t   8.3  3.2  5  2.8  3.3  5  3 

The  results  indicate  that  blends  4  and  7  according  to  the  invention  which  contain  the  Mannich  Base  in  ad- 
dition  to  DMCA  and  MDA  have  better  stability  at  the  same  total  additive  levels  compared  to  blends  2  and  5 
containing  only  DMCA  and  MDA. 

40 
Example  4 

A  Mannich  Base  reaction  product  of  formaldehyde,  1,2-diaminopropane,  and  2,  6-di-  t-butyl  phenol  is  pre- 
pared  by  the  following  process. 

45  Dissolve  103  gm  (0.5  mole)  of  2,6-di-t-butyl  phenol  in  100  grams  of  IPA  in  a  500  ml  roundbottom  flask  and 
add  18.5  grams  (0.25)  moles  of  1,2-diaminopropane.  Cool  this  mixture  to  about  30°C  and  add  dropwise  with 
stirring  44.6  grams  (0.55  mole)  of  37%  formaldehyde  while  keeping  the  temperature  of  the  mixture  below40°C. 
Heat  the  mixture  to  reflux  and  reflux  for  1  hour.  Remove  IPA/water  by  distillation  and  apply  vacuum  to  remove 
residual  materials. 

so  Additive  blends  of  the  above  reaction  product  were  prepared  and  tested  in  Fuel  #1  fuel  using  the  test  pro- 
cedures  described  in  Example  1.  The  blend  compositions  and  results  are  reported  in  Table  IV  below. 

55 
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TABLE  IV 
Composit ion  Pounds  Per  Thousand  B a r r e l s  

5 
Components  1 2   3  4  5 

DMCA  0.0  5.0  4.75  4.0  3 . 8  
MDA  0.0  0.0  0.25  0.0  0 . 2 5  
Mannich  Base  0.0  0.0  0.00  1.0  0 . 9 5  

Total   A d d i t i v e s   0.0  5.0  5.0  5.0  5 . 0  

Test  R e s u l t s  
149  °C  fF-21-61)  

Components  1 2   3  4  5 

Color  L7  L3.5  L3  L3  12.  5 
Deposi t   13  5  4  3  3 

43"C  CD  4625) 

Components  1 2   3  4  R 

Color  L5  4  4  4  L4 
Deposi t   6.8  3.2  2.5  2.6  1 . 7  

30  The  results  indicate  that  blend  4  of  the  invention  containing  the  Mannich  Base  has  improved  stability  com- 
pound  to  blend  2  which  containing  DMCA  alone.  Blend  5  containing  the  Mannich  Base  has  improved  stability 
over  blend  3  which  contained  DMCA  and  MDA  alone. 

Example  5 
35 

A  Mannich  Base  reaction  product  of  formaldehyde,  N,N-dimethyl-1,3-diaminopropane,  and  p-dodecylphe- 
nol  was  prepared  by  the  following  procedure. 

Combine  262.4  grams  (1.0  mole)  of  the  alkyl  (C12)  phenol  with  102.2  grams  (1.0  mole)  of  N,N-dimethyl- 
1,3-diamino-propane  and  add  89.2  grams  (1.1  mole)  of  37%  formaldehyde  with  stirring  while  keeping  the  tem- 

40  perature  below  40°C.  Heat  the  mixture  to  100°C  for  two  hours  and  then  remove  water  by  distillation  (100°C  - 
28  in  vacuum).  The  product  yield  is  176  grams  or  93%  of  theory  which  contains  N,N-dimethyl-N'-[2  hydroxy- 
5-dodecylbenzyl]-1,3-diaminopropane. 

Additive  blends  of  the  above  reaction  product  were  prepared  and  tested  in  midcontinent  #2  diesel  fuel  using 
the  test  procedures  described  in  Example  1.  The  blend  compositions  and  results  are  reported  on  Table  V  below. 

45 

TABLE  V 
Composit ion  Pounds  Per  Thousand  B a r r e l s  

50 
Components  1 2   3  4  5 

DMCA  0.0  4.75  2.05  9.5  4 . 5  
MDA  0.0  0.25  0.25  0.5  0 . 5  
Mannich  Base  0.0  0.00  2.70  0.0  5 . 4  

Tota l   A d d i t i v e s   0.0  5.0  5.0  10.0  1 0 . 0  

9 
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Test  R e s u l t s  
149  °C  (F-21-61)  

Components  ,1  2  3  4  5 

Color  8  3  L3  12.  5  1 2 . 5  
Deposi t   13  10  5  5  5 

43  °C  fD  4625) 

Components  1 2   3  4  5 

Color  L3.5  L3.5  3  L3.5  L3 .5  
Deposi t   6  4  3.5  3  2 . 4  

The  results  indicate  that  blends  3  and  5  of  the  invention  have  over-all  improved  stability  compared  to  blends 
at  the  same  total  additive  level  which  did  not  include  the  Mannich  Base. 

Claims 

1.  A  fuel  additive  concentrate  comprising  a  mixture  of  N,N-dimethylcyclohexylamine  and  a  Mannich  Base 
which  is  the  reaction  product  of  an  aldehyde,  a  primary  or  secondary  amine  and  an  alkyl  phenol  selected 
from  (a)  hindered  phenol  having  the  formula: 

OH 

where  Ri,  R2,  R3  are  independently  selected  from  hydrogen,  t-butyl,  t-amyl  and  isopropyl,  provided 
that  at  least  one  of  Ri,  R2  and  R3  is  hydrogen  and  at  least  one  of  Ri  and  R2  is  t-butyl,  t-amyl  or  isopropyl; 
and  (b)  p-alkyl  phenol  having  the  formula: 

OH 

where  R4  is  C9  to  C30  alkyl;  said  concentrate  containing,  based  on  the  total  weight  of  concentrate, 
from  25  to  95  wt%  N,N-dimethylcyclohexylamine  from  5  to  75  wt%  Mannich  Base. 

2.  The  concentrate  of  claim  1  wherein  the  concentrate  also  contains  from  1  to  25  wt%  N,N'-di(ortho-hydrox- 
yarylidene)-1,2-alkylenediamine  metal  deactivator. 

3.  The  concentrate  of  claim  1  or  2  wherein  the  aldehyde  is  formaldehyde,  and  the  amine  is  selected  from 
one  or  more  of: 

10 



EP  0  385  633  B1 

A.  alkyl  monoamines  of  the  formula; 

where  R5  is  selected  from  H  and  Ci  to  C5  alkyl,  and  R6  is  selected  from  Ci  to  C14  alkyl  and  the 
group  -(CH2)n-OR7  where  n  =  1  to  10  and  R7  is  Ci  to  C20  alkyl, 
B.  alkyl  diamines  of  the  formula; 

where  R5  is  selected  from  H  and  Ci  to  C5  alkyl,  Rg  is  Ci  to  C6  alkylene  and  A  and  B  are  indepen- 
dently  selected  from  H,  Ci  to  C5  alkyl,  mono-hydroxysubstituted  Ci  to  C5  alkyl,  and  the  group  (CH2)n- 
OR7  where  n  =  1  to  10  and  R7  is  Ci  to  C20  alkyl, 
C.  ethylene  polyamines  of  the  formula; 

H2N4(CH2)2NH7nH 
where  n  =  2  to  1  0,  and 

D.  cyclic  amines  of  the  formula; 

/ C H 2 ) n  
\  

HN 

(CH2)m 
/  

where  n  and  m  are  independently  intergers  from  1  to  3,  X  is  selected  from  CH2,  0,  S  and  NR9 
where  R9  is  H,  Ci  to  C10  alkyl,  or  the  group  (CH2)n-NH2  where  n  is  1  to  10. 

The  concentrate  of  any  of  the  preceding  claims  wherein  the  phenol  is  a  hindered  phenol,  and  the  Mannich 
Base  comprises  N-[3,5-di-t-butyl-4-hydroxybenzyl]-mixed  C12  to  C14  t-alkyl  amines,  N,N-dimethyl-3,5-di- 
t-butyl-4-hydroxybenzylamine,  a  compound  of  the  formula: 

where  Ri  and  R2  are  independently  selected  from  hydrogen,  t-butyl,  t-amyl  and  isopropyl  provided 
that  at  least  one  of  Ri  and  R2  is  t-butyl,  t-amyl,  or  isopropyl,  or  a  compound  of  the  formula: 

11 
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where  Ri  and  R2  are  independently  selected  from  hydrogen,  t-butyl,  t-amyl  and  isopropyl  provided 
that  at  least  one  of  Ri  and  R2  is  t-butyl,  t-amyl,  or  isopropyl. 

5.  The  concentrate  of  any  of  claims  1-3  wherein  the  phenol  is  a  p-alkylphenol,  and  the  Mannich  Base  com- 
prises  N,N-dimethyl-N'-[2-hydroxy-5-dodecylbenzyl]-1,3-diaminopropane. 

6.  The  concentrate  of  claim  2  wherein  the  metal  deactivator  is  N,N'-disalicylidene-1  ,2-propylenediamine  and 
the  Mannich  Base  is  the  reaction  product  of  formaldehyde,  2,6-di-t-butyl  phenol  and  an  amine  selected 
from  1,3-diaminopropane,  1,2-diaminopropane,  mixed  C12-C14  t-alkyl  amines,  and  dimethylamine. 

7.  The  concentrate  of  claim  2  wherein  the  metal  deactivator  is  N,N'-disalicylidene-1  ,2-propylenediamine  and 
the  Mannich  Base  is  the  reaction  product  of  formaldehyde,  p-dodecyl  phenol,  and  N,N-dimethyl-1,3-dia- 
minopropane. 

8.  A  fuel  composition  comprising  middle  distillate  fuel  containing  from  3  to  1500  mg/l  of  the  concentrate  of 
any  of  claims  1-7. 

9.  A  fuel  composition  comprising  a  middle  distillate  fuel  and  from  1  to  1400  mg/l  N,N-dimethylcyclohexyla- 
mine,  from  0  to  400  mg/l  N,N-di(ortho-hydroxyarylidene)-1,2-alkylenediamine  and  from  1  to  1100  mg/l  of 
a  Mannich  Base  which  is  the  reaction  product  of  an  aldehyde,  an  amine  and  an  alkyl  phenol  selected  from 
(a)  hindered  phenol  having  the  formula: 

where  Ri,  R2,  R3  are  independently  selected  from  hydrogen,  t-butyl,  t-amyl  and  isopropropyl,  pro- 
vided  that  at  least  one  of  Ri,  R2  and  R3  is  hydrogen  and  at  least  one  of  Ri  and  R2  is  t-butyl,  t-amyl  or  iso- 
propyl;  and  (b)  p-alkyl  phenol  having  the  formula: 

45 
OH 

50 

55  where  R4  is  C9  to  C30  alkyl. 

10.  The  fuel  composition  of  claim  9  wherein  the  aldehyde  is  formaldehyde  and  the  amine  is  selected  from 
one  or  more  of: 

12 
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A.  alkyl  monoamines  of  the  formula; 

HN 

where  R5  is  selected  from  H  and  Ci  to  C5  alkyl  and  Rq  is  selected  from  Ci  to  C14  alkyl  and  the 
group  -(CH2)n-OR7  where  n  =  1  to  10  and  R7  is  Ci  to  C20  alkyl, 
B.  alkyl  diamines  of  the  formula; 

A 

HN  RQ  N 

B 

where  R5  is  selected  from  H  and  Ci  to  C5  alkyl  R8  is  Ci  to  C6  alkylene  and  A  and  B  are  indepen- 
dently  selected  from  H,  Ci  to  C5  alkyl,  monohydroxysubstituted  Ci  to  C5  alkyl,  and  the  group  (CH2)n- 
OR7  where  n  =  1  to  10  and  R7  is  Ci  to  C20  alkyl, 
C.  ethylene  polyamines  of  the  formula; 

H2N4(CH2)2NH7nH 
where  n  =  2  to  1  0,  and 

D.  cyclic  amines  of  the  formula; 

/ C H 2 > n  
'  \  

HN  X 
\   /  

where  n  and  m  are  independently  intergers  from  1  to  3,  X  is  selected  from  CH2,  O,  S  and  NR9 
where  R9  is  H,  Ci  to  C10  alkyl,  or  the  group  (CH2)n-NH2  where  n  is  1  to  10. 

Patentanspruche 

1.  Treibstoffzusatzkonzentrat  umfassend  eine  Mischung  aus  N,N-Dimethylcyclohexylamin  und  einer 
Mannich-Base,  die  das  Reaktionsprodukteines  Aldehyds,  eines  primaren  odersekundaren  Amins  und  ei- 
nes  Alkylphenols  ist,  das  ausgewahlt  ist  aus  (a)  gehindertem  Phenol  mit  der  Formel 

OH 

in  der  Ri,  R2  und  R3  unabhangig  voneinanderaus  Wasserstoff,  t-Butyl,  t-Amyl  und  Isopropyl  ausgewahlt 

13 



EP  0  385  633  B1 

sind,  mit  der  Maligabe,  dad  mindestens  einer  der  Reste  Ri,  R2  und  R3  Wasserstoff  ist  und  mindestens 
einerder  Reste  Ri  und  R2  t-Butyl,  t-Amyl  oder  Isopropyl  ist,  und 
(b)  p-Alkylphenol  mit  der  Formel 

OH 

in  der  R4  C9-C30-Alkyl  ist,  wobei  das  Konzentrat  auf  der  Basis  seines  Gesamtgewichts  zwischen  25  und 
95  Gew.-%  N,N-Dimethylcyclohexylamin  und  5  bis  75  Gew.-%  Mannich-Base  enthalt. 

Konzentrat  nach  Anspruch  1,  welches  aulierdem  zwischen  1  und  25  Gew.-%  N,N'-Di(ortho-hydroxyary- 
liden)-1  ,2-alkylendiamin-Metalldeaktivator  enthalt. 

Konzentrat  nach  Anspruch  1  oder  2,  in  dem  das  Aldehyd  Formaldehyd  ist  und  das  Amin  ausgewahlt  ist 
aus  einer  oder  mehreren  derfolgenden  Substanzen: 

A.  Alkylmonoamine  der  Formel 

in  der  R5  ausgewahlt  ist  aus  H  und  Cr  bis  C5-Alkyl  und  R6  ausgewahlt  ist  aus  Cr  bis  C14-Alkyl  und  der 
Gruppe  -(CH2)n-OR7,  in  der  n  =  1  bis  10  ist  und  R7  CrC20-Alkyl  ist, 
B.  Alkyldiamine  der  Formel 

in  der  R5  ausgewahlt  ist  aus  H  und  Cr  bis  C5-Alkyl,  Rg  Cr  bis  C6-Alkylen  ist  und  A  und  B  unabhangig 
voneinander  aus  H,  Cr  bis  C5-Alkyl,  mono-hydroxysubstituiertem  Ci-  bis  C5-Alkyl  und  der  Gruppe 
(CH2)n-OR7,  in  der  n  =  1  bis  10  ist  und  R7  Cr  bis  C20-Alkyl  ist,  ausgewahlt  sind. 
C.  Ethylenpolyamine  der  Formel 
H2N4(CH2)2NH7nH,  in  der  n  =  2  bis  10  ist,  und 
D.  cyclische  Amine  der  Formel 

/ C H 2 > n  
\  

HN  X 
\   /  

in  der  n  und  m  unabhangig  ganze  Zahlen  von  1  bis  3  sind,  X  ausgewahlt  ist  aus  CH2,  0,  S  und  NR9, 
worin  R9  H,  Cr  bis  C10-Alkyl  oder  die  Gruppe  (CH2)n-NH2  ist,  in  der  n  1  bis  10  betragt. 

14 
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Konzentrat  nach  einem  der  vorstehenden  Anspruche,  in  dem  das  Phenol  ein  gehindertes  Phenol  ist  und 
die  Mannich-Base  N-[3,5-di-t-Butyl-4-hydroxybenzyl]-vermischte  C12-  bis  C14-t-Alkylamine,  N,N-Dime- 
thyl-3,5-di-t-butyl-4-hydroxybenzylamin,  eine  Verbindung  der  Formel: 

in  der  Ri  und  R2  unabhangig  voneinanderaus  Wasserstoff,  t-Butyl,  t-Amyl  und  Isopropyl  ausgewahlt  sind, 
mit  der  Maligabe,  dali  mindestens  einer  der  Reste  Ri  und  R2  t-Butyl,  t-Amyl  oder  Isopropyl  ist,  oder  eine 
Verbindung  der  Formel 

in  der  Ri  und  R2  unabhangig  aus  Wasserstoff,  t-Butyl,  t-Amyl  und  Isopropyl  ausgewahlt  sind,  mit  der  Mali- 
gabe,  dali  mindestens  einer  der  Reste  Ri  und  R2  t-Butyl,  t-Amyl  oder  Isopropyl  ist,  umfalit. 

Konzentrat  nach  einem  der  Anspruche  1  bis  3,  in  dem  das  Phenol  ein  p-Alkylphenol  ist  und  die  Mannich- 
Base  N,N-Dimethyl-N'-[2-hydroxy-5-dodecylbenzyl]-1  ,3-diaminopropan  enthalt. 

Konzentrat  nach  Anspruch  2,  in  dem  der  Metalldeaktivator  N,N'-Disalicyliden-1  ,2-propylendiamin  und  die 
Mannich-Base  das  Reaktionsprodukt  aus  Formaldehyd,  2,6-Di-t-butylphenol  und  einem  aus  der  Gruppe 
1,3-Diaminopronan,  1,2-Diaminopropan,  gemischten  C12-C14-t-Alkylaminen  und  Dimethylamin  ausge- 
wahlten  Amin  ist. 

Konzentrat  nach  Anspruch  2,  in  dem  der  Metalldeaktivator  N,N'Disalicyliden-1,2-propylendiamin  und  die 
Mannich-Base  das  Reaktionsprodukt  aus  Formaldehyd,  p-Dodecylphenol  und  N,N-Dimethyl-1,3-diami- 
nopropan  ist. 

Treibstoffzusammensetzung,  die  Mitteldestillattreibstoff  mit  3  bis  1500  mg/l  des  Konzentrats  nach  einem 
der  Anspruche  1  bis  7  enthalt. 

Treibstoffzusammensetzung  umfassend  einen  Mitteldestillattreibstoff  und  1  bis  1400  mg/l  N,N-Dimethyl- 
cyclohexylamin,  0  bis  400  mg/l  N,N-Di(ortho-hydroxyaryliden)-1,2-alkylendiamin  und  1  bis  1100  mg/l  ei- 
ner  Mannich-Base,  die  das  Reaktionsprodukt  aus  einem  Aldehyd,  einem  Amin  und  einem  Alkylphenol  ist, 
das  ausgewahlt  ist  aus  (a)  einem  gehinderten  Phenol  mit  der  Formel 
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OH 

in  der  Ri,  R2  und  R3  unabhangig  voneinanderaus  Wasserstoff,  t-Butyl,  t-Amyl  und  Isopropyl  ausgewahlt 
sind,  mit  der  Maligabe,  dali  mindestens  einer  der  Reste  Ri,  R2  und  R3  Wasserstoff  ist  und  mindestens 
einer  der  Reste  Ri  und  R2  t-Butyl,  t-Amyl  oder  Isopropyl  ist,  und  (b)  einem  p-Alkylphenol  mit  der  Formel 

OH 

in  der  Rt,jS  C3q-  Alkyl  ist. 

Treibstoffzusammensetzung  nach  Anspruch  9,  in  der  das  Aldehyd  Formaldehyd  ist  und  das  Amin  aus  ei- 
ner  oder  mehreren  der  folgenden  Substanzen  ausgewahlt  ist: 

A.  Alkylmonoamine  der  Formel 

in  der  R5  aus  H  und  Cr  bis  C5-Alkyl  und  R6  aus  Ci  bis  C14-Alkyl  und  der  Gruppe  -(CH2)n-OR7,  in  der 
n  1  -  10  und  R7  Cr  bis  C20-Alkyl  ist,  ausgewahlt  ist; 
B.  Alkyldiamine  der  Formel 

in  der  R5  aus  H  und  Cr  bis  C5-Alkyl  ausgewahlt  ist,  Rg  Cr  bis  C6-Alkylen  ist,  und  A  und  B  unabhangig 
voneinander  aus  H,  Cr  bis  C5-Alkyl,  monohydroxysubstitiertem  Cr  bis  C5-Alkyl  und  der  Gruppe 
(CH2)n-OR7,  in  der  n  1  bis  10  ist  und  R7  Crbis  C20-Alkyl  ist,  ausgewahlt  sind; 
C.  Ethylenpolyamine  der  Formel 
H24(CH2)2NH7nH,  in  der  n  2  bis  10  ist,  und 
D.  Cyclische  Amine  der  Formel 
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/  \  
HN X 

\  /  
5 (CH2)  TO 

15  1. 

20 

25 

30 

35 

40 

45  2. 

3. 

50 

in  der  n  und  m  unabhangig  voneinander  ganze  Zahlen  von  1  bis  3  sind  und  X  ausgewahlt  ist  aus  der 
Gruppe  CH2,  O,  S  und  NR9,  in  der  R9  H,  Cr  bis  C10-Alkyl  ist,  oder  der  Gruppe  (CH2)n-NH2,  in  der  n  1 
bis  10  ist. 

Concentre  d'additifs  pour  combustible,  comprenantun  melange  de  N,N-dimethylcyclohexylamineetd'une 
base  de  Mannich  qui  est  le  produit  de  reaction  d'un  aldehyde,  d'une  amine  primaire  ou  secondaire  et  d'un 
alkylphenol  choisi  entre  (a)  un  phenol  a  encombrement  sterique  repondant  a  la  formule  : 

dans  laquelle  Ri,  R2,  R3  sont  choisis,  independamment,  entre  I'hydrogene  et  les  radicaux  tertio- 
butyle,  tertio-amyle  et  isopropyle,  sous  reserve  que  I'un  au  moins  de  Ri,  R2  et  R3  soit  I'hydrogene  et  que 
I'un  au  moins  de  Ri  et  R2  soit  un  radical  tertio-butyle,  tertio-amyle  ou  isopropyle  ;  et  (b)  un  p-alkylphenol 
repondant  a  la  formule  : 

dans  laquelle  R4  est  un  groupe  alkyle  en  C9  a  C30  ;  ledit  concentre  contenant,  sur  la  base  de  son 
poids  total,  25  a  95  %  en  poids  de  N,N-dimethylcyclohexylamine  et  5  a  75  %  en  poids  de  base  de  Mannich. 

Concentre  suivant  la  revendication  1  ,  qui  contient  aussi  1  a  25  %  en  poids  de  N,N'-di(ortho-hydroxy-ary- 
lidene)-1,2-alkylenediamine  comme  desactivateur  des  metaux. 

Concentre  suivant  la  revendication  1  ou  2,  dans  lequel  I'aldehyde  est  le  formaldehyde  et  I'amine  consiste 
en  une  ou  plusieurs  des  amines  suivantes  : 

A.  des  alkylmono-amines  de  formule  : 

Revendications 

HN 
55 
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dans  laquelle  R5  est  choisi  entre  H  et  des  radicaux  alkyle  en  Ci  a  C5,  et  R6  est  choisi  entre  des 
radicaux  alkyle  en  Ci  a  C14  et  le  groupe  -(CH2)n-OR7  dans  lequel  n  a  une  valeur  de  1  a  10  et  R7  est  un 
groupe  alkyle  en  Ci  a  C20, 
B.  des  alkyldiamines  de  formule  : 

dans  laquelle  R5  est  choisi  entre  H  et  un  groupe  alkyle  en  Ci  a  C5,  R8  est  un  groupe  alkylene  en 
Ci  a  C6  et  Aet  B  sont  choisis,  independamment,  entre  H,  un  groupe  alkyle  en  Ci  a  C5,  alkyle  en  Ci  a 
C5  portant  un  substituant  hydroxy  et  le  groupe  (CH2)n-OR7  dans  lequel  n  a  une  valeur  de  1  a  10  et  R7 
est  un  groupe  alkyle  en  Ci  a  C20, 
C.  des  ethylenepolyamines  de  formule  : 

H2N4(CH2)2NH7nH 
dans  laquelle  n  a  une  valeur  de  2  a  1  0,  et 

D.  des  amines  cycliques  de  formule  : 

/ C H 2 > n  

HN 
\  

/  
(CH2>m 

dans  laquelle  n  et  m  sont,  independamment,  des  nombres  entiers  de  1  a  3,  X  est  choisi  entre 
CH2,  O,  S  et  NR9,  ou  R9  represente  H,  un  radical  alkyle  en  Ci  a  C10  ou  le  groupe  (CH2)n-NH2  dans  lequel 
n  a  une  valeur  de  1  a  1  0. 

Concentre  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  phenol  est  un  phenol 
a  encombrement  sterique  et  la  base  de  Mannich  comprend  des  N-[3,5-di-tertio-butyl-4-hydroxybenzyl]- 
tertio-alkylamines  a  groupes  tertio-alkyle  mixtes  en  C12  a  C14,  la  N,N-dimethyl-3,5-di-tertio-butyl-4-hy- 
droxybenzylamine,  un  compose  de  formule  : 

dans  laquelle  Ri  et  R2  sont  choisis,  independamment,  entre  I'hydrogene,  les  radicaux  tertio-butyle, 
tertio-amyle  et  isopropyle  sous  reserve  que  I'un  au  moins  de  Ri  et  R2  soit  un  radical  tertio-butyle,  tertio- 
amyle  ou  isopropyle,  ou  un  compose  de  formule  : 
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HO CH2  —  N 

/  

\  
N  —  CH2 

J  

\  
OH 

IV 

dans  laquelle  Ri  et  R2  sont  choisis,  independamment,  entre  I'hydrogene,  les  radicaux  tertio-butyle, 
tertio-amyle  et  isopropyle,  sous  reserve  que  I'un  au  moins  de  Ri  et  R2  soit  un  radical  tertio-butyle,  tertio- 
amyle  ou  isopropyle. 

Concentre  suivant  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  phenol  est  un  p-alkylphenol 
et  la  base  de  Mannich  comprend  le  N,N-dimethyl-N'-[2-hydroxy-5-dodecylbenzyl]-1,3-diaminopropane. 

Concentre  suivant  la  revendication  2,  dans  lequel  le  desactivateur  de  metaux  est  la  N,N'-disalicylidene- 
1  ,2-propylenediamine  et  la  base  de  Mannich  est  le  produit  de  reaction  du  formaldehyde,  du  2,6-di-tertio- 
butylphenol  et  d'une  amine  choisie  entre  le  1,3-diaminopropane,  le  1,2-diaminopropane,  des  tertio-alky- 
lamines  a  groupes  alkyle  mixtes  en  C12  a  C14  et  la  dimethylamine. 

Concentre  suivant  la  revendication  2,  dans  lequel  le  desactivateur  de  metaux  est  la  N,N'-disalicylidene1,2- 
propylenediamine  et  la  base  de  Mannich  est  le  produit  de  reaction  du  formaldehyde,  du  p-dodecyl  phenol 
et  du  N,N-dimethyl-1  ,3-diaminopropane. 

Composition  de  combustible,  comprenant  un  combustible  a  base  de  distillat  moyen  contenant  3  a  1500 
mg/l  du  concentre  suivant  I'une  quelconque  des  revendications  1  a  7. 

Composition  de  combustible,  comprenant  un  combustible  a  base  de  distillat  moyen  et  1  a  1400  mg/l  de 
N,N-dimethylcyclohexylamine,  0  a  400  mg/l  de  N,N-di(ortho-hydroxy-arylidene)-1,2-alkylenediamine  et 
1  a  1100  mg/l  d'une  base  de  Mannich  qui  est  le  produit  de  reaction  d'un  aldehyde,  d'une  amine  et  d'un 
alkylphenol  choisi  entre  (a)  un  phenol  a  encombrement  sterique  repondant  a  la  formule  : 

dans  laquelle  Ri,  R2,  R3  sont  choisis,  independamment,  entre  I'hydrogene,  les  radicaux  tertio-bu- 
tyle,  tertio-amyle  et  isopropyle,  sous  reserve  que  I'un  au  moins  de  Ri,  R2  et  R3  soit  I'hydrogene  et  que 
I'un  au  moins  de  Ri  et  R2  soit  un  radical  tertio-butyle,  tertio-amyle  ou  isopropyle  ;  et  (b)  un  p-alkylphenol 
repondant  a  la  formule  : 

OH 

OH 

19 



EP  0  385  633  B1 

dans  laquelle  R4  est  un  radical  alkyle  en  C9  a  C30. 

Composition  de  combustible  suivant  la  revendication  9,  dans  laquelle  I'aldehyde  est  le  formaldehyde  et 
I'amine  est  une  ou  plusieurs  des  amines  suivantes  : 

A.  des  alkylmono-amines  de  formule  : 

HN 

oil  R5  est  choisi  entre  H  et  un  radical  alkyle  en  Ci  a  C5,  et  R6  est  choisi  entre  un  radical  alkyle 
en  Ci  a  C14  et  le  groupe  -(CH2)n-OR7  dans  lequel  n  a  une  valeur  de  1  a  10  et  R7  est  un  radical  alkyle 
en  C-|  a  C2o, 
B.  des  alkyldiamines  de  formule  : 

A 

B 

dans  laquelle  R5  est  choisi  entre  H  et  un  radical  alkyle  en  Ci  a  C5,  R8  est  un  radical  alkylene  en 
Ci  a  C6  et  Aet  B  sont  choisis,  independamment,  entre  H,  un  radical  alkyle  en  Ci  a  C5,  alkyle  en  Ci  a 
C5  portant  un  substituant  hydroxy  et  le  groupe  (CH2)n-OR7  dans  lequel  n  a  une  valeur  de  1  a  10  et  R7 
est  un  radical  alkyle  en  Ci  a  C20, 
C.  des  ethylenepolyamines  de  formule  : 

H2N4(CH2)2NH7nH 
dans  laquelle  n  a  une  valeur  de  2  a  1  0,  et 

D.  des  amines  cycliques  de  formule  : 

/ C H 2 ) n  
'  \  

HN  X 
\   /  

(CH2)m 

dans  laquelle  n  et  m  represented,  independamment,  des  nombres  entiers  de  1  a  3,  X  est  choisi 
entre  CH2,  0,  S  et  un  groupe  NR9  dans  lequel  R9  represente  H,  un  radical  alkyle  en  Ci  a  C10  ou  le  groupe 
(CH2)n-NH2  dans  lequel  n  a  une  valeur  de  1  a  1  0. 
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