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Description 

The  present  invention  relates  to  power  transmission  fluids  containing  certain  hydrocarbon  soluble  or 
dispersible  amide  reaction  products  (referred  to  herein  as  Component-1),  and  mixtures,  and/or  acid  amine 

5  salts  of  Component-1  and  certain  acid/esters  (said  acid/esters  being  referred  to  herein  as  Component-2),  as 
friction  modifying  additives  particularly  automatic  transmission  fluids  (ATF). 

For  example,  specialized  properties  are  sought  to  be  imparted  to  certain  lubricating  oil  compositions 
adapted  for  use  as  an  automatic  transmission  fluid.  The  friction  characteristics  of  power  transmission  fluids 
especially  automatic  transmission  fluids  (ATF)  are  important  and  distinguish  them  from  other  lubricants,  and 

io  in  fact  between  types  of  ATF's.  The  friction  requirements  of  an  ATF  are  unique  and  depend  on  the 
transmission  and  clutch  design,  as  well  as  on  the  type  of  clutch  plate  material  used. 

As  is  also  well  known,  frictional  characteristics  of  lubricants  can  be  controlled  through  the  addition  of 
suitable  additives  with  varying  degrees  of  success. 

While  there  are  many  known  additives  which  may  be  classified  as  friction  modifying  agents,  it  is  also 
75  known  that  many  of  those  additives  act  in  a  different  physical  or  chemical  manner  and  often  compete  with 

other  additives,  such  as  anti-wear  additives  for  the  surface  of  the  moving  metal  parts  which  are  subjected  to 
lubrication.  Accordingly,  extreme  care  must  be  exercised  in  the  selection  of  those  additives  to  insure 
compatibility  and  effectiveness. 

Various  tests  have  been  designed  by  transmission  manufacturers  for  measuring  ATF  friction.  The  object 
20  of  these  tests  is  to  evaluate  the  performance  of  ATF  additives  against  the  requirements  of  particular 

transmission  design  and  their  ability  to  impart  transmission  durability  and  smooth  shifting  under  a  variety  of 
road  conditions. 

One  way  to  evaluate  friction  modification  under  simulated  transmission  operating  conditions  is  in  an 
SAE  No.  2  friction  apparatus.  In  this  test,  a  test  head  containing  a  test  clutch  pack  and  the  fluid  is  fitted  to 

25  an  electric  motor  with  an  inertia  disc.  The  motor  and  flywheel  of  the  friction  machine  (filled  with  fluid  to  be 
tested)  are  accelerated  to  constant  speed,  the  motor  is  shut  off  and  the  flywheel  speed  is  decreased  to  zero 
by  application  of  the  clutch.  The  clutch  plates  are  then  released,  the  system  is  again  accelerated  to 
constant  speed,  and  the  clutch  pack  which  is  immersed  in  the  test  fluid  is  engaged  again.  This  process  is 
repeated  many  times  with  each  clutch  engagement  being  called  a  cycle.  The  number  of  cycles  employed 

30  for  a  given  test  is  determined  by  the  particular  test  being  run. 
During  the  clutch  application,  friction  torque  is  recorded  as  a  function  of  time.  The  friction  data  obtained 

are  either  the  torque  traces  themselves  or  friction  coefficients  calculated  from  the  torque  traces.  The  shape 
of  the  torque  trace  desired  is  set  by  the  transmission  manufacturer.  One  way  of  characterizing  friction 
performance  is  to  determine  the  torque:  (a)  when  the  flywheel  speed  is  midway  between  the  maximum 

35  constant  speed  selected  and  zero  speed  (such  torque  measurement  is  referred  to  herein  as  TD)  and  (b) 
when  as  the  flywheel  speed  approaches  zero  rpm  (such  torque  measurement  is  referred  to  herein  as  T0). 
Such  torques  can  then  be  used  to  determine  the  torque  ratio  which  is  expressed  as  T0/TD,  or  alternatively, 
to  determine  the  torque  differential  T0-TD.  The  optimum  target  values  for  torque  ratio  and  torque  differential 
are  set  by  the  auto  manufacturers  and  can  be  different  for  each  manufacturer.  As  the  T0/TD  increasingly 

40  exceeds  1.0,  a  transmission  will  typically  exhibit  shorter  harsher  shifts  as  it  changes  gears.  On  the  other 
hand  as  T0/TD  decreases  below  1.0,  there  is  an  increasingly  greater  danger  of  clutch  slippage  when  the 
transmission  changes  gears.  Similar  relationships  exist  with  respect  to  a  T0-TD  target  value  of  0. 

If  the  torque  traces  are  converted  to  friction  coefficients,  the  torque  ratio  can  be  expressed  as  U-c/U-d, 
where  u.0  is  the  friction  coefficient  of  T0  and  u.D  is  the  friction  coefficient  of  TD. 

45  In  addition  to  constraints  placed  on  the  torque  ratio,  many  transmission  manufacturers  require  that  the 
dynamic  torque  TD  be  at  least  a  certain  minimum  value.  This  stems  from  the  fact  that  high  dynamic  friction 
produces  short  efficient  lock-ups.  This,  in  turn,  minimizes  absorption  of  energy  by  the  fluid  and  clutch 
thereby  also  minimizing  fluid  temperature. 

While  many  automatic  transmission  fluids  can  achieve  acceptable  torque  ratios  and  meet  minimum 
50  dynamic  torque  targets  after  a  minimum  number  of  cycles,  it  becomes  increasingly  more  difficult  to  sustain 

such  target  values  as  the  number  of  cycles  are  increased.  The  ability  of  an  ATF  to  sustain  such  desired 
friction  properties  over  time  is  referred  to  herein  as  friction  stability  or  durability. 

Attempts  to  improve  friction  stability  by  simply  adding  more  friction  modifier  have  not  met  with  success 
because  this  tends  to  reduce  overall  fluid  friction  properties,  and  particularly  the  breakaway  static  torque 

55  (Ts)  of  the  fluid.  This  parameter,  or  alternatively,  the  breakaway  static  torque  ratio  (TS/TD)  reflect  the  relative 
tendency  of  engaged  parts,  such  as  clutch  packs,  bands  and  drums,  to  slip  under  load.  If  this  value  is  too 
low,  the  slippage  can  impair  the  driveability  and  safety  of  the  vehicle. 

3 
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More  specifically,  breakaway  static  torque  (Ts)  is  determined  upon  completion  of  certain  predetermined 
cycles  of  the  dynamic  torque  evaluation  sequence.  In  the  Ts  determination  after  the  flywheel  has  returned 
to  0  rpm,  it  is  again  accelerated  to  a  lower  rpm,  e.g.,  1  rpm  without  the  clutch  engaged.  At  1  rpm,  the  clutch 
is  engaged,  but  not  released,  and  hence  does  not  turn.  Upon  clutch  engagement,  the  torque  applied  by  the 

5  flywheel  is  measured  as  a  function  of  time  for  a  brief  period  as  slippage  of  the  flywheel  occurs. 
Another  aspect  of  friction  modification  is  observed  in  clutches  at  low  relative  sliding  clutch  speeds.  The 

operation  whereby  a  clutch  pack  fully  engages  is  often  referred  to  as  lock-up.  Continuing  operation  of  the 
clutch  at  low  sliding  speeds,  or  partially  locked-up,  can  cause  the  clutch  plates  to  grab  and  release 
intermittently.  This  phenomena  is  referred  to  as  stick-slip  and  is  experienced  by  the  driver  as  a  shudder  in 

io  the  automobile. 
A  still  further  aspect  of  friction  modification  is  the  break-in  period.  Typically,  when  testing  an  ATF,  one 

can  observe  a  change  in  frictional  performance  with  time.  This  change  occurs  over  a  duration  often  referred 
to  as  the  break-in  period.  It  is  an  advantage  to  employ  a  friction  modifier  which  does  not  exhibit  a  break-in 
period  or  which  yields  a  very  short  break-in  period. 

is  Transmission  designs  have  undergone  radical  changes,  thereby  necessitating  the  formulation  of  ATF 
additives  capable  of  meeting  new  and  more  stringent  requirements  needed  to  match  such  design  changes. 

No  base  oil  alone  can  even  approach  the  many  special  properties  required  for  ATF  service.  Con- 
sequently,  it  is  necessary  to  employ  several  chemical  additives,  each  of  which  is  designed  to  impart  or 
improve  a  specific  property  of  the  fluid.  Consequently,  it  becomes  particularly  advantageous  when  one 

20  additive  can  perform  more  than  one  function,  thereby  reducing  the  number  of  additives  needed  to  be 
present  in  the  formulation. 

Accordingly,  there  has  been  a  continuing  search  for  new  additives  possessed  of  one  or  more  properties 
which  render  them  suitable  for  use  in  ATF  compositions,  as  well  as  other  oleaginous  compositions.  There 
also  has  been  a  search  for  new  combinations  of  additives  which  not  only  provide  ATF  compositions,  as  well 

25  as  other  oleaginous  compositions,  with  the  various  specific  properties  that  are  required,  but  which  are 
compatible  with  each  other  in  the  sense  that  they  do  not  exhibit  any  substantial  tendency  to  compete  with 
each  other,  nor  to  otherwise  reduce  the  effectiveness  of  the  various  additives  in  the  compositions.  The 
present  invention  was  developed  in  response  to  this  search. 

U.S.  Patent  No.  4,702,850  discloses  certain  C12-C50  hydrocarbyl  substituted  succinate  esters  of 
30  thiobisethanol  as  friction  modifiers  in  automatic  transmission  fluids.  These  additives  are  included  in  the 

scope  of  the  succinate  ester  Component-2  reactant  employed  in  the  present  invention. 
The  present  invention  is  based  in  part  on  the  discovery  that  the  amide  containing  product  mixture 

(referred  to  herein  as  Component-1),  formed  by  the  reaction  of  polyamine  having  at  least  three  amine 
groups  and  certain  straight  chain  or  branched  chain  fatty  acids,  possess  friction  modifying  properties. 

35  Component-1  amides  are  also  stable,  non-corrosive,  compatible  with  oleaginous  compositions,  including  the 
dispersants,  anti-oxidants,  etc.  normally  formulated  therewith,  and  do  not  significantly  adversely  affect 
friction  stability  of  automatic  transmission  fluids. 

Further  variations  in  performance  can  be  achieved  by  combining  Component-1  with  certain  acid/ester 
materials  (referred  to  herein  as  Component-2)  as  described  herein. 

40  More  specifically,  Component-1  is  a  very  potent  friction  modifier  and  exerts  its  effect  with  almost  no,  or 
a  very  short,  break-in  period,  e.g.,  it  exerts  its  maximum  friction  effect  almost  immediately.  Thus, 
Component-1  can  be  employed  in  very  low  amounts.  If  high  amounts  of  Component-1  are  employed,  e.g., 
above  0.7  wt.  %,  the  friction  properties  of  the  fluid  can  be  too  low  for  certain  transmission  manufacturers' 
standards.  However,  because  of  the  low  amounts  of  Component-1  typically  employed,  Component-1  can 

45  begin  to  lose  friction  potency,  e.g.,  as  measured  by  friction  tests  which  employ  a  high  number  of  test  cycles 
(e.g.,  the  18,000  cycle  G.M.  HEFCAD  test).  Thus,  when  a  transmission  manufacturer's  specifications 
demand  both  friction  stability  over  extended  cycle  testing  as  well  as  high  Ts,  improvements  in  friction 
stability  achieved  by  adding  more  of  Component-1  may  be  accompanied  by  a  decrease  in  Ts. 

Thus,  for  certain  applications,  it  would  be  desirable  if  the  friction  stability  of  Component-1  could  be 
50  further  improved. 

Component-2  as  a  friction  modifier,  is  not  as  potent  as  Component-1  .  Consequently,  it  is  employed  in 
higher  amounts  when  used  alone  relative  to  Component-1.  Moreover,  Component-2  possesses  better 
friction  stability  (in  the  absence  of  Zn)  than  Component-1  alone,  but  because  of  its  waxy  nature  and  relative 
high  use  concentration,  it  can  exhibit  poor  low  temperature  viscosity  properties  measured  as  the  Brookfield 

55  viscosity  of  an  ATF  fluid.  This  difficulty  can  be  minimized  by  reducing  the  amount  employed  in  an  ATF,  but 
then  friction  performance  can  suffer.  Lastly,  Component-2  alone  has  a  long  break-in  period,  e.g.,  up  to  5,000 
cycles  on  an  SAE  No.  2  friction  machine  test. 

4 
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It  has  been  found  that  by  employing  an  admixture  of  Component-1  and  Component-2  (either  in 
unreacted  or  reacted  form)  in  a  power  transmission  fluid,  one  obtains  a  compatible  system  which  exhibits 
almost  no  break-in  period,  and  possesses  good  friction  stability  throughout  the  entire  testing  regime  as  well 
as  good  low  temperature  properties.  Thus,  one  obtains  the  benefits  of  each  component  alone  without  the 

5  potential  disadvantages  of  each  alone. 
Moreover,  by  controlling  the  Component-1:  Component-2  weight  ratio,  it  is  possible  to  modify  the 

friction  properties,  at  different  energy  levels  or  clutch  sliding  speeds,  in  accordance  with  the  different 
requirements  of  each  auto  manufacturer. 

Component-1,  which  is  substantially  free  of  imidazole,  is  prepared  by  reacting  (1)  polyamine  and  (2) 
io  fatty  acid.  The  polyamine  is  characterized  by  the  presence  in  its  structure  of  from  2  to  60  total  carbon 

atoms  and,  preferably  3  to  15  nitrogen  atoms,  with  at  least  one  of  the  nitrogen  atoms  being  present  in  the 
form  of  a  primary  amine  group  and  at  least  one,  preferably  at  least  two,  of  the  remaining  nitrogen  atoms 
being  present  in  the  form  of  primary  or  secondary  amine  groups. 

The  fatty  acid  is  characterized  by  the  formula: 
15 

o  
II 

R-C-OH  I  
20 

where  R  is  a  straight  or  branched  chain,  saturated  or  unsaturated,  aliphatic  hydrocarbyl  radical  containing 
from  9  to  29  carbon  atoms,  preferably  11  to  23  carbon  atoms  is  employed  as  a  friction  modifying  additive  in 
an  oleaginous  composition.  The  mixed  reaction  product,  when  used  in  combination  with  an  ashless 

25  dispersant,  and  preferably  with  other  conventional  additives  such  as  a  seal  swellant,  an  anti-oxidant,  a 
viscosity  index  improver  and  the  like,  is  particularly  suited  to  meeting  the  stringent  ATF  requirements  from 
the  standpoint  of  the  proper  balance  of  anti-wear,  static  and  dynamic  friction  coefficients,  friction  modifica- 
tion  and  stability,  dispersancy,  sludge  inhibition,  anti-oxidation  and  corrosion  resistance  properties. 

Component-2  is  the  reaction  product  of 
30  (i)  an  alcohol  represented  by  the  structural  formula: 

35 
-fc 

< l H - ( C H 2 ) a 4 -  (Z)-  (CH2)C  CHO- -H ( X X I I I )  

wherein  Rg  and  R7  each  independently  can  represent  hydrogen  or  C1  to  Cg  alkyl;  (a),  (b),  (c),  and  (d) 
40  each  independently  represent  a  number  which  can  vary  from  1  to  about  3;  and  Z  represents  a  linking 

group  selected  from  -S-,  -S-S-,  -0-,  and  >NR8  wherein  Rs  can  represent  hydrogen,  C1  to  C+  alkyl,  or  C1 
to  C4  monohydroxy  substituted  alkyl;  and 
(ii)  from  1  to  2  moles  per  mole  of  alcohol  of  an  acid  or  anhydride  represented  by  the  respective 
structural  formulas: 

50 

55 
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O 

5 
(XXIV)  

a n d  
10 

O 
/ /  

Rg  —   CH  —   C 
\  

15 o  
/  (XXV) 

\ \  
o  

20 

wherein  Rg'  is  hydrogen  or  Ci  to  Cg  aliphatic  hydrocarbyl,  Rg  is  an  aliphatic  hydrocarbon  group 
containing  from  about  12  to  about  50  carbons. 
The  Component-2  forming  reaction  is  conducted  in  a  manner  and  under  conditions  sufficient  to  (a)  react 

25  at  least  one  hydroxy  group  of  reactant  B-i  with  at  least  one  carboxyl  group  of  reactant  B-ii  to  form  an  ester 
and,  (b)  provide  the  resulting  Component-2  reaction  product  with  at  least  one  reactive  carboxyl  group. 
Components  -1  and  -2,  when  reacted,  are  subjected  to  conditions  sufficient  to  form  the  acid/amine  salt 
thereof. 

More  specifically,  Component-1  of  the  present  invention  comprises  a  mixture  of  compounds,  formed  by 
30  reacting  in  admixture,  the  following  two  components  namely:  (A-i)  at  least  one  polyamine  and  (A-ii)  at  least 

one  aliphatic  mono  acid  sometimes  also  referred  to  herein  as  a  fatty  acid. 
Component-2  of  the  present  invention  comprises  the  ester  containing  reaction  product  of  (i)  at  least  one 

alkanol  and  (ii)  at  least  one  hydrocarbyl  substituted  dicarboxylic  acid  material. 

35  A.  Component-1 

(i)  The  Polyamine 

The  polyamine  reactant  contains  3  to  15,  preferably  3  to  12,  and  most  preferably  3  to  9  nitrogen  atoms 
40  in  the  molecule,  with  at  least  one  of  the  nitrogen  atoms  being  present  in  the  form  of  a  primary  amine  group 

and  at  least  two  of  the  remaining  nitrogen  atoms  being  present  in  the  form  of  primary  or  secondary  amine 
groups. 

The  following  amine  description  is  subject  to  the  above  constraints  regarding  carbon  and  nitrogen  atom 
content,  and  the  variable  groups  for  the  following  formulas  are  to  be  selected  in  conformance  with  such 

45  constraints. 
The  useful  amines,  which  are  preferably  polyalkylene  polyamines,  may  be  hydrocarbyl  amines  or  may 

be  hydrocarbyl  amines  including  other  groups,  e.g.,  hydroxy  groups,  alkoxy  groups,  amide  groups,  nitriles, 
imidazoline  groups,  and  the  like.  Hydroxyl  amines  with  1  to  6  hydroxy  groups,  preferably  1  to  3  hydroxy 
groups  are  particularly  useful.  Preferred  amines  are  aliphatic  saturated  amines,  including  those  of  the 

50  general  formulas: 

55 
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R-N-R  ' 

>  i  • 

and   R - N - T f C H j J g  

pi  L_ 

"  N - ( C H 2 ) g -  

-I  I  I 

N - R  
I 

t  R» 

( I )   ( I I )  

wherein  R,  R',  R"  and  FT"  are  independently  selected  from  the  group  consisting  of  hydrogen;  Ci  to  C25 
straight  or  branched  chain  alkyl  radicals;  C1  to  C12  alkoxy  C2  to  Cg  alkylene  radicals;  C2  to  C12  hydroxy 
amino  alkylene  radicals;  and  C1  to  C12  alkylamino  C2  to  Cg  alkylene  radicals;  and  wherein  FT"  can 
additionally  comprise  a  moiety  of  the  formula: 

20 

- p ( C H 2 ) s , —   N  3 -   H 

I—  R i _   \ t ,  

( I I I )  

wherein  R'  is  as  defined  above,  and  wherein  s  and  s'  can  be  the  same  or  a  different  number  of  from  2  to  6, 
preferably  2  to  4;  and  t  and  t'  can  be  the  same  or  different  and  are  integers  of  from  0  to  10,  preferably  2  to 

25  7,  and  most  preferably  3  to  7,  subject  to  the  provisos  that:  t  is  at  least  1  ,  the  sum  of  t  and  t'  is  not  greater 
than  15,  there  are  a  total  of  at  least  3,  e.g.,  3  to  15,  nitrogen  atoms  in  the  compound,  at  least  one  of  the 
nitrogen  atoms  is  present  in  the  form  of  a  primary  amine  group  and  at  least  one,  preferably  at  least  two  of 
the  remaining  nitrogen  atoms  are  present  as  primary  or  secondary  amine  groups.  The  most  preferred  amine 
compounds  of  the  above  formulas  are  represented  by  formula  II  and  contain  at  least  two  primary  amine 

30  groups  and  at  least  one,  and  preferably  at  least  three,  secondary  amine  groups. 
Non-limiting  examples  of  suitable  amine  compounds  include:  polyethylene  amines  such  as  diethylene 

triamine;  triethylene  tetramine;  tetraethylene  pentamine;  polypropylene  amines  such  as  di-(1  ,2-propylene)- 
triamine;  di-(1  ,3-  propylene)  triamine;  and  mixtures  thereof. 

Other  useful  amine  compounds  include:  alicyclic  and  heterocyclic  polyamines.  The  5-  and  6-membered 
35  heterocyclic  rings  are  preferred. 

Among  the  suitable  heterocyclic  polyamines  are  those  which  contain  within  their  structure  the  following 
ring  structures:  aziridine,  azetidine,  azolidine,  pyridine,  pyrrole,  indole,  piperidine,  imidazole,  piperazine, 
isoindole,  purine,  morpholine,  thiomorpholine,  azepine,  azocine,  azonine,  azecine  and  mixtures  of  two  or 
more  of  the  same.  Preferred  heterocyclic  amines  are  those  which  contian  saturated  5-  and  6-membered 

40  heterocyclic  amines  containing  only  nitrogen,  oxygen  and/or  sulfur  in  the  hetero  ring,  especially  the 
piperidine,  piperazines,  thiomorpholines,  morpholines,  pyrrolidines,  and  the  like.  Mono-  and  poly-:  aminoal- 
kyl-substituted  piperidines,  aminoalkyl-substituted  piperazines,  amino-alkyl-substituted  morpholines,  and 
aminoalkyl-substituted  pyrrolidines,  are  especially  preferred.  Usually,  the  aminoalkyl  substituents  are  substi- 
tuted  on  a  nitrogen  atom  forming  part  of  the  hetero  ring.  Specific  examples  of  such  heterocyclic  amines 

45  include  N-amino-propylmorpholine,  N-aminoethylpiperazine,  and  N.N'di-aminoethylpiperazine.  For  embodi- 
ment-1,  imidazoles  are  not  employed. 

The  most  preferred  heterocyclic  polyamines  can  be  represented  by  the  general  formula  (IV): 

( I V )  
50 

r   CH2-CH,  - ,  

H- 
55 

- N H - ( C H 2 ) p i -  
/  

-N 
\  

\  
I 

/  
N- • ( C H 2 ) £ —   NH -H 

CH2"CH2  n 2  —  1  n -  
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wherein  pi  and  p2  are  the  same  or  different  and  are  each  integers  of  from  1  to  4,  and  ni  ,  n2  and  n3  are  the 
same  or  different  and  are  each  integers  of  from  1  to  3  with  the  proviso  that  the  sum  of  ni  and  n3  is  at  least 
3. 

Commercial  mixtures  of  amine  compounds  may  advantageously  be  used.  For  example,  one  process  for 
5  preparing  alkylene  amines  involves  the  reaction  of  an  alkylene  dihalide  (such  as  ethylene  dichloride  or 

propylene  dichloride)  with  ammonia,  which  results  in  a  complex  mixture  of  alkylene  amines  wherein  pairs  of 
nitrogens  are  joined  by  alkylene  groups,  forming  such  compounds  as  diethylene  triamine, 
triethylenetetramine,  tetraethylene  pentamine  and  isomeric  piperazines.  Low  cost  poly(ethyleneamine) 
compounds  averaging  about  5  to  7  nitrogen  atoms  per  molecule  are  available  commercially  under  trade 

io  names  such  as  "Polyamine  H",  "Polyamine  400",  "Dow  Polyamine  E-100",  etc. 
In  addition,  many  of  the  simpler,  and  more  commercially  available  polyamines  described  above  can  be 

linked  together  to  increase  the  nitrogen  content  thereby  approaching  the  15  nitrogen  atoms  per  molecule 
constraint  described  above. 

This  can  be  achieved  through  the  use  of  a  bifunctional  material  which  contains  an  ethylenic  unsaturation 
is  and  a  terminal  amine  reactive  functional  group  as  described  in  U.S.  Patent  No.  4,857,217, 

The  alpha,  beta-ethylenically  unsaturated  carboxylate  compounds  employed  herein  have  the  following 
formula: 

20 R2  R3  0  

R1  —  C=-C  C  OR4 (VI )  

25  wherein  R1,  R2,  R3,  and  R+  are  the  same  or  different  and  are  hydrogen  or  substituted  or  unsubstituted 
hydrocarbyl  as  defined  above. 

When  R1,  R2,  R3,  R+  and  R5  are  hydrocarbyl,  these  groups  can  comprise  alkyl,  cycloalkyl,  aryl,  alkaryl, 
aralkyl  or  heterocyclic,  which  can  be  substituted  with  groups  which  are  substantially  inert  to  any  component 
of  the  reaction  mixture  under  conditions  selected  for  preparation  of  the  amido-amine.  Such  substituent 

30  groups  include  hydroxy,  halide  (e.g.,  CI,  Fl,  I,  Br),  -SH  and  alkylthio.  When  one  or  more  of  R1  through  R5 
are  alkyl,  such  alkyl  group  can  be  straight  or  branched  chain,  and  will  generally  contain  from  1  to  20,  more 
usually  from  1  to  10,  and  preferably  from  1  to  4,  carbon  atoms. 

The  alpha,  beta-ethylenically  unsaturated  carboxylate  thioester  compounds  employed  herein  have  the 
following  formula: 

35 

R2  R3  O 

,  I  I B   
4 R  —  C  -  C  -  C  -  SR*  ( V I I )  

40 

wherein  R1,  R2,  R3,  and  R+  are  the  same  or  different  and  are  hydrogen  or  substituted  or  unsubstituted 
hydrocarbyl  as  defined  above. 

The  alpha,  beta  ethylenically  unsaturated  carboxyamide  compounds  employed  herein  have  the  follow- 
45  ing  formula: 

R2  R3  O 

1  
I  I  i  

4  5 R  -  C  =  C  -  C  -  NR4  (R  )  ( V I I I )  

wherein  R1,  R2,  R3,  R+  and  R5  are  the  same  or  different  and  are  hydrogen  or  substituted  or  unsubstituted 
55  hydrocarbyl  as  defined  above. 

The  alpha,  beta-ethylenically  unsaturated  thiocarboxylate  compounds  employed  herein  have  the  follow- 
ing  formula: 

8 
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R2  R3  S 

!  
I  I  II  

4 R  -  C  -  C  -  C  -  OR  ( I X )  
5 

wherein  R1,  R2,  R3,  R+  and  R5  are  the  same  or  different  and  are  hydrogen  or  substituted  or  unsubstituted 
hydrocarbyl  as  defined  above. 

The  alpha,  beta-ethylenically  unsaturated  dithioic  acid  and  acid  ester  compounds  employed  herein  have 
io  the  following  formula: 

R2  R3  S 

1  
I  I  B  

4 15  R1-  C  =  C  -  C  -  SR4  (X) 

wherein  R1,  R2,  R3,  and  R+  are  the  same  or  different  and  are  hydrogen  or  substituted  or  unsubstituted 
hydrocarbyl  as  defined  above. 

20  The  alpha,  beta-ethylenically  unsaturated  thiocarboxyamide  compounds  employed  herein  have  the 
following  formula: 

25 
R1-   C 

R*  RJ  S 
I  I  u 
c  =  c  -  c  N R 4 ( N 5 )  ( X I )  

wherein  R1,  R2,  R3,  R  4  and  R5  are  the  same  or  different  and  are  hydrogen  or  substituted  or  unsubstituted 
30  hydrocarbyl  as  defined  above. 

Preferred  compounds  for  reaction  with  the  intermediate  polyamines  are  lower  alkyl  esters  of  acrylic  and 
(lower  alkyl)  substituted  acrylic  acid.  Illustrative  of  such  preferred  compounds  are  compounds  of  the 
formula: 

35  ^ RJ  O 
I  6  

4 CH2  =  C  -  COR  ( X I I )  

40 
where  R3  is  hydrogen  or  a  Ci  to  alkyl  group,  such  as  methyl,  and  R+  is  hydrogen  or  a  Ci  to  alkyl 
group,  capable  of  being  removed  so  as  to  form  an  amido  group,  for  example,  methyl,  ethyl,  propyl, 
isopropyl,  butyl,  sec-butyl,  tert-butyl,  aryl,  hexyl,  etc.  In  the  preferred  embodiments  these  compounds  are 
acrylic  and  methacrylic  esters  such  as  methyl  or  ethyl  acrylate,  methyl  or  ethyl  methacrylate.  For 

45  convenience,  the  following  discussion  is  directed  to  the  preparation  and  use  of  amido-amines,  although  it 
will  be  understood  that  such  discussion  is  also  applicable  to  the  thioamido-amines. 

The  type  of  amido-amine  formed  varies  with  reaction  conditions.  For  example,  a  more  linear  amido- 
amine  is  formed  where  substantially  equimolar  amounts  of  the  unsaturated  carboxylate  and  intermediate 
polyamine  are  reacted.  The  presence  of  excesses  of  the  ethylenically  unsaturated  reactant  of  formula  V 

50  tends  to  yield  an  amido-amine  which  is  more  cross-linked  than  that  obtained  where  substantially  equimolar 
amounts  of  reactants  are  employed.  Where  for  economic  or  other  reasons  a  cross-linked  amido-amine 
using  excess  amine  is  desired,  generally  a  molar  excess  of  the  ethylenically  unsaturated  reactant  of  about 
at  least  10%,  such  as  10-300%,  or  greater,  for  example,  25-200%,  is  employed.  For  more  efficient  cross- 
linking  an  excess  of  carboxylated  material  should  preferably  be  used  since  a  cleaner  reaction  ensues.  For 

55  example,  a  molar  excess  of  about  1-100%  or  greater  such  as  10-50%,  of  the  carboxylated  material.  Larger 
excess  can  be  employed  if  desired. 

These  amido-amine  adducts  so  formed  are  characterized  by  both  amido  and  amino  groups.  In  their 
simplest  embodiments  they  may  be  represented  by  units  of  the  following  idealized  formula: 

9 
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R  
I 

-N- (A  -  

R  
I 
N) -I—  CH 

—  ' n  

R O 
I 

( X I V )  

wherein  the  R's,  which  may  be  the  same  or  different,  are  hydrogen  or  a  substituted  group,  such  as 
hydrocarbon  group,  for  example,  alkyl,  alkenyl,  aryl,  etc.,  and  A  is  a  moiety  of  the  polyamine  which,  for 

io  example,  may  be  aryl,  cycloalkyl,  alkyl,  etc.,  and  n  is  an  integer  such  as  1-10  or  greater. 
The  above  simplified  formula  represents  a  linear  amido-amine  polymer.  However,  cross-linked  polymers 

may  also  be  formed  by  employing  certain  conditions  since  the  polymer  has  labile  hydrogens  which  can 
further  react  with  either  the  unsaturated  moiety  by  adding  across  the  double  bond  or  by  amidifying  with  a 
carboxylate  group. 

is  Preferably,  however,  the  amido-amines  are  not  cross-linked  to  any  substantial  degree,  and  more 
preferably  are  substantially  linear. 

The  reaction  between  the  selected  polyamine  and  acrylate-type  compound  is  carried  out  at  any  suitable 
temperature.  Temperatures  up  to  the  decomposition  points  of  reactants  and  products  can  be  employed.  In 
practice,  one  generally  carries  out  the  reaction  by  heating  the  reactants  below  100°C,  such  as  80-90  °C, 

20  for  a  suitable  period  of  time,  such  as  a  few  hours.  Where  an  acrylic-type  ester  is  employed,  the  progress  of 
the  reaction  can  be  judged  by  the  removal  of  the  alcohol  in  forming  the  amide.  During  the  early  part  of  the 
reaction  alcohol  is  removed  quite  readily  below  100°C,  in  the  case  of  low  boiling  alcohols  such  as 
methanol  or  ethanol.  As  the  reaction  slows,  the  temperature  is  raised  to  push  the  polymerization  to 
completion  and  the  temperature  may  be  raised  to  150°C,  toward  the  end  of  the  reaction.  Removal  of 

25  alcohol  is  a  convenient  method  of  judging  the  progress  and  completion  of  the  reaction  which  is  generally 
continued  until  no  more  alcohol  is  evolved.  Based  on  removal  of  alcohol,  the  yields  are  generally 
stoichiometric.  In  more  difficult  reactions,  yield  of  at  least  95%  are  generally  obtained. 

Similarly,  it  will  be  understood  that  the  reaction  of  an  ethylenically  unsaturated  carboxylate  thioester  of 
Formula  VII  liberates  the  corresponding  HSR+  compound  (e.g.,  H2S  when  R+  is  hydrogen)  as  a  by-product, 

30  an  the  reaction  of  an  ethylenically  unsaturated  carboxyamide  of  Formula  VIII  liberates  the  corresponding 
HNR+(R5)  compound  (e.g.,  ammonia  when  R+  and  R5  are  each  hydrogen  as  by-product. 

The  reaction  time  involved  can  vary  widely  depending  on  a  wide  variety  of  factors.  For  example,  there 
is  a  relationship  between  time  and  temperature.  In  general,  lower  temperature  demands  longer  times. 
Usually,  reaction  times  of  from  2  to  30  hours,  such  as  5  to  25  hours;  and  preferably  3  to  10  hours  will  be 

35  employed. 
Although  one  can  employ  a  solvent,  the  reaction  can  be  run  without  the  use  of  any  solvent.  In  fact, 

where  a  high  degree  of  cross-linking  is  desired,  it  is  preferably  to  avoid  the  use  of  a  solvent  and  most 
particularly  to  avoid  a  polar  solvent  such  as  water.  However,  taking  into  consideration  the  effect  of  solvent 
on  the  reaction,  where  desired,  any  suitable  solvent  can  be  employed,  whether  organic  or  inorganic,  polar 

40  or  non-polar. 
As  an  example  of  the  amido-amine  adducts,  the  reaction  of  tetraethylene  pentamine  (TEPA)  with  methyl 

methacrylate  can  be  illustrated  as  follows: 

45  O 

2  H2N[CH2CH2NH]3CH2CH2NH2  +  CH2«CH-C-OCH3  > 

O 
50  |  

H2N(CH2CH2NH]3CH2CH2MHCH2CH2CNHCH2CH2  [NHCH2CH2]  3NH2  +(CH3OH)  

(Eq.   1 )  

55 
Useful  amines  for  reaction  with  the  mono  acid  to  form  Component-1  also  include  polyoxyalkylene 

polyamines  such  as  those  of  the  formula: 

10 
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20 

25 

30 

—  }—  a l k y l e n e f - o - a l k y l e n e - )   —   NH2 
n  J a   (XV) 

R  —  j — a l k y l e n e f - o - a l k y l e n e - )   —   N H j J  

where  "n"  has  a  value  of  1  to  40  with  the  proviso  that  the  sum  of  all  the  n's  is  from  3  to  about  70  and 
preferably  from  6  to  35,  and  R  is  a  polyvalent  saturated  hydrocarbon  radical  of  up  to  ten  carbon  atoms 
wherein  the  number  of  substituents  on  the  R  group  is  represented  by  the  value  of  "a",  which  is  a  number  of 

io  from  3  to  6.  The  alkylene  groups  in  formula  XV  may  be  straight  or  branched  chains  containing  about  2  to  7, 
and  preferably  about  2  to  4  carbon  atoms. 

The  polyoxyalkylene  polyamines  of  formula  XV  above,  preferably  polyoxyalkylene  triamines,  may  have 
average  molecular  weights  ranging  from  about  200  to  about  4000,  and  preferably  from  about  400  to  about 
2000.  The  preferred  polyoxyalkylene  polyamines  include  the  polyoxypropylene  triamines  and  polyox- 

15  yethylene  triamines  having  average  molecular  weights  ranging  from  about  200  to  2000.  The  polyoxyal- 
kylene  polyamines  are  commercially  available  and  may  be  obtained,  for  example,  from  the  Jefferson 
Chemical  Company,  Inc.  under  the  trade  name  "Jeffamines  D-230,  D-400,  D-1000,  D-  2000,  T-403",  etc. 

(ii)  The  Mono  Acid 

The  aliphatic  mono  acid  reactant  A-ii  (i.e.,  fatty  acid)  used  to  react  any  of  the  above  described  amine 
containing  compounds  to  form  the  Component-1  reactant  of  the  present  invention  can  be  characterized  by 
the  formula: 

O 
I 

R-C-OH  ( X V I )  

where  R  aliphatic  hydrocarbyl,  including  straight  or  branched  chain,  saturated  or  unsaturated  hydrocarbyl 
group,  typically  aliphatic  having  from  9  to  29,  preferably  from  11  to  23,  and  most  preferably  from  15  to  20 
carbon  atoms.  The  term  "hydrocarbyl"  is  used  to  include  substantially  hydrocarbyl  groups  as  well  as  purely 
hydrocarbyl  groups  and  means  that  they  contain  no  non-hydrocarbyl  substituents  or  non-carbon  atoms 

35  which  significantly  affect  the  hydrocarbyl  characteristics  or  properties  of  such  groups  relevant  to  their  uses 
as  described  herein.  For  example,  in  the  context  of  this  invention,  a  purely  hydrocarbyl  C20  alkyl  groups 
and  a  C20  alkyl  group  substituted  with  a  methoxy  substituent  are  substantially  similar  in  their  properties  with 
regard  to  their  use  in  this  invention  and  would  be  hydrocarbyl. 

The  preferred  mono  acids  are  stearic  acid,  isostearic  acid,  as  well  as  mixtures  of  stearic  and  isostearic 
40  acids  (e.g.,  a  weight  ratio  of  stearic  to  isostearic  of  from  about  1  :0.8  to  about  1  :9  preferably  1  :5. 

Non-limiting  examples  of  substituents  which  do  not  significantly  alter  the  hydrocarbyl  characteristics  or 
properties  of  the  general  nature  of  the  hydrocarbyl  groups  of  the  mono  acid  are  the  following: 

Ether  groups  (especially  hydrocarbyloxy  such  as  phenoxy,  benzyloxy,  methoxy,  n-butoxy,  etc.,  and 
particularly  alkoxy  groups  of  up  to  ten  carbon  atoms); 

45  Oxo  groups  (e.g.  -O-  linkages  in  the  main  carbon  chain);  thio  groups  (e.g.,  -S-,  -S-S-);  hydroxy  groups; 
Carbohydrocarbyloxy  groups 

O 
II 

50  ( e . g . ,   - C - O - h y d r o c a r b y l )   ; 

55 
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Sulfonyl  groups 

O 

5 ( e . g  
fl 
o  

and 
w Sulfinyl  groups 

O 

( e . g  
15 

This  list  is  intended  to  be  merely  illustrative  and  not  exhaustive,  and  the  omission  of  a  certain  class  of 
substituent  is  not  meant  to  require  its  exclusion.  In  general,  if  such  substituents  are  present,  there  will  not 
be  more  than  two  for  each  ten  carbon  atoms  in  the  substantially  hydrocarbyl  group  and  preferably  not  more 

20  than  one  for  each  ten  carbon  atoms  since  this  number  of  substituents  usually  will  not  substantially  affect  the 
hydrocarbyl  characteristics  and  properties  of  the  group.  Nevertheless,  the  hydrocarbyl  groups  usually  will 
be  free  from  non-hydrocarbon  groups  due  to  economic  considerations;  that  is,  they  will  be  purely 
hydrocarbyl  groups  consisting  of  only  carbon  and  hydrogen  atoms. 

The  reaction  between  the  amine  reactant  A-i  and  the  mono  acid  reactant  A-ii  to  produce  Component-1 
25  reactant  of  the  present  invention  may  be  exemplified  by  the  following  equation  where,  for  the  sake  of 

illustration,  the  polyamine  compound  is  represented  by  tetraethylene  pentamine  and  the  mono  acid  is 
represented  by  isostearic  acid: 

where  "product  mixture"  represents  a  mixture  of  products  including  those  of  the  following  formula  (XIX)  and 
minor  amounts,  e.g.,  less  than  1,  preferably  less  than  0.5  mole  %  imidazoline  containing  species  such  as 
represented  by  (XX): 

30 

35 1 5 0 - 2 3 0 * C .  

" p r o d u c t   m i x t u r e   "  < 
(Eq.   2 )  

45 

50 

55 
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C 1 7 H 3 5  

O  H  O O   H  H  H O  
II  I  I  I  I  I  II 

C1?H3  5 - C - N -   (  CH2  )  2  -N-  (CH2  )  2  -N—  (  CH2  )  2  -N-  (  CH2  )  2  - N - C - C 1 ? H 3   5 

( X I X )  

10 

15 

^ 1 7 H 3 5  

0  H  O O   H 
I I   I  I 

C17H3  5  - C - N -   (  CH2  )  2  -N-  (  CH2  )  2  -N-   (  CH2  )  2  - N  

(XX) 

20 
As  a  result  of  water  formed  insitu  by  the  amidation  reaction,  most,  if  not  all,  of  the  imidazoline  of 

structure  (XX)  is  intentionally  hydrolyzed  to  primary  amine  in  accordance  with  the  following  equation: 

25 C 1 7 H 3 5  ? 1 7 H 3 5  

30 

O  H  C=0  H 
II  I  I  I 

C 1 7 H 3 5 - C - N -   (CH2)  2 - N - ( C H 2 )   2 - N - ( C H 2 )   2 ~ K  

(XX) 

•N  +  H- 

H2C-CH2 

35 
(Eq.  3)  

C 1 7 H 3 5  

O  H 

? 1 7 H 3 5  

c = o  H c = o  
40 II  I  I  I  /  

C 1 7 H 3 5 - C - N - ( C H 2 )   2 - N - ( C H 2 ) 2 - N - ( C H 2 )   2 - N  
\  

( C H 2 ) 2 - N H 2  

45 
( X X I )  

Thus,  the  Component-1  amines  of  embodiment-1  of  the  present  invention  are  substantially  free  of 
50  imidazoline  containing  structures.  By  substantially  free  of  imidazoline  containing  structures  is  meant  less 

than  5,  preferably  less  than  1,  and  most  preferably  less  than  0.5  mole  %  of  compounds  with  imidazoline 
ring  structures. 

The  reaction  of  the  amino  compound  and  the  mono  acid  is  performed,  for  example,  by  mixing  at  least 
one  member  from  each  of  the  two  components  and  heating  the  reaction  mixture  to  a  temperature  and  for  a 

55  time  effective  to  achieve  formation  of  at  least  one  amide  group.  Hydrolysis  of  any  imidazole  structures  with 
water  is  well  known  and  need  not  be  commented  on  further. 

Thus,  while  any  effective  reaction  temperatures  and  times  may  be  employed,  it  is  contemplated  that 
such  effective  reaction  temperatures  will  range  typically  from  100  to  250  °C.  In  general,  lower  reaction 

13 
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temperatures  demand  longer  times. 
The  progress  of  the  reaction  can  be  judged  by  the  removal  of  the  water  in  forming  the  amide.  During 

the  early  part  of  the  reaction,  water  is  removed  quite  readily  below  120°C.  As  the  reaction  proceeds,  the 
temperature  is  raised  to  push  the  condensation  reaction  to  completion  and  the  temperature  may  be  raised 

5  (e.g.,  to  160°C.  or  more)  toward  the  end  of  the  reaction.  Removal  of  the  water  of  condensation  is  a 
convenient  method  of  judging  the  progress  and  completion  of  the  reaction  which  is  generally  continued  until 
no  more  water  is  evolved.  Based  on  removal  of  water,  the  yields  are  generally  stoichiometric.  In  more 
difficult  reactions,  yields  of  at  least  about  95%  are  generally  obtained. 

Although  a  solvent  such  as  toluene  or  xylene  can  be  employed,  the  reaction  can  be  and  preferably  is 
io  run  without  the  use  of  any  solvent. 

The  degree  to  which  the  reactive  nitrogens  of  the  amine  reactant  are  reacted  with  the  mono  acid 
reactant  is  controlled  to  (a)  impart  oil  solubility  (by  the  hydrocarbyl  group  of  the  mono  acid)  to  the  reaction 
product  mixture,  and  for  embodiment  3,  (b)  avoid  consuming  all  the  reactive  amine  groups  in  the  amine 
reactant.  Oil  solubility  will  depend  on  the  length  of  the  hydrocarbyl  group  of  the  mono  acid  and  the  number 

is  of  nitrogens  in  the  amine  reactant. 
Accordingly,  sufficient  mono  acid  is  employed  to  impart  oil  solubility  for  embodiments  1  and  2,  and  for 

embodiment  3,  less  than  the  amount  which  will  amidate  all  of  the  reactive  amine  groups.  Thus,  for 
embodiment  3  at  least  one  reactive  amine  group,  i.e.,  primary  or  secondary  amine  group  in  the  resultant 
Component-1  product  mixture  is  preserved  for  salt  formation. 

20  Generally,  the  polyamine  and  mono  acid  reactants  are  contacted  in  an  amount  such  that  typically  from 
2  to  10,  e.g.,  3  to  10,  molar  equivalents  of  mono  acid  react  per  mole  of  polyamine  compound  in  the  reaction 
mixture.  Preferably,  the  molar  ratio  of  mono  acid  reactant  to  polyamine  reactant  is  from  2.5  to  7,  and  most 
preferably  from  3  to  5  molar  equivalents  of  acid  reacted  per  mole  of  polyamine  reactant,  provided  fewer 
moles  of  mono  acid  are  employed  per  total  reactive  amine  equivalents.  Thus,  in  illustrative  equation  2,  three 

25  molar  equivalents  of  isostearic  acid  are  reacted  per  mole  of  tetraethylene  pentamine  (containing  5  reactive 
amine  equivalents),  with  the  condensation  taking  place  at  the  two  primary  amine  groups  and  one  of  the 
secondary  amine  groups  of  the  tetraethylene  pentamine. 

The  purity  of  the  reactants  can  affect  the  yield  of  desired  products.  Accordingly,  the  greater  the  reactant 
purity,  the  higher  will  be  the  yield  of  desired  products. 

30  The  above  mixed  reaction  products  may  be  used  as  Component-1  .  However,  the  Component-1  reaction 
products  may  also  be  used  in  the  form  of  an  adduct  or  reaction  product  with  a  boron  compound,  such  as  a 
boric  oxide,  a  boron  halide,  a  metaborate,  boric  acid,  or  a  mono-,  di-,  or  triorgano  borate,  such  as  a  mono-, 
di-,  and  trialkyl  borate  provided  at  least  one  reactive  amine  group  is  preserved  for  salt  formation.  Such 
adducts  or  derivatives  may  be  illustrated  with  reference  to  formula  XXII,  for  example,  by  the  following  non- 

35  limiting  structural  formula: 

OR'  
/  

40 
C17H35  B 

\  
OR" 

O  H O O  

45 

o  
e  

H H  O 

50 

C17H3  5 - C " N -   ( ^ 2   >  2~N-  ( ^ 2   >  2~N-  >  2 "N"   ( ^ 2   >  2 - N - C ~ C 1 7 H 3 5  
H 

( X X I I )  

50 
wherein  R'g,  and  RV,  independently,  represent  either  H  or  a  hydrocarbyl,  e.g.,  Ci  to  C10  alkyl. 

B.  Component-2 

55  Component-2  is  an  ester  which  has  at  least  one  free  carboxyl  group  thereon.  More  specifically,  such 
esters  are  typically  formed  by  the  reaction  of  (i)  alkanol  and  (ii)  hydrocarbyl  substituted  dicarboxylic  acid 
material. 
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(i)  The  Alkanol 

The  alkanol  is 

10 

~ ' 6   1   I   I 7 "  

- O C H —   (CH2)a   (Z)  ( C H 2 ) C —   CHO  H  ( X X I I I )  
—  b  1  —  —  '  d  

wherein  Rg  and  R7  each  independently  can  represent  hydrogen,  or  Ci  to  about  Cg  alkyl,  preferably  Ci  to 
C3  alkyl,  and  most  preferably  Ci  to  C2  alkyl;  (a),  (b),  (c),  and  (d)  each  independently  represent  numbers 

15  which  can  vary  from  1  to  3;  and  Z  is  a  linking  group  which  is  selected  from  -S-;  -S-S-;  -0-;  and  >NR8 
wherein  Rs  can  represent  hydrogen,  a  Ci  to  C+  alkyl  group,  or  a  Ci  to  C+  monohydroxy  substituted  alkyl 
group.  Preferably  Rg  and  R7  are  the  same,  the  numbers  represented  by  (b)  and  (d)  are  the  same  as  are  the 
numbers  represented  by  (a)  and  (c),  thereby  resulting  in  bis-alkanol. 

When  Z  is  -0-,  Formula  (XXIII)  can  represent  ethylene  glycol  and  derivatives  thereof;  when  Z  is  >NR8, 
20  and  Rs  is  hydroxy  substituted  or  hydrogen,  Formula  (XXIII)  can  represent  a  diethanol  amine  and  derivatives 

thereof;  when  Rs  is  a  monohydroxy  substituted  alkyl,  such  as 

- f C H 2 * 2 —   ° H '  

25 
Formula  (XXIII)  can  represent  triethanolamine  and  derivatives  thereof. 

If  b  or  d  are  greater  than  1,  then  Formula  (XXIII)  is  meant  to  express  alkoxylated  derivatives  of  the 
alkanols,  such  as  ethoxylated  derivatives.  It  should  be  further  noted  that  when  diethanolamine  or  its 
derivatives  as  expressed  by  Formula  (XXIII)  wherein  Rs  is  hydrogen  are  reacted  with  the  hydrocarbyl 

30  substituted  succinic  acid  or  anhydride,  the  ester  product  mixture  formed  thereby  can  contain  an  ester-amide 
moiety,  since  the  NH  moiety  of  diethanolamine  is  available  for  reaction  with  the  acid  or  anhydride  moiety. 
Likewise,  when  Rs  is  hydroxy  substituted  alkyl,  the  hydroxy  substituent  of  Rs  is  available  for  reaction  with 
the  acid  or  anhydride  and  the  reaction  product  mixture  can  contain  tri-ester  moieties. 

Notwithstanding  the  above,  while  reaction  of  the  Rs  substituent  with  the  acid  or  anhydride  is  possible,  it 
35  is  not  intentionally  facilitated.  Consequently,  the  molar  amounts  of  acid  or  anhydride  employed  to  react  with 

the  alkanol  are  typically  selected  as  though  the  Rs  substituent  is  inert,  e.g.,  the  acid  to  alcohol  molar  ratio 
will  remain  within  the  range  of  from  about  1:1  to  about  2:1  as  described  hereinafter  in  connection  with  mono 
and  diesters.  In  such  instances,  mixtures  of  ester  compounds  are  typically  achieved. 

The  preferred  alkanols  are  thio-alkanols,  wherein  in  structural  Formula  (XXIII),  Z  is  -S-,  or  -S-S-  and  Rg 
40  and  R7  are  independently  hydrogen,  ethyl  or  methyl. 

The  most  preferred  alkanols  are  thio-alkanols  wherein  in  structural  Formula  (XXIII)  (a),  (b),  (c)  and  (d) 
are  each  1  or  2,  R6  is  hydrogen  or  methyl,  and  R7  is  hydrogen,  methyl  or  ethyl  and  Z  is  -S-. 

45 

50 

55 
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(ii)  The  Hydrocarbyl  Substituted  Dicarboxylic  Acid  Material 

The  hydrocarbyl  substituted  dicarboxylic  acid  material  which  is  reacted  with  the  alkanol  is 

5 o  
I 

w 
R '  

I 

( X X I V )  

o  

o r  

15 
o  

/ /  
Rg  —   CH  —   C 

\  
20 o  (XXV) 

/  

w  
o  

25 
wherein  R'g  is  Ci  to  Cg  aliphatic  hydrocarbyl  (e.g.,  methyl)  or  hydrogen;  and  Rg  is  a  hydrocarbyl  group, 
preferably  an  aliphatic  hydrocarbyl  group  containing  12  to  50  carbon  atoms  (preferably  a  straight  chain 
aliphatic  hydrocarbon  group),  preferably  a  Cig  to  C30  aliphatic  hydrocarbon  group,  and  most  preferably  a 
Cis  to  C22  aliphatic  hydrocarbon  group.  The  aliphatic  hydrocarbon  group  can  be  alkyl  including  cycloalkyl, 

30  preferably  straight  chain  alkyl,  alkenyl,  preferably  straight  chain  alkenyl,  isoalkyl,  or  isoalkenyl. 
Oligomers  containing  the  aforedescribed  number  of  carbon  atoms  are  also  suitable  as  the  aliphatic 

hydrocarbyl  group,  such  as  oligomers  of  C2-C5  monoolefins,  such  as  isobutene. 
The  Rg  hydrocarbyl  group  is  preferably  an  unsubstituted  hydrocarbon  group  although  it  may  contain 

substituents  as  described  in  connection  with  R  of  the  mono  acid  reactant  of  Component-1.  A  preferred 
35  substituent  is  sulfur  as  exemplified  by  2-octadecenyl-thiosuccinic  anhydride. 

The  hydrocarbyl  substituted  dicarboxylic  acid  material  may  be  prepared  by  the  reaction  of  a  mono 
unsaturated  dicarboxylic  acid  material  with  olefins,  oligomeric  polyolefins,  or  with  chlorinated  derivatives 
thereof  using  techniques  known  in  the  art. 

The  dicarboxylic  acid  material  is  defined  herein  as  (i)  monounsaturated  C+  to  C10,  preferably  C+  to  C5, 
40  dicarboxylic  acid  wherein  (a)  the  carboxyl  groups  are  vicinyl,  (i.e.,  located  on  adjacent  carbon  atoms)  and 

(b)  at  least  one,  preferably  both,  of  said  adjacent  carbon  atoms  are  part  of  said  mono  unsaturation;  or  with 
(ii)  derivatives  of  (i)  such  anhydrides  or  Ci  to  C5  alcohol  derived  mono-  or  diesters  of  (i). 

Exemplary  of  such  unsaturated  dicarboxylic  acids,  or  anhydrides  and  esters  thereof  are  fumaric  acid, 
itaconic  acid,  maleic  acid,  maleic  anhydride,  chloromaleic  acid,  chloromaleic  anhydride  and  dimethyl 

Upon  reaction  with  the  olefinic  hydrocarbon,  the  monounsaturation  of  the  dicarboxylic  acid  material 
becomes  saturated.  Thus,  for  example,  maleic  anhydride  becomes  a  hydrocarbyl-substituted  succinic 
anhydride,  which  is  the  preferred  hydrocarbyl  substituted  dicarboxylic  acid  material. 

Moreover,  succinic  acids  are  readily  produced  by  hydrolysis  of  the  corresponding  anhydride.  Especially 
50  preferred  in  preparing  the  acid/ester  compounds  of  Component-2  are  Cis  to  C22  alkenyl  succinic 

anhydrides,  such  as  octadecenyl  succinic  anhydride.  Anhydrides  are  preferred  because  the  reaction  is 
faster  and  no  water  is  evolved. 

As  used  herein,  when  the  Z  group  of  the  alkanol  of  Formula  (XXXIII)  is  in  fact  inert,  the  term 
"monoester"  or  "hemiester"  refers  to  product  made  from  equimolar  proportions  of  said  alkanol  and 

55  hydrocarbyl  substituted  dicarboxylic  acid  material,  that  is,  one  free  hydroxyl  group  remains;  while  the  term 
"di-ester"  refers  to  those  products  using  a  2:1  molar  ratio  of  acid  material  to  alcohol  wherein  each  hydroxyl 
group  of  the  alkanol  is  esterified  with  a  hydrocarbyl-substituted  or  polyolefin-substituted  dicarboxylic  acid 
material. 

45  maleate. 
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For  use  in  embodiment  3,  the  dicarboxylic  acid  material  is  selected  to  have  at  least  one  terminal 
carboxyl  group  of  the  acid  material  reactant  remain,  which  is  used  to  neutralize  the  reactive  amino  group  on 
Component-1.  In  the  case  where  a  diester  is  formed,  2  free  carboxyl  groups  remain,  i.e.,  one  from  each. 

Formation  of  the  mono-  and  di-esters  proceeds  by  reacting  the  appropriate  quantities  of  the  hydrocarbyl 
5  substituted  dicarboxylic  acid  material  and  alkanol  with  or  without  an  inert  organic  solvent  diluent  and  heating 

and  stirring  the  mixture  at  50°  to  150°C.  until  esterification  of  the  anhydride  is  complete.  Equimolar 
quantities  of  each  reactant  will  typically  provide  mainly  the  mono-(or  hemi-)  ester,  and  reaction  of  2  moles 
of  the  hydrocarbyl  substituted  dicarboxylic  acid  material  per  mole  of  alkanol  will  typically  provide  the  di- 
ester  material.  Also,  useful  products  encompass  mixtures  of  such  mono-  and  di-esters  as  well  as  mixtures 

io  of  metal  salt  mono-esters,  diesters,  esteramides,  and/or  tris-esters  depending  on  the  identity  of  the  Z  group 
when  constituting  >NR8. 

The  esterification  reaction  time  is  typically  controlled  to  be  from  10  to  30  minutes. 
Insofar  as  yields  are  concerned,  the  reaction  of  an  equimolar  ratio  of  alkanol  (when  Z  is  inert)  and 

hydrocarbyl  substituted  dicarboxylic  acid  material  will  typically  provide  a  product  containing  about  80% 
is  mono-ester  and  about  20%  di-ester.  The  di-ester  is  produced  in  somewhat  higher  yields,  about  90%  of  the 

product  being  di-ester  and  about  10%  mono-ester  when  the  mole  ratio  of  the  hydrocarbyl  substituted 
dicarboxylic  acid  material  to  alkanol  is  2:1. 

In  view  of  the  above,  a  simplified  structural  formula  of  a  resulting  ester  product  derived  from 
hydrocarbyl  substituted  succinic  acid  reactant  and  an  alkanol  wherein  Z  is  inert,  is 

20 

OH  C  SA  C  O  A  O  Y  (XXVI)  

30 

35 

wherein  SA  represents  the  hydrocarbyl  substituted  succinic  acid  moiety  depicted  by  Formula  (XXIV)  above 
exclusive  of  the  terminal  carboxyl  groups;  (A)  represents  the  alkanol  moiety  depicted  by  Formula  (XXIII) 
exclusive  of  the  terminal  hydroxyl  groups;  Y  represents  hydrogen  when  the  product  is  hemi-ester,  and: 

O 
I ( X X V I I )  

when  the  product  is  a  di-ester. 
In  the  preferred  embodiment,  Component-2  can  be  represented  by  the  following  structural  formula: 

40 

45 

0  o  
1  Ii 

C , a - C - C - O H   HO  —   C  —   C- 

c  —   c o c c s c c o c   —   c  
I  0 
o  o  

•18 
( X X V I I I )  

As  indicated  above,  Component-1  can  be  employed  in  admixture  with  Component-2  in  embodiment  2. 
50  Thus,  Components-1  and  -2  can  be  separately  added  to  a  lubricating  oil  composition  (which  may  contain 

other  additives)  or  they  can  be  premixed  at  room  temperature  before  addition  to  the  lubricating  oil 
composition. 

While  any  weight  ratio  of  Components-1  and  -2  can  be  employed  in  admixture  to  enhance  friction 
modification  relative  to  their  absence,  it  is  contemplated  that  such  weight  ratios  will  vary  typically  from 

55  about  0.2:1  to  about  1.2:1,  preferably  from  about  0.3:1  to  about  0.7:1  and  most  preferably  from  about  0.4:1 
to  about  0.7:1  (e.g.,  0.6:1  to  about  0.7:1).  The  amounts  of  the  combination  of  Components-1  and  -2  on  a 
weight  percent  basis  is  provided  hereinafter. 
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Salt  Formation  for  Embodiment  3 

The  salt  forming  reaction  of  embodiment  3  is  conducted  by  admixing  Component-2  with  Component-1 
and  heating  the  resultant  mixture,  while  stirring,  to  temperatures  of  typically  from  20  to  100,  preferably  from 

5  40  to  90,  and  most  preferably  from  50  to  80  °  C,  for  periods  of  typically  from  0.8  to  4.0,  preferably  from  0.3 
to  2.0  and  most  preferably  from  0.75  to  1  hour.  Higher  reaction  temperatures  need  shorter  reaction  times. 

Preferably,  enough  Component-2  is  employed  to  provide  a  stoichiometric  excess  of  reactive  carboxyl 
groups  relative  to  number  of  reactive  amino  (e.g.,  secondary  amino)  groups  on  Component-1  which  leads  to 
unreacted  Component-2  in  the  resulting  product  mixture.  Such  stoichiometric  excess  of  Component-2  will 

io  typically  range  from  5  to  1000,  preferably  50  to  800  and  most  preferably  100  to  600%. 
Accordingly,  for  embodiment  3,  while  any  amount  of  Component-2  may  be  reacted  with  Component-1 

which  is  effective  to  cause  at  least  some  salt  formation,  it  is  contemplated  that  such  effective  amounts  will 
provide  an  equivalent  ratio  of  carboxyl  groups  (on  Component-2)  to  reactive  amino  groups  (on  Component- 
1)  of  typically  from  1.05:1.0  to  11:1,  preferably  from  1.5:1  to  9:1,  and  most  preferably  from  2:1  to  about  7:1. 

is  For  example,  in  a  preferred  aspect  of  embodiment  3  wherein  Component-1  is  the  reaction  product  of  (a) 
3  moles  of  isostearic  acid  reacted  with  (b)  1  mole  of  tetraethylene  pentamine  (to  form  what  is  referred  to 
herein  as  ISAT  or  ISA-TEPA),  the  simplified  structural  formula  for  said  ISAT  being  represented  by  Formula 
(XIX)  above,  and  Component-2  is  represented  by  Formula  (XXVIII)  above;  preferably  about  4  moles  of 
Component-2  is  admixed  with  each  mole  of  Component-1.  Since  1  mole  of  said  Component-2  contains  2 

20  equivalents  of  reactive  carboxyl  groups,  and  1  mole  of  said  Component-1  contains  about  2  equivalents  of 
reactive  secondary  amino  groups,  the  equivalent  ratio  of  Component-2:Component-1  is  equal  to  the  molar 
ratio.  Thus,  a  4:1  molar  ratio  represents  300%  stoichiometric  excess  of  Component-2. 

Expressed  alternatively  on  a  molar  basis,  effective  molar  ratios  of  Component-2:Component-1  will 
typically  range  from  about  60:1  to  about  .33:1,  preferably  from  10:1  to  1:1;  and  most  preferably  from  5:1  to 

25  2:1  ,  subject  to  the  above  stoichiometric  excess  caveat. 
It  has  been  found  that  unreacted  Component-1  can  have  a  depressive  effect  on  breakaway  static  torque 

(Ts). 
Hence,  the  use  of  excess  Component-2  during  salt  formation  can  be  advantageous  depending  on  the 

particular  requirements  of  a  transmission  manufacturer,  vis-a-vis  minimum  breakaway  static  torque  require- 
30  ments. 

While  the  salt  forming  reaction  may  be  conducted  in  the  absence  of  a  solvent,  solvents  such  as  dihexyl 
phthalate,  tridecyl  alcohol,  alkylated  aromatic  compounds,  diluent  oil  and  mixtures  thereof  may  be  em- 
ployed. 

Where  no  solvent  is  employed,  the  resulting  salt  is  a  viscous  fluid.  Consequently,  it  may  be  desirable  to 
35  dilute  the  final  product  with  any  suitable  solvent  compatible  with  the  ultimate  end  use. 

Thus,  base  oils  suitable  for  use  in  preparing  lubricating  compositions  are  base  oils  conventionally 
employed  in  power  transmitting  fluids  such  as  automatic  transmission  fluids,  tractor  fluids,  universal  tractor 
fluids  and  hydraulic  fluids,  heavy  duty  hydraulic  fluids,  power  steering  fluids  and  the  like. 

Thus,  the  friction  modifiers  of  the  present  invention  may  be  suitably  incorporated  into  synthetic  base 
40  oils  such  as  alkyl  esters  of  dicarboxylic  acids,  polyglycols  and  alcohols;  polyalphaolefins,  alkyl  benzenes, 

organic  esters  of  phosphoric  acids,  polysilicone  oil,  etc. 
Natural  base  oils  include  mineral  lubricating  oils  which  may  vary  widely  as  to  their  crude  source,  e.g. 

whether  paraffinic,  naphthenic,  mixed  paraffinic-naphthenic,  and  the  like;  as  well  as  to  their  formation,  e.g. 
distillation  range,  straight  run  or  cracked,  hydrofined,  solvent  extracted  and  the  like. 

45  More  specifically,  the  natural  lubricating  oil  based  stocks  which  can  be  used  in  the  compositions  of  this 
invention  may  be  straight  mineral  lubricating  oil  or  distillates  derived  from  paraffinic,  naphthenic,  asphaltic, 
or  mixed  base  crudes,  or,  if  desired,  various  blended  oils  may  be  employed  as  well  as  residuals, 
particularly  those  from  which  asphaltic  constituents  have  been  removed. 

The  lubricating  oil  base  stock  conveniently  has  a  viscosity  of  typically  2.5  to  12,  and  preferably  3.5  to  9 
50  est.  at  100°  C. 

The  friction  modifier  additives  of  the  present  invention  can  be  incorporated  into  the  lubricating  oil  in  any 
convenient  way.  Thus,  they  can  be  added  directly  to  the  oil  by  dispersing,  or  dissolving  the  same  in  the  oil 
at  the  desired  level  of  concentration  typically  with  the  aid  of  the  suitable  solvent  such  as  dodecylbenzene  or 
naphthenic  base  stock.  Such  blending  can  occur  at  elevated  temperatures  of  60-1  00  °C. 

55  The  lubricating  oil  base  stock  for  the  additives  of  the  present  invention  typically  is  adapted  to  perform  a 
selected  function  by  the  incorporation  of  additives  therein  to  form  lubricating  oil  compositions  (i.e., 
formulations). 
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As  indicated  above,  one  broad  class  of  lubricating  oil  compositions  suitable  for  use  in  conjunction  with 
the  additives  of  the  present  invention  are  tractor  fluids,  tractor  universal  oils,  and  the  like. 

The  benefits  of  the  additives  of  the  present  invention  are  particularly  significant  when  employed  in  a 
lubricating  oil  adapted  for  use  as  an  automatic  transmission  fluid. 

5  Power  transmitting  fluids,  such  as  automatic  transmission  fluids,  as  well  as  lubricating  oils  in  general, 
are  typically  compounded  from  a  number  of  additives  each  useful  for  improving  chemical  and/or  physical 
properties  of  the  same.  The  additives  are  usually  sold  as  a  concentrate  package  in  which  mineral  oil  or 
some  other  base  oil  is  present.  The  mineral  lubricating  oil  in  automatic  transmission  fluids  typically  is 
refined  hydrocarbon  oil  or  a  mixture  of  refined  hydrocarbon  oils  selected  according  to  the  viscosity 

io  requirements  of  the  particular  fluid,  but  typically  would  have  a  viscosity  range  of  2.5-9,  e.g.  3.5-9  est.  at 
100°C.  Suitable  base  oils  include  a  wide  variety  of  light  hydrocarbon  mineral  oils,  such  as  naphthenic  base 
oils,  paraffin  base  oils,  and  mixtures  thereof. 

Representative  additives  which  can  be  present  in  such  packages  as  well  as  in  the  final  formulation 
include  viscosity  index  (V.I.)  improvers,  corrosion  inhibitors,  oxidation  inhibitors,  friction  modifiers,  lube  oil 

is  flow  improvers,  dispersants,  anti-foamants,  anti-wear  agents,  detergents,  metal  rust  inhibitors  and  seal 
swellants. 

Viscosity  modifiers  impart  high  and  low  temperature  operability  to  the  lubricating  oil  and  also  exhibit 
acceptable  viscosity  or  fluidity  at  low  temperatures. 

V.I.  improvers  are  generally  high  molecular  weight  hydrocarbon  polymers  or  more  preferably  polyes- 
20  ters.  The  V.I.  improvers  may  also  be  derivatized  to  include  other  properties  or  functions,  such  as  the 

addition  of  dispersancy  properties. 
These  oil  soluble  V.I.  polymers  will  generally  have  number  average  molecular  weights  of  from  103  to 

10G,  preferably  10+  to  10G,  e.g.  20,000  to  250,000,  as  determined  by  gel  permeation  chromatography  or 
membrane  osmometry. 

25  Corrosion  inhibitors,  also  known  as  anti-corrosive  agents,  reduce  the  degradation  of  the  non-ferrous 
metallic  parts  in  contact  with  the  fluid.  Illustrative  of  corrosion  inhibitors  are  phosphosulfurized  hydrocarbons 
and  the  products  obtained  by  reaction  of  a  phosphosulfurized  hydrocarbon  with  an  alkaline  earth  metal 
oxide  or  hydroxide,  preferably  in  the  presence  of  an  alkylated  phenol  or  of  an  alkylphenol  thioether,  and 
also  preferably  in  the  presence  of  carbon  dioxide.  As  discussed  hereinabove,  the  phosphosulfurized 

30  hydrocarbons  are  prepared  by  reacting  a  suitable  hydrocarbon  such  as  a  terpene,  a  heavy  petroleum 
fraction  of  a  C2  to  Cg  olefin  polymer  such  as  polyisobutylene,  with  from  5  to  30  weight  percent  of  a  sulfide 
of  phosphorous  for  1/2  to  15  hours,  at  a  temperature  in  the  range  of  150  to  400  °F.  Neutralization  of  the 
phosphosulfurized  hydrocarbon  may  be  effected  in  the  manner  taught  in  U.S.  Patent  2,969,324. 

Other  suitable  corrosion  inhibitors  include  copper  corrosion  inhibitors  comprising  hydrocarbyl-thio- 
35  disubstituted  derivatives  of  1,  3,  4-thiadiazole,  e.g.,  C2  to  C30  alkyl,  aryl,  cycloalkyl,  aralkyl  and  alkaryl- 

mono-,  di-,  tri-,  or  tetra-  or  thio-  disubstituted  derivatives  thereof. 
Oxidation  inhibitors  reduce  the  tendency  of  mineral  oils  to  deteriorate  in  service  which  deterioration  is 

evidenced  by  the  products  of  oxidation  such  as  sludge  and  varnish-like  deposits  on  the  metal  surfaces  and 
by  an  increase  in  viscosity.  Such  oxidation  inhibitors  include  alkaline  earth  metal  salts  of  alkylphenol 

40  thioethers  having  preferably  C5  to  C12  alkyl  side  chains,  e.g.  calcium  nonylphenol  sulfide,  barium  t- 
octylphenol  sulfide;  aryl  amines,  e.g.  dioctylphenylamine,  phenyl-alpha-naphthyl-amine;  phosphosulfurized 
or  sulfurized  hydrocarbons,  etc. 

Friction  modifiers  serve  to  impart  the  proper  friction  characteristics  to  an  ATF  as  required  by  the 
transmission  manufacturer  and  it  will  be  appreciated  that  the  herein  described  additives  of  the  invention  are 

45  intended  to  be  used  at  least  as  the  primary  friction  modifier,  if  not  the  sole  friction  modifier. 
Representative  examples  of  suitable  friction  modifiers  which  may  be  used  in  conjunction  with  the 

additives  of  this  invention  are  found,  for  example,  in  U.S.  Patent  3,933,659,  which  discloses  fatty  acid 
esters,  amides,  and  N-fatty  diethanolamines;  U.S.  Patent  4,176,074,  which  describes  molybdenum  com- 
plexes  of  polyisobutenyl  succinic  anhydride-amino  alkanols;  U.S.  Patent  4,105,571,  which  discloses  glycerol 

50  esters  of  dimerized  fatty  acids;  U.S.  Patent  3,779,928,  which  discloses  alkane  phosphonic  acid  salts;  U.S. 
Patent  3,778,928,  which  discloses  alkane  phosphonic  acid  salts;  U.S.  Patent  3,778,375,  which  discloses 
reaction  products  of  a  phosphonate  with  an  oleamide;  U.S.  Patent  3,852,205,  which  discloses  S-carboxy- 
alkylene  hydrocarbyl  succinamic  acid  and  mixtures  thereof;  U.S.  Patent  3,879,306,  which  discloses  N- 
(hydroxy-alkyl)alkenyl  succinamic  acids  or  succinimides;  U.S.  Patent  3,932,290,  which  discloses  reaction 

55  products  of  di-(lower  alkyl)  phosphites  and  epoxides;  and  U.S.  Patent  4,028,258,  which  discloses  the 
alkylene  oxide  adduct  of  phosphosulfurized  N-(hydroxyalkyl)  alkenyl  succinimides;  all  for  use  as  friction 
modifiers  in  automatic  transmission  fluids.  The  disclosures  of  the  above  patents  are  herein  incorporated  by 
reference. 
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As  stated  hereinabove,  it  is  an  important  advantage  of  the  present  invention  that  supplemental  friction 
modifying  agents  do  not  have  to  be  employed  and,  in  fact,  can  be  excluded  from  the  compositions  of  this 
invention. 

Dispersants  maintain  oil  insolubles,  resulting  from  oxidation  during  use,  in  suspension  in  the  fluid  thus 
5  preventing  sludge  flocculation  and  precipitation.  Suitable  dispersants  include,  for  example,  dispersants  of 

the  ash-producing  or  ashless  type,  the  latter  type  being  preferred. 
The  ash-producing  detergents  are  exemplified  by  oil-soluble  neutral  and  basic  salts  of  alkali  or  alkaline 

earth  metals  with  sulfonic  acids,  carboxylic  acids,  or  organic  phosphorus  acids  characterized  by  at  least  one 
direct  carbon-to-phosphorus  linkage  such  as  those  prepared  by  the  treatment  of  an  olefin  polymer  (e.g. 

io  polyisobutene  having  a  molecular  weight  of  1,000)  with  a  phosphorizing  agent  such  as  phosphorus 
trichloride,  phosphorus  heptasulfide,  phosphorus  pentasulfide,  phosphorus  trichloride  and  sulfur,  white 
phosphorus  and  a  sulfur  halide,  or  phosphorothioic  chloride.  The  most  commonly  used  salts  of  such  acids 
are  those  of  sodium,  potassium,  lithium,  calcium,  magnesium,  strontium  and  barium. 

The  term  "basic  salt"  is  used  to  designate  metal  salts  wherein  the  metal  is  present  in  stoichiometrically 
is  larger  amounts  than  the  organic  acid  radical.  The  commonly  employed  methods  for  preparing  the  basic 

salts  involve  heating  a  mineral  oil  solution  of  an  acid  with  a  stoichiometric  excess  of  a  metal  neutralizing 
agent  such  as  the  metal  oxide,  hydroxide,  carbonate,  bicarbonate,  or  sulfide  at  a  temperature  of  about 
50  °C.  and  filtering  the  resulting  mass.  The  use  of  a  "promoter"  in  the  neutralization  step  to  aid  the 
incorporation  of  a  large  excess  of  metal  likewise  is  know. 

20  The  most  preferred  ash-producing  detergents  include  the  metal  salts  of  sulfonic  acids,  alkyl  phenols, 
sulfurized  alkyl  phenols,  alkyl  salicylates,  naphthenates  and  other  oil  soluble  mono-  and  dicarboxylic  acids. 

Ashless  dispersants,  which  are  the  preferred  dispersant  for  use  in  connection  with  this  invention,  are  so 
called  despite  the  fact  that,  depending  on  their  constitution,  the  dispersant  may  upon  combustion  yield  a 
non-volatile  material  such  as  boric  oxide  or  phosphorus  pentoxide;  however,  they  ordinarily  do  not  contain 

25  metal  and  therefore  do  not  yield  a  metal-containing  ash  on  combustion.  Many  types  of  ashless  dispersants 
are  known  in  the  art,  and  any  of  them  are  suitable  for  use  in  the  lubricant  compositions  of  this  invention. 
The  following  are  illustrative: 

1.  Reaction  products  of  carboxylic  acids  (or  derivatives  thereof)  containing  at  least  about  30  and 
preferably  at  least  about  50  carbon  atoms  with  nitrogen  containing  compounds  such  as  amine,  organic 

30  hydroxy  compounds  such  as  phenols  and  alcohols,  and/or  basic  inorganic  materials.  Examples  of  these 
"carboxylic  dispersants"  are  described,  for  example,  in  British  Patent  No.  1,306,529  and  in  U.S.  Patents 
3,272,746,  3,341  ,542,  3,454,607  and  4,654,403. 
2.  Reaction  products  of  relatively  high  molecular  weight  aliphatic  or  alicyclic  halides  with  amines, 
preferably  polyalkylene  polyamines.  These  may  be  characterized  as  "amine  dispersants"  and  examples 

35  thereof  are  described  for  example,  in  the  U.S.  Patents  3,275,554,  3,454,555  and  3,565,804. 
3.  Reaction  products  of  alkyl  phenols  in  which  the  alkyl  group  contains  at  least  about  30  carbon  atoms 
with  aldehydes  (especially  formaldehyde)  and  amines  (especially  polyalkylene  polyamines),  which  may 
be  characterized  as  "Mannich  dispersants."  The  materials  described  in  the  following  U.S.  Patents  are 
illustrative: 

40  U.S.  Patent  3,725,277 
U.S.  Patent  3,725,480 
U.S.  Patent  3,726,882 
U.S.  Patent  3,980,569 

4.  Products  obtained  by  post-treating  the  carboxylic,  amine  or  Mannich  dispersants  with  such  reagents 
45  as  urea,  thiourea,  carbon  disulfide,  phosphosulfurized  hydrocarbons,  aldehydes,  ketones,  carboxylic 

acids,  hydrocarbon-substituted  succinic  anhydrides,  nitriles,  epoxides,  boron  compounds,  phosphorus 
compounds  or  the  like.  Exemplary  materials  of  this  type  are  described  in  the  following  U.S.  Patents: 

U.S.  Patent  2,805,217 
U.S.  Patent  3,087,936 

50  U.S.  Patent  3,254,025 
U.S.  Patent  3,394,179 
U.S.  Patent  3,511,780 
U.S.  Patent  3,703,536 
U.S.  Patent  3,704,308 

55  U.S.  Patent  3,708,422 
U.S.  Patent  3,850,822 
U.S.  Patent  4,113,639 
U.S.  Patent  4,116,876 
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More  specifically,  the  nitrogen  and  ester  containing  dispersants  preferably  are  further  treated  by 
boration  as  generally  taught  in  U.S.  Patents  3,087,936  and  3,254,025 

Post-treatment  with  phosphosulfurized  hydrocarbons  may  be  obtained  by  post-reacting  the  above 
described  reaction  product  of  polyamine  and  hydrocarbyl-substituted  dicarboxylic  acid  material  with  a 

5  phospho-sulfurized  hydrocarbon. 
5.  Interpolymers  of  oil-solubilizing  monomers  such  as  decyl  methacrylate,  vinyl  decyl  ether  and  high 
molecular  weight  olefins  with  monomers  containing  polar  substituents,  e.g.,  aminoalkyl  acrylates  or 
acrylamides  and  poly-(oxyethylene)-substituted  acrylates.  These  may  be  characterized  as  "polymeric 
dispersants"  and  examples  thereof  are  disclosed  in  the  following  U.S.  Patents: 

w  U.S.  Patent  3,329,658 
U.S.  Patent  3,519,565 
U.S.  Patent  3,666,730 
U.S.  Patent  3,702,300 

Lubricating  oil  flow  improvers  (LOFI)  include  all  those  additives  which  modify  the  size,  number,  and 
is  growth  of  wax  crystals  in  lube  oils  in  such  a  way  as  to  impart  improved  low  temperature  handling, 

pumpability,  and/or  vehicle  operability  as  measured  by  such  tests  as  pour  point  and  mini  rotary  viscometry 
(MRV).  The  majority  of  lubricating  oil  flow  improvers  are  polymers  or  contain  polymers.  These  polymers  are 
generally  of  two  types,  either  backbone  or  sidechain 

The  backbone  variety,  such  as  the  ethylene-vinyl  acetates  (EVA),  have  various  lengths  of  methylene 
20  segments  randomly  distributed  in  the  backbone  of  the  polymer,  which  associate  or  cocrystallize  with  the 

wax  crystals  inhibiting  further  crystal  growth  due  to  branches  and  non-crystalizable  segments  in  the 
polymer. 

The  sidechain  type  polymers,  which  are  the  predominant  variety  used  as  LOFI's,  have  methylene 
segments  as  the  side  chains,  preferably  as  straight  side  chains.  These  polymers  work  similarly  to  the 

25  backbone  type  except  the  side  chains  have  been  found  more  effective  in  treating  isoparaffins  as  well  as  n- 
paraffins  found  in  lube  oils.  Representative  of  this  type  of  polymer  are  Cs-Cis  dialkylfumarate/vinyl  acetate 
copolymers,  polyacrylates,  polymethacrylates,  and  esterified  styrene-  maleic  anhydride  copolymers. 

Foam  control  can  be  provided  by  an  anti-foamant  of  the  polysiloxane  type,  e.g.  silicone  oil  and 
polydimethyl  siloxane. 

30  Anti-wear  agents,  as  their  name  implies,  reduce  wear  of  moving  metallic  parts.  Representative  of 
conventional  anti-wear  agents  which  may  be  used  to  include,  for  example,  the  zinc  dialkyl  dithiophosphates, 
and  the  zinc  diaryl  dithiophosphates. 

In  a  preferred  embodiment  of  the  phosphorous-  and  sulfur-containing  product  mixtures  the  following 
three  components,  namely:  (1)  organic  phosphite  ester,  (2)  hydrocarbyl  thioalkanol,  and  (3)  heterodialkanol 

35  are  reacted  in  admixture,  preferably  in  simultaneous  admixture. 
The  organic  phosphite  ester  reactant  is  characterized  by  at  least  one  of  the  formulas: 

P(ORio)3  (XXIX') 

40 
O 
II 

H ~   P—  ( ° R i o > 2   ( X X I X " )  

45 
wherein  Rio,  independently,  represents  the  same  or  different  C1-C5,  preferably  C2  to  about  c+,  saturated  or 
unsaturated,  straight  or  branched  chain  (preferably  straight  chain)  hydrocarbyl  radical  or  the  aromatic 
radical: 

50 

55 

(XXX) 

wherein  Rn  represents  H  or  C1-C4  alkyl. 
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10 

The  more  preferred  Rio  groups  include  ethyl,  n-propyl,  n-butyl  and  phenyl.  Although  not  required,  it  is 
preferred  that  the  Rio  groups  are  the  same  for  any  given  organic  phosphite  ester.  The  most  preferred 
phosphite  esters  are  dibutyl  phosphite  or  tributyl  phosphite. 

The  hydrocarbyl  thioalkanol  reactant  is  characterized  by  at  least  one  of  the  following  formulas: 

R 1 2 - S - ( R 1 3 0 ) n H   XXXI 

R14 

R15-S-R1G-OH  XXXII 

wherein  R12  and  R15  represent  a  saturated  or  unsaturated,  straight  or  branched  chain  hydrocarbyl  radical 
having  at  most  two  unsaturated  linkages,  (preferably  straight  chain  alkyl)  typically  about  C8-C30,  preferably 

15  about  C8-C20,  and  most  preferably  about  C10-C14  alkyl;  R13  represents  a  C2-C3  alkanetriyl  radical, 
preferably  C2  alkanetriyl;  R14  represents  H  (most  preferred)  or  a  saturated  or  unsaturated,  straight  or 
branched  chain  hydrocarbyl  radical  (preferably  straight  chain  alkyl),  typically  about  C1-C18,  preferably  C1- 
C14,  and  most  preferably  C1-C12  alkyl;  Rig  represents  a  saturated  or  unsaturated,  straight  or  branched 
chain  hydrocarbyl  radical,  (preferably  straight  chain  alkylene),  typically  C2-C30,  preferably  C2-C20,  and  most 

20  preferably  C2-C1G  alkylene;  and  n  represents  a  number  from  1  to  about  6,  preferably  1  to  about  3. 
Typically,  n  is  1  when  R13  is  C3  alkanetriyl  and  can  vary  from  1  to  about  6  when  R13  is  C2  alkanetriyl. 

Seal  swellants  include  mineral  oils  of  the  type  that  provoke  swelling,  including  aliphatic  alcohols  of  8  to 
13  carbon  atoms  such  as  tridecyl  alcohol,  with  a  preferred  seal  swellant  being  characterized  as  an  oil- 
soluble,  saturated,  aliphatic  or  aromatic  hydrocarbon  ester  of  from  10  to  60  carbon  atoms  and  2  to  4 

25  linkages,  e.g.,  dihexyl  phthalate,  as  are  described  in  U.S.  Patent  3,974,081. 
Some  of  these  numerous  additives  can  provide  a  multiplicity  of  effects  e.g.,  a  dispersant  oxidation 

inhibitor.  This  approach  is  well  known  and  need  not  be  further  elaborated  herein. 
Compositions,  when  containing  these  additives,  typically  are  blended  into  the  base  oil  in  amounts  which 

are  effective  to  provide  their  normal  attendant  function.  Representative  effective  amounts  of  such  additives 
30  are  illustrated  as  follows: 

Compositions  (Broad)  Wt  %  (Preferred)  Wt  % 

V.I.  Improver  1-12  1-4 
Corrosion  Inhibitor  0.01-3  0.01-1.5 
Oxidation  inhibitor  0.01-5  0.01-1.5 
Dispersant  0.1-10  0.1-5 
Lube  Oil  Flow  Improver  0.01-2  0.01-1.5 
Detergents  and  Rust  Inhibitors  0.01-6  0.01-3 
Anti-Foaming  Agents  0.001-0.1  0.001-0.01 
Anti-wear  Agents  0.001-5  0.001-1.5 
Seal  Swellant  0.1-8  0.1-4 
Friction  Modifiers  0.01-3  0.01-1.5 
Lubricating  Base  Oil  Balance  Balance 

45 

In  broad  sense  therefore,  the  friction  modifiers  of  the  present  invention,  when  employed  in  a  lubricating 
oil  composition,  typically  in  a  minor  amount,  are  effective  to  impart  at  least  enhanced  friction  modification 
properties  thereto,  relative  to  the  same  composition  in  the  absence  of  the  present  additives.  Additional 
conventional  additives,  particularly  dispersants  and  anti-wear  additives  selected  to  meet  the  particular 
requirements  of  a  selected  type  of  lubricating  oil  composition,  also  can  be  included  as  desired. 

Accordingly,  for  embodiment  1  which  employs  Component-1  alone,  while  any  effective  friction  modify- 
ing  amount  of  the  Component-1  amide  can  be  incorporated  into  a  lubricating  oil  composition,  it  is 
contemplated  that  such  effective  amount  be  sufficient  to  provide  a  given  composition  with  an  amount  of  the 
additive  of  typically  from  about  0.001  to  about  0.5,  preferably  from  about  0.01  to  about  0.4,  and  most 
preferably  from  about  0.05  to  about  0.3  wt.  %  based  on  the  weight  of  said  composition. 

For  embodiment  2,  which  employs  a  mixture  of  Component-1  and  Component-2,  while  any  effective 
friction  modifying  amount  of  said  mixture  may  be  employed  in  a  lubricating  oil  composition,  it  is 
contemplated  that  such  effective  amount  will  vary  typically  from  about  .01  to  about  3,  preferably  from  about 
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.02  to  about  1.5,  and  most  preferably  from  about  0.03  to  about  0.6  (e.g.,  0.2  to  about  0.4)  wt.  %,  based  on 
the  weight  of  the  composition.  The  above  amounts  refer  to  the  weight  %  of  the  combination  of  Component- 
1  and  -2.  The  weight  ratios  of  each  component  in  the  mixture  are  described  above. 

For  embodiment  3,  while  any  effective  friction  modifying  amount  of  the  salt  additive  can  be  incorporated 
5  into  a  lubricating  oil  composition,  it  is  contemplated  that  such  effective  amount  be  sufficient  to  provide  a 

given  composition  with  an  amount  of  the  additive  of  typically  from  about  0.01  to  about  3  preferably  from 
about  0.02  to  about  1.5,  and  most  preferably  from  about  0.03  to  about  0.6  wt.%,  based  on  the  weight  of 
said  composition. 

When  other  additives  are  employed,  it  may  be  desirable,  although  not  necessary,  to  prepare  additive 
io  concentrates  comprising  concentrated  solutions  or  dispersions  of  the  additive  composition  of  the  present 

invention  together  with  the  other  additives  (said  concentrate  additive  mixture  being  referred  to  herein  as  an 
additive  package)  whereby  the  several  additives  can  be  added  simultaneously  to  the  base  oil  to  form  the 
lubricating  oil  compositions. 

The  final  formulation  may  employ  typically  about  10  wt.  %  of  the  additive  package  with  the  remainder 
is  being  base  oil. 

As  noted  above,  the  amide  additives  of  Component-1  contemplated  for  use  in  this  invention  are 
characterized  as  possessing  good  friction  modifying  properties.  This  has  the  added  benefit  of  permitting  the 
use  of  low  amounts  thereof  to  achieve  the  overall  desired  friction  modification.  Typically,  as  the  amount  of 
friction  modifer  is  increased  in  an  ATF,  the  lower  the  breakaway  static  torque  becomes.  As  the  breakaway 

20  static  torque  (as  well  as  the  breakaway  static  coefficient  of  friction)  decreases,  the  bands  and  clutches  of 
the  automatic  transmission  become  increasingly  more  susceptible  to  slipage.  Consequently,  it  is  extremely 
advantageous  to  be  able  to  control,  e.g.,  reduce,  the  amount  of  friction  modifier  without  sacrificing  the 
friction  modifying  properties  of  the  fluid,  e.g.,  as  measured  by  the  torque  ratio  T0/TD  or  torque  differential 
T0-TD  and  stability  thereof,  since  this  facilitates  the  simultaneous  achievement  of  both  the  desired 

25  breakaway  static  torque  and  other  friction  characteristics.  It  has  also  been  found  that  the  use  of  an  ashless 
dispersant  such  as  a  borated  or  unborated  carboxylic  dispersant  or  a  borated  or  unborated  phosphorous- 
and  sulfur-containing  reaction  product  mixture  dispersant  additive,  results  in  a  lubricating  oil  that  possesses 
excellent  friction  durability  and  reduced  corrosivity  relative  to  an  additive  combination  that  does  not  inlcude 
the  ashless  dispersant. 

30  Further  improvements  in  friction  stability  can  be  attained  by  inclusion  of  Component-2  with  Component- 
1  without  significant  attendant  adverse  influence  on  the  low  temperature  viscosity  properties  and  break-in 
period  of  the  fluid. 

All  of  said  weight  percents  expressed  herein  are  based  on  active  ingredient  (a.i.)  content  of  the  additive, 
and/or  upon  the  total  weight  of  any  additive  package,  or  formulation  which  will  be  the  sum  of  the  a.i.  weight 

35  of  each  additive  plus  the  weight  of  total  oil  or  diluent. 
Thus,  use  of  the  present  friction  modifiers  additives  permit  the  formulator  to  flexibly  tailor  an  ATF  in 

order  to  achieve  the  balance  of  properties  required  under  today's  more  stringent  transmission  manufactur- 
ers'  specifications. 

The  following  examples  are  given  as  specific  illustrations  of  the  claimed  invention.  All  parts  and 
40  percentages  in  the  examples  as  well  as  in  the  remainder  of  the  specification  and  claims  are  by  weight 

unless  otherwise  specified. 

EXAMPLE  1 

45  Part  A 

A  polyisobutenyl  succinic  anhydride  (PIBSA)  having  a  succinic  anhydride  (SA)  polyisobutylene  (PIB) 
ratio  (SA:PIB)  i.e.  functionality,  of  1.04  was  prepared  by  heating  a  mixture  of  100  parts  of  polyisobutylene 
(PIB)  having  an  Mn  of  940  with  13  parts  of  maleic  anhydride  to  a  temperature  of  about  220  °C.  When  the 

50  temperature  reached  120°C,  chlorine  addition  was  begun  and  1.05  parts  of  chlorine  at  a  constant  rate  were 
added  to  the  hot  mixture  for  about  5  hours.  The  reaction  mixture  was  then  heat  soaked  at  220  °  C.  for  1  .5 
hours  and  then  stripped  with  nitrogen  for  1  hour.  The  resulting  polyisobutenyl  succinic  anhydride  had  an 
ASTM  Saponification  Number  of  112  which  calculates  to  a  succinic  anhydride  (SA)  to  polyisobutylene  (PIB) 
ratio  (functionality)  of  1.04  based  upon  the  starting  PIB  as  follows: 

55 
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S A : P I B   r a t i o   SAP  x  Mn  112  x  940  = 1 . 0 4  
1 1 2 2 0 0 - ( 9 6   X  SAP)  1 1 2 2 0 0 - ( 9 6   X  1 1 2 )  

5 
The  PIBSA  product  was  90  wt.  %  active  ingredient  (a.i.),  the  remainder  being  primarily  unreacted  PIB. 

The  SA:PIB  ratio  of  1.04  is  based  upon  the  total  PIB  charged  to  the  reactor  as  starting  material,  i.e.,  both 
the  PIB  which  reacts  and  the  PIB  which  remains  unreacted. 

w  Part  B 

The  PIBSA  of  Part  A  was  aminated  as  follows: 
1500  grams  (1.5  moles)  of  the  PIBSA  and  1666  grams  of  S150N  lubricating  oil  (solvent  neutral  oil  having  a 
viscosity  of  about  150  SSU  at  100°C.)  were  mixed  in  a  reaction  flask  and  heated  to  about  149°C.  Then, 

is  193  grams  (1  mole)  of  a  commercial  grade  of  polyethylene-amine  which  was  a  mixture  of 
polyethyleneamines  averaging  about  5  to  7  nitrogen  per  molecule  hereinafter  referred  to  as,  PAM,  was 
added  and  the  mixture  was  heated  to  150°C.  for  about  2  hours;  followed  by  0.5  hours  of  nitrogen  stripping, 
then  cooling  to  give  the  final  product  (PIBSA-PAM).  This  product  had  a  viscosity  of  140  cs.  at  100°C,  a 
nitrogen  content  of  2.12  wt.  %  and  contained  approximately  50  wt.  %  PIBSA-PAM  and  50  wt.  %  unreacted 

20  PIB  and  mineral  oil  (S150N). 

Part  C 

A  phosphosulfurized  olefin  was  prepared  by  reacting  4.9  parts  by  weight  of  alpha-pinene  with  1  part  by 
25  weight  of  phosphorous  pentasulfide  for  about  5  hours  at  temperatures  in  the  range  of  180  to  250  °C.  During 

the  reaction  the  mixture  was  stirred  and  blown  with  nitrogen  to  eliminate  the  hydrogen  sulfide  that  was 
evolved.  The  resulting  phosphosulfurized  olefin  analyzed  about  5  wt.  percent  of  phosphorus  and  about  13 
wt.  percent  of  sulfur.  Its  viscosity  at  210°F.  was  about  27  CST.  For  convenience  in  handling  in  subsequent 
reactions,  the  product  was  diluted  with  a  S150N  mineral  oil  to  form  a  65  wt.  percent  concentrate. 

30 
Part  D 

A  phosphosulfurized  PIBSA-PAM  dispersant  was  prepared  by  reacting  18  parts  by  weight  of  the  PIBSA- 
PAM  reaction  product  formed  in  Part  B  with  6  parts  by  weight  of  the  phosphosulfurized  alpha-pinene 

35  formed  in  Part  C  at  a  temperature  in  the  range  of  100  to  130°C.  about  2  hours,  after  which  the  reaction  was 
purged  with  nitrogen  at  about  120°C.  for  an  additional  hour.  The  resulting  product  had  an  active  ingredient 
concentration  of  about  52%,  with  the  remainder  being  unreacted  PIB  and  diluent  oil. 

EXAMPLE  2 
40 

A  reaction  product  of  isostearic  acid  (ISA)  and  tetraethylene  pentamine  (TEPA;  Union  Carbides  HP 
TEPA)  was  prepared  by  adding  450  grams  of  isostearic  acid  to  a  500  ml  round  bottom  4-neck  flask 
equipped  with  a  reflux  condenser,  a  stirring  bar  and  a  nitrogen  bubbler  in  order  to  obtain  a  level  sufficient  to 
permit  agitation  and  heat  transfer.  The  flask  contents  were  then  heated  to  110°C.  and  189  grams  (about  1 

45  mole)  of  TEPA  were  added  slowly  with  mixing.  After  all  of  the  TEPA  was  added  to  the  flask,  an  additional 
450  grams  of  ISA  were  added  with  stirring  at  110°C.  (a  total  of  about  3.125  moles  of  ISA  were  added).  The 
batch  temperature  was  then  raised  slowly  to  drive  the  condensation  reaction.  Water  of  condensation  began 
to  appear  immediately  and  was  removed  through  the  flask  overhead  system  with  a  nitrogen  sparge.  After 
most  of  this  water  was  removed  (approximately  160°C),  vacuum  stripping  was  applied  and  the  flask 

50  temperature  was  raised  to  200  °C  to  drive  the  condensation  to  completion.  The  reaction  was  complete  after 
about  5  hours  with  3  moles  of  isostearic  acid  (ISA)  reacting  with  1  mole  of  tetraethylene  pentamine  (TEPA) 
to  form  ISA-TEPA.  The  resulting  product  is  designated  friction  modifier-1  (FM-1). 

TEPA,  theoretically,  is  a  single  polyamine  compound  having  the  formula  H2N-N-N-N-NH2,  where  -N-N- 
represents 
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H  N 
I  I 

- N - C H 2 C H 2 - M -  

However,  commercially  available  TEPA,  such  as  Union  Carbide's  HP  TEPA,  actually  comprises  a  mixture  of 
amines.  The  actual  composition  of  the  TEPA  which  is  commercially  available  from  Union  Carbide  is  as 
follows: 

10 
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P o l y a m i n e  
S t r u c t u r e  

N-N-M 
A  

N-N  N - N  
A v  

N  N - N - N  
V  

N - N - N - N  
I 
N 

N - N - N - N - N  
A  

N - N ^ N - N - N  

N  N - N - N - N  
V  

N - N - N - N - N  
I 
N 

N - N - N - N - N  
I 

N 

N - N - N - N - N - N  

U n i d e n t i f i e d  
h i g h e r   m o l e c u l a r  
w e i g h t   s p e c i e s  

U n i o n   C a r b i d e  
T e c h n i c a l   G r a d e  

TEPA.  wt .   »  

1 3 . 6  

2 . 8  

9 . 4  

1 2 . 6  

2 2 . 4  

1 4 . 5  

6 . 9  

2 . 4  

3 . 8  

2 . 4  

9 . 2  

U n i o n   C a r b i d e  
HP  TEPA.  w t .   »  

2 . 0  

0 . 6  

3 . 5  

1 3 . 5  

2 8 . 7  

1 9 . 7  

1 1 . 8  

3 . 4  

3 . 4  

2 . 6  

1 0 . 8  

45 

EXAMPLE  3 

An  ATF  base  fluid,  designated  hereinafter  as  the  Test  Base  was  formulated  with  conventional  amounts 
50  of  seal  swell  additive  anti-oxidant,  viscosity  index  improver  and  mineral  oil  base. 

To  a  sample  of  the  Test  Base  there  were  added  3.9  wt.  %  of  the  phosphosulfurized  PIBSA-PAM 
dispersant  prepared  in  accordance  with  EXAMPLE  1,  Part  D,  together  with  0.2  wt.  %  of  the  ISA-TEPA 
friction  modifier  of  EXAMPLE  2.  The  resulting  formulation  is  designated  as  Formulation  1. 

To  another  sample  of  the  Test  Base  there  were  added  3.9%  of  the  phosphosulfurized  PIBSA-PAM  of 
55  EXAMPLE  1,  Part  D,  together  with  0.2%  of  the  commercially  available  friction  modifier  octadecenyl  succinic 

acid  (OSA).  The  resulting  formulation  is  designated  Comparative  Formulation  2C. 
The  compositions  of  Formulations  1  and  2C  are  summarized  in  Table  3  as  follows: 
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TABLE  3 

Component,  wt.  Formulation  Number 

1  2C 

phosphosulfurized  PIBSA-PAM  3.9  3.9 
ISA-TEPA  0.2 
octadecenyl  succinic  acid  (OSA)  -  —  0.2 
Test  Base  94.9  95.9 

The  Formulations  1  and  2C  were  then  tested  in  accordance  with  a  modified  SAE  No.  2  Friction  Test. 

THE  MODIFIED  SAE  NO.  2  FRICTION  TEST 
75 

This  test,  referred  to  herein  as  Test  Procedure  1,  uses  SAE  No.  2  type  friction  machine  operated 
successfully  for  1000  cycles  wherein  no  unusual  clutch  plate  wear  or  composition-faceplate  flaking  occurs. 
The  test  is  conducted,  at  100°C,  in  a  continuous  series  of  20  second  cycles,  each  cycle  consisting  of  three 
phases  as  follows:  Phase  I  (10  seconds)  -  motor  on  at  speed  of  3,600  rpm,  clutch  plates  disengaged;  Phase 

20  II  (  5  seconds)  -  motor  off,  clutch  plates  engaged;  and  Phase  III  (5  seconds)  -  motor  off,  clutch  plate 
released.  1000  cycles  are  repeated  using  11,600  ft./lbs.  (if  flywheel  torque  at  40  psig  of  applied  clutch 
pressure.  During  the  clutch  engagement,  friction  torque  is  recorded  as  a  function  of  time  as  the  motor 
speed  declines  from  3600  rpm  to  0.  From  the  torque  traces,  the  dynamic  torque  (TD)  in  determined  midway 
between  the  start  and  end  of  clutch  engagement  (i.e.,  at  a  motor  speed  of  1800  rpm),  as  well  as  the  torque 

25  at  200  rpm  (T2oo).  The  amount  of  time  in  seconds  in  phase  II  it  takes  for  the  motor  speed  to  go  from  3600 
to  0  rpm  is  referred  to  an  the  lock-up  time.  The  torque  ratio  of  the  oil  formulation  is  then  determined  from 
(T2oo/TD)  as  is  the  torque  difference  (T20o/TD).  In  addition  to  determining  midpoint  dynamic  torque  (TD)  and 
torque  at  200  rpm  (T20o),  the  breakaway  static  torque  is  also  determined.  This  is  achieved  essentially  as 
described  in  connection  with  Test  Procedure  2,  except  that  clutch  engagement  is  performed  3  seconds 

30  after  completion  of  the  dynamic  torque  cycle  regardless  of  the  temperature  of  the  fluid.  Ts  is  recorded  as 
described  in  connection  with  Test  Procedure  2.  Moreover,  the  predetermined  cycle  frequency  at  which 
static  torque  measurements  made  can  differ  from  Test  Procedure  2. 

The  breakaway  static  torque  ratio  expresses  the  ability  of  the  transmission  to  resist  slippage;  the  lower 
the  ratio,  the  higher  the  slippage. 

35  The  test  results  for  Formulations  I  and  2C  are  shown  in  Table  6,  Runs  1  and  2,  The  data  reported  in 
Table  6  is  derived  from  the  1000th  cycle. 

A  commercially  acceptable  range  for  T20o-TD  in  the  test  procedure  2  is  from  about  0.9  to  about  1.0. 
Values  lower  than  0.9  can  result  in  slipping  clutches  and  values  increasingly  higher  than.  1.0  cause 
increasingly  harsher  shifts.  Accordingly,  as  can  be  seen  in  Table  6,  the  ratio  of  T20o/TD  for  comparative 

40  Formulation  2C  is  higher  than  acceptable.  At  0.99,  the  ratio  of  T20o/TD  for  Formulation  1  falls  within  the 
acceptable  range.  With  respect  to  the  parameter  T20o-TD,  also  known  as  delta  torque,  values  in  the  zero  to 
-10  nm  range  give  commercially  acceptably  smooth  shift  performance.  As  can  be  seen  in  Table  6, 
Comparative  Formulation  2C  is  characterized  by  a  delta  torque  of  +9.9  which  would  result  in  vary  harsh 
shift  performance,  whereas  Formulation  1  is  characterized  by  a  delta  -torque  well  within  the  acceptable 

45  range.  Similar  considerations  apply  to  the  breakaway  static  torque  ratio. 
The  data  in  Table  6  thus  demonstrates  the  superiority  of  an  ATF  formulation  which  utilizes  ISA-TEPA  as 

a  friction  modifier  over  a  similar  ATF  formulation  which  utilizes  a  commercial  friction  modifier  in  place  of  the 
ISA-TEPA  of  the  invention. 

50  EXAMPLE  4 

A  PIBSA-PAM  was  prepared  in  accordance  with  the  procedure  of  EXAMPLE  1,  Part  B,  except  that  a 
mole  ratio  of  PIBSA:PAM  of  2.2:1  was  used.  The  resulting  PIBSA-PAM  was  borated  by  mixing  98  parts  by 
weight  of  the  PIBSA-PAM  with  2  parts  by  weight  of  boric  acid.  The  mixture  was  heated  to  160°C  while 

55  stirring  and  blowing  the  reaction  mass  with  nitrogen.  The  mixture  was  kept  at  160°C  for  2  hours,  sparged 
with  nitrogen  for  1  hour  and  filtered.  The  resulting  product  was  analyzed  for  0.35  boron. 

To  another  sample  of  the  Test  Base  there  were  added  4.5  wt.  %  of  the  borated  PIBSA-PAM  dispersant 
of  Example  4,  0.5  wt.  %  of  triphenyl  phosphite  (TPP)  and  0.2  wt.  %  of  the  same  ISA-TEPA  friction  modifier 
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that  was  used  in  Formulation  1  .  The  resulting  formulation  is  designated 

Formulation  3. 

5  To  another  sample  of  the  Test  Base  there  were  added  4.5  wt.%  of  the  borated  PIBSA-PAM  dispersant 
of  EXAMPLE  4,  0.5  wt.  %  of  triphenyl  phosphite  and  0.2  wt.%  of  a  hydroxy  ether  amine  friction  modifier 
having  the  formula: 

10 

15 

C 1 8 H 3 7 - ° - C 3 H 6 - N  

C2H5OH 

C2H5OH 

The  hydroxy  ether  amine  friction  modifier  was  prepared  by  first  reacting  270  parts  by  weight  of 
octadecenyl  alcohol  with  53  parts  by  weight  of  acrylonitrile  in  the  presence  of  on  acid  or  basic  catalyst  at  a 
temperature  in  the  range  off  20-600C.  for  about  6  hours  to  form  an  ether  nitrile  intermediate.  The 

20  intermediate  was  then  hydrogenated  in  the  presence  or  a  Raney  nickel  catalyst  at  a  temperature  in  the 
range  of  from  25  to  40  °  C.  for  about  2  hours  to  form  an  ether  amine.  The  ether  amine  was  then  reacted  with 
44  parts  by  weight  of  ethylene  oxide  in  the  presence  of  a  base  catalyst  at  a  temperature  in  the  range  of  20 
to  about  40  °C.  for  2  hours  to  form  the  hydroxy  either  amine  product.  The  resulting  formulation  is 
designated. 

25 
Comparative  Formulation  4C. 

The  compositions  of  Formulations  2  and  4C  are  summarized  in  Table  4,  as  follows: 

30  TABLE  4 

35 

40 

Component,  wt.%  Formulation  Number 

3  4C 

borated  PIBSA-PAM  4.5  4.5 
TPP  0.5  0.5 
ISA-TEPA  0.2 
hydroxy  ether  amine  —  0.2 
Test  Base  94.8  94.8 

45 

50 

55 

The  formulations  3  and  4C  were  then  tested  in  accordance  with  the  following  4000  cycle  friction  test. 

4000  CYCLE  FRICTION  TEST 

This  test  referred  to  herein  as  Test  Procedure  2,  uses  a  SAE  No.  2  type  friction  machine  operated 
successfully  for  4000  cycles  wherein  no  unusual  clutch  plate  wear  or  composition-face  plate  flaring  occurs. 
The  test  is  conducted  in  a  continuous  series  of  20  second  cycles,  each  cycle  consisting  of  three  phases  as 
follows:  Phase  I  (10  seconds)  -  motor  on  at  speed  of  3,600  rpm,  clutch  plates  disengaged;  Phase  II  (  5 
seconds)  -  motor  off-,  clutch  plates  engaged;  and  Phase  III  (5  seconds)  -  motor  off,  clutch  plates  released. 
4000  cycles  are  repeated  using  20,740  J.  of  flywheel  energy  at  40  psi.  of  applied  clutch  pressure.  During 
the  clutch  engagement,  friction  torque  is  recorded  an  a  function  of  time  as  the  motor  speed  declines  from 
3600  rpm  to  0.  From  the  torque  traces,  the  dynamic  torque  (TD)  is  determined  midway  between  the  start 
and  end  of  clutch  engagement  (i.e.,  at  a  motor  speed  of  1800  rpm),  as  well  as  the  torque  (T0)  just  before 
lock-up,  e.g.,  between  20  and  0  rpm.  The  amount  of  time  in  seconds  in  Phase  II  it  takes  for  the  motor 
speed  to  go  from  3600  to  0  rpm  in  referred  to  as  the  lock-up  time.  The  torque  ratio  of  the  oil  formulation  is 
then  determined  from  (T0/TD).  In  addition  to  determining  midpoint  dynamic  torque  (TD)  and  static  torque 
(T0)  the  breakaway  static  torque  is  also  determined.  Breakaway  static  torque  is  determined  at  completion  of 
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certain  predetermined  cycles  in  the  dynamic  torque  evaluation  cycle  sequence.  Thus,  after  the  flywheel 
returns  to  0  rpm,  it  is  accelerated  to  1  rpm  and  maintained  thereat.  When  the  fluid  temperature  reaches 
116°C,  the  flywheel,  moving  at  1  rpm,  is  engaged  with  the  clutch  pack,  without  releasing  the  clutch  (i.e., 
clutch  is  not  allowed  to  rotate)  under  a  load  of  40  psi.  The  torque  is  then  measured  as  a  function  of  time 

5  during  which  time  slippage  of  the  flywheel  occurs.  Two  torque  values  are  recorded.  The  first  torque  value 
(TSmax)  is  the  highest  torque  observed  during  the  test  interval.  For  hard  fluids,  this  typically  occurs 
immediately  upon  clutch  engagement  and  appears  as  an  initial  peak  in  the  breakaway  static  torque  curve. 
For  softer  fluids,  slippage  can  occur  almost  immediately  and  no  initial  peak  may  be  observed.  The  second 
torque  value  recorded  (Ts)  is  the  average  of  the  torque  values  obtained  during  the  4  second  interval  from 

io  clutch  engagement.  Upon  completion  of  the  Ts  and  TSMax  determination,  a  new  dynamic  torque  cycle  is 
begun  as  described  above. 

The  breakaway  static  torque  and  TS/TD  ratio  express  the  ability  of  the  transmission  to  resist  slippage; 
the  lower  the  ratio,  the  higher  the  slippage. 

The  following  is  a  summary  of  the  4000  cycle  friction  test  conditions: 
15 

Cycle  Rate:  3  per  minute 

Cycle  Make-up:  Motor  on,  clutch  released  10  sec 
Motor  off,  clutch  applied  5  sec 

20  Motor  off,  clutch  released  5  sec 

Temperature:  115+/-  5  °C. 
Pressure:  275  +/-  3  kPa 
Velocity:  3600  rpm 
Energy:  20740  +/1  100  J 

25  Fluid  Quantity:  305  mL+/-5mL 
Paper  Speed:  100mm  per  sec 
Torque  Calibration  2700  Nm 
Total  Cycles:  4000 

30 
The  test  results  for  Formulations  3  and  4C  are  shown  in  Table  6,  Runs  3  to  6.  The  data  reported  in 

Table  6  was  measured  after  200  and  4000  cycles  of  operation. 
For  test  procedure  2,  representative  commercially  acceptable  ranges  for  various  parameters  illustrated 

at  Table  6  are  as  follows: 
35 

TD  =  120  -  150 
Ts  =  90  -  130 
T0/TD  =  .90-1  .0 
ATS  =  Change  in  Ts  between  200  and  4000  cycles  and  reflects 

friction  durability.  Range  is  less  than  or  equal  to  40. 
Lock-up  =  .8  -  1  .0 

As  can  be  seen  from  Table  6,  both  Formulations  3  and  4C  resulted  in  TS,TD  and  T0/TD  values  which  are 
45  acceptable  after  both  200  cycles  and  4000  cycles.  However,  by  comparing  the  200  cycle  data  with  the  4000 

cycle  data,  it  can  be  seen  that  Formulation  3  is  characterized  by  higher  friction  stability  than  is  Formulation 
4C.  By  this  comparison  it  can  be  seen  that  for  Formulation  3,  which  uses  the  ISA-TEPA  as  a  friction 
modifier,  there  was  no  measurable  change  in  T0/TD  from  the  200th  to  the  4000th  cycle,  whereas  there  was 
a  slight  change  of  0.06  units  (6.2%)  in  T0/TD  for  Formulation  4C.  Similarly,  while  there  was  a  slight  change 

50  of  0.01  units  (1.3%)  in  TS/TD  for  Formulation  3,  there  was  a  change  of  15  units  (17.4%)  in  TS/TD  for 
Formulation  4C.  The  data  thus  demonstrates  that  an  ATF  formulation  which  utilizes  ISA-TEPA  as  the  friction 
modifying  additive  has  excellent  friction  retention  and  meets  all  acceptable  parameter  limits  as  shown. 

EXAMPLE  5 
55 

A  phosphorous-  and  sulfur-containing  reaction  product  mixture  was  prepared  by  adding  to  a  500  ml 
round  bottom  4-neck  flask  equipped  with  a  reflux  condenser,  a  stirring  bar  and  a  nitrogen  bubbler  250 
grams  of  tributyl  phosphite  (9  mole  %),  246  grams  of  hydroxyethyl-n-dodecyl  sulfide,  122  grams  of 

28 



EP  0  394  422  B1 

thiobisethanol,  and  0.05  grams  of  sodium  methoxide.  The  reaction  flask  was  sealed  and  flushed  with 
nitrogen,  and  the  contents  thereof  was  heated  to  100°C.  The  reaction  temperature  was  maintained  at 
115°C.  for  a  total  of  10  hours,  during  which  time  approximately  180  ml  of  butanol  were  recovered  as 
overhead  and  infrared  analysis  indicated  a  product  rearrangement  such  that  the  4.1  u  hydrogen  phosphite 

5  peak  exceeded  the  hydroxyl  peak,  which  hydroxyl  peak  had  not  yet  fully  disappeared.  The  resulting 
reaction  product  was  found  to  contain  5.8  wt.  %  phosphorous  and  1  1  .7  wt.  %  sulfur  and  existed  as  a  single 
phase  mixture  and  designated  Anti-Wear  Additive-1  (i.e.,  AW-1). 

To  a  sample  of  the  Test  Base  there  were  added  4.5  wt.  %  of  the  borated  PIBSA-PAM  dispersant  of 
EXAMPLE  4,  together  with  0.5  wt.  %  of  AW-1  containing  reaction  product  of  EXAMPLE  5  and  0.16  wt.  %  of 

io  the  ISA-TEPA  of  EXAMPLE  2.  The  resulting  formulation  is  designated  Formulation  5. 
To  another  sample  of  the  Test  Base  there  were  added  4.5  wt.  %  of  the  same  borated  PIBSA-PAM 

dispersant  and  0.5  wt.%  of  the  same  phosphorous-  and  sulfur-containing  reaction  product  that  were  used  in 
Formulation  5.  The  resulting  formulation  is  designated  Comparative  Formulation  6C. 

The  compositions,  of  Formulations  5  and  6C  are  summarized  in  Table  5. 
15 

TABLE  5 

Component,  wt.  %  Formulation  Number 

5  6C 

borated  PIBSA-PAM  4.5  4.5 
phosphorous-  and  sulfur-containing  reaction  product  0.5  0.5 
ISA-TEPA  0.16 
Test  Base  94.84  95.0 

The  Formulations  5  and  6C  were  then  tested  in  accordance  with  the  same  modified  SAE  No.  2  Friction 
Test  that  was  used  to  test  Formulations  I  and  2C.  The  results  of  the  test  are  tabulated  in  Table  6  as  Runs  7 
and  8. 

30  The  data  in  Table  6  shows  that  an  ATF  formulation  which  utilizes  ISA-TEPA  as  a  friction  modifier 
(Formulation  5)  will  result  in  much  smoother  shifting  characteristics  than  a  similar  ATF  formulation 
(Formulation  6C)  which  does  not  contain  any  ISA-TEPA.  This  conclusion  is  based  on  the  ratio  of  T2oo/TD  for 
Formulation  6C  being  above  the  range  of  about  0.9  to  1.0,  i.e.  1.07,  and  the  delta  torque  for  Formulation  6C 
being  higher  than  the  acceptable  range  of  from  zero  to  -10  n.m.,  i.e.,  +9.2.  Both  the  ratio  of  T2oo/TD  and 

35  the  delta  torque  for  Formulation  5  are  in  the  acceptable  range. 
The  data  in  Table  6  also  illustrates  that  the  presence  of  the  ISA-TEPA  friction  modifier  in  Formulation  5 

lowers  the  static  breakaway  torque  relative  to  that  of  Formulation  6C  which  does  not  contain  a  friction 
modifying  additive. 

40  EXAMPLE  6 

Part  A 

The  diester  reaction  product  of  2-octadecenyl  succinic  anhydride  with  2,2'-thio-bis-ethanol  was  pre- 
45  pared  by  adding  0.5  mole  of  the  alcohol  to  a  mole  of  the  anhydride  at  120°C.  The  reaction  mixture  was 

stirred  at  this  temperature  until  the  anhydride  carbonyl  adsorption  band  is  absent  in  the  IR  spectrum  of  the 
reaction  mixture.  This  compound  can  be  represented  by  the  formula: 

50 

C18H35CH  —   C  —   ° H  

O 
II 

HO  C- : h -  : 18H35  

55 
( C H 2 ) —   S —   ( C H 2 ) j  
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5 

10 

15 

20 

30 

35 

This  above  succinate  ester  Component-2  friction  modifier  additive  is  designated  Friction  Modifier-2  (FM- 
2)  . 

Part  B 

The  diester  reaction  product  of  2-octadecenyl  succinic  anhydride  with  2,2'-dithio-bis-ethanol  was 
prepared  by  adding  0.5  mole  of  the  alcohol  to  a  mole  of  the  anhydride  at  120°C.  The  reaction  mixture  was 
stirred  at  this  temperature  until  the  anhydride  carbonyl  adsorption  band  is  absent  in  the  IR  spectrum  of  the 
reaction  mixture.  This  compound  can  be  represented  by  the  formula: 

?  0  
8  II 

C 1 8 H 3 3 C |   
C  —   °H  HO  —   C  —   CH  —   C 1 8 H 3 5  

C H j - C —   O —   (CH2  )  —   S—  S —   (CH2  )  —  o —   c —   c h 2  
i  2  

II 
0  o  

The  above  succinate  ester  Component-2  friction  modifier  additive  is  designated  Friction  Modifier-3  (FM- 
3)  . 

25  Part  C 

To  0.1  parts  by  weight  of  FM-1  (ISA-TEPA)  of  Example  1,  Part  B  was  added  0.25  parts  by  weight  of 
FM-2  of  Example  6,  Part  A  at  room  temperature.  The  resulting  unreacted  mixture  is  designated  "Unreacted 
Friction  Modifier  Mixture-1"  (i.e.,  URFMM-1). 

Part  D 

To  0.1  parts  by  weight  of  FM-1  (ISA-TEPA)  of  Example  1  was  added  0.25  parts  by  weight  of  FM-3  of 
Example  6  Part  B  at  room  temperature.  The  resulting  unreacted  mixture  is  designated  URFMM-2. 

Part  E 

A  portion  of  each  of  the  URFMM-1  and  -2  samples  was  heated  to  60  °C  and  maintained  thereat  for  0.75 
hour  while  stirring.  Each  resultant  product  was  a  highly  viscous  fluid.  The  salt  product  derived  from 

40  URFMM-1  is  designated  Friction  Modifier  Salt-1  (i.e.,  FMS-1);  the  salt  product  derived  from  URFMM-2  is 
designated  FMS-2. 

Example  7 

45  Several  fully  formulated  automatic  transmission  fluids  were  prepared  by  preblending  borated  PIBSA- 
PAM  dispersant  of  Example  4,  Part  B,  a  conventional  oxidation  inhibitor,  seal  swell  agent,  anti-wear  additive 
AW-1  ,  and  selected  friction  modifiers,  in  oil  at  70  °  C  while  stirring  for  1  hour.  The  preblend  was  then  mixed 
with  conventional  viscosity  index  improver  and  further  diluent  oil. 

The  composition  of  the  fully  formulated  automatic  transmission  fluid,  minus  friction  modifiers,  was  held 
50  constant  for  Runs  9  to  24  and  differed  only  by  the  friction  modifiers  present  therein  as  summarized  at  Table 

6. 

55 

30 
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As  can  be  seen  from  Table  6,  Run  10,  FM-2  alone  exhibits  a  ATS  of  23  versus  24  for  FM-1  alone  even 
lough  FM-2  is  employed  at  more  than  twice  the  amount  of  FM-1.  When  the  two  are  combined,  however, 
le  ATS  drops  to  between  15  and  19  for  Runs  13  to  16. 

Note  further  that  while  FM-3  alone  exhibits  a  slightly  better  ATS  than  URFMM-2,  the  other  friction 
roperties  of  URFMM-2  are  substantially  improved  relative  to  FM-2  alone.  FMS-2,  on  the  other  hand,  gives 
etter  ATS  than  either  FM-2  alone  or  URFMM-2. 
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Claims 

1.  The  use  as  a  friction  modifier  in  power  transmitting  fluids  of  an  additive  which  comprises  the 
substantially  imidazole  free  amide  containing  reaction  product  formed  by  reacting,  at  a  temperature  of 
from  120  to  250  °C,  (1)  amine  having  from  2  to  60  total  carbon  atoms,  at  least  3  and  up  to  15  nitrogen 
atoms,  with  at  least  one  of  said  nitrogen  atoms  being  present  in  the  form  of  a  primary  amine  group,  and 
at  least  two  of  the  remaining  nitrogen  atoms  being  present  as  primary  or  secondary  amine  groups,  and 
(2)  a  branched  or  straight  chain  saturated  or  unsaturated  mono  carboxylic  acid  or  mixture  thereof 
having  from  10  to  30  carbon  atoms;  said  reaction  being  conducted  with  from  2  to  10  molar  equivalents 
of  fatty  acid  per  mole  of  amine  reactants. 

2.  The  use  according  to  claim  1,  wherein  said  fatty  acid  contains  from  12  to  24  total  carbon  atoms. 

3.  The  use  according  to  claim  1  or  claim  2,  wherein  said  amine  is  an  aliphatic  saturated  amine  having  one 
of  the  general  formulas: 

R—  N—  R*  , 
I 

R'  • 

( I )  

a n d  R—  N- 
I 
R '  

- (CH2)—  N—  (CH2)- 

R*  '  ' 

( I I )  

- N - R  
l 

t  R '  

wherein  R,  R',  R"  and  R'"  are  independently  selected  from  the  group  consisting  of  hydrogen;  Ci  to  C25 
straight  or  branched  chain  alkyl  radicals;  Ci  to  C12  alkoxy  C2  to  Cg  alkylene  radicals;  C2  to  C12 
hydroxy  amino  alkylene  radicals;  and  Ci  to  C12  alkylamino  C2  to  Cg  alkylene  radicals;  and  wherein  R'" 
can  additionally  comprise  a  moiety  of  the  formula: 

■XCH2)S.-N- 

R '  

-H 

( I I I )  

wherein  R'  is  as  defined  above,  wherein  s  and  s'  can  be  the  same  or  a  different  number  of  from  2  to  6, 
wherein  t  and  t'  can  be  the  same  or  different  and  are  numbers  of  from  0  to  10,  with  the  provisos  that  t 
is  at  least  1,  that  the  sum  of  t  and  t'  is  not  greater  than  15,  that  the  total  number  of  nitrogen  atoms  in 
said  amine  is  from  3  to  15,  and  that  the  identity  of  R,  R',  R"  and  R'"  is  selected  to  provide  the  requisite 
number  of  primary  and  secondary  amino  groups  specified  in  claim  1. 

The  use  according  to  claim  1,  wherein  said  amine  is  tetraethylene  pentamine,  and  said  fatty  acid  is 
isostearic  acid. 

The  use  according  to  any  of  the  preceding  claims  of  from  0.001  to  0.5  wt.  %  of  said  friction  modifying 
additive. 

The  use  according  to  claim  1  in  the  reaction  product  is  further  reacted  with  at  least  one  Component-2 
which  is  the  reaction  product  of 

(i)  alcohol  represented  by  the  structural  formula: 

H- 
I 
OCH  —  (CH2)— "(Z)- 

J b  

R-, 

-(CH2)~  —  CHO -H 
-Id ( X X I I I )  

33 
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wherein  Rg  and  R7  each  independently  can  represent  hydrogen  or  Ci  to  Cg  alkyl;  (a),  (b),  (c),  and 
(d)  each  independently  represent  a  number  which  can  vary  from  1  to  3;  and  Z  represents  a  linking 
group  selected  from  -S-,  -S-S-,  -0-,  and  >NR8  wherein  Rs  can  represent  hydrogen,  Ci  to  C+  alkyl, 
or  Ci  to  C4  monohydroxy  substituted  alkyl;  and 
(ii)  from  1  to  2  moles  per  mole  of  alcohol  of  an  acid  or  anhydride  represented  by  the  respective 
structural  formulas: 

O 
II 

R9  —  CH  C  —  OH 

R'9  —  CH2—  C  —  OH 
II 
O  (XXIV) 

a n d  

wherein  R'g  is  hydrogen  or  Ci  to  Cg  aliphatic  hydrocarbyl,  Rg  is  an  aliphatic  hydrocarbyl  group 
containing  from  12  to  50  carbon  atoms;  said  reaction  being  conducted  in  a  manner  and  under 
conditions  sufficient  to  (a)  react  at  least  one  hydroxy  group  of  reactant  B-i  with  at  least  one  carboxyl 
group  of  reactant  B-ii  to  form  ester  and  (b)  provide  the  resulting  Component-2  reaction  product  with 
at  least  one  reactive  carboxyl  group. 

An  automatic  transmission  fluid  which  comprises: 
(1)  lubricating  oil;  and 
(2)  an  amine  salt  composition  formed  from  the  reaction  of  at  least  one  Component-1  amine  with  at 
least  one  Component-2  acid  wherein: 

(A)  Component-1  is  at  least  one  reaction  product  derived  from  reacting: 
(i)  amine  having  from  2  to  60  total  carbon  atoms,  at  least  3  and  up  to  15  nitrogen  atoms,  with 
at  least  one  of  said  nitrogen  atoms  being  present  in  the  form  of  a  primary  amine  group,  and  at 
least  two  of  the  remaining  nitrogen  atoms  being  present  as  primary  or  secondary  amine 
groups,  and 
(ii)  aliphatic  mono  acid  having  from  10  to  30  carbon  atoms;  and  said  reaction  being  conducted 
in  a  manner  and  under  conditions  sufficient  to  (a)  react  at  least  one  amine  group  of  reactant  A-i 
amine  with  the  acid  group  of  reactant  A-ii  acid  to  form  an  amide  and  (b)  provide  the  resulting 
Component-1  reaction  product  with  at  least  one  reactive  primary  or  secondary  amine  group; 
and 

(B)  Component  -2  is  the  reaction  product  derived  from  reacting; 
(i)  alcohol  represented  by  the  structural  formula: 

R< 

H- -OCH  —  (CH2)- -<z)- -(CH2)-  —  CHO- -H 
( X X I I I )  

wherein  Rg  and  R7  each  independently  can  represent  hydrogen  or  Ci  to  Cg  alkyl;  (a),  (b),  (c), 
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and  (d)  each  independently  represent  a  number  which  can  vary  from  1  to  3;  and  Z  represents 
a  linking  group  selected  from  -S-,  -S-S-,  -0-,  and  >NR8  wherein  Rs  can  represent  hydrogen, 
Ci  to  alkyl,  or  Ci  to  monohydroxy  substituted  alkyl;  and 
(ii)  from  1  to  2  moles  per  mole  of  alcohol  of  an  acid  or  anhydride  represented  by  the 
respective  structural  formulas: 

O 
II 

R9  —  CH  C  —  OH 

R'o  —  CHo—  C  —  OH 
II 
O  (XXIV) 

a n d  

wherein  R'g  is  hydrogen  Ci  to  Cg  aliphatic  hydrocarbyl,  Rg  is  an  aliphatic  hydrocarbyl  group 
containing  from  12  to  50  carbon  atoms;  said  reaction  being  conducted  in  a  manner  and  under 
conditions  sufficient  to  (a)  react  at  least  one  hydroxy  group  of  reactant  B-i  with  at  least  one 
carboxyl  group  of  reactant  B-ii  to  form  ester  and  (b)  provide  the  resulting  Component-2 
reaction  product  with  at  least  one  reactive  carboxyl  group. 

The  automatic  transmission  fluid  of  claim  7,  wherein  said  friction  modifying  salt  composition  is  present 
in  said  fluid  in  an  amount  of  from  .01  to  3  wt.%. 

A  power  transmitting  fluid  additive  composition,  which  comprises: 
(1)  lubricating  oil;  and 
(2)  an  amine  salt  composition  formed  from  the  reaction  of  at  least  one  Component-1  amine  with  at 
least  one  Component-2  acid  wherein: 

(A)  Component-1  is  at  least  one  reaction  product  derived  from  reacting: 
(i)  amine  having  from  2  to  60  total  carbon  atoms,  at  least  3  and  up  to  15  nitrogen  atoms,  with 
at  least  one  of  said  nitrogen  atoms  being  present  in  the  form  of  a  primary  amine  group,  and  at 
least  two  of  the  remaining  nitrogen  atoms  being  present  as  primary  or  secondary  amine 
groups,  and 
(ii)  aliphatic  mono  acid  having  from  10  to  30  carbon  atoms;  and  said  reaction  being  conducted 
in  a  manner  and  under  conditions  sufficient  to  (a)  react  at  least  one  amine  group  of  reactant  A-i 
amine  with  the  acid  group  of  reactant  A-ii  acid  to  form  an  amide  and  (b)  provide  the  resulting 
Component-1  reaction  product  with  at  least  one  reactive  primary  or  secondary  amine  group; 
and 

(B)  Component  -2  is  the  reaction  product  derived  from  reacting: 
(i)  alcohol  represented  by  the  structural  formula: 

H- 
I 

-OCH—  (CH2)T ( Z ) - h ( C H 2 ) —   C H 0 4 -  -H 
( X X I I I )  

35 
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10 

wherein  Rg  and  R7  each  independently  can  represent  hydrogen  or  Ci  to  Cg  alkyl;  (a),  (b),  (c), 
and  (d)  each  independently  represent  a  number  which  can  vary  from  1  to  about  3;  and  Z 
represents  a  linking  group  selected  from  -S-,  -S-S-,  -0-,  and  >NR8  wherein  Rs  can  represent 
hydrogen,  Ci  to  C+  alkyl,  or  Ci  to  C+  monohydroxy  substituted  alkyl;  and 
(ii)  from  1  to  2  moles  per  mole  of  alcohol  of  an  acid  or  anhydride  represented  by  the 
respective  structural  formulas: 

O 
II 

Rg—  CH  C—  OH 
I 

R 'q—  CH2—  C—  OH 
II 
O  (XXIV) 

15  , a n d  

20 

25 

R9  —  CH 

R'Q—  CH- 

<  

/  

O  (XXV) 

wherein  R'g  is  hydrogen  Ci  to  Cg  aliphatic  hydrocarbyl,  Rg  is  an  aliphatic  hydrocarbyl  group 
30  containing  from  about  12  to  50  carbons;  said  reaction  being  conducted  in  a  manner  and  under 

conditions  sufficient  to  react  at  least  one  hydroxy  group  of  reactant  B-i  with  at  least  one 
carboxyl  group  of  reactant  B-ii  to  form  ester. 

10.  The  power  transmitting  composition  of  claim  7  wherein  said  composition  is  an  automatic  transmission 
35  fluid  which  additionally  includes  a  dispersant  and  an  anti-wear  additive. 

Patentanspruche 

1.  Verwendung  als  Reibungsveranderungsmittel  in  Kraftubertragungsflussigkeiten  von  einem  Additiv,  das 
40  das  im  wesentlichen  imidazolfreie,  amidhaltige  Reaktionsprodukt  umfaBt,  welches  gebildet  wird,  indem 

bei  einer  Temperatur  von  1  20  0  C  bis  250  0  C 
(1)  Amin  mit  insgesamt  2  bis  60  Kohlenstoffatomen  und  mindestens  3  und  bis  zu  15  Stickstoffato- 
men,  wobei  mindestens  eines  dieser  Stickstoffatome  in  Form  einer  primaren  Aminogruppe  vorliegt, 
und  mindestens  zwei  der  restlichen  Stickstoffatome  als  primare  oder  sekundare  Aminogruppen 

45  vorliegen,  mit 
(2)  einer  verzweigten  oder  geradkettigen,  gesattigten  oder  ungesattigten  Monocarbonsaure  mit  10 
bis  30  Kohlenstoffatomen  oder  Mischungen  davon  umgesetzt  wird,  wobei  die  Umsetzung  mit  2  bis 
10  Molaquivalenten  Fettsaure  pro  Mol  Aminreaktanten  durchgefuhrt  wird. 

50  2.  Verwendung  nach  Anspruch  1,  wobei  die  Fettsaure  insgesamt  12  bis  24  Kohlenstoffatome  enthalt. 

3.  Verwendung  nach  Anspruch  1  oder  Anspruch  2,  wobei  das  Amin  ein  aliphatisches  gesattigtes  Amin  mit 
einer  der  allgemeinen  Formeln 

55 
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R-N-R  ' 
I 

R" 

u n d  
R.N_KCH2)-N-(CH2)- 

R'  R" 

1  N-R 

( i )  ( i i )  

ist,  wobei  R,  R',  R"  und  R'"  unabhangig  ausgewahlt  sind  aus  der  Gruppe  bestehend  aus  Wasserstoff, 
geradkettigen  oder  verzweigten  Ci  -  bis  C25-Alkylresten,  Ci  -  bis  Ci2-Alkoxy-C2-  bis  Ce-alkylenresten, 
C2-  bis  Ci2-Hydroxyaminoalkylenresten  und  Ci-  bis  Ci2-Alkylamino-C2-  bis  Ce-alkylenresten,  und 
wobei  R'"  zusatzlich  eine  Gruppe  mit  der  Formel 

-<CH2>_T  N-J-H 
R'  f 

( I I I )  

umfassen  kann,  wobei  R'  wie  oben  definiert  ist,  s  und  s'  die  gleiche  oder  eine  unterschiedliche  Zahl 
von  2  bis  6  sein  konnen,  t  und  t'  gleich  oder  unterschiedlich  sein  konnen  und  Zahlen  von  0  bis  10  sind, 
mit  den  MaBgaben,  dal3  t  mindestens  1  ist,  die  Summe  aus  t  und  t'  nicht  groBer  als  15  ist,  die 
Gesamtzahl  der  Stickstoffatome  in  dem  Amin  3  bis  15  ist  und  die  Identitat  von  R,  R',  R"  und  R'"  so 
ausgewahlt  ist,  dal3  fur  die  in  Anspruch  1  spezifizierte  Zahl  an  primaren  und  sekundaren  Aminogruppen 
gesorgt  ist. 

4.  Verwendung  nach  Anspruch  1  ,  bei  der  das  Amin  Tetraethylenpentamin  und  die  Fettsaure  Isostearinsau- 
re  ist. 

5.  Verwendung  nach  einem  der  vorhergehenden  Anspruche  von  0,001  bis  0,5  Gew.%  des  Reibungsveran- 
derungsadditivs. 

6.  Verwendung  nach  Anspruch  1,  wobei  das  Reaktionsprodukt  ausserdem  mit  mindestens  einer  Kompo- 
nente-2  umgesetzt  wird,  die  das  Reaktionsprodukt  aus 

(i)  Alkohol  mit  der  Strukturformel 

[  I6  
H-OCH-(CH. 

1   7 
-(Z)  (CH,)—  CHO- '  o ( X X I I I )   , 

wobei  Rg  und  R7  jeweils  unabhangig  Wasserstoff  oder  Ci  -  bis  Ce-Alkyl  bedeuten  konnen;  (a),  (b), 
(c)  und  (d)  jeweils  unabhangig  eine  Zahl  bedeuten,  die  von  1  bis  3  variieren  kann,  und  Z  eine 
verbindende  Gruppe  ausgewahlt  aus  -S-,  -S-S-,  -O-  und  >NR8  bedeutet,  wobei  Rs  Wasserstoff,  C1- 
bis  C4  -Alkyl  oder  mono-hydroxysubstituiertes  Ci  -  bis  -Alkyl  bedeuten  kann,  und 
(ii)  1  bis  2  Mol  pro  Mol  Alkohol  von  einer  Saure  oder  einem  Anhydrid,  die  durch  die  jeweiligen 
Strukturformeln 
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Rj  —  CH  C  —  OH 

R*t-CH  —  C  OH 9  n 

(XXIV)  
u n d  

o 

o 

(XXV) 

wiedergegeben  werden,  wobei  R'g  Wasserstoff  oder  aliphatischer  Ci  -  bis  CG-Kohlenwasserstoffrest 
ist,  Rg  eine  aliphatische  Kohlenwasserstoffgruppe  mit  12  bis  50  Kohlenstoffatomen  ist,  und  die 
Umsetzung  in  einer  Weise  und  unter  Bedingungen  durchgefuhrt  wird,  die  ausreichend  sind,  urn  (a) 
mindestens  eine  Hydroxygruppe  von  Reaktant  B-i  mit  mindestens  einer  Carboxylgruppe  von  Reak- 
tant  B-ii  unter  Bildung  von  Ester  umzusetzen  und  (b)  das  resultierende  Komponente-2-Reaktionspro- 
dukt  mit  mindestens  einer  reaktiven  Carboxylgruppe  zu  versehen. 

7.  Automatikgetriebeflussigkeit,  die 
(1)  Schmierol  und 
(2)  eine  Aminsalzzusammensetzung  umfaBt,  die  durch  die  Umsetzung  von  mindestens  einem 
Komponente-1-Amin  mit  mindestens  einer  Komponente-2-Saure  gebildet  worden  ist,  wobei 

(A)  Komponente-1  mindestens  ein  Reaktionsprodukt  ist,  das  aus  der  Umsetzung  von 
(i)  Amin,  das  insgesamt  2  bis  60  Kohlenstoffatome  und  mindestens  3  und  bis  zu  15 
Stickstoffatome  aufweist,  wobei  mindestens  eines  der  Stickstoffatome  in  Form  einer  primaren 
Aminogruppe  vorliegt  und  mindestens  2  der  restlichen  Stickstoffatome  als  primare  oder 
sekundare  Aminogruppen  vorliegen,  mit 
(ii)  aliphatischer  Monosaure  mit  10  bis  30  Kohlenstoffatomen  abgeleitet  ist,  wobei  die  Umset- 
zung  in  einer  Weise  und  unter  Bedingungen  durchgefuhrt  wird,  die  ausreichend  sind,  urn  (a) 
mindestens  eine  Amingruppe  des  Reaktant  A-i-Amins  mit  der  Sauregruppe  der  Reaktant  A-ii- 
Saure  unter  Bildung  eines  Amids  umzusetzen,  und  (b)  das  resultierende  Komponente-1  - 
Reaktionsprodukt  mit  mindestens  einer  reaktiven  primaren  oder  sekundaren  Aminogruppe  zu 
versehen,  und 

(B)  Komponente-2  ein  Reaktionsprodukt  ist,  das  aus  der  Umsetzung  von 
(i)  Alkohol  mit  der  Strukturformel 

[ I s  
H-OCH-(CH -(Z)- 

7 1  
CHO-4-H 

( X X I I I )   , 

wobei  Rg  und  R7  jeweils  unabhangig  Wasserstoff  oder  Ci  -  bis  CG-Alkyl  bedeuten  konnen;  (a), 
(b),  (c)  und  (d)  jeweils  unabhangig  eine  Zahl  bedeuten,  die  von  1  bis  3  variieren  kann,  und  Z 
eine  verbindende  Gruppe  ausgewahlt  aus  -S-,  -S-S-,  -0-  und  >NR8  bedeutet,  wobei  Rs 
Wasserstoff,  Ci  -  bis  C+  -Alkyl  oder  mono-hydroxysubstituiertes  Ci  -  bis  C+  -Alkyl  bedeuten  kann, 
mit 
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(ii)  1  bis  2  Mol  pro  Mol  Alkohol  von  einer  Saure  oder  einem  Anhydrid,  die  durch  die  jeweiligen 
Strukturformeln 

o 
II 

Rg—  CH  —  C  OH 

R'5-CH  —  C  OH 9  II 
0 

(XXIV)  
u n d  

o 

o 

(XXV) 

wiedergegeben  werden,  abgeleitet  ist,  wobei  R'g  Wasserstoff  oder  aliphatischer  Ci-  bis  Cg- 
Kohlenwasserstoffrest  ist,  Rg  eine  aliphatische  Kohlenwasserstoffgruppe  mit  12  bis  50  Kohlen- 
stoffatomen  ist,  und  die  Umsetzung  in  einer  Weise  und  unter  Bedingungen  durchgefuhrt  wird, 
die  ausreichend  sind,  urn  (a)  mindestens  eine  Hydroxygruppe  von  Reaktant  B-i  mit  mindestens 
einer  Carboxylgruppe  von  Reaktant  B-ii  unter  Bildung  von  Ester  umzusetzen  und  (b)  das 
resultierende  Komponente-2-Reaktionsprodukt  mit  mindestens  einer  reaktiven  Carboxylgruppe 
zu  versehen. 

Automatikgetriebeflussigkeit  nach  Anspruch  7,  bei  dem  die  reibungsverandernde  Salzzusammenset- 
zung  in  einer  Menge  von  0,01  bis  3  Gew.%  in  der  Flussigkeit  vorhanden  ist. 

Kraftubertragungsflussigkeits-Additivzusammensetzung,  die 
(1)  Schmierol  und 
(2)  eine  Aminsalzzusammensetzung  umfaBt,  die  durch  die  Umsetzung  von  mindestens  einem 
Komponente-1  -Amin  mit  mindestens  einer  Komponente-2-Saure  gebildet  worden  ist,  wobei 

(A)  Komponente-1  mindestens  ein  Reaktionsprodukt  ist,  das  aus  der  Umsetzung  von 
(i)  Amin,  das  insgesamt  2  bis  60  Kohlenstoffatome  und  mindestens  3  und  bis  zu  15 
Stickstoffatome  aufweist,  wobei  mindestens  eines  der  Stickstoffatome  in  Form  einer  primaren 
Aminogruppe  vorliegt  und  mindestens  2  der  restlichen  Stickstoffatome  als  primare  oder 
sekundare  Aminogruppen  vorliegen,  mit 
(ii)  aliphatischer  Monosaure  mit  10  bis  30  Kohlenstoffatomen  abgeleitet  ist,  wobei  die  Umset- 
zung  in  einer  Weise  und  unter  Bedingungen  durchgefuhrt  wird,  die  ausreichend  sind,  urn  (a) 
mindestens  eine  Amingruppe  des  Reaktant  A-i-Amins  mit  der  Sauregruppe  der  Reaktant  A-ii- 
Saure  unter  Bildung  eines  Amids  umzusetzen,  und 

(B)  Komponente-2  das  Reaktionsprodukt  ist,  das  aus  der  Umsetzung  von 
(i)  Alkohol  mit  der  Strukturformel 

«6 

H4-OCH-(CH„ (Z)- 
7 1  

(CH„)  —  CHO-- 
Jb ( X X I I I )   , 
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wobei  Rg  und  R7  jeweils  unabhangig  Wasserstoff  oder  Ci  -  bis  CG-Alkyl  bedeuten  konnen;  (a), 
(b),  (c)  und  (d)  jeweils  unabhangig  eine  Zahl  bedeuten,  die  von  1  bis  3  variieren  kann,  und  Z 
eine  verbindende  Gruppe  ausgewahlt  aus  -S-,  -S-S-,  -0-  und  >NR8  bedeutet,  wobei  Rs 
Wasserstoff,  Ci  -  bis  -Alkyl  oder  mono-hydroxysubstituiertes  Ci  -  bis  -Alkyl  bedeuten  kann, 

5  mit 
(ii)  1  bis  2  Mol  pro  Mol  Alkohol  von  einer  Saure  oder  einem  Anhydrid,  die  durch  die  jeweiligen 
Strukturformeln 

o 
10  || 

Rg—  CH  C  OH 

R'̂ -CH  C  OH 9  II 

(XXIV)  
u n d  

o 

(XXV) 

30  wiedergegeben  werden,  abgeleitet  ist,  wobei  R'g  Wasserstoff  oder  aliphatischer  Ci-  bis  Cg- 
Kohlenwasserstoffrest  ist,  Rg  eine  aliphatische  Kohlenwasserstoffegruppe  mit  etwa  12  bis  50 
Kohlenstoffatomen  ist,  und  die  Umsetzung  in  einer  Weise  und  unter  Bedingungen  durchgefuhrt 
wird,  die  ausreichend  sind,  urn  (a)  mindestens  eine  Hydroxygruppe  von  Reaktant  B-i  mit 
mindestens  einer  Carboxylgruppe  von  Reaktant  B-ii  unter  Bildung  von  Ester  umzusetzen. 

35 
10.  Kraftubertragungszusammensetzung  nach  Anspruch  7,  bei  der  die  Zusammensetzung  eine  Automatik- 

getriebeflussigkeit  ist,  die  zusatzlich  ein  Dispergiermittel  und  ein  AntiverschleiBadditiv  einschlieBt. 

Revendicatlons 
40 

1.  Utilisation,  comme  modificateur  de  friction  dans  des  fluides  de  transmission  de  puissance,  d'un  additif 
qui  comprend  le  produit  de  reaction,  contenant  un  amide  principalement  depourvu  d'imidazole,  forme 
par  reaction,  a  une  temperature  de  120  a  250  °C,  (1)  d'une  amine  ayant  au  total  2  a  60  atomes  de 
carbone,  au  moins  3  et  jusqu'a  15  atomes  d'azote,  I'un  au  moins  desdits  atomes  d'azote  etant  present 

45  sous  forme  d'un  groupe  amino  primaire,  et  au  moins  deux  des  atomes  d'azote  restants  etant  presents 
sous  forme  de  groupes  amino  primaires  ou  secondaires,  et  (2)  d'un  acide  monocarboxylique  sature  ou 
non  sature  a  chaTne  droite  ou  ramifiee  ou  d'un  melange  de  tels  acides  ayant  10  a  30  atomes  de 
carbone  ;  la  reaction  etant  conduite  avec  2  a  10  equivalents  molaires  d'acide  gras  par  mole  d'amines 
reactionnelles. 

50 
2.  Utilisation  suivant  la  revendication  1,  dans  laquelle  I'acide  gras  contient  au  total  12  a  24  atomes  de 

carbone. 

3.  Utilisation  suivant  la  revendication  1  ou  la  revendication  2,  dans  laquelle  I'amine  est  une  amine  saturee 
55  aliphatique  ayant  I'une  des  formules  generales  : 

40 
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R  —  N  —  R  '  , e t  

R '  

( I )  

R—  N- 

R '  

- (CH2)—  N—  (CH2)- 

R'  '  • 

( I D  

- N - R  
I 

J t   R« 

ou  R,  R',  R"  et  FT"  sont  choisis,  independamment,  dans  le  groupe  comprenant  I'hydrogene  ;  des 
radicaux  alkyle  a  chaTne  droite  ou  a  chaTne  ramifiee  en  Ci  a  C25  ;  des  radicaux  (alkoxy  en  Ci  a  C12)- 
alkylene  en  C2  a  Cg)  ;  des  radicaux  hydroxyaminoalkylene  en  C2  a  C12  ;  et  des  radicaux  (alkyle  en  Ci 
a  Ci2)amino-(alkylene  en  C2  a  Cg)  ;  et  FT"  peut  en  outre  comprendre  un  groupement  de  formule  : 

- ( C H 2 ) S . - N -  

R '  

-H 

( I I I )  

dans  laquelle  R'  est  tel  que  defini  ci-dessus,  s  et  s'  peuvent  etre  des  nombres  de  2  a  6  identiques  ou 
differents,  t  et  t'  peuvent  etre  des  nombres  de  0  a  10  identiques  ou  differents,  sous  reserve  que  t  soit 
au  moins  egal  a  1,  que  la  somme  de  t  et  t'  ne  depasse  pas  15,  que  le  nombre  total  d'atomes  d'azote 
dans  ladite  amine  soit  de  3  a  15  et  que  I'identite  de  R,  R',  R"  et  R'"  soit  choisie  de  maniere  qu'il  y  ait 
le  nombre  desire  de  groupes  amino  primaires  et  secondaires  specifie  dans  la  revendication  1  . 

Utilisation  suivant  la  revendication  1  ,  dans  laquelle  I'amine  est  la  tetraethylenepentamine  et  I'acide  gras 
est  I'acide  isostearique. 

Utilisation  suivant  I'une  quelconque  des  revendications  precedentes  de  0,001  a  0,5  %  en  poids  dudit 
additif  modificateur  de  friction. 

Utilisation  suivant  la  revendication  1  ,  dans  laquelle  le  produit  de  reaction  est  en  outre  amene  a  reagir 
avec  au  moins  un  Composant  2  qui  est  le  produit  de  reaction 

(i)  d'un  alcool  represente  par  la  formule  structurale  : 

R,  

H- -OCH  —  (CH2)- -<Z)- 

r  

-(CH2)-  —  CHO- -H 
( X X I I I )  

dans  laquelle  Rg  et  R7  peuvent  representer  chacun,  independamment,  I'hydrogene  ou  un  groupe 
alkyle  en  Ci  a  Cg  ;  (a),  (b),  (c)  et  (d)  represented  chacun  independamment  un  nombre  qui  peut 
varier  de  1  a  3  ;  et  Z  represente  un  groupe  de  jonction  choisi  entre  -S-,  -S-S-,  -0-,  et  >NR8  ou  Rs 
peut  representer  I'hydrogene,  un  groupe  alkyle  en  Ci  a  C+  ou  un  groupe  alkyle  en  Ci  a  C+  portant 
un  substituant  hydroxy  ;  et 
(ii)  de  1  a  2  moles,  par  mole  d'alcool,  d'un  acide  ou  anhydride  represente  par  les  formules 
structurales  respectives  : 
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O 
II 

R9  —  CH  C—  OH 
I 

R ' 9 —   C H 2 - C - O H  

O  (XXIV) 

e t  

O  (XXV) 

dans  lesquelles  R'g  represente  I'hydrogene  ou  un  groupe  hydrocarbyle  aliphatique  en  Ci  a  Cg,  Rg 
est  un  groupe  hydrocarbyle  aliphatique  contenant  12  a  50  atomes  de  carbone  ;  ladite  reaction  etant 
conduite  d'une  maniere  et  dans  des  conditions  qui  suffisent  (a)  pour  faire  reagir  au  moins  un  groupe 
hydroxy  du  corps  reactionnel  B-i  avec  au  moins  un  groupe  carboxyle  du  corps  reactionnel  B-ii  de 
maniere  a  former  un  ester  et  (b)  pour  que  le  produit  de  reaction  avec  le  Composant-2  resultant  porte 
au  moins  un  groupe  carboxyle  reactif. 

Fluide  de  transmission  automatique,  qui  comprend  : 
(1)  une  huile  lubrifiante  ;  et 
(2)  une  composition  de  sels  d'amine  formee  par  reaction  d'au  moins  un  Composant-1  amine  avec  au 
moins  un  Composant-2  acide,  ou  : 

(A)  le  Composant-1  est  au  moins  un  produit  de  reaction  obtenu  en  faisant  reagir  : 
(i)  une  amine  totalisant  2  a  60  atomes  de  carbone,  au  moins  3  et  jusqu'a  15  atomes  d'azote, 
I'un  au  moins  desdits  atomes  d'azote  etant  present  sous  forme  d'un  groupe  amino  primaire  et 
au  moins  deux  des  atomes  d'azote  restants  etant  presents  sous  forme  de  groupes  amino 
primaires  ou  secondaires,  et 
(ii)  un  mono-acide  aliphatique  ayant  10  a  30  atomes  de  carbone  ;  ladite  reaction  etant  conduite 
d'une  maniere  et  dans  des  conditions  suffisantes  (a)  pour  faire  reagir  au  moins  un  groupe 
amino  de  I'amine  reactionnelle  A-i  avec  le  groupe  acide  de  I'acide  reactionnel  A-ii  pour  former 
un  amide  et  (b)  pour  que  le  Composant-1  obtenu  comme  produit  reactionnel  porte  au  moins 
un  groupe  amino  primaire  ou  secondaire  reactif  ;  et 

(B)  le  Composant-2  est  le  produit  de  reaction  obtenu  en  faisant  reagir  : 
(i)  un  alcool  represente  par  la  formule  structurale  : 

R< 

H- -OCH  —  (CH2)- -<z)- 

R-, 

"(CH2)-  —  CHO- -H 
( X X I I I )  

dans  laquelle  Rg  et  R7  peuvent  representer  chacun,  independamment,  I'hydrogene  ou  un 
groupe  alkyle  en  Ci  a  Cg  ;  (a),  (b),  (c)  et  (d)  represented  chacun  independamment  un  nombre 
qui  peut  varier  de  1  a  3  ;  et  Z  est  un  groupe  de  jonction  choisi  entre  -S-,  -S-S-,  -0-  et  >NR8 
ou  Rs  peut  representer  I'hydrogene,  un  groupe  alkyle  en  Ci  a  C+  ou  un  groupe  alkyle  en  Ci  a 
C4  portant  un  substituant  hydroxy  ;  et 
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(ii)  1  a  2  moles,  par  mole  d'alcool,  d'un  acide  ou  anhydride  represente  par  les  formules 
structurales  respectives  : 

O 
II 

R9  —  CH  C  —  OH 
I 

R*9—  CH2—  C—  OH 
II 
O  (XXIV) 

e t  

O  (XXV) 

ou  R'g  represente  I'hydrogene,  un  groupe  hydrocarbyle  aliphatique  en  Ci  a  Cg,  Rg  est  un 
groupe  hydrocarbyle  aliphatique  contenant  12  a  50  atomes  de  carbone  ;  ladite  reaction  etant 
conduite  d'une  maniere  et  dans  des  conditions  qui  suffisent  (a)  pour  faire  reagir  au  moins  un 
groupe  hydroxy  du  corps  reactionnel  B-i  avec  au  moins  un  groupe  carboxyle  du  corps 
reactionnel  B-ii  pour  former  un  ester  et  (b)  pour  que  le  Composant-2  obtenu  comme  produit 
reactionnel  porte  au  moins  un  groupe  carboxyle  reactif. 

Fluide  de  transmission  automatique  suivant  la  revendication  7,  dans  lequel  la  composition  de  sels 
modificateurs  de  friction  est  presente  dans  ce  fluide  en  une  quantite  de  0,01  a  3  %  en  poids. 

Composition  d'additif  pour  fluide  de  transmission  de  puissance,  qui  comprend  : 
(1)  une  huile  lubrifiante,  et 
(2)  une  composition  de  sels  d'amine  formee  par  reaction  d'au  moins  un  Composant-1  amine  avec  au 
moins  un  Composant-2  acide,  ou  : 

(A)  le  Composant-1  est  au  moins  un  produit  de  reaction  obtenu  en  faisant  reagir  : 
(i)  une  amine  ayant  2  a  60  atomes  de  carbone  au  total,  au  moins  3  et  jusqu'a  15  atomes 
d'azote,  I'un  au  moins  des  atomes  d'azote  etant  present  sous  forme  d'un  groupe  amino 
primaire  et  deux  au  moins  des  atomes  d'azote  restants  etant  presents  sous  forme  de  groupes 
amino  primaires  ou  secondaires,  et 
(ii)  un  mono-acide  aliphatique  ayant  10  a  30  atomes  de  carbone  ;  la  reaction  etant  conduite 
d'une  maniere  et  dans  des  conditions  suffisantes  (a)  pour  faire  reagir  au  moins  un  groupe 
amino  du  corps  reactionnel  A-i  amine  avec  le  groupe  acide  du  corps  reactionnel  A-ii  acide 
pour  former  un  amide  et  (b)  pour  que  le  Composant-1  obtenu  comme  produit  reactionnel  porte 
au  moins  un  groupe  amino  primaire  ou  secondaire  reactif,  et 

(B)  le  Composant-2  est  le  produit  de  reaction  obtenu  en  faisant  reagir 
(i)  un  alcool  represente  par  la  formule  structurale  : 

H- 
I 

-OCH  —  (CH2)- -(Z)- 

r  

-(CH2)-  —  CHO- -H 
J d  ( X X I I I )  
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dans  laquelle  Rg  et  R7  peuvent  representer  chacun,  independamment,  I'hydrogene  ou  un 
groupe  alkyle  en  Ci  a  Cg  ;  (a),  (b),  (c)  et  (d)  represented  chacun  independamment  un  nombre 
qui  peut  varier  de  I  a  environ  3  ;  et  Z  represente  un  groupe  de  jonction  choisi  entre  -S-,  -S-S-, 
-0-  et  >NR8  ou  Rs  peut  representer  I'hydrogene,  un  groupe  alkyle  en  Ci  a  C+  ou  un  groupe 

5  alkyle  en  Ci  a  C+  portant  un  substituant  hydroxy  ;  et 
(ii)  1  a  2  moles,  par  mole  d'alcool,  d'un  acide  ou  anhydride  represente  par  les  formules 
structurales  respectives 

O 
II 

Rq  —  CH  C—  OH 
I 

R 'q—  CH2—  C—  OH 
II 
O  (XXIV) 

e t  

(XXV) 

dans  lesquelles  R'g  represente  I'hydrogene,  un  groupe  hydrocarbyle  aliphatique  en  Ci  a  Cg, 
30  Rg  est  un  groupe  hydrocarbyle  aliphatique  contenant  environ  12  a  50  atomes  de  carbone  ; 

ladite  reaction  etant  conduite  d'une  maniere  et  dans  des  conditions  suffisantes  pour  faire  reagir 
au  moins  un  groupe  hydroxy  du  corps  reactionnel  B-i  avec  au  moins  un  groupe  carboxyle  du 
corps  reactionnel  B-ii  pour  former  un  ester. 

35  10.  Composition  de  transmission  de  puissance  suivant  la  revendication  7,  qui  est  un  fluide  de  transmission 
automatique  renfermant  en  outre  un  dispersant  et  un  additif  anti-usure. 
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