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Description 

FIELD  OF  THE  INVENTION 

5  The  invention  relates  to  an  antifouling  process  for  treating  heat  transfer  surfaces  which  heat  or  cool  various  hy- 
drocarbon  feedstocks,  often  in  the  presence  of  steam,  at  conditions  tending  to  promote  the  formation  of  coke  on  the 
surfaces.  In  particular,  the  invention  relates  to  a  method  for  inhibiting  coke-formation  on  heat  transfer  surfaces  used 
to  heat  or  cool  a  petroleum  feedstock  at  coke-forming  conditions. 

10  BACKGROUND  OF  THE  INVENTION 

Ethylene  manufacture  entails  the  use  of  pyrolysis  or  cracking  furnaces  to  manufacture  ethylene  from  various  gas- 
eous  and  liquid  petroleum  feedstocks.  Typical  gaseous  feedstocks  include  ethane,  propane,  butane  and  mixtures  there- 
of.  Typical  liquid  feedstocks  include  naphthas,  kerosene,  and  atmospheric/vacuum  gas  oil.  When  gaseous  or  liquid 

is  hydrocarbon  feedstocks  are  pyrolyzed  in  the  presence  of  steam,  significant  quantities  of  ethylene  and  other  useful 
unsaturated  compounds  are  obtained.  Steam  is  used  to  regulate  the  cracking  reaction  of  saturated  feedstocks  to  un- 
saturated  products.  The  effluent  products  are  quenched  and  fractionated  in  downstream  columns,  and  then  further 
reacted  or  processed  depending  on  need. 

Fouling  of  cracking  furnace  coils,  transfer  line  exchangers  (TLEs)  and  other  heat  transfer  surfaces  occurs  because 
20  of  coking  and  polymer  deposition.  The  fouling  problem  is  one  of  the  major  operational  limitations  experienced  in  running 

an  ethylene  plant.  Depending  on  deposition  rate,  ethylene  furnaces  must  be  periodically  shut  down  for  cleaning.  In 
addition  to  periodic  cleaning,  crash  shutdowns  are  sometimes  required  because  of  dangerous  increases  in  pressure 
or  temperatures  resulting  from  deposit  buildup  in  the  furnace  coils  and  TLEs.  Cleaning  operations  are  carried  out  either 
mechanically  or  by  passing  steam  and/or  air  through  the  coils  to  oxidize  and  burn  off  the  coke  buildup. 

25  A  major  limitation  of  ethylene  furnace  run  length  is  coke  formation  in  the  radiant  section  and  transfer  line  exchangers 
(TLEs).  The  coke  is  normally  removed  by  introducing  steam  and/or  air  to  the  unit  which  in  effect  burns  off  carbonaceous 
deposits.  Since  coke  is  a  good  thermal  insulator,  the  furnace  firing  must  be  gradually  increased  to  provide  enough  heat 
transfer  to  maintain  the  desired  conversion  level.  Higher  temperatures  shorten  the  tube  life,  and  tubes  are  quite  ex- 
pensive  to  replace.  Additionally,  coke  formation  decreases  the  effective  cross-sectional  area  of  the  process  gas,  which 

30  increases  the  pressure  drop  across  the  furnace  and  TLEs.  Not  only  is  valuable  production  time  lost  during  the  decoking 
operation,  but  also  the  pressure  buildup  resulting  from  coke  formation  adversely  affects  ethylene  yield.  Run  lengths 
for  ethylene  furnaces  average  from  one  week  to  four  months  depending  in  part  upon  the  rate  of  fouling  of  the  furnace 
coils  and  TLEs.  This  fouling  rate  is  in  turn  dependent  upon  the  nature  of  the  feedstock  as  well  as  upon  furnace  design 
and  operational  parameters.  In  general,  however,  heavier  feedstocks  and  higher  cracking  severity  results  in  an  in- 

35  creased  rate  of  furnace  and  TLE  fouling.  A  process  or  additive  that  could  increase  run  length  would  lead  to  fewer  days 
lost  to  decoking  and  lower  maintenance  costs. 

Significant  effort  has  been  exerted  over  the  past  twenty  years  in  developing  phosphorus,  in  numerous  forms,  as 
a  coke  inhibitor.  See  U.S.  Patents  3,531,394  to  Koszman  (phosphoric  acid);  4,105,540  to  Weinland  (phosphate  and 
phosphite  mono  and  diesters);  4,542,253  and  4,842,716  to  Kaplan  et  al.  (amine  complexes  of  phosphate,  phosphite, 

40  thiophosphate  and  thiophosphite  mono  and  diesters);  4,835,332  to  Kisalus  (triphenyl  phosphine);  and  4,900,426  to 
Kisalus  (triphenyl  phosphine  oxide).  Compared  with  other  element-based  additives,  many  of  these  phosphorus-based 
antifoulants  have  performed  extremely  well  with  respect  to  coke  suppression  in  both  lab  simulations  and  industrial 
applications;  however,  some  have  yielded  detrimental  side  effects  preventing  prolonged  usage  in  many  situations,  e. 
g.,  contributing  to  corrosion,  impairing  catalyst  performance,  or  the  like. 

45  Convection  section  corrosion  has  been  a  problem  with  many  phosphorus-based  anticoking  additives  of  the  prior 
art.  Along  the  path  of  the  convection  section  tubing,  conditions  are  constantly  changing.  Heated  steam  and  hydrocarbon 
are  typically  introduced  to  the  section  separately  and  then  mixed  well  before  entering  the  radiant  section.  During  the 
numerous  passes  that  the  streams  experience,  separated  or  mixed,  there  can  be  temperatures,  pressures,  and  com- 
positions  which  enhance  the  conversion  of  antifoulants  to  detrimental  corrosive  by-products.  A  product  which  is  an 

so  excellent  coke  suppressant  may  also  be  an'extremely  corrosive  species  if  it  accumulates  in  the  convection  section. 
Once  additives  pass  through  the  convection,  radiant,  and  TLE  sections,  they  are  subject  to  effluent  quench  con- 

ditions.  In  a  very  simplified  view,  heavy  products  concentrate  in  the  primary  fractionator,  water  quench  tower,  caustic 
tower  and/or  compressor  knock-out  drums,  while  the  lighter  components  are  fractionated  in  columns  downstream  of 
the  compressors.  Accumulation  of  coke  inhibitors  and  their  cracked  by-products  is  dictated  mainly  by  their  physical 

55  properties.  Briefly,  inhibitor  by-products  with  high  boiling  points  are  condensed  early  in  the  fractionation  process  while 
lighter  ones  progress  to  the  later  stages. 

Accumulation  of  antifoulants  and/or  their  by-products  in  the  radiant  and  TLE  coke,  primary  fractionator,  or  water 
quench  tower,  is  for  the  most  part  acceptable.  These  sections  process  and  collect  many  other  heavy  products  which 

2 
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are  quite  impure  and  thus,  trace  amounts  of  an  additive  generally  do  not  have  a  significant  impact. 
I  n  contrast,  additives  and/or  by-products  that  go  past  the  caustic  tower  and  compressor  sections  can  be  a  significant 

problem.  Past  these  sections,  purity  becomes  an  important  issue  since  the  downstream  fractionation  generally  sepa- 
rates  the  unsaturated  products  into  high  purity  chemicals.  The  presence  of  phosphorus-containing  products  which 
might  adversely  affect  the  performance  of  catalysts  used  to  process  these  lighter  components  is  unacceptable. 

Many  phosphorus-containing  products  are  good  ligands  and  can  adversely  affect  the  catalyst  performance.  The 
phosphorus  by-product  which  is  of  greatest  concern  is  phosphine  (PH3).  This  by-product  is  extremely  low-boiling  (- 
88°C).  In  fact,  it  has  basically  the  same  boiling  point  as  acetylene  (-84°C),  a  hydrocarbon  by-product  which  is  often 
catalytically  hydrogenated  to  the  more  desired  ethylene. 

Accordingly,  there  remains  a  need  for  a  phosphorus-based  anticoking  additive  for  cracking  furnaces  which  is  es- 
sentially  free  from  contributing  to  corrosion  and  from  forming  catalyst  impairing  by-products. 

SUMMARY  OF  THE  INVENTION 

Therefore,  the  object  of  the  present  invention  is  to  find  a  new  phosphorus-based  anticoking  additive  for  cracking 
furnaces  which  is  essentially  free  from  contributing  to  corrosion  and  from  forming  catalyst  impairing  by-products. 

Surprisingly,  it  has  been  found  that  the  above  object  according  to  the  present  invention  can  be  achieved  by  using 
specific  phosphoric  triamides  having  the  following  formula  (I)  as  antifoulant  and  coke  suppressant  in  various  high 
temperature  applications  including  steam  cracking  furnaces  to  treat  heat  transfer  surfaces  used  to  heat  or  cool  a  pe- 
troleum  feedstock  at  coke-forming  conditions. 

Subject-matter  of  the  present  invention  is  a  method  for  inhibiting  coke  formation  on  heat  transfer  surfaces  used  to 
heat  or  cool  a  petroleum  feedstock  at  coke-forming  conditions  which  comprises 
contacting  the  heat  transfer  surfaces  with  an  effective  amount  of  a  phosphoric  triamide  of  the  formula: 

X 

R 2  

wherein 

X  is  chalcogen  preferably  sulfur,  and  especially  oxygen,  and 
each  R1  through  R3  is  an  amino  moiety  of  the  formula: 

N 

wherein  R4  is  hydrocarbyl,  and  R5  is  hydrogen  or  hydrocarbyl,  and 
R4  and  R5  taken  together  can,  and  preferably  do,  form  a  heterocyclic  moiety. 

The  heat  transfer  surfaces  can  be  contacted  with  the  inhibitor  in  several  different  ways,  including,  for  example, 
pretreating  the  heat  transfer  surfaces  prior  to  heating  or  cooling  the  petroleum  feedstock,  continuously  or  intermittently 
adding  a  trace  amount  of  the  additive  to  the  petroleum  feedstock  as  it  is  being  heated  or  cooled,  adding  the  phosphoric 
triamide  to  steam  feed  which  is  then  mixed  with  the  petroleum  feedstock,  to  the  petroleum  feedstock  itself,  or  to  a  feed 
mixture  of  the  petroleum  foodstock  and  steam. 

Where  the  petroleum  feedstock  being  heated  or  cooled  is  treated  with  the  phosphoric  triamide,  the  additive  is 
preferably  added  at  a  rate  of  from  0.  1  to  1  000  ppm,  on  a  basis  of  elemental  phosphorus  in  the  additive,  more  preferably 
of  from  1  to  100  ppm,  by  weight  of  the  petroleum  feedstock. 

( I )  
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Each  R4  and  R5  in  the  foregoing  phosphoric  triamide  formula  is  preferably  alkyl,  aryl,  alkylaryl  or  arylalkyl,  wherein 
the  phosphoric  triamide  preferably  has  from  3  to  48  carbon  atoms,  and  more  preferably,  each  of  R4  and  R5  have  from 
1  to  1  5,  especially  from  1  to  8  carbon  atoms.  More  preferably,  each  heterocyclic  moiety  has  from  4  to  1  2  carbon  atoms 
and  is  selected  from  pyrrolyl,  pyrrolinyl,  pyrrolidinyl,  dihydropyridinyl,  tetrahydropyridinyl,  piperidino,  azepinyl,  indolyl, 

5  isoindolinyl,  indolinyl,  and  carbazolyl. 
A  particularly  preferred  phorphoric  triamide  comprises  tripiperidinophosphine  oxide. 
According  to  further  preferred  embodiments  of  the  present  invention: 

the  petroleum  feedstock  includes  ethane,  propane,  butane,  naphtha,  kerosene,  gas  oil,  or  a  combination  thereof; 
10 

the  heat  transfer  surfaces  comprise  cracking  furnace  coils;  or  transfer  line  exchangers;  and 

the  heat  transfer  surfaces  are  pretreated  with  the  phosphoric  triamide  before  heating  or  cooling  the  petroleum 
feedstock. 

15 
Other  preferred  embodiments  of  the  method  of  the  present  invention  comprise: 

adding  the  phosphoric  triamide  to  a  petroleum  feedstock;  and 
passing  the  resulting  admixture  through  convection  and  radiant  sections  of  a  cracking  furnace; 

20 
further  comprising  fractionating  the  furnace  effluent  and  catalytically  treating  a  fraction  thereof; 

adding  the  phosphoric  triamide  to  a  petroleum  feedstock  or  ethylene  furnace  effluent  upstream  from  a  transfer  line 
exchanger;  and 

25  passing  effluent  from  the  cracking  furnace  containing  the  phosphoric  triamide  through  the  transfer  line  exchanger; 

further  comprising  fractionating  the  furnace  effluent  and  catalytically  treating  a  fraction  thereof; 

adding  the  phosphoric  triamide  to  steam; 
30  mixing  the  steam  with  a  petroleum  feedstock;  and 

passing  the  admixture  of  feedstock  and  steam  containing  the  phosphoric  triamide  through  a  cracking  furnace;  and 
adding  the  phosphoric  triamide  to  a  mixture  of  steam  and  a  petroleum  feedstock;  and 
passing  the  resulting  admixture  through  a  cracking  furnace. 

35  The  phosphoric  triamide  derivatives  of  the  above  general  formula  (I)  which  are  used  according  to  the  present 
invention  are  already  known  from  US-A-3  433  623  and  EP-A-0  165  507,  and  are  disclosed  therein  as  additives  for 
controlling  weeds  and  as  phosphorus  dopants  to  be  used  in  integrated  circuit  manufacture,  respectively.  However,  both 
documents  are  completely  silent  on  other  application  purposes  of  such  phosphoric  triamides.  In  particular,  their  use 
as  an  antifoulant  and  coke  suppressant  in  various  high  temperature  applications  is  not  mentioned  therein. 

40  For  the  purposes  of  this  invention,  coke  formation  is  defined  as  any  buildup  of  coke  or  coke  precursors  on  the  heat 
transfer  surfaces,  including  convection  coils,  radiant  furnace  coils,  transfer  line  exchangers,  quench  towers,  or  the  like. 
Other  phosphorus-containing  compounds  have  been  disclosed  in  various  patents  and  other  references  as  effective 
coke  formation  inhibitors.  However,  none  of  the  phosphorus  compounds  provide  the  same  performance  as  the  presently 
used  phosphoric  triamides  Performance  is  based  not  only  on  the  anticoking  agent's  ability  to  suppress  and  inhibit  coke 

45  formation,  but  just  as  importantly,  on  being  essentially  free  from  causing  any  harmful  side  effects  associated  with  many 
of  the  prior  art  additives,  such  as  contributing  to  corrosion  or  impairing  catalyst  performance. 

As  used  herein,  petroleum  feedstock  is  used  to  refer  to  any  hydrocarbon  generally  heated  or  cooled  at  the  heat 
transfer  surfaces,  regardless  of  the  degree  of  previous  processing,  and  specifically  when  used  in  reference  to  an 
ethylene  or  other  cracking  furnace,  refers  to  the  hydrocarbon  before  processing,  as  well  as  the  hydrocarbon  during 

so  and  after  processing  in  the  furnace  itself,  in  the  TLE,  in  the  quench  section,  etc.  The  feedstock  can  include  ethane, 
propane,  butane,  kerosene,  naphtha,  gas  oil,  and  combinations  thereof. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

55  Fig.  1  is  a  graph  of  coking  rates  obtained  by  inhibition  with  tripiperidinophosphine  oxide  over  a  typical  cracking 
furnace  operating  temperature  range  according  to  the  present  invention. 

4 
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DESCRIPTION  OF  THE  INVENTION 

The  coking  inhibitor  used  according  to  the  present  invention  is  a  phosphorus-based  compound  which  is  preferably 
essentially  non-corrosive  and  is  preferably  essentially  free  from  phosphine  formation  general  conditions  for  hydrocar- 

5  bon  cracking.  The  presently  used  anti-coking  agent  has  the  following  general  formula: 

X 

10 
R1  —   P  —   R3 

( I )  

15 
R1 

wherein  X  is  chalcogen,  preferably  sulfur,  and  especially  oxygen;  and  wherein  each  R1  through  R3  is  independently 
an  amino  moiety  of  the  formula: 

20 

■  N 

25 

wherein  each  R4  is  independently  hydrocarbyl,  such  as,  for  example,  alkyl,  aryl,  alkylaryl,  or  arylalkyl,  and  each  R5  is 
independently  hydrogen  or  hydrocarbyl,  and  R4  and  R5  taken  together  can,  and  preferably  do  form  a  heterocyclic 

30  moiety,  such  as,  for  example,  pyrrolyl,  pyrrolinyl,  pyrrolidinyl,  piperidino,  dihydropyridinyl,  tetrahydropyridinyl,  azepinyl, 
indolyl,  indolinyl,  isoindolinyl,  and  carbazolyl.  This  class  of  nitrogen-containing  phosphorus  compounds  is  referred  to 
generally  herein  as  phosphoric  triamides,  but  are  sometimes  also  known  as  phosphoramides  or  triaminophosphine 
oxides  or  sulfides. 

The  phosphoric  triamide  preferably  has  from  3  to  48  carbon  atoms,  and  more  preferably  from  12  to  24  carbon 
35  atoms.  Each  hydrocarbyl  group  R4  and  R5  (where  they  do  not  form  a  heterocyclic  amino  moiety)  preferably  comprises 

from  1  to  15  carbon  atoms.  Each  heterocyclic  amino  moiety  (where  R4  and  R5  taken  together  form  the  heterocyclic 
moiety)  preferably  has  from  4  to  12  carbon  atoms.  If  the  number  of  carbon  atoms  in  the  amino  moieties  is  excessively 
large,  the  economics  of  the  additive  are  less  favorable,  the  additive  can  lose  volatility  and  miscibility  to  mix  properly  in 
the  petroleum  feedstock  being  treated,  or  can  lose  the  desired  stability.  The  hydrocarbyl  groups  can  be  substituted 

40  with  or  contain  a  heteroatom  such  as  a  chalcogen,  or  nitrogen,  but  this  is  generally  less  preferred  because  of  the 
concomitant  instability  imparted  by  the  heteroatom.  However,  in  some  situations,  where  the  heteroatom  will  impart 
solubility  in  steam  or  water,  for  example,  the  presence  of  a  heteroatom  can  be  useful,  especially  where  the  heteroatom 
is  in  a  terminal  portion  of  the  hydrocarbyl  group  spaced  from  the  amino  moiety,  so  that  any  cleavage  or  other  reaction 
of  the  heteroatom  will  leave  the  triaminophosphine  moiety  substantially  intact  for  anticoking  effectiveness. 

45  The  hydrocarbyl  groups  can  be  the  same  or  different  in  each  amino  moiety,  for  example,  where  the  phosphoric 
triamide  is  formed  from  a  mixture  of  different  amines,  and/or  reacted  with  different  amines  in  a  stepwise  fashion.  In 
many  instances,  it  is  not  necessary  that  the  phosphoric  triamide  be  completely  pure,  and  the  reaction  product  obtained 
by  using  isomers  or  mixtures  of  amines,  which  may  be  more  economically  available  than  the  pure  amines,  are  generally 
suitable. 

so  Specific  representative  examples  of  the  anticoking  additives  include  tripiperidinophosphine  oxide,  hexamethyl 
phosphoramide,  hexaoctyl  phosphoramide,  and  hexaphenyl  phosphoramide.  Phosphoric  triamides  wherein  the  amino 
moieties  are  cyclic  groups,  particularly  piperidino  and  pyrrolidinyl,  are  preferred  for  the  characteristics  of  non-corrosivity 
and  being  essentially  free  of  phosphine  formation,  as  well  as  coke  suppression.  For  the  purposes  of  clarity  and  con- 
venience,  and  not  by  way  of  limitation,  the  anti-coking  agent  is  referred  to  herein  generally  as  the  preferred  tripiperid- 

55  inophosphine  oxide  (TPyPO)  with  the  understanding  that  this  is  just  one  example  of  the  phosphoric  triamides  used 
according  to  the  present  invention. 

The  phosphoric  triamides  are  prepared  according  to  methods  known  in  the  art,  and  in  some  cases  are  commercially 
available.  Generally,  the  phosphoric  triamides  can  be  prepared  by  the  reaction  of  phosphorus  oxyhalide,  e.g.  phos- 

5 
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phorus  oxybromide  or  phosphorus  oxychloride,  with  an  excess  of  the  desired  amine,  e.g.  piperidine,  in  a  suitable 
solvent  such  as  heavy  aromatic  naphtha,  toluene,  and  benzene,  with  evolution  of  the  corresponding  hydrohalide.  Other 
bases  which  are  less  nucleophilic  (e.g.  pyridine)  may  also  be  incorporated  to  help  drive  the  desired  transformation. 
Alternatively,  the  phosphoric  triamide  can  be  prepared  from  the  corresponding  phosphorus  triamide  which  is  oxidized 

5  or  sulfurized.  In  some  cases,  it  may  be  possible  to  effectively  convert  phosphorous  triamide  to  the  corresponding 
phosphoric  triamide  in  situ  in  the  cracking  furnace,  in  accordance  with  the  present  invention. 

The  TPyPO  is  used  to  inhibit  coke  formation  on  heat  transfer  surfaces  used  most  often  to  heat,  but  sometimes  to 
cool,  petroleum  feedstocks  at  coke-forming  conditions,  by  treating  the  surfaces  with  an  effective  amount  of  the  TPyPO. 
The  surface  can  be  effectively  treated,  for  example,  by  introducing  the  TPyPO  into  the  petroleum  feedstock  before  the 

10  feedstock  comes  into  contact  with  the  heat  transfer  surfaces. 
In  general,  the  TPyPO  can  be  used  in  an  amount  effective  to  obtain  the  desired  inhibition  of  coke  formation,  usually 

at  least  0.1  ppm  by  weight  in  the  hydrocarbon,  preferably  at  least  1  ppm,  on  a  basis  of  elemental  phosphorus.  There 
is  usually  no  added  benefit  in  using  the  TPyPO  in  a  relatively  high  concentration,  and  the  economics  are  less  favorable. 
Preferably,  the  TPyPO  is  used  in  an  amount  from  0.1  to  1000  ppm,  more  preferably  from  1  to  100  ppm,  by  weight  in 

is  the  hydrocarbon,  on  an  elemental  phosphorus  basis. 
The  addition  to  the  petroleum  feedstock  is  preferably  continuous,  but  it  is  also  possible  to  use  the  petroleum  feed- 

stock  treatment  on  an  intermittent  basis,  depending  on  the  coke  inhibition  which  is  desired  in  the  particular  application. 
For  example,  where  there  is  a  scheduled  shutdown  of  the  heat  transfer  equipment  for  maintenance,  other  than  for  the 
build  up  of  coke  deposits,  the  continuous  addition  of  the  TPyPO  to  the  petroleum  feedstock  could  be  terminated  in 

20  advance  of  the  shutdown.  Or,  the  anti-coking  agent  could  be  used  in  the  petroleum  feedstock  after  the  development 
of  a  pressure  drop  through  the  heat  transfer  equipment  indicative  of  coke  formation  therein. 

It  is  also  possible  to  treat  the  heat  transfer  surfaces  before  they  come  into  contact  with  the  petroleum  feedstock, 
for  example,  by  applying  the  TPyPO  as  a  pretreatment  or  as  a  treatment  between  production  runs.  As  a  pretreatment, 
the  TPyPO  can  be  circulated  through  the  heat  transfer  equipment,  preferably  in  a  suitable  diluent.  The  heat  transfer 

25  equipment  can  also  be  filled  with  the  TPyPO  solution  and  allowed  to  soak  for  a  period  of  time  to  form  a  protective  film 
on  the  heat  transfer  surfaces.  Similarly,  the  petroleum  feedstock  can  be  dosed  at  a  relatively  high  initial  rate,  for  example, 
at  the  beginning  of  a  run,  e.g.  0.5  to  2.0  weight  percent,  and  after  a  period  of  time,  e.g.  1  to  24  hours,  reduced  to  the 
continuous  dosage  rates  described  above. 

Where  the  petroleum  feedstock  being  heated  or  cooled  is  being  treated  on  a  generally  continuous  basis,  the  TPyPO 
30  is  preferably  added  as  a  solution  in  a  master  batch.  The  mode  of  blending  the  TPyPO  with  the  feedstock  is  not  partic- 

ularly  critical,  and  a  vessel  with  an  agitator  is  all  that  is  required.  However,  most  conveniently,  a  master  batch  of  the 
TPyPO  in  a  suitable  solvent,  such  as  aliphatic  or  aromatic  hydrocarbon,  is  metered  into  a  stream  of  the  feedstock  and 
intimately  mixed  therein  by  turbulence  in  the  processing  equipment.  Also,  the  TPyPO  can  be  added  to  a  steam  or  water 
stream  which  is  injected  or  otherwise  added  to  the  petroleum  feedstock  stream,  or  the  TPyPO  can  be  added  to  a  mixed 

35  stream  of  the  petroleum  feedstock  and  steam  or  water. 
The  TPyPO  should  be  added  to  the  feedstock  upstream  of  the  heat  transfer  surfaces  being  treated.  The  TPyPO 

addition  should  be  sufficiently  upstream  to  allow  sufficient  mixing  and  dispersion  of  the  additive  in  the  feedstock,  but 
preferably  not  too  far  upstream  in  order  to  avoid  or  minimize  any  significant  decomposition  or  degradation  of  the  TPyPO 
before  it  reaches  the  surfaces  being  treated 

40  The  invention  is  illustrated  by  way  of  the  following  examples. 

EXAMPLES 

In  the  following  examples,  various  phosphorus  compounds  were  evaluated  and  compared  for  coke  inhibition,  cor- 
45  rosivity  and  phosphine  formation.  The  additives  used  are  designated  as  indicated  in  Table  1  . 

TABLE  1 
ADDITIVE  ACTIVE  COMPONENT 

A  Tripiperidinophosphine  oxide 

B  Amine-neutralized  thiophosphate  mono/diester* 

C  0,0,0-Triphenyl  phosphate 
D  Amine-neutralized  phosphate  mono/diester* 

E  Diphenyl  phosphinic  acid** 
*Alkyl  groups  were  Cg-Ĉ   q  paraffins;  neutralized  with  morpholine. 
"Neutralized  with  morpholine. 
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TABLE  1  (continued) 
ADDITIVE  ACTIVE  COMPONENT 

F  Triphenylphosphine 
G  Borane-tributylphosphine  complex 
H  Triphenyl  phosphine  oxide 

For  coke  suppression  data,  a  laboratory  reactor  was  used  to  simulate  conditions  used  in  atypical  ethylene  furnace. 
The  reactor  is  described  in  U.S.-A-4,835,332.  All  weights  and  percentages  are  on  a  weight  basis  unless  otherwise 
indicated. 

Example  1 

Tripiperidinophosphine  oxide  (TPyPO)  was  evaluated  for  coke  suppression  at  200  ppm  and  500  ppm  in  n-hexane. 
The  hexane  was  fed  into  the  test  reactor  at  38-40  g/h  with  steam  dilution  at  0.5  kg/kg  hexane,  and  a  V/F0  value  of 
41-43  €-sec/mol,  where  V  is  the  equivalent  reactor  volume  (in  liters)  and  F0  is  the  initial  molar  flow  rate  of  hexane  (in 
moles/sec).  The  results  illustrated  in  Fig.  1  show  that  Additive  A  reduces  the  asymptotic  coking  rate  over  a  range  of 
temperatures  above  about  770°C.  This  performance  is  comparable  to  the  performance  of  other  phosphorus-based 
additives  reported  in  U.S.-A-4,842,716;  4,835,332,  and  4,900,  426. 

Example  2 

A  high  temperature  wheel  box  was  used  to  determine  the  degradative  properties  of  various  additives  over  long 
25  periods  of  time.  To  accelerate  corrosion  effects,  Additive  A  was  used  at  a  concentration  of  5  percent  in  heavy  aromatic 

naphtha,  and  other  additives  were  used  at  an  equivalent  phosphorus  content.  The  additive  was  added  to  a  high  alloy 
vessel  along  with  hydrocarbon,  an  equal  amount  of  water  and  preweighed  coupons  constructed  of  carbon  steel.  The 
contents  were  rotated  continuously  at  temperatures  representative  of  a  typical  convection  section  of  an  ethylene  fur- 
nace;  the  mixing  ensured  that  the  coupons  would  be  exposed  to  both  a  liquid  and  a  gas  phase  (composed  of  water 

30  and  hydrocarbon).  Exposing  the  additives  to  high  temperature  for  extended  periods  of  time  permitted  potential  decom- 
position  to  harmful  by-products.  In  essence,  this  method  simulated  a  worse  case  scenario  involving  a  fairly  high  con- 
centration  of  an  additive  in  the  convection  section  with  eventual  accumulation/degradation  (e.g.  thermolysis,  hydrolysis, 
disproportionation,  etc.)  to  by-products  which  may  or  may  not  be  corrosive.  Additionally,  the  appearance  of  corrosion 
may  not  be  the  direct  result  of  degradation,  but  may  be  an  inherent  property  of  an  additive. 

35  In  Table  2,  test  data  for  Additive  A  is  compared  against  three  other  compounds,  two  of  which  were  amine-neutralized 
phosphate  esters  mono-  and  di-substituted  with  alkyl  groups,  known  coke  suppressants  with  aggressive  corrosivity. 
As  can  be  seen,  the  tripiperidinophosphine  oxide  (A)  exhibited  excellent  performance.  The  same  was  not  true  for  the 
other  phosphorus-based  compounds. 

40  TABLE  2 
ADDITIVE  WEIGHT  LOSS  (mg) 
A  (TPyPO)  9.2 

B  90 

C  115 

D  120 

NONE  1.6 
50 

Example  3 

A  lab  unit  was  constructed  which  would  simulate  the  dynamic  (i.e.  erosive  and  corrosive)  conditions  of  a  typical 
convection  section  of  an  ethylene  furnace.  Corrosion  is  more  likely  to  occur  at  or  near  the  bends/elbows  of  the  con- 

55  vection  sections  because  of  high  erosion  due  to  the  velocity  of  the  stream.  Steam,  generated  from  one  vessel,  was 
mixed  with  hydrocarbon  (hexane  and  toluene  at  50-50  weight  percent)  from  a  second  vessel  (steam:hydrocarbon 
weight  ratio  0.5-0.6).  Heating  to  the  desired  temperature  was  accomplished  by  passing  the  mixture  through  two  inde- 
pendent  furnaces  held  at  specified  temperatures  (100-600°C).  Both  furnaces  were  monitored  and  controlled  via  two 
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separate  temperature  controllers.  Preweighed  corrosion  coupons,  made  of  carbon  steel,  were  situated  at  the  bends 
within  the  furnace  coil.  Coupon  A  was  situated  in  the  process  flow,  subjected  to  the  erosive  and  corrosive  nature  of 
the  process  stream,  upstream  and  at  a  lower  temperature  (above  100°C)  relative  to  Coupon  B  which  was  situated 
downstream  at  a  higher  temperature  (less  than  600°C).  Thermocouples  were  used  to  record  the  temperature  of  both 
coupons  as  well  as  both  furnace  sections. 

The  additives  were  added  to  the  hydrocarbon  feed  and  tested  under  conditions  identical  to  a  blank  (without  addi- 
tive).  Coupon  weight  loss  for  several  additives  is  given  in  Table  3.  Tripiperidinophosphine  oxide  (A),  at  2.4  weight 
percent  in  the  hydrocarbon,  gave  excellent  results  compared  to  the  others  tested,  at  an  equivalent  phosphorus  content. 

TABLE  3 
ADDITIVE  WEIGHT  LOSS  (mg) 

COUPON  A  COUPON  B 

A  (TPyPO)  1.3  4.7 

B  4.3  23.1 

D  2.5  15.2 

E  1.4  31.3 

NONE  1.2  1.2 

Example  4 

To  determine  the  propensity  of  various  phosphorus-based  products  to  yield  PH3,  a  known  catalyst  poison,  additives 
were  evaluated  in  the  apparatus  described  in  Example  3.  Additive  A  was  used  at  5  weight  percent  in  the  hydrocarbon, 
and  all  other  additives  were  used  at  an  equivalent  phosphorus  content.  To  achieve  the  proper  cracking  temperature, 
a  radiant  section  (750-950°C)  was  added  just  after  the  convection  section.  To  more  accurately  simulate  a  typical  eth- 
ylene  furnace  downstream  quenching  process,  the  effluent  gases  were  passed  through  several  vessels  maintained  at 
low  temperatures  (0°C  and  -78°C),  a  caustic  scrubber,  and  a  dryer  containing  3A  molecular  sieves.  Phosphine  pro- 
duction  levels  given  in  Table  4  below  are  relative  to  each  other  (Additive  F  reading  =  100)  and  were  determined  by  the 
colorimetric  reading  taken  from  a  gas  detector  situated  downstream  of  all  the  condensers.  A  low  value  indicates  little 
PH3  was  produced  while  higher  values  indicate  larger  levels  were  produced.  As  a  second  confirmation  that  PH3  was 
being  produced  by  the  phosphorus  based  chemicals,  the  cracked  gas  effluent  was  bubbled  through  deuterated  chlo- 
roform  at  low  temperatures  (-78°C)  and  analyzed  by  31  PNMR  at  -60°C.  The  spectrum  obtained  matched  PH3  from  the 
literature  (-234  ppm,  quartet  with  JPH192  Hz). 

TABLE  4 
ADDITIVE  PH3  RATE 

A  (TPyPO)  4.7 

F  100 

G  >250 

H  20 

NONE  NONE 

From  the  foregoing  data,  it  is  seen  that  the  tripiperidinophosphine  oxide  was  as  effective  in  coke  suppression  as 
the  prior  art  phosphorus-based  additives,  but  was  essentially  free  from  contributing  to  corrosion  and  from  forming 
phosphine.  It  is  further  seen  that  the  other  phosphorus-based  additives  evaluated  either  contributed  to  corrosion  or 
formed  phosphine  under  coking  conditions. 

The  foregoing  description  of  the  invention  is  illustrative  and  explanatory  thereof,  and  not  intended  in  any  limiting 
sense.  Various  changes  in  the  materials,  apparatus,  steps,  procedures  and  particular  parts  and  ingredients  will  occur 
to  those  skilled  in  the  art.  It  is  intended  that  all  such  variations  within  the  scope  of  the  appended  claims  be  embraced 
thereby. 
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Claims 

1.  A  method  for  inhibiting  coke  formation  on  heat  transfer  surfaces  used  to  heat  or  cool  a  petroleum  feedstock  at 
coke-forming  conditions,  comprising: 

5 
contacting  the  heat  transfer  surfaces  with  an  effective  amount  of  a  phosphoric  triamide  of  the  formula: 

X 

I! 

R 1 —   P —   R3  ( I )  

R2  

wherein 

20  X  is  chalcogen  and 
each  R1  through  R3  is  an  amino  moiety  of  the  formula: 

25 
—   N 

30  wherein  R4  is  hydrocarbyl,  and  R5  is  hydrogen  or  hydrocarbyl,  and 
R4  and  R5  taken  together  can  form  a  heterocyclic  moiety. 

2.  The  method  of  claim  1  ,  wherein  X  in  formula  (I)  is  oxygen  or  sulfur. 

35  3.  The  method  of  claim  1  or  2,  wherein  the  phosphoric  triamide  comprises  from  3  to  48  carbon  atoms. 

4.  The  method  of  claim  3,  wherein  the  hydrocarbyls  are  free  of  heteroatoms. 

5.  The  method  of  claim  4,  wherein  each  of  R4  and  R5  is  independently  alkyl,  aryl,  alkylaryl  or  arylalkyl  having  from  1 
40  to  1  5  carbon  atoms. 

6.  The  method  of  any  of  claims  1  to  3,  wherein  the  amino  moieties  comprise  heterocyclic  moieties  having  from  4  to 
12  carbon  atoms. 

45  7.  The  method  of  claim  6,  wherein  the  amino  moieties  are  selected  from  pyrrolyl,  pyrrolinyl,  pyrrolidinyl,  dihydropy- 
ridinyl,  tetrahydropyridinyl,  piperidino,  azepinyl,  indolyl,  isoindolinyl,  indolinyl,  and  carbazolyl. 

8.  The  method  of  any  of  claims  1  to  3,  wherein  the  phosphoric  triamide  comprises  tripiperidinophosphine  oxide. 

so  9.  The  method  of  any  of  claims  1  to  8,  wherein  the  petroleum  feedstock  being  heated  or  cooled  is  treated  with  from 
0.1  to  1000  ppm  of  phosphoric  triamide  on  a  basis  of  elemental  phosphorus  in  the  phosphoric  triamide  by  weight 
of  the  feedstock. 

10.  The  method  of  claim  9,  wherein  the  petroleum  feedstock  being  heated  or  cooled  is  treated  with  from  1  to  100  ppm 
55  of  phosphoric  triamide  on  a  basis  of  elemental  phosphorus  in  the  phosphoric  triamide  by  weight  of  the  feedstock. 

11.  The  method  of  any  of  claims  1  to  10  wherein  the  petroleum  feedstock  includes  ethane,  propane,  butane,  naphtha, 
kerosene,  gas  oil,  or  a  combination  thereof. 
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12.  The  method  of  any  of  claims  1  to  11  ,  wherein  the  heat  transfer  surfaces  comprise  cracking  furnace  coils. 

13.  The  method  of  any  of  claims  1  to  12,  wherein  the  heat  transfer  surfaces  comprise  transfer  line  exchangers. 

14.  The  method  of  any  of  claims  1  to  13,  wherein  the  heat  transfer  surfaces  are  pretreated  with  the  phosphoric  triamide 
before  heating  or  cooling  the  petroleum  feedstock. 

15.  The  method  of  any  of  claims  1  to  14,  comprising: 

adding  the  phosphoric  triamide  to  a  petroleum  feedstock;  and 
passing  the  resulting  admixture  through  convection  and  radiant  sections  of  a  cracking  furnace. 

16.  The  method  of  claim  15,  further  comprising  fractionating  the  furnace  effluent  and  catalytically  treating  a  fraction 
thereof. 

17.  The  method  of  any  of  claims  1  to  14  comprising: 

adding  the  phosphoric  triamide  to  a  petroleum  feedstock  or  ethylene  furnace  effluent  upstream  from  a  transfer 
line  exchanger;  and 
passing  effluent  from  the  cracking  furnace  containing  the  phosphoric  triamide  through  the  transfer  line  ex- 
changer. 

18.  The  method  of  claim  17,  further  comprising  fractionating  the  furnace  effluent  and  catalytically  treating  a  fraction 
thereof. 

19.  The  method  of  any  of  claims  1  to  14  comprising: 

adding  the  phosphoric  triamide  to  steam; 
mixing  the  steam  with  a  petroleum  feedstock;  and 
passing  the  admixture  of  feedstock  and  steam  containing  the  phosphoric  triamide  through  a  cracking  furnace. 

20.  The  method  of  any  of  claims  1  to  14  comprising: 

adding  the  phosphoric  triamide  to  a  mixture  of  steam  and  a  petroleum  feedstock;  and 
passing  the  resulting  admixture  through  a  cracking  furnace. 

Patentanspriiche 

1.  Verfahren  zur  Inhibierung  der  Koksbildung  auf  WarmeubertragungsAWarmeubergangs-Oberflachen,  die  zum  Er- 
hitzen  oder  Abkuhlen  eines  Erdol-Ausgangsmaterials  unter  Koks-bildenden  Bedingungen  verwendet  werden,  das 

Das  Inkontaktbringen  der  Warmeubertragungs/Warmeubergangs-Oberflachen  mit  einer  wirksamen  Menge 
eines  Phosphorsauretriamids  der  Formel 

umfaBt 

X 

R 

worin  bedeuten: 
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X  ein  Chalcogen  und 
R1  bis  R3  jeweils  einen  Aminorest  der  Formel: 

5 

—   N 

worin  R4  fur  Hydrocarbyl  und  R5  fur  Wasserstoff  oder  Hydrocarbyl  stehen  und 
R4  und  R5  gemeinsam  einen  heterocyclischen  Rest  bilden  konnen. 

2.  Verfahren  nach  Anspruch  1  ,  worin  X  in  der  Formel  (I)  fur  Sauerstoff  oder  Schwefel  steht. 
15 

3.  Verfahren  nach  Anspruch  1  oder  2,  worin  das  Phosphorsauretriamid  3  bis  48  Kohlenstoffatome  umfaBt. 

4.  Verfahren  nach  Anspruch  3,  worin  die  Hydrocarbyle  frei  von  Heteroatomen  sind. 

20  5.  Verfahren  nach  Anspruch  4,  worin  jeder  der  Reste  R4  und  R5  unabhangig  voneinander  steht  fur  Alkyl,  Aryl,  Alkylaryl 
oder  Arylalkyl  mit  1  bis  15  Kohlenstoffatomen. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  worin  die  Aminoreste  heterocyclische  Reste  mit  4  bis  12  Kohlen- 
stoffatomen  umfassen. 

25 
7.  Verfahren  nach  Anspruch  6,  worin  die  Aminoreste  ausgewahlt  werden  aus  der  Gruppe  Pyrrolyl,  Pyrrolinyl,  Pyrro- 

lidinyl,  Dihydropyridinyl,  Tetrahydropyridinyl,  Piperidino,  Azepinyl,  Indolyl,  Isoindolinyl,  Indolinyl  und  Carbazolyl. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  worin  das  Phosphorsauretriamid  Tripiperidinophosphinoxid  umfaBt. 
30 

9.  Verfahren  nach  einem  der  Anspruche  1  bis  8,  worin  das  erhitzte  oder  gekuhlte  Erdol-Ausgangsmaterial  mit  0,1  bis 
1000  ppm  Phosphorsauretriamid,  berechnet  als  elementarer  Phosphor  in  dem  Phosphorsauretriamid,  bezogen 
auf  das  Gewicht  des  Ausgangsmaterials,  behandelt  wird. 

35  10.  Verfahren  nach  Anspruch  9,  worin  das  erhitzte  oder  gekuhlte  Erdol-Ausgangsmaterial  mit  1  bis  100  ppm  Phos- 
phorsauretriamid,  berechnet  als  elementarer  Phosphor  in  dem  Phosphorsauretriamid,  bezogen  auf  das  Gewicht 
des  Ausgangsmaterials,  behandelt  wird. 

11.  Verfahren  nach  einem  der  Anspruche  1  bis  10,  worin  das  Erdol-Ausgangsmaterial  Ethan,  Propan,  Butan,  Naphtha, 
40  Kerosin,  Gasol  oder  eine  Kombination  davon  umfaBt. 

12.  Verfahren  nach  einem  der  Anspruche  1  bis  11,  worin  die  Warmeubertragungs/Warmeubergangs  -Oberflachen 
Crack-Ofenschlangen  umfassen. 

45  13.  Verfahren  nach  einem  der  Anspruche  1  bis  12,  worin  die  Warmeubertragungs/Warmeubergangs-Oberflachen 
Ubertragungs(Transfer)-Leitungs-Austauscher  umfassen. 

14.  Verfahren  nach  einem  der  Anspruche  1  bis  13,  worin  die  Warmeubertragungs/Warmeubergangs-Oberflachen  vor 
dem  Erhitzen  oder  Abkuhlen  des  Erdol-Ausgangsmaterials  mit  dem  Phosphorsauretriamid  vorbehandelt  werden. 

50 
15.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  das  umfaBt  die  Zugabedes  Phosphorsauretriamids  zu  einem  Erdol- 

Ausgangsmaterial  und  das  Hindurchfuhren  der  resultierenden  Mischung  durch  Konvektions-  und  Strahlungs-Ab- 
schnitte  eines  Crackofens. 

55  16.  Verfahren  nach  Anspruch  15,  das  auBerdem  umfaBt  die  Fraktionierung  des  Ofenabstroms  und  die  katalytische 
Behandlung  einer  Fraktion  desselben. 

17.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  das  umfaBt  die  Zugabedes  Phosphorsauretriamids  zu  einem  Erdol- 
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Ausgangsmaterial  oder  zu  einem  Ethylen-Ofenabstrom  stromaufwarts  (oberhalb  eines  Ubertragungsleitungs-Aus- 
tauschers  und  das  Hindurchfuhren  des  Abstroms  aus  dem  Crackofen,  der  das  Phosphorsauretriamid  enthalt,  durch 
den  Ubertragungsleitungs-Austauscher. 

5  18.  Verfahren  nach  Anspruch  17,  das  auBerdem  umfaBt  die  Fraktionierung  des  Ofenabstroms  und  die  katalytische 
Behandlung  einer  Fraktion  desselben. 

19.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  das  umfaBt  dieZugabe  von  Phosphorsauretriamid  zu  Wasserdampf; 
das  Mischen  des  Wasserdampfes  mit  einem  Erdol-Ausgangsmaterial;  und  das  Hindurchfuhren  der  Mischung  aus 

10  dem  Ausgangsmaterial  und  dem  Wasserdampf,  der  das  Phosphorsauretriamid  enthalt,  durch  einen  Crackofen. 

20.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  das  umfaBt  die  Zugabe  des  Phosphorsauretriamids  zu  einer  Mi- 
schung  aus  Wasserdampf  und  Erdol-Ausgangsmaterial;  und  das  Hindurchfuhren  der  resultierenden  Mischung 
durch  einen  Crackofen. 

15 

Revendications 

1  .  Procede  pour  inhiber  la  formation  de  coke  sur  des  surfaces  de  transfert  de  chaleur  qui  sont  utilisees  pour  le  chauf- 
20  fage  ou  le  refroidissement  d'un  materiau  de  depart  de  petrole  sous  des  conditions  de  formation  de  coke,  qui  com- 

prend: 

la  mise  en  contact  des  surfaces  de  transfert  de  chaleur  avec  une  quantite  efficace  d'un  triamide  phosphorique 
de  la  formule 

25 
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3 R  —   P  —   R 3  

35 

40 

45 

( I )  

R 2  

dans  laquelle 

X  est  un  chalcogene  et 
R1  a  R3  sont  respectivement  un  reste  amino  de  la  formule 

N 
\  

R 4  

R 5  

so  dans  laquelle  R4  est  un  hydrocarbyle  et  R5  est  I'hydrogene  ou  un  hydrocarbyle  et  R4  et  R5  pris  ensemble  peuvent 
constituer  un  reste  heterocyclique. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  X  dans  la  formule  (I)  represente  I'oxygene  ou  le  soufre. 

55  3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  le  triamide  phosphorique  comprend  3  a  48  atomes  de  carbone. 

4.  Procede  selon  la  revendication  3,  dans  lequel  les  hydrocarbyles  ne  contiennent  pas  des  heteroatomes. 
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5.  Procede  selon  la  revendication  4,  dans  lequel  R4  aussi  bien  que  R5  represente  independamment  un  alkyl,  un  aryle, 
un  alkylaryle  ou  un  arylalkyl  avec  1  a  15  atomes  de  carbone. 

6.  Procede  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  les  restes  amino  comprennent  des  restes 
5  heterocycliques  avec  4  a  1  2  atomes  de  carbone. 

7.  Procede  selon  la  revendication  6,  dans  lequel  les  restes  amino  sont  choisis  du  groupe  pyrrolyle,  pyrrolinyle,  pyr- 
rolidinyle,  dihydropyridinyle,  tetrahydropyridinyle,  piperidino,  azepinyle,  indolyle,  isoindolinyle,  indolinyle  et  carba- 
zolyle. 

10 
8.  Procede  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  triamide  phosphorique  comprend  I'oxide 

de  tripiperidinophosphine. 

9.  Procede  selon  I'une  quelconque  des  revendications  1  a  8,  dans  lequel  le  produit  de  depart  de  petrole  chauffe  ou 
is  ref  roidi  est  traite  avec  0,  1  a  1  000  ppm  de  triamide  phosphorique  sur  une  base  de  phosphore  elementaire  dans  le 

triamide  phosphorique  par  rapport  au  poids  du  produit  de  depart. 

10.  Procede  selon  la  revendication  9,  dans  lequel  le  produit  de  depart  de  petrole  chauffe  ou  refroidi  est  traite  avec  1 
a  100  ppm  de  triamide  phosphorique  sur  une  base  de  phosphore  elementaire  dans  le  triamide  phosphorique  par 

20  rapport  au  poids  du  produit  de  depart. 

11.  Procede  selon  I'une  quelconque  des  revendications  1  a  10,  dans  lequel  le  produit  de  depart  de  petrole  comprend 
I'ethane,  le  propane,  le  butane,  le  naphta,  le  kerosene,  le  gasoil  ou  leurs  combinaisons. 

25  12.  Procede  selon  I'une  quelconque  des  revendications  1  a  11  ,  dans  lequel  les  surfaces  de  transfert  de  chaleur  com- 
prennent  des  serpentins  de  four  de  craquage. 

13.  Procede  selon  I'une  quelconque  des  revendications  1  a  12,  dans  lequel  les  surfaces  de  transfert  de  chaleur  com- 
prennent  des  echangeurs  tubulaires  de  transfert. 

30 
14.  Procede  selon  I'une  quelconque  des  revendications  1  a  13,  dans  lequel  les  surfaces  de  transfert  de  chaleur  sont 

pre-traitees  avec  le  triamide  phosphorique  avant  le  chauffage  ou  le  refroidissement  du  produit  de  depart  de  petrole. 

15.  Procede  selon  I'une  quelconque  des  revendications  1  a  14,  comprenant: 
35 

I'addition  du  triamide  phosphorique  a  un  produit  de  depart  de  petrole;  et 
le  passage  du  melange  resultant  a  travers  des  sections  de  convection  et  de  rayonnement  d'un  four  de  cra- 
quage. 

40  16.  Procede  selon  la  revendication  15,  qui  comprend  en  outre  le  fractionnement  de  I'effluent  du  four  et  le  traitement 
catalytique  d'une  fraction  de  ce  dernier. 

17.  Procede  selon  I'une  quelconque  des  revendications  1  a  14,  comprenant: 

45  I'addition  du  triamide  phosphorique  a  un  produit  de  depart  de  petrole  ou  a  un  effluent  de  four  d'ethylene  en 
amont  d'un  echangeur  tubulaire  de  transfert  et 
le  passage  de  I'effluent  du  four  de  craquage  contenant  le  triamide  phosphorique  a  travers  I'echangeur  tubulaire 
de  transfert. 

so  18.  Procede  selon  la  revendication  17,  qui  comprend  en  outre  le  fractionnement  de  I'effluent  du  four  et  le  traitement 
catalytique  d'une  fraction  de  ce  dernier. 

19.  Procede  selon  I'une  quelconque  des  revendications  1  a  14,  comprenant: 

55  I'addition  de  triamide  phosphorique  a  de  la  vapeur  d'eau  ; 
le  melange  de  la  vapeur  d'eau  avec  un  produit  de  depart  de  petrole;  et 
le  passage  du  melange  du  produit  de  depart  et  de  la  vapeur  d'eau  contenant  le  triamide  phosphorique  a  travers 
un  four  de  craquage. 
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20.  Procede  selon  I'une  quelconque  des  revendications  1  a  14,  comprenant: 

I'addition  du  triamide  phosphorique  a  un  melange  de  vapeur  d'eau  et  de  produit  de  depart  de  petrole;  et 
le  passage  du  melange  resultant  a  travers  un  four  de  craquage. 
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