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Anatomy of Chemical Process 

Source:	  SinnoJ	  R.	  K,	  (1999)	  Coulson	  and	  Richardson’s,	  Chemical	  Engineering	  Design,	  Vol	  6,	  
3rd	  Edi-on,	  Elseveir,	  Pp	  5.	  
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Process	  
	  
Dic*onary	  meaning	  
	  

	   	  A	  process	  is	  one	  or	  series	  of	  ac-ons	  or	  opera-ons	  or	  treatments	  

that	  results	  in	  an	  end	  [Product].	  
	  
Working	  defini*on	  
	  

	   	  In	  Chemical	  Engineering	  ,	  the	  term	  process	  focus	  on	  	  opera-ons	  

such	  as	  chemical	  reac-ons,	  fluid	  transport,	  size	  reduc-on	  and	  enlargement,	  

heat	  genera-on	  and	  transport,	  dis-lla-on,	  gas	  absorp-on,	  bioreactors	  and	  

so	  on	  that	  cause	  physical	  and	  chemical	  change	  in	  materials.	  

Source:	  David	  M.	  Himmelblau	  (1997)	  	  Basic	  Principles	  and	  Calcula-ons	  in	  Chemical	  Engineering,	  6th	  	  
edi-on,	  Pren-ce	  Hall	  India,	  Pp	  142	  -‐	  143.	  
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System	  	  
	  

Any	  arbitrary	  por-on	  or	  whole	  of	  process	  set	  out	  specifically	  for	  analysis.	  

In	  other	  words,	  the	  system	  is	  the	  one	  where	  we	  focus	  our	  aJen-on.	   	   	  

	  	  

Reac-on	  
Chamber	  Fuel	  	  

Oxygen	  

Combus-ble	  
gases	  

Source:	  David	  M.	  Himmelblau	  (1997)	  	  Basic	  Principles	  and	  Calcula-ons	  in	  Chemical	  Engineering,	  6th	  	  
edi-on,	  Pren-ce	  Hall	  India,	  Pp	  142	  -‐	  143.	  
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Upstream	  Process	  	  
	  

The	  process	  that	  are	  employed	  in	  petrochemical,	  chemical	  and	  biochemical	  

industries	  where	  the	  raw	  materials	   	  are	  processed.	  

	  

The	  various	  process	  that	  are	  covered	  -ll	  the	  separa-on	  and	  purifica-on	  of	  

raw	  materials	  are	  called	  upstream	  process	  or	  feed	  prepara-on	  process	  in	  

the	  above	  men-on	  process	  industries.	  
	  
Downstream	  Process	  	  
	  

The	  process	  by	  which	  separa-on	  and	  purifica-on	  of	  products	  from	  raw	  

materials	  takes	  place.	  
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Unit	  Opera*ons	  	  	  
	  

Unit	  opera-ons	  is	  the	  one	  or	  series	  of	  opera-ons	  in	  which	  only	  physical	  

changes	  are	  studied	  with	  the	  combina-on	  of	  science	  and	  engineering	  

principles.	  e.g	  Dis-lla-on,	  Evapora-on,	  Drying	  and	  so	  on.	  
	  
Unit	  Processes	  	  
	  

Unit	  process	  is	  the	  one	  or	  series	  of	  opera-ons	  in	  which	  chemical	  changes	  	  

are	  studied	  with	  the	  combina-on	  of	  science	  and	  engineering	  principles.	  

e.g.	  Alkyla-on,	  Hydrogena-on,	  Esterifica-on	  and	  so	  on.	  
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Con*nuous	  Process	  
	  

Con-nuous	  process	  are	  designed	  to	  operate	  24	  hours	  a	  day,	  7	  days	  a	  week,	  

throughout	  the	  year.	  Some	  down-me	  (Shut	  down	  and	  Start	  up)	  will	  be	  

allowed	  for	  maintenance	  and	  for	  some	  processes,	  catalyst	  regenera-on.	  	  

	  

The	  plant	  aJainment,	  that	  is,	  the	  percentage	  of	  available	  hours	  in	  a	  year	  	  

that	  the	  plant	  operates,	  will	  be	  usually	  90	  t0	  95%.	  

AJainment,	  %	  =	  (hours	  operated)/(8720	  days)	  x	  100	  

Con-nuous	  processes	  will	  be	  more	  economical	  for	  large	  scale	  produc-on.	  	  

Source:	  SinnoJ	  R.	  K,	  (1999)	  Coulson	  and	  Richardson’s,	  Chemical	  Engineering	  Design,	  Vol	  6,	  
3rd	  Edi-on,	  Elseveir,	  Pp	  7.	   Balasubramanian	  S	  	  
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Batch	  Process	  
	  

Batch	  processes	  are	  designed	  to	  operate	  intermiJently	  (or	  periodically).	  

Some	  or	  all,	  the	  process	  units	  being	  frequently	  shut	  down	  and	  start	  up.	  

	  

Batch	  processes	  are	  used	  where	  some	  flexibility	  is	  wanted	  in	  produc-on	  	  

rate	  or	  product	  specifica-on.	  

	  

	  
	  
	  

Source:	  SinnoJ	  R.	  K,	  (1999)	  Coulson	  and	  Richardson’s,	  Chemical	  Engineering	  Design,	  Vol	  6,	  
3rd	  Edi-on,	  Elseveir,	  Pp	  7-‐8.	   Balasubramanian	  S	  	  



Terminologies  

28/01/13	   14	  

Steady-‐state	  process	  
	  

Steady-‐state	  process	  is	  one,	  where	  the	  parameters	  such	  as	  temperature,	  

pressure,	  and	  concentra-on	  remains	  unchanged	  with	  -me.	  

	  

Unsteady-‐state	  (or	  transient)	  process	  
	  

Unsteady-‐state	  process	  is	  one,	  where	  the	  parameters	  such	  as	  temperature,	  

pressure,	  and	  concentra-on	  changes	  with	  -me.	  
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Recycle	  stream	  

	  

A	  common	  recycle	  stream	  structure	  is	  the	  reactor/separator,	  which	  is	  used	  

to	  recover	  unreacted	  material.	  	  

Split	  	  

Reactor/Separator	  

Recycle	  Stream	  

Feed	  
	  Stream	  

Product	  
	  Stream	  

Mix	  	  
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By	  pass	  stream	  
	  
By	  pass	  opera-on	  is	  the	  one	  in	  which	  one	  or	  more	  steps	  in	  the	  produc-on	  

process	  is	  skipped	  off.	  

Most	  oken	  this	  kind	  of	  streams	  are	  used	  for	  maintenance	  and	  or	  service	  of	  

equipment	  in	  con-nuous	  produc-on	  process.	  

Process	  Feed	  
	  Stream	  

Product	  
	  Stream	  

Bypass	  
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Purge	  
	  

When	  a	  process	  uses	  a	  recycled	  loop,	  there	  oken	  can	  be	  build	  up	  of	  some	  

undesired	  material	  inside	  the	  system.	  By	  using	  a	  purge	  a	  frac-on	  of	  the	  

recycle	  loop	  material	  or	  accumulated	  undesired	  materials	  can	  be	  removed.	  	  	  
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Process	  	  Diagram	  
	  
Representa-on	  of	  flow	  of	  various	  streams	  in	  the	  produc-on	  processes	  and	  

they	  are	  grouped	  as	  follows,	  

	  

1.  Block	  Diagram	  

2.  Process	  Flow	  Diagram	  (PFD)	  

3.  Process	  and	  Instrumenta-on	  Diagram	  (P	  and	  I	  D’s)	  	  	  	  
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1.   Block	  Diagram	  

	  A	  block	  diagram	  is	  the	  simplest	  form	  of	  presenta-on.	  

	  	  

	  Each	  block	  can	  represent	  a	  single	  piece	  of	  equipment	  or	  complete	  

stage	  in	  process.	  

	  	  

	  Block	  diagrams	  are	  useful	  for	  represen-ng	  a	  process	  in	  a	  simplified	  

form	  in	  reports	  and	  text	  books,	  but	  only	  have	  limited	  use	  in	  as	  

engineering	  documents.	  

Source:	  SinnoJ	  R.	  K,	  (1999)	  Coulson	  and	  Richardson’s,	  Chemical	  Engineering	  Design,	  Vol	  6,	  
3rd	  Edi-on,	  Elseveir,	  Pp	  130.	   Balasubramanian	  S	  	  
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2.   Process	  Flow	  Diagram	  (PFD)	  
	  A	  process	  flow	  diagram	  is	  one	  in	  which	  all	  incoming	  and	  out	  going	  

materials	  and	  u-li-es	  are	  shown	  .	  

	  Process	  flow	  diagrams	  includes	  ,	  

a.  Arrangement	  of	  major	  pieces	  of	  equipment's	  and	  their	  

interconnec-ons.	  

b.  Opera-ng	  condi-ons	  of	  each	  streams,	  such	  as	  	  temperature	  pressure	  

and	  composi-on.	  	  

c.  Heat	  added	  or	  removed	  in	  a	  par-cular	  equipment	  .	  

d.  Any	  specific	  informa-on	  which	  is	  useful	  in	  understanding	  the	  process. 	  	  
	  	  

Source:	  BhaJ.	  B.	  I	  and	  Vora,	  (1999)	  Stoichimetry,	  Vol	  6,	  4th	  	  Edi-on,	  Tata	  Mc	  Graw	  Hill,	  Pp	  
130.	   Balasubramanian	  S	  	  
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3.   Piping	  and	  Instrumenta*on	  Diagram	  (P	  &	  I	  D’s)	  
Piping	  and	   instrumenta-on	  diagram	  shows	   the	  engineering	  details	  of	  	  	  	  

the	   equipment,	   instruments,	   piping,	   valves	   and	   finngs;	   and	   their	  

	  arrangement.	  

	  	  

	   	  P	  &	  I	  diagram	  also	  shows	  the	  arrangement	  of	  the	  process	  equipment,	  	  

	  piping,	  pumps,	  instruments,	  valves,	  control	  loop	  and	  other	  finngs.	  

	  	  

	  For	  simple	  process,	  the	  u-lity	  (service)	  lines	  can	  be	  shown	  on	  the	  P	  &	  I	  

diagram.	  For	  Complete	  process,	  separate	  diagrams	  should	  be	  used	  to	  

show	  the	  service	  line.	  
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Schema-c	  representa-on	  of	  equipment	   that	  are	  used	   in	  flow	  
diagrams	  	  

Source:	  ScoJ	  Fogler.	  H,	  (2006)	  Elements	  of	  Chemical	  Reac-on	  Engineering,	  4th	  	  Edi-on,	  Pren-ce	  
Hall	  India,	  	  Pp	  19-‐29.	   Balasubramanian	  S	  	  
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Schema-c	  representa-on	  of	  equipment	   that	  are	  used	   in	  flow	  
diagrams	  	  

Bri-sh	  Standard,	  BS1553	  “Graphical	  symbols	  for	  general	  
engineering	  ”	  	  
	  
American	  Na-onal	  Standard	  Ins-tute,	  ANSI	  
	  
German	  Standard,	  DIN	  28004	  

Source:	  SinnoJ	  R.	  K,	  (1999)	  Coulson	  and	  Richardson’s,	  Chemical	  Engineering	  Design,	  Vol	  6,	  
3rd	  Edi-on,	  Elseveir,	  Pp	  130.	  
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Block	  diagram	  -‐	  Sodium	  dodecyl	  benzene	  

Source:	  Max	  S.	  Peters,	  Klaus	  D.	  Timmerhaus,	  Ronald	  E.	  West,	  	  (1997)	  	  Plant	  Design	  and	  Economics	  for	  
Chemical	  Engineers	  ,	  5th	  	  Mc.	  Graw	  Hill,	  Pp	  128.	  
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Process	   flow	   diagram	   -‐	   Sodium	   dodecyl	  
benzene	  

Source:	  Max	  S.	  Peters,	  Klaus	  D.	  Timmerhaus,	  Ronald	  E.	  West,	  	  (1997)	  	  Plant	  Design	  and	  Economics	  for	  
Chemical	  Engineers	  ,	  5th	  	  Mc.	  Graw	  Hill,	  Pp	  128.	  
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Process	   flow	   diagram	   –	   Phenyl	   ethyl	  
alcohol	  produc-on	  	  

Source:	  Max	  S.	  Peters,	  Klaus	  D.	  Timmerhaus,	  Ronald	  E.	  West,	  	  (1997)	  	  Plant	  Design	  and	  Economics	  for	  
Chemical	  Engineers	  ,	  5th	  	  Mc.	  Graw	  Hill,	  Pp	  128.	  
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Piping	  and	  Instrumenta*on	  Diagram	  (P	  &	  I	  D’s)	  

Source:	  Max	  S.	  Peters,	  Klaus	  D.	  Timmerhaus,	  Ronald	  E.	  West,	  	  (1997)	  	  Plant	  Design	  and	  Economics	  for	  
Chemical	  Engineers	  ,	  5th	  	  Mc.	  Graw	  Hill,	  Pp	  128.	  
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Acronym	  	   Source	  	  
Aspen	  Plus	  	   www.aspentech.com	  
ChemCad	   www.chemsta-ons.com	  
DesignII	   www.winsim.com	  
Pro/II	   iom.invensys.com	  
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An	   engineer	   becomes	   competent	   in	   his	   or	   her	   profession	   by	   mastering	   the	  

techniques	   developed	   by	   ones	   predecessors	   –	   thereaker	   the	   -me	   comes	   to	  

pioneer	  new	  ones.	  

The	  professional	  stature	  of	  an	  engineer	  depends	  on	  skill	   in	  u-lizing	  all	  sources	  of	  

informa-on	  to	  reach	  prac-cal	  solu-ons	  to	  processing	  problems.	  

Source:	  David	  M.	  Himmelblau	  (1997)	  	  Basic	  Principles	  and	  Calcula-ons	  in	  Chemical	  Engineering,	  6th	  	  
edi-on,	  Pren-ce	  Hall	  India,	  Pp	  2	  
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Chapter	  1 	  NATURAL	  PRODUCTS	  	  
Chapter	  2 	  SYNTHETIC	  ORGANIC	  CHEMICALS	  
Chapter	  3	  	  PLASTICS	  
Chapter	  4	  	  SYNTHETIC	  FIBERS	  
Chapter	  5	  	  NUCLEAR	  INDUSTRIES	  
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Chapter	  1 	  NATURAL	  PRODUCTS	  	  

	   	   	   	  Edible	  and	  Essen-al	  oils	  

	   	   	   	  Soaps	  and	  Detergents;	  Glycerin	  

	   	   	   	  Pulp	  and	  Paper	  	  

	   	   	   	  Starch	  and	  Starch	  deriva-ves	  

	   	   	   	  Sugar	  
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Chapter	  2 	  SYNTHETIC	  ORGANIC	  CHEMICALS	  	  

	   	   	   	  Methane	  and	  Synthesis	  gas	  	  

	   	   	   	  Propylene	  Acetylene	  and	  Ethylene	  	  

	   	   	   	  Chemicals	  from	  Aroma-cs	  Benzene,	  Toluene	  	  

	   	   	   	  Xylene,	  and	  Naphthalene	  
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Chapter	  3	  PLASTICS 	  	  
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Polyethylene	  and	  Polypropylene	  	  

Phenolic	  resins,	  and	  Epoxy	  resins	  	  

Polymers	  and	  their	  engineering	  applica-ons	  
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Chapter	  4	  SYNTHETIC	  FIBERS	  
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Polyamides,	  Polyesters	  and	  Acrylics	  	  

Natural	  and	  Synthe-c	  rubbers	  	  

Leathers,	  dyes	  and	  intermediates	  	  
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Chapter	  5	  NUCLEAR	  INDUSTRIES	  
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2 Nuclear	  fuels	  and	  Nuclear	  reactors	  

Fission	  and	  Fusion	  reac-ons	  	  

Nuclear	  reac-on,	  uranium	  and	  thorium	  fission	  	  

4 	  Nuclear	  fuels	  and	  waste	  disposal	  	  
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Thank	  you	  	  

See	  you	  with	  more	  interes-ng	  stuffs	  	  
in	  next	  lecture	  	  
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