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©  Gas  chromatography  system  with  column  bifurcation  and  tunable  selectivity. 

©  A  gas  chromatography  system  featuring  column  bifurcation  and  pressure  tuning.  The  system  of  this 
invention  incorporates  a  bifurcated  system  in  which  samples  eluting  from  a  first  separation  column  are  directed 
selectively  through  one  of  two  or  more  additional  separation  columns.  Flow  directing  is  achieved  through  the  use 
of  valves  which  switch  carrier  gas  which  are  outside  of  the  path  of  the  analyte  mixture.  Effective  tuning  of  the 
system  is  provided  by  adjusting  the  intermediate  pressure  which  controls  the  effective  lengths  of  the  initial 
separation  column  and  the  additional  final  separation  columns. 
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This  invention  relates  to  a  high  speed  gas  chromatography  system  and  particularly  to  such  systems 
employing  column  bifurcation  and  tunable  selectivity  for  improved  rapid  separation  of  components  of  an 
analyte  mixture. 

Gas  chromatography  is  unsurpassed  in  its  selectivity,  sensitivity,  and  cost  effectiveness.  It  is  applicable 
5  for  at  least  several  hundred  thousand  compounds  of  low  to  moderate  boiling  point,  including  compounds  in 

the  Ci  to  C5  range.  The  process  is  also  unique  in  its  ability  to  obtain  complete  speciation  of  complex 
mixtures  of  compounds. 

In  gas  chromatography  analysis  the  analyte  mixture  is  separated  into  its  components  by  eluting  them 
from  a  column  having  a  sorbent  by  means  of  a  moving  gas.  In  gas-liquid  chromatography,  which  is  a  type 

10  in  widespread  use  at  present,  the  column  comprises  a  nonvolatile  liquid  or  solid  sorbent  coated  as  a  thin 
layer  on  an  inner  support  structure,  generally  the  inside  surface  of  a  capillary  tube.  The  moving  gas  phase, 
called  the  carrier  gas,  flows  through  the  chromatography  column.  The  analyte  partitions  itself  between  the 
moving  gas  phase  and  the  sorbent  and  moves  through  the  column  at  a  rate  dependent  upon  the  partition 
coefficients  or  solubilities  of  the  analyte  components.  The  analyte  is  introduced  at  the  entrance  end  of  the 

15  column  within  the  moving  carrier  gas  stream.  The  components  making  up  the  analyte  become  separated 
along  the  column  and  elute  at  intervals  characteristic  of  the  properties  of  the  analyte  components.  A 
detector,  for  example,  a  thermal  conductivity  detector  or  a  flame  ionization  detector  (FID)  at  the  exit  end  of 
the  analytical  column  responds  to  the  presence  of  the  analyte  components.  Upon  combustion  of  the  eluted 
components  at  the  FID,  charged  species  are  formed  in  the  flame.  The  flame  characteristics  are  monitored 

20  through  a  biased  ion  detector  which,  along  with  associated  signal  processing  equipment,  produces  a 
chromatogram  which  is  a  time  versus  detector  signal  output  curve.  The  trace  for  complex  mixtures  includes 
numerous  peaks  of  varying  intensity.  Since  individual  constituents  of  the  analyte  produce  peaks  at 
characteristic  times  and  whose  magnitude  is  a  function  of  their  concentration,  much  information  is  gained 
through  an  evaluation  of  a  chromatogram. 

25  While  gas  chromatography  systems  presently  available  perform  satisfactorily,  designers  of  such 
systems  are  continually  attempting  to  optimize  the  capabilities  of  this  separation  procedure.  Of  particular 
interest  is  providing  high  speed  gas  chromatography  which  is  advantageous  in  providing  process  stream 
control  in  industrial  applications  and  in  monitoring  transient  processes,  for  example,  internal  combustion 
engine  exhaust  gas  compositions.  The  use  of  special  inlet  systems  when  combined  with  relatively  short 

30  separation  columns  operated  at  unusually  high  carrier  gas  flow  rates,  has  allowed  separation  of  relatively 
simple  mixtures  on  a  time  scale  of  a  few  seconds.  However,  some  samples  require  much  longer  separation 
times  because  of  the  probability  of  co-eluting  components.  This  probability  is  the  result  of  the  inevitable 
decrease  in  resolution  when  separation  times  are  drastically  reduced.  To  make  high  speed  separation  more 
practical,  and  to  be  able  to  apply  fast  gas  chromatography  techniques  to  a  wider  range  of  potential 

35  applications,  it  is  necessary  to  enable  adjustment  of  the  selectivity  of  the  system  for  specific  sets  of  target 
compounds. 

In  view  of  the  foregoing,  an  objective  of  this  invention  is  to  improve  the  selectivity  of  high  speed 
chromatography  by  using  high  speed  column  bifurcation  switching  and  pressure  tuning  techniques.  Certain 
groups  of  components  in  a  mixture  which  are  not  separated  on  an  initial  pre-separation  column  are  switched 

40  to  one  or  more  columns  which  may  have  a  different  stationary  phase  where  they  are  separated.  High  speed 
precision  switching  is  achieved  using  this  invention  without  the  use  of  valves  in  the  sample  flow  path.  The 
pressure  at  the  switching  point  is  adjustable  in  accordance  with  this  invention  to  improve  the  selectivity  of 
the  separation.  By  changing  this  pressure,  the  influence  of  the  various  columns  on  the  separation  process  is 
changed.  This  can  result  in  the  shifting  of  overlapping  peaks  in  such  a  way  that  they  no  longer  overlap. 

45  Preferably,  in  accordance  with  this  invention,  column  switching  is  achieved  through  the  use  of  a 
computer  control  system.  Through  such  precision  column  switching  and  pressure  tuning  techniques,  the 
selective  transfer  of  components  to  an  appropriate  column  can  be  provided  which  will  optimize  their 
separation  and  will  thus  allow  a  more  efficient  utilization  of  the  available  separating  power  of  short  columns 
operated  at  high  carrier  gas  flow  rates.  The  systems  in  accordance  with  this  invention  provide  for  the 

50  selectivity  tuning  of  a  tandem  column  combination  to  provide  adjustments  of  the  times  at  which  components 
are  eluted  to  ensure  lack  of  overlapping  or  co-eluting  components. 

Additional  benefits  and  advantages  of  the  present  invention  will  become  apparent  to  those  skilled  in  the 
art  to  which  this  invention  relates  from  the  subsequent  description  of  the  preferred  embodiments  and  the 
appended  claims,  taken  in  conjunction  with  the  accompanying  drawings. 

55 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  pictorial  view  of  a  gas  chromatography  system  in  accordance  with  the  first  embodiment  of 
this  invention; 

5  Figure  2  is  a  graph  of  the  position  of  components  of  an  illustrative  analyte  mixture  on  the  columns  of 
Figure  1  with  respect  to  time; 
Figure  3  is  a  representative  chromatogram  of  components  eluting  from  a  first  tandem  column  combina- 
tion  from  the  system  shown  in  Figure  1  without  column  switching; 
Figure  4  is  a  representative  chromatogram  of  components  eluting  from  a  second  tandem  column 

io  combination  from  the  system  shown  in  Figure  1  without  column  switching; 
Figure  5  is  a  chromatogram  showing  the  components  eluted  from  a  first  tandem  column  combination 
from  the  system  of  Figure  1  with  column  switching; 
Figure  6  is  a  chromatogram  of  a  second  tandem  column  combination  from  the  system  of  Figure  1  with 
column  switching; 

is  Figure  7  is  a  graph  showing  the  position  of  components  of  an  actual  analyte  mixture  on  the  columns  of 
the  system  of  Figure  1  with  respect  to  time; 
Figures  8  through  10  are  representative  chromatograms  showing  differences  in  output  based  on  different 
effective  lengths  for  one  of  the  columns  of  a  tandem  column  combination;  and 
Figure  11  is  a  diagrammatic  view  of  a  gas  chromatography  system  in  accordance  with  a  second 

20  embodiment  of  this  invention  employing  series  coupled  tandem  column  ensembles. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

A  gas  chromatography  (GC)  system  in  accordance  with  a  first  embodiment  of  this  invention  is  shown  in 
25  schematic  fashion  in  Figure  1  where  it  is  generally  designated  by  reference  number  10.  As  shown,  GC 

system  10  incorporates  an  inlet  system  designated  by  reference  number  12  which  is  intended  to  input  a 
narrow  band  sample  "plug"  into  gas  chromatography  separation  column  14  entrained  in  a  stream  of  carrier 
gas.  Various  configurations  of  inlet  system  12  can  be  provided.  For  example,  mechanical  injection  valves 
can  be  incorporated  as  described  in  related  patent  application  serial  no.  817,306.  Alternatively,  cryo- 

30  focusing  system  based  on  cold-trapping  such  as  described  in  U.S.  patent  5,141,532  and  application  serial 
no.  717,356,  could  be  incorporated.  Separation  column  14  can  also  take  various  forms  including  columns 
having  various  types  of  liquid  stationary  phase  materials.  In  addition,  solid  stationary  phase-type  columns 
using  absorbent  materials  such  as  what  is  commonly  known  as  porous  layer  open  tubular  (PLOT)  columns, 
liquid  crystal  columns  or  columns  having  polar  or  non-polar  stationary  phases  could  also  be  used.  In  the 

35  described  example  of  this  invention,  however,  it  will  be  initially  assumed  that  column  14  uses  a  nonpolar 
liquid  stationary  phase  material. 

Column  14  is  connected  to  a  branching  connection  in  the  form  of  Tee-fitting  16  where  the  flow  is  split 
and  directed  into  separate  branches  each  having  additional  branching  connectors  in  the  form  of  Tee-fittings 
18  and  20.  The  outlets  of  Tee-fittings  18  and  20  are  connected  to  chromatography  separation  columns  22 

40  and  24,  respectively.  Like  column  14,  the  configurations  of  columns  22  and  24  can  be  selected  from  various 
column  types  including  those  mentioned  above.  However,  in  the  first  example  of  this  invention  which  will  be 
described,  it  is  assumed  that  column  22  has  a  polar  stationary  phase  coating  whereas  column  24  has  a 
non-polar  stationary  phase  coating  which  is  identical  to  that  of  column  14  such  that  columns  24  and  14  have 
equivalent  selectivities. 

45  Analyte  components  eluted  from  columns  22  and  24  are,  in  the  embodiment  shown,  directed  to 
separate  and  distinct  detectors  shown  as  flame  ionization  detectors  (FIDs)  26  and  28.  Alternatively,  the 
functions  of  FIDs  26  and  28  could  be  provided  through  the  use  of  a  single  FID.  However,  in  the  examples  of 
implementation  of  GC  system  10  which  will  be  described,  it  is  assumed  that  separate  detectors  are 
employed. 

50  Into  each  of  the  Tee-fittings  18  and  20,  there  is  provided  a  controllable  source  of  carrier  gas  provided 
by  connecting  a  source  of  carrier  gas  through  on/off  gas  valves  30  and  32,  and  capillary  pneumatic 
restrictors  34  and  36.  Capillary  restrictors  34  and  36  are  simply  lengths  of  small  diameter  capillary  tubing 
which  are  used  to  balance  flow  conditions  and  provide  carrier  gas  at  a  desired  pressure  as  will  be 
described  in  more  detail.  Valves  30  and  32  are  operated  by  controller  38  which  both  coordinates  the 

55  injection  of  a  sample  by  inlet  12  and  the  opening  and  closing  of  valves  30  and  32  for  column  bifurcation,  as 
will  be  described  in  more  detail.  Tee-fittings  16,  18  and  20,  valves  30  and  32,  and  restrictors  34  and  36, 
along  with  the  associated  connecting  conduits  comprise  a  sample  switching  network  which  enables  precise 
control  of  the  flow  path  of  sample  components  eluting  from  column  14  into  columns  22  and  24. 

3 
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Assuming  that  injection  of  an  analyte  mixture  has  occurred,  the  mixture  becomes  at  least  partially 
separated  as  the  components  partition  themselves  between  the  carrier  gas  flow  and  stationary  phase 
material  of  the  pre-separation  column  14.  In  Figure  1,  valve  30  is  shown  open  and  valve  32  is  shown  closed. 
In  this  configuration,  components  eluting  from  column  14  are  driven  by  carrier  gas  flow  through  valve  30 

5  and  restrictor  34,  transferring  the  sample  components  into  column  24.  An  additional  carrier  gas  flow  without 
sample  components  from  valve  30  occurs  through  column  22  which  continues  the  separation  process  for 
any  components  which  were  previously  switched  into  that  column.  Thus,  by  selectively  opening  and  closing 
valves  30  and  32,  the  materials  eluted  from  column  14,  and  entering  Tee-fitting  16  can  be  selectively 
directed  either  to  column  22  or  column  24.  If  carrier  gas  is  supplied  at  the  same  pressure  at  inlet  12  and 

io  valves  30  and  32,  restrictors  34  and  36  provide  a  pressure  drop  to  produce  a  pressure  differential  for 
driving  carrier  gas  and  analyte  through  column  14.  Flow  through  columns  22  and  24  occurs  since  FIDs  26 
and  28  vent  to  atmosphere.  Alternatively,  however,  FID's  26  and  28  could  vent  at  another  pressure,  for 
example,  subatmospheric.  The  various  pressures  applied  to  the  system  would  be  chosen  to  ensure  carrier 
gas  flow  in  the  desired  direction  through  the  various  columns. 

is  It  should  be  noted  that  valves  30  and  32  are  located  outside  of  the  sample  flow  path,  thus  minimizing 
dead  volumes  and  eliminating  sample  contamination  which  can  occur  on  valve  surfaces.  Preferably, 
conduits  making  up  the  system  are  deactivated  glass  or  fused  silica  material,  as  are  fittings  16,  18  and  20 
and  restrictors  34  and  36.  Accordingly,  the  sample  components  only  come  in  contact  with  surfaces  which 
do  not  contaminate  the  sample  and  the  separation  columns. 

20  Now  with  reference  to  Figure  2,  the  progress  of  five  components  of  a  hypothetical  analyte  mixture 
through  gas  chromatography  system  10  will  be  described.  In  the  figure,  the  position  of  the  components 
which  are  arbitrarily  numbered  1  through  5  are  shown  on  the  Y  axis,  versus  time  on  the  X  axis.  The  bottom 
of  the  figure  represents  injection,  the  solid  horizontal  line  in  the  center  of  the  figure  corresponds  to  the 
location  of  the  switching  network  and  the  top  designates  elution  at  an  FID.  Therefore,  the  bottom  half  of  the 

25  figures  represents  flow  through  column  14  whereas  the  top  half  represents  flow  through  one  of  columns  22 
or  24.  It  should  be  recognized  that  the  progress  lines  of  the  components  shown  in  Figure  2  are  a 
simplification  for  purposes  of  illustration  since  in  actual  gas  chromatography  separation,  the  carrier  gas 
undergoes  compression  and  the  traces  are  curved  rather  than  straight  lines.  The  slope  of  the  lines  in  Figure 
2  represent  the  velocity  of  the  components  passing  through  the  respective  elements  of  GC  system  10. 

30  Through  column  14,  the  components  move  at  different  velocities  with  the  exception  of  components  2  and  3 
which  are  not  differentially  separated  through  column  14.  GC  system  10  is,  however,  operated  such  that  at 
the  time  component  1  enters  the  switching  network,  it  continues  to  flow  through  column  24,  which  as 
mentioned  previously,  has  the  same  selectivity  as  that  of  column  14  (the  velocity  may,  however,  change 
due  to  carrier  gas  flow  rate  or  other  factors).  However,  when  the  plugs  of  materials  2  and  3  enter  the 

35  switching  network,  valve  32  is  opened  and  valve  30  is  closed  to  direct  those  components  into  column  22 
which  is  capable  of  separating  those  components.  The  flow  direction  is  again  changed  by  opening  valve  30 
and  closing  valve  32  creating  a  pressure  differential  which  changes  sample  flow  direction  so  that 
components  4  and  5  flow  through  column  24. 

It  should  be  noted  that  due  to  the  different  selectivity  of  column  22  with  respect  to  components  2  and  3, 
40  those  components  exhibit  a  different  slope  and  are  thus  being  separated  on  column  22.  The  result  is  a 

chromatogram  as  shown  at  the  top  of  the  figure  where  each  component  exhibits  separate  and  distinct  peaks 
which  is  essential  for  quantitative  analysis.  Without  use  of  the  switching  networks,  components  2  and  3 
would  co-elute,  precluding  quantitative  evaluation  of  those  components. 

Additional  examples  of  implementation  of  GC  system  10  will  be  described  based  on  the  separation  of 
45  an  actual  complex  mixture  containing  the  components  having  characteristics  as  described  in  the  following 

table.  The  table  also  provides  designating  letters  which  will  be  used  to  identify  the  compounds  in 
representative  chromatograms  shown  in  additional  Figures. 

50 

55 
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SAMPLE  MIXTURE  COMPONENTS 

Peak  Compound  Boiling  Point,  °C 

A  Propionaldehyde  47-49 
B  n-Hexane  68-69 
C  1-Bromopropane  71 
D  Chloroform  60-61 
E  n-Heptane  98 
F  Valeraldehyde  100-103 
G  Isobutyl  alcohol  108 
H  4-Methyl,2-pentanone  117-118 
I  1-Butanol  117 
J  n-Octane  125-127 
K  Dibromomethane  96-98 
L  2-Fluorotoluene  113-114 
M  Butyl  Acetate  124-126 
N  Chlorobenzene  132 
O  n-Nonane  151 

20 
Figures  3  and  4  show  high  speed  chromatograms  using  GC  system  10  in  conjunction  with  a  high  speed 

cryo-focusing  inlet  system.  As  indicated  by  the  above  table,  the  analyte  mixture  contains  fifteen  compo- 
nents  labeled  A  through  O.  The  components  and  their  boiling  points  are  listed.  Figure  3  is  a  chromatogram 
of  all  components  of  the  mixture  passing  through  columns  14  and  24  without  switching.  As  indicated, 

25  components  B,  C,  D  and  G  co-elute,  as  do  compounds  F  and  K,  and  J  and  M.  Due  to  this  co-elution, 
individual  peaks  resulting  from  each  individual  component  is  not  provided  and  thus  quantitative  analysis  of 
these  co-eluting  components  is  not  possible.  Figure  4  is  a  chromatogram  obtained  by  directing  all  the 
components  from  column  14  to  column  22,  again  without  switching  as  the  components  elute  from  column 
14.  In  this  instance,  compounds  D  and  E  co-elute  as  do  K  and  L.  It  is  also  noted  that  compound  J  is  not 

30  adequately  separated  from  the  K-L  pair.  Thus  it  is  shown  that  neither  tandem  columns  pair  14  and  22,  or  14 
and  24  provide  adequate  separation  of  all  components  of  the  mixture  under  these  conditions. 

Figure  5  is  a  chromatogram  provided  by  FID  28  when  column  switching  occurs  as  components  A 
through  0  elute  from  column  14.  In  this  case,  the  combination  groups  B-C-D-G,  F-K,  and  J-M  were 
switched  from  column  14  to  column  22  where  they  are  separated,  whereas  the  other  components  were 

35  directed  through  the  tandem  combination  of  columns  14  and  24  where  they  produce  distinct  peaks 
A,  I,E,H,L,N,  and  0.  Figure  6  represents  a  chromatogram  from  FID  26  where  the  switched  components 
B,  C,D,G,F,K,J,  and  M  elute.  It  should  be  noted  with  this  switching  arrangement,  each  of  the  components 
provide  distinct  peaks. 

As  shown  in  Figure  6,  it  is  noted  that  components  J  and  K  are  not  completely  separated  on  the  tandem 
40  combination  of  columns  14  and  22.  This  is  not  because  of  chemical  similarities  but  because  of  chance 

overlap  of  compounds  of  different  polarity  types.  Note  that  these  two  compounds  were  introduced  into 
column  22  at  different  times  since  they  are  from  different  switched  groups  eluting  from  column  14.  The  fact 
that  they  elute  from  column  22  at  nearly  the  same  time  indicates  that  they  must  be  moving  through  the 
column  at  different  average  velocities.  This  behavior  is  illustrated  in  Figure  7  which  is  a  plot  of  sample 

45  position  versus  time  similar  to  that  shown  in  Figure  2,  but  for  the  components  of  the  complex  mixture  which 
were  switched  into  column  22  as  described  above.  The  solid  horizontal  line  near  the  center  of  Figure  7 
corresponds  to  the  position  of  the  switching  network  of  Figure  1  .  Like  Figure  2,  the  portion  below  the  solid 
line  relates  to  flow  through  column  14  whereas  the  portion  above  the  line  relates  to  flow  through  column  22. 
The  three  broken  horizontal  lines  40,  42,  and  44  in  the  upper  portion  of  the  Figure  correspond  to  three 

50  possible  effective  lengths  for  column  22.  The  letters  at  the  top  of  the  Figure  correspond  to  the  compounds 
that  were  switched. 

Note  that  in  the  lower  portion  of  Figure  7,  the  three  plots  correspond  to  the  three  switch  groups  which 
are  the  components  which  were  not  resolved  in  this  analysis  time  on  column  14  and  would  not  be 
adequately  resolved  if  the  separation  were  to  continue  on  column  24  which  has  selectivity  characteristics 

55  consistent  with  that  of  column  14.  Each  of  these  three  groups  represents  separate  inlet  "plugs"  injected  at 
different  times  into  column  22.  Thus,  if  any  components  from  the  different  groups  are  found  to  overlap  at 
the  outlet  of  column  22,  these  components  must  have  been  traveling  at  different  velocities,  and  thus  their 
overlap  is  coincidental  rather  than  caused  by  very  similar  chemical  properties  of  the  components.  The  plots 
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in  the  upper  portion  of  Figure  7  show  how  the  compounds  in  the  three  groups  are  separated  easily  on  the 
polar  column  22.  The  elution  order  B-C-D-G  for  the  first  group  to  enter  column  22  represents  increasing 
interaction  with  the  stationary  phase  and  thus  increasing  compound  polarity  with  respect  to  the  particular 
polar  stationary  phase  used.  The  same  is  true  for  the  elution  orders  F-K  and  J-M  for  the  other  two  groups. 

5  All  the  lines  representing  the  compounds  from  a  given  group  must  diverge  in  column  22  in  order  to 
obtain  separation.  The  lines  for  compounds  G  and  F  converge  and  those  for  J  and  K  converge,  cross,  and 
then  diverge,  reflecting  a  considerably  greater  velocity  for  component  J  relative  to  component  K.  These 
pairs  of  components  could  overlap  during  elution  from  column  22,  depending  on  the  effective  lengths  of  the 
column  as  designated  by  the  three  broken  lines.  For  the  shortest  effective  column  length  indicated  by 

io  broken  line  40  as  shown  in  chromatogram  Figure  8,  G  elutes  before  F.  Also  K  elutes  just  before  J,  and 
some  overlap  is  present.  For  the  intermediate  effective  column  length,  designated  by  the  broken  line  42  and 
as  shown  in  chromatogram  Figure  9,  G  still  elutes  before  F  but  their  separation  is  significantly  smaller. 
However,  now  J  elutes  before  K  and  their  separation  is  adequate.  For  the  longest  effective  column  length 
designated  by  broken  line  44,  as  shown  in  chromatograph  Figure  10,  components  F  and  G  elute  very  close 

is  together  and  J  and  K  are  very  well  separated.  Figure  9  represents  an  optimized  effective  length  for  column 
22  since  each  component  is  well  separated  enabling  quantitative  evaluation  of  each. 

As  discussed,  the  broken  lines  of  Figure  7  designate  different  effective  column  lengths.  There  are 
various  techniques  for  changing  the  total  time  that  components  take  to  travel  through  a  column  aside  from 
changing  its  physical  length.  One  approach  is  to  change  the  temperature  of  the  columns  or  to  change  the 

20  pressure  and  hence  the  velocity  of  the  carrier  gas  flowing  through  the  column.  Thus,  the  broken  lines  in 
Figure  7  can  be  thought  of  as  representing  different  pressure  differentials  across  column  22  having  a 
constant  length  which  are  at  their  lowest  level  at  broken  line  44  (representing  a  long  effective  length)  and  at 
their  largest  level  at  broken  line  40  (representing  a  short  effective  length).  GC  system  10,  shown  in  Figure  1, 
provides  means  for  adjusting  the  pressure  differential  across  the  columns  through  the  selection  of  restrictors 

25  34  and  36  or  by  changing  the  carrier  gas  pressure  at  valves  30  and  32  and  thus  the  optimal  effective  length 
can  be  chosen. 

As  mentioned,  Figures  8,  9,  and  10  are  chromatograms  taken  from  Figure  6  at  three  different  effective 
lengths  for  column  22  designated  by  broken  lines  40,  42  and  44,  respectively.  For  these  chromatograms, 
the  inlet  pressure  to  column  14  is  assumed  to  be  maintained  at  a  constant  pressure  above  atmospheric  and 

30  the  outlet  of  columns  22  and  24  through  FIDs  26  and  28  vent  to  atmosphere.  Changing  the  switching 
pressure  using  the  controllable  source  of  carrier  gas  comprising  valve  30  and  32  or  restrictor  34  and  36 
causes  pressure  drops  across  both  columns  to  be  changed.  If  the  switching  pressure  is  increased  while 
restrictors  34  and  36  are  constant,  the  average  flow  velocity  in  column  14  is  decreased  and  the  average 
flow  of  velocity  in  columns  22  or  24  is  increased  which  increases  the  time  that  each  compound  spends  in 

35  the  column  14  and  decreases  the  time  that  each  compound  spends  in  columns  22  or  24.  This  results  in 
column  14  having  more  influence  and  columns  22  and  24  having  less  influence  on  the  separation.  An 
increase  in  the  switching  pressure  shifts  the  solid  horizontal  line  in  Figure  7  upward  whereas  a  decrease  in 
the  switching  pressure  shifts  the  line  downward.  The  result  is  similar  to  changing  the  actual  lengths  of  the 
columns,  but  it  is  much  simpler  to  change  the  switching  pressure  to  change  the  effective  lengths  of  the 

40  column,  and  thus  their  influence  on  separation.  This  process  of  providing  optimal  effective  column  lengths  is 
referred  to  as  "pressure  control  tuning". 

If  all  components  of  the  mixture  were  transferred  from  column  14  to  column  22,  the  use  of  pressure 
control  tuning  would  be  much  less  effective  because  of  the  large  number  of  components.  By  pre-selecting 
the  components  transferred  to  column  22,  the  number  of  potential  overlapping  peaks  is  greatly  reduced  with 

45  the  result  that  the  use  of  pressure  tuning  is  much  more  effective. 
For  the  column  14-22  tandem  configuration,  the  most  likely  coincidental  overlap  occurs  for  the  most 

polar  (i.e.  the  most  retained)  component  from  one  group  directed  into  column  22  and  the  least  polar  (i.e. 
least  retained)  component  from  the  next  group  to  be  switched.  Adjusting  the  switching  pressure  to  separate 
these  components  is  straightforward  since  the  pressure  tuning  adjustment  will  not  cause  changes  in  elution 

50  order  for  the  components  within  each  of  the  switched  groups. 
An  important  feature  of  GC  system  10  is  the  fact  that  changing  the  switching  pressure  does  not  result  in 

a  significant  change  in  the  relative  retention  times  of  the  various  components  which  are  separated  on  the 
tandem  combination  of  columns  14  and  24.  This  is  because  columns  14  and  24  use  the  same  or  very 
similar  stationary  phases.  Thus,  as  the  switching  pressure  is  changed  in  order  to  tune  the  selectivity  of  the 

55  tandem  combination  of  columns  14  and  22,  the  selectivity  of  the  tandem  combination  of  columns  14  and  24 
is  relatively  unaltered.  This  greatly  simplifies  the  tuning  process.  If  however,  columns  14  and  24  are  of 
different  selectivities,  additional  selectivity  tuning  can  be  achieved  since  changing  the  switching  pressure 
will  potentially  change  elution  order  from  both  tandem  column  combinations. 

6 
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The  length  of  column  14  relative  to  the  other  two  column  segments  can  also  be  tuned  to  improve  the 
overall  separation.  If  column  14  is  made  longer,  the  initial  separation  is  more  complete  and  fewer 
components  will  need  to  be  transferred  to  column  22.  This  reduces  the  work  load  for  column  22.  However, 
if  column  14  is  made  longer,  both  columns  22  and  24  must  be  made  shorter  if  the  total  analysis  time  is  to 

5  be  kept  constant.  This  reduces  the  resolving  power  of  columns  22  and  24.  For  every  sample  mixture,  there 
will  be  an  optimal  length  ratio  for  the  tandem  column  combinations. 

As  mentioned  previously,  other  approaches  to  tuning  the  selectivity  of  the  tandem  column  combinations 
can  also  be  used.  Any  change  in  the  operating  conditions  of  the  system  which  causes  a  differential  change 
in  retention  time,  will  change  the  effective  lengths  of  the  columns  and  can  be  used  to  tune  the  selectivity  of 

io  the  tandem  combinations.  These  changes  can  also  involve  changes  in  column  temperature  or  actual  lengths 
of  the  columns. 

While  the  three  columns  14,  22,  and  24  shown  in  Figure  1  are  shown  as  single  columns,  a  series- 
coupled  tandem  combination  can  be  used  to  replace  any  of  these  columns.  Additional  bifurcation  can  occur 
at  the  outlet  ends  of  either  columns  22  or  24,  or  both,  thus  providing  additional  selectivity  control.  Such  a 

is  system  is  diagrammatically  illustrated  in  Figure  1  1  and  is  designated  as  GC  system  49.  This  figure  can  be 
thought  of  as  including  the  same  elements  the  system  of  Figure  1,  but  FID  26  is  replaced  by  another 
tandem  column  combination.  Since  the  elements  of  the  lower  half  of  Figure  11  are  identical  to  those  shown 
in  Figure  1,  they  are  identified  by  like  reference  numbers.  GC  system  49  further  includes  additional  Tee- 
fittings  50,  52  and  54,  connected  to  a  pair  of  valves  56  and  58  through  pneumatic  flow  restrictors  60  and  62, 

20  which  elements  combine  to  provide  a  second  switching  network.  Additional  analytical  columns  64  and  66 
are  provided  having  different  selectivities.  Both  columns  64  and  66  could  be  connected  to  a  single  detector, 
although  a  pair  of  separate  and  distinct  FIDs  68  and  70  are  shown. 

Chromatography  system  49  shown  in  Figure  11  includes  three  detectors  and  two  switching  networks. 
Column  22  of  the  first  figure  has  essentially  been  supplemented  with  an  additional  segment  66  having  the 

25  same  selectivity.  Column  64  has  a  different  selectivity  than  either  columns  14  or  22.  Column  64  could  be  a 
polar  column  which  shows  high  polarity  for  a  different  set  of  compounds  than  that  of  column  22.  Groups  of 
compounds  which  are  not  adequately  separated  on  the  tandem  combination  14  and  22  are  switched  to 
column  64  where  they  are  separated.  The  tandem  combination  of  columns  22  and  64  can  be  tuned  by 
adjusting  the  switching  pressure  applied  through  valve  58  and  restrictor  62.  If  the  columns  22  and  66  have 

30  the  same  or  similar  selectivities,  changes  in  switching  pressure  will  not  significantly  affect  the  pattern  of  the 
elution  peaks  from  that  combination.  Thus,  the  tandem  combination  of  column  22  and  64  can  be 
independently  tuned.  Note,  however,  that  tuning  of  the  tandem  combination  of  columns  22  and  64  can 
"untune"  the  upstream  combination  of  columns  14  and  22,  unless  other  pressures  in  the  system  are 
adjusted.  Restrictors  34,  36,  60  and  62  would  be  selected  to  provide  a  pressure  differential  across  each 

35  column  to  provide  forward  sample  flow. 
It  is  to  be  understood  that  the  invention  is  not  limited  to  the  exact  construction  or  method  illustrated  and 

described  above,  but  that  various  changes  and  modifications  may  be  made  without  departing  from  the  spirit 
and  scope  of  the  invention  as  defined  in  the  following  claims. 

40  Claims 

1.  A  gas  chromatography  system  for  separating  components  of  an  analyte  mixture,  comprising: 
an  inlet  system  for  providing  a  sample  of  the  analyte  mixture  entrained  on  a  stream  of  a  carrier 

gas, 
45  a  first  chromatography  separation  column  for  receiving  said  sample  from  said  inlet  system  and  for 

causing  at  least  partial  separation  of  the  components, 
a  second  chromatography  separation  column  for  receiving  at  least  some  of  said  components 

defining  a  first  group  eluting  from  said  first  column, 
a  third  chromatography  separation  column  for  receiving  at  least  some  of  said  components  defining 

50  a  second  group  eluting  from  said  first  column, 
a  switching  network  for  receiving  the  sample  components  eluting  from  said  first  column  and  for 

selectively  directing  said  components  eluting  from  said  first  column  to  either  said  second  column  or 
said  third  column,  said  switching  network  including  a  branching  connection  communicating  said  first 
column  with  a  first  branch  connected  to  said  second  column  and  a  second  branch  connected  to  said 

55  third  column,  and  first  and  second  controllable  sources  of  carrier  gas  for  selectively  introducing  carrier 
gas  into  said  first  and  second  branches  at  a  pressure  less  than  the  pressure  of  said  carrier  gas  at  said 
inlet  system  whereby  said  carrier  gas  introduced  by  said  first  controllable  source  causes  components 
of  said  analyte  to  be  directed  through  said  third  column  and  carrier  gas  introduced  by  said  second 
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controllable  source  causes  components  of  said  analyte  to  be  directed  through  said  second  column,  and 
detector  means  for  sensing  said  components  eluting  from  at  least  one  of  said  second  and  third 

columns. 

5  2.  A  gas  chromatography  system  according  to  claim  1  wherein  said  detector  means  vents  to  atmosphere 
said  components  eluting  from  at  least  one  of  said  second  and  third  columns. 

3.  A  gas  chromatography  system  according  to  claim  1  wherein  said  first  and  second  controllable  sources 
of  carrier  gas  include  an  on/off  valve  and  a  pneumatic  flow  restrictor. 

10 
4.  A  gas  chromatography  system  according  to  claim  3  wherein  said  first  and  second  controllable  sources 

of  carrier  gas  direct  the  flow  of  analyte  components  through  said  first  and  second  branches  without  said 
analyte  components  passing  through  either  of  said  first  or  second  controllable  sources  of  carrier  gas. 

is  5.  A  gas  chromatography  system  according  to  claim  1  wherein  said  first  and  second  columns  have 
equivalent  selectivities  whereas  said  third  column  has  a  selectivity  different  than  said  first  and  second 
columns  and  at  least  some  of  said  components  not  adequately  separated  on  said  first  and  second 
columns  are  separated  on  said  third  column. 

20  6.  A  gas  chromatography  system  according  to  claim  1  further  comprising  a  controller  for  controlling  the 
injection  of  said  analyte  into  said  first  column  and  controlling  said  first  and  second  controllable  sources 
of  carrier  gas  for  causing  said  first  group  of  components  of  said  analyte  mixture  to  be  directed  to  said 
second  column  and  said  second  group  of  components  of  said  analyte  to  be  directed  to  said  third 
column. 

25 
7.  A  gas  chromatography  system  according  to  claim  1  further  comprising  a  fourth  chromatography 

separation  column  and  a  fifth  chromatography  separation  column  receiving  components  of  said  analyte 
eluting  from  said  second  column  or  said  third  column  and  having  a  second  switching  network  for 
selectively  directing  components  eluting  from  said  second  or  said  third  column  to  either  said  fourth  or 

30  fifth  columns. 

8.  A  gas  Chromatography  system  according  to  claim  1  wherein  said  switching  network  causes  said  carrier 
gas  to  flow  through  both  said  second  and  third  columns  while  said  analyte  is  directed  through  one  of 
said  second  or  third  columns. 

35 

40 

45 

50 

55 

8 



EP  0  597  602  A1 



EP  0  597  602  A1 

F \ D  

m  -  

iz  - 

id  -  

B  -  

&  -  

4  - 

1  -  

BJC,D,& 

0  

A  
j  i  i  ,  i  i  i  '  ' 

U  B  II  U,  20  2M  18  32  Sfc 

71NM:  (S)  ™   ,  / F / G - J  

F I D  

S l b N & L  

m 

10 

a  

& 

1  

C  

J U J  
J  L J  L. 

N 0  

I  I  I  —  L 1  1  1  '  ' 
B  12.  lb  10 

"TIME  ( S )  

14  IB  3Z.  3\o 

F I G   - 4  

10 



EP  0  597  602  A1 

(  u 

IU 

I I  

FID  , ( 0  
SlbW  AL 

4 

Z 

j  i_ I  ,  I J  u 

0  

b  II  h  10  V\  22  3 2  

™ E   (5)  
F / 6 - 5  

3k  

to 

5 

F I D  

Z 

1 

c  

D 

(A 

-1  —   1  —   1  —   i  —   i  —   i  —   i  —   i  —   i  i  i  i  <  i  i  i  i 
m  a  12.  it,  io  m  m  31  3 k  

t i m e   ( s )  
/ F / G - 6  

11 



EP  0  597  602  A1 

12 



P  0  597  602  A1 

5  h  

0  h 

J  

b  5  10  \L  14  lb  Iii  1U  ZX 

io  r  c  F I G   -  / O  

7ID  y^Nf tL  ,0 

PUD 

to  10  IL  R  to  18  X0  L L  

1 M Z   (5)  r p / G _ 8  



EP  0  597  602  A1 

14 



European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 
EP  93  30  8478 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  (Int.Cl.S) 

X 

X 

A 

A 

US-A-3  426  600  (BOCHINSKI)  11  February 
1969 
WHOLE  DOCUMENT 

US-A-3  712  028  (DEANS)  23  January  1973 
*  column  1  -  column  4  * 

DE-A-21  38  909  (LUTTICH)  1  March  1973 
*  page  3  -  page  6  * 

US-A-4  254  654  (CLOUSER)  10  March  1981 

WO-A-90  09585  (SIEMENS  AG)  16  February 
1989 
*  page  2  -  page  3  * 

JOURNAL  OF  CHROMATOGRAPHY 
vol.  91  ,  1  April  1974 
pages  603  -  612 
RIJKS  ET  AL.  'CHARACTERIZATION  OF 
HYDROCARBONS,  ETC.  1 

The  present  search  report  has  been  drawn  up  for  all  claims 

G01N30/46 

1 

1-3 

1 

1 ,3 ,6  

TECHNICAL  FIELDS 
SEARCHED  (Int.CI.5) 

G01N 

Place  of  search 
THE  HAGUE 

Date  of  completion  of  the  search 
25  February  1994 

Examiai 
Boehm,  C 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date D  :  document  cited  in  the  application I.  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

