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(54)  Absorbent  trap  for  gas  chromatography. 

(57)  A  gas  chromatography  system  in  which  pre- 
focusing  of  a  sample  analyte  is  provided 
through  the  use  of  an  adsorbent  coated  porous 
layer  open  tubular  trap  tube.  Through  the  use  of 
an  adsorbent  coated  collection  device  low  boil- 
ing  point  components  can  be  successfully  trap- 
ped  for  preconcentration  and  injection  at 
temperatures  well  above  that  necessary  when 
employing  conventional  cryo-focusing. 
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BACKGROUND  AND  SUMMARY  OF  THE 
INVENTION 

This  invention  relates  to  a  gas  chromatography 
analysis  instrument,  and  in  particular,  to  a  trap  system 
for  preconcentration  and  injection  of  a  sample  which 
employs  an  adsorbent  coated  trap  column. 

Gas  chromatography  is  unsurpassed  in  its  selec- 
tivity,  sensitivity,  and  cost  effectiveness.  It  is  applica- 
ble  for  at  least  several  hundred  thousand  compounds 
of  low  to  moderate  boiling  point  including  compounds 
in  the  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  mix- 
ture  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  the  type 
most  widely  used  at  present,  the  column  comprises  a 
nonvolatile  liquid  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  col- 
umn.  The  analyte  partitions  itself  between  the  moving 
gas  phase  and  the  sorbent  and  moves  through  the 
column  at  a  rate  dependent  upon  the  partition  coeffi- 
cients  or  solubilities  of  the  analyte  components.  The 
analyte  is  introduced  at  the  entrance  end  of  the  col- 
umn  within  the  moving  carrier  gas  stream.  The  com- 
ponents  making  up  the  analyte  become  separated 
along  the  column  and  elute  at  intervals  characteristic 
of  the  properties  of  the  analyte  components.  Adetec- 
tor,  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 
through  a  biased  ion  detector  which,  along  with  asso- 
ciated  signal  processing  equipment,  produces  a  chro- 
matogram  which  is  a  time  versus  detector  signal  out- 
put  curve.  The  trace  for  complex  mixtures  includes 
numerous  peaks  of  varying  intensity.  Since  individual 
constituents  of  the  analyte  produce  peaks  at  charac- 
teristic  times  and  whose  magnitude  is  a  function  of 
their  concentration,  much  information  is  gained 
through  an  evaluation  of  a  chromatogram. 

Gas  chromatography  is  often  used  for  measuring 
the  presence  of  minute  concentrations  of  organic 
compounds.  In  order  to  permit  an  evaluation  of  a  sam- 
ple  it  generally  must  be  enriched  and  introduced  into 
the  analytical  column  as  a  narrow  sample  "plug"  so 
that  the  components  eluting  from  the  analytical  col- 
umn  provide  an  adequate  signal  level  with  good  out- 
put  resolution. 

Great  strides  have  been  made  in  the  develop- 
ment  of  gas  chromatography  systems.  The  technique, 
however,  provides  additional  opportunities  for  exploi- 

tation.  One  of  the  challenges  posed  to  designers  and 
users  of  gas  chromatography  equipment  is  a  desire  to 
provide  fast  analysis  time  needed,  for  example,  to 
permit  industrial  process  stream  control  or  monitoring 

5  of  internal  combustion  engine  exhaust  gases.  In  such 
applications,  time  dependent  changes  in  concentra- 
tions  of  the  analyte  components  can  occur.  Rapid 
analysis  time  permits  analysis  despite  such  tran- 
sients. 

10  In  order  to  enrich  organic  compounds  in  vapor 
streams  and  inject  them  as  a  narrow  sample  plug  to 
the  separation  column,  electrically  heated  cold  traps 
with  bare  metal  tubes  have  been  used  extensively. 
The  bare  metal  capillary  tube  is  cooled  to  cryogenic 

15  temperatures  and  a  sample  analyte  is  admitted.  The 
analyte  materials  undergo  a  phase  change  and  ad- 
here  to  the  inside  surface  of  the  tube.  After  sample 
collection  and  enrichment,  the  metal  tube  is  heated  by 
passing  an  electric  current  through  it.  In  a  very  short 

20  time,  the  tube  is  heated  to  a  temperature  sufficient  to 
vaporize  the  trapped  compounds.  This  results  in  a 
concentrated  vapor  plug  which  is  injected  into  a  gas 
chromatograph  column.  Such  cold  trapping  or  "cryo- 
focusing"  can  result  in  large  concentration  enrich- 

25  ments  and  very  narrow  injection  bandwidths  for  the 
analysis  of  samples. 

In  some  applications  of  gas  chromatography  ana- 
lysis  there  is  a  desire  to  detect  and  measure  concen- 
trations  of  extremely  low  boiling  point  gases  such  as 

30  methane.While  bare  metal  cold  traps  operate  in  a 
generally  satisfactory  manner,  many  lower  boiling 
point  compounds  are  difficult  to  cryo-focus  in  a  bare 
metal  tube  because  of  the  very  low  temperatures 
needed.  In  many  applications,  for  example  an  indus- 

35  trial  settings  or  where  mobile  monitoring  may  be  de- 
sired,  the  availability  of  cryogenic  temperatures  is 
limited,  and  if  necessary,  poses  a  significant  cost 
penalty  and  limits  operational  flexibility. 

In  accordance  with  the  present  invention,  a  gas 
40  chromatography  apparatus  is  provided  which  enables 

rapid  evaluation  time  and  further  enables  the  trapping 
and  reinjection  of  very  low  boiling  point  gases  includ- 
ing  methane,  which  is  notoriously  difficult  to  trap.  In 
accordance  with  this  invention,  a  trap  is  provided  in 

45  the  form  of  a  capillary  tube  which  is  coated  with  a  sub- 
stance  which  shows  retention  by  adsorption  of  the 
compounds  of  interest.  For  such  adsorbent  coated 
cold  traps,  efficient  trapping  and  large  concentration 
enrichments  can  be  obtained  at  temperatures  well 

so  above  conventional  trapping  temperatures  of  the 
compounds.  This  can  greatly  reduce  the  cooling  re- 
quirements  for  these  devices.  In  accordance  with  this 
invention,  several  approaches  toward  implementing 
such  an  adsorbent  coated  trap  are  disclosed,  includ- 

55  ing  a  system  in  which  sample  collection  and  reinjec- 
tion  occurs  as  the  carrier  gas  stream  flows  through 
the  trap  in  one  direction,  and  an  embodiment  in  which 
gas  flow  direction  is  reversed  between  operating 
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modes.  In  addition  to  the  adsorbent  coated  trap  func- 
tioning  as  a  means  of  concentration  and  reinjection  of 
the  analyte,  the  retention  of  the  components  of  the 
mixture  through  adsorption  on  the  column  can  be 
used  as  a  means  of  initial  separation  of  the  analyte 
components. 

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic  diagram  of  a  gas  chroma- 
tography  system  in  accordance  with  a  first  embodi- 
ment  of  the  invention. 

Figure  2  is  a  plot  of  trapping  ratio  versus  temper- 
ature  for  uncoated  and  adsorbent  coated  trap  tubes. 

Figure  3  is  a  series  of  chromatograms  labeled  3a, 
3b,  and  3c  representing  various  trapping  tempera- 
tures  for  a  gas  chromatography  system  according  to 
the  invention. 

Figure  4  is  a  schematic  diagram  of  a  gas  chroma- 
tography  system  in  accordance  with  a  second  em- 
bodiment  of  this  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

A  gas  chromatography  system  in  accordance 
with  a  first  embodiment  of  this  invention  is  shown  in 
Figure  1  and  is  generally  designated  there  by  refer- 
ence  number  10.  Sample  inlet  12  receives  a  sample 
to  be  evaluated  which  may  be  an  atmospheric  air 
sample  or  some  other  analyte.  The  sample  flows  from 
inlet  12  through  pneumatic  restrictor  14  which  is  a 
length  of  deactivated  fused  silica  glass  capillary  tube 
provided  for  the  purpose  of  controlling  gas  flow  rates. 
Sample  inlet  12  and  restrictor  14  together  comprise 
an  inlet  branch  36  of  system  10. 

Restrictor  14  is  connected  to  trap  tube  16  en- 
closed  within  cooling  chamber  18.  In  accordance  with 
this  invention,  trap  tube  16  is  of  capillary  dimension 
and  includes  an  adsorbent  coating  on  its  inner  sur- 
face.  Trap  tube  16  is  classified  as  a  porous  layer  open 
tubular  (PLOT)  configuration.  Various  types  of  sta- 
tionary  phase  adsorbent  materials  can  be  used.  In 
connection  with  this  invention  one  material  investigat- 
ed  was  Al203  and  other  a  commercially  available 
PLOT  columns  known  as  PoraPLOT  Q  having  an  ad- 
sorbent  coating  of  styrene-divinylbenzene.  The  Al203 
column  investigated  had  an  inside  diameter  of 
0.32mm  with  a  1  5cm  length  and  the  stationary  phase 
material  had  a  coating  thickness  of  5  micrometers. 
The  Al203  material  has  a  maximum  operating  temper- 
ature  of  250°C  and  is  best  employed  in  trapping  hy- 
drocarbons  in  the  CrC10  range.  The  PoraPLOT  Q  col- 

umn  investigated  also  had  an  inside  diameter  of 
0.32mm  and  a  1  5cm  length.  The  PoraPLOT  Q  station- 
ary  phase  material  has  a  film  thickness  of  10  micro- 
meters,  with  a  maximum  temperature  of  200°C.  Appli- 

5  cationsforthe  PoraPLOT  Q  material  include  alcohols, 
water,  polar  volatiles,  and  various  hydrocarbons  and 
gases.  Gas  chromatography  system  10  is  designed 
for  high  speed  operation  and,  therefore,  short  column 
lengths  are  used  and  an  attempt  is  made  to  minimize 

10  system  "dead  volume".  In  view  of  these  considera- 
tions,  it  is  believed  that  the  length  of  trap  tube  16 
should  not  exceed  50cm,  and  its  inside  diameter 
should  be  less  than  1mm  and  preferably 
around  .5mm. 

15  Cooling  chamber  18  can  be  formed  from  quartz 
and  includes  features  for  controlling  the  temperature 
of  trap  tube  16.  In  the  embodiment  shown,  chamber 
1  8  is  cooled  using  a  source  of  cold  gas  such  as  N2  gas 
which  provides  a  trapping  temperature.  Trap  tube  16 

20  also  must  be  heated  for  the  desorption  of  trapped  ma- 
terials.  One  approach  toward  providing  such  heating 
is  to  place  trap  tube  16  within  closely  fitting  metal  tube 
22  which  can  be  resistively  heated.  Heater  circuit  24 
which  may  be  provided  in  the  form  of  a  capacitive  dis- 

25  charge  heater  circuit  as  described  in  U.S.  Patent  no. 
5,096,471,  which  is  hereby  incorporated  by  refer- 
ence,  is  provided  to  generate  a  resistance  heating 
pulse  for  metal  tube  22  which  when  heated,  heats  trap 
tube  16  for  causing  desorption.  Because  of  the  high 

30  thermal  compliance  of  the  thin-walled  fused  silica  ad- 
sorbent  coated  trap  tube  16,  it  heats  rapidly  in  re- 
sponse  to  heating  of  metal  tube  22. 

After  desorption,  the  analyte  is  driven  by  the  flow 
of  a  carrier  gas  to  outlet  branch  38  where  it  passes 

35  into  analytical  separation  column  26  which  may  take 
various  forms  including  another  PLOT  type  column  or 
a  more  conventional  type  having  a  liquid  stationary 
phase.  Materials  which  elute  from  separation  column 
26  pass  into  a  detector  which  is  shown  in  the  form  of 

40  a  flame  ionization  detector  (FID)  28.  An  electrometer 
30  is  used  to  quantify  the  output  of  FID  28  based  on 
the  existence  of  charged  species  which  are  produced 
upon  elution  of  components  of  the  analyte  mixture. 
Controller  32  receives  an  input  from  electrometer  30 

45  and  through  an  appropriate  interface  provides  a  chro- 
matogram  trace.  Controller  32  also  controls  operation 
of  the  system  including  the  injection  sequence  and 
gas  flow  management,  as  will  be  described  in  more 
detail. 

so  A  supply  34  of  a  carrier  gas  such  as  helium  or  hy- 
drogen  is  provided  which  is  connected  to  both  inlet 
branch  36  and  outlet  branch  38  through  valves  40  and 
42,  respectively.  Pneumatic  restrictor  44  is  provided 
between  valve  42  and  its  connection  with  outlet 

55  branch  38  for  the  purpose  of  fluid  flow  rate  control. 
Vacuum  pump  46  also  is  connected  into  outlet  branch 
38  through  valve  48. 

During  sample  collection,  valves  40  and  42  are 
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closed  and  valve  48  is  open.  This  isolates  the  system 
from  carrier  gas  supply  34  and  connects  the  inlet 
branch  36  to  vacuum  pump  46.  As  long  as  the  vacuum 
pump  pressure  is  less  than  that  at  sample  inlet  12,  the 
sample  will  be  drawn  into  trap  tube  16  which,  in  the 
collection  mode,  is  maintained  at  a  cold  collection 
temperature.  During  the  sample  collection  interval, 
vacuum  pump  46  also  causes  separation  column  26 
to  be  backflushed  and  the  FID  28  gases  rapidly  purge 
the  column  of  any  high  boiling  point  residues  from  a 
previous  sample.  After  sample  collection  the  system 
transitions  to  the  injection  mode  in  which  valve  42  re- 
mains  closed,  but  valve  40  is  open  and  valve  48  is 
closed.  Trap  tube  16  is  then  heated  by  heater  circuit 
24  to  inject  the  sample  into  analytical  column  26.  In 
some  applications,  the  heating  of  trap  tube  16  would 
occur  rapidly  to  minimize  desorption  time  of  all  the 
trapped  components  depending  on  the  degree  of  ini- 
tial  separation  which  occurs  in  trap  tube  16  the  des- 
orbed  components  of  the  analyte  may  appear  togeth- 
er  as  a  single  sample  "plug"  or  may  elute  separately. 
In  either  case,  however,  the  injection  bandwidth  of  a 
particular  component  of  the  analyte  needs  to  be  mini- 
mized  as  a  means  of  providing  good  resolution  after 
a  short  separation  time.  For  fast  separation,  the  band- 
width  of  a  particular  desorbed  component  of  the  in- 
jected  sample  should  be  less  than  about  100ms.  After 
injection  is  complete,  valve  42  is  opened  and  valve  40 
is  closed.  Carrier  gas  continues  to  drive  the  analyte 
through  column  26  whereas  trap  tube  16  is  being 
backflushed.  Trap  tube  16  is  maintained  at  an  elevat- 
ed  temperature  during  this  interval  to  remove  any  re- 
sidues  from  the  trap  tube.  After  elution  is  complete, 
analytical  column  26  can  be  backflushed  by  opening 
valve  48,  causing  a  reverse  flow  through  the  column. 

Figure  2  illustrates  the  fundamental  differences 
in  the  behavior  of  adsorbent  coated  traps  used  in  ac- 
cordance  with  this  invention  as  compared  with  un- 
coated  traps.  Figure  2  plots  the  fraction  of  a  single 
compound  trapped  vs.  trap  temperature  and  is  based 
on  empirical  data  for  pentane.  Curve  A  is  a  bare  metal 
trap  tube  with  an  inside  diameter  of  0.30  mm.  Curve 
B  was  obtained  with  a  0.32mm  inside  diameter  por- 
ous-polymer  coated  PLOT  trap  tube  16  contained 
within  a  close-fitting  stainless  steel  tube  22.  Two  im- 
portant  differences  are  seen  between  the  two  plots. 
First,  much  lower  temperatures  are  needed  to  obtain 
efficient  collection  of  pentane  with  the  bare  metal 
tube  (curve  A).  Second,  the  process  is  much  more 
abrupt  with  the  bare  metal  tube.  For  the  bare  metal 
tube,  the  fraction  trapped  goes  from  0  to  1.0  over  a 
temperature  range  of  only  a  few  degrees;  while  for  the 
PLOT  trap  tube  (curve  B),  a  temperature  change  of 
over  200°C  is  inadequate  to  obtain  the  same  result. 
In  fact,  the  PLOT  trap  shows  considerable  sample 
collection  at  temperatures  of  250°C  which  is  near  the 
maximum  operating  temperature  for  the  trap  tube  ma- 
terial.  In  addition,  even  at  very  low  temperatures,  the 

fraction  trapped  is  slightly  less  than  1.0.  Trapping  in 
a  bare  metal  tube  is  a  physical  process  consisting  of 
a  phase  change  referred  to  as  cyro-focusing  the  sam- 
ple.  Trapping  on  an  adsorbent  stationary  phase  trap 

5  is  a  chemical  process  which  may  be  referenced  to  as 
chemi-focusing.  For  the  bare  metal  trap  tube  (curve 
A),  if  the  temperature  is  less  than  about-80°C,  the  en- 
tire  sample  is  trapped.  If  the  temperature  is  then  in- 
creased  to  about  -70°C,  the  entire  sample  is  released. 

10  For  the  PLOT  trap  (curve  B),  nearly  complete  sample 
collection  occurs  at  very  low  temperature,  and  a  more 
gradual  release  of  the  sample  occurs  when  the  trap 
is  heated. 

In  defining  the  operating  parameter  and  behav- 
15  iors  of  PLOT  column  trap  tube  16,  several  definitions 

and  characteristics  are  of  importance.  The  sample  ca- 
pacity  factor  k  is  defined  as  the  ratio  of  the  amount 
of  a  particular  sample  species  sorbed  on  the  solid 
surface  of  trap  tube  16  to  the  amount  in  the  gas 

20  phase.  The  amount  of  sample  that  can  be  sorbed  un- 
der  a  specified  set  of  conditions  on  trap  tube  16  is  de- 
fined  as  the  absolute  capacity  C.  From  the  definition 
of  k,  the  fraction  trapped  in  curve  B  of  Figure  2  is  giv- 
en  by  k/(k+1).  Three  important  aspects  of  the  PLOT 

25  trap  16  operation  are  the  injection  time  or  delay  time 
t,  the  injection  bandwidth  s,  and  the  preconcentration 
factor  A.  The  transport  time  of  carrier  gas  through 
trap  16  tg  is  given  by  the  ratio  of  trap  length  L  to  gas 
velocity  v.  Atypical  length  of  trap  tube  16  is  about  10 

30  cm,  and  the  velocity  of  carrier  gas  from  source  34  is 
usually  in  the  range  from  100  to  1000  cm/s.  Thus,  tg 
is  in  the  range  from  10  to  100  ms.  Because  of  the 
short  length  of  trap  tube  16,  gas  compression  effects 
are  minimal,  and  the  gas  flow  velocity  can  be  as- 

35  sumed  constant  along  the  length  of  the  trap. 
For  a  bare  metal  trap  tube,  the  value  of  C  is  lim- 

ited  only  by  the  amount  of  sample  that  will  physically 
block  the  tube  and  choke  off  sample  gas  flow.  Also, 
for  the  bare  metal  trap,  the  sample  injection  delay  af- 

40  ter  the  tube  is  heated  is  just  tg  or  less,  and  the  injec- 
tion  bandwidth  a  is  typically  about  10  ms.  If  the  value 
of  k  for  PLOT  trap  tube  16  is  very  large  during  sample 
collection  and  if  the  trap  capacity  C  is  not  exceeded, 
it  can  be  assumed  that  the  collected  sample  plug  mi- 

45  grates  only  a  relatively  short  distance  along  the  tube 
during  the  sample  collection  interval.  Under  these 
conditions,  the  injection  delay  is  given  by  tg(k<i+1), 
where  kd  is  the  capacity  factor  for  the  sample  com- 
ponent  of  interest  during  the  desorption  heating  cycle. 

so  The  preconcentration  factor  is  nearly  proportional  to 
(kc+1)/(kd+1),  where  kc  is  the  sample  capacity  factor 
during  sample  collection.  The  injection  bandwidth  is 
nearly  proportional  to  k.j+1  . 

For  operation  as  an  inlet  system  for  high-speed 
55  gas  chromatography,  trap  tube  16  is  cooled  to  a  suf- 

ficiently  low  temperature  to  obtain  minimum  sample 
plug  migration  during  the  sample  collection  interval 
and  to  obtain  the  largest  possible  preconcentration 
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factor  kc.  To-inject  the  sample,  trap  tube  16  is  rapidly 
heated  to  the  injection  or  desorption  temperature,  and 
this  temperature  is  maintained  until  all  components  of 
interest  have  migrated  through  the  trap  tube  and  en- 
tered  separation  column  26.  Note  that  both  the  kc  and 
kd  values  are  very  temperature  dependent  and  are 
different  for  every  sample  compound.  As  long  as  the 
migration  rate  in  trap  tube  1  6  is  low  during  sample  col- 
lection,  breakthrough  (i.e.  elution  during  sample  col- 
lection)  should  not  occur  and  peak  areas  in  the  final 
chromatograms  should  be  independent  of  the  kc  val- 
ue.  Injection  bandwidth  for  a  particular  compound, 
however,  should  vary  somewhat  with  the  kc  value. 

Due  to  the  retention  characteristics  of  trap  tube 
16,  during  the  desorption  mode  individual  compo- 
nents  of  the  analyte  may  desorb  at  different  times. 
This  retention  characteristic  can  be  exported  to  en- 
able  multi-dimensional  separation  in  which  trap  tube 
16  functions  both  as  a  collection  device  and  provides 
initial  separation.  This  initial  separation  allows  selec- 
tive  introduction  of  sample  components  to  analytical 
column  26.  In  systems  utilizing  trap  tube  16  in  this 
manner  a  longer  duration  and  a  more  controllable 
heating  pulse  may  be  required  than  can  be  delivered 
using  capacitive-discharge  heater  circuit  24.  Even 
when  the  total  desorption  time  is  many  seconds  in 
many  seconds  in  duration,  trap  tube  16  would  deliver 
individual  components  over  a  short  injection  band- 
width  of  less  than  100ms. 

In  gas  chromatography  system  10,  separation 
column  26  can  also  be  a  PLOT  configuration  column 
which  shows  significant  retention  of  the  target  com- 
pounds  at  the  anticipated  injection  (desorption)  tem- 
peratures.  In  fact,  separation  column  26  can  be  a  seg- 
ment  of  a  continuous  capillary  tube,  a  portion  of  which 
is  enclosed  by  cooling  chamber  18. 

As  a  representative  example  of  a  system  in  accor- 
dance  with  the  invention,  Figure  3  shows  high-speed 
chromatograms  of  a  natural  gas  sample  obtained  us- 
ing  a  1  5-cm  long,  0.32-mm  i.d.  PoraPLOT  Q  trap  tube 
16  and  a  4.0-meter  long,  0.32-mm  i.d.  Al203  PLOT 
analytical  separation  column  26.  Chromatograms  3a, 
3b  and  3c  correspond  to  trapping  temperatures  of  - 
130°C,  -  70°C  and  -  30°C,  respectively.  Each  of  the 
chromatograms  were  obtained  with  an  injection  tem- 
perature  of  100°C.  Components  labeled  A,  B,  C,  D 
and  E  in  Figure  3  are  both  methane,  ethane,  propane, 
isobutane  and  normal  butane,  respectively.  Note  that 
very  narrow  peaks  are  produced  because  of  the  effi- 
cient  sample  trapping  and  the  rapid  heating  of  the  trap 
tube.  Separation  is  complete  in  about  6  seconds.  At 
the  lowest  trapping  temperature  shown  in  Figure  3a, 
all  components  are  collected  in  the  trap  including  me- 
thane,  which  is  notoriously  difficult  to  trap.  At  the  in- 
termediate  temperature  shown  in  Figure  3b,  methane 
is  not  significantly  collected  (no  methane  peak  is  ob- 
served)  but  all  other  components  are  quantitatively 
collected.  At  the  highest  temperature  shown  in  Figure 

3c,  neither  methane  nor  ethane  are  significantly  re- 
tained  in  the  cold  trap  but  all  other  components  are 
quantitatively  collected. 

In  the  gas  chromatography  system  according  to 
5  this  invention,  a  number  of  parameters  and  operating 

characteristics  must  be  selected  depending  upon  the 
type  of  analyte  and  separation  desired.  The  selection 
of  adsorbent  material  has  the  significant  impact  on 
the  trap  operation.  For  example,  the  PoraPLOT  Q 

10  trap  investigated  by  the  inventors  exhibited  stronger 
retention  of  components  at  a  given  temperature  as 
compared  with  an  Al203  coated  column.  This  differ- 
ence  is,  perhaps  attributed  to  the  fact  that  the  primary 
mode  of  collection  of  the  Al203  column  is  through  ad- 

15  sorption  whereas  a  PoraPLOT  Q  column  traps  com- 
ponents  through  a  combination  of  diffusion  and  ad- 
sorption.  As  illustrated  in  Figure  3  trapping  tempera- 
ture  must  be  selected  to  provide  the  degree  of  sample 
enrichment  desired.  The  fraction  adsorbed  for  both 

20  types  of  traps  increases  with  decreasing  trap  temper- 
ature.  The  reinjection  or  desorption  temperature  must 
also  be  selected  carefully.  At  higher  reinjection  tem- 
peratures  components  will  be  less  retained  and  the 
peaks  of  the  outputwill,  therefore,  be  less  broadened. 

25  The  absolute  capacity  of  the  column  must  also  be 
considered  so  as  not  to  exceed  the  trap  capacity 
which  would  result  in  sample  bleed-off.  The  firing  de- 
lay  or  sample  collection  interval  must  be  selected  so 
that  an  acceptable  degree  of  sample  enrichment  oc- 

30  curs  while  avoiding  bleed-off  which  occurs  in  an  ad- 
sorbent  column,  since  even  when  the  analyte  compo- 
nents  are  adsorbed  they  constantly  move  along  the 
column  in  the  direction  of  the  flow  of  carrier  gas. 

Preliminary  quantitative  studies  have  shown  that 
35  linear  calibration  curves  of  peak  area  vs.  mass  of  the 

trapped  sample  can  be  obtained  using  the  adsorbent- 
coated  cold  trap  inlet  system  of  this  invention.  An 
Al203  trap  tube  16  gave  correlation  coefficients  in  the 
range  0.9986  to  0.9993  for  samples  in  the  range  from 

40  1  .0  ng  to  30  ng. 
A  known  concern  when  using  some  PLOT  col- 

umns  or  other  adsorbent  columns  is  their  affinity  for 
polar  molecules  such  as  water.  Excess  concentra- 
tions  of  water  adsorbed  onto  the  column  can  foul  the 

45  column  and  be  troublesome  to  remove.  In  order  to 
eliminate  this  effect,  one  approach  is  to  prevent  water 
vapor  from  coming  into  contact  with  the  adsorption 
column.  Another  approach  toward  reducing  the  prob- 
lems  of  fouling  of  an  adsorbent  trap  is  to  cause  the 

so  sample  to  be  trapped  at  the  end  of  the  trap  tube  16 
closest  to  analytical  column  26.  This  is  achieved  by  di- 
recting  carrier  gas  flow  through  the  trap  tube  in  op- 
posite  direction  in  the  trapping  and  reinjection  modes. 
Through  such  gas  flow  management,  the  sample  is 

55  not  required  to  traverse  the  entire  length  of  the  trap 
tube  which  increases  fouling  problems.  Such  a  sys- 
tem  using  a  bare  metal  trap  tube  is  describe  in  U.S. 
patent  5,141  ,532,  which  is  hereby  incorporated  by  ref- 
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erence. 
Figure  4  provides  an  illustration  of  a  "reverse 

flow"  system  using  an  adsorbent  trap  tube  and  is  gen- 
erally  designated  by  reference  number  60.  Since 
many  elements  of  system  60  are  identical  to  those  of  5 
system  10,  common  reference  numbers  for  such  ele- 
ments  are  used.  As  shown,  gas  chromatography  sys- 
tem  60  includes  cooling  chamber  18  having  inlets  and 
outlets  for  conducting  the  flow  of  a  cryogenic  gas 
such  as  nitrogen.  Trap  tube  16  passes  through  cham-  10 
ber  18  and  conducts  the  analyte  through  the  cham- 
ber.  Trap  tube  16,  as  in  the  first  embodiment,  is  of  a 
PLOT  column  configuration.  Heater  circuit  24  is  con- 
nected  to  metal  tube  22  as  in  the  prior  embodiment. 
Trap  tube  16  is  connected  to  analytical  separation  col-  15 
umn  26.  The  opposite  end  of  column  26  is  connected 
to  FID  28.  Carrier  gas  source  34  provides  the  source 
of  a  carrier  gas  such  as  hydrogen  or  helium  and  com- 
municates  with  trap  tube  16  through  a  first  conduit 
branch  74  comprising  the  elements  to  the  left  of  trap  20 
tube  16  as  shown  in  Figure  4.  Sample  source  62  pro- 
vides  a  sample  at  a  pressure  which  is  less  than  that 
of  carrier  gas  source  34  and  may  be  at  ambient  pres- 
sure  or  below  and  is  connected  between  trap  tube  16 
and  column  26  to  a  second  conduit  branch  76  com-  25 
prising  the  elements  to  the  right  of  trap  tube  16.  Va- 
cuum  pump  46  communicates  through  first  branch  74 
with  one  end  of  trap  tube  16.  As  shown,  various  pneu- 
matic  restrictors  64,  66  and  68  are  provided  which  are 
comprised  of  varying  lengths  of  capillary  tube  which  30 
are  used  to  control  the  flow  rates  of  fluids  through  the 
various  flow  paths. 

A  pair  of  valves  70  and  72  are  provided  which  are 
preferably  pneumatically  or  electrically  controlled 
on/off  valves.  As  shown,  valve  72  controls  the  flow  of  35 
fluid  between  first  and  second  branches  74  and  76, 
and  valve  70  selectively  exposes  one  end  of  trap  tube 
16  to  vacuum  pump  46.  Operation  of  valves  70  and 
72,  heater  circuit  24  and  vacuum  pump  46  is  coordin- 
ated  by  controller  32.  40 

In  operation  of  system  60,  when  it  is  desired  to 
trap  a  sample,  valve  70  is  opened  and  valve  72  is 
closed.  By  having  valve  70  opened,  vacuum  pump  46 
serves  as  the  lowest  pressure  point  forthe  three  sep- 
arate  flow  paths  originating  at  carrier  gas  source  34,  45 
sample  source  62,  and  detector  28.  Thus,  fluids  flow 
through  all  of  the  flow  paths  toward  vacuum  pump  46. 
In  this  mode,  cooling  chamber  18  is  at  a  low  temper- 
ature  and,  therefore,  the  sample  is  being  introduced 
into  trap  tube  16  at  its  end  closest  to  analytical  column  50 
26  (i.e.  flow  is  right-to-left).  A  small  amount  of  carrier 
gas  is  continually  vented  through  vacuum  pump  46. 

After  a  sample  collection  interval  of,  for  example, 
several  seconds,  valve  72  is  opened  and  valve  70  is 
closed  which  corresponds  to  an  injection  mode  of  op-  55 
eration.  Simultaneously,  a  heating  pulse  is  provided 
by  heater  circuit  24  to  desorb  the  collected  sample.  In 
this  mode,  detector  28  which  is  exposed  to  atmosphe- 

ric  pressure  constitutes  the  lowest  pressure  point  of 
the  system.  A  primary  flow  of  carrier  gas  in  this  des- 
orption  mode  is  through  restrictor  64  and  then  into 
trap  tube  16  through  its  end  furthest  from  column  26 
(i.e.  flow  is  left-to-right)  and  into  column  26.  Asecond- 
ary  flow  of  carrier  gas  originates  from  source  34,  trav- 
els  through  valve  72,  restrictor  66  and  then  to  column 
26  and  thus  clears  portions  of  second  branch  76.  The 
relative  flow  rate  through  these  two  paths  are  deter- 
mined  by  the  characteristics  of  restrictors  64  and  66. 
It  is  also  significant  that  during  the  injection  a  desorp- 
tion  mode  of  operation,  a  reverse  flow  occurs  through 
restrictor  68  which  has  the  effect  of  purging  the  con- 
duit  and  that  restrictor,  thus  eliminating  the  rema- 
nents  of  prior  samples  from  influencing  subsequent 
evaluation.  It  should  be  further  noted  that  the  flow  of 
carrier  gas  through  restrictor  66  dilutes  the  sample 
being  introduced  injected  into  column  26.  According- 
ly,  it  is  important  to  limit  the  flow  rate  through  this 
pathway.  As  mentioned  previously,  during  the  injec- 
tion  mode,  the  sample  which  has  collected  at  the  end 
of  trap  tube  16  closest  to  column  46  is  directly  inputed 
into  the  column  without  passing  through  the  remain- 
der  of  the  trap  tube. 

In  a  backflush  mode  of  operation  of  gas  chroma- 
tography  system  60,  both  valves  70  and  72  are 
opened  and  heating  of  trap  tube  16  continues.  In  this 
mode,  both  carrier  gas  source  34  and  detector  28 
serve  as  high  pressure  points  forthe  system,  where- 
as  vacuum  pump  46  defines  the  low  pressure  point. 
Any  analyte  components  remaining  in  column  26  will 
be  redirected  back  into  trap  tube  16  where  they  can 
be  vented  to  vacuum  pump  46.  Since  valve  72  is 
opened  there  remains  a  purge  flow  from  carrier  gas 
source  34  to  sample  source  62.  Therefore,  the  system 
is  not  subject  to  contamination  from  the  sample  inlet 
during  backflushing. 

While  the  above  description  constitutes  the  pre- 
ferred  embodiments  of  the  present  invention,  it  will  be 
appreciated  that  the  invention  is  susceptible  of  mod- 
ification,  variation  and  change  without  departing  from 
the  proper  scope  and  fair  meaning  of  the  accompa- 
nying  claims. 

Claims 

1  .  A  gas  chromatography  system  for  the  separation 
of  components  of  a  sample  mixture,  comprising: 

a  trap  in  the  form  of  a  porous  layer  open 
tubular  column  having  an  absorbent  coating  on 
the  inside  surface  of  said  tube, 

temperature  control  means  for  causing 
said  trap  to  be  selectively  held  at  a  trapping  tem- 
perature  above  the  freezing  point  of  said  compo- 
nents  or  a  higher  desorption  temperature; 

fluid  circuit  means  for  causing  the  sample 
mixture  to  be  introduced  into  said  trap  while  said 
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trap  is  at  said  trapping  temperature  causing  at 
least  some  of  the  components  of  the  sample  mix- 
ture  to  be  adsorbed  onto  said  adsorbent  coating 
and  for  causing  said  adsorbed  components  to  be 
desorbed  from  said  trap  when  said  trap  is  at  said 
desorption  temperature,  said  desorbed  compo- 
nents  of  the  sample  mixture  being  at  least  partial- 
ly  eluted,  and 

a  detector  for  receiving  said  desorbed 
component  of  the  sample  mixture  and  providing 
an  output  related  to  the  concentrations  of  said 
desorbed  components  of  the  sample  mixture. 

2.  A  gas  chromatography  system  according  to  claim 
1  further  comprising  an  analytical  column  con- 
nected  to  said  trap  for  separation  of  the  desorbed 
components  of  the  sample  mixture. 

3.  A  gas  chromatography  system  according  to  claim 
2  wherein  said  analytical  column  has  an  adsor- 
bent  stationary  phase. 

4.  A  gas  chromatography  system  according  to  claim 
1  wherein  the  sample  mixture  includes  hydrocar- 
bons  in  the  to  C10  range. 

components  are  adsorbed  and  said  flow  occurs  in 
an  opposite  direction  as  said  components  are 
desorbed. 

5  11.  A  gas  chromatography  system  according  to  claim 
1  wherein  said  trap  capillary  tube  has  an  inside  di- 
ameter  less  than  1mm. 

12.  A  gas  chromatography  system  according  to  claim 
10  1  wherein  said  trap  capillary  tube  has  a  length 

less  than  50cm. 

13.  A  gas  chromatography  system  according  to  claim 
1  wherein  desorption  of  said  adsorbed  sample 

15  components  occurs  within  an  interval  of  less  than 
100ms. 

14.  A  gas  chromatography  system  according  to  claim 
1  wherein  individual  components  of  the  sample 

20  mixture  are  desorbed  from  said  trap  tube  at  dis- 
tinct  time  intervals  and  thus  the  components  of 
the  sample  mixture  are  at  least  partially  separat- 
ed  by  said  trap  tube. 

25 

5.  A  gas  chromatography  system  according  to  claim 
1  wherein  said  temperature  control  means  pro- 
vides  said  trapping  temperature  by  exposing  said 
trap  to  a  cold  gas  and  said  desorption  tempera-  30 
ture  by  a  resistive  heating  element. 

6.  A  gas  chromatography  system  according  to  claim 
1  wherein  the  sample  mixture  includes  methane 
gas  and  the  methane  gas  becomes  adsorbed  35 
onto  said  trap  when  said  trap  is  at  said  trapping 
temperature. 

7.  A  gas  chromatography  system  according  to  claim 
1  wherein  said  trap  is  a  porous  layer  open  tubular  40 
column  having  said  adsorbent  coating  of  Al203. 

8.  A  gas  chromatography  system  according  to  claim 
1  wherein  said  trap  is  a  porous  layer  open  tubular 
column  having  said  adsorbent  coating  of  Styr-  45 
ene-Divinylbenzene  material. 

9.  A  gas  chromatography  system  according  to  claim 
1  wherein  said  fluid  circuit  means  causes  the 
sample  mixture  to  be  trapped  as  a  carrier  gas  so 
flows  through  said  trap  in  one  direction  and  said 
flow  continues  in  said  one  direction  as  said  adsor- 
bed  components  are  desorbed. 

10.  A  gas  chromatography  system  according  to  claim  55 
1  wherein  said  fluid  circuit  means  causes  the 
sample  mixture  to  be  trapped  as  a  carrier  gas 
flows  through  said  trap  in  one  direction  as  the 
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