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HIGH-E F F IC IENCY FUSEDSI LlCA 
CAPILLARY MICRO-PACKED COLUMNS IN 

GAS CHROMATOGRAPHY 

V. G. Berezkin, V. S. Gavrichev, and A. Malik 
A .  V. Topchiev Institute of Petrochemical Synthesis 

Academy of Sciences of the USSR 
Leninskii Prospekt 29 
MOSCOW B-71, USSR 

ABSTRACT' 

uue t o  convenience i n  opera t ion ,  hip$ e f f i c i e n c y ,  
si ir iplicity t o  prepare and wide range 01' probleus 
solved,  i t  i s  expedient t o  erilploy c a p i l l a r y  riicro- 
packed co lu tms  suggested seve ra l  years  ago. 

ent  f o r  analyzing l i g h t  compounds and f o r  de t ec t ing  
admixtures. The high mass-exchange ve loc i ty  f a c i l i t a -  
t e s  t he  perl'ormance o f  rap id  ana lys i s .  The above- 
suggested columns can be r e a d i l y  adapted t o  s tandard 
gas chromatographs, chromatographs designed f o r  open- 
tubu la r  colunms, and chromat ograph-mass spectroiiieters. 

Uy analogy with  l i q u i d  chromatography, it i s  
reasonable t o  develop high-eff ' icincy gas chromato6;raph 
o i  e levated pressure f o r  broad app l i ca t ion  of c a p i l l a r y  
micro-packed columns. 

The so rp t ion  capaci ty  of such  columris i s  s u f f i c i -  

The coluiiin i s  the  h e a r t  01' the  chrornatogrdphic 
device,  because the process o f  chromatographic 
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1708 BEREZKIN, GAVRICHEV, AND MALIK 

separa t ion  i s  r ea l i zed  i n  the  columnQ The developirient 
o f  cfironiatography i s  mainly deterniined by the  
development of chromatographic columns. 

A t  presenk, open-tubular and packed colunms o f  
d i f f e r e n t  types a r e  used i n  a n a l y t i c a l  and physico- 
chemical ineasurer,ients, i acked coluums have the 
fol lowing advantages over open-tubular colunms:  
1) they can be euployed i n  gas- l iquid Chromatography 
( G L C )  and i n  gas-sol id  chrouiatography ( G S C )  with any 
kind o f  sorbent ,  and 2 )  they have a high so rp t ion  
capac i ty  which r a c i l i t a t e s  the  separa t ion  of  r e l n t i -  
very l a r g e  sar:lPle, However, these  colunma a r e  
genera l ly  i n f e r i o r  t o  the  open-tubular coluirms i n  
terms e f f i c i ency ,  Thus, t he  development o f  inves t iga-  
t i o n s  aimed a t  increas ing  of the  e f f i c i ency  o f  t he  
packed coluinns i s  very promisingp 

c a l l y  shown i n  Fig.1, The f i g u r e  i l l u s t r a t e s  the  two 
known d i r e c t i o n s  of increas ing  the  separa t ion  e f f i c i -  
ency i n  gas chromatography: 1) decreasing the  colurm 
diariieter, a n d  2) decreasing the  p a r t i c l e  diameter o f  
the  sorbent  wed.  Therefore the symbiosis of  the  two 
above f a c t o r s ,  i o e o  the  app l i ca t ion  of  c a p i l l a r y  viicro- 
packed colurrms i s  very perspect ive.  

Discussing the  scheme shown i n  P i g e l ,  i t  i s  a l s o  
necessary t o  mention the  following;: f i r s t l y ,  i n  o u r  
opinion, columns of  diameter of l e s s  than 2 rrir11 can be 
r e l a t e d  t o  cap i l la r j r  packed colunms, According t o  data  
derived e a r l i e r  (6,7), f o r  colurims approximately i n  the 
range of diameters up t o  2 iIlII1, the  height  equivalent  t o  
a t h e o r e t i c a l  p l a t e  ( I U T l )  and the  mass- t ransfer  
c o e f f i c i e n t  a r e  s u b s t a n t i a l l y  l e s s  than i n  the  case o f  
3 mu1 diameter columns. 

Secondly, coluinns of  l a r g e r  diameters packed wi th  
E i c r o p a r t i c l e s  and descr ibed €or example by Lu and 

The hierarchy o f  the packed columns is schemati- 
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CAPILLARY MICRO-PACKED COLUMNS 1709 

1 acked colurrins 
w it h ini c r o pac king Cagi l la ry  packed coluoms( 4-7) 

a . 0  . 0 ~ 0 D 0 0 * D P 0 * 0 0 0 . 0 . . ~ ~ * ~ 0 0 0  ( 3 )  

packed columns 

P i g .  1. Scheiue o f  genesis  of  fu sed - s i l i ca  c a p i l l a r y  
packed colunuls, 

coworkers ( 3 )  a r e  charac te r ized  by high e f f i c i ency ,  but  

r equ i r e  using r e l a t i v e l y  l a r g e r  q u a n t i t i e s  of;' narrow 
f r a c t i o n s  of small-s ize  sorbeiit which a r e  niuch more 
expensive than  coarse sorbento  

On the  b a s i s  of' t he  l i t e r a t u r e  data  a v a i l a b l e ( l 5 )  
we may conclude t h a t  the inves t iga t ion  o f  colunms w i t h  
a diameter l e s s  than 0.5 lilm packed with sorbents  which 
p a r t i c l e  diameter i s  l e s s  than 3 G  p i n ,  i s  of s c i e n t i f ' i c  
and p r a c t i c a l  i n t e r e s t .  Undoubtedly, i t  i s  expedient 
t o  u s e  c a p i l l a r y  colunms a l s o  wi th  sorbent  p a r t i c l e s  
of ordinary diameters a longside w i t h  coluims of  this 

type ( 6 , 7 ) .  
Severa l  yea r s  ago we suggested and i n  1983 began 

t o  i n v e s t i g a t e  a c t i v e l y  fused - s i l i ca  c a p i l l a r y  nicro-  
packed coluums ( C h i k c )  (14-191, p a r t i c u l a r l y  polymer- 
coated f l e x i b l e  fused - s i l i ca  c a p i l l a r i e s  0,15-0.53 mill 

I.D. packed with sorbent  p a r t i c l e s  diameter varying 
f rom 5 t o  63-100 /urne The app l i ca t ion  o f  fu sed - s i l i ca  
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1710 BEREZKIN, GAVRICHEV, AND MALIK 

c a p i l l a r y  packed columns a s  compared wi th  colunms of 
o the r  ma te r i a l s  ( s t e e l ,  g l a s s )  provides the  fol lowing 
advantages: 1) f l e x i b i l i t y ,  s t r e n g t h ,  convenience i n  
opera t ion ,  2)  c a t a l y t i c  and adsorpt ion ine r tnes s ,  and 
3) wa l l  smoothness which i s  important when packing the 
columno The app l i ca t ion  o l  fused-s i l ica  packed colunms 
a f f o r d s  a d d i t i o n a l  advantages i n  comparison wi th  
c a p i l l a r y  packed columns which were described i n  
e a r l i e r  publ ica t ions  ( 6 , ” ) .  

used by o the r  i nves t iga to r s ,  F o r  exariiple, Al-TLiai, i ir  
presented a paper (20) devoted t o  the  app l i ca t ion  o f  
0.42 m11i I.D. column packed with Chromosorb 102  , 30- 
40 pm Sor  s epa ra t ion  of n a t u r a l  gaso Unfortunately 
such colunms a r e  r e l a t i v e l y  seldoilL used i n  chrornato- 
graphic  p rac t i ce  

I n  this review the au thors  a r e  discussed a 
systematic  study o f  chromatographic c h a r a c t e r i s t i c s ,  
p repara t ion  techniques and area  of app l i ca t ion  o r  

c a p i l l a r y  packed colutimso Coirlpreliensive c h r a c t e r i s t i c s  
of such columns involving t h e i r  colnparison with 
c l a s s i c a l  packed and open-tubular columns f a c i l i t a t e  
t h e i r  p r a c t i c a l  app l i ca t ion  and stiriiulate f u t h e r  
i n v e s t i g a t i c n s  i n  t h i s  a r e a p  

fused - s i l i ca  CMIIICs which proved t o  be m o s t  e f f i c i e n t  
i n  work. However, we d o  not hold the  opinion t h a t  t he  
use o f  columns o f  t h i s  type is universa lo  We s t i l l  
bel ieve t h a t  i n  a n a l y t i c a l  chromatography i t  i s  
expedient t o  use widely c a p i l l a r y  packed colutnns 
loaded w i t h  sorbent  o f  t he  average p a r t i c l e  diameter 
0.05-0,16 mill. This  kind o f  columns i s  l e s s  e f f i c i e n t  
than CMkCs, however they a r e  charac te r ized  by the  low 
r ee i s t ance  o f  the  c a r r i e r  gas flow, 

Fused-s i l ica  packed colu i i lns  a r e  being successfu l ly  

I n  t h i s  paper we emphasized the app l i ca t ion  o f  
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CAPILLARY MICRO-PACKED COLUMNS 171 1 

Frorii the  data  given i n  Tables 1 ,  2 and 3,  i t  
f o l l o w s  t h a t  the  s p e c i f i c  e f f i c i ency  (nuiiiber o f  
e f f i c i e n t  t h e o r e t i c a l  p l a t e s  per  uietre o f  coluLm, 
Nefy/L)  of t he  fused - s i l i ca  C l l l i C s  i s  higher  than t h a t  
o f  o ther  types o f  colutnnso I n  p a r t i c u l a r ,  f o r  an 0-38  
mm I.DQ fused - s i l i ca  column pocked w i t h  705  ulii s i l i c a  
g e l ,  t h e  IBTi value i s  0.03 mrn, which corresponds t o  
MefF/L = 30,000theoret ical  p l a t e s  per r,ietre. This  
Charac t e r i s t i c s  i s  g r e a t e r  than t h a t  o f  ordinary 
packed colunn ( t h e  diameter being [,lore than 2 i d  and 
o f  open-tuuular colurlins of about 10-30 and 5-10 t i r ies  
respec t ive ly .  It rceans, Vor exaxple,  t h a t  tfie 10 ci, 
fu sed - s i l i ca  C & C  can be i n  some cases  replaced ~y 
3 lli ordinary packed colurin. 

The t o t a l  e f f i c i ency  (Heft) v a r i e s  fror,i 3,000 t o  
35,000 t h e o r e t i c a l  p l a t e s  for t he  inves t i2a ted  Sused- 
s i l i c a  Ci,! iCs and p r e v a i l s  over t he  t o t a l  e f f i c i ency  
o f  packed columns (Table I ) ,  but f a l l s  sho r t  o f  t h e  
c h a r a c t e r i s t i c s  o f  open-tubular colurrms (Tables 2 and 
3) .  However, i t  should be noted t h a t  the  length  o f  the  
t h e  inves t iga t ed  fused - s i l i ca  C L d C s  does not exceed 
6.5 ~ i .  

The r e so lu t ion  o f  t he  widely-used t r a d i t i o n a l  
packed colurms i n  chromatoLraphy i s  i r i su f f  i c i e n t  f o r  
so lv inc  numerous complicated physico-chemical and 
a n a l y t i c a l  problems, I n  comparison w i t h  them, t h e  
fused - s i l i ca  C M t C s  a l l o w  one t o  make a more coiiiplete 
s epa ra t ion  o f  t he  sample rriixture, thus  f a c i l i t a t i n g  
the so lu t ion  o f  the  above-cited problems. Sinall-size 
CIvifCs have rendered i t  poss ib le  t o  decrease the  ainount 
u f  sorbent  being used and t o  reduce the  follow-up i n  
temperature programiliing. The procedure f o r  preparing 
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CAPILLARY MICRO-PACKED COLUMNS 1715 

the  e f f i c i e n t  fused-s i l ica  CIvllCs i s  not more compli- 
cated than t h a t  f o r  ordinary packed columns. 

t o t a l  e f f ic iency ,  however t h e i r  p o t e n t i a l i t y  i s  
rea l ized  la rge ly  i n  GLC (Tables 2 and 31, whereas i n  
fused-s i l ica  C M € C s ,  all kinds of sorbents  a r e  used, 
including adsorbentso 

CMPC and open-tubular columns a r e  optirnal f o r  l i g h t  
and heavy compounds using not only the value of Nef f  
b u t  a l so  the r e t en t ion  tinie of  the  compounds being 
analyzed, tRo 

f o r  non-selectively re ta ined  alkanes a r e  shown i n  
Pig020 From these data i t  follows t h a t  a t  Z up t o  5-6, 
the  fused-s i l ica  C L i X  has a b e t t e r  a b i l i t y  than t h a t  
o f  the  open-tubular column. I n  the  case o f  s e l ec t ive  
separat ion,  CIkGCs can provide a b e t t e r  separat ion o f  
substances a t  higher bo i l ing  point ,  f o r  example, p- 
and ni-xylene s 

Figo3 i l l u s t r a t e s  the  advantage o f  CMkC i n  
separat ion l i g h t  substances because they provide a 
more r ap id  ana lys i s ;  t hep r inc ipa l  pa r t  of the  chroma- 
togram shows up p r i o r  t o  the onset o f  e lu t ion  f rom 
the  open-tubular column, a s  wel l  as i n  the  se l ec t ive  
separat ion of butene-1 and isobutyleneo 

Viewing Tables 1, 2 and 3 again,  we may s t a t e  
t ha t  the fused-s i l ica  CMFCs a r e  character ized by small  
values o f  mass-transfer coe f f i c i en t  determined a s  
coe f f i c i en t  C i n  the  van Ueemter equationo F o r  exam- 
p le ,  f o r  an 0.38 mu 1.D. colunul packed wi th  7.5 p i  

s i l i c a  ge l ,  the  coe f f i c i en t  C i s  about 4 0 1 0 - ~  s e c o ,  
while €or ordinary packed column C cd sec., and 
f o r  open-tubular columns i t  equals about 8eco 

Open-tubular colurims a r e  character ized by a high 

It was i n t e r e s t i n g  t o  evaluate  t o  what extent  

l l o t s  o f  lg(Nef,/tR) vso the  nubrner o f  C atoms 
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1716 BEREZKIN,GAVRICHEV, AND MALIK 

Pigo2. Logarithm of the number of efficient 
theoretical plates related to the retention time, 
lg(Neff/tR), VS. the number carbon atoms, Z ,  f o r  
open-tubular colurnn ( A )  and fused-silica CMlC (B); 
chromatographed compounds: n-alkanes; 
A )  40 m x 0.21 rm; stationary liquid phase: bonded 

B) l u i  x 0.32 mm; sorbent: kellosil HC, 30-40 pm; 50*C. 
SE-30; 50%; 

Due to the high specific efficiency and l o w  
coefficient C, coriiparatively short fused-silica CblPCs 
can be used and the separation can be carried out at a 
higher linear carrier gas velocity without any signi- 
ficant deterioration of the column efficiency, 
Therefore, fused-silica CMkCs are recommended for 
performing rapid analysis, 

component, 
higher than that f o r  open-tubular columns of 0.2-0.4m 

The maximum size of the sample of an individual 
for C M I C  s is roughly o f  one order “max 9 
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CAPILLARY MICRO-PACKED COLUMNS 

4 

A 

4 
13 - 

- A 

Pig 3 .  Separation of methanol 
cracking products on an 
open-tubular c o l u m  (A) 
and fused-silica C M l C  ( B ) ;  

s 

A) glass open tubular column, 
75 m x 0,25 mm, squalane, 52OC, 
3.9 atm. 

k e l l o s i l  HC 30-40 p a ,  uodified 
with borax [1%), 5O0C, 2 Q 8  a t m  

B) fused-silica CIIIIPC, 1 ni x 0032 rnm 

1 )  methane, 2) ethylene, 3)propane, 
4) propylene, 5)isopentane 
6) pentane, 7) butene-I, 8g iso- 
butylene, 9) trans-butene-2, 

10) unidentified 
4 - 

I I 
inin. 6 3 

I 

0 

component, 
1 1 )  cis-butene-20 
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1718 BEREZKIN, GAVRICHEV, AND MALIK 

run 1.D. (Table 2) and about 2-4 tiines higher  than  thS 
f o r  wide-bore, thick-f i lm c a p i l l a r y  column. T h i s  f a c t  
makes CIUPCs perspec t ive  use i n  determinat ion of  
admixtureso 

P e s p a n s I ~ I e  f o r  t h e  e leva ted  r e s i s t a n c e  o f  the  c a r r i e r  
gas  f l o w ,  Tables  1,2 and 3 show the  pressure a t  the 
ChiLC i n l e t  up t o  25 atme, which is the  ult irnate l e v e l  
of t he  gas pressure r egu la to r s  usedp However, t h i s  i s  
not  a p r inc ipa l  h indrance  for using ClvIkCs; standard 
gas chromatograph and accesso r i e s  were used i n  our 
experiments. It should be a l s o  noted t h a t  for 
p r a c t i c a l  s epa ra t ion  one can use fused - s i l i ca  CMlCs 
wi th  a i n l e t  p ressure  o f  about 3-5 atm,; o r  saxiriiuni 
10 atmo a t  the  utmost, 

The a p p l i c a t i i n  o f  sorbent  micropar t ic les  i s  

The our data  (15) support  t he  known r e g u l a r i t y :  
t h e  l e s s  t he  sorbent  p a r t i c l e  s i z e ,  t he  higher  i s  the  
e f f i c i ency  ( f o r  s i m i l a r  column d iaue te r s )  A decrease 
i n  the  colurrii diameter l eads  t o  an inc rease  i n  t h e  
e f f i c i e n c y ,  b u t  i t  i s  l e s s  not iceable .  

The h ighes t  e f f i c i ency  obtained wi th  a fused- 
s i l i c a  CMlC i n  experiments packed wi th  s i l i c a  g e l  
f r a c t i o n  o f  7 .5pm i n  a colurnn wi th  an inner  diameter 
equals  0.2 ruin, t he  number of t h e o r e t i c a l  p l a t e s  being 
30,000 per  metre. 

e f f i c i e n c y  was lower than  t h a t  f o r  I,D,=O,2 mix; f o r  
sorbent  o f  5 pn i t  waa lower than  f o r  '705 prno l'robab- 
l y ,  t h i s  i s  due t o  t he  i n s u f f i c i e n t  iniforrni ty  of' the  
sorbent  p a r t i c l e s  packing i n  these  cases. 

The e leva ted  hydrodynamic r e s i s t a n c e  is par t icu-  
l a r  not only o f  the  fused - s i l i ca  CMICso Elor example, 
Myers and Giddings (I 0) descr ibed a 1 m x 005 mrn I o D o  
s t e e l  column packed wi th  alumina, 13pm0 The i n l e t  
p ressure  o f  t h i s  column was 140 atrn., t he  t o t a l  

When columns wi th  I , D ,  Oo15 rim were used, t he  
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CAPILLARY MICRO-PACKED COLUMNS 1719 

ef f ic iency  was 13,000 t h e o r e t i c a l  plates .  Rela t ive ly  
shor t  micro-packed columris were used by Huber and co- 
workers (12)  and Lu and co-workers ( 3 ) .  They achieved 
a high s p e c i f i c  e f f ic iency ,  bu t  the  t o t a l  e f f ic iency  
d i d  not exceed 15,000 theo re t i ca l  p la tes ,  

When a long fused-s i l ica  CivILCs packed with 
p e l l i c u l a r  sorbent produced f o r  high-velocity l i q u i d  
chromatography ( k e l l o s i l  HC, 30-40 wm) a r e  used, a 
high N e f f  value can be a t t a i n e d ,  a s  high a s  35,000 
theo re t i ca l  p la tes ,  Long columns packed with such a 
sorbent may be employed due t o  the  elevated permea- 
b i l i t y  of t h i s  sorbent. B o t h  i n  the  gas-solid and 
i n  the  gas- l iquid va r i an t s  the i n l e t  pressure i s  2 t o  
6 times l e s s  than with other  sorbents  used (with 
s ini i lar  column length)  
expensive, but thanks t o  the  sniall CIi’ll’C s i z e ,  t h i s  
circurils t aiice i s not decis ive importance. 

Apparently, a higher t o t a l  e f f ic iency  can be 
reached by lengthening the column, and increasing the  
i n l e t  pressureo The development o f  gas chroinatography 
o f  e levated pressure could, i n  prospect,  make wider 
use of not only micro-packed columns b u t  a l so  of’ 
columns o f  o ther  types. 

L e l l i c u l a r  aorbents are 

MATERIALS AND PREkARATION OF FUSED-SILICA CMPC 

We used polymer-coated fused-s i l ica  c a p i l l a r i e s  
designed f o r  gas chromatography on open-tubular 
columns, i n  pa r t i cu la r ,  these manufactured i n  the USSR 
(31) ,  and by S c i e n t i f i c  Glass Engineering (Aus t ra l ia ) ,  
Nordion Instruments (Finland) and Quar tz  e t  s i l i c e  
(Prance). The length of the columns var ied f rom 30 crn 
t o  6,5 m, the  inner  diameter being from 002 t o  0.53 
mm. The c a p i l l a r i e s  were packed with d i f f e ren t  sorbenh 
the p a r t i c l e  s i z e  being f r o m  7.5 pm t o  63-100 p~i .  
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1720 BEREZKIN, GAVRICHEV, AND MALIK 

The packings were the  following: 
- sorbents  produced f o r  l i q u i d  chromatography, 

namely S i l a s o r b  600(LC) and S i l a s o r b  C,8  (Lachem, 
ESSR) , k e l l o s i l  HC (Reeve Angel, USA), Zipax RF and 
kermaphase ETH (du l o n t  de Nemour, USA), s i l i c a  g e l  
S-3 (USSR), e t c o  

exaniple, a c t i v a t e d  coa l  SKT (USSR), molecular s i eve  
5A (USSR), e t c o  

k e l l o s i l  HC and Zipax H P  f o r  use i n  GLC were 
coated wi th  squalane Carbowax 20L1, l i q u i d  c r y s t a l l i n e  
phases,  e t c o  

One o f  t h e  v a r i a n t s  o f  t he  fused - s i l i ca  ClvikC 

p repara t ion  was the  fol lowing ( 3 2 ) 0  
An 0.5-1 mm gasspermable  p a r t i t i o n  was prepared 

a t  t he  c a p i l l a r y  end, made o f  g ranular  ma te r i a l  whose 
p a r t i c l e s  were bonded toge the r  a s  we l l  a s  w i t h  t he  
c a p i l l a r y  w a l l s  by a binder ,  eoc .  polyvinylpirrolidone, 
The granular  mater ia l  was chosen i n  such a way t h a t  
the s i z e  o f  i t R  p a r t i c l e s  should not  exceed the  
diameter o f  t h e  sorbent  p a r t i c l e s  by a f a c t o r  of  3 .  
I n  t h i s  manner, t he  width of  the  p a r t i t i o n  pores d i d  
no t  exceed the  diameter o f  t he  sorbent  p a r t i c l e s  and 
the  p a r t i t i o n  d id  not  ahow any e s s e n t i a l  r e s i s t a n c e  
t o  the  c a r r i e r  gas f l o w o  The sorbent  i n  the packed 
c a p i l l a r y  W ~ B  f i x e d  in the  o the r  end o f  the  c a p i l l a r y  
by a second gas-permeable p a r t i t i o n ,  

The riiethod developed i s  charac te r ized  by a high 
r e p r o d u c i b i l i t y  and a l l o w s  t o  ob ta in  high-eff ic iency 
micro-packed columns wi th  a good packed sorbent  layer ,  
The r e l a t i v e  s tandard  devia t ion  o f  t he  iiiinimum 
height  o f  equivalent  t h e o r e t i c a l  p l a t e  of t he  columns 
prepared is  around 7%; the  qua l i t y  of t h e  packing 
shows l i t t l e  dependence wi th  the  column length.  The 

- sorbents  produced for gas chromatography, f o r  
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CAPILLARY MICRO-PACKED COLUMNS 1721 

columns a r e  r e l i a b l y  r e s i s t a n t  t o  the  pressure up t o  
25-40 atmo 

Hence, t he  prepara t ion  o f  fu sed - s i l i ca  ClviiCs i s  
not  a complicated problem, 

All L I C A T I O N  OF PUSED-SILICA GidPCs 

The nunierous p o s s i b i l i t i e s  o f  applying fused- 
silica ClUCs were exarnplified by t h e  s o l u t i o n s  of  
d i f f e r e n t  p r a c t i c a l  a n a l y t i c a l  problems d e a l t  wi th  a t  
the  A.VcTopchiev I n s t i t u t e  of Petrochemical Synthes is  
of t he  USSR Academy of' Sciences (Jvloscow, USSR)o 

1 9  - 
To separa te  l i g h t  hydrocarbons, two  fused - s i l i ca  

C M i C s  were coupled p a r a l l e l  t o  a c a p i l l a r y  chrotnato- 
graph Micromat 412 (Nordion Instruments ,  Pinland)  
designed s p e c i a l l y  for open-tubular fused - s i l i ca  
columnso The c a r r i e r  gas flow pressure  was 3 atmp 
The products o f  methanol cracking (Pig.313) and 
polypropylene py ro lys i s  were s a t i s f a c t o r i l y  separated.  
Thus, i f  there  a r e  any separa t ion  problerils when using 
open-tubular columns, they can be solved by r ep lac ing  
them P o r  a fused - s i l i ca  CMIC o r  by coupling one i n  
p a r a l l e l  pos i t ion ,  

2. - 
Pused-s i l ica  CWCs were used i n  o. gas chromato- 

graph-mass spectrometer f o r  i d e n t i f i c a t i o n  o f  
components o f  var ious  na ture  wi th  bo i l ing  poin t  up 
t o  1 1 5 O C :  hydrocarbons, oxygen-, chloro- and ni t rogen-  
conta in ing  compounds. Due t o  the  sinall c a r r i e r  gas 
f l o w ,  t hese  colunlns were connected d i r e c t l y  t o  the  
ion  source. This i nves t iga t ion  was c a r r i e d  out j o i n t l y  
w i t h  t he  All-Soviet S c i e n t i f i c  Research and Designing 
I n s t i t u t e  o f  Chromatography (Moscow, USSR) 
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1122 BEREZKIN, GAVRICHEV, AND MALIK 

5 
7 

Figo40 Determination of xarlsnes 
e 2 and ethylbenzene 
3 admixtures in hydrocar- 

bon mixtureo 7 

Fused-silica CXYC,  49 cui x 
0,37 am, Zipax H% coated with 
p,p'-azoxyanisole ana p,p*- 
aaoxyphenetole (3:2); 9 8 O C ;  
8.6 atm. 

1) pentane, 2) hexane, 
3) heptane, 4) octane, 
5) toluene, 6) nonane, 
7) ethylbenzene, 0,00'7$ w / w ,  
8) m-xylene, 00023%, 
9 )  p-xylene , O o O 1  %, 
10) o-xylene , O o  035% 

d 
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On the  bas i s  o f  the  equations f o r  viscous flow 
through the  column containing micropart ic les ,  i t  was 
theo re t i ca l ly  shown t h a t  the  Iinlin values b o t h  a t  the  
ou t l e t  atmospheric pressure and evacuation should be 
s imi l a ro  This assumption was confirmed expexinmntal& 
for the  CIWC i n s t a l l e d  i n  standard gas chromatograph 
and chroma t o graph-mass s pe c t  r ome t e r  

- 
Yhe rapid deterciination o f  admixtures of  three 

xylene isorners and ethylbenzene ( a t  hundreds o r  
thousands p a r t s  o f  percentage) was ca r r i ed  o u t  on a 
fused-s i l ica  CMkC with a high-selective l i q u i d  
c r y s t a l l i n e  phase (Fig.4)Q I n  t h i s  and i n  following 
examples, the  fused-s i l ica  C h k C  was connected t o  a 
gas chromatograph LKhni-BliD (Khromatograf I l a n t ,  
I~IOSCOW, USSR) supplied with a flow s p l i t t e r ,  Rubber 
sea l ings  were used f o r  r e l i a b l e  t i gh t ingo  

i t  possible  t o  conduct r ap id  ana lys i s ,  which i s  
espec ia l ly  important i n  inves t iga t ing  the  quick 
r eac t ion  processo 

The high mass-exchange r a t e  i n  the  CXkC renders 

- 4. 
Components which a re  the constinuents of the  

water-gas (02, N2, CO) were separated on ac t ive  
carbon,, A flow of helium was added t o  the o u t l e t  
c a r r i e r  gas Ylow i n  order t o  increase the r a t e  from 
3-5 ml/min. t o  10-30 ml/mine, required f o r  ana lys i s  
on a standard termal conductivity de tec toro  
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(Courbevoie, Prance) f o r  supplying the  polymer-coated 
f u s e d - s i l i c a  c a p i l l a r i e s D  
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