
Journal of Chromatography, 594 (1992) 297-307 
Elsevier Science Publishers B.V., Amsterdam 

CHROM. 23 812 

Effects of collection solvent parameters and extraction cell 
geometry on supercritical fluid extraction efficiencies 

John J. Langenfeld, Mark D. Burford, Steven B. Hawthorne* and David J. Miller 
University of North Dakota, Energy and Environmental Research Center, Grand Forks, ND 58202 (USA) 

(First received August 6th, 1991; revised manuscript received October 18th, 1991) 

ABSTRACT 

Supercritical fluid extraction (SFE) collection efficiencies of 66 compounds with a wide range of volatility and polarity were exam- 
ined. Good collection efficiencies required efficient partitioning of the analyte into the collection solvent after depressurization, and 
factors including collection solvent polarity and temperature were found to be more important than collection solvent volume and 
height. Heating the collection solvent with a heat gun to avoid plugging of the outlet restrictor resulted in 20-50% losses of the more 
volatile analytes, while 190% trapping of all test analytes could be attained by controlling the solvent temperature at 5°C. Extraction 
cell geometry (“long, narrow” rersU,s “short, broad” vessel) at constant internal volume and the orientation of the extraction cell were 
found to have negligible effects on the extraction rates of polycyclic aromatic hydrocarbons (PAHs) from railroad bed soil and flavor 
and fragrance compounds from lemon peels. The supercritical fluid flow-rate also had little effect on the extraction rate of native PAHs 

provided that it was sufficient to sweep the cell dead volume every cu. 3 min. 

INTRODUCTION 

The use of supercritical fluids for the extraction of 
organic compounds from a wide variety of matrices 
is rapidly increasing because of the attractive prop- 
erties that supercritical fluids exhibit and their 
potentially wide applicability for sample extrac- 
tions. Supercritical fluids have lower viscosities and 
higher solute diffusivities than liquid solvents, which 
improves mass transfer and reduces the extraction 
time needed, and the solvent strength of a supercriti- 
cal fluid is a function of density and can be 
controlled by simply changing the pressure or 
temperature. Supercritical fluids such as carbon 
dioxide can be inexpensive, available in high purity 
and chemically inert, and as they are gases under 
ambient conditions the need for liquid solvents and 
concentration steps is nearly eliminated. 

There have been several reports of different 
methods for trapping analytes after the SFE depres- 
surization step, including collection in an open 
vessel [l-3], collection on sorbent resins such as 
Tenax, C1s, silica gel and XAD traps [4-61, collec- 

tion on cryogenically cooled surfaces [7] and on-line 
methods coupled to various chromatographic in- 
strumentation [S-l 11. In this investigation, a simple 
off-line analyte trapping technique was investigated 
which consisted of depressurizing the supercritical 
fluid into an organic collection solvent [12-141. This 
method was chosen because it has been the most 
commonly used method in supercritical fluid extrac- 
tion (SFE) studies, is relatively simple and inexpen- 
sive to perform and because the extracts are immedi- 
ately ready for chromatographic analysis using 
conventional injection techniques. 

There have been numerous reports of quantitative 
extractions using supercritical fluids [15], but most 
have dealt with fairly non-volatile species that are 
more easily trapped using the collection methods 
mentioned above. However, many analytes of in- 
terest for SFE exhibit a high vapor pressure, which 
may make collection after SFE difficult. For such 
analytes, low recoveries may be wrongly attributed 
to poor extraction efficiency when the real problem 
is poor collection of extracted analytes on depres- 
surization of the supercritical fluid. In addition, 
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Fig. 4. Effect of supercritical fluid flow-rate on the extraction 
rates ofphenanthrene (top) and dibenzothiophene (bottom) from 
3 g of railroad bed soil. A 100% recovery was based on 100 min of 
SFE with carbon dioxide. Flow-rates (mlimin): n = 0.15; + = 
0.3; A = 0.6; 17 = 0.9: 3 = 1.2. 

mental samples) the concentration of the analytes 
present on the sample matrix is well below their 
saturation solubility limit in supercritical carbon 
dioxide. For example, the saturation concentration 
of phenanthrene in carbon dioxide is cu. 13 mg/ml 
(400 atm, 50°C [18], but the total amount of 
phenanthrene present on the railroad bed soil (3 g) 
was only cu. 100 pg (based on 100 min of SFE with 
carbon dioxide at 400 atm and SOOC). 

CONCLUSIONS 

Improper solvent trapping conditions for analytes 
that have been extracted using SFE can result in 
losses which may be wrongly attributed to poor SFE 
extraction efficiencies. Proper choice of collection 
solvent and temperature were most important for 
obtaining good collection efficiencies of semivolatile 
pollutants and flavor and fragrance compounds, 
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whereas solvent volume and height had minimal 
effect. Quantitative (90-104%) collection efficien- 
cies of all 66 test compounds were achieved when 
methylene chloride collection solvent was placed in a 
temperature-controlled block set at 5’C, a proce- 
dure that also prevented restrictor plugging while 
extracting wet samples. Excessively long extraction 
times and high supercritical fluid flow-rates can 
cause losses of highly volatile analytes from the 
collection solvent because of purging. Extraction 
cell geometry and orientation had negligible effects 
on the extraction rates of native analytes. as demon- 
strated by the extraction of PAHs from railroad bed 
soil and flavor and fragrance compounds from 
lemon peel. The flow-rate of the supercritical fluid 
was also found to have negligible effects on the 
extraction rates of PAHs from railroad bed soil as 
long as it was sufficient to sweep tho void volume of 
the extraction vessel in a reasonable time period. 

ACKNOWLEDGEMENTS 

The partial financial support of the New Jersey 
Department of Environmental Protection (Division 
of Science and Research) is gratefully acknowl- 
edged. The authors also thank KC0 (Lincoln, NE. 
USA) for instrument loans. 

REFERENCES 

I 

2 

3 

4 

5 

6 

R. D. Smith, J. L. Fulton, R. C. Petersen. A. J. Kopriva and 
B. W. Wright, Am/. Chm., 58 (1986) 2057. 
M. E. P. McNally and J. R. Wheeler. .I. Cl~onrtrtc~gr.. 447 
(19X8) 53. 
J. W. King, J. H. Johnson and J. P. Friedrich. J. Agric. Foorl 
Cha,?r., 37 (1989) 95 1 
M. Miller Schant7 and S. N. Chesler, J. C%~on~rrqq~.. ?63 
(1986) 397. 
J. L. Hedrick and L. T. Taylor, J. High. Re.dut. C/rronw~oyr.. 
13 (1990) 312. 
M. A. Schneiderman. A. K. Sharma and D. C. Locke, J. 
C%rornc/tc~~r., 409 (1987) 343. 
B. W. Wright. C. W. Wright. R. W. Gale and R. D. Smith, 
/Ina/. C/XV?l.. 59 (I 987) 38. 
S. B. Hawthorne. D. J. Miller and J. J. Langcnfcld, J. 
C’/?roVIu/o~r. &i.. 28 t 1990) 2. 
J. M. Levy, R. A. Cavalier, T. N. Bosch. A. M. Rynaski and 

W. E. Huhak. J. C’hrc,t~torc>g~. Sci.. 27 (1989) 341. 
S. B. Hawthorne. M. S. Krieger and D. J. Miller. 4n~l. C%c~~r.. 
60 (1988) 472. 
Q. L. Xie. K. E. Markides and M. L. Lee, J. C/rror~tr/c),~r. S?i.. 
27 (1989) 365. 
R. M. Campbell and M. L. Lee. A~LI/. C~JCVU.. 58 ( 1986) 2747. 



EFFECTS OF SOLVENT PARAMETERS AND CELL GEOMETRY IN SFE 307 

13 N. Alexandrou and J. Pawliszyn, Anal. Chem., 61(1989) 2770. 
14 V. Lopez-Avila, N. S. Dodhiwala and W. F. Beckert, J. 

Chromatogr. Sci., 28 (1990) 468. 

15 S. B. Hawthorne, Anal. Chem., 62 (1990) 633A. 
16 J. Rein, C. M. Cork and K. G. Furton, J. Chromatogr., 545 

(1991) 149. 

17 K. D. Bartle, A. A. Clifford, S. B. Hawthorne, J. J. 
Langenfeld, D. J. Miller and R. Robinson, J. Supercrit. 

Fluids, 3 (1990) 143. 
18 K. D. Bartle, A. A. Clifford, S. A. Jafar and G. F. Shilstone, J. 

P&s. Chem. Ref. Data;20 (1991) 713. 


