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SUMMARY

' Application of gas-solid chromatography techniques to the separation of low
molecular weight fluorocarbons incorporates a number of advantages over prev1ous
analysis techniques. These advantages include isothermal operatlon up to 200°
elimination of substrate bleed stablhty of the base line, minimum retention tlmes
and convenience. The relative retention volumes with ‘Tespect to perﬂuoroethane of a
number of low molecular weight fluorocarbons as a function of column support
material and operatmg conditions are reported. The separatmn of a number of im-
portant species which are formed during the thermal ox1dat10n of low molecular
weight ﬂuorocarbons are also dlscussed

INTRODUCTION

 The qualitative and quantitative analysis of low molecular weight fluoro-
carbon mixtures has many applications including analysis of various fluorocarbon
- refrigerants, quality control of certain aerosol products and kinetic studies related
to the thermal decomposition of fluorocarbons. TaTLow and co-workers!=5 have
employed gas chromatography techniques for the analysis and preparative separation
of ‘a number of perfluorinated and almost perfluorinated cyclohexanes, cyclohexenes
and benzenes. REED® has studied.the chromatography of perfluoroalkanes, CgzF;,,
CGI‘M and C,I,;4.0n a range of stationary phases. SERPINE17 has considered the separa-
tion of a number of fluoro- and fluorochlorocarbons. Unfortunately the perfluorinated
compounds. were eluted _rapidly -and- they were followed by compounds containing
at least one other atom which were retained and resolved. CAMPBELL AND. GUDZINO-
wicz8 have reported the separation of various fluorocarbons and  sulfur. fluoride
compounds. GREEN AND WACHI®? concluded that Kel-F oils were not completely
satisfactory for the separation of fluorocarbons. The results of GREEN AND WACHI®
indicated that a -number of low boiling point fluorocarbons could be separated by
temperature programming a silica gel column or by maintaining 'a Chromosorb W
column: employing :CH,=CHCO,CH,~(CF,CF,);H (courtesy  of E.I. duPont de
Nemours and: Co., Wilmington, Delaware) as the liquid substrate.at 0°. Recently

. Present adreéss: Department of Mechamcal Dngmeenng, Drexel Instxtute of Technology.
-Philadelphia, Pa. (U.S.A.). : i , S

J. Chromatog.; 35 (1968): 217-222



218 "LRY NLBRIGHT, R.'A! 'MATULA
DRENNAN AND MATULA!® have reported that carbon dioxide and carbonyl fluoride
mixtures can be separated on a compos:te Porapak (Waters Associate, Inc.) colamn.
The purpose of the present paper is to report the relative retention times of a number
of' low molécular weight fluordcarbons on Porapalk. célumiis, and{oiexténd the usé of
Porapak columns for the analysis of the products of combustion of7 Jlow<molecular
weight fluorocarbons.

EXPERIMENTAL e
PN .,:._.,',“'.‘,‘ ‘,". -
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Apparatus and reagents T,
An Aerograph model No. 202-B gas chromatograph employing a’ thermal
conductivity detector was used for this study. Mixtures were introduced into the gas
chromiatograph thiough a gas sainpling valve used in conjunction with a 2 ml sample
volume. The chromatograph was equipped with a linear temperature progranimer
Wwhich was capable of, mamtalnmg 1sotherma1 column operatlon in the. telnperature
range 30 to 400°. .,
. The ﬂuorocarbons utllued m thls study were obtamed from a nun‘,lber of sources
;The perﬂuoromethane CF4) perﬂuoroethane (C.,I‘o) and a nuxture of .cis; and, tm'ns-
C4I‘8-2 were. purchq.sed from the, Matheson Company, East Rutherford New Jersey
The z-trlﬁuoromethylpropene (C4I‘10) perﬂuorobutane (C4I‘10) perﬂuorobutadlene- ,3
_(C,,l"o), _perfluorobutyne-2 . (C4Fy), perﬂuorocyclobutene ‘(c-C,,Fo), , perﬂuorocyclo-
‘butane (c-C41"8) perﬂuoropropane (C;3Fy), and perﬂuoropropene (C5Fg) were purchased
from Penninsular Cherresearch, Inc., Ga1nesv1lle T londa The. perﬂuoroethylene
(C.F,) and carbonyl fluoride (CF,0O) were purchased from Columbia Orgamc Chem-
icals, Inc., Columbia, South Carolina. The iso-C,F used in this study was produced by

pyrolyzmg perfluoropropene at 700° for 15 min in a Vycor reactor.

.’l .
)

~Procedure S ol i ~ : Lo . Lo
' v AT number of var1ab1e length GSC columns ‘were' constructed by pac]».mg I/4 in.

0. D copper tubing with 50/80 mesh:Poropak (Waters’' Associate, Inc.). The separation
capabilities‘of Types N, P, Q, R, S and T Poropak were studied. Before final instilla-
‘tion in'the chromatograph, each:of the columns was heated to 200° and purged with
‘helium (60.ml/min) for two liours. Prior to the analy51s of the fluorocarbon combustion
products; the column was conditioned by passing three 250 torr: ‘samples.of CEF;O
through it. The retention volumes of all compounds were determined from the analysis
of both pure compounds and fluorocarbon mixtures that had been prepared'in the
laboratory. The separations: were ‘obtained by operating the columns isothermally
-in-the temperature: range 75 to I75 Wh11e maintaining a constant hehum carr1er gas

»ﬂow rate of 60 ml/rmn T

'RESDLTS AND DISCUSSION
[N FR S
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'Fluorocarbonanalysw N B LR HR AP i £ 2 RS
* +..The relative: retentlon volumes -of the various ﬂuorocarbon compounds as‘a
functlon of column:material; length:and temperature are listed-in Tables . I-IV: All of
- these results are based on a helium, carrier gas flow-rate of 60 ml/min. If the rélative

Tétention volume of a compound is not listed in the Tables the retentlon time. was
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TABLE I

RELATIVE RETENTION VOLUMES OF SEVERAL FLUOROCARBONS ON: PoraPak TYPE T -
CyFg = 1.00. Helium carrier gas flow rate: 6o ml/min; column material : 50/80 mesh.

" roft.at 175°

Compound 6 ft. at 100° 6 ft. at 150° 6 ft.at 175° Io ft. at 150°
tm* RRVY ¢, RRV tm  RRV ¢, RRV tm RRV

Air 0.70  0.49 0.65 0.68 0,66 0.82 1.03 0.64 1.03 0,70
CF, 082 0.57  0.7I 0.74 0.66° 0.82 1.17 0.72 I1.I13 - 0,77
C,F, 1.44 . I.00 0.96 1I.00 0.81 1,00 1.62 1.00 I1.47 1,00
C,F, I.9I I.33 1.09 1.I14 0.92 I.14 1.89 1.17 1.68 I1.14
C,Fy ' 3.53 . 2.45 1.55 1.62 I1.I0 1.47 . 2.73 1.67 2.21  1.50
CEF3-C=C-CF, 5.9  4.1I0 I1.92 2.00 1.39 1.72 3.51 2.17 2.75 1.87
CyFg 6.61 4.5 2.10 2.19 I1.47 1.82 3.84 2.37 2,96 ‘2,01
-c-C Fy 10.5 7.36 2.90 3.02 1.94 2.39 5.40 3.33 3.90 2,65
Cl‘a—CI‘..—CI“.,—CI‘a 10.6 7.36 2.90 3.02 1.94 2.39 5.40 3.33 3.00 2,65
trans-C Fg-2 16.9 "II.74 3.50 3.65. 2,18 2.69 6.48 4.00 4.98 . 3.39
cz‘s-C,,Fa-z n.a. n.a. n.a. 1n.a. n.a. n.a. 7.30 4.51 n.a. na.
¢c-C,Fy © 18,0 12,50 3.95 4.12 2.44 = 3.01 7.45 4.60 5.02 . 3.42
CI‘.,-CI‘—CI‘ CI, - 22,3 15.49 4.55 4.74 2.73 3.37 . 8.60 5.31 5.63  3.83
iso-C,Fq4 n.a. n.a. n.a. n.a. n.a. n.a. .10.4 6.42 n.a.  na.
CI‘,,-C CF, C

(l:Fa — — 8.08 8.42 4.55 5.62 15.4 O.5I 9.25 6.29

8 /;n = Retention time in minutes to peal. ’
b RRV = Relative retention volime with respect to perﬂuoroethane

TABLE 11 ‘
RELATIVE RETENTION VOLUMES OF SEVERAL FLUOROCARBONS ON PORAPAK TYPE N
C;F; = 1.00. Helium carrier gas flow rate: 60 ml/min; column material: 50/80 mesh.
Compound - 5 ft. at roo° 5 ft. at r50° I0 ft. at 175°
tm® RRVD tm . RRV tm RRV

Air 0.60 0.49 0.58 0.76 1.17 0.81
CF, 0.71 0.58 0.58 0.76 1.17 0.81
C,F, 1.22 1.00 0.76 1.00 1.44 1.00
CyFy © 1.56 1.27 0.86 I.12 1.62 1.12
CyFy 2.87 2.35 1.19 1.57 2.03 I.41
Cl"a—C C—CI“a 4-62 . 3.79 1.48 'I.95 2,35 1.63
Cyy 4.99 - 4.09 1.57 '2.07 2.95 2.05
c-C,Fy 7.84 6.13 2.15 2.83 3.13 T 2:17
Cl"a-—Cl"..—-CI‘ »—CFy 8.44 6.92 2.24 2.93 3.13 2.17 -
trans-C IFg-2 12.53 10.27 2.56 3.37 3.46 2.40
cis-C, Fg-2 n.a. n.a. n.a. n.a. 3.70 2.57
<-C, Fy ) 12.53 10.27 2.83 3:72 3.90 2,71
CF,=CF-CF=CF, 16.2 13.28 3.29 4.33 4.35 3.02
iso- C,,l‘a n.a. n.a. n.a. n.a: 4.65 3.23
CFy

R, —_ — 5.90 7.76 7.32 5-_08‘

8 ¢, = Retention time in minutes to peak. R e i
b RRV = Relative retention volume with respect to perﬂuoroetha.ne
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TABLE III
RELATIVE RETENTION VOLUMES OF SEVERAL FLUOROCARBONS ON PORAPAK TYPES R AND §
C,Fy = 1.00. Helium carrier gas flow ra.te 60 ml/mm column material: 50/80 mesh.

Compound Type R ‘ Type R - Type S - TypeS

6 ft. at 100° 6 ft. at 150° 6 ft. at 100° 6 ft. at r50°

b RRVbP iy RRV tm RRV tm RRV
Air ‘ 0.85 0.57 0.86 0.80 0.80 0.57 0.75 0.75
CF, 0.95 0.64 0.86 0.80 0.90° 0.64 0.80 0.80
C,Fg 1.48 1,00 1.07 1.00 I.41 1.00 I.00 1.00
C,F, , 1.86 1.26 1.17 1.10 I.71 I.21 I.1I0 I.12
CyFg ’ 3.00  2.03 1.54 1.44 2.98  2.11 I.42 1.42
CFa-C C-CF, 4.30 2.91 1.81 1.69 2.98  2.11 I.42 1.42
CyF, ‘ 4.33 2.93 1.80 1.68 4.19 2.97 1.70 1.70
c-C,Fyg - 6.88 4.65 2.39 2.23 6.90 4.89 2.30 2.30
CFa—Cl".-CFn—CI‘ 7.56  5.I1 2.57 2.40 7.63  5.41 2.45 2.45
trans-C,Fg-2 8.80.  5.95 2.57 2.40 8.80 6.24 2.45 2.45
c-C,F, 9.62 6.50 2.87 2.68 9.98 7.08 2.70 2.70
CF, —-CI‘-—CF CF, : 12.30 8.31 3.31 3.09 12.5 8.86 3.20 3.20
CFa-C CF, oL : o

éFa —_ -— 6.‘1_0.. 5.70 _— —_ 5.69 5.69

a ¢, = Retention timé in minutes to peak.
b RRV = Relative retention volume with respect to perfluoroethane.

TABLE IV
RELATIVE RETENTION VOLUMES OF SEVERAL FLUOROCARBONS ON PORAPAK TYPE Q
C,Fg = 1.00. Helium carrier gas flow rate: 6o ml/min; column material: 50/8o mesh.

=

Compound - - Type Q. : - Type Q
. 6 ft. at T00° . 6 ft. at 150°
tin® RRVV tm RRV

Air : 0.79 0.52 0.83 0.75
CF, | ’ 0.90 0.60 0.85 ©.77
C,Fq ‘ 1.51 1.00 I.11 I.00
C.F, 1.74 I1.15 1,22 I.10
CaFyg 3.32 2.20 1.56 I.51
CF4—C=C-CF, 4.55 3.01 1.80 . 1.73
CgFg : 4.20 2,78 1.95 1.76
c-C,Fy . 7.49 4.96 2.81 2.53
CF:,—CI‘:,—CF..—CFa n.a. n.a. n.a. n.a.
trans-CyFg-2 n.a. n.a. n.a. n.a.
c-C F, - n.a. n.a. n.a. n.a.

—CF-CF= CF,. n.a. n.a. n.a. n.a.
CI‘a-C CF,

F. n.a. n.a. n.a. n.a.

3.

& ¢t = Retention time in minutes to peak.
b RRV = Relative retention volume with respect to perﬂuoroetha.ne
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greater than 25 min, and a notation of n.a. implies that a compound was not tested.
Poropak Type P does not effectively separate the compounds:of interest and hence
results for this column are not listed. A ten foot column of Poropak Type T maintained
at 150° was found to be the most effective for the separation of & mixture containirig
air and a large number of low molecular weight fluorocarbons. A GSC chromatogram
of a complex, gaseous fluorocarbon mixture obtained with the aid of a:ten foot,
Poropak Type T column is shown in Fig. 1. The column temperature was maintained
at 150° and the separation was completed in approximately 17 min. The perﬂuoro—
cyclobutane and perfluorobutane were not resolved on this column. :

4 © 8 - 10 .12 14 16 18
» Time (min) :

cis- C4 Fa
C2F.4 ’ ﬂ
air
CRyC=C-CR, cis=CaFe
, iso-C4F g
CF, ’ trans~ :
fll CaFe CaFe™2| |cr,» cr-cFacr,

& : P - |€CaFe.
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Fig. 1. Gas-solid chromatogram of fluorocarbons.
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Fig. 2. Typical chromatogram of C,F, oxidation products.
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Fluorocarbon combustion products
‘The major. equilibrium  products assocxated w1th ﬂuorocarbon combustion

include O,, CF,, CO,, CF,0 and C,F,;. A GSC chromatogram of these compounds
obtained with the aid of a six foot composite column consisting of two feet of 50/80
mesh Poropak type T followed by four feet of 50/80 mesh Poropak N is shown in
Fig. 2. The column temperature was maintained at 23 and the helium carrier gas

flow rate was 60 ml/min.
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