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Abstract

The retention characteristics of 25 propane-based bromofiuorocarbon. chlorocarbon, chiorofiuorocarbon. and
fluorocarbon fluids have been studied as a function of temperature on a stationary phase consisting of a 5% (m/m)
coating of a low-molecular-mass polymer of hexafluoropropylene epoxide on a graphitized carbon black adsorbent.
Measurements were performed at 0, 20, 40 and 60°C for R-245ca and R-245cb. Measurements were performed at
20. 40. 60 and 80°C for R-227ca, R-227ea. R-236ea, R-236fa, R-245fa. and R-263fb. Measurements were performed
at 40, 60. 80 and 100°C for R-217ba, R-254cb and R-1243b, and at 60, 80, 100 and 120°C for R-280da and

R-217caBl. Measurements were performed at 80, 100, 120

and 140°C for R-215aa, R-216ba, R-253fb, R-262da.

and R-270aa. Measurements were performed at 100, 120 140 and 160°C for R-215ba. R-225ca, R-225¢cb, R-243db,

R-270da. R-270fa, and R-270fb. Relative retentions as a fu

nction of temperature were calculated with respect to

the retentions of tetrafiuoronrethane (R-14) and hexafluoroethane (R-116). Qualitative features of the data are
examined, and trends are identified. In addition. the relative retention data were fitted to linear models for the
purpose of predicting retention. behavior of these compounds to facilitate chromatographic analysis.

1. Introduction

Many laboratories are engaged in a com-
prehensive research program geared toward the
development of new fluids to be used as re-
frigerants, blowing and foaming agents, and
propellants. This research includes the measure-
ments and correlation of thermophysical prop-
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erties, testing of the compatibility of the materi-
als, measurement of the chemical stability, and
studies on their suitability for recycling [1.2]. An
important part of these research programs is the
chemical analysis of the new developed fiuids
[3-6]. For several reasons gas chromatography is
one of the major quantitative and qualitative
analysis methods that is applied to the study of
alternative refrigerants, not the least of which
are its simplicity and economics of operation
[7-9]. Knowledge of the retention characteristics
of important fluids on the more useful stationary
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phases is a valuable tool in the design of effective
qualitative and quantitative chromatographic
analyses. Determination of the corrected reten-
tion parameters, such as the net retention vol-
ume, V‘,’q (corrected to a column temperature of
0°C), and relative retentions, r,,,, provides the
simplest route to achieve these goals.

In previous papers, we presented measure-
ments for 8 methane-based, 18 ethane-based,
and 11 ethene-based fluids [10-12]. In this
paper, we present measurements on the tem-
perature dependence of the relative retentions,
T.p» Of 25 propane-based fluids that are com-
monly encountered in alternative refrigerant
research and testing. The studied fluids are listed
in the left-hand columns of Tables 1 and 2, along
with the accepted code numbers [10,13]. The
m=asurem:nts were made on the packed-column
stationary phase that has proven to be very
useful for refrigerant analysis: a 5% coating of a
low-molecular-mass polymer of hexafluoro-
propylene epoxide on a graphitized carbon black
[10]. The relative retentions were calculated with
respect to tetrafluoromethane (R-14) and hexa-
fluoroethane (R-116). In addition to the discus-
sion of qualitative trends in the data, fits to
linear models are presented for the logarithms of
the relative retentions against thermodynamic
temperature, thus providing a predictive capa-
bility.

2. Theory

A discussion of the basic definitions, theory
and application of corrected retention parame-
ters was presented earlier [10].

3. Experimental

The measurements presented here were per-
formed on a commercial gas chromatograph that
had been modified to provide high-precision
retention data. All of the experimental details
were described earlier [10,11], so only a very
general description will be provided here. The
chromatograph was modified to maintain a high-

ly stable column temperature. which was mea-
sured with a quartz-crystal oscillator thermop-
robe (calibrated against a NIST-standard
platinum resistance thermometer) that was
accurate to within = 0.01°C. Details of the in-
strumental modifications were presented earlier
[10]. Injection was done via a syringe. and the
samples were always introduced .at infinite dilu-
tion. The carrier gas line to the injection valve
was modified to allow the column head pressure
to be measured with a calibrated Bourdon-tube
gauge. This gauge was calibrated against a dead
weight pressure balance traceable to a NIST
standard. The column outlet pressure was mea-
sured with an electronic barometer that had a
resolution of 1.3 Pa (approximatelv 0.01 Torr).
This barometer was also calibrated against a
dead weight pressure balance. The column car-
rier gas flow-rate (corrected for water vapor
pressure) was measured with an electronic soap-
bubble flow meter. Retention times were mea-
sured by a commercial integrator. A Ranque-
Hilsch vortex tube was used to provide cooling in
the column oven for the subambient temperature
measurements [14]. Thermal conductivity detec-
tion (TCD) was used with research-grade helium
as carrier gas. The TCD was maintained at 125°C
for all measurements.

The stationary phase was a commercially pre-
pared packing material consisting of a 5% (m/m)
coating of a low molecular mass polymer of
hexafluoropropylene epoxide modifier on a 60—
80 mesh (177-250 pm) graphitized carbon black
[15]. Some representative properties of this
modifier and the column preparation procedure
were presented earlier [10].

For each retention measurement. five injec-
tions were performed at each column tempera-
ture. The corrected retention time was simply
obtained by subtracting the air retention time as
a measure of the void volume (or gas hold up
volume). At the start of each series of injections,
the requisite temperatures (column, flowmeter,
and barometer) and pressures (column head and
column exit) were recorded. These replicate
measurements furnished the uncertainties used
for the error propagation that provided the
overall experimental uncertainties that are re-
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Table 1
Relative retentions. r,,, . and their logarithms. of all of the fluids measured in this study. with respect to tetrafluoromethane. R-14

Name i logir,)

rC w°C 40°C 60°C 0°C 20°C 4rC &0rC

(273.15 K) (293.15K) (313.15K) (33315 K) (273.15K) (293.15K) (313.15K) (333.15K)
1.1.2.3.3-Pentafiuvoropropane 112.0=1.09 T5.620.44 54.8=0.18 4272012 205 1.88 1.74 1.63
(R-245¢ca) 0.97% 0.58% . 032% 0.28% :
1.1.1.2.2-Pentafivoropropane 63.9+0.36 4642023 35.2=0.18 289=0.06 1.81 1.67. 1.55 1.46
(R-245ch) ©0.57% 0.50% : 0.51% 0.19% ]

2°C 40°C 60r°C 80°C 2°C 4«r°C 60°C 80°C

(293.15 K) (313.15K) (333.15K) (353.15K) (293.15K) (313.15K) (333.15K) (353.15K)

1.1.1.2.2.3.3-Heptafiuoropropane 58.9=0.18 4352032 3442016 21.6+0.14 1.7 1.64 1.54 1.44
(R-227ca) 0.31% 0.73% 0.46% 0.50%
1.1.1.2.3.3.3-Heptafiuoropropane 94.2=027 65.6=0.76 48.6=0.29 3732016 1.97 1.8 1.69 1.57
(R-227ea) 0.29% 1.16% 0.60% 0.44%
1.1.1.2.3.3-Hexafluoropropane 100.8 = .0.85 7.8=039 53.0=0.45 41.0=0.23 2.00 1.86 172 1.61
(R-236ea) 0.84% 0.55% 0.85% 0.55%
1.1.1.3.3.3-Hexafluoropropane 110.6=0.93 7492027 5542024 42.7=0.16 w04 1.88 1.74 1.63
(R-236fa) 0.84% T 036% 0.43% 0.38%
1.1.1.3.3-Pentafluoropropane 110.7=.0.97 76.1=0.19 56.320.24 434023 2.04 1.88 1.75 1.64
(R-245fa) 0.88% 0.25% 0.51% 0.53%
1.1.1-Trifluoropropane 60.1=00.34 454=0.12 362202 29.6=035 1.78 1.66 1.56 1.47
(R-263fb) 0.57% 0.26% 0.62% 1.17%
40°C 60°C 80°C 100°C 40°C 60°C 80°C 100°C

(313.15 K) (33.15K) (353.15K) (313.15 K) (313.15K) (333.15K) (353.15K) (373.15K)

2-Chioroheptafiuoropropane 111.3=0.33 8322025 63.520.24 50.7+0.15 205 I 1.80 1.1
(R-217ba) 0.30% 0.30% 0.46% 0.30%
3.3.3-Trifluoropropene 38.1=053 2962024 24.0+0.36 19.8=0.16 1.58 1.47 1.38 1.30
(R-1243) 14% 0.8% 1.50% 0.8%
60°C 8rC 100°C 120°C 60°C 80°C 100°C 120°C
(333.15K) {353.15K) (313.15K) (393.15 K) (333.15K) (353.15K) (373.15K) (393.15K)
2-Chloropropane 131.5=071 942040 76.4=0.31 61.1 022 212 2.00 1.88 179
(R-280da) 0.59% 0.40% 0.24% 0.36%
n-Heptafiuoropropyl bromide 21732130 151.4+1.06 1069171 8.0=x08 234 2.18 203 191
{R-217caB1) 0.60% 0.70 1.6% 1.0%
80°C 100°C 120°C 140°C 80°C 100°C 120°C 140°C

(353.15K) (3NLI5K) (393.15 K) (413.15 K) (353.15K) (373.15K) (393.15K) (413.15K)

1.2.2-Trichloropentafivoropropane 7780591  506.7=2.2  M7.7=18 25112226 289 am 2.54 2.40
(R-2152a) 0.76% 0.44% 0.47% 0.90%
1.2-Dichlorohexafiuoropropane 2982201  169.6=051  1260=136 9742030 238 2.23 2.10 1.9
(R-216b2) 0.84% 0.30% 1.08% 031%
3-Chloro-1.1, I-trifiuoropropane 1912050 1354207 992033  TI8=042 228 213 2.00 1.89
(R-253fb) 0.26% 0.58% 0.33% 0.54%
2-Chioro-1.3-difluoropropane 1272071 1268=127 955+033 762203 224 2.10 1.98 1.88
(R-262da) 0.41% 1.00% 0.35% 0.47%
2.2-Dichloropropane 8892127 20682066 15592041 12052059 246 232 2.19 2.08
(R-27022) 0.44% 0.32% 0.26% 0.49%
1.1.2.2-Tetrafiuoropropane. 380014 3052006 2542010  218%006 158 148 141 1.34
R-254ch 0.36% 0.21% 041% 0.28%

continued on p. 296
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Table 1. Continued

Name Foib logtr, 1
1HEC 120°C 140°C 160°C 100rC 12070 1rC INYFC
(37315 K) (393.15 K} (413.15 Ky (433.15 K) (37315 K (303 15K 141315 K (433153 K0
1.2.3-Trichloropentafiuoropropane 555.5 2 6.06 ’4A=447 270.6=222 198.2 = 0.69 15 258 243 230
{R-215ba) z 1.09% 1.17% 0.82% 0.35% : ;
3.3-Dichloro-1.1.1.2.2- 309.6 = 0.62 7.0=1.26 160.7=0.41 121.9=0.69 2.49 23 A 200
pentafivoropropane (R-225ca) 0.20% 0.60% 0.26% 0.57% '
1.3-Dichloro-1.1.2.2.5 Wi3=430 03120 156.6=1.13 118.00 = 0.55 244 230 23 A o
pentafluoropropane (R-223ch) 1415 0.57¢% 0.72% 0.47%
2.3-Dichloro-1.1.1- 3B5=1.75 302.6=0.91 21742057 158.1 = 0.38 264 248 2 20
trifiuoropropanc (R-243dh) 0.40% 0.30% 0.26% 0.24%
1.2-Dichloropropane (R-270da) IMe=1.47 21912145 197.6=0.83 148.6 =0.91 2.58 2.45 2.30 3 i
0.39% 0.52% 0.42% 0.61% :
1.3-Dichloropropane (R-270fa) 497.8=2.64 3482 =387 253.8=233 185.5=0.48 2 25 240 37
0.53% 1.11% 0.92% 0.26%
1.1-Dichioropropane (R270fh) 3776=176 265.9=1.25 194.5=0.70 147.5+0.74 2.58 243 L) 17
0.73% 0.47% 0.36% 0.50%

ported (two standard deviations, 2o0). The col-
umn head pressure was maintained uniformly at
137.9+ 0.3 kPa (approximately 20 p.s.i.g.) for
the measurements. although measurements were
initially performed at several other pressures to
verify consistency in the operation of the
chromatograph. The carrier gas flow-rate at the
column exit was maintained at 45 = 0.3 ml/min.
Measurements were performed at four tempera-
tures for each fluid. The temperatures were
chosen to provide adequate retention to mini-
mize extra-column effects. All samples were
obtained from commercial sources in the highest
available purity, and were used without further
" purification.

4. Results and discussion

The relative retentions, r,,,, for each fluid
with respect to R-14 and R-116 are presented in
Tables 1 and 2. respectively. The reported ex-
panded uncertainties (with a coverage factor k =
2) are the result of an error propagation per-
formed with the standard deviations obtained
from replicate measurements of each experimen-
tal parameter. The uncertainties were found to
be uncorrelated (as determined by examination

of Spearman’s p ‘and Kendall’s 7), and the-

deviations were found to fit a normal distribution
and were therefore treated as being entirely
random [16]. In addition to the uncertainty, the
coefficient of variation in percent is provided.
The precision of the measurements is generally
between 0.5 and 1.5%. with the average preci-
sion of all the measurements on these com-
pounds being 0.6%. This figure compares very
well with the precision of typical retention pa-
rameters (generally between 1 and 2% ) obtained
in other physicochemical gas chromatographic
measurements [16]. A plot of log(r,,,) against
1/T for each fluid referenced to R-14 is provided
In Tg. la,b. Similar plots are provided for the
fluids referenced to R-116 in Fig. 2a.b.

The expected trend of r,,, with reciprocal
temperature is observed for each fluid. There is
no evidence of any decomposition at the tem-
peratures at which measurements were per-
formed. It is clear from these plots that good
separation is achieved for most of the propane-
based compounds on this particular stationary
phase. In a few cases, coelution of fluids is
observed at the higher temperatures, however.

The temperature-dependent relative retention
data were then fitted with the best linear model
(simple linear, logarithmic, power, or exponen-
tial). The results of these fits are provided in
Tables 3 and 4. Included with each fluid are the
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Table 2
Relative retentions. r,.,. and their logarithms. of all of the fluids measured in this study. with respect to hexafiuoroethane. R-116
Name Tarn log(r, ,)
rC 2°C 40°C 60°C ¥rC 2A°C 2 ¢ NEC
{273.15K) (293.15K) (313.15 K) (333.15 K) (273.15K) (29315 K (31315 k) (33315 K1
1.1.2.3.3-Pentafiuoropropane 13.920.13 11.0=0.06 9.2x0.03 8.1=0.02 114 1.04 0.9 0.91
(R-245ca) 0.97% 0.58% 0.32% 0.28% .
1.1.1.2.2-Pentafiuoropropane 1.9=0.05 6.7=0.04 59=0.03 5532001 0.90 0 - g 074
(R-245¢ch) 0.57% 0.50% 0.51% 0.19%
20°C 4rc 60°C 80°C 20°C H#°C orC RFC
(293.15K) (313.15 K) (333.15K) (353.15 K) (293.15K) (31315 k) (333.15K) (355.05K)
1.1.1.2.2.3.3-Heptafiuoropropane 8.6=0.03 7.320.05 6.5=0.03 5.8=0.03 0.93 0.86 0.81 0.76
(R-227ca) 0.31% 0.73% 0.46% 0.50%
1.1.1.2.3.3.3-Heptafiuoropropane 13.720.04 10.9=0.13 9.2=0.06 7.820.03 1.14 L 0,96 0.89
(R-227ea) 0.29% 1.16% 0.60% 0.44%
1.1.1.2.3.3-Hexafiuoropropane 14.620.17 12.0=0.07 10.0=0.09 8.6=0.05 LI7 108 L 0194
(R-236¢a! 0.84% 0.55% 0.85% 0.55%
1.1.1.3.3.3-Hexafluoropropane 16.1=0.14 1252005 104 =0.04 9.0=0.03 1.21 L1u 1.0 0.95
(R-236fa) 0.84% 0.365% 0.43% 0.38%
1.1.1.3.3-Pentafiuoropropane 16.1=0.14 12.7=0.03 10.6 = 0.05 9.1x0.05 1.21 1.10 1.03 0.9
(R-2451a) 0.88% 0.25% 0.51% 0.53%
1.1.1-Trifluoropropane 8.7x0.05 1.6=0.02 6.8=0.04 6.2=0.04 0.94 0.88 (.83 0.70
(R-263fb) 0.57% 0.26% 0.62% 0.62%
a4rc 60°C 80°C 100°C 40°C &rC RFC 100°C
(313.15 K) (333.15 K) (353.15 K) (373.15K) (313.15K) (33315K) (35315 K) (373.15K)
2-Chloroheptafiuoro-propane 18.6=0.06 15.7=0.05 13.420.06 11.7=0.04 1.27 1.20 1.13 1.07
(R-217ba) 0.30% 0.30% 0.46% 0.30%
3.3.3-Trifluoropropene 63009 5.6=0.04 5.1=0.08 46=0.04 0.80 0.75 0.70 .66
(R-1243) 1.40% 0.80% 0.70% 0.80%
60°C 80°C 100°C 120°C 60°C 80°C 1MPC 120°C
(333.15 K) (353.15 K) (373.15K) (393.15 K) (333.15K) (353.15K) (373.15K) (393.15K)
2-Chloropropane (R-280da) 24.8=0.15 20.9=0.08 17.720.4 15.5=0.06 1.40 1.32 L.25 1.19
‘ ’ 0.60% 0.40% 0.24% ~ 0.36%
n-Heptafluoropropyl bromide 41.0%0.25 31.8=0.22 2492040 20.8=0.21 1.61 1.50 1.40 1.32
(R-217caB1) 0.60% 0.70% 1.60% 1.000%
80°C 100°C 120°C 140°C 80°C 100°C 120°C 14rC
(353.15 K) (3713.15K) (393.15 K) (413.15K) (353.15K) (373.15K) (393.15K) (413.15K)
1.2.2-Trichloropentafiuoropropane 163.6x1.24 117.4=0.52 87.92041 68.7 = 0.62 221 207 1.94 1.84
(R-215aa) 0.76% 0.44% 0.47% 0.90%
1.2-Dichlorohexafiuoropropane 5042042 392x0.12 31.9=2034 26.7+0.08 1.70 1.59 1.50 1.43
(R-216ba) 0.84% 0.30% 1.08% 0.31%
3-Chioro-1.1.)-trifluoropropane 40.2=0.10 31.4=0.18 253=0.08 2132013 1.60 1.50 1.40 1.33
(R-253fb) 0.26% 0.58% 0.33% 0.59%
2-Chloro-1.3-difluoropropane 36.3=0.15 294029 24.1=0.08 20.9=0.10 1.56 1.47 1.38 1.32
(R-262da) 0.41% 1.00% 0.35% 0.47%
2.2-Dichloropropane (R-270aa) 60.8=0.27 41.9=0.15 3942010 33.0=0.16 1.78 1.68 1.60 1.52
0.44% 0.32% 0.26% 0.49%
1.1.2.2-Tetrafluoropropane. 6.5=0.02 572001 5.0=0.02 4.520.01 0.81 0.75 0.70 0.65
R-254ch 0.36% 0.21% 0.41% 0.28%

conunued on p. 298
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Table 2. Continued.

Name ik log(r,.y)
100°C 120°C 140°C 160°C 100°C 120°C 14rC 160°C
(373.15 K) (393.15 K) (413.15 K) (433.15 K) (373.15K) (393.15K1 (41315 Ky {433.15K)
12 3-Trichloropentafivoropropane 1287+ 1.40  96.7<117 7402061  582+020 211 1.9 1.87 LT
(R-215ba) ¢ 1.09% L17% 0.82% 0.35% s :
3,3-Dichloro-1.1,1.2.2- 7182014 54.9=0.33 4.0=011 358=0.20 1.86.- 1.74 1.64 1.55
pentafiuoropropane (R-225ca) 0.20% 0.60% 0.26% 0.57%
1.3-Dichloro-1.1.2.2.3- 70.7=1.00 53.2=0.30 42.8=031 HT7=016 1.85 17 1.63 LM
pentafiuoropropane {R-225¢cb) 1.41% 0.57% 0.72% 0.47%
2.3-Dichloro-1.1.1- 101.6=0.4] 76.5=0.23 59.5=0.15 46.5=0.11 2m 1.88 L 167
trifluoropropane (R-243db) 0.40% 0.30% 0.26% 0.24%
1.2-Dichloropropane (R-270da) 87.5=0.34 70.6=0.37 54.1=023 43.7=0.27 1.%4 1.85 1.73 1.64
0.39% 0.52% 0.42% 0.61%
1.3-Dichloropropane (R-270fa) 115.4=0.6] 88.0=097 69.4 =0.64 54.5=0.14 2.06 1.95 1.84 1.74
0.53% L11% 0.92% 0.26%
1.1-Dichloropropane (R-270fb) §7.5x0.64 67.220.32 53.2=0.19 4342022 1.94 1.83 1.73 1.64
0.73% 0.47% 0.36% 0.50%
Table 3
Coefficients of the fits of log (r,,,) against 1/T, with the respective correlation coefficients, with tetrafluoromethane (R-14) as the
reference
Name Model m b r Temperature range
(°C)
1.1,1.2.2.3.3-Heptafiuoropropane (R-227ca) P 1.10 898.82 0.99976 20-80
1,1.1.2.3.3.3-Heptafiuoropropane (R-227ea) P 1.22 2035.09 0.99997 20-80
1.1.1,2.3,3-Hexafiuoropropane (R-236ea) 3 676.21 -0.30 0.99996 20-80
1.1.1.3.3.3-Hexafluoropropane (R-236fa) E 389.63 0.54 0.99999 20-80
1,1.2.3.3-Pemtafiuoropropane (R-245ca) E 346.43 0.58 0.99997 0-60
1,1.1.2.2-Pentafiuoropropane (R-245¢ch) E 322.24 0.55 0.99982 0-60
1.1,1,3,3-Pentafluoropropane (R-245fa) E 382.37 0.56 0.99996 20-80
1,1.2.2-Tetrafluoropropane, R-254cb E 325.61 0.56 0.99999 40-100°C
. 1.1,1-Trifluoropropane (R-263fb) E - 326.24 0.59 . 0.99997 20-80
2-Chloroheptafluoropropane (R-217ba) P 1.05 853.99 0.99996 40-100
3.3.3-Trifluoropropene (R-1243) E 381.19 0.47 0.99992 40-100
n-Heptafluoropropyl bromide (R-217caB1) E 444.44 0.62 0.99968 60-120
2-Chloropropane (R-280da) L 727.58 -0.06 0.99987 60-120
1.2.2-Trichloropentafluoropropane (R-215aa) P 1.19 3059.12 0.99995 80-140
1.2-Dichlorohexafluoropropane (R-216ba) E 436.34 0.69 0.99994 80-140
3-Chloro-1,1,1-triflucropropane (R-253fb) E 457.49 0.63 0.99998 80-140
2-Chloro-1,3-difluoropropane (R-262da) E 422.27 0.68 0.99996 80-140
2.2-Dichloropropane (R-270aa) P 1.07 1274.28 0.99980 80-140
1.2 3-Trichloropentafiuoropropane (R-215ba) LG 3.03 20.67 0.99992 100-160
3.3-Dichloro-1,1,1.2.2-pentafiucropropane (R-225¢ca) P 1.19 2918.06 0.99999 100-160
1.3-Dichlore-1.1.2,2,3-pentaflucropropane (R-225¢b) P 1.2 3380.21 0.99991 100-160
2.3-Dichloro-1,1.1-triflucropropane (R-243db) LG 2.98 20.30 0.99999 100-160
1.2-Dichloropropane (R-270da) LG 2.76 18.93 0.99899 100-160
1.3-Dichloropropane (R-270fa) LG 2.88 19.78 0.99999 100-160
1.1-Dichloropropane (R-270fb) L 1105.50 -0.38 0.99997 100-160

L =linear. P = power, E = exponential, LG = logarithmic.
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Fig. 1. Plots of the logarithms of the relative retentions

each fluid measured.

(with respect to tetrafluoromethane, R-14)

log (r,,,) against 1/T, for
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coefficients. the Pearson correlation coefficient
of the fit. and the temperature range over which
the fit was taken.

Many of the measured data obtained for the
propane-based fluids are represented very well
(within experimental error) with the simple
linear model: -

log (r,,,)=m/T +b )

where m is the slope and b is the intercept.
Several were better represented by a logarithmic
model:

log (r,,,)=mlog (1/T)+b )
an exponential model:
log *(r,,,)=mIT + b 3)

or a power model:

log *(r,,,)=mlog (1/T)+b (4)

The choice of model was based strictly on
goodness of fit and statistical significance of the
fitted parameters. No phvsical interpretation is
assigned to the coefficients bevond the ability to
fit (or account for all of the structure in) the‘
measured data.

5. Conclusions

Measurements of the relative retentions (on a
very useful stationarv phase) of 25 propane-
based halocarbon fluids that are relevant to
research on alternative refrigerants have been
presented. The logarithms of these data were
fitted against the reciprocal thermodynamic tem-

Table 4
Coefficients of the fits of log (r,.,) against 1/7. with the respective correlation coefficients. with hexafluoroethane (R-116) as the
reference
Name Model m b r Temperature range
(°C)
1.1.1.2.2.3.3-Heptafluoropropane (R-227ca) E 338.95 0.29 0.99934 20-80
1.1.1.2.3.3.3-Heptafiuoropropane (R-227ea) E 411.97 0.28 0.99990 20-80
1.1.1.2.3.3-Hexafluoropropane (R-236ea) P 1.18 971.79 0.99994 20-80
1.1.1.3.3.3-Hexafluoropropane (R-236fa) E 404.73 0.30 0.99968 20-80
1.1.2.3.3-Pentafiuoropropane (R-245ca) P 1.44 3794.79 0.99974 0-60
1.1.1.2.2-Pentaflucropropane (R-245¢cb) E 398.31 0.22 0.99998 0-60
1.1.1.3.3-Pentafluoropropane (R-245fa) E 392.34 0.3z 0.99991 20-80r
1.1.2.2-Tetrafluoropropane, R-254cb L 316.43 -0.19 0.99993 40-100°C
1.1.1-Triflucropropane (R-263fb) E 289.86 0.35 0.99980 20-80
2-Chloroheprafiuoropropane (R-217ba) L 393.10 0.02 0.99975 40-100
3.3.3-Trifluoropropene (R-1243) L 276.40 -0.08 0.99976 40-100
n-Heptafiuoropropyl bromide (R-217caB1) E 434.39 0.44 0.99981 60-120
2-Chloropropane (R-280da) L. 451.08 0.04 0.99975 60-120
1.2.2-Trichloropentafiuoropropane (R-215aa) E 454.35 0.61 0.99993 80-140
1.2-Dichlorohexaﬂuoropmpanc (R-216ba) E 431.65 0.50 0.99995 80-140
3-Chloro-1.1.1-trifluoropropane (R-253fb) E 461.44 0.43 0.99998 80~140
2-Chloro-1.3-difluoropropane (R-262da) E 411.13 0.49 0.99991 80-140
2.2-Dichloropropane (R-270aa) E 390.81 0.59 0.99974 80-140
1.2.3-Trichloropentafiuoropropane (R-215ba) LG 2.33 15.91 0.99992 100-160
3.3-Dichloro-1.1.1.2.2-pentafluoropropane (R-225ca) P 1.19 2175.65 0.99998 100-160
1.3-Dichloro-1.1.2.2.3-pentafluoropropane (R-225cb) P 1.23 2651.06 0.99978 100-160
2.3—Dichloro~l.l.l—tﬁﬁuoropropane (R-243db) LG 2.29 1555 0.99999 100-160
1.2-Dichloropropane (R-270da) LG 2.07 14.18 0.99814 100-160
1.3-Dichloropropane (R-270fa) LG 2.18 14.98 0.99994 100-160
1.1-Dichloropropane (R-270fb) L 826.79 -0.27 0.99996 100-160

L = linear. P = power. E = exponential, LG = logarithmic.
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Fig. 2. Plots of the logarithms of the relative retentions (with respect to hexafluoromethane. R-116) log(r,,,) against 1/T, for
each fluid measured,
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perature to several linear models. These derived
equations can be used for the prediction of the
retention behavior of these fluids on this im-
portant stationary phase. and therefore can be
used for solute identification and also for the
design of analytical and preparative-scale sepa-
rations.
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