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Abstract : The retention behaviors of natural gas components were studied on a single
column by gas chromatography. The dead time, ¢, was obtained by using exirapolation of
homologous series to determine capacity factors. The plots of retention data for homologous
series and carbon number at different temperatures were shown to converge into a single
point, which point was determined as a dead time. The results of the effect of temperature
on the column efficiency for n-butane exhibited the plate number, N incerased with tem-
perature, but the resolution among the fast eluted components decreased. The adsorption
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enthalpy (AH®ds) for each component on 28% DC 200 stationary phase was determined,

and in order to investigate the retention behaviors of natural gas components the re-

gression analysis of log {g, log k' and log « vs. van der Waals volume{(Vw), molecular con-

nectivity index(X) and hydrophobic fragmental constant(f) were carred out.

Good correlation was found between log &' vs. Vw, and log 2 vs. /. The correlations be-

tween the physical properties of natural gas and the physical parameters were investigated

by the linear regression analysis. The relationships between Vw vs. molecular weight and

heating value( A Hcomb), X vs. boiling point, and f vs. molecular weight, boiling point and
heating value exhibited the high correlation coefficient more than 0.99. Using the regression
equation between the heating value of natural gas and Vw the predicted heating values
from Cg to Cjp showed good agreement with those reported in the literature within 0.2%

relative error.

Key words : The retention behaviors of natural gas, physical parameters.
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Fig. 1. Gas chromatographic system for analyzing natural gas.
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Fig. 2. Plot of log ta vs. the number of carbon atom
at different temperature.
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Tuble 1. Variation of retention times{¢g) for natural gas components with various temperatures.
Temperature(C)
Component
30 40 50 60 70 80 90 100 150
CH,4 3.03 2.97 2.96 2.91 2.90 2.88 2.84 2.82 2.72
C:Hg 4.47 4,22 4.04 3.81 3.74 3.63 3.51 3.43 3.12
C3Hy 7.96 6.99 6.32 6.01 5.31 4.96 4.65 4.41 3.64
iCsHyg 13.40 11.20 9.62 8.75 7.41 6.69 6.06 5.60 4.20
nCHy 18.32 14.77 12.35 10.94 9.06 8.01 7.12 6.47 4.57
iCsHyp 36.09 27.50 21.80 18.36 14.53 12.28 10.50 9.18 5.66
nCsHy 45.84 34.27 26.64 22.02 17.11 14.24 11.99 10.35 6.06
Tuble 2. Variation of Capacity factors(%’) for natural gas compoents with various temperatures.
Temperature(C)
Component
30 40 50 60 70 80 90 100 150
CH,4 0.35 0.33 0.31 0,30 0.29 0.28 0.27 0.26 0.21
C:Hg 1.00 0.88 0.80 0.70 0.67 0.62 0.57 0.53 0.39
C3Hg 2.55 2.12 1.82 1.68 1.37 1.22 1.07 0.97 0.62
iC4Hy, 4.98 4.000 3.30 2.90 2.31 1.99 1.71 1.50 0.87
nCyHy 7.18 5.59 4.51 3.88 3.05 2.57 2.18 1.89 1.04
iCsHy 15.11 11.28 8.73 7.20 5.48 4.48 3.69 3.10 1.53
nCsHyy 19.46 14.30 10.89 8.83 6.64 5.36 4.35 3.62 1.71

Tuble 3. Variation of separation factors(a) for natural gas components with various temperatures relative to

methane.
Temperature(C)
Component
30 40 50 60 70 80 90 100 150
CHgy 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CyHq 2.86 2.67 2.58 2.33 2.31 2.21 2.11 2.04 1.86
3 He 7.29 6.42 5.87 3.60 4.72 4.36 3.96 3.73 2.95
1CsHio 14.23 12.12 10. 65 9.67 7.97 7.10 6.33 5.77 4.14
nCyHyp 20.51 16.94 14.55 12.93 10.52 9.18 8.07 7.27 4.95
1C5Hy 43.17 34.18 28.16 24.00 18.90 16.00 13.67 11.92 7.29
nC;Hp, 55.60 43.33 35.13 29.43 22.90 19.14 16,11 13.92 8.14
2] 7% neo<iso<normal 2% neo o|A A A7} 7} 2EH 5 g HY AL HELE ololr ] 94

n-$gte} B-9eg dEHes 2E2EE 30TANA
150C7k*] H3A| 78 o o] Bxk<=(theoretical plate
number, N) 3% HETP (height equivalent to a the-

A A gelgich

3.2. 2zstol o WH 58 W

Vol. 7, No. 3, 1994



334 45 - Ay

oretical plate, plate height)4t2) 23§ Tuble 49) 1}
etfisict 571 713}l ale} A 8] #| T2 7
o] wel 44=2 A AL el o8BS
€ 71k 444 ¥ 5 U, Bl 2 Ak o) 8
= srkgeldl sgshe 3t HETPE Zrasigich
o]AL WH S I} FolNH A4 X 8E7}e) B
HEE7t wA S AR Hako] Fasle] YK S
< AdAes Folg Aeg Yoy, ojnf Ay
°]& gt 5o o2 B-9-2l9) ma|Fr) Yate]

Table 4. Effect of tempreature on column efficiency
for n-butane.

Temperature( ) N* HETP*
30 6236 0.144
40 6618 0.136
50 7155 0.126
60 8041 0.112
70 8182 0.110
80 8285 0.109
90 8777 0.103

100 9053 0.099
110 9179 0.098
120 10336 0.087
130 12053 0.079
140 12617 0.071
150 14463 0.062

*N = 25(tn/ wa.4)"
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Fig. 4. Gas chromatogram of standard gas prepared
in natural gas composition.

Conditions:column, 28% DC 200(30'x1/8"):He
gas, 25mL/min;TCD at 1000 :oven, isothermal at
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Fig. 3. Polt of HETP vs. temperature for n-butane on 28% DC 200 stationary phase.
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Fig. 5. Van't Hoff plot of In &' vs. 1/T for natural
gas components.

2% Aoz FA Yok’ we}a 28% DC-200 A =
Aol Al Adztx ¥ E wyh]Ee 30TelA
150C Atelol A =F gl vizhsiel o) ¥e)7)
ol Foizn Fef w7l EL Bl Fel oY Aoz
e Al 82 Eel wiyhFel Fabel 28t A%
& Mo 5937 Sigte 2 /A MR de 2
oA Age] | FE3 FAARH I AR
& dotrsitH(Fig. 6)
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Table 5. Variation of 1n k&’ for natural gas components with temperature and adsorption enthalpy.

Temperature(C)

C “‘AHolds
omponent slope
330 319 3.10 3.00 292 2.8 275 268 2.3 (keal /mol)
CH, -1.05 ~1L11 -1.71 ~1.20 —-1.24 —1.27 ~1.31 —-1.35 —L56 0.516 0.9935  1.03
C.H, 0.00 —0.19 —0.22 —0.36 —0.40 —0.48 —0.56 —0.63 0.94 0.957 0.9950  1.90
CsHy 0.94 075 0.60 052 031 0.20 0.06 —0.03 048 1518 0.9979  3.02
iCyHy 161 1.39 119 106 0.84 0.69 054 041 014 L1872 0.988  3.72
nCiHuo .97 172 151 136 L12 094 078 0.64 0.04 2.068 0.9987 4.1l
iCsHy, 272 242 217 L9 170 1.50 1.31 113 043 2.450 0.9987  4.87
Cs Hys 2.97 2,66 239 218 1.87 168 1.47 129 0.54 2.603 0.9988  5.17
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Fig. 6. Plot of In k&' ws.
components at different temperature on 28% DC 200

—AH%ds of natural gas

stationary phase.

In k" (313K)=0.901( — AHds) —1.98(r=0.9996,

n=7) (10)
In &' (333K)==0.807( — AH%ds) —1.96(r=0.9993,
n=7) (11)
In & (353K)=0.698( ~ AH%ds) —1.91(r=0.9987,
n=7) (12)
1n &' (373K)=0.618( — AHds) —1.93(r=0.9929,
n=7) (13)

mebd EEERHAY o] AR WE
& ABBAT} Y& & 5 AR, o)L AR
o #e)7} §3} ol7h)Zol o) 7L A Foi.

3.4, HrtAae ER|X S B2lF nejo|g

GLCoA A Hed7kx QR0 w58 wlrh] & shd
3 s SlAl vt & Aol A Ads]# nie} 7o)
Hdrks AR AAA4te] oy w3} 1~
Skcal / mol ofjql A2 & Hol Alg8xle] 725 A
gaog FHT glo] FelAd M M F-F} oW
TAE 7ML A=A E AR A olF] MFE
2 d3d 5 9y, o] 5 T2} 47 o} E B
e df Az | FEE d &3l o FF v
g2 493 5 it

coldg

ol & AL Y37 A8 d3 A 4 (simple
regression analysis)& ©4)&}e] Fzel ¥ A gkA]
A B o} v FEte] AR/AAE doligich

Tuble 62 A A7t AES] widlE2gs B3 (Vw),
A2 AAAF(x) B AT MGG (NE HeRd
Aelx, o] Hein|e]E7te| Pearson Ao A
Table 7o) “tehdigich whdl 2082 ol (Vw)E 3204
A Frhe AlB7) A ghe F-HE Vel e jte g
el om’/mololth. EA7E 37 A4 (molecular
connectivity index)+ QSAR(quantitative struc-
ture-activity relationship) *+ QSPR{quantitat-
ive structure-property relationship)olA} A}8% 3=
topological index & 3hto|c}. Randicol] &j 3 2 8
AtE B2t AAAFE g AP E F5
FHL 2 e #718EEe] B2l 4AE dEdle
ol f- 23 AHgE o] g

Table 6. Physical parameters of natural gas compo-
nents.

Component Vw? b e
CH;, 17.12 0.000 1.09
+CoHg 27.36 1.000 1.81
CsHy 37.59 1.414 2.36
iCiHo 47.82 1.732 2.76
nCyHyy 47.82 1.914 2.89
iCs Hye 58.05 2.270 3.24
nCs H,, 58.05 2.414 3.39

*van der Waals volume
Pfirst order connectivity index
“hydrophobic fragmental constant

Table 7. Pearson correlation between physical para-

meters.
Parameters Vw? yb f°
Vw 1.0000
y 0.9819  1.0000
f 0.9959 1.9936 1.0000

?van der Waals volume
®first order connectivity index
“hydrophobic fragmental constant
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Tuble 6 R Tuble 7ol viehd ule} o] Hid| b
R, Azt dA A4 R 284 AdAASTre A
A7} 0.98~0.992] g-& Vel A o8 Hel 27}
o] AJBA 7T fds Erhe S ¢ dddt

oA 28% DC-200 HAAdollA HArtx JEE9)
LY AE 7k Bl gepre S AuwAE
5ate] Aslaa) ol Evte] ARNBAE dopr gt}

571229 log ty, log k' R log o3& vigjEMbAs
53 (Vw), 27 AR (X)) R 244 AL
slo] AHEME F Aw) log 2 Wi B B
#, log k'3 &5 NEGT7E & ABTAF 1o
Fodch o} B¢ A o8 vy by o}gx 2

log & =0.033Vw — 1.09(r=0.9998, n=5)  (14)
log 2" =0.592f — 1.22(r==0.9978, n=>5) (15)

-5 9 i-Awkg A oY) sisiek H3EE] &
FAdAe v 2d s o 9 244 e} A
AP 0.9 o] ¥8&E 2o FUch weld] 28%
DC-200 A Aol A ghebrigel Se|@i-& A9s)
© UARA dbdE2ts B 9 e AHdaerl
Z23 Aol gE o4 ¢ st log ogtx log &' 7
A Age vehidm, A1 231604 71E7)=
7271 A Fl log k' 7 log e FUI HFHEA 24
A 2wl E gk A Zhglc)

ghH, log ted Al 7H#] slelulele} Abgtado] vlanE
Ak 7h stejuie o] Al Fate 4] 8 A9
AE Hod Frh

log t:=0.029(Vw’x107%)+0.372 (r=0.9998,

n=5) (16)
log ty=0.154'7*40.455 (r=0.9982, n=5) (17)
log (r=0.087 f*+0.320 (r=0.9970,n=5) (18)

o9} & #MAMS TR s 28% DC-200 & %] 4
ol A2f o F-F w7 &S EulA Fae]l 74 o7k
Foleba fsich

3.5 HYTlA MEES Balssy NaYy BN
ST

Holz) 2z J¥Se) Selgde AWswal e

Aelulele) S7ARHE o] gk Eo), vIRA L o]
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Tuble 8. Correlation between physical parameters and
physicochemical properties of natural gas compone-
nts.

Parameters MW?® (P bp¢ —AH comp?
Vw 0.9999 0.9802 (.9896 0.9999
byt 0.9819 0.9625 (.9980  0.9827

f 0.9959 0.9817 0.9974 0.9966

*molecular weight, °density, ‘boiling point, ¢ com-
bustion enthalpy

€ 293 AAE oln ¥ Helu|HES B-R| o A9
¥ 4 ooldk 4 Adrks QRS AL s B
= A 9ot e 2ds Fu, EA A2 g
% 2 NGt AN TAE A3 wid
2 Ry BAlegsoidy, BAL dAAee #
€ A, 2574 AT FAMW), #e 3 (bp)
W Az (—AHomb) 3] A} 0.9 o] 2
2 ¥ ABRRAE e AcH(Table 8). o9} B3]
3 A A AE vehid ohast 3

MW=0.729Vw—+5.42 (r=0,9999, n=7) (19)
MW=25.68f—14.25 (r=0.9942,n=7) (20)
bp = 83.46'x—163.7 (r=0.9980,n=5) (21)
bp = 85.39/—248.3 (r=0.9974, n=5) (22)

~ AH%omb=1688.61Vw —2238.6 (r=0.9999,
n=5) (23)
— A H %omb=12882.1f —5639.01 (r=0.9947,
n=7) (24)

Table 9. Comparison of predicted and reported
heating values by using the regression equation be-
tween —AH comb and Vw.

Heating value (kcal /N m’)

Hydrocarbon
predicted GPA  rel. error(%)
n-Cs Hs 44786.6 44746, 6 0.09
n-C7Hys 51837.9  51770.4 0.13
n-CyxHis 58881.4 58791.8 0.15
n-CqHa 65926. 9 65825.7 0.15
n-CioHoe 72978.3 72852.1 0.17
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siol HAYAHA F b2 B g o] 44w
2 e, (23)% ol &8l Gt Cy7irle W
& o317 GPA standard 2145« Al#] gl ddd
g3} wlmgt A3} ok 0.2% o8] Abf 2l ¥ ol
A A 73§ el e (Table 9).

3R

28% DC-200 A A Aol A Mdrla A E-FS) £2¥
“gel| dsto] hoprglel. o] 5] S3FAAHE TF-817] 9
8 A7 FEA el 9% 4 o2 24 sy
k' k& A ). Van't Hoff plotg ¢] 88 H&
FAAE S T 5 UKL o) 2HE o] F9) v R
E 7 Ee F3e A FA4UE A& 7 Ud
o} 2 7ix] EeA sele|e§ Mdrts Ade] o8
3% ABREAE dol¥ F3 AaAsr) 0.99 ol g2
2 FEAVRAE 2o 93, 2 selojday
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