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22} : 10-port ¥ 6-port F 7he] WH el 28%; DC 200, SP 1700 % Chromosorb 102 Z#e]
g A oS BHAyA| A S Apdeiech AA7tA§ o] F 3 & Ni CHy CO.,
C>Hy, C3Hy, i-CaHip, n-CyHyg, i-CsHiz 2 n-CsHip 5 909 AE-Eo] 25 18F olulo] niedal
F-el7} ol Fo{ H e}

o] AjAsle] AUA R AHAE At M Al7ke) v 2 0,024 4 0.16% ol
i, B4 Wolk Adby o 1% olste] wrEA & vepliglch HHFAE £57ke] 8t
] Fqijo AMEGy, BE AEEe] F& AL Jeldt) o] AR FAAE ¢85
zAo) @&zl RFANEE AL AU SEAY A 2ol A v, FAEL Az Y o
Bgae A"l Aol Al e abrt 7z} 0.5% R 0.04% o131 ghg vehdlisich B33 A
2% =9 LNG 2484 383 Za) Sgdzdoi el wdzke] @AY it A H7ts
o3, webd E91HE AAE - USSR

Abstract : A multicolumn system consisted of two valve(10-port and 6-port valve)-three
column (28% DC 200, SP 1700 and Chromosorb 102 column) was developed. Nine natural
gas components composed of N, CHy CO» C:Hs, C3Hy, i-CsHig, n-CyHip, i-CsHiz ¥ n-Cs
Hi» completed all the baseline separation within 18 minutes.

The accuracy and the precision of this system was tested. The retention times and the
peak areas were determined with a repeatability between 0.02 and 0.16%, and less than 1%,
respectively. Calibration curves for natural-gas components were plotted by the partial
pressure injection method of pure gases, and good linear relationships for each component
were presented. By using these calibration curves the accuracy of the multicolumn system
compaired with that of the single column system for a certified standard gas of natural gas.
As a result, relative error in the single and the multicolumn system was less than 0.5% and
0.04%, respectively.

The result of application of this system in the analysis of importing LNG composition
showed that the heating values calculated by the multicolum system were estimated lower
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compared with those calculated by the single column system and consequently, the

importing price of LNG was able to be cut down.

Key words : Multicolumn system, the heating value of natural gas.
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Fig. 1. Gas chromatogram of natural gas on 28% DC
200 stationary phase.

Conditions : column, 28% DC 200(30" x'/5") : He
gas, 25mL/min; TCD at 1007 :oven, isothermal
at 80C.
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Fig. 2. Two valve-three column system for analyzing natural gas.
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Fig. 3. Analysis sequence of natural gas components by using the two valve-three column system.

o] &7} A2 FHeiA A =&, ©]71-& sequence re-
versalo}etal e}, ol2ig Wy A8 X)) oe} A 7}
2l AGE AXEA A 87 SeE s A48 Fig. 39
=212 el

10-port WHIA EFrlarl FglEld (SP
1700)—(DC 200)~>(Chromosorb 102) &2 8 A A=
A WedF-5 S A L2lx717] 98 6-portE
injection$] X1 & &7]H sequence reversale] dejvt
7% %4+ (Chromosorb 102)—(DC 200)—>(SP
1700) =22 g} detfrl 25 feixln o §¢
DC 200¢ #H SP 170028 F i H&s™ AL E
o] A&7l 2 gel=r] 24 10-port WEE injection
X2 &7 (DC 200)—(SP 1700)—(Chromosorb
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102 Agl o2 N,, C), CO: ® Cy A E-Eo] #d€th ¢
o Chromosorb 102 A o2 CyF =7 d ¥H
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2945 (Chromosorb 102)—(DC 200)—(SP
1700) & sequence reversale] =24} DC 200 270

ol ol C; % C} SP 1700 A& A A&7

Tuble 1. Valve switching time of two valve-three
column system

Time(min) 10-port valve 6-port valve
0.00 ON OFF
0.30 OFF OFF
2.85 OFF ON
3.75 ON ON
8.65 OFF ON

17.00 OFF OFF

*ON : injection position
OFF : loading position
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Fig. 4. Gas chromatogram of standard gas obtained by using the two valve-three column system.

Conditions : column, SP 1700(10' xY3"), 28% DC
25mL /min ; TCD at 100C
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Tuble 2. Precision of natural gas analysis by using two valve-three column system

Retention time(min) Peak area
Component
Mean RSD(%)* Mean RSD(%)*
CH, 6.177 0.02 3904411 0.09
C:Hs 8.159 0.12 1597926 0.37
CaHy 10.015 0.13 356316 0.18
i-C4Hyp 13.349 0.16 61445 0.43
n-CsHyo 15.980 0.15 54597 0.49
i-CsHy, 3.284 0.08 10219 0.97
n-CsHy, 3.545 0.05 5742 0.89
N: 5.783 0.03 22465 0.22
CO, 7.185 0.15 66432 0.20

*RSD : relative standard deviation

% A&7 ol e 218 A3} Fig. 5% Fig. 6
9} zro] ke AL & 4 AUtk
B obelol ¥} 2t B-9e)Ee yold dig AA

2.
2

AL w AR e AA e e A4S F 5 AUk

< b9 W3] PRl A AL AN S el

o AwH o WANYE Be] F3 ) 2 24

e

CIEERE S

s a2

st =8 2 AE-Sol o

£ FA debht A fittingE I QYER]E dolBr)
s REGH(P)S 712302 3o In P Wi B

100 ;
:
80 ~!
o~ Fthane - J
o ¥ = 2140 b X - 73.02 t
X so- = 3
c L / J
< 0 " .
= Q. /\-l E
= / |
o P 1
= | z Methane :
20F - 4
PF Ex” 5= 10.62 i x - 2108 |
2 i
! !
% 200 90 £00 800
O = { |5
Pressurz {mmHg)

Fig. 5. Calibration curves of methane and ethane by
the partial pressure injection method of pure gas.

Conditions : the same as in Fig. 4.
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Fig. 6. Calibration curves of minor components in
natural gas by the partial pressure injection method
of pure gas.

Conditions : the same as in Fig. 4.
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Regression coefficient

Component - Correlation coefficient n**
a( x10°%) b( x 10°) r
CH, 10.61 31.07 0.9975 8
CyHg 21.40 ~73.02 0.9983 8
CsHg 22.31 —77.21 0.9973 6
i-C4Hip 23.50 -70.72 0.9905 7
n-CsHio 27.87 —~86.60 0.9841 7
N, 10.49 —28.49 0.9901 7
CO; 17.66 —54.94 0.9838 7

*Partial pressure of pure gas
**Number of data

3.4. €18 N REYUY AlAwe| vim

o R B Al Adel A ks B4 o
g ztel g wims) B A8 BEATFLERY FF
Ay FE7MEE AIER dho] Wl @ By PPt
ol 4 ¥-2l, A %3} A g Table 40 Fehfgict

AR A Ak S 2 QRS BN F
EE7FE AA 9] AAR FEe} vas] ¥ Ay, B
AN T % el oS SabshA g AS
& 903, F wdFE Ao dxsyc)

e Bl B§ Y Aladela Alatg wedake 7t

Tuble 4. Comparison of the accuracy for single and

multicolumn system

Component  Suggested Singlecolumn Multicolum
CH. 89.59 89.01 89.52
C:Hg 8.04 8.47 8.90
C3Hs 1.37 1.48 1.38
i-Cs Hyy 0.22 0.2395 0.2215
n-CiHyp 0.18 0.1894 0.1812
i-C:Hyz 0.0146 0.0148 0.0147
n-C:H, 0.0142 0.0144 0.0143
N 0.1330 0.1357 0.1339
CO: 0.4375 0. 4462 0.4404

Gross calorific 10,311 10,362 10,315
value(keal / Nm®)
Relative error(%) - +0.495 +0.039

7} 10,326kcal / Nm®, 10,315keal/ Nm®24 FF7pA
2] ubedgkel 10,311keal / Nm®sl| B8 ) H@dol) A=
5lkcal/ Nm*7} ©f =4, B4 =7y A2 ae
4kecal / Nm’7} o] A A 4bsidch. E&7k2e) Al bzl
24 %7 A Esicba by Sl APl A 0.5%,
3 Aol 0.04%9) Ao el Aog
ook o At B4 gydel 98 ddrb ¥
Mol wte} HArise] 24 9l wdwk alo)F Fu
dAde R nlmsl 7] s 91d sHgAtE 92d B
74x) 103]el) A =9 LNG &Aool o3 wlm 2A-g
Arstd o) @AM Mk B Aag e dn
dAlolet AT dAAIE S A e ol 2 A
dolgich o] Alae 2 o] gxivic} £3] LNGY =
ARA 2T w2 Bt 47y A2l vla 248
TR Ad dd FHHEY) By o) o gl
gro] 64l 4] 20keal / Nm™Hg 2He gh-& vhehyia] o,
M7 12keal/ Nm® A %9} gh-& vebi )

A% 24E AeE Ao ok 2L o) 33
vich B3 A v} obd Aol o @A Baig v
d, ol gbg v FA FA =) o] wy AR EY
Al vgkAl Eal dgte] T84l vleka} g He)7) o)
Foix|A] ol HAE 2317} 1 Al Aem A
s5¥5c} &, A Eels R & 5 A Hel o8 A=l
AATAe g Aoy A FAES AR} A A
ZhE) e} R o, mj A B2 e 8le] AA FEEh A 3
bl oi Rk’ welx) FA4Eql ogte] AR} we
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B%E 71X, v E ok A R} 2 B
& A "ol vt ddeggie B9 Ao gy
ARl A b A AlArs e ez dzbec

448

10port2} 6G-portell 28% DC 200, SP 1700 %
Chromosorb 102 & B g AHF HdAr}
A4 5 E-A A AAgE bdstgo) o8 A
28 AArt2g oF 18 ol AdEst o A
FTEE AL AEA R A8 A Y A 2F g A
22 #y=gdet 59 AR LS S 49 f B
Agatell A 24 9 wedekg v, BAE H) ool
el el wdsF FAgle] BY ARl A7
1Zkcal/ Nm' ¥7] #7}=gde). £9) LNG2 =417}
= dg gk el o AAEHER gy AY
B} B3 Ae AlAE £9] LNG RH 828
T A9 x9] A7 el Aad MEg 9 e
AtE o}

of Alzgle] AH 22 F7vt £ HAVl2E
A o Aae} AH4E Eeja WA RKabr] ol
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