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Abstract: Ethylene oxide (C,H,O, EtO) is used as a raw material for the production of ethylene glycol and
other industrially important material such as ethanolamines and also used as a disinfecting agent. It is applied
for gas-phase sterilization of thermally sensitive medical equipment, and for processing of storage facilities as
a mixture with fluorinated hydrocarbon. In this perspective, accurate determination of the mole fractions of
components in the liquefied gas mixture is required for the quality control and safety of production and use.
Each component of the liquefied gas mixture has different chemical and physical properties such as vapor
pressure and boiling point. Therefore, we can suppose that analytical results can be different according to the
introduction method for the gas phase of upper layer, or for the liquid phase of lower layer in gas cylinder.
In this study, we designed a new on-line sample injection device for the liquefied gas mixture in liquid or
gas state, and applied to the analysis of liquefied gas mixture of ethylene oxide and fluorinated hydrocarbons
by GC/AED (gas chromatograph-atomic emission detector). We studied performance of AED, and effect of
sample introduction and selected wavelength to the accuracy and repeatability of analytical results.
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* EO(or EtO): ethylene oxide, EPC: electronic pressure controller
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Fig. 1. Schematic diagram of the measuring system.
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Table 1. Conditions for GC/AED analysis

Specification Condition
Oven temperature 90 °C, 10 min, 10 °C/min, 120 °C, 5 min
Carrier gas and flow  He, 5 mL/min

CP 7555 CP-PoraPLOT Q (52.5 m x
0.53 mm x 20 pm)

C-173, 193, 496 nm, H-486 nm, Cl-
479 nm

Split ratio 15:1

Volume of sample loop 10 pL

Column

Wave length used

film thickness, Varian, USA)E AMH&-3}3 . GC2 &
T Z2aHe 90 °CollA 10 &2 A1 F 10
°C/mine-& 120 °C7HA] A5A17]1aL 5 27 fA 8=
278 AHgEI o F AN 25 Eolith GC
o] A= AFES AFEEY 5 mUmine 2 4
&5 FA 3k U}O]EEJ}%Egﬁl—iu}(mlcrowave-
induced plasma) 2= && o83l Wztsll o
heating coil®] &%=+ 90 °CE A3t} A&7
L B4 173, 193, 496 nm, 74 486 nm, ¥4 479 nm
A A3 th(Table 1).
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Table 2. List of CRMs used for testing linearity and sensitivity of GC/AED

Cylinder No. MB2796 MC9912 MD6114 MD8520 MC1602
Component CO-std1 CO-std2 CO-std3 CO-std4 CO-std5
Concentration (pmol/mol) 68.87 301.59 1005.9 2004.3 5164.4
Sensitivity 0.3987 0.3996 0.3996 0.4012 0.4002

*CRM: certified reference material
sensitivity: peak area/concentration

=0 Table 3. Analysis results of gas phase at carbon-496 nm
2000 y=0398799 x + 1258410
5 R = 0999950 R-22 EtO R-124
i 50 (CHCIF,) (C,H,0) (C.HCIF,)
g " 1* 0.577 0.071 0.352
. 2 0.577 0072 0352
‘s - ™ P - P 3 0.584 0.062 0.353
conc(umol/mol) Average® 0.579 0.068 0.352
Fig. 2. Graphical illustration of linearity test for GC/AED. STDEV 0.004 0.0053 0.001
RSD, % 0.74 7.72 0.28
3 tygogen 43 R22 R Weight, g 50.09 3.01 48.08
| Weight%, gravimetry® 27.0 10.0 63.0
Weight%, measured®  49.5 3.0 47.5

a: mole fraction
€ b: weight percent of the liquefied gas sample prepared by gravimetry.
; c: weight percent of the liquefied gas sample measured by GC/AED.

Table 4. Analysis results of gas phase at hydrogen-486 nm

5 10 15 20 min
Fig. 3. Chromatogram of gas mixture on gas phase. R-22 EtO R-124
(CHCIF,)  (CH,0)  (C-HCIF)
1 0.577 0.058 0.365
FHEIAS AYoH, A4 479 nm AEIHLAIN =, 0.583 0.056 0.360
= WA B3t A&EA ggornz 7k 979 & 3 0.589 0.055 0.357
?] 45 R-22-BtO-R-1248= Z21E & 5 Atk 9 Average 0.583 0.056 0361
A& AZ7)(AED)E A 2o wal 7Hgo] T STDEV 0.006 0.002 0.004
FID, ECD, MS ZZ7]¢} g 24 t)4 529 RSD,% 1.01 3.26 1.12
FYE 54 Dh TR st dg weene A ae
A Azslolnz Ex SYES] FEIA glolw eight%, gravimetry . . .
4 AE710l 578 shadsel 271 5l ]_ Weight%, measured®  49.4 2.4 482
7+ o] BaAA v E ARgete] EEES AME

a: mole fraction
T AT b: weight percent of the liquefied gas sample prepared by gravimetry.
AE9FOZ BhA 496 nme} 4 486 nmE A c: weight percent of the liquefied gas sample measured by GC/AED.
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Fig. 4. Chromatogram of gas mixture on liquid phase.
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Table 5. Analysis results of liquid phase at carbon-496 nm

R-22 EtO R-124
(CHCIF,)  (C,H40) (CHCIFy)

1? 0.308 0.231 0.461
2 0.309 0.232 0.459
3 0.308 0.231 0.461
Average® 0.308 0.231 0.460
STDEV 0.001 0.0003 0.001
RSD, % 0.25 0.14 0.24
Weight, g 26.66 10.19 62.83
Weight %, gravimetry® 27.0 10.0 63.0
Weight %, measured®  26.7 10.2 63.0

a: mole fraction

b: weight percent of the liquefied gas sample prepared by gravimetry.

c¢: weight percent of the liquefied gas sample measured by GC/AED.

Table 6. Analysis results of liquid phase at hydrogen-486 nm

R-22 EtO R-124
(CHCIF,) (C,H,0) (C,HCIF,)

12 0311 0.229 0.460
2 0.311 0.229 0.461
3 0.312 0.231 0.457
Average® 0311 0.230 0.459
STDEV 0.001 0.001 0.002
RSD, % 0.21 0.54 0.41
Weight, g 26.89 10.11 62.70
Weight %, gravimetry®  27.0 10.0 63.0
Weight %, measured®  27.0 10.1 62.9

a: mole fraction

b: weight percent of the liquefied gas sample prepared by gravimetry.
c: weight percent of the liquefied gas sample measured by GC/AED.

Table 7. Analysis results of liquid phase at carbon-193 nm

R-22 EtO R-124
(CHCIF,) (C,H40) (C,HCIF,)

1* 0.307 0.232 0.461
2 0.306 0.233 0.461
3 0.309 0.233 0.458
Average® 0.307 0.232 0.460
STDEV 0.001 0.0006 0.001
RSD, % 0.45 0.24 0.32
Weight, g 26.58 10.24 62.80
Weight %, gravimetry® 27.0 10.0 63.0
Weight %, measured® 26.7 10.3 63.0

a: mole fraction
b: weight percent of the liquefied gas sample prepared by gravimetry.
c: weight percent of the liquefied gas sample measured by GC/AED.

Table 8. Analysis results of liquid phase at carbon-179 nm

R-22 EtO R-124
(CHCIF,;) (C,H40) (C,HCIFy)

1" 0.308 0.234 0.458
2 0.307 0.235 0.458
3 0.306 0.236 0.458
Average® 0.307 0.235 0.458
STDEV 0.001 0.001 0.000
RSD, % 0.35 0.52 0.05
Weight, g 26.54 10.36 62.49
Weight %, gravimetry®  27.0 10.0 63.0
Weight %, measured® 26.7 104 62.9

a: mole fraction
b: weight percent of the liquefied gas sample prepared by gravimetry.
c¢: weight percent of the liquefied gas sample measured by GC/AED.
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