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Abstract: 1,1,1,2-Tetrafluoroethane (HFC-134a), which is used as refrigerant in air conditioners, has been
recently regulated as a greenhouse gas and is recommended for reuse by refining. It is very important to
quantitatively analyze trace impurities present in the refrigerant to evaluate the criteria for reuse. In this study,
trace impurities including C, H, Cl, and F, which are difficult to quantify because there are no reference materials,
were quantitatively analyzed by a gas chromatograph-atomic emission detector (GC/AED); for this analysis,
this was preceded by a qualitative analysis with a GC-mass selective detector (GC/MSD). In addition, the
AED response was investigated using a hydrocarbon mixed reference material, which was proportional to the
number of atoms in the component. Fifteen refrigerant components were detected as trace impurities in HFC-
134a by qualitative analysis of trace impurities including C, H, Cl, and F in the samples. Based on the results
of the qualitative analysis, quantitative analysis of trace impurities using AED showed that the highest mole
fractions were for the CHCIF, component (45438.38 umol/mol) in one sample and for the C,H,CIF; component
(1311.47 pmol/mol) in another sample. From this study, it has been shown that it is possible for this analytical
method to be applied to the qualitative and quantitative analysis of trace compounds in refrigerants, which are

difficult to quantify because of the absence of reference materials.
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Table 1. Summary of the samples prepared for GC analysis

Cylinder # Contents Sampling date
014 HFC-134a 2015. 09
070 HFC-134a 2015. 09
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Fig. 1. Schematic of vaporizer (#KRISS VAPORI).

Table 2. Summary of the certificated reference materials (CRMs) for GC analysis

Concentration Uncertainty ~ Analysis

Cylinder # Component Matrix [umol/mol] (%] (k=2) method
EA0004252 CHF; N, 174.55 0.2 AED
L0551% CH,; CoHg; C3Hg; i- C4Hyo; n-C4Hyp N, 10.07; 5.00; 2.06; 1.01; 1.05 0.1 AED"

JComponents’ concentration unit of the cylinder L0551: [%mol/mol]

YUsing for correlation test between equivalent and response of GC/AED
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Table 3. Analysis results of CO cylinders with two different matrices

. . Concentration Flow,, Flow,” Response .
Cylinder # Matrix [1mol/mol] [mL/min] [mL/min] area Sensitivity
ES0003229 N, 355.72 70.00 85.00 267.8 0.7529
YA001817 He 575.71 70.00 60.00 433.7 0.7533

YFlow,,: measured by integrating flow meter (integrating flow meter, W-NK-0.5A, JP)
YFlow,: measured by mass flow controller (MFC, Brooks 5850i, USA) calibrated against He
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Table 4. Analysis conditions of correlation test between equivalent and response of GC/AED

Analytical condition

GC/AED?
250 °C

Detector

Detector temperature

GC/MSDY
250 °C

GC/AED®
250 °C

Agilent CP7552 CP ParaPLOT Q Agilent CP7552 CP PoraPLOT Q Agilent CP7552 CP ParaPLOT Q

Column capillary, 50.0 m x 320 um(ID) x capillary, 50.0 m x 320 um(ID) x capillary, 50.0 m x 320 um(ID) x
0.50 mm(OD) 0.50 mm(OD) 0.50 mm(OD)

Oven temperature 110 °C SQ °C 35 min,'S °C/min 120 °C 10 SQ °C35 min,.S °C/min 125 °C 10

min, 10 °C/min 220 °C min, 10 °C/min 220 °C

Split ratio 10:1 10:1 3:1

Carrier flow He, 7 mL/min He, 1.5 mL/min He, 1.5 mL/min

Sample flow 50 mL 50.5 mL

Sample loop 0.005 mL 2 mL 0.5 mL

Valve time 0.1-1.1 min 0.1-1.1 min 0.1-1.1 min

Run time 21 min 69 min 69.5 min

3Analysis conditions of correlation test between equivalent and response of GC/AED

®)Quantitative analysis conditions of GC/MSD
9Quantitative analysis conditions of GC/AED
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Fig. 3. Chromatograms at lines of 193 nm, 179 nm, 496 nm, and 486 nm obtained from GC/AED (cylinder #: L0551 in

Table 2).
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3L, A= 7 9|2 ALl o] iEE AJ7Ee] XS YRt GCMSDE T3to] folil 2459 =88 U
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w12 #: EA0004252)S AME-3tth 8% 1 %=EA 7HE
Table 5. Analysis Results of GC/MSD
Cylinder # 014 070
No.
Retention time[min] Compound Abundance Compound Abundance
#1 6.9 CO, 38000 CO, 24000
#2 10.2 CH;F; (R-32) 2000000 - -
#3 17.8 C,HF; (R-125) 4400000 - -
#4 18.2 C,H,yF, (R-134a) 30000000 C,H,F, (R-134a) 30000000
#5 30.0 CHCIF; (R-22) 18400000 - -
#6 36.0 C,H,CIF; (R-133a) 5200000 C,H,CIF;(R-133a) 800000
#7 39.6 - - C;H;3F; 800000
#8 41.7 - - C,H;F; (R-143a) 180000
#9 454 CCLF, (R-12) 170000 CCLF, (R-12) 116000
#10 48.8 C,HCIF, (R-1122) 90000 C,HCIF, (R-1122) 70000
#11 51.5 C,H;CIF; (R-142b) 40000 - -
#12 52.0 C,H,CIF 56000 C,H,CIF 104000
#13 52.7 C,HCIF, (R-124) 36000 C;HCIF, (R-124) 24000
#14 57.8 - - C,CLF, (R-114) 48000
#15 61.0 CHCLF (R-21) 60000 - -
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Fig. 6. Chromatogram of (a) 014, (b) 070 by GC/MSD. (from left #1: COy; #2: CHyF,; #3: CoHFs; #4: C,HoFy; #5: CHCIF;
#6: C2H2C1F3, #7: C3H3F3; #3: C2H3F3; #9: CCIQFz; #10: CQHCle; #11: CzHgCle; #12: C2H2C1F; #13: CzHClF4, #14:

C2CLF,; #15: CHCLF).

Table 6. Analysis results of GC/AED

Cylinder # 014 070

No.
Retention time[min] Compound Abundance[arb.] Compound Abundancel[arb.]

#1 8.0 CO, 58 CO, 61

#2 11.0 CH,F; (R-32) 550 - -

#3 21.0 C,HF; (R-125) 200 - -

#4 24.5 C,H,F, (R-134a) 2500 C,H,F, (R-134a) 4200

#5 36.0 CHCIF, (R-22) 4200 -

#6 39.0 C,H,CIF; (R-133a) 140 C,H,CIF;(R-133a) 600

#7 42.0 - - C;H;F; 123

#8 445 - - C,H;F; (R-143a) 95

#9 45.0 CCLF, (R-12) 83 CCLF, (R-12) 93

#10 48.5 C,HCIF, (R-1122) 68 C,HCIF, (R-1122) 76

#11 51.0 C,H;CIF; (R-142b) 60 - -

#12 51.5 C,H,CIF 65 C,H,CIF 80

#13 52.0 C,HCIF, (R-124) 57 C,HCIF, (R-124) 70

#14 56.0 - - C,CLF, (R-114) 65

#15 60.0 CHCLF (R-21) 55 - -
Aol 48 A 193 nm WEMY] 24 4x wE} GHCIF; (R-1332)2] ZHEE 10494 (C2)°17] )
ﬁ%%@ﬂﬂéMDﬂAdﬁzk o BEES 2o, 4 ()l Sste] BREL VANAS 24 4
AU Tuble 7, 82 *F ANE AED 343k F, A EE U golRE, %%0% 1311.47 pmol/mol® 7
|3 TFEH %—% 1.5 (C1~C4), 34 it =2 : W
o) v=RE, o ERNE AP FREL e
- /‘]E BE éfa E—i— Az v wste] EEES

CH,CIF;(R-1332) A &0 2
o2 EW9, carbon 193 nm &<
o A fﬁ @8 AE3 CHF;(R-23) (cylinder #:
EA0004252)7} 7FA & Z% 5247 (C1), C2l 7=l

= e g Esel o

S ARSI B4 %;E% A B BT 0.1~09%

34. HFC-134a Al29)
BsE AN ZH
NE Fo] Fojg

0y B2 24 4
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Table 7. Analysis data of GC/AED (cylinder #: 014)

CHF; CO,

(R-1122) (R-142b) CIF (R-124) (R-21)

CHF, GHFs CHCIF, CH.CIF; CCLF, CHCIF, C,H;CIF, C,H,. C,HCIF, CHCLF
(R-32) (R-125) (R22) (R-133a) (R-12)

CHFy

Average 893.17 18.47 3053.14 4259.53 231583.00 709.82 171.00 26.84 1973  29.81 1540 1483  886.06
RSD [%] 013 024 087 084 085 038 053 039 048 044 060 046 036
s 5.12 5.08
(Scrm) (Scrmr)
Ssample
(n 510 510  5.10 510 510 510 510 510 510 510 510
(€2) 1019 10.19  10.19 1019 1019 1019 1019 1019  10.19 1019 10.19
Concentration 170 55 36> 50905 417.88 4543838  69.64 3355 263 194 292 151 291 17455
[nmol/mol]
Cylinder #  EA0004252 014 014 014 014 014 014 014 014 014 014 014 EA0004252
Table 8. Analysis data of GC/AED (cylinder #: 070)
C,H,CIF; CH;F; CCLF, C.HCIF, CHCIF, C,CLF, ,
CHE; €0 (R-133a) CsH3Fs (R-143a) (R-12) (R-1122) CoHCle (R-124) (R-114) CHF;
Average 919.01  3.06 1376233 48.17 5022 4206 2.80  81.62 467  39.74 912.69
%RSD 033 0.0 067  0.05 0.84 033  0.90 0.27 0.45 0.19 0.55
Sensitivity 527 523
(SCRM) (SCRM‘)
Corrective
sensitivity
(Cn 525 525 525 525 525 525 5.25 525 525
(C2) 10.49 1049 1049 1049 1049 1049 1049 1049 1049
(C3) 15.74 1574 1574 1574 1574 1574 1574 1574 1574
Concentration ) 55 (56 131147 306 479 802 027 778 044 379 174.55
[umol/mol]
Cylinder #  EA0004252 070 070 070 070 070 070 070 070 070 EA0004252

Qbell YeEh AT T B e %
(uncer“[amty propagation rule)25 w2} 8 £ lon,
1= ol=he] 2 @)% o] £3E F Sk 7~f7~f°] =
3= e BT EF B3 (Tuble 2), GC/AED 4
AU (RSD, Table 7, 8), 28] 3 AEDS &4 193
nme| %= B35 (Reluymp)2 ARSI

]

Asample
sample ( AC ) (CCRM)

/\/(U(Asample )2 +(U(SCRM)) +(U(SCR1\/{')) +(U(RAED))2

sample SLRM SLRM RAED
©)

oz} o] Tuble 95 H A, 014 A FEE CHCIF,(R-22),
CH,F,(R-32), C,HF;5(R-125) 5°| FE2XA &
of EAISL U+E & F AU, 53] CHCIFy(R-
22) AE-E A v FEA] 95% oS AABAL 9

=
th & 74 B85 e BE Aol 1.5% olWdS 21
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Table 9. Summary of impurities in HFC-134a

Mole fraction [pumol/mol]

Component
014

070

CO, 3.62 (£ 0.04, 1.13 %)
599.05 (+ 8.46, 1.41 %) -
417.88 (£ 5.80, 1.39 %) -

45438.38 (£ 633.89, 1.40 %) -

69.64 (+ 0.82, 1.17 %)

CH,F, (R-32)
C,HF; (R-125)
CHCIF, (R-22)
C,H,CIF; (R-133a)
C;H;F; -
C,H5F; (R-143a) -
CCLF; (R-12)
C,HCIF, (R-1122)
C,H;CIF, (R-142b)
C,H,CIF

C,HCIF, (R-124)
C,CLF, (R-114) -
CHCLF (R-21)

33.55 (+ 041, 1.23 %)
2.63 (= 0.03, 1.18 %)
1.94 (+ 0.02, 1.21 %) -
2.92 (+ 0.03, 1.19)
1.51 (+ 0.02, 1.26 %)

0.58 (& 0.01, 1.32 %)

131147 (+ 18.24, 1.39 %)
3.06 (& 0.04, 1.22 %)
479 (+ 0.07, 1.48 %)
8.02 (+ 0.10, 1.26 %)
027 ( 0.01, 1.51 %)

7.78 (+ 0.10, 1.25 %)
0.44 (& 0.01, 1.30 %)
3.79 (+ 0.05, 1.23 %)

2.91 (£ 0.03, 1.20%) -

YUncertainties of CRM, linearity of AED response, and precision during analysis was considered as the uncertainties in the parentheses.
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