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and GC-FID using the Active Type Air Sampler for VOCs Measurement
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ABSTRACT

Objectives: Direct-reading instrument(Photoionization detectors, PID) and quantitative analysis using active type air sampling
(Gas chromatography-flame ionization detector, GC-FID) were tested to evaluate their ability to detect volatile organic
compounds(VOCs) in a semiconductor manufacturing plant.

Methods: The organic compounds used were acetone and ethanol which are normally used as cleaning solutions in the
semiconductor manufacturing. The evaluation was based on the preparation of test solutions of known acetone and ethanol
concentration in a chamber(600x600x1150 mm). Samples were prepared that would be equivalent to 5~100 ppm for acetone and
10~ 200 ppm ethanol. GC-FID and PID were evaluated simultaneously. Quantitative analysis was performed after sampling and
the direct-reading instrument was checked using real-time data logging.

Results: Positive correlations between PID and GC-FID were found for acetone and ethanol at 0.04~2.4% for acetone(TLV: 500
ppm) and 0.1~8.3% for ethanol(TLV: 1000 ppm). When the sampling time was 15 min, concentration of test solution was the
most similar between measurement methods. However, the longer the sampling time, the less similar the results. PID and GC-FID
had similar exposure patterns.

Conclusions: The results indicate that PID and GC-FID have similar exposure pattern and positive correlation for detection of
acetone and ethanol. Therefore, PID can be used for exposure monitoring for VOCs in the semiconductor manufacturing industry.
This study has significance in that it validates measuring occupational exposure using a portable device.
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Figure 1. The operation principle of PID
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Table 1. Measuring device specifications

MF 70l 25t GC-FID HEEAH 2| VOCs == H|I

Descriptions PID Air Sampler
Model ppb RAE3000 Gil Air Plus

Instrument RAE System Gilian
Media Teflon Filter Charcoal Tube
Flow 450 ml/min 0.2 Vmin
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 F 24719 $7] FUFOIA 15 om ol 917
A} WHE7| (Magnetic Stirrer, IKA Inc., Germany)
f1oll4 600 rpmo] A L= wHFSHITh(Figure
2). =597 @Y =29 s4srE SHA
w155, 601, 360208 Bretart.

o

Figure 2. Air sampling using PID and active type sampler in the
chamber (a: active pump, b: PID, c: magnetic stirrer, d:
charcoal tube, e: teflon-filter, f: acetone & ethanol)
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S ARAANZ AT BB Bl
3174 % 7|(Flame lonization Detector, FID)7} *ZF%]
7}~ 3 2 vt 18 1)(Gas-chromatography, Agilent Inc,
USA)Z Table 20 2Ao= Ak BAsch

Table 2. Operating conditions of gas-chromatograph(GC)

Descriptions Analytical conditions
Instrument Agilent 7890A
Detector FID
Column DB-Wax
(3 m*x250 mmx0.2 mm)
Injector temperature 250C
Oven temperature 35T
Detector temperature 300C
Split ratio 50:1
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96%<] g2tag= HAQs9lal, PID &4 Adit=s &
BAE it sEs ARAA Agdts dYER
HAACF) 112 25ttt ofAlE ln%ﬁéﬂ |
3} PID 2% ZA79} GC-FID AEA Ax & 24
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Figure 3. Correlation comparison of the quantitative analysis the
concentration and measures the concentration by PID
and GC-FID(a: acetone, b: ethanol)
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Zol2 LhEhgot Al B Aol 1-83 ppmO=
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Table 3. Comparison of the PID and GC-FID experimental
concentration measurement specific measurement time

Experimental _ Devices
Substance Time Concentration PID FID
(ppm) (ppm)  (ppm)
100 104 111
50 33 37
15 min
25 26 30
5 6.3 13
100 23 11
50 14 24
Acetone 60 min
25 92 13
5 5.7 9.3
100 11 15
50 13 12
360 min
25 25 2.1
5 0.5 0.7
200 157 240
100 109 54
15 min
50 54 40
10 12 7.6
200 127 171
100 55 30
Ethanol 60 min
50 40 18
10 11 7.4
200 19 27
100 22 7.1
360 min
50 8.7 78
10 6.5 0.7
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Figure 4. The experimental concentrations and trend to compare
exposure sampling time 15 minutes measurement by
PID and GC-FID (a. acetone, b. ethanol)
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