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Development of an Evaluation Method for Flow Rate Performance of Particulate
Sampling Pump using Three-pieces Cassette Holder Containing Filters
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ABSTRACT

Objectives: In working environment measurement, sampling is an important stage for obtaining reliable result as analysis. A
personal air sampling pump is one of the most fundamental and important element in the work environment measurement, but it
remains at the level of calibrating the flow rate of the pump before and after sampling. There is no checking whether the flow rate
set at the initial stage would be hold during sampling. The purpose of this study was to develop a method to evaluate the flow rate
performance of particulate sampling pump with three-pieces cassette holder containing filters commonly used to sample

particulate.
Materials and methods: We tested back pressure of particulate sampling pumps commonly used in Korea with three-pieces
cassette holder containing various filters, and tried to find out the combination conditions of filters in accordance with back

pressure required by ISO standard 13137.
Results: We found out the matrix of sampling media such as three-pieces cassette holder containing filters applicable to the
pressure drop required by the ISO standard for evaluating the flow rate stability under increasing pressure drop and long term(8

hour) performance.
Conclusions: This evaluation method using sampling media matrix for checking flow rate stability proposed by this study could be

very useful tool to find out good performance pumps before sampling.

Key words : back pressure, filter, flow rate, ISO, pump
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Table 1. The flow rate range and maximum allowable pressure by main models of personal pump manufacturers

Manufacturer Model Flow range Back pressure(inch H;0)
(4 /min) 1LPM 2LPM 25LPM 3LPM 4LPM 5LPM
Gilian GilAir-3 0.75~3 25 15 15 8 - -
SKC 224-PCXR8 1~5 40 40 40 35 - 10
MSA Escort ELF 0.5~3 30 30 20 10 - -

Table 2. Required pressure drop range of flow rate by ISO 13137

Type of pump Adjusted flow rate

Required pressure drop range

(ml/min) kPa(inch H,O)
1,000 0.1(0.4) ~ 4.0(16.0)
2,000 0.3(1.2) ~ 4.0(16.0)
Type P pumps 3,000 0.4(1.6) ~ 4.0(16.0)
4,000 0.6(2.4) ~ 5.0(20.0)
5,000 0.7(2.8) ~ 6.25(25.0)
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Table 3. Pressure drop by filter combination conditions for checking flow rate stability under increasing pressure drop and flow rate,
1 ¢ /min

Pressure, inch H,O
Pump N Variable

1 step* 2 stepar 3 step* 4 step§ 4 step !
Range 1.06~1.10 3.82~3.90 8.56~8.72 11.98~12.21 16.48~16.92
MSA 3 Average 1.08 3.85 8.63 12.12 16.75
CV.,% 1.85 1.13 0.94 1.03 1.41
Range 1.06~1.08 3.81~3.91 8.49~8.70 12.16~12.48 16.48~17.20
Gilian 3 Average 1.07 3.86 8.61 12.29 16.81
CV.,% 0.93 1.30 1.26 1.35 2.16
Range 1.06~1.08 3.73~3.78 8.24~8.36 11.74~11.95 16.24~16.45
SKC 3 Average 1.07 3.75 8.32 11.86 16.34
CV,% 0.93 0.67 0.80 0.91 0.64
Range 1.06~1.10 3.73~3.91 8.24~8.72 11.74~12.48 16.24~17.20
Total 9 Average 1.07 3.82 8.52 12.09 16.64
CV,% 1.23 1.65 2.00 1.84 1.89

:: PTFE 2.0 ym Isheet; I MCE, 0.45 ym 3sheet+MCE, 0.8um 1sheet; * MCE, 0.45ym 1sheet+MCE, 0.8 ym 2sheet;
: MCE, 0.8 um 2sheet; % MCE, 0.45 pm 2sheet+MCE, 0.8um 1sheet.
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Table 4. Pressure drop by filter combination conditions for checking flow rate stability under increasing pressure drop and maximum flow rate

Pressure, inch H,O

Pump N Variable

1 step* 2 step+ 3 step* 4 step§ 4 step‘
Range 2.82~2.91 5.43~5.54 9.85~10.04 13.05~13.57 17.02~17.28
MSA 3 Average 2.86 5.49 9.97 13.37 17.18
CV.% 1.60 1.04 1.05 2.11 0.83
Range 3.57~3.61 6.77~6.86 10.22~10.45 12.04~12.35 15.59~16.62
Gilian 3 Average 3.59 6.81 10.35 12.21 16.34
CV.% 0.58 0.67 1.14 1.28 2.13
Range 3.53~3.54 6.39~6.61 9.46~9.65 11.60~11.78 16.05~16.21
SKC 3 Average 3.54 6.51 9.56 11.66 16.15
CV.% 0.16 1.73 1.00 0.89 0.55

MSA : PTFE 2.0 ym Isheet; : PTFE 2.0 ym 3sheet;
MCE 0. 45 um Isheet+PTFE 2. O*Um 2sheet.
Glllan, SKC-": PTFE 2.0 um Isheet; : PTFE 2.0 um 3sheet

http://www.kiha.kr

¥ MCE, 0.8 ym 2sheet; 5. MCE, 0.8 ym 2sheet+PTFE 2.0 um 1sheet;

: MCE, 0.8 um Isheet; %: MCE, 0.8 um 2sheet; ': MCE, 0.8 um 3sheet.
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Table 5. Filter combination conditions for checking long-term performance at minimum and maximum flow rate

Pump F(Iz\;rmiralt)e Pza;s}l:r f;_]jg))p Filter combination condition
MSA 2(Min) 6.4 MCE, 0.8 ym 1% + PTFE 2.0 ym 2%
2.5(Max) 16 MCE, 0.45 ym 1% + PTFE 2.0 ym 2%
Gili 2(Min) 6.4 MCE, 0.8 ym 1% + PTFE 2.0 ym 2%
ilian
2.5(Max) 16 MCE, 0.8 ym 3% + PTFE 2.0 ym 1%
2(Min) 6.4 MCE, 0.8 um 2%
SKC
3(Max) 16 MCE, 0.8 um 3%
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Figure 3. Pump’s pressure drop variation by filter combination
conditions for checking long-term performance at
minimum and maximum flow rate.
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Figure 4. Minimum flow rate stability under increasing pressure
drop by using equipment and filter, Gilian (n=3).
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Figure 5. Maximum flow rate stability under increasing pressure
drop by using equipment and filter, Gilian (n=3).
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Figure 6. Flow rate stability during long-term performance test
using equipment and filter at 2 ¢ /min, Gilian.
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