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Abstract - The size of the OLED material market is expected to grow from $1.1 billion in 2019 to $2.3 bil-
lion in 2023, with an average annual sustainable growth of more than 19%. Among the facilities mainly used
by OLED material manufacturers, accidents such as fire, explosion, and leakage frequently occur when using
filtration equipment, so it is necessary to improve the risk when using filtration equipment. In this study, it was
divided into four main processes, namely, assembly and disassembly process, filtration process, wet cake re-
covery process, and washing process in order to derive the risks associated with the use of filtration equipment.
Hazard factors were derived by conducting accident case investigations, preliminary interviews, and surveys.
For the analysis of questionnaire results, statistical analysis such as frequency analysis and Pearson chi-square
test analysis was performed using SPSS 21, and risk improvement measures were suggested using the analyzed
results. It is expected that this study will serve as a basis for dealing with safety and risk factors that may occur
as the size of the OLED market expands.

Key words : OLED, filtration equipment, explosion, fire, leakage, surveys

TCorresponding author:safetyfirst@hknu.ac.kr
Copyright (© 2023 by The Korean Institute of Gas



BE7 - F2T

LM = ou] o3} AN B AL Aol =2, B4, Zuk Se] A}
27} A& AFEL YTk DA Ll 2 AL

134tho] © & (OLED) 449} A H A 7 = FU o} F2| 2 }4o] Table 13} Table 201 A A5}
3= §7) ¢33 rio] L ©(OLED) A4 A &AL Aot [3-5]. 71€ I Atae A9k, OLED AlZ<t
o] o gEL} o] 2 3k F3ll- A Adnl o] ALE FAst ALt BAEt R o 9] Alale F2 QL
7V8kA B TH[1]. 7123 tho] L =(OLED) 4 Tl A LA S T,

| = ¥ 5 fe8)- 913 AR o3 durt 9l

Table 1. Accident cases by filtration equipment in Soth Korea

No.

Accident day
(Year/month)

Accident Summary

2003/ 10

In the antibiotic intermediate manufacturing process, after completing filtration and drying using a mobile
Nutsche filter, the white powder inside the filter container is scraped with a rubber-shaped hand tool made
of conductive material to pack the dried powder into a container and ship it. The static electricity
accumulated in the powder is then collected. Sparks were generated due to discharge due to the use of a
conductive rubber rat, which was ignited by the mixed vapor of isopropyl alcohol in the container,
resulting in a primary explosion and secondary fire (1 person injured).

2013/ 01

A fire occurred due to cyclohexane leakage during the filtration process during prototype production at a
raw drug manufacturing plant.

2013/ 01

While the target material was being supplied to the centrifuge, an explosion occurred due to static
electricity generated by the high-speed rotation of the centrifuge while the concentration of toluene vapor
contained in the target material was within the explosion range (one person died).

2016/ 01

A fire broke out due to static electricity during the process of filtering and washing crystallized con-
centrate after a synthetic extraction process at a pharmaceutical raw material manufacturing plant (one per-
son died).

2017/ 01

In the reaction process of producing organic light-emitting diode (OLED) display materials at a synthetic
dye factory, a fire occurred due to an unknown ignition source in the product and a trace amount of
solvent remaining in the filter during product separation through a Nutsche filter (equipment damage).

2017/ 09

At an organic light-emitting diode (OLED) manufacturing plant, heptane, a flammable liquid, was dropped from
a distiller to a Nutsche filter. During transport, a fire occurred due to an ignition source presumed to be
static electricity, and part of the filter was damaged and part of the manufacturing building was destroyed.

2018/ 11

During a filter performance test at a pharmaceutical raw material manufacturing plant, oil vapor from a
methanol mixture temporarily used in the filter caused an explosion and fire due to an ignition source
presumed to be static electricity (1 person injured and part of the filter was damaged).

2019/ 01

At a pharmaceutical raw material manufacturing plant, a fire occurred in the filtrate container during separa-
tion of flammable liquid in a centrifuge after the crystallization step (part of the manufacturing building was
destroyed).

2020/ 03

During the filtration process of filtering pharmaceutical raw materials and flammable liquid heptane through
a filtration membrane, a fire broke out in a portable open filter, and the gloves of a worker working next
to the filter caught fire, resulting in 2nd degree burns on the left hand of one person.

2021/ 03

After purifying the diatomaceous earth mixture with toluene, a flammable liquid, in the 2nd floor reactor,
it was dropped 8m into the manhole above the Nucet filter on the 1st floor using a flexible hose of
approximately 13m, and a fire and explosion occurred during transport (2 injured).
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Table 2. Accident cases by filtration equipment in worldwide

Accident day .

No. (Year/month) Accident Summary
At a fine chemical manufacturing company in India, a stainless steel reactor is filtered through a

1 2005/01 Nutsche filter using a high-density polyethylene (HDPE) hose, and the filtrate is unloaded into a
high-density polyethylene (HDPE) barrel. A fire occurs and the equipment is damaged.

2 2016/ 02 Nutsche filter explosion at pharmaceutical intermediates manufacturing company in India (6 dead)
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Fig. 1. OLED material market size and forecast
(Kiwoom Securities Research Center, 2021
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Fig. 2. OLED light emission principle(Kiwoom
Securities Research Center, 2021[10])
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Fig. 3. OLED material structure(Kiwoom Secu-
rities Research Center, 2021[10])
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Fig. 9. Closed filtration
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Fig. 11. Scope for recovering wet cake
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Table 3. Contents of the questionnaire
Number of
Process Contents . .r N
Questions
Basic Name of company, responsibility, experience, gender, age, education background 7
information pany, respons Y, eXpe > 8 > age, g
General Risk of using filtration equipment, risk of using filtration equipment, education experience, accident 7
information experience, accident intensity, accident type, accident process, cause of accident
Finger pinch risk, finger pinch risk education, finger pinch prevention safety device, finger pinch
safety device training experience, chemical inhalation poisoning risk, chemical inhalation poisoning risk
Assembly and education, wearing respirator, periodic replacement of purifier, local exhaust system, controlled wind
disasser}l;bl speed, gas detector, work environment measurement, work environment measurement result, special health 19
y checkup, chemical skin contact risk, chemical skin contact risk education, chemical skin contact pre-
vention Personal protective equipment, use of explosion-proof tools when disassembling filtration equip-
ment, accident prevention measures
Electrostatic fire hazard, electrostatic fire hazard education, wear antistatic clothing, hand touch anti-
static pad facility, conductive material floor, fluid speed control, flexible hose connection, flexible hose
leak check, flexible hose conductive material use, filtration equipment grounding , Separately connec-
ted grounding facility, grounding facility grounding alarm function, filtration of open air state, risk of
o chemical inhalation poisoning, wearing respiratory protection, chemical skin contact risk, chemical
Filtration . . . . . 31
skin contact prevention Wear personal protective equipment, flexible nozzle valve , local exhaust sys-
tem, control wind speed, gas detector, work environment measurement, splash filling method filtration,
automatic valve or emergency shut-off button stop, pressurized state filtration, pressure gauge attached,
pressure gauge pressure range value identification, use of pressure filtration pressure of 0.2 MPa or
more, pressure Discharge device, dip pipe installation and 45 degree cut tip, accident prevention plan
Use of scoop or spatula Fire hazard, scoop or spatula conductive material, conductive material floor,
Wet cake ground to scoop or spatula, filtration equipment grounding, local exhaust system, controlled wind
recove speed, gas detector, work environment measurement, antistatic clothing, hand touch Anti-static Pad 16
Y facility, risk of chemical inhalation poisoning, wearing respiratory protection, chemical skin contact
risk, chemical skin contact prevention Wearing personal protective equipment, accident
MSDS training experience on cleaning products, training and practice on wearing personal protective
. equipment, risk of chemical inhalation poisoning, wearing respiratory protection, local exhaust system,
Washing . . . . . 11
controlled wind speed, gas detector, work environment measurement, chemical skin contact risk,
chemical skin contact prevention Wear personal protective equipment and prevent accidents
Total 91
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Table 4. Derived hazard factors, hazard ratio, and hazard ranking
NO. | Hazard Hazard
Process H: f:
ocess azard factors of HF| ratio (%) ranking
Fingers caught in the joint when assembling the filtration equipment 1 65 14
Assembly No pinch protection device installed in filtration equipment 2 75 9
and
disassembly | Risk of chemical inhalation poisoning when disassembling filtration equipment 3 65.8 12
Risk of skin contact with chemicals when disassembling filtration equipment 4 74.1 10
Risk of fire due to static electricity during fluid transfer 5 75.8 8
Connect the filtration equipment and the transfer line with a flexible hose 6 95.8 1
During filtration, the filtration process is carried out in an open atmosphere 7 85.0 3
Filtration Risk of chemical inhalation poisoning when filtration is carried out in an open 3 60.8 15
atmosphere
Risk of skin contact with chemicals during filtration in open air 9 65 13
Filtration by splash peeling method 10 59.2 16
Filtration process proceeds while the filtration equipment is pressurized 11 86.7 2
Fire hazard when using a scoop or spatula 12 57.5 17
Wet cake No grounding on scoop or spatula 13 71.7 11
recovery Risk of chemical inhalation poisoning 14 84.2 4
Risk of skin contact with chemicals 15 81.6 7
Risk of chemical inhalation poisoning when using cleaning agents 16 833 5
Washing
Risk of skin contact with chemicals when using cleaning agents 17 833 5
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Table 6. Results of the derived hazard factors
(HF) and Chi-squared analysis by educa-
tional background

NO. of HF Chi-sqare (X?) p value NO. of HF Chi-sqare (X?) p value
1 8.901 0.351 1 4.782 0.781
2 11.903 0.003 2 0.231 0.861
3 10.712 0.219 3 9.539 0.299
4 9.800 0.279 4 4.052 0.852
5 15.523 0.050 5 6.150 0.630
6 2.951 0.229 6 0.177 0915
7 3.525 0.172 7 5.357 0.069
8 14.880 0.136 8 17.887 0.057
9 17.384 0.026 9 7414 0.493
10 15.051 0.058 10 7.516 0.482
11 3.382 0.184 11 7.541 0.023
12 5.685 0.683 12 11.499 0.175
13 18.528 0.018 13 7.978 0.436
14 19.324 0.013 14 7.629 0.471
15 9.818 0.278 15 10.337 0.242
16 20.703 0.008 16 11.601 0.170
17 20.347 0.009 17 12.110 0.146
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Table 7. Results of the derived hazard facors(HF)
and Chi-squared analysis by job experience

NO. of HF Chi-sqare (X?) p value
1 20.160 0.213
2 7.980 0.092
3 21.405 0.163
4 20.479 0.199
5 17.680 0.343
6 1.647 0.800
7 7.043 0.134
8 25.248 0.192
9 28.693 0.026
10 37.511 0.002
11 6.399 0.171
12 41.733 0.000
13 33.258 0.007
14 27.342 0.038
15 13.667 0.623
16 26.651 0.046
17 12.249 0.727
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