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The Electrostatic Hazard Prevention for Loading and Unloading Operation of

Plastic Powder in Taiwan
M.H. Hsieh!, W.Y. Su?, C.H. Ye', Z.H. Liu'

! Central Taiwan University of Science and Technology, Institute of Safety and
Disaster Prevention Technology, Taiwan
? Institute of Occupational Safety and Health, Council of Labour Affairs, Taipei,

Taiwan

Abstract

This study explored the safety measures for loading and unloading process with the
high potential electrostatic risk plastic powder. We cooperated with a plastic powder
manufacturing company which had ever been caused dust explosion accident induced
by electrostatic discharge (ESD). So, we explored the most common measures used
for electrostatic hazard prevention on powder loading and unloading processes in
Taiwan.

In order to evaluate electrostatic risk of the powder loading and unloading process, we
conducted a series onsite electrostatic characteristics measurement on both powder
operations. And we also examined the mitigation effect of electrostatic hazard under
operating the electrostatic mitigation facilities (such as multi-ring type funnel with
copper material, conductive chute, metal screw conveyer, water mist spray system,
grounding metal rod and inert gas purging etc.) which were commonly used on both
powder handling processes.

According testing results, we found : (1) water mist spray system and grounding metal
rod seemed ineffective on electrostatic decline effect; (2) metal screw conveyer
showed good result on electrostatic prevention, especially the outlet of bulk powder
container connected with the inlet of screw conveyer; (3) both multi-ring type funnel
with copper material and conductive chute could eliminate electrostatic significantly,
but could not eliminate electrostatic completely; (4) controlling oxygen concentration
by purging nitrogen gas exhibited a good preventive effect on dust explosion hazard,
but the setting point of oxygen concentration without detecting powder’s minimum
oxygen concentration (MOC) test will be the safety uncertainty of this measure in

Taiwan.
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Finally, we discussed the measures and strategies used for electrostatic hazard
prevention, and developed the ESD prevention guideline for plastic powder loading
and unloading processes. We hope the result of this study could be the key reference

for the ESD prevention criterion of the plastic powder operation.

Keywords: Electrostatic discharge, Fire, Explosion, Plastic Powder, Electrostatic

prevention

I. INTRODUCTION

People always think the plastic powder is a kind of stabile material, and the
atmosphere of Taiwan is under high humility in the whole year. Therefore; it seems
impossible to have electrostatic problem in handling plastic powder. Unfortunately:
there were many dust explosion accidents caused by electrostatic discharge (ESD) in
past. For example, a plastics manufacturing company in northern of Taiwan has an
explosion accident, resulted 1 death and 2 injuries in 2001 [1]. Another two dust
explosion events happened in same plastics powder loading process in six months
since the end of 2008 in southern of Taiwan [2]. In 2012, there were more than 3 dust
explosion events induced by ESD in the first six months [3].

After explored those dust explosion events, Unknowing the electrostatic
characteristic of powder and unable recognized the electrostatic hazard of their
handling process are the major factors of incidents [4]. Thus, the objective of this
study will explore the effect of most common measures used for electrostatic hazard

prevention and control for both loading and unloading process.

II. METHOD

To figure out the root of dust explosion in powder loading operation, we adopt
the fault tree analysis method to do so. Then we cooperate with a plastic powder
manufacturing company which had ever been caused dust explosion accident induced
by ESD.

In order to evaluate electrostatic risk of the powder loading and unloading
process, we conducted a series onsite electrostatic characteristics measurement on
both powder operations. And we also examined the mitigation effect of electrostatic
hazard under operating the electrostatic mitigation facilities (such as multi-ring type
funnel with copper material, conductive chute, metal screw conveyer, water mist
spray system, grounding metal rod and inert gas purging etc.) which were the most

common measures used on both powder handling processes.
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III. RESULT

A. Fault Tree Analysis of Powder Explosion in Loading Operation

Due to the ignition source focus on ESD in this study, the fault tree analysis of
dust explosion induced by ESD in loading operation as shown in Fig. 1. Based on this
result, ESD could be produced on various operations, such as from bag outlet to
loading inlet, powder to loading inlet, operator to loading inlet, and pile powder top to
loading tank. Besides, ESD hazard will not only be influenced by the resistivity of
powder, package materials, tank, and the worker who wearing conductive equipment
or not, but also the bonding and grounding effect could influence ESD as well.
B. The Result of Using Electrostatic Mitigation Facilities

Table 1 is the results of the powder handling process used multi-ring type funnel
with copper material, and table 2 is the result which non-used. Obviously, we can find
significant difference voltage between two tables, the one which use multi-ring type
funnel could decrease the voltage, and the open degree of package bag also affects the
voltage.

Using conductive slide chute or not will influence the voltage significantly (Table
3), the voltage of using chute is 6.8 kV. Additionally, using metal screw conveyer is
also effective to exhibit the powder be charged. In table 4, the voltage of powder
which be packed in package bag before loading is 0.4-0.5 kV, and there were the
similar values when powder be transported. The location of sampling shows in Fig. 2.

Dust explosion in
loading operation

[ |
T2 AIT | Ignition Air Combustible
E = MIE | source Plastic powder

AN

| |
lectrica

Rare Impact EE_ctrﬁstatlc
fire spark \scharge

spark
[ \ | |

ESD from bag outlet ESD from powder ESD from operator ESD from Pile
to loading inlet to Loading inlet to loading inlet powder top to tank
A N .
High Charges Insulated Charges Tnsulated Charges Insulated Charges
resistivity accumulated tank accumulated tank accurmilated tank accumulated
bag On powder On powder On operator On powder
High Loading High Loading High Loading
resistivity rate resistivity rate Lon o without wearing resistivity e
powder too fast powder too fast floor Conductive powder too fast
equipment

Fig. 1 Fault tree analysis of dust explosion in loading operation
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TABLE I
The voltage of using multi-ring type funnel with copper material

Open degree X . The voltage of | The voltage of
Discharging & Rate
of package . bag outlet funnel outlet
time (sec) (kg/s)
bag (kV) (kV)

whole 128 3.1 7.2 3.8

half 198 2.0 6.8 3.2

little 413 0.97 3.2 1.8

Humidity : 75-85%
Temperature : 35°C
Background of package bag : 0.17-0.8 kV
Weight of Powder : 500 kg/bag

TABLE 2
The voltage of non-using multi-ring type funnel with copper material
Open degree . . The voltage of | The voltage of
Discharging | Rate
of package . bag outlet funnel outlet
time (sec) (kg/s)
bag (kV) (kV)

Whole 125 3.2 7.4 8.6

Half 202 2.0 6.5 7.1

Little 418 0.96 3.0 3.6

Humidity @ 75-85%
Temperature : 35°C
Background of package bag : 0.17-0.8 kV
'Weight of Powder : 500 kg/bag
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TABLE 3
The difference voltage of setting conductive chute

Metal screw conveyer Voltage (kV)
None 24.0
Have 6.8

Humidity @ 75-80%

Temperature : 35°C

Background of package bag : 0.17-0.8 kV
Weight of Powder : 500 kg/bag

TABLE 4
The voltage of metal screw conveyer
Area Voltage (kV)
powder in package bag before loading 0.4-0.5
Inlet (A) 1.3
Middle conveyer (B) 0.3
Outlet (C) 3.8

Humidity : 75-80%
Temperature : 35°C
Background of package bag : 0.17-0.8 kV
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Fig. 2 The testing area of using metal screw conveyer

IV. DISCUSSION

According to the testing results, we found : (1) water mist spray system and
grounding metal rod seemed no any help on electrostatic decline effect; (2) metal
screw conveyer showed good result on electrostatic prevention, especially the outlet
of bulk powder container connected with the inlet of screw conveyer; (3) both
multi-ring type funnel with copper material and conductive chute could eliminate
electrostatic significantly, but could not eliminate electrostatic completely; (4)
controlling oxygen concentration by purging nitrogen gas exhibited a good preventive
effect on dust explosion hazard, but the setting point of oxygen concentration without
undergoing powder’s minimum oxygen concentration (MOC) test will be the safety
uncertainty of this measure in Taiwan.

Unfortunately, most of plastics manufactory in Taiwan did not have any idea to
identify the electrostatic hazard. They did nothing on measuring characteristic of
powder like volume resistivity, minimum ignition energy (MIE), minimum oxygen
concentration (MOC) etc., and they also did not conduct electrostatic field or voltage
survey under operation condition to evaluate the electrostatic risk of powder treatment

process.

V. CONCLUSION
Base on the result of this study, our conclusion is: (1) to complete electrostatic
characteristic test of the powder is necessary; (2) the FIBC type selected should
depend on MIE of the powder; (3) it is need to execute onsite electrostatic field or
voltage survey under operation condition to evaluate the electrostatic risk of powder
handling process; (4) ensure each conductive part should be well bonding and

grounding; (5) metal screw conveyer is recommend to equipped, especially the outlet
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of bulk powder container connected with the inlet of screw conveyer; (6) inert gas
purging measure is good for prevent dust explosion caused by ESD; but the oxygen
control has to refer the MOC of powder, (7) the training program of ESD hazard
identification, assessment and control should be promote for all plastics manufactory
in Taiwan.

Water mist spray system

N

N, purge system
¢ 2 purge s%

Flexible
Copper multi-ring
tvpe/ﬁmm

mtermediate
—————

bulk container|
~ 2 floor
=

(FIBG)
Screw conveyver (&;Egin g)

Conductive chute

Fig. 3 Common electrostatic prevention measures in powder loading process [5]

VI. ACKNOWLEDGMENT
This study was supported by a grant from Institute of Occupational Safety and
Health (IOSH100-S303), and thanks for all participants

VII. REFERENCE

[1] F%C HRET 4= Lﬁiéﬁ (2001) fEi~ TEfer Rl E W%‘»@ﬁﬁ“—ﬁ.
[Online]. Available:
http://www.mlafsh.com.tw/enviornment/enviornment_4.asp#ajax2.htm

[2] IR 258 (2010) R SERORIRE % ¢ IR,
[Online]. Available: http:// 3d.tfd.gov.tw/f news2 d.asp?sno=201

[3] TVBS News (2012) i [~ ’Qﬁﬂlﬁ'iﬂ%{i J‘*ﬁ 10 ﬁFFJ,'J. [Online]. Available:
http://tw.yahoo.com

25



[4] Institute of Occupational Safety and Health, =%~ 94" = &% Eﬁ?ﬁlﬁi’ ?T*’lfr—jﬁ?lfﬁ
ﬁ[’fﬁfﬂ?ﬁﬁ Taipei, Taiwan: IOSH, 1997, vol. 24.
[5] The Nan Ya Plastics Corporation website (2012). [Online.]. Available:

http://www.npc.com.tw/

26



ISEE e

Ly e

27



Sy

1l SR B S T R T

28



