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Ignition Ability of Flammable Materials by Human Body's
Electrostatic Discharge by Type of Fabric

Jong Soo Hyun''

'Corresponding Author Abstract : Unwanted effects of electrostatic phenomena occur in various
Jong Soo Hyun industries. Electrostatic problems originating from the human body in flammable
Tel @ x*F _xkdkx _dkxkx atmospheres in the industry are especially concerning. A substantial volume of
E-mail : hjongsoo0817@naver.com experimental data on the electrostatic charging voltages created on the human

body owing to the rubbing of apparel were generated and reviewed during this

Received : February 2, 2024 study. The data were reviewed to determine whether the resultant charging levels
Revised : March 24, 2024 of the human body are hazardous in flammable atmospheres. This study was
Accepted : March 28, 2024 conducted under several conditions, such as different fiber types used in apparel,

shoe types, and relative humidities (RHs). The following conclusions were drawn in
this study. M The electrostatic charging levels of the human body owing to the
rubbing of apparel increase with the increase in the surface resistances of apparel;
however, the electrostatic charging levels may be different depending on the
condition of the cloth surface. @ The discharging energy of 1.98-18.5 [mJ] from the
human body exceeds the minimum ignition energy of most flammable materials,
when removing an overcoat made of polyester, cotton and wool under severe
conditions such as wearing height-raising shoes for men. @ When removing
antistatic apparel, the maximum discharging energy of 0.128 mJ from the human body
is dangerous if the minimum ignition energy of the flammable material is between 107°-
10 [J] Grade; however, a minimum ignition energy of 107 J Grade of the flammable
material is considered safe. @ While wearing antistatic shoes, the electrostatic
charging voltage generated in the human body when removing an overcoat is 30 V;
therefore, wearing such shoes is a suitable countermeasure when handling
flammable materials. However, the antistatic abilities of shoes reduce when thick
socks are worn. ® As RH increases, the electrostatic charging levels of the human
body decrease. ® The electrostatic charging levels of the human body from removing
a cotton overcoat can ignite the majority of flammable materials when RH is less than
30% under severe conditions such as wearing height-raising shoes for men.
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Table 1. Shirts to experiment with

No. Fiber mixing ratio (%) Note
1 Polyester 100 Dress shirt

2 Wool 100 T-shirt
Cotton 100 Dress shirt

No. 2 No. 3

Table 2. Coats to experiment with

Fiber mixing ratio (%)
No. Note

Coat lining Coat outer fabric
1 Polyester 100 Polyester 100 Gym suit
Polyester 55, Suit
2 Cupra 45 Wool 100 (Full lining)
3 Cotton 100 Cotton 100 Denim jacket
Polyester 100, Polyester 100, One-piece
4 Anti-static clothing injected | Anti-static clothing injected| top and
with vertical conductive | with vertical conductive bottom
yamn at 5 mm intervals | yam at 5 mm intervals clothing

No. 2

No. 3

e




Table 3. Shoes to experiment with

Nominal Sole thickness Average sole
No. Type size (mm) (mm) thickness (mm)
[front/back] [(front+back)/2]
|| Heightraising g0 40 540 340
shoes
2 Safety shoes 260 115/ 31.0 21.25
3 | Houseshoes 1 yq, 40/ 40 40
(slipper)
4 | Antistatic shoes | ), 19.0 / 340 265
(slipper)
5 Anti-static shoes + ) (sock thickness | (sock thickness
climbing socks 1.3) 1.3)

No. 2 No. 3
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Table 4, Coats surface resistivity measurement results

. Surface resistivity Measuring
No. Fiber type (Q/00) condition
- conductive yam
direction : 10°
1 | Anti-static clothing | - conductive yarn
vertical lgljrection : - RH 53%
over 10 - Ambient
2 Cotton 10" temperature :
— - 5 134C
3 Wool (lining : - outer fabric : 10
synthetic fiber) | - lining : 101°
4 Polyester over 107
4

o
s

30 AR
Ambient T. 20°C

OPolyester shits  BWool shits  OCotton shirts
Shoes : height-raising shoes "

25

20 TET

14.4 12.9

5.3

Electrostatic charging level(ky)

Anti-static clothing Cotton Wool Polyester
(lining-synthetic fiber)

Coats fiber tyoe

Fig. 3. The electrical potential of the human body when
rubbing the top coat 5 times each left and right and then
taking it off,
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Fig. 4. The electric potential of the human body by shoe type
when rubbing the top coat 5 times each left and right and
then taking it off,

Table 5. Human—to—ground leakage resistance of test shoes

Leakage Measuring
No. Shoe type resistance (M Q) condition
1 Housp shoes over 102
(slipper)
12
2 Safety shoes over 10 - RH 23%
3 Anti-static shoes 10 - Ambient
(slipper) temperature :
20C

Antistatic shoes
(with climbing socks)

5 Height raising shoes over 10"
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Fig. 5. The electric potential of the human body according to
the change in relative humidity when rubbing the top coat 5
times each left and right and then taking it off,

Table 6. The electric potential of the human body according
to the change in relative humidity when rubbing the top coat
5 times each left and right and then taking it off (Measuring
condition : height—raising shoes, Wool shirts)

Electrostatic charging level(kV)

Coats fiber
types RH23% | RH33% = RH43% | RH53% | RH63%
256C) | 21.0C)  (205C) | (134C) | (9.9C)
Polyester | 18,000 | 10200 7,000 | 5300 | 11,000
Wool(lining-sy
nhetic fitary | 10300 7900 4700 1,450 1,400
Cotton 6,800 1,210 650 380 20
Antistatio 1,500 590 500 460 420
clothing
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7} Ao RH 33%0)| 419 3h& Zabst= A7t i
AY=] SAct.
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