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Conductive Rubber for Enhanced Safety in Hydrogen-based
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Abstract : Hydrogen-based electricity and transportation systems are widely
recognized as sustainable power sources. However, the low ignition energy of hydrogen,
only 1/10" that of conventional fossil fuels, poses a safety concern involving the risk of
ignition due to electrostatic discharge from facility workers. Therefore, anti-static

systems are imperative for hydrogen-based electricity facilities. To address this, we
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propose a reliable conductive rubber mat (CRM) to ensure the safety of these facilities.
Unlike conventional anti-static floors that utilize conductive paint (CP), the CRM features
a uniform distribution of conductive components in chemically and mechanically stable

rubber. As a result, the CRM is unyielding to polar solvents (such as ethanol and
hydrosulfuric acid) and non-polar solvents (like mineral oil) without increasing its
resistance. Moreover, the CRM can withstand mechanical stress. Consequently, the
human-body voltage of workers on the CRM would be sufficiently low enough to protect
them from hydrogen explosions, thereby enhancing overall safety.
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Fig. 1. Schematic of Antistatic floor with CP and CRM,

ol

tar s =Eskelch

Z7] Aee] H A F uiEgA] BE 10°Q ¢F
(CP: 49 x 10'Q, CRM: 7.2 x 10'Q) 0.2 Jept) %7
o= F HEA B FE3] B A Holal glo,
HiEtH 919] Zhdzto| A A avts & 4= S Ao=
oA Q1A A A At Adoj=1x 1m’ 2
719] 7| ARRE & AAKE SFekEA ) 714 1A vpe
7h ot e HASH A AES a5kt

2.2 MM vz o] Lhzts S

Al Bt 7E P ARl ds-s k] flsiAe=
stekA, 71A14 <bx/do] wig- Hasiet. de] ARgE
3 Qe CPeE AfEAl AL Qli= CRMO] H|WE
Qe A7) vt &% Auol @o| Mg S5hE
of that erdAdS wwel] Hopct A=l TEA) 9 2

of Tst 7t wpele] A WslE BAslar 4F
ukala) ore gokof] ojgt WAR eAE Hasjel]

= =
- ==
S 60%= Agsto] b 2oA dde st

offgrZoll FAItE =EE A5 CRME| A2 74
E o, CPe =otl= vigAfe] Aol 1008 o] 4
EoHt Fig. 2(b)x= CP2} CRM= ofgh &0 4
2 3 60, 90, 120, 180 7tA o & =43 HAZ o[t}
3AZE o4 oflghZel k==d 75 CP7} oflghEol| s
AR wEAe] 2] Hatgho] 10°0& 28
Hoh A5 WE B olEZ0] CP AP = o150

SHRQFMSHS| |, A|39H A[15, 20244

==

bt

A0 A el e

r

(a)

Initial 90 min 180 min

Initial 90 min 180 min

(b) 107 5%-T5%

— Median Ling|
Mea

s Mean
+_Outliers

1@»@%

Resistance [Q]
3

CP [CRM[ CP [CRM[ CP_[CRM[ CP [CRM] CP [CRM
0 | e | w | 120 [ 180
Ethanol Exposure Time [Min]
Fig. 2. (a) Photograph and (b) Resistance of CP and CRM
after immersion into ethanol,

ANHQL Aapo] a7t BolAgh AARE A
A5 SoleiAl 27] the] Aol 1004 o)A F7
A ek % A7) AR vieEAe) 7)%S 9
ALY,

NP CRME o sh&o]l 3A17F ol =290
275t Aol 1000 §A\5o] 8514 bk
Btk 27] oju] A3 S7Hs trehht A7)
o ulet F7k Eo| Zaski 10°Q0.E ST o
ok Aupiie oekgo] ofsk CPet CRMe| el
3 sksba] oPAOIA Holg Slsheich. A
oA oehgel AR CP7} mFE A% upgtom
e PAAA ARRT Ao Sk v, CRM
& ofghgo] wawloj= A7) niEAe) 7% 4
sithe 21S Selskck

olfghg olooll= Tk BheFRe] e QA Bl
317] CRME #0f B FHalol] 212 1208 59t &
T3 AR WekE £k Mineral Oil(H 4w
Sulfuric Acid(34)e setHom g Baz 54
< WA 4 olek whebd ofelst Bl ALgE
£ AEL olo] st WAS b glojof Btk
CRM %49} & Fhito] 1208 59 :=BA)7] A,

)
ke

o

L

o

ot o

ok
o oX

11



Ol - IS - S - YL -
12
10 C125%-75%
— Median Line|
1ok n  Mean
Enlu‘lﬂ L
@
g
S 107k
@
$ 10%
¥ F ——— —— r—
i
107
10° . M .
Initial Mingral QI Sulfurle Acld
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Table 1. Humanbody voltage of two different workers on the
CP and CRM exposed to ethanol for 180 min

Worker Maximum Minimum Average
Voltage [kV] Voltage [kV] Voltage [kV]
CP 4.44 -1.1 1.386
! CRM 0.15 -0.07 0.038
CP 3.06 -1.79 -0.102
2 CRM 0 -0.39 -0.161
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Fig. 5. (a) Schematic and (b) photographs of humanbody
voltage measurement test,
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Fig. 6. (a,b) Humanbody voltage of two different workers on
the CM and the (b) degraded CP after 180 minutes of ethanol
immersion test, Here the green and cyan dashed line indicate
maximum allowable voltage at facilities with hydrogen and
hydrocarbon, respectively,
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Table 2. Calculated energy of electro discharge from two
different workers on the CP and CRM exposed to ethanol for
180 min

Worker Maximum Energy [m]] Average Energy [mJ]
W CP 1.971 0.280
CRM 0.002 0.000
CpP 0.936 0.141
@
CRM 0.015 0.003
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