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Abstract

Hydrogen (H>) is one of the ideal fuels for mankind in the near future, with only water
being the source. More importantly, the production of hydrogen does not require any
dangerous mining, but only solar power, wind power, and biological mass to generate the
electricity needed for water electrolysis. Additionally, production of hydrogen does not
lead to the formation of carbon dioxide and is thus friendly to the environment. H, can be a
good secondary energy, and serves as fuel for vehicles, oven, airplane, boat, and other
devices, especially when it is more efficient than fossil fuels such as coal, petroleum and
natural gas. As it is considered an ideal energy carrier in the foreseeable future, the

production of which, its energy efficiency, and safety issues receive a lot of attentions.

Owing to the usage of H, energy, a set of advanced electrolysis for water through a
pulse width modulation (PWM) controller is built. Also, a closed electrolysis system for
KOH solution, associated with a KOH reservoir and de-water filter to split water molecular
is established. In comparison with direct current electrolysis, the PWM can control the
output wavefront and clamp the output current at the same applied voltage (12V). Through
duty cycle modulation and pulse frequency, this approach can enhance hydrogen
production efficiency and suppress excessive power that heats up the water. Our
experiment indicates that the H, gas generation rate reaches 4.3ml/s at 12V, 500Hz
frequency, and duty cycle of 10% with 30% KOH as electrolyte. In general, Hydrogen
storage can be separated into physical and chemical methods. Physical methods include
liquid hydrogen storage, high pressure hydrogen storage, and adsorption hydrogen storage.
Chemical methods include metal hydride hydrogen storage, liquid organic hydride

hydrogen storage, and inorganic hydrogen storage. At standard temperature and pressure,

hydrogen is a colorless, odorless, tasteless, non-toxic, nonmetallic, highly combustible

diatomic gas. Since hydrogen readily forms covalent compounds with most non-metallic

elements, most of the hydrogen on Earth exists in molecular forms such as in the form of

water or organic compounds.

Results from this study shows that the input power could be efficiently managed. By
optimizing pulse frequency, output current, duty cycles, and design of plates system, the
PWM driven water electrolysis can be a potential candidate of H, mass production. Most

research in hydrogen storage is focused on storing hydrogen as a lightweight, compact
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energy carrier for mobile applications. Hydrogen carriers based on nanostructured carbon

(such as carbon buckyballs and nanotubes) have been proposed. However, since hydrogen

usually amounts up to ~3.0-7.0 wt.% at 77K, which is far from the value set by US
Department of Energy (6wt.% at nearly ambient conditions), it makes carbon materials poor

candidates for hydrogen storage.

Keywords: hydrogen, nanothechnology, hydrogen storage, adsorbent
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S EIECT - EBAIFHE BEEORRESWNT) « SBEOKIEMWNT) - Fifs
RGHECNP RO IR - B05 - FORBE R RO RER R R e

B AHER R MR ECAEEES - NILHGEE Re— B A S AT SR a ik -

R T SR A ST (B EEE[20]

FHEITA (B, ARG
iR 1 pAR - lEREZ 1. EEEK
2. FRCREAED HAERRT | 2. BhE MRS
B AT BR4EL)
3. HEENIER AT (E 3. ERZIN
4. EEEEr T
ARG FHEAETIR 1 gEERAK > AE
2. AFEETRARNZ
it
wEatY#Es |1 BIOVPR mefESE |1 @EED
2. BrfetaAa®EA 2. EBAIYZHHE
3. i %% 3. MFEAE
IRt RoR A RET T 1 APRHERATE
2. T AR

* 8 BHERE MR E MR 2 PR [21]

IR B A4 R BRI (K) EES) (MPa) b

e bR 65~78 4.2 6.8% ~ 8.2%
E%%%ﬁ@ ol R LG8

e = 200~400 R 14% ~ 20%
as;mﬂ,ﬂg 300 0.1 1.8%
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FORBREFUE RV - BARARHIEERER - FREAFFZRIHIL > EE
SROT TR EIRERS - — TSR ERORRE AR - ST EAEBMIER T
BRI TG REREEIEILT - SRR IR AR ERR - NI H S EEMERA
BEAEATREAE - A/ DRVERB I AR E EF R A TR S B - R&8 -

R 9 ek E M RE LR 22]

B BE(Q | BE(MPa) | ARREE%)
FE 298 11.35 452
B 298 11.35 11.26
2ok 823 0.1 18
EE R 300 0.04 4
% G 298 10 13

e bR AR kBRI AR e E BEEREREERIRA
HHAE] 1% - FHIAIEZE 8~10% - FNEZRBEE R MIREERE ~ FLUR 6 ~ BALIEE R
THEREENRE G - AT Z AR T TOR N E 24R - (e I
BZORBREAR DL - (EURR EIEF 2O T - 1A% RNEEEIER - RIEESR
RINEBERAVHGIER - 1] DIFE#ET HR ARV B AT -
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EUUE WAL TR
— ~ DA K BN A & Rl S LR AR

AT LB B e i R BRSO B KBV A S I S LSRRk - H B R
st B ANNE 8 © [23]

PR LRY LSRR STOL (100% anatase, FEHLA/NG 7 nm) {E 4
{EERFOREGR A RAVAEIAIR - UBRG/KEVEREARAR R A - &SSO BB nEM,
T ESS - SHEHEG/KBVEE RAVERBUE T - F1a © (1) RIERERE (2)
MG =AM (3) EmBESEER (4) Bty —MEAES - Br 7 RS ErE R
YT TR S BERAORRRY B TAZ A - TRet S 828 (B4
BRI ~ SFERFE ~ BHORAE ~ RGBT - [FORHMEE DU Th ) #1 T
EEALERHE o SRS S ERUE MBI - RIS HSUKENE & R G HEE 2 R
MRS E L E U B E HAY -

HY 2 g pHH4KAY TiO 7k (STO01, 100% anatase, Ishihara Sangyo, Japan) - F2EHH
KA/ NG By 7 nmo EEZRTETFELY £y 300 m?/g {7 BsfE4a 50k %] 100 ml 10 M NaOH( 96%,
SHOWA) 7Kg » 200 MM e R 1R - DIREE IR E 16.7 ml
ZiRaR > BER7NEVH{EHPA (100 ml volume capacity, maximum operating pressure
100 bar ) - Z585 A # R n] DUomlg ~ SRl K2 =B E 435 psig i RHEME - SNEIES DA
M =i BRI DA 1L 25 2R B FEWOR? 28 2 EERR PR B SRR ER AR S R AT FE -
PUORE i B 7K Bim B BR F EE e 2R (B Z 080 i B %148 (Ethos D microwave labstation,
Milestone, Italy) » %88 A E06L & — (T =06 ~ MTBzis <~ FEBiRRe - FOR S i = R (R

B 0] 250 C > S RER{EDNER B 1000 W o 7 FH— 5L R 2e ] e H 28 i AL e B 75 B8 o |7
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JESER % > HEVSIRASHEZNR - WRIVKARN G A KR O EEB LR » £
FURRE R ALY > el L EBET KRB - FFEL 0.1M HCI 7K 78537/ e E]
B REE - B pH B8 1.0 - RReior L E RSV E T - FLURE 60~70 C
EHE B IE > BT ERARIREER - o sEAE S8 450 "C HETHREE 2 h T
15 anatase g4 H ” —E(LEAFORER -

TEAERERET - FIFRR AR EEOR S Lik4s SEM BIZZAE 9 - nl#
Bl 7E 210°C T+ AITEEEEE AR TOR ZEA LSRR o T S HERF R A Y 2 5
B A TTHE - [8 10 Sy R [EISFERFRT T 2 TEM [E - fR4E R AT 38 » & R BN
L » BRI ZORGE SIS RTEH  RILRR B R B IEIRIE Ry 350W  ~ [ JE
REAE 210°C T » ERI/INES - BIV[{S R R 2 2ok — & bsk - EYian: 10 -
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BEREE—/
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o 73] &
PReu 1 15 .exy Xe ok dlbera

O AEIFERET » FIRAGRUE BB ARTSEE 2 7ok &Lk
(2)110 - (b)140 - (c)180 - (d)210°C «

1 _
10 “R[E S FERSfE 2 2ok — &bk TEM
@2 - (b)4 - (©)5h -

% 10 HEEOR S bk 2 VRIS

EHE (hm) s FiEfE (m7/g)
=V 7 80~120 Anatase 65.5
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= BEEmBTA
FEFEREREGRATT - BRI EAT A 208 H VBT - EEAYMRHE BB

SRERE (SWNT) ~ ZEEFORERE (MWNT) ~ FHR R EHE(CNF) oS Mk S - 2% 11 #3H
T H RISTER R R R 2 A PR B R Z R -
= 1 SRR EEORERE Z R e PEi
Material Hydrogen | Temperature | Pressure Reference Year
storage (K) (Bar)
density(wt%)
SWNT 16.7 - - Lee [24] 2000
SWNT 1~6 77 20 Pradhan [25] 2002
SWNT 0.6 78 2 Zuttel [26] 2002
SWNT 1.2 298 48 Smith [27] 2003
SWNT 0.43 298 80 Kajiura [28] 2003
SWNT 0.9 294 200 Lawrence [29] 2004
SWNT 0.25 303 30 Takagi  [30] 2004
MWNT 7.7 - - Bok [24] 2000
MWNT 2.3~3.1 298 100 Shaijumon [31] 2003
MWNT 0.55 298 18 Zacharia [32] 2005
MWNT 0.71 823 1 Chen [33] 2007
MWNT 0.4 303 10 Yao [34] 2008
MWNT 1.21 77 65 Suttisawar [34] 2009
MWNT 0.39 298 7 Chang [35] 2009
MWNT 0.4 298 5 Skripnyuk [36] 2010
MWNT 1.5 298 30 Wu [37] 2010

FERGREFERREE T B ERATRRAER ERRIERRT T a0 1 {FIR(T7K)

1]

HEE - 2500 > = BE(5~20 Bar) o HATRESIE 3537 - R kiR EHN#EERA
BHFHIRAE - BESURP HF SRV 2R IR HFERMEIA Y - fEEH
A A KT amy 22 M o

R E R SURE R - FEFERFEE T SREREARFERRIREM RS
BEREEREERT] - BRI EOR A SRR AR » ARV ERRFTEN 2
ROk SR - TR AR E R - PUAT R TREE - AL - HEES SR
REE Z&ER > FERM > MIERE T EURAVERT » MAEAR FRRE N AEERRARDC -
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WECHERZ » FHFORBRERYSURE R » 3 S SN FIRE A FBE D T 2 @R FE
DU HRRAR (AE 11 K8 12) > n[DUEFE RS BEGT 25 B R 2 3 -

24

EE.'D- b

I.-E;' 7 . F -

7

=] I:-

2127

= |

50'3-{'

E

FF' -

5'04 | B8 B 5 a B |
0.0 | I _I ) | I | | | ) | 1 |

0 50 100 150 200 250 300

Titne (mimues)
11 MRz s 1 s 3 R R 2 Z B A [ [38]
(a-MWNTSs as grown; b-MWNTs as purified)
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4.0 0.5

55. | —8— Bundles of aligned CNTs |
. | | .-.
. —®— Random-ordered CNTs | d04
3.0
|
- 2.5 = das -E‘
= 1 ‘E
$ 20- :
= 1 =,
= - 0.2 &
1.5 =
=
1.0 -
. 401
-l"'-’-'-"
0.5 4 / ______._-4
0.0 — 1] 0.0
3 4 5 B ¥ B L=} 10 11

Pressure [ MPal
& 12 A[EEE T T EsRGEF2=[39]

{35 Ealafam > ANE SR 2 AR b
(—) REA(b TR E R

ESERAE R i B T AT R 5Ok 8 BEA R B GUR = B A 5 5
e ER P 2 HE e R E R 2 NEE EHEES RS EmEN -
HEAGRE A P ECR G - H25 U T ORI E e Z BE D B ]
T AT R RS BRI E R @SR R A P 7 2 T 2 R M- 2
DER - [ 13 A3 - KB ERIRE (5 > BN BILAA R ST S R InEE
7T BRI OR SR bR G 2 G BB T AR IEEE - FEBE DAY
B RgELeEa > HRBRIERITE 1-5 KRBEEA - £ 1 KRBT > R
FALIRE ERAVBI SR IGA R - EE BRI E] 5 KRB » 2ok &b
BRI ESRAY I B] AZEEIZY 0.15wt %
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(2) SRR
M B e 5 A E EAE R 8 AR R AGEST - SSRBRZ IS - &
gt anE] 14 - BRI SURZ R R b PRIER ME RSP > TR E R
s HESRA B EEE R S EER TR T8 S RBURETE -
A 15 - LINE R AR SEREIRS] - JREEREER(FAE S0C N » Bt A EE
TEH R T BB RER R E] 50°C » REYTE 5 7388 /e A ik & A KA Uy SR AT
B> PRI ESREREROR R bekAIRE - B BEIME AR - KEY
REBIHIGRE DA - R N ARBEIHI SR - S AFEROR S bEAfY
FURS > REEAERERATRE T - SEANERIRE I 2 -
Ham B E A ORI E - Sk B AR R R
AR INIE—febgt B CE R B R E AR o FIF R LSRR o T Y ML
FLETT - FEHREO R — & @AV - H—R A m FE e SR DB Y (R 1
Z N EINERE o b A EER IR A N R H B G s A 5 52 IE R R Ak
REAVRRSES T - HAESS RIS ~ iREBR DB RN S BEEE ~ i a S kiR
-~ FEMBEASORE - AERAE RS LUt - K efE b
TEEE =R E Gk 2 M8 (HEEEERE A MSDS LT RE A RR
B FUETTTRNI AR A 6k AE(E AT T8 > $580F R P R = 1 A P st
e RN o TR RS IR AT © [RFIA B RETZ & - TSR
B TR BRI AN SRR - RS - TAFRBDVVATRR R - & A

ERERFEATKRHREDT -
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Hydrogen storage density (wt%)
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15 AREDRE T > R R bk SRR B Z ([ -

= KA

(—) EERSIEHIRE

FR#% Stanley Meyer FYEFI] US5149407A.-"Process and Apparatus for the
production of Fuel Gas and the enhanced release of Thermal Energy from such gas"fft
A KB Ry S R B R R ) T R R A BT 1L AV ERS DU B K o
G H SRR AR B A BEMECR AR CAYREE [40, 41-49] - FT DAFR(FHE
B35 A EERE U B B ORY TR A AR B B AR e s T b -

NE Ry Stanley Meyer FREA A GURAVERENERS - (EEERGERE L0 Ry
=(EER T 1 EEIR R TN ELS - 2 BB A BRI 0 3 B ARG E
SROTIEEY LC BBl - F i B Al R ah B LR T A B R A [ RO B - FAF
A]RE RS — A REE e SRS TR 2 -
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GATE TIME

50% DUTY /
CYCLE PULSE BLOCKING RESONANT CHARGING
D.C. POWER GATED PULSE DIODE CHOKE
i S W AN T
PULSE \
GENERATOR | ' REDUCED
(VARIABLE) GATE TIME
FoeLcew. |7
WATER A
VOLTAGE PRIMARY
NOLTNGE UMAI CAPACITOR \_| /
CONTROL AND
(VARIABLE) CONTROL
CIRCUIT B
PULSE L
GATE =
CONTROL
(VARIABLE) TOROIDAL
CORE /
ISOLATED CIRCUIT VARIABLE
INDUCTOR

16 Stanley Meyer FAEF|FEAGRIVER » fE U.S. patent (US 4936961) -
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WATER MOLECULE STATE CHARGE STATE

A B
| R D owe
B _ VOLTAGE LEIGH
el (8GR CR
- a TIME
1 5 STEP CHARGING
@ BEGINS
) Rl

©
0 @ 5 er
1E ? -"""'
F"‘"

—

vy LIBERATED
REPETITIVE
ATOMS PULSE TRAIN
1F FUEL CELL GASES
ON DEMAND

17 Stanley Meyer RS AHERE/K 5B a2 JFHEE (US 4936961)
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fiL0% Stanley Meyer i » TE£MABEE € AT ZAY /70 4 B4 » 178
558 LK 5 T o AR T 756 (B AR 5 9 e ) (pulse width
modulation » PWM) FERSHIHAN (1 FE T o A5 T B U TR S T /K 2y
R

(7) Wi

AT — B - BB TR A — (S - BRI T SN
BE - th B R A B R RS LSBT B BB
B RIS o U ST B AT -

RPURA 12V BRI TR - SRALE A2t PWM
SLACHR K P A RARRREIR © BT 7 R O IR BT
EY o BRI (B PWM 7L -

PEAHI B (Controller circuit) * (5 ¥4 H PMURSERR(E B4, - AHASEARASPY
WESF TR AN » E0f — (BT S RLESH » LU T 23 (LCD) B TR b1
BE - WL TSR T TRE PWM (5 22EE (duty oycle - {E— (BB - T
iy AR IERE (BB L 5) - W LLBRIRITTIRA RMS SRS > st
SRR STETE LS - Tse sy SRR S - Ikt
TR -

18 P2l 2SS M

PWM Output : R84 8 O B ER A 12V Hig R #dE mA
Pt AR HEB) o] AZERIR B AV T2EBARE - i AP M A — (EBR AR AR AE BR
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a1 {F Rydk (B - BfPTEEEAISE R Microchip /) TCA426A &5 > TCA426A & 1.5

A Dual High-Speed Power MOSFET Drivers » 7] DL#E57 B8 G F By R (7 34 » 17y
H R DI BB [E RERARI Y E AL - FARETARHIEEA International IOR Rectifier [y

Power MOSFET IRFB4310ZGPbF » 5% MOSFET %5 TO220z £
A2 S 100V AYBRRE - G TERESEE 120 A FYEEDR » By T IR ERRRFRMTER A
AR A A UEE

WFEEIZIEY MOSFET &R F=RIR -

.

ISSRZEN
TAE -
8-Pin MSOP/
PDIP/SOIC TC4426A
w v
NC[1] e 8] NC
IN A [2]TC4426A[7] OUT A
GND [3]TC4427A[F] Vo
IN B ETCMZBAE OUT B
19 TC4426A & 5 PIN FalEEANE]
International PD- o618
TR Rectifier
IRFB4310ZGPbF
HEXFET® Power MOSFET
Applications D VDSS 100V
L | s ification in SMPS
L et Sy peebnn S | (R yp | dsma
» High Speed Power Switching 7% max. 6.0mQ
¢ Hard Switched and High Frequency Circuits G ID (Silicon Limited) 127A ©
Benefits s |lb(PackageLimited) | 120A
e Improved Gate, Avalanche and Dynamic dV/dt
Ruggedness Dg
e Fully Characterized Capacitance and Avalanche '&@
SOA TR
o Enhanced body diode dV/dt and dl/ct Capability N pS
e Lead-Free G
+ Halogen-Free IRFE%%(%AGB%F
G D s
Gate Drain Source

20 IRFB4310ZGPbF < FEFS LI
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PWM Connection Diagram
‘_ Fuel Pump Relay

Circuit
Breaker

| white Wire

+ R
Battery

21 PWM S SR e
(Z) |EREF
UM ESAELFHY PWM BitH RS - SR H T 2 12A -

A

. 18

pr— ——

22 (ENEES B Dl 12V 5y PWM R

(PU) PWM 8537 5 8 B 77 (DC) BB s L
BT I PWM SRR ELR DC BRAUREATEAE - T LR ST 2 28
> B Ry 3 mme 0 S AR K S (A oy 1 mo) 45 ER AR SR R
23 AN AR EE - B 24 BEEEE WAL ERIES -
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23 PWM it Ea B B AN & 5 AR R R lE

24 JREUHR Z A B E UK B A S L E

B TR 12V B EE(DC) E /K Ry ¥ iH4H - DL DC 12V ffEE) PWM f5i4H 7
4z 500Hz, 10% duty cycle YRR HEE MK IE R ERRAASN » FRAITEE =0 T KW E
PRAEFHM T 408% > SRS IR B N /K B RRR /K S BRI - FRDAAE
B GRS K 3 78S VB BAEK - SYMEBRERIVERE ST HRE - it
I E 8 T4t 10% ~ 20% ~ 30% = 4R I T R B AT -
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TR T - WTEER L ENBERERERAIK > o DR R R ZER EHY
AERER - [HEAEREEA - B PWM B2 UL 9.72 W FATEE KR
7.2W > 2 PWM EER/KHY 10 {8 > 111 2 BRAVIIAR A S pl B SURE (s BE AR EL B 5 2
SIRHY EFRRE - 1 PWM EEEKRTEANE B ASLUKR » R R &R
GETTIRER] > BTLAETAERFIRLE -

iy
+H

>
v
©

&
clp

.6‘\

B

KBREE

w

) 100 200 300 400 500

-5

\ — KENER
h \
-15

N

25 R /rEE 20%wt 1y KOH Bl 12 V E M

Ry TR RTEITERRS » IPTE RESR HE N SRAE— KRB TR
FUEFR DU ARV ERRE - S Bt BRI AN E SRR » Al RR A& BRI
RENNERERE  EAERT st ATIER

1 KT ERERRBER  LARIKIEEFE -

2 (FHERET /KB RA @5 [ B E R 2 711

STEEEMLASN » 1 HAt SR pE B - iSRRI

4 LS A RS E L SR e alE S EY) » BAEEREENRN » /AT
DRBENRENYIE - BRESRIE K ELBE -

FEMEFE 15 H 189 /K1 Al 1 5 H 29 A E R EL 0.5 5 H 16g VAR »
FRIBFRAE SRR 2= V=nRT/P ;

S5 5 V = (1 mol)(0.082057 L*atm/mol*K)(273.15K)/1 atm =22.41 L
B BattERE - e E iR T ER[L2]:
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o

SRR ER BV EENE AR -

EOEETE > 20%wt 1Y KOH SEfgRLL 12V H BT FDEHFE 0.0443 g 7K
S BB FHEEL 10% duty cycle i) PWM ZRIELES > S ESRD S EE
7K57F0.00443 g - H[] 55.3 ml/s AYZEGERE » EEREE 2L/W BUEIS KT 30%wt
LA 10% duty cycle £y PWM ZEf#F ) - B iRl ER B AR /OR g 50°C » H

KESRIBEA TR SRR K RS RER -

&

¥

EE

0.5 \\
O T T 1
0 soc\ 1000 1500
-0.5
-1 \
15

-2

26 EHEH 7 LE 10% [ KOH &Ef##i L 10% duty cycle () PWM &5 2 fi#

EE

05\

0 200 400  600™=,800 1000 1200 1400
-0.5 \ H
1 \

-1.5 \

-2
27 B8 H5rEh 20%0y KOH &gk LA 10% duty cycle iy PWM 25 EE fi#

il
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EE

1.5
1
0.5 \
0 \ T )
-0.5 0] 50 1000 1500
; NG
1.5 N —=
5 N
-2.5 \
5 ™~
™~

ben

-35
-4

[ 28 EE I 5EE 30% (1y KOH L 10% duty cycle (] PWM 25 FE A7

10% duty cycle {7 PWM &R & i@ 5744 %E 0.0021 g /K43+-Bl 2.62 mi/s 1y
FE GRS FEGSE 0.97 LIW - i fiE ] 20wt% fFFP§E#% 0.0018 g 7K 53T-Rl1 2.32
ml/s BYFEE G » FEERE 0.86 L/W - 30% wt [/ KOH Efi#ik L 10% duty cycle
Y PWM ZB 5 ER PV #8 K FE 0.0034 g 7K 73Rl 4.3 mlfs By GUE= » FEGSREE
1.58 LIW - & B hgLhis - EUR SV E R R E YA ERERE > &
HARGURE T ET > vIRER AR 2RI  MRHEE RN - E SRR

SR 2Us T EE SRS B JM B SRR SR R EFER K Tt EES
FEEEE SRR KOH E#R o DL 30%wt 1Y ZR AR SR B o] LIE B & 1Y
R T 2] 4.3 ml/s FYE GRS ERICE Ky 1.58 LW NSRS SRR
TR KOH 7K 7375 B fift B 250 8 1 AT R B [ B VAl S e B o T EE
BRI RTANL PWM R BUERMUREAL -

g

« KSR T AT 3
(—) B
B 7y 0 T PSR DA B — (I DAZK B /M Y BE A BE 25 DA A LK 57
T WEIERATE &N RN A I R - ER AR LT RE B
S > AEETE PRI S LB B R Ve Ry S FE AR > PRI 2 b
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FRIE A IIEAIORE » BRI R I HEFT B i) DLFREVK o 1 DISE = E A
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29 Stanley Meyer FAEEFI R E A SURAVIERS4ETE » figH U.S. patent 4936961A [41] -
(Z) EfasTEhE %

By TR BB IINA > FRfTedat 2020 em® kv B - 3 B IS
CLRAEE Y T ZIP BB BAZKES - (ERSEIEARASAR 7] DA R/ )N » P75 1R B Ay o
i e

Bt AEAETE R DA E B R A s - A OKC R KO AGE Ry
BEFHAY BN AN o EERSGRILLAER $H_ ISR IIRR ST AR R R R A
(K m] DLUEERS

R 4B B Ry 15x15 om? 2 R sk R - AR PRI RE AL B 2 (5
DAGE/KEEEZR » DRI % RAG i - {H 8 R LAV E H & B A RS 1R i R
PEHIIHERE -
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30 23 | KEAHYE T 2H

L% 2

31 RSB - /71 Py S5 A -
STHEKAYERRE - AR B e R RS - 55E Stanford KEEFHEEH 1]

£ 1.5 V HEEEEE T [50] - DAELE & @80 — 5 S YRR B AR /K AR R R (LA - 25 fE
ALHIRIMRI A EE SRR 2 » Bre R A - R v DURECA S AR Y
AR o EMMIHKERES - PRI R LR AR FIAY - f2fH SR
AL RRER (NI BLEHE(EY) (NIO) BIE &K T HTE R BETORIRE
Rk - PR R (NiFe) &eiERnVERESELY) - ARy
BHgEH NiO B S @R B IERENIRRSE - Ni ZELIRT i HE SIS E B
{EFIIRA R} - SRAVERRETEy 2 3553/5¢ > PLERSERT 50 £/ =nUsaEERS 5 (=
E RofB I SUR LA R - (EIEIREMR EERF AR - NIiO &5 5FTE1E Ni fir
+ BB AR ST RN B AL 2 EEAORERE B2 Ni L NIiO By &l FHY EAR
Ry 8~15 nm - Stanford AEAHZE B 58 i F Pl i BT - PR A Ni BiL NiO Y8
B o i > NIO @55 » AIRZET Ni fREIEINm - HERAEER -
RRE(LER (Ni(OH)2) LASBEE/KEVAR RIEZBESORIRE b MBTE Ar fri
BT > 72 1.5 torr FYREZEH > DL 300°C IR K 1 /NEF » Ni(OH), gk Ni/NiO
FEEE o (0 FHISTEARAY. » 200 MRV Sy 1.5~1.6 V IEZ00 - BRER S 1.5
VB B By 20 mAlem® > BITTLUEREA SR o S iRt —E AR K
fEARACEERB T[] > [ FHTE A AR R R A S > DI IIZESSCE - M
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B EEME A 2 VIVERGE R L ERTE BT BURHER B
1.3V DLEAGE R DL REK) » thakat 2 H Y Rl 08 2 H I RE B R T A A A
K MR T EASREESR - NI > I ESRET > Ba 12 V
MEMENRE > HE 24 V WHMNIBEBE(RREICRBHEE - Al A
-NNNNN-+NNNNN- 3 {ri ez HA 2 V VR - [ — NI B {5E SR 25 -
15 110 V 2O EE R EE - Bt 12 Vo ZACHES) PWM o i Bk Ay EE
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- > wju
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& 32 SeREERImHEAH A A T E] -
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1. (/] PWM /KERARHY TR R B SE  JERE

fREE Meyer By FIEEET - 28 A BAARERR /K 731t~ {E@ ARSI HRY
ERE R (Mazloom 2 AFrgthiHy[51] =2 RS 20R[52,53]) » BRfA/KAE
AN AR Ry 1.23 Vo FUARS B IR BME A e G A B s e T o 2 2
{EIFHAVFTRRAVER S - WRIE T ITHREOKERIVRE > U AEE S
FE—{EER - CO+R() » AETTAEER B Ay B BRI 0 By - /Koy -aiA
EEE o I AR R (EERAIRYE S - AERFHIRFRIR - ERUEAKER S - Koy
THAtaEE - IRt G —(E B ALY REIH—1% - 1Ty Meyer BYSUFIEGET &A1 H — B
IR AR AR LK 7 MISRE KA E - ER/KER— B A BB
& > WL —RRHVERAR /KIS - FTLLR THFEAIRR(E/K ST > FAMIEA PWM AR
e gy > B (period)iy PWM HCR Al t 12V EBAE —EHYEF 22 Eu(Duty cycle)
& BN EIREAE B 25 (relay) BB Bzt - BIRTAE PWM  fEIIBALGH 56 S i o
7K B30 HE = 4tk > RIFET S AR /KHRE - T i ATRERVEEF -

Time

37 (] PWM EAEFERVERULA [51]
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I

Voltage and Current Signal Amplitudes

Tlme (0. l mS/ Dn)

[ 38 (i A E R B R AL [ 51]

AERPRA 12 V HAERIF IR FEREE - FriEEEE T E TR E
fiix - Hrh BrEIMAIRG 5 73 513 PWM HRoR (RSB RS - oIy 77 3 7e & 7R
(floating electrode - A f32il) » EHAE M BAEBREHA MBS T RS (EER -
[ B b A B AR Y 7K 73

2. FURKEEE 2 E MR

SHASTERL . BHRK ST 25 5y T I DO RE SE B ME B R AP EA
BRI (30%wt 2 KOH 7% 1% (L85 A - [ F i SR 4K IR ER s 12 V YRR -
i B I SRR B K B RO TR FHE - (R 2 % > — LIRS
470.6L YFEHE - HE G RE74Y 0.2L » HEGHEE Ly 3.3 mLs -

(1) ZfR/KEEE %081 Meyer SEELRER
Stanley Allen Meyer 7 1996 [& T T UMK 24 THRENS HisE T £ BB

US5149407 A Jz US 4936961 A - {HiZsF4l B EEfEN R AR > AR E
AU E - I RS TR/ RTHYEET SRR R KA B TR B HE P
T FTDAANETEE B T RE(H S/ K B A AR B2 B T SRR B B LA 17 )0
LA Stanley Allen Meyer SR Eff Al iy 24 MIPAEL B > AREETT ARG ESE 1
5L > 35 12 E2ASFELSTE Stanley Allen Meyer 47K 240075 B41|3%
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% 12 AEPESET 2 K SUfpRALE A Stanley Allen Meyer A ZE BB ] US5149407 A K,

US 4936961 A Hiiiaic 7 /K RIS B A= 5

7= Sk Stanley Allen Meyer’s AETEABRH Z st
pattern(US5149407 A, US
4936961 A)

7Kg S AR ES HIRAZUKES

B R = R 12V H R R

AR HRIN B A SPAT IR EE AR

PR AR I H 1A R

Y37 = BRI PWM Hko

BT R = B R B fifE] B AL 2V

EERE (EFHEAERE LS - £2 | (ER - Eia VR
THE(FER PWM HkoE

{E A [l BE e RSt | i A 55 A BE B RR

7

¥ PWM Hic 2%
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FAE SRHIEHRE
F—f SRNZEH

MBI RIRR - SRR R EEEEE - IR TR T 3.8 & » E R RIARI N - Bl
itk - (ESRBURTE - IRV ORISR ZAENRE 2T - iR ESEAZER] ~ PR
KBS G R EEE > NIERPAZERA AT DU DL Rr s - (RS A E Y

RN ZE2EMEREE > fRARENERENFRE - EERIVEE ~ K
e HN RS R N T8 58U EIE R 7R € e (Hydrogen embrittle) -
{RHYRE ERLIARL - BLEASRADRE S AVRIER - ReAERE & HEAIRERE -
L0 F SRR R T E B H AR IR A o AR SRE A R B2 58 FH SR BUR KR b
NASA R 5 FTe BB Y ZF AR 8L - FES55E] ANSIHAIAA (SEEIEIZURAE /S5 ETR
ZEfh )R HE R ERAVZ 21551 AIAA -G — 095 — 2004 [54, 55] - i RZEHEE i
NSS1740.16 2N % & (EH @SR - L E G A HAVEZE(){EAYS [FAFE & (minimum
ignition energy) - ESRFTREREE Fy R0 U V10013 13 F7r) « (2)7H - AR &y 3,713
T FERSRAT WA Ry 4% » AHEFYRIRR - Ffied ~ JEny ~ SAFHISER M - HEEH 2
FERHA L EERR(AM %) - SRR EZAPEER M 5527 ISO/TR 15916:2004

(E) " Basic considerations for the safety of hydrogen systems | » 5575 -
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* 13 @R HERARN 2R L2 bR (2%
http://www.arhab.org/pdfs/h2_safety fsheet.pdf » S[f} 5% 71)

FUHZER \
a5 _ FIRR
(gasoline vapor)
225 T BRI
4~74% 1.4~7.6% 5.3~15%
FE (T REL )
22 R RN
18.3~59.0% 1.1~3.3% 5.7~14%
(FPREE_ER)
BEK FTRRRE R
0.02 0.2 0.29
(mJ)
T 28 SRUEE A KO
. 2045 2197 1875
M (°C)
N eSS
346 47.2 42
(m/sec)
WRBERS AT R 22 3R
HLERs T REL%
VLRt EIER 29% 204 9%
(stoichiometric
ratio)

—MREGHYTE - KRB EA AL » JAM R 3 ARG B RV ERE [28] -
(—)EREREE 35 Frr)
(D afblREE - B~ RAGR - B~ HERE b/ E RS
(E)EHE
(P AFZREH A
(FAERE S (BIEENERERER)
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14 G > BUERB AR - B SR s ERFVE [56]

FE ST e AR FVES A
ZREM RE(LEY) 70~85% JEA
oy Edk kELEY 60~75% rEAL
E B EEH IkRE(LEY) 60~75% ATHAR R
BTN IkE(LEY) 9~85% EENIES
KR EEAH i aNlw=xY| 35~55% HHHEE R AL
AEH NH; N.A. AT HARCA
+ERAb 4B Rk 35~50% rE b
SIS KIGE+7K 0.50% EENIED
I 2 I AE R 60~80% EENDE
A EFEN | EEFRHET 78% EENpE
W 1 B 7K+EE 7 50~60% rE b
BT e K+25 50~70% ATHARZEA L
BEREE(EEA | AK+ESIE 40~60% HARE 2R AL
B LEL K SUfE TK+EL N.A. EENIED
AR KL TK+EL 12.40 % EENIED

FEFTEREGRVEIT - RRPGRER VR RS - rI UM e st B AR BUIE SR -
NIEIE T4 B A2 212 S B T2 SRAER > fildl - EEIRETREE0E 3.6 HESETT
AWFEICALRRR - DL N AT RE ARG RN W aU AN R (A& 37 Frr) -

— ~ Kizre BRI S © EAKEEE H AT B B EEE RGN 57k - 8eRiEs
HREER > HERERE > [KEENHAMSHEAESR < Fill - AAEERIGRERE
HYRACKIEE MR - A RE B AR ERKHE -

o RKIGRER T A/ K B R KEK 2R IEE] 3,000 K BLE /Ky NI A RE 7 i
EREARERRE > HFEES PO RN EIAE - — A RAE
(EWapealy

=~ KIGREFMEEIERE G, - Ry T IR RIS A B R /KB BRI Erm > SR T

N

i



—REAV SRR E 575 > R K TP A — RS T ) - AR IR R
& EREAFRIN NGRS - BeGRK R RIS, > 1 PR R - AR R
H o BEER R Ty AR R E Ry 300-1200 K - i 2 5 e i) Tl 5 5Ot as t
WO A FHRIE - H R KETBCRAE 17.5%-75.5% « {FEHY £ 2 MREE TPy
IR B 99.9%-99.99%:2 7 - I Z(F 0.1%-0.01%HY# 7t © SR ESHIE
& o WIS RIRBE TS, -

* KRRk E - E—Hauafei EA R RS AHEOZ T - £

IR IR BB (B - SIS E i R ERERTR UL » FIFYE(EERZ
R, - HAS AHI e HIBURE > 36T 7 —EEfDE RS - BERERLE

ERUGARIL /NI 97 T - Ak 10% /2 -

* KIGRECEALE R KRG 1972 4 HARSfE—F AFIA n B & LK

FERGEMERIR[30] > M DASHARIER2 R - BRCRIZREEE(EERE M » £
W PEEECR > IEA SR - WM SRR A RS - AR
(BB EAAE RGBS NERFEIR 7o KElE - BENEREE - 52k
GRS AR R SR EEEN - S8R e KGR AT —ZEH; - 52 - Ot
BB GERRE > {2 0.4% > HAEERUWCKEEETHVESIMERIFITRIMNE - H
B ZEeh > R RIE - FTLLES MARESIEHEK -

 KEesh e AL /KB« e 1972 FELUK > RIS S8R = It ne 138 S VIR0

HEEFETEBET > WK EE(CERERE - fRLAHE BT
K E - EEECYE EELE > ERERERIOEEE - AT I - &
AR RIEESS - W —ZSIEBERE - R EKBRENE - SaE(EH%
IR AN > W AR IEAE T -

T

=

AEYPEEERBE - 40 ZEFESIRGREREAGRCE T LUK IR n] LU T &

R T BERDGER - BISRREFRT SRR SR P B B AR E R
N EESLEIENER - HAT - - EDEE IF RIS SRR a4 - 3%
B SHVBCRIRE > HEIR TR bESEAHE RIVERE - 1551 auEits
EHESXERESE] 10% - ARG VP REEER 9 7wirT - S BV hn
HEEZHTRIGEE - AT S TAZE i BRI 2 E AR AR 22 -

55



R
. [ E A Atk ]
AR L J
l B
<
Fs
g
S
1
1
: - s
e LI
: \_ J
1
i co,, [ A
CO, C XYY
1
1 \ J

[ 39 /KR AE B A IR SR BRIk

FESEE HFCIT Bz A5 §1 - A S TR SRtV ES A SRR R B & A 2017
EFEZE $2 Igge (gge: gallon gasoline equivalent » S fmnShE &) @ /KB EATEERER
Fy $2.0/gge » JEJJRE/K EEfRRERUERS %S $ 2.0/gge » AVRE = R AV LA Sy i R (]
&% £$3.0/gge » ISR SRERIEE A [6]

MAE A B iy RSB A i T - HERERAA A S =
HSEIE DI A DACE AR Bl & - HOAia e 8RB = - (B2 RIS /K I
= (REE(E RPARIER - BRI DIBUKZ AR ER - BREASR - FRFEAERI
ST EEEIL - AT IR AT » REASR TLURIL - By T HAYE 2015 4
FRARIAREFEE B A E SR B YR Z FE BT OK - RERA SRS
SRR Y - R SR At b - IR 8 TR T T B RS B R K
BIGELH R EEN - R ESSEER M - USRS R T - SR EE
PR gL - R EE HAER - s ssE 2 sURIFEHI 21 1%
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MEEETER » K EATHIFIE » Rt EEENER [57] -
— ~ YEEEE -

- eBEEtYEE -

=~ WA E AR

Y~ SR

-~ MRS S (EFE LaNis> TiCr> ZrMn, > TiFe > Ti-M-V > Ti-Cr-V > V-Ti-Cr > Mg;Ni >

Mg.Cu) -
—fIME - H RN EZERES T/ UE (25— fRPEL2ERER)

— R

b/ = =
<
J

5

» = ERSRL GE
L REFTIER R
* A E AR ERUE

I\~ BFEAE Hp 35T NHVERETE
B R R Y SRR B P AR G

B SRERRE

A AR T A AR B S RS - (10 + BV (LAHAR(1S0) - BIRS
ET IEZEAG(IEC) - EAMET LA E (IEEE) » TifE 10 f Bk TCL97 Hyfk
1172 B AT T B AR M S AR 2 T /1N AL (Working group) 35 T/E7E

HA -

— ~ WG jRGHIE - F 5 H AR EaE T BRI

—~ WG2 : ZE HHERR S G A

=~ WG4 : JRISZETE 240t

VU~ WG5S : SREEESRELRBN R S PINIENEHE TS ~ BEE 2R uh(filling station) ~ [ =
LRI e

57



T~ WG6 : FAEER
A WY

SRR R IR R

75 WGt @ REASNZEEE
+ - WG8 : [ EKNERELSEE
Im B AIAE 1ISO EL5eEAYREA 1% 15 FR

# 151SO B 5ERk AR

L

G2l

1SO 13984:1999

IRAE G R AT T B ST 248/ Ei(Liquid hydrogen —
Land vehicle fuelling system interface)

ISO 13985:2006

IR SR -t R AR (722 & (Liquid hydrogen — Land
vehicle fuel tanks)

ISO 14687-1:1999

SRIPEIEARAE() B TE T2 B AR R DL MR
FH A Bt 22 38 T EL 2 J# F (Hydrogen fuel — Product
specification — Part 1:All applications except proton exchange
membrane(PEM) fuel cell for road vehicles)

ISO 14687-2:2012

RPN EA RS () BT SRR R T e,
H#fj(Hydrogen fuel — Product specification — Part 2:Proton
exchange membrane(PEM) fuel cell applications for road
vehicles)

ISO 14687-3:2014

SERIARIZE A RRAR () B~ SHGH R AR B 72 [ E =
‘B & F (Hydrogen fuel — Product specification — Part 3:Proton
exchange membrane(PEM) fuel cell applications for stationary
appliances)

ISO/PAS TRfsZ AR 78 77 (Airport hydrogen fuelling facility

15594:2004 operations)

ISO/TS JiE P Bt FH SR (o A R S R AR S SR EHE R E

15869:2009 (Gaseous hydrogen and hydrogen blends — Land vehicle fuel
tanks)

ISO/TR SRR L EHIEE AL & (Basic considerations for the safety

15916:2004 of hydrogen systems)

ISO 16110-1:2007

TE Rl R E £ 25 Bin (1) 2222 1% (Hydrogen generators

using fuel processing technologies — Part 1:Safety)

ISO 16110-2:2010

B Rl e A s i (1T )38 se Izt U774 (Hydrogen
generators using fuel processing technologies — Part 2: Test
methods for performance)

ISO 16111-2008

AR EECREHEEE - A EEEHEESEY
(Transportable gas storage devices — Hydrogen absorbed in
reversible metal hydride)

ISO 17268:2012

S FH B SR AR EURIFR 4 25 (Gaseous hydrogen land
vehicle refueling connection devices)

ISO/TS
20100:2008

RAEER - EFElh(Gaseous hydrogen — Fuelling stations)

ISO 22734-1:2008

N

{5 P A A SR (1) TSR B S A (Hydrrogen
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generators using water electrolysis process — Part 1:Industrial
and commercial applications)

ISO 22734-2:2011 | i & A EA SR FEEEH (Hydrogen generators
using water electrolysis process — Part 2:Residential
applications)

ISO 26142:2010 SRENEEE - [EE=UEH (Hydrogen detection apparatus
— Stationary applications)

* 16 PR FEGREAREGERAR © PEIEER N - BEEELIRA4Y [58])

TEAES FEAELA T

GB/T 3634-1995 AR

GB 4962-2005 SR RO

GB/T 3634.2-2011 Mg - SNBSS

GB/T 16942-1997 BrLEARE &

GB/T 19773-2005 SRR R 4 S AR IR oK

GB/T 19774-2005 SR ED

GB/T 20042.1-2005 G AR figgE

GB 50177-2005 SRR ETF A

GJB 2645-1996 RS E K

GJB 5064-2004 KB R LR TR

GJB 5405-2005 RS EAZEA

JB/T 5903-1996 KB i s as

JB/T 9082-1999 KEfFHI S iosh

QJ 2298-1992 F R eRdln i

QJ 3028-1998 RS0 AR

SJ/T 31458-1994 SR CE eI BRI &S E J7

S

DRI > FRATTAE SR (50 FH AR & 2 %2 8+ 39 P A2 8B FT AR 2E0A (hydrogen fuel  cell
vehicles) - EhE NG (stationary) FFARHE ] - AR R - =07 - #FF2
FEIRIEAEHAR(1SO) » TR EEGREREE - FHEBCE L eHAEH > ERYEaEY)
SO RERARA > S ERSRRG S T =M - A ItEke )i R R ATE B SR A s B A
B 2 E I AAEER

1SO16110-1:2001 Kyt ¥ E G SR A a5 I G RE LN == S i -
T RIEF - AR AT A B 400 mP/h (RRIEE g - Eosa A A
FHUfEEQR AR IR & EEAYRE - O)aEFER - () &afvESEs - 1S016110-2 :
AR EL G R A R HYRLAE - 1SO 22734-1 © 2008 J A EE AR /K pefi sl T2 P E R EE AR
s+ IR EIR RIS L S AIRRE EOK » 15022734-2 ]I By £ ARV K @ REL
5 ° 15014689 : 1999 i H PR BB Ay A A AR A - BR IR L% RAG T & (EIGA)HY {4 1IGC
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DOC 122 00 Allz15m ECA LR R 2 SRR RS Shih - ST
ifi EIGA 3Zff: IGC DOC 137/06/E #iE A TJ7E1%(decommissioning) ; [i7E A
[ 10 Sk S S (e FH AR #iF 222 B 52 K KB & 172 (National  Fire Protection Association ;
NFPA)FTE iy @ e R a7 Il (2011 NFPA : Hydrogen Technologies Code) £ 24 (i
HHVE SREMEH RO E4 an e 220K WEM SR E S ~ SRL4E - SRAVERF
HEERS ~ [CHNEHGR - Fl & EERES RGN SRS - hEE T MlEk
fiti > B0 EEPPEHE TR - AR RPARIRERIAEE R A N ERIER - R AE R E AR
2% BREPHEHEDR K LIE R MEH SRR EERNEIH - el DR
PP EE R = SR TR BRIV » BUETTARIZE - NFPASOA RIJFIZRIE Ky
(FRSIEEIHAIT K PR -

PR T LAy SR 5 R VA AR EE4E (code and standard » RCS) » FRAM #2275 E fE AU A
i A B SR A (ASME KD-10) » FASE RS LR (ASME B31.12 » A13.1) » HAth =%

ST SR EURR AR(SAE 12579) » BEEUHHI IR (SSA CHMCLy ke
% 17 EEEA SRR AR

FEEZC Ty P

AGA | EEIGHEG & FHRRHIRAE

APl | EEIE ST G o A B R AU

ASME | BT LI el PR L P I B T

ASTM | SERIFHRHHIR 7 81 FEIES S T2+ a1 BRI

CCA | G ABmE G R A AL PP e s T R P

DOT | SEBHEU T T

FERC | B R 2 & BT AR

GTl | FABFHEHE e R ST

CC | EFERZEAG AU BRI PR K2R

EEE | &1 B i EHIEC T

NERC | JL3R 1T ol 5ol IR PR

NFPA | B K Sl Pk AR
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NIST | BURAEER i e IR

SAE | RETREHIRS sk B

UL | BBIRZ =5 AIRAE | MsEEae sl

FB=F KEFNZERA

SEERKAIRFERET > HrREEEERA:

- K (B Bar it - DAVG 1L AR AR AERE T Fras AR A eR > S HEERTEIEHY SRR
BERIRIE - FERG BB B A 2 PErh BRI IEAE 10 Q DU » B R IE RE IR R M i
4 BEIHIEAE 10Q LPUT -

» ARG AR E A RERCE —BRAE GBI DI E N B B3R PE - DUr e

» T A I S IR IIRE I R E R B R B B Se Bk

- AR E BNV TR ENRIE AR A S Rray LB U@ =Vl E St -

LAB i SR BN =N (R IEE 10%) - W2 am B R E RS REUER
PEATRACI - @SR EMIZSH 2/ DIRRETR BB RUA T ESR AR i (IR E R FE Hif (lower
explosive limit» LEL)#E H 285, > 3 5 & |EEE std 484- 2002 EE 2555 525K » NFPA 64
Eil Uniform building code Sect 6400 FYAREE[59] - SR HIZSAYARAS ] DI L1 T~

(—) S EHIFIE 0.1~10% H {F25 & RS -
(Z) IS T ERE -30~80 TC -

(2) MRS FTHRIERE maraiE 10~98 % -

(1Y) (IS S R fE /NP> 1 sec

(1) 1EMEZR 95%DA F -

(R) RIS A EA 5 4 -

A~

FHERM A GG R R AT TI K (open flame){ESE ARG EEE -
R R U T B2 3 B AR B AT G T AT T DK S B E A AR K Y A -
WA G A G R ARSI TR BRSO K T - JERSNE LI TR &
il B SR & €8 588 TIFEEE &8/ 1% W EE
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SRR E TERUER T AT AF -

7N~ EfRERE R > BE A B - NSRS THVEE - JEZEDIAREE T
TERRAIP A - IREEADREIR SR - IRAFIFFECE IR LR - BRI A 6 es
TEMHA Y DIgREA KT -

- B G ER BN ALK RS ~ BRI K SR o S R
B E NFPA 2-2011 YR #i[60] -

J\ ~ EfRESSHNERE 2-3%IE AR Sl E AL E » D& — AR -
g RE R E R E s ERF REREE - AR R EE T - DiREIREE
T B i 7 5 1A

N~ SRR R SRR  — AR S R TEORR BRI TR - 28 B PE AT T
FFFENSFTA NS - EFBOREEFTRICRNE - A SR HB B EE
T > FHARFEE R R T AR5 R ERANIRIE © ER B  EENNELE
ATRES [REKAE » TEIMRBPREERIENE - FrLABE[ER S - A EHURE R e ER R 2K
TRBREIRE fEhRAY -

+ ~ TR E RIS BRI - FRIRYI RS A G « (EHREE AR et s AR
AL R R L

F— ~ R AFFTRCAUR ZE 2 E AR > RS a2 8 ke 2 R - B R
BRSO YRR E R T o AT 5 e AR BRI RS - S IEREER
iR A

T2 EAERARFVE (purge) iR SR B LY - 4SS ITRE LI © R4l
KRB ZERIFREHERER AR » fAEEREITRERE M -

= MEIRERIE SR S - PTA FEHRE SRR - HEMEESSIRE - AR5
HRER > DA A K fEBIFFEE -
H&k B BAEIE fe il A B F S K PR BB IH A &% > R RRERR &

SJ/T 31456-94 [61]

(—) EEESHEHSEE ) AAE T VAR - R E S L B TE -
(7)) EFRFEEMLERS - FER = PRYER R 1.9~2.3V Z (255 SI/T 31456-94
DRGNS AT ZOR AR A R E J77E)

62



(Z) BfpEERESNSRAMERAMENERT UG EREFHEX - (Es%
GB/T 3634.2-2011)

(MU) EEieeE iR P A B RRROR S » I CURAS B S a2 -

(71) EEfEAEE(EIF AT A v HERBAK ~ KAEFIAFE S -

(73) BT EE > B - AKO ~ R OMIASTES (REERE -

() ERFEBNRIREA RIFHVE %N - B V2 2 A BRIFEs% -

(\) EfRFEMERSLAE T MR GR R E -

(1) EfEREES FE MR TR PR F RS 2E -

(1) Eise e 2R a PR EORI R BRE R IR (E -

(F—) EEERERRER ZER - RSB RO B LS B i H 2R 080 -

(+2) EfRREEBURR S ERE - MRS R B R E MR £ R URY) - EHA
MR ©

(+2) FKREZRRBE  [EXEHEEEEEKERSN -

(TIU) EEARME B S R BV E RS R B BT E - IS E R EIRRERE SUT
31456-94 HYETE - WS % hEKEERHL GB 4962-2005 (fffk/\) » AMEAE
RUE T RAEEAEEA ~ B - (57 - BRGRELE OF) 45 - BRRUBIE DURCOHR
BB ~ LRl T AL BRI EK -

FIUE ERKEERE

FiTeR B A LR (5 B B SR B A (BT R AT SR BR) R BRATIR AR - R ER A
KRR TR (GRS SR)NBTE [62] - B TR EER T ENEIE -

— ~ AR

SRR KRR T i A B BB e A A B AURA A A > S L P B
JFACFTIN AR E 2 20 AR - BT RHTEIF RaBIHK © JRAREY SN B A 1)
PREAAE/K T - BIAHTRE (H2SO04) @A (LH(NaOH) » @A (L IF(KOR)k LS (Na2CO3)
Sk @3N (NaHCOs) FH i i S R A E
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FEREAR/KERR - PR SUKAYEREREIR/ N > BB BRSEMRE - FTUHEE
AR RS - FEH S R - EEATERAEE T DU IS RAVEERE S - (£
IKRESINEF B By SR SESR, » FERBE T - KOH AYARERE(RERy 0.5 > NaOH Hyfig
HE(RECRy 0.2 -

b dRLNEERE A GWER  HIUSEEM AT TR EEERIE

\

de ]u

T

H

(—) SR(LHEHRERE B T/KERPRAEAN N EHIEE
KOH < K* +OH ™ A » AR Pt A T K& K1 OH AUt~ -

(=) BB /KRR HEE@EELER)AE - mHEE R NEFH T
K >Na >Mg >Al >Mn >Zn >Fe >Ni >Sn >Pb >H >Cu >Hg >Ag >Au
£ EERYFEYIS - gAY BILR RSB E SR RET -

(=) B EEAEIER T - BOEENEBRE S A LET » FHIKZ - 1EEL
SHERN S » A5 EIEFNEET1VEMRE TS - MPHEEZE R/ INE
Fraifye @k T - R B EMSE AR EH LS 2 E A T/ - @l Ty
BB oy =-171 V- M#PEETHIEMEL o =266 V> BTl FEKER
CHE] A S T AP T - Sl R B E SR BRI E TS E R
i #R e AR B A

(M) /K2—TEGTEME - #ELIERE - fiEKHAH KOH EffEny » 1E B
T FE BRI E S A MY 7K o M R R /K S #PE T - 1 BLIAS s T89/F F (5E
K5 Tt - FEREEAT  #iEE T A bR ERK s 1—E
[EfetiiERS - SNSRI e B SR E B ER

L~ JKHY BRI FETTRE R
TEER BRSSO R - TR IR by Al A4 Ty S bEE R K
fEE > 5lEl 40
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(L]
NS
B

B

f2f R

& 40 it S i KA S
(—) MR IE - BRI ERET OKEBRESRN) ZIaMrymRs it @i -
P BT E R - HEMmES
4e” +4H,0 < 2H, T +40H"
(=) PHIBICIE - EfRHY OH-ZRSRRINIELS it S » B i B F M Rk
SR » HINERER
40H™ < 2H,0+0, T +4e”
(B30 sy o SN (v Ia Wi
B
2H,0 & 2H, T+0, T
FRrLL > 7EDL KOH Sy BB E i S fdiz v » IS LR /K - A ERNER
7] KOH e figes I L sk R faf (4OH ) HITE A -
- ERRFTTR I E R T
1L B KF - I E B EHVERE R VE KA KA w7 fE R - DMERE IR
Bt Y 5 e B B R R B A L ER B 2 - S A LB BN B R P A AT H I Y
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BB PSR AR PSRBT A - (RlL - KEMRERE U R Ay
U=U,+IR+¢, +¢,

15 B Uo By /KaVERGR 73 R B R (BE AL V)

| s BRI AT 2 O - (BT B LRE(A) 5

R Bl 2SI 4R B H (FA:Q)

oy REHVEEN(V) 0o REBEN >V -

TERERMFENVAEE - B T RE PR E AR ERR (V) - NHS LR fRAEE

BR(U)RIA(ER 2
(—) KAV Em R ER R, - TR ARE 2R ZE E Y © R B A iy iR

YL F SRR 5 HAE (free energy)Hyjek/b » BHIT -
~AG’» =n-Fara-E,
2 — AG m Ry I IR AR BB S MY 25 41717 | FHAE(Gibbs free energy
J/mol) ;
n R EFHYE FEBEHE
Fara Jy 24156 5 % (Farady constant - 96500 (C/mol)) ;
Eo R RER ML I IEAVIEEEEEL - V -
TEA BRI EER S EY - BHEEE(LE Ry -474.4 kI/mol - H]]
2H,(9)+02(=2H20 — AG"n = -474.4 kJ/mol
s EEALE TS E - TERI{E AR Y ET A Ry
4e” +4H,0 < 2H, T +40H"
40H™ < 2H,0+0, T +4e™ >
H L EFERZE n=4 » (§-AG’n =n-Fara-E, 5 F3IE=:
-474.4x10%=--4x96500 E,

_ 474.4x10°
® " 4%96500

A5, 1 10° Pa(— AR RBE) I 25 CHIGRIET » Up=1.23 V ; B2 /KB AR 0 R (it
MY/ N R - RSB MRHY R E AT S TR - Jassen % \HE ! BE B AR Fr 2 09 BE /7
TS A - BESE TS 10 % BERLYHE A 43 mV [63].

V)
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(=) SUBBML(p, ) MIEBEEN(p,) - L EE ~ BBBEMIRERS - 5L

BRI AR RS BRI BER - 4188 - SRAVEUEBER LRt
%~ $F - RER > 8 SRVEREE LIRS - SLERARIR AR AR OR
SRR MR AR NE - A AERVE - FUEEAEEY N - HZ > SBAERRAYER
WK - BRI gRE A - CRERY EFHE s R AT A - It
4b - BEACRBIEREAIIEE R ROARP AR R ERE AR
WIESREEMR b - WA R S A R RS B AT -
Fo TR ~ SUBEN » FTRURHL— S T7 722G - e TIERE &
PRASBEEMARE - hoh o 88 KB B R s iR
RS > B ATER ERL R R R A TR AL > L R K E
fiEEE R U Y B

(=) EBRHFTERAYBRRE - EfEt HrHY4E S H A L Ay BRI ~ FRfsEElE -
B R EEH S - E P AT R TR E - (RS H B HOR
PAPPRIEERIVEE - 3R —RAVE T CHAR > B B 2,400 A/m?
55 - PR EEPH FAYEERR[FE4Y Fy 0.25~0.30 V - & 7 2 1 Py ' L
BRI ARE] 0.5 V /it - BRRIVEERMS > B
BB/ o STERRRKER - BRESKILEFHE/ NS » BEK
ARG AREE MG - PR BT RIEGaR M
R pH (EE(EEE > FEEA —ENVSREERE « S8 B iR 17 B A
GhERST B R N EATEMKIFERA - IRBEAE A BB BRI
&, IEERMERTE > RNEERA - MoRERAEN 2 DL RZEK > FrRA T2 F—
# LA KOH ¢ NaOH 7K £y B fifTE - KOH HYZEEE :RELE NaOH %7
EEASIRE (P RIS - BRIV AR (E 7R NaOH (178 - 7#
ZRERSTHE TR NaOH {EE S - H2 - 257 B AT BRI CACAE
Pl KOH fyE&ah » ATPl - REiZVERE » T EEERA KOH AR(E
Fy B

BbAh - FEERKABE S > SRR g EEEEMENE - fF0E  E
RN K - AR IR A R S RO E AR ST H o EEREAE

EF
|
ﬁT [V} >
o OB B %
=
® ®
i |
T4 Eﬂk R

W

W
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Et

BRRNERE - SREHEMRISNEREE - EREAFE - FOaRN T
TR JJFI B R BV AR SN AR - B N ER AR A (G B 0 P R A R D 90 K
DERE S WINEREERN LIRS SE G R - EEEELT
BRI RER AN TR - FrL ERRE SRR RES - 58
TSR 359%HF - BRIV EAR AR 2 £% -

PR TAEEEEEE FIRY R D BERE AR » S ILIEEREUA RS AR PR - S
B AT B - —MFN T - EERBVNG - & - FEEE T ERE
TIEE IR - SEIH BRI 1 R -

RS LAERR ) N ETEE RS RUEEREE - 1 i E AR E
BEUR/IN » Bt AR BT P AE 3 MPa JBR ) N LAERY S g [63] - (22 TIFEE St
NEBES - SR KSR E R ERR FAVARRE  (EE M m S o AREE
BT AEROK - FEMPFERERE « fem LIE R EIE o] DU S g B P K
{ELE 7 BB A S BB A R T v RS B R B IR - AR 90 °C B > EE A
R B A SE R R B IS AR E - (FE TS0 LR A M e
Folt EACHELH T 2o i B EE ARl S B B AR Rl 224 (graphene) -
ANERATI ARG BT ISR S 4 LR VU SR £ IR S IR AR > AP T DA
£ 150 °C =rRAYER PR » B TR RER AR A EERE - 28 0] DUBREU e gt
BRI - MR E MR IEER RS - & B N PERE S 7% -

Mu -~ BlEEHHIE S BT EMH T E A BRI HFEBUKE 2 HFE
(—) ~ AR ERIE R K i

B KRRHENE » TRV E S DSBS R | SEAEERE
SR > iE 96,485.309 Coul HYEE SR @ {E(T— M R385 1 mol EFHYE
1S [FIRF E45- 2 1 mol BB i FERI T — B FENVE &R Fs 1 mol R

Et

“l

<_H

Fara=96,485.309 Coul/mol f& kAU EEH  ERNEFERE TINER - £
—fEtHE T > Fara=96,486 Coul/mol - FRIEARISEEH: - AR T

M=kIt=kQ

AF k

Fon 1 /NSFAPEEERE 1 Z08ERiin e EE > B
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fir: g/(A-h);
£ B0 | B EER (BN ZEEE(A))
t Ry eI > BAir: /INEF hour
M FsEEfR EATHEYIERVE (A g)
Q Fyil B E AR - (B Z5% v NEF(AR)) -
B s B ARV > AT DA 26 B F RV E B ALE 25 VN (Amp
hour) » —/|NI %5 36,00 #) - EELEFI S H 8L F YR AE
1 {& Fara=96,486/36,00=26.8 Ah
(D) > EREEEENEE
EERIEERETTA - 26.8 Ah BT EREEL 0.5 HEAVER » TEEERE
T+ 0.5 EHAVERAGARVESTEZ 11.2 7 - Al 1 2285 NG s e &A1 — (& EE AR/ )
EMERRY,, B

3
11.2 _ v =2 00000418

268 Anh © 26.8 A-h
WRFEERDE - NEGEEREE NG ERESREV,, B
V,, =0.0000418m-1-t-n (m?)

0
Voh, =——

. , V.
A m AR NEE o m= VTL“" * Vit BEEFFEHVAREERE -V, B

sub
P A N TR R SR
Ry 0 (B A)
t Ry RN - (B M h) S
n By B (%) -
[EfH > AL REHERIVEREY,, > TR EE0REREV,, /Y 1/2 -
V,,, =0.0000209m- 1 -t-7n
() ~ EfFBIGEHs » HEREANHE
EEAEIHHE W BLER R R EERR U A BRI ATIE ARV BT & Q RIELL - B
W=QU
REBENI S (EER T FEL 1 T ARNERNVERERTE Qo &
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2.68x1,000
==—_7——=2394 (Ah
Q 112 (Ah)

PRI B ERAEYEE Wo By - W, =Q, -U, =2,393x1.23=2,943 (Watt-h)
£ Fxrp s U RKAVEEsm oy AREREE - b E—Ei i AT fsU,=1.23 V -

TE BB E I E T KT (FERE R fE RN 1.5~2 % > T H&ER
BEEWEEARE] 100% - FrLUSRHY BB RS MR TR KA B Em(E - B Rl s EE g
KEEERIS 1 1277/ R (1000 FH) S A EFE B REH#E s 4.5~5.5 kWatth

(1) ~ EfFERIE, - EOKERHHFRE
EE AR /K AR s FH & 1T KAV BB LB AR T
RS LR T AR Ry
2H,0 »2H, T+0, T

MIARIERE Ry (L8R (KOH) » Iy EEEAY7K (36 9)F A iy S EL A A fEHY
FR(44.8 T1) o FEBEE A+ x BB - A 1 T AR SR E A
KE 95224 L By LER - ERAEEEERI T (25 °C » —KFEBE T)HIHSHE
FIF% = © x/18=1,000/22.4 T]LI155] x=804 g

TEERTIEEET » HRERNEREZHE—EENKST > FILLEE
FKEHE N ERFEKE - BATERE 1 1T15AR (1,000 F) SR E B KELY
58509 °

BHH KRELGRERHRZ 2 EEEH
REFEEHEET P K REET B ERIISUR P Z 2 B - HER
S E By ISO/TR 15916:2004 > 1ISO16110-1 : 2001 > ISO 22734-1:2008 » GB 4962-2005
PRI A B R T2 © 51 NFPA 2 (2011) -
- HRIERY
()R AR BB 0] ) B ARG > Sy B R EERGERS » SANTEES - SRS
EFAFE » 12V 600 W AIELRILIES - PWM HIRH 24255 » PWM SBHHE
B BERHRFTALAC BN  BEAROBGAEN - oK RAREL  TESENY - TR
KT AR 7 BRI -
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(D) ERRECH - MRIB SRR 30% E& H7rELrY KOH 7% - I0A 1 c.cHy
Poly dimethyl silicone {E & Flr /K H 7R S defoaming agent » [}/ 1F %8 26 Hy 7K i
HF P 7 AR Y RO B EE AR 3 2 HY PR -
(=) E BB A « BREREHRR B EA A PWM S B R S BE P ACGET T3 - 7E1E
FE T - PWM BB AR S G U R ~ B ~ Duty cycle BUEAR
VOIEERE - MR SRR EBURE L T AT BURE BRI R (H - H Al &R
REEEAHISEEREEA
'Fan stopped' » f i RAVEEREHE - PWM IS ERE IR T » B g -
‘Low Liquid' » EEAZE T HY/KATE( > I AL KSR S /KAL -
‘Low Volt' : PWM off » g A BERAE(R - 55fad PWM B Eas
‘No Load' - EEfi#1# 81 PWM P S5fEl Ay RIS A R - St & ERBHRL -
'Hi Amps' : PWM off » B » PWM EEh{rsErRHITREEA -
'Emergency! Disconnect Celll" » B2, *EH%(E'; A EJRD)ET - HhErE R AT RE 2
N Ry ER AR e EAE ZE B (F — PRI - SRR (R HR A -
(DUt e« IRBANL R AR E > ZEEARL 1Imole FYESREASER > FF% 1mole #Y
BT 44EE R B 6x1,023 x 1.6x10™° C=96,500 Jffy » LA 30%wt Fy 28 A% M & L3R
PEAELY 5 Q- FTLALL 12 BEERAREE R /K - BB R/ INFy 2.4 A» X Q=Ixt»1=40,208.3 )
=11 /NI HERFER AR OMRERK > T EE R 18 g - N EREEERGESTE fy 15em x
15cmx 2cm=450 c.c. » ATPAAIR— H (A 3 /K e i fl— 2 3L 21 /Ny - 3R
THTCHZFHI/KEY 40 g BIm] - e B S L ETTREAE 2H/KRIH] -
.~ A HHO S E Y]

B E R SR AR - A IR AR AR o FE2FIER P ESER
o IEBETAERR RIS I A B RS ASE) - nDIEAIR T AR RS - FEAVE
BT 75 Na™» K- CIT» Ca*" » Mg™" » &R T OH » BitligfR CO3™ - Bkt PO4™ -
TREGHR SO - fERM/KIE - BAFEYYHETA D > EEE T B KPR EE
Ao EEET AP —EF YRS - — RS - AUKREEES - IDARIEAEE -
BRIV E S » KORRHVEE T o BEVK AT SRR TN A DU S
{BIE LYV E) (R R B - SUiBsE Ho BIP AL - fES AR5 (EH 3 E JRERY KOH

W

7
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EREWE - BERENEREGHEI H /1 O (VANE - FRERCRE AT LA
BREETT Ho fll O KRR > MAE G e T r] DA RV R E A S S b4 | & b -
R 7 A RIS S EHE S Ho f1 O VE SN EEILAN - TEE LS Z) %
VR R R NI ] DA (R TRIA ARG - (20% KOH HJTE /KA IRIGEHR 2 -8.3°C) - [ff KOH
R RyoRiplE - LG A RZRERAIR R L e = B R (%) - B e g5 KOH
E Ay S AR A AR -

= BEEESEHE

AHEINEEIR Ry 12 V REAEHIEERERE M - SRIgRSERESS -

(—) EREK > REIERAEEEN BAOKIREEIEEE - B AsKA]
AERAE RS A S -

(&) LYFEREDMRE 0-40 °C i R4 - ZE e PARRE th TF - SEENEN - 57
B aSREMN RS (EE AR E) -

(2) ARECRINEGEH BrmVERCR - &SR ER U= R -

(PU) BEtEMESERT > #4855 5 m RSB s HAKCR - a0f%as s s H A B AL e
SE KR AR RIR EIRR ] (ERAERRERR T HEER) -

(11) AETIEME P ARRENGELFIKOHER - AMER - ARGE - R
BEAR R » A 2RI SR A FE R A ACH R L RIREE - Rt - I iEREns
BRI A RS - DUV - 7RI KOH MIER ASeingtizK FinA KOH #3
5% o

FAE SRHVEEE

AR SR B RSB st L 2P I 5 2% T YISE-P K & NFPA
50A: 1999 7 #faG - (HATILMEEL NFPA 2 &6f > MENREBLIE RSB F 2 aat
S 2% T YISEEI K e NFPA 50B - BR4E 3 A% B RE RS (L e S il feh
FZaxat A2 lEE 2% NSRRI E NFPA 55 » =M HER 29055
£ 2009 R [EEFLERH k£ (international fire code » IFC)Eil 2009 ffy EIRSZREE A
(international building code - IBC)) [64] ;
— » SREERS G TEK
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(—) EEFEEE
A 23t » (5M RO EAEERF 5 950 ASME T Boiler and Pressure
Vessel Code 2013 > Section V1II. Div-1 - Pressure Vessels | 7 3H5€E o
(Z) EEAESIER ¢ SR KIS » 3% S5 MRSt O LA AR e i
SCERAMRL > AESIE T LUEE - 58 ~ RS IE BT > (EHSLEE o it o0
HriCat > ERFRCEREFE
() EEEAS 2 ERENIE ANSI Z48.1 -54/CGA  Pamphlet C-4 ™ Method of
Marking Portable Compressed Gas Containers to Identify the Material Contained ; -2
ke -
— -~ BEEREEE T (Pressure Relief Devices )
A mEARRISE - ERISE Z HIEESF ASME PD 583 TPTC - 25
Pressure Relief Device ; 5, Department of Transportation (DOT)fZE -

(—) BRRRE 2 A E R v e (R SR B _E E R R =SB ZE [ e i
RIS SR B E A s APATAE R B TR E AR -

(&) BRRE N HARRE QR E S I B EREDT IE /KRB A KSR B
TEHRREZ TSR

= GREFSEER

DREAFGATEREMN AR > HEURWEN T @ SGRSMMERES 26
FHBEK

DRGSR B AR EOR

(—) axEHBEA BEROK R iE R i T Z A R E 2 22/ -

(2) ZREEE S L EEN S P -

(=) HAEATHEERELS - SRS ISRE - MRS - HA SR
SRAe A A YL E Z T -

(19) AnSRAE/KPEERE 15 m A Z i A SRS IR IS E - ERASZE
FEREN T A AN B AT RG Z AL B - (B SN RAG A IR
AR s it sl K e - Bl IR AR A SR RSE  AELIR -

FEA1E 85 I AN R LU N (fiklE FM Global Property Loss Prevention Data Sheets #7
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JE ° £ NFPA 853 #iE £y 11 A R)Z ENGRF S &~ R - ERT
& NYIRE
1 fEEAEEERRRE -
2. B SATRMERES  RAEMERES ~ ARG (ARE ~ d5RE) Z

[ > Z/VER 6m bl b Pk -

3. BRI AR s S ST IOIR 2 [H - 2/ DA 7.6m DL b7 BEHEE -

4. BIZEEARE - 2Rk ER O 0 2/VER 15m DLE 2 BEEE -

5. BLE{h Z A RAG 2 ] > 2/ DIEA 15 m DL b7 phgE -

6. ¥ TIFEI AT Al e A 2 HE % ~ WUV SRS - IERRERE -

7. FEF—JgNEZ R AT 2 B S LT ARM TSR ELRY - H 2 ELM%
ZMZE/DFE 15 m DL b FESE -

ERBERART  F2 5B LERNFARR B R L 22BN R TE
By THE=E RKRRRERKEL =25 [65]

3.1 REIMEF

(1) EEFHESSA R TH G R HE [H RIS 2 A B R MR B AR -

(2) 4.6 m & DI Z B REHIE BUTRAY - B[R EAEER& NFPA 70 > National
Electrical Code - for Class I > Division 2 fEZ%E 7 $H7E -

3.2 PRI TSI 7

(1) EEEHEIE B AR SRERAA R BRI = 5T fEakaT Bl B L 1E
(HER SR B ToRGE - (2) MEA B = IME M 2 HRE i - SMRER I FER S ME B
SRR 2 (L8 - FRR O EsR BB NE Es SRR (I8 - s% R
EAPRSR L Z AR 22 2R 300 175 A ROEVINZE MG 1 P A A RZEERT - PR
HH 1 E LA 5 ISR, © (3) AN F A S 2 45 B R [ » FilTH SRR
Z/DHERERR 13.3 KPa/m® ZBES) o (4) XSS A RN - MBI A
FELEKME ~ SKACZ 3t > BB RI R SR i R (P20~ BUKERIRIIE Z 5t - A
FEREIR
3.3 A rE & TR A

(1) ZAE 2 Y 2~ SN R RACHRAH LA AR T} SRER AR R 3
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ARG MG 2 FRREE R B RICE 2 ETH ~ B 2 /NFFKERE - BEHEE

SEsET 2 AL 5 A% EBR T H IR =SSN INESN - MFAFIRE P o AMEZ PIRE P
FEEN B THEU R RBGE - (2) HoBEHRE M FOR@aa T 2 FE - BLUHAOK 7 F E B
FEAEE - BEERAEN  SREFESAE 4.6 m A NGHE ATYIEEZ R ITER
Y o

3.4 [EHEE A4

REEFEEAB R ARG (H WE L2 ERTRE/UH) » [EREFEEN S RREE

TR &SRS NRIRIERY 10% (0.4) » HEE & ATLLoy Ry R fe:

(1) wEhz(passive) BCH A R PN B S MNERZE AT IE RCHY S A RS A B PT A 1k
HIHFEGECR - (2) FBhz(active)Ba@ b=t MRS - SEE - SE MR SR
RASRENPTERAYBEEER -

£ Safety Standard for Hydrogen and Hydrogen Systems, NASA ¥R #HE > =N =
HMITHER LB I ETREEL 2R /1N 0.008 m*/m®

AT

BT SR HRREE S EE R R AR

SR TN SR G N bR (s HAE Ao S B B G i e P 7%
B oy o RS E R E A
— B LA MEMRYE ASME B31.3 " ASME Code for Pressure Piping | #E{7a%a1 > 253%
s ~ B SONE - ESE RSB E » HUAVE SR - §F - 528 TR H A
#iff (304 ~ 304L ~ 308 ~ 316 ~ 321 ~ 347) ~ wifi S G EE - NIVERIE R
LGSR PHEIE N SEA RN B - (B BRYERERT S tgE 2 A - B
AT AR > HE S OGRS > EGEFIRRE A » FREL T RIRE K S A
HEE > P > BRRUEEE - HEEEEs R, o SRAGHUR L > B2 purge SRAGTERD -
X
B EME RN AR &2 ASME B31.3 " ASME Code for Pressure Piping | 25k
[EHIAEREIR G S > B ORRIEAR R BT R (o PSR ERE - N8R ~ BL
At

o

[
s

RS
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g ~

H o~

FRESERAEGIG - ST AR - SEINE - EA
SRIEROS 175 RIS N FL TR Ly 0 - HRSREIEAR 2.1
AR AR AR FLR TR o] 5 O AR A -
BRI

S S B P S B M R
NSRRI SRR - T LR - P SR S DR
H o
B

ENESRRIREIRT ST SRR ER A LR
RO ~ RO - SRR TN 07 AR B H LMD
BN BB R A 2 S - BRI A
e K R 5 R I S R TR
BRI AT TR A PDRHICE -

C BHRER

BRASEFER (B _BEE > WkiE ASME Al3.1 2007 Standard for the
Identification of Pipes 7 ZiKEg
PR - B ARG LB TR

(—) ERHZFSEHZEREESNEY) AR T -

(=) JER MY mmATae BN B -
1. Z{EFERERIFT L -
2. FEAGEE ~ M ECEF B 2 RIER L -
3. FEE{E T A i -
4. 2/0F 6.1 AR (20 IR) - SRE(EE SR 7 -

* BRI

TR ER 1 2 R B E R AT B BB BE - /N E R AL EE R IE
9FE 100 m /o2 o FEEL T Brih iR s s PE s R AR S « T S T A
ZES ERNE R MG AT ~ 7R % SRR 200~300 m B E — R
it o EapE o EEATTCAE > B EEFHIELE 10 Q DU » & 4l Bra I i e 43 2 &
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PEFEFE 10Q DAF -

SR (SE P R B S

7

(—) FHBERE (regulators) : FEDE R BRI SRR - WSET Ry Ho PSR A - B4
BRI T HR AL 2 (4R F R 7 DA_E AR BRRETER 1.2 1% DA BV E K AT st LAFRE ST
1111 & FBR R R 3 DL AT A MEHE  FE SR S e 48 A (1 i 25 (adapter) «
] L 7 BCE Y SRR (gas cabinet) - B i E HY 73 5K [ 48 (Valve
Manifold-Box) ARE Rl i A 722 -

(Z) WEPTH RASSHEICE F AL E - MR (R i

(2) EATEEE S AKE H 8 & R BRI 2 22 TR BE g0 » PSR AT A
{5 P SRR FE RO s B R

(M9) Kol 7 S EBR M A REES kL - DA S [RERNE -

(T1) —{HFHBRRERE_ESfA% - A5 T B SR i o e o JBR T S B B B A E RAPA L . -
{5 RIS T T BHEREARIBARR - 8 Ho RIS A GREAR - @A AT
BT A, T ELF T B <= SRS

(R) & LAE5ERK - R |- Sl i T ok 12 A0 12 B 3 R T T e DR P A R AN A R A
1:[:1 °

(t) BEH< R EEE s RMHAT/AS S (cylinder cap) - FIZEEHIR
B T E AR BN - 42N e AT LS & 2R - 48~ S
SRAGHESE - #E A BZHZE bR R IR -

() 3T Hy FOS0R - B TP BRI R B R B

1. BHEELEANE -

2. TZIRAR Ho AN HEE Ho RSN @i, -

3. DA mHEE Ho R -

BEELHP AL - SR
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BAE GomdER

B8 &R

 AEER UGB KENEETROR R bk B - AT ARG AR e e 2 R S

ERVFOR A ek > HATRRRHE & REGUKEVARY 118 - Bigaert - HOoRGE
BRI EE R R PRAERT B HEARE R EKBVERT 12 -

» AN E Bt R AR S bR R R A IR R B R GRS T - #fEEL H AT

T FHEVZRORERE (SWNT Ko MWNT)SCRREEE 1 T A7 BURR LB AR REE
24(5 atm Fm MR EEECE{E 7R B 0.15 K2 0.4 wit%) - [ERAM R LI —20
BFFER - BCrE IR AR LB E BN e mife AT ie T T IR I P -

» A BRES SR IS I G S RHE B o BR (B R BE 0) MR R - HURTME

#Zom FE R T 2 IR B TR (L (R 488U 22 3% B P < (D)

» ANE BB IR R BN (R EE) - BIFORARES AL I R A B B RE LA

T ERER 2 5 BN ST - WAL S P {E i R ZR LSS
B -

 HETITERES T SRS ARSI A S ATAEIRIE T - T %2

i il TTEBEET o FESEPSRFRE T - SREC AR E B AR TR HEL
AL — » BARCHEFE NGRS 246 - B E IR - Insnhi
B SRBEISHGIREN B > SBAAELSTE o DUEREIRS B EAIE L

BB K -

- N ERERKE S G ARERE - RN CR SR DI p s B T2

(5eR 5 KEYRIEEBIEEET > FIFH PWM ERESiK - FIFBAES EM - B

HEER > FEHEZECELUESIA Y E G (EH] PWM ##2(4E 500 Hz
o EEAEREEEE Ry 3 mm o 30%wt HYBRARI AT IERRERY IR N EEE] 4.3 mi/s HYZE S
AR FERAER Ry 1.58 LIW - BZetbifls - EER il -

&
N
o
fin
)

KR E MGG (EAAN PR E S A AR - s B sk > T

] DA e 2 K B /KA TR PARS BB  PARS BRI 2 (AR AL - A5
{Efsf e Ll 2V BB - DU 12V BB HHY
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I\~ ESHEERG  WSEESEEDREME o FIH PWM B #oK - m] A 832
i \BEEBLIEER - AE b 2L LUEZR AR ES AR (A PWM HEXAERARS
X > 500 Hz TR A4 3.3 mL/s -

U~ SRIYE IR D KRR E SER% - BB SURIGEET - ERF T mT DU
FAEA FEHEEL MEHECRAGIRN - W Eba s S E R LR - REREAH
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METHOD FOR THE PRODUCTION OF A FUEL
GAS

Related Application

This is a continuation-in-part of my co-pending appli-
cation Ser. No. 081,859, filed 8/5/87, now U.S. Pat. No.
4,826,581.

Field of Invention

This invention relates to a method of and apparatus
for obtaining the release of a fuel gas mixture including
hydrogen and oxygen from water.

BACKGROUND OF THE PRIOR ART

Numerous processes have been proposed for separat-
ing a water molecule into its elemental hydrogen and
oxygen components. Electrolysis is one such process.
Other processes are described in United States patents
such as 4,344,831; 4,184,931; 4,023,545; 3,980,053; and
Patent Cooperation Treaty application No.
PCT/US80/1362, published 30 April, 1981.

OBJECTS OF THE INVENTION

It is an object of the invention to provide a fuel cell
and a process in which molecules of water are broken
down into hydrogen and oxygen gases, and a fuel gas
mixture including hydrogen, oxygen and other gasses
formerly dissolved within the water is produced. As

10

25

used herein the term “fuel cell” refers to a single unit of 30

the invention comprising a water capacitor cell, as here-
inafter explained, that produces the fuel gas in accor-
dance with the method of the invention. Brief Descrip-
tion of the Drawings

FIG. 1 illustrates a circuit useful in the process.

FIG. 2 shows a perspective of a “water capacitor’-
’element used in the fuel cell circuit.

FIGS. 3A through 3F are illustrations depicting the
theoretical bases for phenomena encountered during
operation of the invention herein.

' Description of the Preferred Embodiment

In brief, the invention is a method of obtaining the
release of a gas mixture including hydrogen and oxygen
and other dissolved gases formerly entrapped in water,
from water consisting of: (A) providing a capacitor, in
which the water is included as a dielectric liquid be-

%

40

45

tween capacitor plates, in a resonant charging choke -

circuit that includes an inductance in series with the
capacitor; (B) subjecting the capacitor to a pulsating,
unipolar electric voltage field in which the polarity
does not pass beyond an arbitrary ground, whereby the
water molecules within the capacitor are subjected to a
charge of the same polarity and the water molecules are
distended by their subjection to electrical polar forces;
{C) further subjecting the water in said capacitor to said
pulsating electric field to achieve a pulse frequency
such that the Pulsating electric field induces a reso-
nance within the water molecule; (D) continuing the
application of the pulsing frequency to the capacitor
cell after resonance occurs so that the energy level
within the molecule is increased in cascading incremen-
tal steps in proportion to the number of pulses; (E)
maintaining the charge of said capacitor during the
application of the pulsing field, whereby the co-valent
electrical bonding of the hydrogen and oxygen atoms
within said molecules is destabilized such that the force
of the electrical field applied, as the force is effective
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within the molecule, exceeds the bonding force of the
molecule, and hydrogen and oxygen atoms are liberated
from the molecuile as elemental gases; and (F) collecting
said hydrogen and oxygen gases, and any other gases
that were formerly dissolved within the water, and
discharging the collected gases as a fuel gas mixture.

The process follows the sequence of steps shown in
the following Table 1 in which water molecules are
subjected to increasing electrical forces. In an ambient
state, randomly oriented water molecules are aligned
with respect to a molecular polar orientation. They are
next, themselves polarized and “elongated” by the ap-
plication of an electric Potential to the extent that cova-
lent bonding of the water molecule is so weakened that
the atoms disassociate and the molecule breaks down
into hydrogen and oxygen elemental components, Engi-
neering design parameters based on known theoretical
principles of electrical circuits determine the incremen-
tal levels of electrical and wave energy input required
to produce resonance in the system whereby the fuel
gas comprised of a mixture of hydrogen, oxygen, and
the other gases such as air test were formerly dissolved
within the water, is produced.

TABLE 1

PROCESS STEPS
THE SEQUENCE OF THE RELATIVE STATE
OF THE WATER MOLECULE AND/OR
HYDROGEN/OXYGEN/OTHER ATOMS: .

(AMBIENT STATE) RANDOM
ALIGNMENT OF POLAR FIELDS
POLARIZATION OF MOLECULE
MOLECULAR ELONGATION

ATOM LIBERATION BY BREAKDOWN OF
COVALENT BOND

RELEASE OF GASES

m myowp

In the process, the point of optimum gas release is
reached at a circuit resonance. Water in the fuel cell is
subjected to a pulsating, polar electric field produced
by the electrical circuit whereby the water molecules
are distended by reason of their subjection to electrical
polar forces of the capacitor plates. The polar pulsating
frequency applied is such that the pulsating electric
field induces a resonance in the molecule. A cascade
effect occurs and the overall energy level of specific
water molecules is increased in cascading, incremental
steps. The hydrogen and oxygen atomic gases, and
other gas components formerly entrapped as dissolved
gases in water, are released when the resonant energy
exceeds the co-valent bonding force of the water mole-
cule. A preferred construction materjal for the capaci-
tor plates is a stainless steel T-304 which is non-chemi-
cally reactive with water, hydrogen, or oxygen. An
electrically conductive material which is inert in the
fluid environment is a desirable material of construction
for the electrical field plates of the ““water capacitor”
employed in the circuit.

Once triggered, the gas output is controllable by the
attenuation of operational parameters. Thus, once the
frequency of resonance is identified, by varying the
applied pulse voltage to the water fuel cell assembly,
gas output is varied. By varying the pulse shape and/or
amplitude or pulse train sequence of the initial pulsing
wave source, final gas output is varied. Attenuation of
the voitage field frequency in the form of OFF and. ON
pulses likewise affects output.

The overall apparatus thus includes an electrical cir-
cuit in which a water capacitor having a known dielec-
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tric property is an element. The fuel gases are obtained
from the water by the disassociation of the water mole-
cule. The water molecules are split into component
atomic elements (hydrogen and oxygen gases) by a
voltage stimulation process called the electrical polar-
ization process which also releases dissolved gases en-
trapped in the water.

From the outline of physical phenomena associated
with the process described in Table 1, the theoretical
basis of the invention considers the respective states of
molecules and gases and ions derived from liquid water.
Before voltage stimulation, water molecules are ran-
domly dispersed throughout water within a container.
When a unipolar voltage pulse train such as shown in
FIGS. 3B through 3F is applied to positive and negative
capacitor plates, an increasing voltage potential is in-
duced in the molecules in a linear, step-like charging
effect. The electrical field of the particles within a vol-
ume of water including the electrical field plates in-
creases from a Iow energy state to a high energy state
successively in a step manner following each pulse-train
as illustrated figuratively in the depictions of FIG. 3A
through 3F. The increasing voltage potential is always
positive in direct relationship to negative ground poten-
tial during each pulse. The voltage polarity on the
plates which create the voltage fields remains constant
although the voltage charge increases. Positive and
negative voltage “zones” are thus formed simulta-
neously in the electrical field of the capacitor plates.

In the first stage of the process described in Table 1,
because the water molecule naturally exhibits opposite
electrical fields in a relatively polar configuration (the
two hydrogen atoms are positively electrically charged
relative to the negative electrically charged oxygen
atom), the voltage pulse causes initially randomly ori-
ented water molecules in the liquid state to spin and
orient themselves with reference to positive and nega-
tive poles of the voltage fields applied. The positive
electrically charged hydrogen atoms of said water mol-
ecule are attracted to a negative voltage field; while, at
the same time, the negative electrically charged oxygen
atoms of the same water molecule are attracted to a
positive voltage field. Even a slight potential difference
applied to inert, conductive plates of a containment
chamber which forms a capacitor will initiate polar
atomic orientation within the water molecule based on
polarity differences.

When the potential difference applied causes the
orientated water molecules to align themselves between
the conductive plates, pulsing causes the voltage field
intensity to be increased in accordance with FIG. 3B.
As further molecular alignment occurs, molecular
movement is hindered. Because the positively charged
hydmgen atoms of said aligned molecules are attracted
in a direction opposite to the negatively charged oxy-
gen atoms, a polar charge alignment or distribution
occurs within the molecules between said voltage
zones, as shown in FIG. 3B. And as the energy level of
the atoms subjected to resonant pulsing increases, the
stationary water molecules become elongated as shown
in FIGS. 3C and 3D. Electrically charged nuclei and
electrons are attracted toward opposite electrically
charged voltage zones —disrupting the mass and
charge equilibrium of the water molecule.

As the water molecule is further exposed to an in-
creasing potential difference resulting from the step
charging of the capacitor, the electrical force of attrac-
tion of the atoms within the molecule to the capacitor
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plates of the chamber also increases in strength. As a
result, the co-valent bonding between atoms which
form the molecule is weakened —and ultimately termi-
nated. The negatively charged electron is attracted
toward the positively charged hydrogen atoms, while at
the same time, the negatively charged oxygen atoms
repel electrons,

In a more specific explanation of the “sub-atomic”
action that occurs in the water fuel cell, it is known that
natural water is a liquid which has a dielectric constant
of 78.54 at 20" C. and 1 atm pressure. [Handbook of
Chemistry and Physics, 68th ed., CRC Press (Boca Ra-
ton, Florida (1987-88)), Section E-50. H2O (water)].

When a volume of water is isolated and electrically
conductive plates, that are chemically inert in water and
are separated by a distance, are immersed in the water,
a capacitor is formed, having a capacitance determined
by the surface area of the plates, the distance of their
separation and the dielectric constant of water.

When water molecules are exposed to voltage at a
restricted current, water takes on an electrical charge.
By the laws of electrical attraction, molecules align
according to positive and negative polarity fields of the
molecule and the alignment field. The plates of a capaci-
tor constitute such an alignment field when a voltage is
applied.

When a charge is applied to a capacitor, the electrical
charge of the capacitor equals the applied voltage
charge; in a water capacitor, the dielectric property of
water resists the flow of amps in the circuit, and the
water molecule itself, because it has polarity fields
formed by the relationship of hydrogen and oxygen in
the covalent bond, and an intrinsic dielectric property,
becomes part of the electrical circuit, analogous to a
“microcapacitor” within the capacitor defined by the
plates,

In the Example of a fuel cell circuit of FIG. 1, a water
capacitor is included. The step-up coil is formed on a
conventional torroidal core formed of a compressed
ferromagnetic powdered material that will not itself
become permanently magnetized, such as the trade-
marked “Ferramic 06# “Permag” powder as described
in Siemens Ferrites Cnmlog.CG—ZOOO—ODZ -121, (Cleve-
land, Ohio) No. F626-1205. The core is 1.50 inch in
diameter and 0.25 inch in thickness. A primary coil of
200 turns of 24 gauge copper wire is provided and a coil
of 600 turns of 36 gauge wire comprises the secondary
winding.

In the circuit of FIG. 1, the diode is a IN1198 diode
which acts as a blocking diode and an electric switch
that allows voltage flow in one direction only. Thus, the
capacitor is never subjected to a pulse of reverse polar-
ity.

The primary coil of the torroid is subject to a 50%
duty cycle pulse. The torroidal pulsing coil provides a
voltage step-up from the pulse generator in excess of
five times, although the relative amount of step-up is
determined by pre-selected criteria for a particular ap-
plication. As the stepped-up pulse enters first inductor
(formed from 100 turns of 24 gauge wire 1 inch in diam-
eter), an electromagnetic field is formed around the
inductor, voltage is switched off when the pulse ends,
and the field collapses and produces another pulse of
the same polarity; i.e., another positive pulse is formed
where the 50% duty cycle was terminated. Thus, a
double pulse frequency is produced; however, in a pulse
train of unipolar pulses, there is a brief time when pulses
are not present.
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‘By being so0 subjected to electrical pulses in the cir-
cuit of FIG. 1, water confined in the volume that in-
cludes the capacitor plates takes on an electrical charge
that is increased by a step charging phenomenon occur-
ring in the water capacitor. Voltage continually in-
creases (to about 1000 volts and more) and the water
molecule starts to elongate.

The pulse train is then switched off; the voltage
across the water capacitor drops to the amount of
charge that the water molecules have taken omn, i.e.
voltage is maintained across the charged capacitor. The
pulse train is then reapplied.

Because a voltage potential applied to a capacitor can
perform work, the higher the voltage potential, the
more work is performed by a given capacitor. In an
optimum capacitor that is wholly non-conductive, zero
(0) current flow will occur across the capacitor. Thus,
in view of an idealized capacitor circuit, the object of
the water capacitor circuit is to prevent electron flow
through the circuit, i.e. such as occurs by electron flow
or leakage through a resistive element that produces
heat. Electrical leakage in water will occur, however,
because of some residual conductivity and impurities or
ions that may be otherwise present in the water. Thus,
the water capacitor is preferably chemically inert. An
electrolyte is not added'to the water.

In the isolated water bath, the water molecule takes
on charge, and the charge increases. The object of the
process is to switch off the co-valent bonding of the
water molecule and interrupt the sub-atomic force, i.e.
the electrical force or electromagnetic force, that binds
the hydrogen and oxygen atoms to form a molecule so
that the hydrogen and oxygen separate.

Because an electron will only occupy a certain elec-
tron shell (the shells dre well known) the voltage ap-
plied to the capacitor affects the electrical forces inher-
ent in the co-valent bond. As a result of the charge
applied by the plates, the applied force becomes greater
than the force of the co-valent bonds between the atom
of the water molecule; and the water molecule becomes
elongated. When this happens, the time share ratio of
the electrons between the atoms and the electron shells
is modified.

In the process, electrons are extracted from the water
bath; electrons are not consumed nor are electrons in-
troduced into the water bath by the circuit as electrons
are conventionally introduced in an electrolysis pro-
cess. There may nevertheless occur a leakage current
through the water. Those hydrogen atoms missing elec-
trons become neutralized; and atoms are liberated from
the water. The charged atoms and electrons are at-
tracted to opposite polarity voltage zones created be-
tween the capacitor plates. The electrons formerly
shared by atoms in the water co-valent bond are re-
allocated such that neutral elemental gases are liberated.

In the process, the electrical resonance may be
reached at all levels of voltage potential. The overall
circuit is characterized as a “resonant charging choke”
circuit which is an inductor in series with a capacitor
that produces a resonant circuit. [SAMS Modern Dictio-
nary of Electronics, Rudolff Garff, ©) 1984, Howard W.
Sams & Co. (Indianapolis, Ind.), page 859.]Such a reso-
nant charging choke is on each side of the capacitor. In
the circuit, the diode acts as a switch that allows the
magnetic field produced in the inductor to collapse,
thereby doubling the pulse frequency and preventing
the capacitor from discharging. In this manner a contin-
uous voltage is produced across the capacitor plates in
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the water bath; and the capacitor does not discharge.
The water molecules are thus subjected to a continu-
ously charged field until the breakdown of the co-valent
bond occurs.

As noted initially, the capacitance depends on the
dielectric properties of the water and the size and sepa-
ration of the conductive elements forming the water
capacitor.

EXAMPLE [

In an example of the circuit of FIG. 1 (in which other
circuit element specifications are provided above), two
concentric cylinders 4 inches long formed the water
capacitor of the fuel cell in the volume of water. The
outside cylinder was 0.75 inch in outside diameter; the
inner cylinder was 0.5 inch in outside diameter. Spacing
from the outside of the inner cylinder to the inner sur-
face of the outside cylinder was 0.0625 inch. Reaso-
nance in the circuit was achieved at a 26 volt applied
pulse to the primary coil of the torroid at 0KH;, and the
water molecules disassociated into elemental hydrogen
and oxygen and the gas released from the fuel cell com-
prised a mixture of hydrogen, oxygen from the water
molecule, and gases formerly dissolved in the water
such as the atmospheric gases or oxygen, nitrogen, and
argon.

In achieving resonance in any circuit, as the pulse
frequency is adjusted, the flow of amps is minimized
and voltage is maximized to a peak. Calculation of the
resonance frequency of an overall circuit is determined
by known means; different cavities have a different
frequencY of resonance dependent on parameters of the
water dielectric, plate size, configuration and distance,
circuit inductors, and the like. Control of the produc-
tion of fuel gas is determined by variation of the period
of time between a train of pulses, pulse amplitude and
capacitor plate size and configuration, with correspond-
ing value adjustments to other circuit components.

The wiper arm on the second inductor tunes the
circuit and accommodates to contaminants in water so
that the charge is always applied to the capacitor. The
voltage applied determines the rate of breakdown of the
molecule into its atomic components. As water in the
cell is consumed, it is replaced by any appropriate
means or control system.

Variations of the process and apparatus may be evi-
dent to those skilled in the art.

What is claimed is: :

1. A method of obtaining the release of a gas mixture.
including hydrogen and oxygen and other dissolved
gases formerly entrapped in water, from water, consist-
ing oft

(A) providing a capacitor in which water is included
as a dielectric between capacitor plates, in a reso-
nant charging choke circuit that includes an induc-
tance in series with the capacitor;

(B) subjecting the capacitor to a pulsating, unipolar
electric charging voltage in which the polarity
does not pass beyond an arbitrary ground, whereby
the water molecules within the capacitor are sub-
jected to the electric field between the capacitor
plates; '

(C) further subjecting the water in said capacitor to a
pulsating electric field resulting from the subjec-
tion of the capacitor to the charging voltage such
that the pulsating electric field induces a resonance
within the water molecules;
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(D) continuing the application of the pulsating charg- field applied to the molecules exceeds the bonding
ing voltage to the capacitor after resonance occurs force within the molecules, and hydrogen and oxy-
so that the energy level within the molecules is gen atoms are liberated from the molecules as ele-
increased in cascading incremental steps in propor- mental gases.
tion to the number of pulses; 5 2. The method of claim 1 including the further steps

(E) maintaining the charge of said capacitor during  of collecting said liberated hydrogen and oxygen gases,
the application of the pulsating charging voltage, and any other gases that were formerly dissolved with
whereby the co-valent electrical bonding of the in the water and discharging said collected gases as a
hydrogen and oxygen atoms within said molecules  fuel gas mixture. .
is destabilized, such that the force of the electrical 10 A
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