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ABSTRACT

This thesis presents a production of Hydrogen which can be considered as powerful, clean
and environmentally friendly. Fuel the refore Hydrogen will be a source of fuel that is extremely
important in the future. Currently, using of fossil fuel is producing the largest amounts of carbon
dioxide that causes global warming or the greenhousegas and more over the fossil resources will be
shortage in near futere. Therefore, this research offers a process of hydrogen production from water
by electrolysis which is an alternative method for Hydrogen production.

The proposed method to produce Hydrogen from water by electrolysis using separate cells
is constructed of 5 separate cells that can function separately in each cell for study the separation of
hydrogen and oxygen and variables that affect Electrolyte solution, such as density of electric
current at the surface of the electrode, voltage, current and temperature, because the oritically
temperature has a direct effect on the separation of hydrogen and oxygen.

The results of the proposed method showe that the isolated cells can produce pure
Hydrogen without the mixture with oxygen. This can be sure that the hydrogen can be used in

conjunction with other types of energy such as oil in car to save and reduce oil consumption.

Keywords: Hydrogen , Electrolyte
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T r Cp m.107 n-106 k-103 a-106 Pr

(K) | (kg/m3) (kJ/kg'K) (N-s/m2) (W/m'K) (W/m'K) (m2/s)

100 | 0.24255 11.23 42.1 17.4 67.0 24.6 0.707
150 | 0.16156 12.60 56.0 34.7 101 49.6 0.699
200 | 0.12115 13.54 68.1 56.2 131 79.9 0.704
250 | 0.09693 14.06 78.9 81.4 157 115 0.707
300 | 0.08078 14.31 89.6 111 183 158 0.701
350 | 0.06924 14.43 98.8 143 204 204 0.700
400 | 0.06059 14.48 108.2 179 226 258 0.6595
450 | 0.05386 14.50 117.2 218 247 316 0.689
500 | 0.04848 14.52 126.4 261 266 378 0.691
550 | 0.04407 14.53 134.3 305 285 445 0.685
600 | 0.04040 14.55 142.4 352 305 519 0.678
700 | 0.03463 14.61 157.8 456 342 676 0.675
800 | 0.03030 14.70 172.4 569 378 849 0.670
900 | 0.02694 14.83 186.5 692 412 1030 0.671
1000 | 0.02424 14.99 201.3 830 448 1230 0.673
1100 | 0.02204 15.17 213.0 966 488 1460 0.662
1200 | 0.02020 15.37 226.2 1120 528 1700 0.659
1300 | 0.01865 15.59 238.5 1279 568 1955 0.655
1400 | 0.01732 15.81 250.7 1447 610 2230 0.650
1500 | 0.01616 16.02 262.7 1626 655 2530 0.643
1600 | 0.0152 16.28 273.7 1801 697 2815 0.639
1700 | 0.0143 16.58 284.9 1992 742 3130 0.637
1800 | 0.0135 16.96 296.1 2193 786 3435 0.639
1900 | 0.0128 17.49 307.2 2400 835 3730 0.643
2000 | 0.0121 18.25 318.2 2630 878 3975 0.661
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MHN (°K) Para-Hydrogen ﬁamazau@a (%) DH (kJ/mol)
100.0 -1.0627
10 100.0
20 99.82
25 99.01
30 97.02
35 93.45
40 88.73
50 77.05 -1.062
75 51.86 -0.9710
100 38.62
150 28.60
200 25.97 -0.3302
300 25.07 -0.556
> 500 25.00
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http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%99%E0%B8%B8%E0%B8%81%E0%B8%A3%E0%B8%A1%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%A1%E0%B8%B9%E0%B9%88%E0%B9%83%E0%B8%99%E0%B8%95%E0%B8%B2%E0%B8%A3%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%9A%E0%B9%83%E0%B8%99%E0%B8%95%E0%B8%B2%E0%B8%A3%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8
http://th.wikipedia.org/wiki/%E0%B8%9A%E0%B8%A5%E0%B9%87%E0%B8%AD%E0%B8%81%E0%B9%83%E0%B8%99%E0%B8%95%E0%B8%B2%E0%B8%A3%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8
http://th.wikipedia.org/wiki/%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B8%AB%E0%B8%A1%E0%B8%B9%E0%B9%88_1
http://th.wikipedia.org/wiki/%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B8%84%E0%B8%B2%E0%B8%9A_1
http://th.wikipedia.org/wiki/%E0%B8%9A%E0%B8%A5%E0%B9%87%E0%B8%AD%E0%B8%81-s
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%A7%E0%B8%A5%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=1_E-27_kg&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%88%E0%B8%B1%E0%B8%94%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B8%87%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B8%95%E0%B8%A3%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B8%95%E0%B8%A3%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B0%E0%B8%94%E0%B8%B1%E0%B8%9A%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%84%E0%B8%A3%E0%B8%87%E0%B8%AA%E0%B8%A3%E0%B9%89%E0%B8%B2%E0%B8%87%E0%B8%9C%E0%B8%A5%E0%B8%B6%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%96%E0%B8%B2%E0%B8%99%E0%B8%B0%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%94%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%9F%E0%B9%80%E0%B8%97%E0%B8%AD%E0%B8%A3%E0%B8%B4%E0%B8%81&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%82%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%95%E0%B8%B4%E0%B8%A7%E0%B8%B4%E0%B8%95%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%82%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%99%E0%B8%81%E0%B8%B2%E0%B8%95%E0%B8%B4%E0%B8%A7%E0%B8%B4%E0%B8%95%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B9%84%E0%B8%AD%E0%B8%AD%E0%B8%AD%E0%B9%84%E0%B8%99%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B4%E0%B9%82%E0%B8%A5%E0%B8%88%E0%B8%B9%E0%B8%A5%E0%B8%95%E0%B9%88%E0%B8%AD%E0%B9%82%E0%B8%A1%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B1%E0%B8%A8%E0%B8%A1%E0%B8%B5%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=1_E-11_m&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B1%E0%B8%A8%E0%B8%A1%E0%B8%B5%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=1_E-11_m&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%B4%E0%B9%82%E0%B8%81%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3
http://th.wikipedia.org/w/index.php?title=%E0%B8%A3%E0%B8%B1%E0%B8%A8%E0%B8%A1%E0%B8%B5%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%9A%E0%B8%AD%E0%B8%AB%E0%B9%8C%E0%B8%A3&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B1%E0%B8%A8%E0%B8%A1%E0%B8%B5%E0%B9%82%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B9%80%E0%B8%A5%E0%B8%99%E0%B8%95%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=1_E-11_m&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%B4%E0%B9%82%E0%B8%81%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B1%E0%B8%A8%E0%B8%A1%E0%B8%B5%E0%B8%A7%E0%B8%B2%E0%B8%99%E0%B9%80%E0%B8%94%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%A7%E0%B8%B2%E0%B8%A5%E0%B8%AA%E0%B9%8C
http://th.wikipedia.org/wiki/1_E-10_m
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%B4%E0%B9%82%E0%B8%81%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/w/index.php?title=Triple_point&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B4%E0%B9%82%E0%B8%A5%E0%B8%88%E0%B8%B9%E0%B8%A5%E0%B8%95%E0%B9%88%E0%B8%AD%E0%B9%82%E0%B8%A1%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%9B%E0%B9%87%E0%B8%99%E0%B9%84%E0%B8%AD
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B4%E0%B9%82%E0%B8%A5%E0%B8%88%E0%B8%B9%E0%B8%A5%E0%B8%95%E0%B9%88%E0%B8%AD%E0%B9%82%E0%B8%A1%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99%E0%B8%88%E0%B8%B3%E0%B9%80%E0%B8%9E%E0%B8%B2%E0%B8%B0
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B8%E0%B8%93%E0%B8%AB%E0%B8%A0%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B8%A7%E0%B8%B4%E0%B8%81%E0%B8%A4%E0%B8%95&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%94%E0%B8%B1%E0%B8%99%E0%B8%A7%E0%B8%B4%E0%B8%81%E0%B8%A4%E0%B8%95&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B2%E0%B9%81%E0%B8%99%E0%B9%88%E0%B8%99%E0%B8%A7%E0%B8%B4%E0%B8%81%E0%B8%A4%E0%B8%95

A BZ =) 1
M3 WN 2.3 ﬂﬂlﬁﬂﬂﬂﬂlﬂﬂﬂ?“ﬁllgiﬂiﬁ]u (919)

4
aU

M311nNuTou (300 K) 180.5 mW/(mK)

S A 4]
ANULIAUTYS (M, 27 °C) 1310 m/s

@UNeiou CAS 1333-74-0

@ ' <}
MIIATEINILLHINAN 77?

Yol Ininvhaulovesmasalasau

iso NA A39%30 | DM (MeV) DP

1H 99.985% H1d085

Taed 0 Hinsou

2H 0.015% H1a085

Taed 1 Hinsou

3H trace 12.32y B- 0.019 3He

~ Y 1 1 v O A A o a o vAa
NA1519N 2.3 THHuAIag 9 mmmnw"laiﬂimu INONIZUININIITUTIUIAUTNUA

nazaNnueu1soved lalasmu sz auae T

d' wAa 9 (o))
TN 2.4 ﬂﬂlﬁﬂﬂﬁaluﬂ”ISLN”IhlﬁiJ“IJ@QﬂW"])’]le"IIﬂiH]u

Propertie Hydrogen
Chemical Formula H2
Molecular Mass 2.02

Composition ,Mass %

Carbon 0
Hydrogen 100
Specific Gravity,15.5%¢ (60°) 0.07
Octane No. 130 +
Autoignition Temperatue,°c 565-582
Flame Speed (m/s) 2.70
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http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%99%E0%B8%B3%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B1%E0%B8%95%E0%B8%95%E0%B9%8C%E0%B8%95%E0%B9%88%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3-%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%A3%E0%B9%87%E0%B8%A7%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3%E0%B8%95%E0%B9%88%E0%B8%AD%E0%B8%A7%E0%B8%B4%E0%B8%99%E0%B8%B2%E0%B8%97%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%97%E0%B8%B0%E0%B9%80%E0%B8%9A%E0%B8%B5%E0%B8%A2%E0%B8%99_CAS
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%9B%E0%B9%87%E0%B8%99%E0%B9%81%E0%B8%A1%E0%B9%88%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B9%87%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B9%82%E0%B8%97%E0%B8%9B
http://th.wikipedia.org/w/index.php?title=%E0%B8%9B%E0%B8%A3%E0%B8%B4%E0%B8%A1%E0%B8%B2%E0%B8%93%E0%B8%9B%E0%B8%A3%E0%B8%B2%E0%B8%81%E0%B8%8F%E0%B9%83%E0%B8%99%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%8A%E0%B8%B2%E0%B8%95%E0%B8%B4&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A3%E0%B8%B6%E0%B9%88%E0%B8%87%E0%B8%8A%E0%B8%B5%E0%B8%A7%E0%B8%B4%E0%B8%95
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B8%95%E0%B8%B1%E0%B8%A7%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%B1%E0%B8%A1%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B8%95%E0%B8%A3%E0%B8%B1%E0%B8%87%E0%B8%AA%E0%B8%B5#.E0.B8.9B.E0.B8.A3.E0.B8.B0.E0.B9.80.E0.B8.A0.E0.B8.97.E0.B8.82.E0.B8.AD.E0.B8.87.E0.B8.81.E0.B8.B2.E0.B8.A3.E0.B8.AA.E0.B8.A5.E0.B8.B2.E0.B8.A2.E0.B8.95.E0.B8.B1.E0.B8.A7
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B8%95%E0%B8%A3%E0%B8%AD%E0%B8%99%E0%B9%82%E0%B8%A7%E0%B8%A5%E0%B8%95%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A0%E0%B8%B1%E0%B8%93%E0%B8%91%E0%B9%8C%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B8%95%E0%B8%B1%E0%B8%A7&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B9%82%E0%B8%97%E0%B8%9B%E0%B9%80%E0%B8%AA%E0%B8%96%E0%B8%B5%E0%B8%A2%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B8%B4%E0%B8%A7%E0%B8%95%E0%B8%A3%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B9%82%E0%B8%97%E0%B8%9B%E0%B9%80%E0%B8%AA%E0%B8%96%E0%B8%B5%E0%B8%A2%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B8%B4%E0%B8%A7%E0%B8%95%E0%B8%A3%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/w/index.php?title=Trace_radioisotope&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%B5
http://th.wikipedia.org/w/index.php?title=Beta_minus_decay&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AE%E0%B8%B5%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2%E0%B8%A1

{ B2 (2 1
135197 2.4 auauialumawn ludvesmasla Tasiu (do)

Flammability Limits, Volume %
Lower 4.1
Higher 74
Heating Value
Higher,MJ/kg 142
Lower,MJ/kg 120
Stoichiometric Air/Fule,by Mass 34.4:1

~ <3 [ a YA < A a0 A
NNATNN 2.4 mmmw"laiﬂmuumﬁmﬂwummm IHUDI91NUAT Octane Number

1 3' % dy a o = Qs: 1o a Y 1 . . . =) ~
q\‘lﬂQWMHJuLGb'EJLWEN‘ﬂ’JUhJ EJﬂ“VNE:[Qﬂ’ﬂﬂmf‘ﬁ33%%1@]&&&8@‘1@%1ﬂﬂ1 Stoichiometric 138 uNeY

vosomeanylalasiau Ao 14.7: 1 D9 34.4: 1
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2.3.2 malulagildlumswaamalalasouluifagiin
9] a o 4 a [ a I~/ [ 1 I 1
Tuilagifumswaamasls Tasmuienasannniagauduvdnutiseomilu 2 unas
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gﬂﬁ 2.3 Hydrogen production pathway
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1 Y
2. Electrolysis Process (Humsld Iufuweneminilulelasnunazeondion  Iag
d' a d? T Y a a ld? [ 1 a (% L]
laTasnuinaduas line Iinavaivneems uatusunraslumsnannszua Tiih deds
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Oxygen Hydrogen
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)_k External source
emf

Oxygen Water Hydrogen
bubbles o | With bubbles

‘Qou soluble /

o o Salt /]

ol |

(s ]

U.;n T

Anode Cathode

9
o ¥

507 2.4 mauen Twanarhalenszud Il

A http://run-on-water.blogspot.com/2008/05/electrolysis.html

a J < Y y oy [
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.o U o a o a Aa d a 2] a ax
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http://run-on-water.blogspot.com/2008/05/electrolysis.html
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M131399 2.6 AININAVAATLHI Ortho-Hydrogen Haz Para-Hydrogen NQN9iIA19)

U

Qmﬁ{]ﬁ (°K) Para-Hydrogen ‘?;ZT Mzauqa (%) DH (kJ/mol)
100.0 -1.0627
10 100.0
20 99.82
25 99.01
30 97.02
35 93.45
40 88.73
50 77.05 -1.062
75 51.86 -0.9710
100 38.62
150 28.60
200 25.97 -0.3302
300 25.07 -0.556
> 500 25.00
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- Colorless and odorless
- Burns clean — Does
pmﬂmn:whunﬂn:ﬂu- combust (the igni-
or sullur oxide with com- tion of Is 500
- A ;F'yi:lmuln mlm-ﬁ%'}
w, . K4 '
- L]
WHAT ARE
6 | HYDROGEN'S
= Produces no flames *“ CHAHACTEHIS‘ '.h, “‘I-G“ﬂl‘lmt*m gas
when burned
TICS?
)f. -l
d 4
- High combustion - Extremely low boiling
temperature (3000°C) temperature (-253°C)

A CZR ]
517 2.5 auauiavesma laTasau

a

{ @ o 1 [ a J J { a
A15190 2.7 NAaNUIUNIE, ANUUAUMUUNAINY uazﬂsmmmsuau'lﬂa@ﬂ"lw (COZ) na

9
NAFINAIADLHIIA

HoInas WAINUI AN ANMHUWUY gasmandl  USinw co,
(kJ/g) WAIU (KWh/gal) (Ibs/gal)

Tnstnu 50.4 26.8 C.H, 13
PNMUDA 29.7 24.7 C,H,OH 13
SITL T 46.5 36.6 CH,, 20
A 45.8 40.6 C,H,, 22
ENERITT 39.6 35.0 C,H,,0, 19
Hnu 55.8 27.0 CH, 3
Vi 47.9 40.5 C, H, 20

sy 14.9 11.3 - 9 (szana)

au 30.2 22.9 - 19 (1lszunan)
TeTasiou 141.9 10.1 H, 0
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Anode : 2H,0 —> O,+4H +4e
Cathode : 4H +4e —> 2H,
Overall reaction : 2H,0 - O,+2H,
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Hydrogen Oxygen
Volume H, Volume O, in
Time | Current in ml AV AV ml Av AV
t in
min Iin A | Start [ End | inml inml/min | Start | End | inml [ in ml/min
0 0 0 0 0 0 0 0 0 0
1 2.6 0 70 70 26.92 0 34 34 13.07
2 3.4 70 142 72 21.17 34 69 35 10.29
3 3.6 142 | 214 72 20 69 104 35 9.72
4 3.8 214 | 284 70 18.42 104 139 35 9.21
5 4 284 | 350 66 16.5 139 174 35 8.75
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Hydrogen Oxygen
Volume H, Volume O, in
Time | Current in ml AV AV ml Av AV
t in
min IinA | Start | End | inml inml/min | Start [ End | inml [ in ml/min
0 0 0 0 0 0 0 0 0 0
1 5.7 0 100 100 17.54 0 48 48 8.42
2 6.4 100 | 200 100 15.62 48 97 49 7.65
3 7 200 | 300 100 14.28 97 146 49 7
4 7.5 300 | 400 100 13.33 146 194 48 6.4
5 8 400 | 500 100 12.5 194 | 243 49 6.12
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Hydrogen Oxygen
Volume H, Volume O, in
Time | Current in ml AV AV ml Av ARY
t in
min IinA | Start | End | inml inml/min | Start | End | inml | in ml/min
0 0 0 0 0 0 0 0 0 0
1 7.9 0 130 130 16.45 0 63 63 7.97
2 9.4 130 | 259 129 13.72 63 127 64 6.80
3 10.2 259 | 388 129 12.64 127 192 65 6.37
4 12 388 | 516 128 10.66 192 | 257 65 5.41
5 14 516 | 640 124 8.85 257 | 318 63 4.5
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Hydrogen Oxygen
Volume H, Volume O, in
Time | Current in ml AV AV ml Av AN
t in
min Iin A | Start | End in ml inml/min | Start | End | inml | in ml/min
0 0 0 0 0 0 0 0 0 0
1 12 0 160 160 13.33 0 78 78 6.5
2 13.8 160 | 322 162 11.74 78 159 81 5.86
3 15 322 | 484 162 10.8 159 240 81 5.4
4 17.6 484 | 646 162 9.2 240 321 81 4.6
5 19 646 | 800 154 8.1 321 397 76 4
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Hydrogen Oxygen
Volume H, Volume O, in
Time | Current in ml AV AV ml Av AV
t in
min Iin A | Start | End | inml inml/min | Start | End | inml | in ml/min
0 0 0 0 0 0 0 0 0 0
1 17.8 0 190 190 10.67 0 93 93 5.22
2 19.9 190 | 382 192 9.64 93 188 95 4.717
3 21.3 382 | 574 192 9.01 188 | 282 94 4.41
4 23 574 | 766 192 8.34 282 377 95 4.13
5 25 766 [ 950 184 7.36 377 | 470 93 3.72
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Current Voltage Time Volume H2 in ml Volume H2 in ml Av
(A) %) t in min Start End in ml
0.1 1.56 12 0 9 9
0.5 1.85 4 9 25 16

o 1 A A [ ad 4
ﬂ?ﬂ?ﬂ!ﬂWﬂizﬁﬂ‘ﬁﬂTWWﬁ\i\ﬂlﬂl@\i@Lﬁﬂjﬂilla!,“]f@ﬁllﬁﬁnﬂ
[Chemical energy in Joules Hs]

o) = 4.1
M: %) [Electrical energy in Joules] “1)
fAuraa)sualiih 1dan
Electrical energy in Joules H, (E ) =V x Ix t 4.2)
e Vv Ao usaeu Tl (v)
I Ao nyzua i (A)
t Ao nan (s)
o 1 [ a2 Y
Mgl 1dan
Energy content of consumed H, (E,,) =V x Hy, (4.3)
A A a o A a ]
e v, Ao 1s1asveams lalasnunnan laanminaasy
A 1 (% djl’ a d’ =) (% a
w A8 Amdayemaveslalasnuieienilnas
kY
RNGTRG
= 4.4)
Hyy, = Hy x 4.4
oV) 0 Vm
A A 1 dy a (2] =& = 1
o H, Ao Ansamasveamnalalasnuluniialya Taunmsuy
286 kJ/mole
A a o & Al W
\% Av 1Usuasvesmaslalasmuluniialua Jauniiu

24,414 ml (1 bar, 20 °C)

unua luaums 4.4)
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k] 1 mole |

X =11.71
mole 24,414 ml mole

H, 286

o)

NNANMINATDUAIUAITIN 4.3 Mudaalszansmmnasnuvesdidaningla
1 Y
wasluanszuanaanu ldaail
AszanInunaInuYeIdiannslawmas Nnssua 0.1 A

NAANNITN (4.2)
E,=1.56 Vx0.1Ax720s=1123]

NAANNITN (4.3)

]
Ech=9mlxll.71 =10531J
mole

unuan 1@ luaunsn 4.1)
105.3 ]

B 112.3]
alszansmmndsnuuesaianinslatias

x 100 =93.8 %

NNTTUT 0.5 A

NAANNITN (4.2)
E,=185Vx05Ax720s=222.0]

NNANNITN (4.3)

]
Ech=16mlxll.71 =187.21]
mole

unuan 18 luaunsi @.1)
187.2 ]

B 222.0]
o < A a a @ adg 4
fl]TﬂNﬁﬂTif"lTLl?]ilJ"l]&ﬁLl?]TﬂT]Jig'ﬁ‘V]‘ﬁﬂTW‘WaﬂﬁTu‘U@ﬂ'ﬂLaﬂI'ﬂiiﬁ!"ﬁ@55]3?]@@\1

x 100=84.3 %

4 [ A g v a3 g 1 Aa 4 o a
WRANTZUANNIY 1AZUTIAUNIZFIVUAIY INT1ZIURAM S GRyLT oo NI IR UAY (Excess
né a AaAan = = a d‘ d' 2}’ 1 1
voltages) Funannlgnsenaiiviomaniadasuutasian i wu anuuandisvesnnu
Y 9 adg SAq Y 1 a aaa S 9
WuduvesmsazarwdanIng laanld anwornlunmsimal §asenadl aranudiuniulu
ad 4 ad IS 9 @ % A Y]
msazaedan Ing lag uazd@n Ing laes naanudiumuludlrvsaiue unoiloadiuaiy
= ~ a 9
[ @OHI9N01NAVINANNTOUAL ALY
1 Aa a I'd ad o I % [l 1 a
alszaninmvhsuadueadanIng laryes udniiaiu 52195105909
(22 A A 9 a (22 ~ o a o 1 A A s ¥
manndalanazlsuasvesmaisiuiuniangs Auduaidszaninmiisuadlan

aunIg

66



Volume (Hj)exp,

M, %)= 4.5)

Volume (Hs)tpeoretical

A A A o A a Y]
$V13} Vv 13 ‘]Jﬁin@islli’]\iﬂ']"]fllaiﬂﬁlﬂuﬂﬂa@]qﬂ’ﬂqﬂﬂﬁlﬁmﬂﬁﬂﬂ

exp.

Ao Usuasvosmslalasnun ldnnmsdmnalagld

theo.

agvhsuad

[Electrical charge in Coulombs |

= | H 1 4.
[Electrical charge delivered by one mol H;] x [VO ume (H,) per mo ] (4.6)

theo.

IxtxVy
= — 4.7
theo. z K F ( )
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MANUIN A Properties Polypropylene (PP)

A13197 11 uaag Properties Polypropylene (PP)

PP Properties

Mechanical properties

Specific Gravity

Elongation

Tensile Strength

Flexural Strength

Compressive Strength

Tensile Elastic Modulus (Young's
Modulus)

Flexural Modulus

Hardness Durometer

Impact Strength [ZOD 73°F/23°C
Thermal properties

Melting Point

Upper Service Temperature(20,000h)
Flame Rating**

Thermal Conductivity

Electrical properties

Dielectric Constant

Dissipation Factor

Dielectric Strength

Volume Resistivity

General properties
Chemical/Solvent Resistance
Water Absorption, 24h
Refractivelndex

Arc Resistivity

ASTM

D792
D638
D638
D790
D695
D638

D790

D785

D256

C117

D150

D150

D149

D257

D570

D495

Unit

%
psi

psi

(10~5)psi

(10~5)psi
Rockwell R

notched ft/lbs/in

oc(oF)
oc(oF)
ULY%4

10~4 cal/sec/cm2,°C/cm

1kHz
1kHz
125 MILV.

ohm-cm at 730F,50% RH

secC

PP

.905
10~20
4,800
5,400
6,000
1.6

1.7~2.5
80~110

0.5~2.2

121(250)
104(220)
n.r.

2.8

2.2~2.6
0.0005~0.0018
475~660

10~17

Excellent
<0.03
1.51~1.54

100~160
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MANUIN 3 Properties Material

1919 12 uaag Properties Material

Material Atomic Atomic Density Melting Thermal Specific
number weight (g/cm?) point(°C) expansion heat
Coefficient (cal/gr/°C)
(°C)
Titanium 22 47.9 4.51 1668 8.4x10-6 0.124
Ti-6Al-4V - - 4.4 1650 8.6x10-6 0.138
Iron 26 55.85 7.86 1530 12x10-6 0.11
Stainless - - 7.93 1400 17x10-6 0.12
Steel 18-6 1200
(AISI 304)
Aluminum 13 26.97 2.7 660 23x10-6 0.21
Aluminum - - 2.8 476 23x10-6 0.23
Alloy(75S-T6) 638
Magnesium 12 24.32 1.7 650 25x10-6 0.24
Nickel 28 58.69 8.9 1456 15x10-6 0.1
Hastelloy C - - 8.9 1305 11.3x10-6 0.092
Copper 29 63.57 8.9 1083 17x10-6 0.092
Material Thermal Electrical Electrical Yong's Poisson's
conductivity resistivity conductivity modulus ratio
(cal/cm?/sec/°Clc (UW-cm) (%IACS) (MPa)
m)
Titanium 0.041 55 3.1 106 000 0.34
Ti-6Al-4V 0.020 175 0.98 110 000 0.34
Iron 0.15 9.7 18 206 000 0.31
Stainless 0.039 72 2.4 200 000 0.30
Steel 18-6
(AISI 304)
Aluminum 0.49 2.7 64 69 000 0.33
Aluminum 0.29 5.8 30 71600 0.33
Alloy(75S-T6)
Magnesium 0.38 4.3 40 44 800 0.35
Nickel 0.22 9.5 18 206 000 0.30
Hastelloy C 0.03 130 1.3 204 000 -
Copper 0.962 1.724 100 108 000 0.34
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Power Electronics, Electric Machines, Motor Control and Drive,
Measurement, Control and Robotics.

Power System, Transmission and Distribution, High Voltage and Electrical
Energy Generating Systems.

Renewable Energy, Energy Saving Technologies, Industry Specific
Energy Conversion and Conditioning Technologies.
Telecommunication, Electronics, Information and Communication
Technologies,Antennas, Microwave Theory and Techniques.

Computer Technologies and Network, Computer Graphics, Machine
Learning and Human-Computer Interaction.t

Education in Electrical Engineering, Simulation Software and Design tools,
Related Topics in Electrical Engineering.

At ARIT Nonthaburi Campus
(North Zone) Rajamangala University
of Technology Suvarnabhumi
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Abstract

The current global focus is very much in the development of
energy in various forms to be used instead of fossil energy are more
expensive day by day and started to go away from the world, Thailand
has developed continuously. Therefore, Thailand would be necessary to
find energy resources in the country more. As well as intensive energy
policy simultaneously with has a research and development of energy
from hydrogen as fuel in cars as well as bringing together in a hydrogen
fuel cell for application in areas as high performance. Thus, hydrogen
energy is another alternative that can be used to replace energy. This
paper presents a method to separate hydrogen from water by
electrolysis of cist separate cells, which showed that the isolated cells

could be obtained without the hydrogen from the mixture with oxygen,
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very little by gas released will be. Oxygen and hydrogen-side and side
separately. And the variables that affect Electrolyte solution and the list
of current density at the surface of the electrode to control the flow
pressure and temperature of the solution. Because of the current and
temperature have a direct effect on the separation of hydrogen and
oxygen.

Keywords: Hydrogen , Electrolyte
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Hydrogen Electrolizer by Using Separated Electrolyzed Cell Process
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Abstract

The current global focus is very much in the
development of energy in various forms to be used instead of
fossil energy are more expensive day by day and started to go
away from the world, Thailand has developed continuously.
Therefore, Thailand would be necessary to find energy resources
in the country more. As well as intensive energy policy
simultaneously with has a research and development of energy
from hydrogen as fuel in cars as well as bringing together in a
hydrogen fuel cell for application in areas as high performance.
Thus, hydrogen energy is another alternative that can be used to
replace energy. This paper presents a method to separate
hydrogen from water by electrolysis of cist separate cells, which
showed that the isolated cells could be obtained without the
hydrogen from the mixture with oxygen, very little by gas

released will be. Oxygen and hydrogen-side and side separately.

And the variables that affect Electrolyte solution and the list of
current density at the surface of the electrode to control the flow
pressure and temperature of the solution. Because of the current
and temperature have a direct effect on the separation of
hydrogen and oxygen.

Keywords: Hydrogen , Electrolyte
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