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<,N">4R,F84N HD">FB@DH>ZN FD,*FH&, 2"8:`R,>@ & /,>,&, 20 <"DH" 1958 (@*".
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AJ>8H 3.4 F:,*J,H 4F8:`R4H\.

AJ>8H 4.4.1, F>@F8" 1, 42<,>4H\ F:,*J`V4< @$D"2@<:

"1 / ... 8 - Q,TF8"b C,FBJ$:48", ... 22 - C@FF46F8"b K,*,D"P4b, 23 - 'D,P4b,
24 ( >, BD4F&@,>), 25 - M@D&"H4b, 26 - E:@&,>4b, 27 - E:@&"84b, 28 - #,:"DJF\, 29 -
]FH@>4b, 30 ( >, BD4F&@,>), 31 - #@F>4b 4 ',DP,(@&4>", 32-36 ( >, BD4F&@,>Z), 37 -
GJDP4b, 38-39 ( >, BD4F&@,>Z) 4 40 - $Z&T"b `(@F:"&F8"b C,FBJ$:48" ;"8,*@>4b.
A@F:,*J`V4, B@Db*8@&Z, >@<,D"... E@(:"T,>4b @ BD4>bH44 ,*4>@@$D"2>ZN H,N>4R,F84N

BD,*B4F">46 *:b 8@:,F>ZN HD">FB@DH>ZN FD,*FH&, BD,*<,H@& @$@DJ*@&">4b 4 R"FH,6,
8@H@DZ, <@(JH $ZH\ JFH">@&:,>Z 4/ 4:4 4FB@:\2@&">Z >" 8@:,F>ZN HD">FB@DH>ZN FD,*FH&"N,
4 @$ JF:@&4bN &2"4<>@(@ BD42>">4b @L4P4":\>ZN JH&,D0*,>46, &Z*"&",<ZN >" @F>@&, ^H4N

BD,*B4F">46...".

AJ>8H 5.2.3 42<,>4H\ F:,*J`V4< @$D"2@<:

"5.2.3 )@:0>@ 4FB@:\2@&"H\Fb F:,*J`V,, H@B:4&@:"

%8:`R4H\ >@&Z, BJ>8HZ 5.2.3.1 - 5.2.3.4 F:,*J`V,(@ F@*,D0">4b:

"5.2.3.1 ):b *&4("H,:,6 F BD4>J*4H,:\>Z< 2"04(">4,<, D"$@H"`V4N >" $,>24>,:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ 4<,`V,<JFb >" DZ>8,.
% :`$@< FB@D>@< F:JR", *@:0>@ 4FB@:\2@&"H\Fb H@B:4&@, F@@H&,HFH&J`V,,

@*>@<J 42 ^H":@>>ZN &4*@& H@B:4&", @BD,*,:,>>ZN +7E 2/ *:b

*&4("H,:,6, D"$@H"`V4N >" $,>24>,, & *@8J<,>H"N +7E RF-01-A-84 4

RF-01-A-85.

5.2.3.2 ):b *&4("H,:,6 F BD4>J*4H,:\>Z< 2"04(">4,<, D"$@H"`V4N >" E=':

5.2.3.2.1 & F:JR", *&4("H,:b F "*"BH4DJ,<@6 F4FH,<@6 B4H">4b:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ 4<,`V,<JFb >" DZ>8,.
% :`$@< FB@D>@< F:JR", *@:0>@ 4FB@:\2@&"H\Fb H@B:4&@, F@@H&,HFH&J`V,,

@*>@<J 42 ^H":@>>ZN &4*@& H@B:4&", J8"2">>ZN & BD4:@0,>44 8;

2/ +&D@B,6F846 8@@D*4>"P4@>>Z6 F@&,H.
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5.2.3.2.2 & F:JR", *&4("H,:b $,2 "*"BH4DJ,<@6 F4FH,<Z B4H">4b:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ ^H":@>>@<J H@B:4&J,
J8"2">>@<J & BD4:@0,>44 8, F >"4<,>\T4< F@*,D0">4,< C3 4:4

5.2.3.2.3 & F:JR", *&4("H,:b, BD,*>"2>"R,>>@(@ *:b H@B:4&" @*>@(@ 8@>8D,H>@(@

F@FH"&":

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ H@B:4&J, *:b 8@H@D@(@

BD,*>"2>"R,> *&4("H,:\.

5.2.3.2.4 3FB@:\2J,<@, H@B:4&@ *@:0>@ $ZH\ J8"2">@ & BD@H@8@:, 4FBZH">4b.

5.2.3.3 ):b *&4("H,:,6 F BD4>J*4H,:\>Z< 2"04(">4,<, D"$@H"`V4N >" BD4D@*>@<

("2,:

5.2.3.3.1 & F:JR", *&4("H,:b F "*"BH4DJ,<@6 F4FH,<@6 B4H">4b:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ 4<,`V,<JFb >" DZ>8,.
% :`$@< FB@D>@< F:JR", *@:0>@ 4FB@:\2@&"H\Fb H@B:4&@, F@@H&,HFH&J`V,,

@*>@<J 42 ^H":@>>ZN &4*@& H@B:4&", J8"2">>ZN & BD4:@0,>44 8;

5.2.3.3.2 & F:JR", *&4("H,:b $,2 "*"BH4DJ,<@6 F4FH,<Z B4H">4b:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ 4<,`V,<JFb >" DZ>8, F

B@BD"&@R>Z< 8@^LL4P4,>H@< %@$$, <4>4<J< 52,6 ;)0<-3

(20°C, 101,3 8A"). % FB@D>@< F:JR", *@:0>@ 4FB@:\2@&"H\Fb H@B:4&@,
F@@H&,HFH&J`V,, ^H":@>>@<J H@B:4&J G20, J8"2">>@<J & BD4:@0,>44 8,
H. ,. H@B:4&J F F"<Z< &ZF@84< B@BD"&@R>Z< 8@^LL4P4,>H@< %@$$,, :4$@

5.2.3.3.3 & F:JR", *&4("H,:b, BD,*>"2>"R,>>@(@ *:b 8@>8D,H>@(@ "FF@DH4<,>H"

H@B:4&:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ 4<,`V,<JFb >" DZ>8, F

B@BD"&@R>Z< 8@^LL4P4,>H@< %@$$, <4>4<J< 52,6 ;)0<-3

(20°C, 101,3 8A"), ,F:4 *&4("H,:\ BD,*>"2>"R,> *:b "FF@DH4<,>H" H
("2@&, 4:4 <4>4<J< 47,2 ;)0<-3 (20°C, 101,3 8A"), ,F:4 *&4("H,:\

BD,*>"2>"R,> *:b "FF@DH4<,>H" L ("2@&. % FB@D>@< F:JR", *@:0>@

4FB@:\2@&"H\Fb ^H":@>>@, H@B:4&@ G20, J8"2">>@, & BD4:@0,>44 8, ,F:4

*&4("H,:\ BD,*>"2>"R,> *:b "FF@DH4<,>H" H ("2@&, :4$@ ^H":@>>@, H@B:4&@

G23, ,F:4 *&4("H,:\ BD,*>"2>"R,> *:b "FF@DH4<,>H" L ("2@&, H. ,. H@B:4&@

F F"<Z< &ZF@84< B@BD"&@R>Z< 8@^LL4P4,>H@< %@$$, *:b

F@@H&,HFH&J`V,(@ "FF@DH4<,>H", :4$@
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5.2.3.3.4 & F:JR", *&4("H,:b, BD,*>"2>"R,>>@(@ *:b H@B:4&" @*>@(@ 8@>8D,H>@(@

F@FH"&":

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ H@B:4&J, *:b 8@H@D@(@

BD,*>"2>"R,> *&4("H,:\.

5.2.3.3.5 3FB@:\2J,<@, H@B:4&@ *@:0>@ $ZH\ J8"2">@ & BD@H@8@:, 4FBZH">4b.

5.2.3.4 ):b *&4("H,:,6 F &@FB:"<,>,>4,< @H F0"H4b:

4FB@:\2J,<@, H@B:4&@ *@:0>@ F@@H&,HFH&@&"H\ 4<,`V,<JFb >" DZ>8,.
% :`$@< FB@D>@< F:JR", *@:0>@ 4FB@:\2@&"H\Fb H@B:4&@,
F@@H&,HFH&J`V,, ^H":@>>@<J H@B:4&J, @BD,*,:,>>@<J +7E *:b *&4("H,:,6 F

&@FB:"<,>,>4,< @H F0"H4b & *@8J<,>H, +7E RF-03-A-84".

AJ>8HZ 6-6.2 , 42<,>4H\ F:,*J`V4< @$D"2@<:

"6. E??G%+GEG%3+ AC?31%?)EG%!

AD@P,*JDZ @$,FB,R,>4b F@@H&,HFH&4b BD@42&@*FH&" *@:0>Z F@@H&,HFH&@&"H\

BD@P,*JD"<, 42:@0,>>Z< & *@$"&:,>44 2 8 E@(:"T,>4` (E/ECE/324-
E/ECE/TRANS/505/Rev.2), F JR,H@< >40,F:,*J`V4N BD,*B4F">46:

6.1 )&4("H,:4, @L4P4":\>@ JH&,D0*,>>Z, >" @F>@&">44 >"FH@bV4N AD"&4:,
42(@H"&:4&"`HFb H"84< @$D"2@<, RH@$Z @>4 F@@H&,HFH&@&":4 @L4P4":\>@

JH&,D0*,>>@<J H4BJ.

6.2 )@:0>Z F@$:`*"H\Fb <4>4<":\>Z, BD,*B4F">4b & @H>@T,>44 BD@P,*JD

8@>HD@:b 2" F@@H&,HFH&4,< BD@42&@*FH&", 42:@0,>>Z, & BD4:@0,>44 7 8

>"FH@bV4< AD"&4:"<".

AJ>8HZ 6.3-6.4.2 , F:,*J,H 4F8:`R4H\.

AD4:@0,>4, 1,

%8:`R4H\ >@&Z6 BJ>8H 1.11 F:,*J`V,(@ F@*,D0">4b:

"1.11 G@B:4&@: ^H4:4D@&">>Z6 $,>24>/ >,^H4:4D@&">>Z6 $,>24>/ *42,:\>@,

H@B:4&@/ E='/ A' 3/"

AJ>8HZ 1.11-1.13 ( BD,0>4,), 42<,>4H\ >J<,D"P4` >" 1.12-1.14.
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%8:`R4H\ >@&Z, BJ>8HZ 3.2.3-3.2.4.6.3 F:,*J`V,(@ F@*,D0">4b:

"3.2.3 AD4 B@<@V4 H@B:4&>@6 F4FH,<Z, BD,*>"2>"R,>>@6 *:b E=': *"/ >,H 3/

3.2.3.1 =@<,D @L4P4":\>@(@ JH&,D0*,>4b & F@@H&,HFH&44 F AD"&4:"<4 67 4

*@8J<,>H"P4,6: . . . . . . . . . . . . . . . . . . . . . . . .

3.2.3.2 #:@8 ^:,8HD@>>@(@ JBD"&:,>4b *&4("H,:,< & F:JR", E=':

3.2.3.3 ;"D8" ( <"D84): . . . . . . . . . . . . . . . . . . . . . . . .

3.2.3.4 G4B: . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.3.5 %@2<@0>@FH4 8@DD,8H4D@&84 &Z$D@F@&: . . . . . . . . . . . . . .

3.2.3.6 )@B@:>4H,:\>"b *@8J<,>H"P4b: . . . . . . . . . . . . . . . . . .

3.2.3.6.1 ?B4F">4, <,N">42<" 2"V4HZ 8"H":42"H@D" BD4 B,D,N@*, @H $,>24>" 8 E='

4:4 >"@$@D@H:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.3.6.2 EN,<" D"2<,V,>4b ( ^:,8HD4R,F84, F@,*4>,>4b, &"8JJ<>Z, F@,*4>,>4b,
8@<B,>F"P4@>>Z, T:">(4 4 H. *.):

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.3.6.3 32@$D"0,>4, @$@2>"R,>4b: . . . . . . . . . . . . . . . . . . .

3.2.4 AD4 B@<@V4 H@B:4&>@6 F4FH,<Z, BD,*>"2>"R,>>@6 *:b A': *"/ >,H 3/

3.2.4.1 =@<,D @L4P4":\>@(@ JH&,D0*,>4b & F@@H&,HFH&44 F AD"&4:"<4 67:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.4.2 #:@8 ^:,8HD@>>@(@ JBD"&:,>4b *&4("H,:,< & F:JR", A':

3.2.4.3 ;"D8" ( <"D84): . . . . . . . . . . . . . . . . . . . . . . .

3.2.4.4 G4B: . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.4.5 %@2<@0>@FH4 8@DD,8H4D@&84 &Z$D@F@&: . . . . . . . . . . . . . .

3.2.4.6 )@B@:>4H,:\>"b *@8J<,>H"P4b:
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3.2.4.6.1 ?B4F">4, <,N">42<" 2"V4HZ 8"H":42"H@D" BD4 B,D,N@*, @H $,>24>" 8 A'

4:4 >"@$@D@H:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.2.4.6.2 EN,<" D"2<,V,>4b ( ^:,8HD4R,F84, F@,*4>,>4b, &"8JJ<>Z, F@,*4>,>4b,
8@<B,>F"P4@>>Z, T:">(4 4 H. *.): . . . . . . . . . . . . . . .

3.2.4.6.3 32@$D"0,>4, @$@2>"R,>4b: . . . . . . . . . . . . . . . . . . "

AD4:@0,>4, 3, &8:`R4H\ >@&Z6 BJ>8H 11.3 F:,*J`V,(@ F@*,D0">4b:

"11.3 GD,$@&">4b 8 <@H@D>@<J H@B:4&J: ^H4:4D@&">>Z6 $,>24>/ >,^H4:4D@&">>Z6

$,>24>/ *42,:\>@, H@B:4&@/ A'/ E=' 2/: . . . . . . . . . . . . .
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%8:`R4H\ >@&@, BD4:@0,>4, 8 F:,*J`V,(@ F@*,D0">4b:

" AD4:@0,>4, 8

1. G+M=3Q+E73+ )!==Y+ A? ]G!9?==Y; G?A93%!; G3A! E='

G@B:4&@ A G@B:4&@ B ;,H@*

4FBZH">4b

E@FH"&:

C3 BD@P,>H>"b

*@:b @$X,<"
30 ± 2 85 ± 2

3E? 7941

C4 BD@P,>H>"b

*@:b @$X,<"

BD@B@DP. BD@B@DP.

<C3, >C4 BD@P,>H>"b

*@:b @$X,<"

<"8F. 2% <"8F. 2%

?:,L4>Z BD@P,>H>"b

*@:b @$X,<"

9 ± 3 12 ± 3

?FH"H@8 B@F:, 4FB"D,>4b <:>. -1 <"8F. 50 <"8F. 50 NFM 41-015

E@*,D0">4, &@*Z @HFJHFH&. @HFJHFH&. &42J":\>Z6

8@>HD@:\

E@*,D0">4, F,DZ <:>. -1 B@
<"FF,*

<"8F. 50 <"8F. 50 EN 24260

E,D@&@*@D@* @HFJHFH&. @HFJHFH&.

7@DD@24b <,*>@(@ B@8DZH4b >@<4>":\>@,

2>"R,>4,

8:"FF 1 8:"FF 1 3E? 625 1**

1"B"N N"D"8H,D>Z6 N"D"8H,D>Z6

E<,F\ @8F4*@& "2@H" <4>. 89 <4>. 89 EN 589
BD4:@0,>4, B

* 1>"R,>4b @BD,*,:b`HFb BD4 FH">*"DH>ZN JF:@&4bN (293,2 K (20°C) 4
101,3 8A").

** )">>Z6 <,H@* >, B@2&@:4H H@R>@ @BD,*,:4H\ BD4FJHFH&4, 8@DD@24@>>ZN

<"H,D4":@&, ,F:4 & @$D"2P, F@*,D0"HFb 4>(4$4H@DZ 8@DD@244 4:4 *DJ(4,

N4<48"HZ, J<,>\T"`V4, 8@DD@24@>>J` "8H4&>@FH\ @$D"2P" *@ JD@&>b <,*>@6

:,>HZ. E:,*@&"H,:\>@, *@$"&:,>4, H"84N 8@<B@>,>H@& 4F8:`R4H,:\>@ F P,:\`
@H8:@>,>4b @H <,H@*" 4FBZH">46 2"BD,V",HFb.

* * *
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2. G+M=3Q+E73+ )!==Y+ A? ]G!9?==Y; G?A93%!; G3A! A'

G20 G23 G25

E@FH"&:

CH4 BD@P,>H>"b *@:b

@$X,<"

100 92,5 86

N2 BD@P,>H>"b *@:b

@$X,<"

0 7,5 14

A@BD"&@R>Z6
8@^LL4P4,>H %@$$,*

;)0/ <3 53,6 ± 2% 48,2 ± 2% 43,9 ± 2%

* =" @F>@&, &ZFT,6 H,B:@H&@D>@6 FB@F@$>@FH4 4 D"FR,H@& BD4 0°C.

Q4FH@H" ("2@& & F<,FbN *@:0>" $ZH\ B@ 8D"6>,6 <,D, F:,*J`V,6:

N2 : 99%
CH4 : 95% F @$V4< F@*,D0">4,< &@*@D@*", @84F4 J(:,D@*" 4 84F:@D@*"

<,>,, 1% 4 @$V4< F@*,D0">4,< "2@H" 4 *&J@84F4 J(:,D@*"
<,>,, 2%.

A@BD"&@R>Z6 8@^LL4P4,>H %@$$" BD,*FH"&:b,H F@$@6 @H>@T,>4, H,B:@H&@D>@6

FB@F@$>@FH4 ("2" >" ,*4>4PJ @$X,<" 8 8&"*D"H>@<J 8@D>` ,(@ @H>@F4H,:\>@6
B:@H>@FH4 BD4 @*4>"8@&ZN 4FN@*>ZN JF:@&4bN:

(*,: H gas - H,B:@H&@D>"b FB@F@$>@FH\ H@B:4&" & ;)0/ <3 BD4 0°C,

ρair - B:@H>@FH\ &@2*JN" BD4 0°C,

ρgas - B:@H>@FH\ H@B:4&" BD4 0°C.

ER4H",HFb, RH@ 2>"R,>4, B@BD"&@R>@(@ 8@^LL4P4,>H %@$$" b&:b,HFb &ZFT4< 4:4 >42T4< &

2"&4F4<@FH4 @H H@(@, 4FB@:\2J,HFb :4 &ZFT,, 4:4 >42T,, 2>"R,>4, H,B:@H&@D>@6
FB@F@$>@FH4".
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