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M#o#%A#K Z % RC < &o ^7'^ - -k- 7T ^ & LTj^#
^(D#HM±Tf--4r.v b yi/-^-^^#f-

& Q

(D ^^c^^o#aKz^-c, %k#^,
-tO#^r#ka:T&6#,

# ^ ^ "T #) & o
(2) O2-H2

(3) Air 7 ^ T

^ o
® zk^^, %, k ( K$c(%zk^^T[Ri@_b^^'f"

$ o

a^^rmenz-Airi^ang-Og mam##

(3) #m##^#g
A7°7^ho%#6L-ca, rAm#ma#7YU7hj rzk#@s#j rA^emu^±

6 y 7 ^ h j 7 ^ b j ^ z rinjy 7 ^ h K#ay^
k##^(d:&6o #^^#'$fL6T&6$#fk#&K^WTN:,
#^gy77 b rA#o^a^-= .=.

^oy7^bKO^-C%gA%K —#:f-6(DT, kl
TKa r<sm^^a#y 7 7 b j L-r#a#y &o

@mgKKa6PL-c^mmzK#^a#±/&m#^±K@^^^a#y7 7 b k#u, zk^
AW:^:^(D#(D7°7 7 b

zk^^ 7° c -k^gfE#: k L, ^go % A^. - - ## ^ 6 ^ k

A##^jom^c^#2 Ki 6 #7ko
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2 zk m m @ m (Voi %)

j^C ^
zk ^ ^ 7 ^ ^ #-7 # # zk # 7 ^7 7

3 — ^ 7.
7

zk ^ 883-953 9 53 99.75 75.1 -93.7 544

20 ppm — — - —

m m 03 0.4 0.14 30—600ppm 45

m m - — 0.1 30—200ppm 03

T ^ 3* 7 — 1.1 — — -

-*-(bK* 1.4 24 — 03 5.0

5 ppm 100 ppm — 60 ppm 2.4

zk # ^ #0 #0 SM fn

^ ik #7 — - 1 00 ppm — -

# fk # — — — 60—120ppm —

7^7 3-10 0.6 50 ppm 4-12 28.0

Oz — — — 2-7 4.1

c3 - — — 0-3 02

o* m _k - — — 02-2 02

^ ^ — — - 0.1 - 0.3 500 ppm

f&M 7' 7 7 HD
#]&0#%T- 7 ^#36 6 6 , Bg%] 1 2 Ip BS# 3 4 TK^^ta 1 3 #0 

#%#& i) , 1 9 2 9 ^1# 1959^0^K7 #(D%#K^^T<D#^^&
^^o7k##^#aT#gKI6o ( )#^#-c&&o

(1) (2) #(D^^#fk(i^#), (3) 7^7. ^7
■v * >■ r ( ■ ®?ft ), (4) /5#^c@0 ^ 7 . Z; 7 ( ) , (5) T 4r f-
^5^«SI (Si'ER), (6) f- 7 7 ^ 7 y 4^ 7 ^ - ^ 7^ ^ (D
^0#]P o

(i) H% : ^ 7 0 %, CO : % 2 0 %, Nz : ^ 5 %, OH* - 0% H% - NO b 7/ -

7 , (2) H2 t ^o O2 = 0.1 %> NO : 0.1 - 0.5 ppm, O2 H2 Is ^
-7, (3) H% (4) Hz = 7 0 - 9 3 %, 0^^##{kzk;M

^ ( "a'tr OH4 ) , (5) Hz b~f~ %> o (6) Hz -3 0 — 3 5 %, 0H* : 65

— 7 0%, 0zH4 • 0 H* i 2 — 4 %, CO i 0.5%, C 2 Hz b 1/1 — 7

J2#60#%^JW:T#60!KaK^m'gfL6o 
A. B.

m#^m0##, 0. D. ^#^^0##,
E. Dl##^^0#a^ZO:^^#^0##:^M0##, F.
0^##70##
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% m

A 
E

D
B
St

A

F

B

B

)
1
4
3 
1
4

E^ft# ( )

1 3 # 

zk# ^ ^

1 C^^2ft)

'T# %
7 #

^ 7± (D a ^ :fb#
6 // & j: ^ K - ^ ^ 6##^Mo##6#fL^zk

W:, a^ZlpS#^,
3 - ^ ^ ^^#6 f-6 A-^a^< ^-oTW6o ^ (D^f^ y 7 x h T
W: ^ // K JC &-o7to y y ^ h T

(4)
Hg - ^ LT % , #/J^A^ 4-^^, i TtW: 5 6 0 °C

3-^F4f.vy^^a#^@f&^-r&60T, A^#W:3-^r-

(5) H2-0z##^^M#O^^|^iF
#A%K(d:Ay 7 ^ h F*9^0gcM ( z F^o 3 - ;i%

#A.&^%T&6o a:<D#ftKL7t^^y, TSGOxt#e#m±6o 
0 3-^F*'-yA^P*9^^g#ML, **F#^AfLT%'j#^LK< <±60
® ^-'yA##Maa3-^F*%yy^(D#'gm±6L, %#L^'fwmSt6'f6o
(3) |W|^.v^^^(D###KaT-^##^f-6o
0 |w|4f.yy^|^T(D#%^:^<'f6^:%), ##g@E#W:T#fW^77Xv;iF^)^##A

#)KG&#) &o
® Rdf-v y ^ ^ # 6 z

$0
® ^#K^o#m^ry"6o

zk*a##^^6 6, u <
a##LT ^ 0#(D@$W:#^#O 5 em_B6 f-6 ^ 6

i LF^o

— JU <d ^ ^ y» o
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(6) ^,#8$ . . ^##0^:##

a iw]*'.v ' ##8#
® (7'7^h0

6 L"C ) ^^#ff-WrL&b6o

(2) —^^#y"CW5BT'T{d:, 3gl[g###

o

b #A##

A##e#mLmm#K^^A6o
NFPA . No 50A-1973 m9$KA#A%0#A^A#^'gfiTW6o #A

0g##A#0%zK&l###g#Kffw^#&^KLA0##A^''C^T&A%0m

^f- - ^K Z &#A#oT#kT &&o M7°7 ^ h 0#^##K-^r^ A-CA%#M#K: j: 

6%#^m3r oI#K L-C& < o #l^^0 C 6^@6^T % &##& & C36^

( <6 o

c l^j##0##

jE##0|%^7°7 ^ h K^y-6 <h |W|#K, AA 7 7 P K % , ^#KfSCA-^0^^

3^^V-h#K^^f-6(DT, M^^#-g0%00#M%ZWo 

(7) 7 n--y- h A0^AKx^A6#m

. j^##;%'PK##:0/f>'3:A##<bLT1g'tf0T, ^A%#ABBA6o ^0^^- 

0#^#@W:A#Z ip W:6^K%w^^AAW:%A^A#6^^ ^Wo 
® mi#3c##5^m2#3c##mA^2A##L, ##A#meoi#KA

@ y°7 ^ h^^0#g#aT# 6^y-#LTK@Lmi##fp^@^mmf-6o
(3) K L/ 7%KAM^%y-6 I $ 3=^^:fp ( ^ 7° U 7 AA ) *#(^60
® ^^fp—A ( ^ y U 7 y A )

|W]*%v y ^^iK^y-6 Z $ Km3#3c###K##T6o

(8) 7'c-t;%^#:0^#
7^, -v h y 7 ^7 - P
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Am, %-k/y y#%n#

—A
(9) ^< - / . -y ^ T AO#3A

|W]d< v ^ y L^: W Z $ MZ#^,A 6^, #^y — ^^ffoZW

3o y ^ h ##^A&

#:MK^ 6 W E %|^6^Wo Z c:T,

© y-t, -v h / !> y o #, # y ^ - h o <E % M df -/ / y 1% / 3r frW,

## *@#A /&o

(2) |W|*'.y/y#(D##gf-r, ^yyUy^LT#:^f-6m^^^#f-6o 6<K, -<

y h 0^#0#y##f(Z#3%T#)3o

® y^—bo6%,

#iLL, —^^^TWR#Ki^'#^:^o^)6o

Ao^#LT, |W]*'.v ^y6 Z SBEa-f&o

© yyyhomm^^K^w-c, ^zzjp^m
TK&w-c, Zip^m^T#,!),

6(DTBmf-^^#^&6o ^A^AfZ^^OZkm^K Z 6^Fergnson

@#%K Z fb^Z^O Z D ^ ^ y 0.1 7%/sec - 1.0 7%/sec

A W E (Z^ 6 ^ Wo

W
^g(DA^@:^^#/yyt'(D#m*#f#^KZ6E2 1%^, 17f±aD-//i> 

— ^ZA(Z^Z-y^i> — ;t/, l%(Zy^/^—2%(Z/yy;> — l % (Z — y 

^ h T^6o % L, LT% n

^y-6#<D##a^^4 %K^ ^ )&W 6#^L^WOT, n v / 9 -^a% jpmw#^ 

0^#^nLT&6#a^^:K 0.3 %MTT&6 Z $ m#'$flTW6(DT^-r^6o

© # Z J=
#ZbxZ^ ( ##3 . @S# )±/)6LT, yyy/Z36^/>< L^#«EZ6o m<Dft!)

K 8US 6Z3o ^yh /|#]SO##M^##EZ6o y ^ - h T -y /

RZAyhefjW, ftBT(Z7y^ye^7tLjg##Z####tT#fL3r#)§ 

"<6o ##^(DW4 /%#y-d:$/&A^m#6f-6o 

© ,%ZgB#<D#fbfZ#KE;&A&o

f!l/(Z, #ZE{SZo#^cK^WT(Z, #Z%):ZA^Z^6 6#^@^K#^^Z 

C, ^<DA^6, #%^A#(^6(DT,

^ 6 ^ Wo
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(§) y ^ ^ ± ^ ^ fp#K

#—#:
# # ( #3### )

2 4 6 % j) , &fLK#A 3 Z

KLT^%, L^4)##o^A^^EL,

HI iE "T1 & -5) o

(1) ##, #0,
$ ^o

(2) K^WT##g^A% - ^ O^: W Z $ W6

^ ^ $ ^o

o) ^4%##, xiEL<#m'gfLTW6^^$^o

(4) m%,

(5)

X1^#^%^%(D6,

0@^7):±% W % o 6 , /J^ <
P))&Wo

(a) #P # iP

^KAA^#A^##gKW:, a: 6

^#K^WTA#W#f-6o

(w #c # m
^ oA#^gK z -v ^@E#&cm

(c)

jp#^TW6%@xa#A^i^^A6 L-r#mLTW6 %oa, #f#:#(D#^$K
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©A# A

(d) "fa- 'y ~7 ■ y7 n *7 —
^ ^ y . y o 7 - g #:^ 6 ©## 6 PM LT W A -t - ^ - , ^ d -v y ©%#K Z 

A#A^%)^0#%^#Wo #%K#LT(d:, #

% St)K^@-r # < "<% "C&
Ao ^©#^^7, yo7-#(d:drfL@#o^g;, M#7dxo^<^y<DRRR, #f 

g##© %t#3r#MK A# L # ^ Wo

(e) mm#
df^y. y o y^ |n]#, A# g #:©^oB, t## 7 d ^ ©x</> 7'©^RR, #fg#

6 ^ Wo X^##Ka^o#mK^WT@Bg± 

Ao

a. A#^'^©E##K^WTW:,

K Z -oT^^L, A#^^©^A^TA Z $ KA

-6 o

b. #A#AAo 
i/t7xn-y-, C/U>"^-#Zl9(D^^#iLd:^^(DZ$K#A^fL, #C@

-gfiywAm^^^A^, fiJA(d:driL^©^H©%BRIkKZA[nHRA&, 

^#o#^o#j^KZ6#m^A^^mL-c^^#fL#m^LTw< &6#, m# 

j) <, ^m=z ^ b K c:t^-r#A^#
A Ao

(3) #^#w^tf^60/±wz$#A#J0E^],

K 7 A (D#m^fF#3r A#±&o

© 7 IX- 7,#/^ ^

<Q> it /H IE §§ © *' ^ h © A A A > t'K — b © $> A A -Bo
© ^7^^j^t)©##KW:#KBmL/^^©#^, n°v©^AA^^©#-#

Ao

© 77^^^^(D^6A^m#KZ6#%A#^^^$o

G #^#z)^w^A#AAo

G mmm-, ^me^m^K^^f-Ao

(f) st #g

#t##(d:A^oBT^)ip, #^T%&6o ^^ydrOBt^K^^-g^a^WiA^W

© A , silly © Ail, B^^{y0S^F^'ArfeA> 'ffii' K JE 'S’ 7 A if; BE 4* h. -o A A <C 'j&W &
#) A o

zfL^z, #m^^m#©A#±"<##^6 LT

(1) Ao

(2) -frfLdffL—^©4%^EE#3r6Ao

(3) 8m^_E©^#^:6Ao
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5 i o m & &o
(4) %K#om=#( 3 0 0 1mm
±Xa, -^fi6om=#o#^:g#(D^(DX M_b(DEg#^66o

(5) *#o^r#Ka, ^#^^^±(^#±60
(6) ##a,
(7) ##a, #^EE)]0 1.5

% (DT ^ % Wo 3 7t^mE^](D 2 ^ ^ W

^#0 % (D <h f-&o

(8) HA, e#KjAc/cmi%%%o6t-&o
(9) ##a, H#^T#K z D wz $ K u, i oo

w m#KU:, HAet^my-, -^A-fA^mom^x^^gHA^mA^
^'n' K #7C "T # -& fa #3: A -&o

w m=#g±imTKMf-^A^, Ao^-gfimnsm,
2 ^o^-gowf A^#w#:@A, jm@K#A#o^w#Bf^

30-^0

(1$ l%^AB%li0%'ExA/E>o
d$ ^<^yxa=Z'v^Kd:, ##f;l^iko^:^##RRAfn], ##o@#AD:A[R], # 
f^&#,

^ < o
W ^##0 2%j^±o%oxa##Ao*###^,

#02 _ko % oAH# LTA ^ ^ % Wo

#H$.o%oAAgP#^^LT, ###o&66#W:Ao##K^
#L^W^ ^^&-r#$NATW6 0^^#T&6o

1 . 3 . 5 af ^

L-c, #mKfrAATW6A^W:^oH^T&5$o
(1) *-r^#
(2) #r#KAA&— ^pHA, ^HAz):&6o

^ A6 O $ ^#fRHA# 1 0 Kg/c^G (35 °C&#) ^r@A6 %oaA^gO#H^^% 

#&o, X 2 K%/WG%> 6 1 0 %/WG *#o % OA ( ##K Z 6 ^o%oU:)A^
go^m^^mmKz ^mz:@HA###oAA-rAmm^ $ e, AA^K%^T##t#^,
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_#KZ 3#fmW:6T##6 LTm^^^TMM^fLTW^o
% oa, LT^^go % i^i&K z D

W3^, %oa#m&K Z 6 oT##6 LTr^^^#KZ

A 6 % <D###J3r $y-T^6#^T&6o

&36T^6o
r#g^^%#&oemK^±6 % @3r#mK^ L^o

(1) armaKz&m^j
zk#a^^go#EE^^%#&K Z !) ip , LfiK I fu#

em# 3oom^±eemf-^#^w:, #m##^n#om=o]-^#xem^rKBm-wr^#

^, T/V*(D0GA^<X7LX.V h (0-5 ) 0 (p K #^ <k L T # ##J K 6 ##IJ 

6 LT, ##*'>--< 6 *K^#, L-c#mf-6 %oT#^mKemT % &%5#

a, #K#m^xa#mo7t%K#m^o%(D^mw-c2,ooocuft(56.6^) mx

&fi3rmA6%0#NFPA% ##N&51
#^X#l##AKBmX6^, m^KBmX6Z$m^'gfLTW6o (% National

Fire Protect i e Association 2-11 #M )
fn)±#2o^^g<Di$m^^%#&oemmo#;mK^^Ta 3 o 

6#(DoI#i^^^(D#%^#:'$fL6o
tp^go^EE^^mm&omm^oemK^wTa, ms®ai) mim&K

(2)
^^tg(Di%g K z i) , #-o K d:#—

#K%LT, ^^-ffLK^T^<D#^gSm^^:6Z$m^'gfL"C^6o X, #^#^0#

% 3 0 m O

NmgoC OA ( 5 - 1 ) om##JT(D*#K:d:, #/r ^T,-X

##]%)' <%a66^TW6o #3 K/FL A % o#, ^

TK 6 &-;% #/p ( ) Sg^^^-gfL-CW^o ( MX#EE#
# ft wK##LT^<±o )
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3

A^'y^7-^o#

8 5 8 5 -
4 3 0 ni 4 30/^MA

*A#m*

3
0
0

7.5
3
0

1 5
7.5*%
0

3
7.5

3
7.5

3
7.5

3. %±ow#** l^oTtata to 3
7.5

7.5
1 5

7.5
1 5

4.
0-3,800^

3
7.5

3
7.5

3
7.5

5. mTOTi###:
3,800^e#A6%(D

6
7.5

6
7.5

6
7.5

6. orme^^e# #ao-4 3o?»=
## 4 3 0^emA6% (D

3
7.5

7.5
1 5

7.5
1 5

1 OO^MT
7.

1 0 0 % O

NFPA N&51,

NFPA Nd566, rm###T(DA#
e#m

8. (T, 1 5 1 5 1 5

7.5 7.5 7.5

10. A&D:##o#A# 7.5 7.5 7.5

ll. 1 5 1 5 1 5

12. AO^##^*%* 7.5 1 5 1 5

13. # m 4.5 4.5 4.5

14. ##L-C##L$ 1.5 1.5 1.5

^ N F P A Nd 2 2 0 Standard Types of Building Construction for definit­
ion of var ions types of construction t i o

Ao%#m#o

o)

TUGGA, NFPA#KI6)6L-ca,
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o

mm,
^ oR#em

#O0l#%^^^(DR#Xaa#LToemK^WT:d:, 8r#TW:#(Z)o]# 
^/^5g < (Zmm^f# < 6 % 1 wX(d:i^#r#o#A#:#o#o® ^ o 
W^(D#e6 6^6z):^:a6^^TW6o X^j#c(d:##6(D^< 30m^MK#:^±6%

gO&^lE ( 1 9 7 5% ) K Z Ip , ^

(4) a#,,
#Mo&w6c5Kim!), ^gMA^mTA#w:m)^K-gu-6^^o

"T##7,

) XW^IAt^ < W a: 6&CXA^^r%# $ #^K
8 m^l±OES#^ 6 6 ^ 6o X#3g<Djg< K^fyV^, #,

mmoGA G-5-iT#emLTw&#onT##xa A, 
^rO##Am^^#8w#±Z$, X#OoT##^r#Zlp 15w#-fZ$^066fL-C 
W 5 o

(5)
afm#^KaBK^%#w#^fK , rm^3AA#±j , #

6o

#g#o#^Kr^Kem L-C % Z MTK#gf- Z $ 6

(a) mm, m&±# —cmm^^-rassrm
T, 0GATa54°cmTK#oz$m^) #^3r'f6|%m#mKB;go

(b) A# —
(c) Z Ip g^#A(Dp%l^^&6 OT^^^gL 

TZ^ ( o

^#Jz?ZD:##*|^A-f 6#me#C6o XA^ -,
^ 6o
##oemKmL-ra, ^##a-toe%#gLT^TA/###(hg^jf-3, #o^

3oo^mj:(D7km^^^emy-6emBTaj^T(D^#K:#$ %oT, #
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1)
2) # A 1 2 3 ^ v - h ^XU: & il 6 |is]#J^±(D|$#%'#U-6o
3)
4) A#^#%LA6##^L^:W#3a6A'&o
5)
6)
7) A—@AX^^K#A, #A##,

(6) #yp, A##
#^e#K^wn:,

#T##X6 &
f^, #a^^^L^#o^#KowTU:, fpTm±m^3^^a^g^Km%6o #A 
wz $ ^ LA#-c
6o Tc^ez 6-; < ^^^BrTT^^^K%mT6o

#^K^WT#^A AXW6%)A LTa^^6ilTW^ W Z $ T g)6o
##6o#owr##^##K=#6 oBrSE6#^^A^^, AA##W:^,##^T #6^6 
#MiUW#, -<^h^^-yXTa, ^K#%#@KA^XX#^#:AX6^AA%&

#%KA^^jp6^6AA^&«P,
(8) # & fij

B^^o#%6LTa, #ALA%^^L^#^2-3##)6
( BA<D|#K^#)o ip#^L-C#mm#T#ALA^

i % fifi, A^KI^AX^gA^K##^ < w

ik366^6^T%6 6#A ^fL6o
X, O.A. Acc iden t s case Hictories 2 C 723 ], 66, (^66) )

-V r^6o^im^A^x#'A -, x^@u
A ^, A ^ -y XM#j&z)s@;L'"t"'^:x K/^^iALX^RWA ^ %» 6 ^ -c A o X\j"^ <b L ~C A -t?
.y xm 6 x- ^ 3 Z $ K#;t - #fFX6(D^ Z Wo
BMK^WX^^gTaXOZ $ K%^AfLTW6(DT#eAo

1) _M,-^'XWjC$K#^#^#(X6o 
<Di%^Sg#^ ^ 6o

2) ^m#xam##(D##(D##m#6A6o 
s) ###m#a, A*^^^#mLA<h#m^L^w#^6X3o
A^o
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5)

6) 'mKmm4 0°cmTK^#T6o

@# %%#W ^ L ^ Wo

A0:T@PK#mn^#U-6o
9) Wl, !0%$b ^&^]a O % <D <h "f" 5 o

io) #55###, #zk?e-#^@3r#y-&#, ^ro#f;W:###^^)±#:@TfTA6Z$
K±6o

12) m#moa&e4o°c

.W.TK4%#y-&o

#@^ <h 6o

O AH K#^T 6o

*K, ^g###me%mui:^(o

16) %#, r^K@WT^6###M:, g#B^^^^6C6(D^WZ$KH#^^y-6o 

^oia< K###^@%)^Wo

18) ^ ) <Z) 7*(di36 "C ^ ( o
19) ?%)fF##ta, *@#^^36, -%-<D*e#(D^ 

#o%6K^$o

Kfp##^±A6#^d:^^^^T#g#ef-6o

6 ^o

1.3.6 # 3^(#ii#^r#'tf)

^ :/ -< . . h i%—7 — .

(l) &y7#^gKZ/&#$o

. lg#;J ^ T h 7 -v ^ KZ 6##, K^y-TA^^#^C±60
o#i%(D*AW:y;^#(Di%E^ ^##gO%#w ^ R#-e&6z);, #01? #%#&## ;%o
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< oaei u < ^o
(A#o@^^Ao|^ik) ^'$6KW:^#%<D&67K###§K#L-C,
% #g#^rgEA^ ( L#Am%)^# L#Ao

$ & 6#A6 I ^
y-, m^K%e#K^^L-c^ofw^^^y-6o (#fL^A$a^#^#Am^7±<6

(2) @g#KZ6#m

±6 % O 6 ^ «^o
2. K#(D#^cW:##, 5$##KZ6^753m77:/^, y^v h, #g#f=

KJ&6%06T6o ^'^0-"/ h ^ Z ^#0#MKazK^^ 6 L Tig^ ^ % O

6 6 o
3. /<^y, #t##, W#g#^ZCX-^(D#(D##^#(d:zk^M^^^f'6^(ho %)^A^

##T&6& 6o jPOWTtf 6 a: 6o
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$K##t
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h^##^#fiLW&6#&n^fL-CW;2)o Or -Mo 

o^#^, &6W(d:^:##^##6LT^'T^i/^#(^ijA^30Or ) 3:&t)-Wr#6 
f-&o

(c) ##<D#m - m^JzoEA

###KI#L-C(DemUm#f-<#mBW:^oz $T^,6o
(D Jis @) (3) #EK#, (4) (5) #

( #%& - ^r^fp ) , ®
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Z$/±%o^#/LT^6a: 6 ^fLTW6o
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(2) y p _ . 7- P om^ -
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(5)
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m

-i
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7#^7k#^^6L7{d:, JI8 KZjP^#O^0(%^)^fL-C^6o

Tkm^^B $:%##% (JI8 K0-512-1974)

«
1 * a

# # % %
iTTl —-—^ 1 2 3 4
# & (%) 99.9999^U: 9 9.9 9 9J^ ± 9 9.9 9^± 9 9.9 J^l_k

zk # - - - L ^ W ^ 
t

#A (°C) - 7 0° l^T -6o°mT -5 0° J^LT -

# # ## L * ^
6

## L ^ W C.
t t

## L W ^
t

# # # ^
(
^ ^ ^ 6 
L7 )
(ppm)

0.3 J^T 5.0 my 1 0 J^T -

# # ( p pm) 0.3 i^lT 0.5 l^T 4.0 MT 1 0 0 MT

M # ( p pm) 0.2 ^.T 5.0 MT 2 5 MT 4 0 0 mT

ZL#{k^# ( p pm ) 0.1 l^T 1.0 J^T l 0 l^T -

(ppm) 0.1 l^LT 1.0 J^T 1 0 l^T —

( 82 6 L 7 )( p pm) 0.0 0 MT 0.0 0 MT 2.0 MT 1 0 MT

%k##M (ppm) 0.0 0 OJ^IT 0.0 0 0MT 0.0 0 4J^T -

## 1. ppm aT^-c^ejt-c^-to
2. #Ad:m^mEE( 7 6 0 mmHg) OTT°CTm^f-o7k^#pprn&0: 

mg/Z

3. 0.0 0^(7 0.0 0 0 (b#^L7W6^ 6^, # 

^7#^0(^0 (7^: T##^ J I 8 Z 8 4 0 1 ( ##O^Ld6^ ) K Z j)

% OT #, 6o
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i . 4

1.4.1 ^ #
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<kT^6o
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6, #&#KJ^#m%m<b^i#cL6#T#6o

1.4.3 mm -

%k^o#^#BW:74:^Tx^K^wT^<, TRR#a4.i%, ±PR^W:7 4%T&6^, 
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6 o

6 a, 3 o 0. 0 2mJT,

zK%O^C^^maT-kf-lx>'K&^T^< , %^12, 0 0 0 °CK^6o

yf>/, yo^<^^<D9-io##:(D#

O
mAm^%^^,6 7K#om^m'rw:o. 6 «»T, y <? ^02 »Kit-<-c/j^Wo mm### 

LTO#^## 3 ^ Gi T & j),

omm###w:^aB#^mi LWo ^u^p s, %#d<^y#o ^ ^ -Ka^#eo %o

##=, m#:o^ij^<zkm^%#%K%m$^(Dmm###

(D|^#^KI^LT, LAT^ds^-gfi^G-M^L^Wo

1.4.4

LT^-fm —K#A Lfb6 %
##%):&(), L OzK#X; ##^^> 60

/j^w#eKa^(Dgi3^K^#^±f60T, m^tAxa#M#( 4 6°c^T)'rmm

a##:AmK z L^#eK c (), m#@oA

^%m $ &####% G ^ Wo ^ L L AH$K

#, AK#A^#m -g^r& C ^ & 6c
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<b d:it#K ^ 6 a&A # -g "C & 6^ 6,
& &o

1 ^ 6 8 0 0 ^ OzK#^ ^K ^ 6(D"C,

^^.^##1 oo^om^gm
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m^o, mm, sgLo.i3m'@^o^#:A##mibL
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j?, AA. 6ii--C^ 6 ^ 6

M, -^0^^:, A^K^|^^m6C6^#A6fL6o C.O

1.4.5

ix 4 7 7 h #KMf &M % A $K## -CEf-o
(1) mil:##

— U 7 7" 4 7 ^^ e — K f" 4 ^ ^, V 7 % 7" 4 ® 4 @ # "C
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(DE^K^W-Cggf 6^omip-C^6o

m#^^O%#^±O@^#^aA#^^0^Kgg'$ii.6 (D-C#%f-6 ^
(1)
(2)
(3) 7 ^ 4 ^ ' Hz — 7

b
RC<, A$^^0^"C#t)fL&(D"C^:{g'cM:%#.Kg6f^

(1)
(2) 6@Bg,

^ 3 o

99 -



L-ca,

m$^^PK z c 6^#^o UTW:,

i% £n & ^-0 ~c' & %> o
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##3 uwo z 6

©##3 LWo U ©%): z
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e
#fk^@©^#, eik^##o^K, m#^^^6A#^^^©m#XN:-t©m©g 

#^fr^fL6o
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##:zk#o#aW:, zk#^^t LT#^qT/&c6K^6o-c,

fL60T,

(3)

m#m#K%LTm%'gfLTw&##f, ##=, ^oz$&
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#3 ^ ^O

& &o
M) mao mm
##*###%L;tB#K#, #a

MKZ^T, zk#0#&^, 'mmTRK#mTK^6Z$K#^T6^,
-&&& 6 #/&#"? &&o

a6^##Kz^T,
&#, L<DBK^A6m#o#B6, %i^, &6wa^ime<D^6#m6<DM#a, 
mfq], JM, ##, #L<##3
fb6o—zK^##%@(, #%L7t#
Rfr6^:K^#@o|^#6oN#K^^-C#, ]%#:%K%,

#2SL, ^^±0^#6LT, 3?t,
*±K, ^ LNGOzk^^mo^KM^'gfLTtZD/S:#

#^ WT#)6 6#:bfL&o 
##O^K, ##:zK#^#aL^6#K#,

co^^K, @#o#m, #M##o

1 . 4 . 9 ^

-& & (b 0% < , ##zK#Ojk%a%K#^^O^^T& 6o
T4=^LX^K^WT#(,

# 2,0 0 0 °CK%6#,
#<D#/h^^( j: ^ ^ ^ - % #0 ^ K#"<6 6@)6-C#:^(DT, ##zk#0#a#
^^(D#^K##K#6o ^0#^K#a#^rKiS##& 6 # K##KmK^,A^W^^ 
^&6%O^UT,

6#@^frtp^#^6^Wo #a^ih^T I
& u, #a#Br^ ^$§###^^^##^#-6^## z «p u,

#a%):±366fL^w#^K

c — U ^ 1 [X^< & <bo
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^&66#A^fu&o 7k&fB^K#5e6W:##:*#K#&#;t-c, ##0*#^'^^^

u, %o-c&6
^6, jA:^K ^ oTW ^ ^^@(D^##K&7kT6 & 6e;SfL-ca%6:&Wo

#TL^#AK3%o-C, l^##(D

M#, -t-ofbmo&mmmw:,
^ y =. y t ^ ^ 6 -r^60 u-c#A

6fL6 %(D6 LT^o %<D##;t6fL&o

1) mmmik^^o^A^ar#o#^KMy"6#%

2)
3) cammm- ^mo#%)
4) 6om^#Ki*f-6 % o % #-&)

6)

1.4.10

2) ^—, #au7t#eKa, m^K#^nL, 

mAT, 3)^#%0imKI^T, mmLTt^#:*#,
0:7k#^^O#@6##^*mKI^CC6o 4) $#K, ^

% %, % w i $ c 6 u-c^^
ST^T^^o

(1) # f; m

(2)

j^j=j l/^ 7^, C. i o
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o yy / y I'

°m#, a7ta#mmi#ik%Di&#L;tfi5##

(3)
m#, ^zcx##Kw:, &m,

^ ^ ^ y 6 & 6 o
(4) # m

m#:7k#3rM5@#, ^zc/^mKy:,
my-, ##, ^zcx^mo^K, m^zK^^^^u-cw^Bea^-ommKmA^K,

m ^ @&K#.EK% & i $ K@sm-f ^ ^ u^o ^ 6^
w:^mo##, %m$(#mT6«T#m<z)&6)##:7k#o#:, &6waemo^-r%

(5) #A#
#A#<k

m#zk
#m#, ^ z *'^T < ^ 6 T-^

#o#m, ^ %##& z $ KmmL^y-fL^^ ^
& ^A:ZA ( -< V V ;> ^-meA# ) a, zk#K# LTH, #A^K^ <9 #6 

6W$g%4)^)3(D-r, K#KZ^-C##L^:±"C, %###emy-6^^z)^6o^^ 
<6%, zk#^, mK#^6#am-ry:,
& &o

(6) #,#,##
^m#, mm#, mm#, -mK, sTme#%K^L-ca, mu<m

mMU6L-ta,
zk#KZ6^#Ej^O^Kmy-6"<#-r&6o L^U, <E$L-[&^#g:W(#KmU-&
z% o-c^y-^^^6%^<z)-c, 

mzimm##^a#m u-ca^ ^ ^Wo
-no



T%#%#L^%OT^,6^, fTK, A%KW^-c, A####*
T ^ v 7 7 jt^-c %, ^-#muw%o-c&&

6#^fLTW&o #^0—^0^#^: L-C%7k#^, ##K#^'g^TW6^ftK#A.

^a6-c##f-6^6^mtu<, co^Ka#r!%^ 
m#zk#o%mwKm

(7)
3#:^, ##*#&

K, ^6wa^^##e#y-66#K,
K##L,

I CXzK^^^ 7 U7t ^ 6 o
##:zk#^#A-f6#(D^-: — ^-W:, V 7 ^ ^ K Z ^

-c^^,, zKm^KZoT,

i$Kf-6^^o co6#ozk#^^a, ##A$o#^L7t%oe#$^&^miu

—%7ld:, -\V7^, ^6(^(d:zk#
#ikm#0#^_homAK%r)"C&6, m#^^KZ^T^

- '7 f - 6 L 6 o

6^6KZ^-C, m7],
^60 %^&KZ66#W:, -to##^,

(9) ^
##*#&%#$###, m#:zk#®m^&#/j\imK#j6, #mK^gcf6^

L ^ ^ 6 ^ W o

— » t/a^), /< — 7< h, %.TD^rvi/^:^:(DO#

a, V 7 ^ - Ti-T^^-KI -C
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& ^ y - - y-y'7 y # ^
c: 60 & I -r y ? h W:, ^

V^OT, #A.(D@W7v^^ — y^{f±#(i"6^6^#iLV^o

ft K-^M-i ih'fo ^ b> 4V^o

m@A#^#AKL, ##*$0

w^w#mo^@a, Drme#%, &z#f&MKmuTw%w#^#K,

C 60 i 7t, W I 5 K, < ^ 60
do) % m

A -?> £. t o

a faMK%6&6^#'gfi60T, mm
& & o

b A^i"m#LA##K^A^^WZ$K,
$ & 6o

c ^zcx^mo##6om#K%L"ca, m^Am^^Ke-^A^

d ##A#^%AT66#Ka,

e #cma, m^],
1 MK^A&AEK Z ^60

g ^c^#KW:, 3^A^I#7lkA'&##3:l#C'g)2:^o
h ##:*#€> Kyy - y < y, #<@#>, -< y h - y<y^ZCX-<yh - ;% f y y W:, 

T, ^#L"C--y3:?T5(:<!:o
##:A#^ A#K%^ - %du A6
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i . 5 
1.5.1

iu-c^
1 & zk#^g) 6#e% &6 L, 6#ggm^ ^@A LT^B6#^%

&&o @§:K^5r#A#, ^6@o##T(d:'t-oz$7&
#a^TTW:gij^#m-r # %w%(D%&&o
*mKi&meameo@T(^mm*Kw:0ci)), %mAo#T,

LT,m^K& b=biL&#, |##;^K(d:&i i) I $ T & & o
a: o I $ ^A#K z 6^#a, ##<D#mTT = ^7ciS^^#A6 % a AKzK##K# 

L"Cff<^6KZ^Tm%/&^< fT-mm, Oib#^l5K I ^TA

^ -^-^K I 6 %o#& j), i/t,
mb*#,

^ ) #K I 6 % ^ ^ & 6o
(i) A*KZ3@^TA^mme

Loaome-c^afAmm,

^±oA$###L##L-cme.b&^fL&o o^f
%^T&^:bfL6o

K#g 
f 23 °c

H1/8EC
3#-o (O ^ P ^

-80 -40 0 40 80 120 160 200 

_____ °C
(b) 7.-.y K3# 13X10"^ q/SEC

1 4 1 3 0m®TRm#J5^^A##(Kt K
" A#&, A*o#mo##
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(2)
co##w:,

g^-cw 6^K#^f-3o co^#-r—^ A#4="KA#^#^ 
LTW&o ^W:##4:KAj9a/U"rw6

(3) A#Mk##mK 1 6 % #0#§^

gcK@6%(DT&/6on:#%Ka, Ti, Ta, U, Zr,

^o^6p^@TA*{k#

6o #-o 6 ^ <k K z
%)S RT#T & 6o

^#151) ®A # -$ % Wrt#K&o
(4) m<kA#KZ&%^(DA6%

( Baiky"6o ^ ( KA ^ A K^xif U T#f LWo

o^s $ ^ p /.gg

500 mLla

> 0.10

|g|2 (F.B.Backensto, B.D.Drew and C.
Stapleford, Corrosion, 12,22,1956;

1.5.2

A:# ® UT w < C6UT%^WK%^^t?^T, ^#K A##
KA^^Aj?&ATW(##a, A#0#MTM-fzk#K

<k AaE % & #, ##Ka##0##?-%:0#<D##^fR,##A#M#&7B& UTW
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K###=6 Lt i o"i o^/c^ -i oo^ 7 oo °o0^m#a

6o ( 12)3 ) , ( m 1-a )

Ho +

0.2.-

(min)

m 3 ( 2 3°G,0.lMN/7%:)

mjp
^ V -7"#%fT#W

###w&
^ ^ K o "Cfyt)^"rw & o

(m4 )
i i ^-c %#

(#1 )

220 —.— 1500

200 -

180 ~

— 900

-200

---  A* St 4'
----%# h2
---- - ;j<#% #@###

4500 ~
7500 PC .1

30 -

4|3K$S#fm% "C
(&) @i (t) fi##*

mi4(a) zk#E 3 0-5 0MN/mX 4500-7 500psi)T(D
Udimet 7 0 0 O^#^##K&^f-^#M^(D## imm

Ki c 
LCF 
HOF
NOTCH BA 
BA 
NTS
UTS
STBESS FOB 100HB BUPTUBE 100HB##T®B2l

NOTCH
ICF HCF RA0.2 -

HA NTS

(a) 26 "c (b) 680 °C

m4(w ( sooopsi)®^^

K i c ^
f&D-d . #
igf-d

^ %
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1 i ^3^7 18

( %K#EE 3 5MN/V( SOOOp s i ), 2 3°0 (Kt )= 8

Hz /He

10 jp ^ # 0c jp

9 4 0°G 
#% L

.1 0 5 0°C 
#% L

9 4 0°C 
#% L

1 0 5 0°C 
## L

# 0.5 4 0.7 1 0.3 1 0.3 4
^jiaoq 0.5 9 0.7 6 0.3 7 0.3 9
# 0.8 6 0.7 7 0.6 7 0.6 2
# (*#) 0.7 9 0.5 6 0.7 1 0.3 1
m) 0.6 3 0.7 2 0.3 9 0.2 9

LIT, #@#,#0#M&3r|g|t3ta#KI"3-C7F:f-oEl5~|E|6, #2-#8 
^2 lOOOOpsi, 7 2°F(Dzk##@M"C(D##m<k

Hz /He

(Kt=8.4)

3K (% L)

# 0c i) %

He Hz He Hz
Ti-6Al-4V(STA) 0.5 8
430F 0.6 8 22 1 4 6 4 3 7
Nickel 270 0.7 0 5 6 5 2 8 9 6 7
AS 1 5 0.7 3 4 2- 2 9 6 7 3 5
HY-10 0 0.7 3 2 0 1 8 7 6 6 3
A37 2 Glass IV 0.7 4 2 0 1 0 5 3 1 8
1 0 4 2 norma 1 i zed 0.7 5 5 9 2 7
As 3 3—B 0.7 8 6 6 3 3
T i —6 Al —4 V ( annealed) 0.7 9
AI8I1020 0.7 9 6 8 4 5
HY-8 0 0.8 0 7 0 6 0
T i —5Al — 2.5 sn ELI 0.8 1 4 5 3 9

0.8 6 5 0
304 ELC stainless steel 0.8 7 7 8 7 1
305 stainless steel 0.8 9 7 8 7 5
Be—Ou a 1 1 oy 25 0.9 3 7 2 7 1
Ti t anium 0.9 5 6 1 6 1
31Ostainless steel 0.9 3 6 4 6 2
A2 8 6 0.9 7 4 4 4 3
7 0 7 5-T73 Al alloy 0.9 8 3 7 3 5
316stainless steel 1.0 0 7 2 7 5
OFHC copper 1.0 0 9 4 9 4
NAR1 oy— Z 1.1 0 2 4 2 2
606 1-T6 Al alloy 1. 1 0 6 1 6 6
11 0 0-0Al 1.4 0 9 3 9 3
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% m ( 8 0 r ) ®. Test Results

w *

R # a # A ma# , in./min 41 a; # f£ to «• 41 % % 0 U

as m % ~ # tR M i -e ksi ill:* SBffi ksi # # % * 9 %|
iuB-jjx

deg F ksi ksi # # % K 9 %

AMS 5662 smooth helium 0.050 0.100 158.7 196.2 23.5 35.8 1250
(Inco 718) smooth helium 0.050 0.100 161-2 201.2 16.0 17.5 1250 136.7 155.9 20.0 19.7
1750 F solution smooth helium 0,050 0.100 161.3 : 201.5 23.5 35.3 1250 131.3 154.3 25.0 47.5

8.0 helium 0.100 254.2 1250 202.5
8.0 helium 0.100 247.7 1250 210.5

smooth hydrogen 0.050 0.100 151.1 180.1 5.5 9.4 1250 137.5 150.3 22.0 46.8
smooth hydrogen 0*050 0.100 157.2 182.0 4.5 10.9 1250 136.0 155.5 21.5 34.9

8.0 hydrogen 0.100 114.1 1250 187.5
8.0 hydrogen 0.100 154.2 1250 196.5
8.0 hydrogen 0.100 133.G iZbu 199.1

AMS 5662 smooth helium 0)050 0.100 157.2 189.5 26.0 51.3 1250 134.9 150.3 17.5 31.8
(Inco 718) smooth helium 0)050 0.100 155.6 180.2 25.5 49.9 12.50 141.3 150.4 11.5 18.0
1900 F solution 8.0 helium 0.100 302.8 1250 190.0

8.0 helium 0.100 302.2 1250 196.6
smooth hydrogen 0.050 0.100 158.3 186.2 21.5 40.3 1250 133.3 150.3 17.0 d7.0
smooth hydrogen 0.050 0.100 156.4 185.6 23.5 36.6 1250 134.5 151.8 15.5 19.6

8.0 hydrogen 0.100 277.2 1250 176.2
8.0 hydrogen 0.100 291.4 izso 174.7
8.0 hydrogen 0.100 288.1 180.8

AMS 5666 
(Inco 625)

smooth
smooth

8.0
8.0

smooth
smooth

8.0
8.0
8.0

helium
helium
helium
helium
hydrogen
hydrogen
hydrogen
hydrogen
hydrogen

0.050
0.050

0.050
0.050

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

92.1
75.8

102.2
99.2

147.7 
142.9 
173.0
190.2 
140.5
142.3 
175.2
176.8
181.8

46.5
48.0

23.0
23.0

62.5
61.5

30.1
30.1

1250
1250
1250
1250
1250
1250
1250
1250
1250

75.3
71.7

72.7
77.4

116.9 62.5
120.8 59.0
150.0
135.8
119.1 57.5
127.4 52.5
146.0
147.4
148.0

70.4
66.2

64.2
55.9

AMS 5735
(A286)

smooth helium
smooth helium

8.0 helium
8.0 helium

■smooth hydrogen
smooth hydrogen

8.0 hydrogen
8.0 hydrogen
8.0 hydrogen

0.050 0.100
0.050 0.100

0.100 
0.100

0.050 0.100
0.050 0.100

0.100 
0.100 
0.100

104.4 151.5
109.4 151.5 

222.8 
225.5

110.2 155.8
111.2 155.6 

225.4
224.3
225.4

28.5
27.0

28.5
27.0

45.5
47.5

46.4
45.8

1250
1250
1250
1250
1250
1250
1250
1250
1250

104.6 119.0
104.0 122.4

166.5 
182.0

106.7 118.9
122.3 109.3

173.5
184.5 
186.2

25.5 52.1
29.0 54.5

22.0 44.6
25.0 46.6

AMS 5646 
(AISI 347)

smooth helium
smooth helium

8.0 helium
8.0 helium

smooth hydrogen
smooth hydrogen

8.0 hydrogen
8.0 hydrogen
8.0 hydrogen

0.050 0.100
0.050 0.100

0.100 
0.100

0.050 0.100
0.050 0.100

0.100 
0.100 
0.100

69.7
63.9

64.6
67.4

102.0 38.0
99.4 36.5

170.0
173.3
109.7 41.5
108.3 39.0
166.8
172.1 
127.8

70.1
70.5

71.1
70.4

1250
1250
1250
1250
1250
1250
1250
1250
1250

57.8 60.4
57.4 59.6

104.0 
102.7

54.7 58.8
60.3 64.2

101.4
100.0 
99.8

24.5 66.3
25.0 68.1

25.5 68.3
25.0 66.7

AMS 5754 
(Hastelloy X)

AMS 4928 
(Ti-6A1-4V)

AMS 4926 
(A 110)

smooth helium
smooth helium

8.0 helium
8.0 helium

smooth hydrogen
smooth hydrogen

8.0 hydrogen
8.0 hydrogen
8.0 hydrogen

smooth helium
smooth helium

8.0 helium
8.0 helium

smooth hydrogen
smooth hydrogen

8.0 hydrogen
8.0 hydrogen
8.0 hydrogen

smooth helium
smooth helium

8.0 helium
8.0 helium

smooth hydrogen
smooth hydrogen

8.0 hydrogen
8.0 hydrogen
8.0 hydrogen

0.050 0.100
0.050 0.100

0.100 
0.100

0.050 0.100
0.050 0.100

0.100 
0.100 
0.100_

0.050 0.100
0.050 0.100

0.100 
0.100

0.050 0.100
0.050 0.100

0.100 
0.100 
0.100

0.050 0.100
0.050 0.100

0.100 
0.100

0.050 0.100
0.050 0.100

0.100 
0.100 
0.100

48.6
44.6

48.6
50.1

145.4
146.7

144.1
145.7

115.6
130.3

121.0
133.6

106.7
103.0
127.7
163.8
105.5
105.3
124.0
125.5 
13JLS
151.1
151.0
205.3
209.5
147.8
152.7
189.7
183.5
178.8
132.5
133.1
204.9
197.2
134.8
138.9
158.2
173.3 
167.1

54.0
53.5

51.5
54.5

15.0
15.0

13.5
13.5

20.0
18.5

14.5
16.5

63.0
62.8

60.5
66.4

45.4
44.0

34.0
37.8

44.6
43.9

35.4
31.4

1250
1250
1250
1250
1250
1250
1250
1250
1250
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

35.2 82.1 53.0 57.5
33.1 77.5 53.0 57.6

90.2
91.2

33.9 80.8 51.5 58.2
34.1 80.3 51.0 48.9

88.6
90.8
91.0

138.3 152=5 15.0 46.6
139.2 147.6 16.0 47.0

207.5
206.5 4.7

141.0 146.3 10.5 22.6
138.5 144.7

184.4
183.3

12.0 31.4

111.8 127.6 20.5 45.4
113.6 132.7 17.5 46.6

185.3
187.0

114.4 126.0 14.0 20.8
112.5 130.0 

160.2
168.0 
175.5

17.0 31.9
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4 (R. J . 8arj ant, T.H.Middle ham )

# m 5%

%C %Or %Mo % atu
5400h 325°C 1027h 450°C 1 048h 550°C 3 h 7 50°C

^7 y ^ ^ 7 y ^ % m ^ 7 y ^ ^ ^7y^

0,22 125 u
$gg
1. 5 m

250 % L
g^g 3 mm

Gu—Or — 0,14 0,27 0,84 0,32Ou 125 % L ^ L 0.0 8rnmgj^ m#,
Mo# g^-rgm 0. 1 5 mm

1.1 mm^-g ^g^T
^ 7 y

% fL

250 0.1 mm3 0. 1 5 nim /J\ g ^ 0. 1 mm%5
0. 0 5 « ^giT 7y^, g^T^ 1. 7mmg#
i 7 {5, 1. 7mm^ gi T ^
y gi TgH
0. 2 magjS 
giT^ 
7 y

<

Mi —Or 2 —
Mo#

0,30 0,48 0,93 2,3lNi 125
0. 0 3 «
mgi T 0. 1 mm$^
A' gi "C
0.8—1.0 7 y ^
mmg^g

250 ^ L- ^ U 0.1 — 0.1—0.2 1.0-1.2 /J^ g /± ^
0. 1 4 nn 0.05mm mmg^g 0. 1 mrngj^ mm^gt 7 y ^
mg mgiT gi T -tr, (^> < fL

Or-V# 0,40 1,00 - 0,211/ 125 m;

250 % L ^ U
Or —A L — 0,31 1,58 0,23 1,15A1 125 0. 1 mm$j% /% L
Mo# 250

gi -CM

Cr-AL- 0,31 1,58 0,23 1,15A1 125 ^ L
Mo# ^ 7 y ^

250 % L

7 y
a;
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# 5 (H.O. van Ness , B.F.Dodge )

# # %0 %Or %Fe %Mo %Ni %Ti %V %W % 4:0# la ^

1. l@l "o' ^ #0
Nu—die—V u 0.40 5 13 5 1,1 0
Rex AA .... b b 0.73 4 1,1 5 1 8
8-N-2 .... m % <E L 0.79 4 8 1 1,5 b
V asco M— 2 . . . ## % 6" b 0.35 4 5 2 6
440088 .... b b 1.0 4 17,0 0.4 5 0,2 6

2. Ni
K—M on e 1 B3#@i!b 0,15 0,4 5 29Cu;3Al
Incone 1X . . . 0.0 8 15,5 7,5
InconelX . . . ^%#lb 0,0 4 15 7 A 2.5 1 Nb L 8% lb
Ni chrome Alloy V 0,0 6 20
Has tel loy B . . #A&# 0.1 2 5 28

3. N i-
303 88 .... #5# &b b 0,1 5 18 0,6 0 9
304 L 88 . . . ^b b 0,025 18,4 10,6
310 88 . . . . 0,1 6 24,9 2 0.5
347 88 ... . %^^bb 0.0 8 18 1 1

(10X%C1 »#^^b
Ni chrome . . . #A#m 0.0 6 16 60 Nb
Chromax .... #A#m 0,0 6 20 35 y

4.
T i t an— #| . . . ^bb 0,0 4 0,3 4 0.0 2 B I

Ti-Mo— M . . . b b 0.0 6 0.5 7 0.3 8 r m ib
Or—Ti—Mo—# * b b 0,0 5 2,20 0.9 7 0,4 3 0.026 B j

5 Or #0
5%^-Or-m . . . #% % <!: b 0.1 2 5,41 0.5 0

' m ib10%—Or—. . b 0,1 0 9,57 1,1 0

6. #0
mm# ., . . . #A^m 0.10 V ;
Max—el ^ "2 • . % ^b 0,5 0 0,65 0,18
Ha Ivan . . . % «bb 0,5 0 1,0 0,2 0
AlSl 4140 . . . t ^b 0.4 0 1,0 0,2 0
Double spezial %%% b b 1,3 0 3,5 0

(DIN#% )
fl lb m- - m 18 - , 3%

DIN 17 006 D %G %.Si %Mn %Or %Mo %Ni %V %W

10Or9 NIK 7071 0,12- 0.1 5- 0.3- 2,2- — — — — Ef#^0 7 4 ±,
02 0,5 5 0,5 2,5 ; SPuSnn

16CrMo 93 NIW 7281 0,1 2- 0,1 5- 0.3- 2,0- ^ 0,3 0— —

21 0,2 0.3 5 0,5 2,3 0.4 0
2lCrMo 10 (NIN1 6572 6.1 8- 0,1 5- 0,6 0— 2.3- 0,3 0- <0,8 00,2 5 : 0,3 5 0.80 . 2.6 0.4 0
24CrMo10 ; NIN. 7275 02B-. 0,15- 0.50- 2.3- 0,2 0- <0,8 0 -0,2 8 0,3 5 0,8 0 2,6 0.3 0
20CrMo 9 : Nis: 7285 0,1 6— 0,15- 0.3 0^ 2,1- 0.2 5- <0.8 00,2 4 0,3 5 0,50 2,4 0.3 5
2lGrNi 9 NIA^ 60:0 T 0,2 0- 0,15- 0,6 0— 2,0- — 0.5 0- — — i^E# % ^

3) 0,2 8 0,3 5 0,8 0 2.3 0,8 01OGr11 N5B 7083 0,0 8- 0,1 5— 0.30— 2.7- — — ' — ■ , ' _
0,1 2 0,3 5 0,5 0 3.0

1 7G r Mo V1 0 N8N . 7766 0,1 5— 0,1 5- 0,3.0- 2,5- 0,2 0- — 0.1 0— 40 0°C-$T(D#m,0,2 0 0,35 0,5 0 2.8 0.3 0 0,2 0 ,
20 CrMoV13 5 N9 777? :o,i 7- 0,1 5— 0,3 0- 3.0- 0,5 0— — 0,4 5- — 48 0°Ct:T(D#m,0,2 3 0,3.5 0,5 0 3.3 0.6 0 0.5 5 M^kaa
210rVMoW12 N 10 8212 0.1 8- 0,1 5- 0,3 0- 2.7- 0,3 5- — 0,7 5- 0.3 0- 520°C-$-CO#m,0,2 5 0,3 5 0,5 0 3.0 0,4 5 0,8 5 0,4 5
12 CrMo 195 7362 <0,1 5 0,3 0- 0.3 0— 4.0 — 0,4 5— — - —

0.5 0 0,6 0 6,0 0.6 5 mo#

OBadischen Anil in — und Sodafabrik 2)Stahl —Eisen—Werkstoffblatt 590-51. iC# -£.-f
3)lOOAb11(N5)(d: N5B K 0.2 0-0.3 0 %Mo 3r#%lb7t % O
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3%, M7, 8, 9, 10, 11, 12,

6Y%7
1 ill 1 MM 1 ; :

~7i 1 Fh n n M -r! 1 ’ •■ : . M :. ^JCh /SMT\ j | j j ! 1 • "1 ! I M "

600

l)Ch£WMFB:

•\iX
rn

m) IZChWMF^z

■ 600

-sso

*• =
?7 3X -J-AA_j

10
8
6

30 s

... 1 . i j 11 1 i ! ! '600i *li J ! I
i TrSdS- ! i
1 *rs-.•<

dz | r^-
-4-4-
Ria PhOr 1 t ,.L.i ffl

L JL zc
\ I I 600L* rITI

/7in~'h-.WNH r
:XJT

L*"&»4

-h-800

r
r

q-J 1CM8N9T 1 L.LU:

J[ W I I I 600
I T-K-Ul
f ■ftiu

~rJlChl8N0T 4n ws
~T~rJo00I i j i

10000 1 10
% ± -e <o A # # fM

10000

(EI7
( N . N . Ko lgatin, L.A.Glil

o
O
X
r P^# 1 0 » , 7 m <D

^ 1.5-~2«*
- 123

i, V. I .Der j abina )

nd)6iw]w^#y-i&, mu,
R M & p — ^ ti: _b @ ^ % O (n)

## (m)
\ ^n%K j:
^36K 2 €>%#%& L/t % O



GOO OOO WbLtt,
500 OOO

290 OOO
400 OOO

300000500 OOO

200000
- 500 OOO

300000
400 OOO

250000 psi 200000

400 OOO
(700F) 200000

400 OOO
200000

(800F)300 OOO 210 000psi

200000200 OOO

100000too OOO too 1000 to OOO

400 OOO
6 om <b * m % m 4 *300 OOO

400 OOO

2fO(XX?/w too OOO

200 000
400 OOO

250000 psi
too OOO

ts 300 OOO
t 500 OOO

-.200000

400 OOO
230000psi too OOO

500 OOO

400 OOO 200000

(80OF) " too OOO300 OOO
250 000
200 OOO
150 OOO
too coo to OOO1000too ,

ta #
g| 8 (a)

S -N

El 8 (b)
It (D S - N A B

9 B.S.L6 5^1 C/D.T.D 6 8 3

W # @ @ Log N # A # -w

B.S.L65
6 -4* 8219 0* 0 908 0* 66

3'A O 3 — 7- ^ X - , ■ 6 " , 5' 8472 .0*4 010 - 7*0 10*7

NBI ±20-5
y^-vi/ 3' A O 3

..... ................  :
3. ' 4* 8338 0* 68 1 * 0

: 5 .■: 4 * 873 -9 0* 2402 0*75 1 * 1
^ - -- . ' / ■ 6 ■.. 5-1143 0*1803 1*3

y^-A/zfAO^ —yy 6 5*7912 0*1 792 6*2 4 * 8
NB2 ±20*5 3 AO 7'± -i .6,. 4*9834 0* 0714 0* 96 - : 0* 74

a A yy 4 6 5- 1021 .0* 1000 1* 26 0* 97
6 ’ 4-9236 0* 1780 -0* 84 0*65

1*1 :
NB3 ±20*5 yf-A/3' A oa — , :6 . 5*3196 0*3012 2*1 • 2

D.T.D. 683 e#
/S: U 12 5* 0734 0* 5690 1* 2
y^-Vl/3*A03 — 7-^ 9 5* 9606 0*211 0 . 9* 1 7- 7
^6^ D A 0 7° 7 4 6 5 3566 0* 3074 2* 3 1 * 9

MA ±19*5 3-A7°7 4 6 5* 200 6 0* 1415 1 * 6 1 * 5
7'f-;^3'A03--± 6 5* 9427 0* 4868 8*8 7*4

6 4* 9582 0* 3632 0* 91 0*8
6 5* 2534 0* 3922 1*8 1*5

U . 7 5* 1972 0* 0949 1*6

OA ±18*8
7'^-yi%3*A0 3 — 6 5* 4725 0*1990 3* 0 1*9

// 6 5*5150 0*1487 3* 3 2* 1
// 6, 5*6818 0*1975 4*8 3* 1
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#10 v-y,

^ &
F (Q ksi (N/d^)

fi r 
(R)= Hr (percent/Hr )

##(%) 0M%)
1000 Hr

ks i ( N/fnmj

900 (480) 52.0 (359) 67.1 (R) 0.0245 45.5 77.0

900 (480) 36.0 (248) 171 .8 (Rj 24 0.011
49.0 (338) 77.9 (R) 77.9 

101.9 47.0 74.0

900 (480) 33.0 (228) 403.0 68 0.0033
4 2.0 (290)44.0 (303) 339.5 (R) 33 9.5 

407.5
0.052

51.5 75.5

900 (480) 24.0 (165) 357.7 9.7 0.00073
40.0 (276) 509.4 353.0 0.0082
42.0 (200) 655.3 (R) 655.3

1018.0
0.021

34.0 69.0

900 (480) 41.5 (286) 1123.2 (R) 0.016 49.0 71 .5

1000 (540) 34.5 (238) 32.3 (Rj 0.50 53.5 80.5

1000 (540) 15.0 (103) 263.1 (R) 9 0.0016
28.0 (1 93) 78.4 (R) 78.4

87.4
0.38

67.0 83.0

1000 (540) 20.0 (138) 259.5 70 0.015 20.5 (141)
25.0 (1 72) 157.7 (R) 157.7

227.7
0.15

68.0 69.5

1000 (540) 22.5 (1 55) 549.7 (R) 0.030 69.5 81 .0

1000 (540) 19- 5 (134) 1118.3 (R) 0.0090 79.0 81.0

1100 (595) 16-0 (110) 90.0 (W 0.19 69.5 85.5
9.0 (6 2)

1100 (595) 11-5 ( 79) 385.6 (R) 0.024 75.0 85.0

1100 (595) 9-5 ( 65) 823.1 (R) 0.007 53.0 — a

#11 y^#%##ozkm#@m-roy v -y ( 6#/># )

°c 100h 10OOh 10000h 100000b

450 69,4 79,3 T- f % L

20 350 29,7 41,8 50.9
400 57,1 7 5,4 85,6
450 60,0 7!3 80.7
500 59,8 63,0 66,1

30ChMA 500 21,4 372 50,0 # L

550 42,3 51,3 60.0
600 278 37,2 42,8

12 ChMF 600 2 3.6 32,1 39,6

NM 1 600 2 5,2 27,8 29,6

Ch3 WMF 550 3 6,6 43,2 4 8,7
575 20,2 30,0 32!,0
600 27,9 37,1 45,7

Ch6WMFB 600 23,9 42,5 5 5,0

Oh 12 WMF 600 T- f 5,0 7 0 10,0

1 Gl80h 8T 600
L

10,0 16,0 18,0

1 Oh 18X 9T 600 1 5,0 18,0 15,5
65 0 175 23.6 T- ^
800 10,0 18,0 a u

CN.N.Kolgatin , Mi tarbei tern )
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126

M

# @1)

( V )

it m m

%0 %8 i %Mn %Cr %Mo %Nb %Ni %Ti % Y W

1 rb ffi © S£ 0,0 3 0,19 0,2 5 - - - - - - -

2 2 0 0,2 3 0,34 0,4 7 0,1 5 - - - - - -

3 30 OHMA 0,2 5 0,2 8 0,55 1,1 4 0,2 0 - - - - -

4 HM 1 0,12 1,5 0 0,5 0 1,7 0 0,2 5 - - 0,1 0,3 0 -

5 1 20HMF 0,1 2 0,4 0 0,5 0 1,1 5 0,4 7 - - - 0,2 0 -

6 ChSWMF 0,1 7 0,3 8 0,3 8 2,9 0 0,3 9 - - - 0,7 0 0,4 0

7 0h78MT 0,12 0,6 0 0,55 7,00 0,5 0 - - 0,5 - -

8 Oh 6WMFB 0,1 7 0,3 0 0,3 9 5,7 7 0,5 5 0,4 4 - - 0,2 0 0,7 8

9 Oh 1 2 WMF 0,1 7 0,2 2 0,6 4 13,50 0,4 6 - - - 0,2 0 0,8 6

1 0 1G180h8T 0,1 0 0,5 6 1578 8,8 5 - - - 0,5 5 - -

1 1 lOh18N9T 0,12 0,74 1.1 5 17,25 - - 10,35 0,4 5 - -

1 ) Ch3WMF#m##,

# ; «

# % @

kg/mm^
% 5# 7]
kg/mm2

# #
(L = 5d) 

%

0 j)
%

###

kg
2 2,7 3 4,2 28 78 2 4,2

!§Tj Mi 31,3 47,0 33 6 1 10.6

8 0 0 6 f&MZr Z CX
6 5 0 °C"C#&

56,5 70,0 24 72,6 13.4

b LarlD## % 40,0 54,8 27 73 12,9

9 6 0 °CT##%bL 
^10: 7 5 0 °CT## %

47,1 57,5 2 2,5 6 5,9 8,7

1 000
6 8 0

82,3 93.1 1 4 44,5 7,9

1 1 20 °CC## ^ ^ L 
^ZD:7 5 0 t

42.2 5 6,3 25,8 7 5,0 10,3

9 5 0
0^6 8 0 °CT## %

54,6 6 6,7 23.9 72,9 14,8

1 0 0 0 °07)^#%-&P
^1^680 % (E L

7 6,0 90,8 1 6.6 40,0 5,6

800°CT 1 0hr#% %
42,1 69,5 40.6 7 5,0 16,6

1 0 5 0 °c^67k%-6|]^zc/
8 0 0

32,1 6 6,5 51,0 6 3.0 1 6,0
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b . IUS K Z h ? ? y ?

LfLKi 0 6 0#^^mL-cw7t^,

&OH2 8o#&#, #%KW:#ppm@m^6,

3o

& 6 ^ 60 NAOBTW:^ 7 y ^ W6% 6 UTHB 0-2 2J^TT #

0%&&o

c . *^#K Z & ^ 7 y ^
-a$:K, 7 0^/=/ J^Tfttzki 7t(d:zK#mo[f

lp^<, 70-lOOK^/m,' 100Ky/«m'J^±T(d:

^ & fuff^ C v^o
##om^^m##m#a^7'y^o^gcK0##^^6o o^zc/Mn om^a^y

#T % <H L#Z i? ^o
1 ^^-T7^< b K^A6^ 6K Z

^ 7 y fm<i"6C6^T#^6L-CW6o

(2) 77-777#!

7 7-7 7 7#o#zK#^W:-g i L &"ea^o##^aGy"o
a . 3r — 7 7* ^ ^f b SH

^--7.7-^ib 7.7-71/7.#aj51l^#K)^L"Ca##T^6^, %K#Kx^Ll:a
^ ^^AK#zK^ee%^-cw3o Aam,L']Z^#jmT&3^)6Km^F-ozk^0^#K

^ ^ V* o

b . 7 7 i b #

7^7< b 7T777.^(d:^%^i LKZ^ti#zK#^^:#L<^%)6o 

#^iUKZ^T^^^{&366fL6^6"e^6^, mK,

zj)^m^±6tmzK##am<^6o

c. JV y 1/ At A bin

& (D@(D#T%ggl?<D % OT W:zk##i±o ^ 7 ^ ^ (d:^:
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-71/ — — L zk# ^ ^ ^ ^fbK c>w
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^ i/_ w:, 6

_k <HO Z $ % ( ##:& ) #BrKA^^ h 7 y ^ 6 #MT&6o

^150Ky/=,' %m^]0-7i/-^>/^#|^7O^/c^ 

L/to ##mTT-%^^E^TOKj#-raA

#K Z 6 fL^:o
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& o

^7y^Oj^#^^U:, 1^36^7 y^^oy-,

:%, 4 130#6Z<#"C^&^^ Lpto 1#^%^ (DA^V^O^^

^o

(4) ##AA

i jp &3@oNi

AA ( 7 18 A A, IN—1 0 0 A A, Was pa 1 oy and Haynes 188 /% ) (d:

%L<a, 3 5Ky/c^ 6 8 0°OOzk###K#'g^6#AKa#Ik^

A & &

(5) Tvi/^ — — 17^ A A

7/L-f - !> ^AAK^wra, %#%KW:zk#K Z 63*##%^ %<D6#A^fL-c 

W6o -tfb(d:^7^^(DA#'CW:^:<"C, @M^Z)zk
^^^^TAl-Z,n-MgAA^i5^M#^ L"C^]P#6(h'gtLTW6o

(6) — — 9^. A A
&oAA#^@N#^###jm#om#t#K ^ oTW:##K#%<D^6##T^6o

^®AA(Dzk#KZ6mi^a, %f#^(D4:K#mf-6zk#fk#;K^a'f6o #*<D
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1.5.4

(1)
—K W:, #zK##<hL"CCr-^Mo^:%'C) A fL6o 121 12 (d:S ####

UT#% IB AfL^%o-c,

12112
( G. A.Nelson, “ Metals for High pressure Hydrogenation 

Plants" Trans ASMS, 73, 205 - 213, 1951; ^ICX 
1958 revesion in Oil and Gas Journal, May 25, 1959 )

& ( # 3 7 5°0-3 9 0°G, 4 2Ky/c^)O^^P"r(d:, 6-1 2 f H

% ^:zK##^^ %-c A. zK#^— ^ ^ <H 0##KxJ L"C, 30 4

h (D ~r 'y u ^ ^ ^ V^fi Id 1 0 ££ $> b V* )&. ■d: ti JA _b® A ti A G> b 0

Inconel, Hastelloy

0 ^ b G* 1 5 % Or — 3 5%Ni © X. $ ^ hi — ■; ^ ^ ^ hit, Oo ^
-^OL-6 0 5 ( 5 0%0o, 20%Or, 15%W, 10%Ni)^^(DI$Ki%MmKR^A^ 

7t##K I bfL-CW & o
d-^t tf h ^ r y i/ 1,0 00 Y4/cd, 200 — 6000 'Jfzjc

#K#LT0 or mi D % d yo i $ K# ^tzfL6o

W o
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