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Study on Structural Materials for High Temperature
and High Pressure Steam, Especially on the Creep
and Attack by Steam

~ Abstracts
§ 1 Study on Creep

In designing high temperature and high pressure steam
engine, it is necessary to pay attention to the creep of
the structural material as is well known. In order to
obtain the creep strain after the engine has been operated
for a long time, it is necessary at the present circums-
tances to carry out long time creep test before obtaining
the creep strain. However, it is in fact impossible to
carry out such long time creep test for all heat resisting.
materials because of the situation of testing facilities
and time element. Therefore, at present, there are few
satisfactory data for such tests. The most creep tests
that are carried out at many laboratories too are nothing
but comparison tests for creep strength. The writer has
proposed for a long time in the past that it is necessary
to adopt a measure by which fundamental data for designing
can be obtained and has devoted himself in the study of
measuring the creep strain after long period from short
time test result without carrying out long time creep test.
As the result of this research, the writer has found the
two method of quick creep test and carried out long tisme
creep test and quick creep test on mild steel and Cr-lo
steel (HCM2) as representative materials, making the long
time creep testing machines., Comparing the results of
these two kinds of tests, it has come clear that hypothe-
tical creep theory is very close to the test results,
though much is expected to the further study in the future
as the quick creep test on above two materials is not
satisfactory to 100 per cent. By carrying out further
study by the above method, it will be possible to apply
the method to the practical use.

The writer has also carried out creep tests for about

200 hours at various temperature on the following materials:-

HCM, HCM2, 18-8 Mo Ti as materials for superheater tube.
Cr-Mo steel and Cr-Mo-V steel for bolt materials.
13-Cr steel as material for turbine blade.

“1-



- Ni-Cr-Mo steel and 0.5-Mo steel for rotor material.

As the above mentioned quick creep test could not be
applied to summerizing up the result of the test above, the
writer made a diagram for various constants to obtain creep
strain during long period according to the following
assumptions: ~

i) In the initial period of creep, the creep strain is pro-
portional to time t powered by fwses I

ii) Accordingly the creep rate decreases with time at initial
period, but reaches constant value v, after a certain dur-
ation of time tc.

.

1ii) tc was temporarily assumed to be 2,000 hours.

§ 2 Study on Attack by Steam

It seems that most of the cracks which have recently
been found at high temperature parts of constructing mate-
rials of boiler and turbine are not simply due to insufficient
strength or bad dqualities of the materials but are affected
by strong decarbonizing and embrittling effect of hydrogen
that is a reaction product between steam and steel.

¢ Accordingly, to clarify the mechanism of these phenome-
non and the effects on the mschanical properties, especially
on the creep property, of steels by reproducing the actual
stete of embrittling experimentally, the writer has first
studied the effects of pure hydrogen gas on steels and,
secondary, inquired the behavour of penetrating gases and
change of gas contents, microscopic structures and mechanical
properties when mild steel, common cast steel and Cr-Mo cast
steel are affected by steam for a long time. For this ex-~
periment, the writer has built up a high pressure and high
temperature (60 kg/cm*, 550°C) steam generator.

Results of studies above are as follows:

a) Vhen steel is exposed to high pressure and high tempera-
ture hydrogen gas, tensile strength, elongation and reduc-
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tion of area decrease. Additionally, in case where severe
decarbonizing takes place, the steel associates with many
internal cracks or postular surface which is probably due

- to sudden escape of hydrogen gas out of steel.

b) High temperature and high pressure steam have a same
embrittling effect on steel as hydrogen gas, but its rate
of the former is incomparably slower than that of the .
later. That is: '

i) High temperature tensile test values, especially
elongation and reduction of area, of all these steam-
treated steels are appreciably decreased.

ii) The penetrating gases are consisted of Hp, CHy,, CO,
CO2, showing that internal decarbonization and probably
other internal oxidation have taken place.

11i) Constitution of included gas in steel is the same as
that of penetrating gas and increase in hydrogen con-
tent of steam treated steel accounts for the embrittling
reaction.

iv) The creep rupture strength is decreased by steam
treatment.
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Table 2. Change in mechanical properties and gas contents
by exposure in steam -
Ma rk Tensile test i Constituents of occluded gas
ar J S - ! .
of At room temperature i At 550 C in steel
Trecatment | - . _ -
sample Tensile |Edonga-— NmmsnlHMM—.M“_“W_Maonmmlem:nl Total
strengthtion ti on in{s K tion tion in ) C C Oy C O
Nw\gm % area % gh w\aa. % area % Hz2 Ha He
Original
gu
Steam
treated
i
Original
e
treated ’
Original «
M R
3 |Steam 12026 096,582 1049034 0
425,306 146.4,492 {5 99,6 3.0 ‘1812 272,852 136.1,3 0.4 |3.9 46.48 [2.96,58 2 {04 75,0.3 0
treated :
Original 6 0.4 3 84 3 8. 4 2582 292 4 1O 1.4 3 0 0 0 0
z R
t |Steam 586490 | 360 [513505| 2477 140 | 151 11481 385 548 1096 | 359
treated
_ Original 519 | st12 | ss55 | 299 | 280 | 288 056 056 0 0 0
PC
w Steam 2 0.0 16.8 102 | 0.5 ;038 [0.80
Original 87.0 | 192 | 427 | 493 | 328 | 614 042 o..»m__ 0 0 0
CcM . T «
Steam : 46,4 0.91, 06 707 3,0.67 0.46, 0 {2.65 0 009 0
treated 7737101248236 1481508 46.4 | 212 513 [0.91,067:07 0.67 0.46, 0 [2:65 0,

F U

i




Table 3 Creep rupture value of original and steam
treated steels.,
A, Conventional cast steel.
Markofi{Stress | Time Elong'éi"ReductionT not
o : es
sample KVM’ hr t:ono of gorea
‘ Ruptured on the
5 190 386.8 26.0 2 2.8 gauge mark.
~Original
4 12 11 1L5 2 2.4 215
T sample
6 9 84 0.0 300 3 1.4
2 10 48 0.2 g 5.2 2 6.0
St eam
treated 3 9 55 6.0 1 7.2 19.9
sample | _ -
1 12 440 2 2.0 207
B_Mild wrought steel,
Mark of|St r:,a_ss, Time |[Elonga—|Reduction -
tion of area note
sample KW hr 9% %r €s
‘ . Ruptured on the_
A
Original T 7735 8.4 .9 lgauge mark.
sample . - Ry
ptured nNear
B 10 256 948 7 L0 the gauge mark.
Steam C 7 43 22 600 482 ”
treated : :
Ruptured on the
sample | . r 8, .
} , D 56 {17787 6.0 5.25| gauge mark

[«4Y




Table 4.

Penetration of gases through cast: steel being

exposed in steam.

e e e,

'“Ag;m;;in; ti;m éénét;ated‘géégé. wﬁn

from start of test.| —_—
hr H, CH, co, co v:‘;tufn‘e
3995 L3 - ! - —‘ 8.2 2
12825 0.8 6 - - - 8.4 1 _
19335 1.46 L50 L4s - n L2 B
22000 0.5 8 0.3 9 0.7 2 - 2.4 5

.— 266.00 1.3 3 0.3 8 | - LO2s 715 -
2905090 -. 0.9 4 0.3 5 0.9 2 0.0 ¢ 4. 4

i 31440 - - 0.0 5 0.0 2 0.5 3
368.15. - - 0.25° 0.0 4 3.12 V-
41025 L22 0.715; L L25 0.4 0 5.9 2 -
4585090 516 0.7 7 1.\'20 0.8 4 537
50720 2.6 6 0.8 5 .00 0.2 0 5.5 38
53020 .46 020 | 028 0.0 4 2.7 0
57840 . 078 0.6 8 b 0.6 4 0.0 9 3.4 7 |

notes ! L cross section of pecnetration 2072 g

Thickness of wall. A 2m/m
Condi tion of steam 550 0, 50 %ﬁ

2. Besides above mentioned constituents of occludéd

gas we found O, and N, |

These may be due to leakage of air from atmosphere

since the volume ratio of 0O, and N, is the same

as that of air.
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‘Table 1. Change of several properties by hydrogen

. . Tensile test
Cons titution of sampPle % 4t room temp

Mark
Prer__ssure B Yie~Tensi—-Elon
Material of Temp ’% ?iug,? ldingle st=|
test ) c |si IMn| P g point rengthgaton
. el | E
© |max|min mean t}f’:t ks e | o i

0.8010.300.5010.024 0.0 42

59088 | 1265|537 |004P.30(0.51]0.028/0.047

Conventional- 294!54.5 464-

wroug ht
steel My 77 . . L
5801|9567 |83 | 53 2921559 452
(SF50 >
600178 (10 [ 33|69
@) 0.3110.29{0.51{0.020 [0.037 53.9 30.9

| 60011201 80 100 | 64 |nj1/030[0-51[0.019|0036 310 |33.4

: 0.82|0.48/0.69 [0.013] 0.0 13{33.8 | 6 0.5 |2 3.7
Conventional | ¢

wrought 1 1600{90] 2| 43! 481[0.8110.49(0.7010.015/0.013/32.6|57.2 | 9.4

cast steel {7 -

0.35]0.56,0.71,001 1,0.018

60045 28183749 ,082052/070/0.013]0.013
|

{0.22 0.48(0.86]002 {0.015!30.0152.6 ;320
(B) C3 : l »
6001701 70,7043 0.22

i

0.42'0.86'0.01510.015280|46.5 | 91

notes Anncaling condition: (A) Heat at 900(Q.2hr. furnace cool bis
B) Heat at about 900 (Y-.-2hr.furnace
Purification of hydrogen 02 gas was removed through

H, O was removed through



treatment ..

0] ‘luded as
. ce ca/§00y Thickness
Redu+t of surface
c tion i am |We i To- decarbo -
::ea Long‘thm;?rc eight |¢a) nizedlayer npotes
1505589997 | 92.668 [0.66[066]| -~ | — | - - Analysed after
. Zdays laying
: i in desicator
+ 0.158|40.073|-02198 |i58]|153| - -1 - 3.5
— 1150497{10. 927007
+ K . DU 1)
- 1T o | Fo- |-o60ss 0
150476 — 1925644 1018|018 0 010
40081 - 700164 |163|080] O 0 | 04 0
. *®
) Surfa was co -
458(150,321| 10 1926058 (16316583 0 00 vgl;-edcsvith foa—|
) like uneven—
- ness-s
23.51-4-0.182 - =02822 1884/781] O 01076 5.0
234 (149903 1C (921847
161]40092 |+0.01(—-00025
149918 - 921248 {050[050!1 0 o1l o0
+0.03 - -0002 4.1612.08 | 0 0 104 0
48.8{149598! 996 [922024 {0.33{0.33] 0 0| o
84 |+0062 HO004 . - 411!3.420.69 10.340.3 4 0

70 ¢ (24hr)

cool

for 24hr.

‘Ashestos (at 300C )

Silica gel
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