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Introduction. 

It is a well known fact that various gases are contained in cast iron 

in both molten and solid stat<>s. Dr. hvas"0 > m"asur(;(l th" quantity of 

1) Sci, Rcpt., Tohokt1 Imp. Univ.; 15, (1926), 531. 



Hiroshi Sawamura 

hydrogen, nitrogen and carbon oxides saturated in the cast iron having 

almost eutectic composition at various temperatures, and ~btained the results 
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as shown in Fig. 1, 

which represents the fol

lowing facts : ( 1 ) The 

quantity of hydrogen or 

nitrogen saturated in 

molten cast iron de

creases as its tempera

ture descends and a great 

quantity of this gas is. 

liberated out of the iron 

when it solidifies. ( 2) 

The quantity of carbon 

oxides saturated in mol

ten cast iron, on the 

contrary, increases as its 

temperature descends, 

and it is probable that 

they are also liberated 

out of the iron when it 

solidifies, from various 

phenomena met with in 

factory or in laboratory. 

In regard to the 

quantitative determina

tion of the gases con

tained in molten cast iron 

which is melted in air by the usual manner or technically manufactured, 

Piwowarsky's<2
) and Piwowarsky and Wuester'sc:i) works are to be mentioned. 

Table I shows the results of the former who analysed the gas liberated 

2) St. E; 40, (1920), 1365. 

3) St. E; 47, (1927), 6g8. 
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during solidification of pig iron manufactured in a blast furnace. The latter 

investigators collected the gas liberated during solidification of the molten 

cast iron which was melted in the Tammann furnace in air. After analysing 

the gases, they found in the gaseous sample methane which was considered 

to have been formed secondarily in the mould. Several results of their 

measurements are given in Table II. According to these results, the gas 

Sample. 
(Pig Iron) 

Mn l' s 
------

1.69 2,1 I 0.065 

2.01 2-35 o.o65 

1.90 2.23 0.005 

Melting 
Temperature. 

(OC) 

1,270 

1,300 

1,400 

1,500 

1,600 

Si co, 
----

Table I 

(Piwowarsky) 

Composition. 
(Vol.%) 

co 1\" 2 H, 
------

Remarks. 

0.35 o.62 28,8 27,7 42.6 Taken at the beginning of tapping. 

o.45 0.57 39.2 12.8 46.8 Taken in the middle of tapping. 

0.41 0.38 42.6- 10.8 45.9 Taken at the end of tapping. 

Tabl~ II 

(Piwowarsky and Wuester) 

C=3.24%, Si=r.26%, Mn=o.40%, P=o.94% 

Volume of Composition. 

Gas. (Vol. %) 
(c.c./ IOOl?rlllS, ) co, co I N2 

4.89 8.22 2.85 19.00 

4-5° 14.90 15,33 23.42 

5.56 19.25 31._s3 15.40 

4.70 16.09 2j.2o 9.70 

4.02 12,1 I 32.10 8.46 

H, 

63.85 

36.20 

25.63 

38.72 

41.to 

CH, 

6.08 

9.36 

8.20 

8.25 

6.20 

contained in molt0n cast iron consists of carbon dioxide, carbon monoxide, 

nitrogen and hydroi.f1\n and it is worthy of att0ntion that the volume of 

hydrogen is largest among the gases contained in molten cast iron in most 

cases. 
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The principal object of the present investigation is to confirm in 

what degree the various gases contained in molten cast iron or in contact 

with white cast iron influence graphitization in these irons. Few investi

gators touched this problem, and it has remained fully unsolved up to the 

present. Profs. Honda and Murakami<•) introduced various gases into 

molten pure cast iron and studied the influence in question by microscopical 

means. They observed the fact that cast iron greatly graphitized in the 

atmosphere of carbon dioxide, carbon monoxide or in air, but it did not 

graphitize at all when it was melted in the atmosphere of nitrogen or 

hydrogen or in vacuo. Oberhoffer, Piwowarsky, Pfeifer-Schiessl and Stein(.,) 

measured the quantity of carbon oxides contained in cast iron of the solid 

state and found the graphite flakes formed in the iron to become smaller 

as the quantity of oxygen contained in the iron increased, assuming that 

these gases were produced by the reaction between cast iron and oxygen 

contained in it. Piwowarsky<6
) and Bardenheuer and Zeyen<7> confirmed a 

phenomenon that eutectic graphites are easily produced when cast iron is 

solidified in vacuo. Recently, T. Saito s) reported that eutectic graphites 

are also liable to be formed when cast iron solidifies in nitrogen or in 

hydrogen. This is an interesting phenomenon which was also observed 

by Kawaguchf9
) at the laboratory of Prof. D. Saito in our university two 

years ago. As far as the present writer knows, only Hayes and Scott<10
) 

and Hayes and Evans<11
) are investigators who studied this problem especially 

on white cast iron. They confirmed the fact that the graphitization in 

white cast iron is favoured in the gaseous mixture consisting of carbon 

dioxide and carbon monoxide at 5 atmospheric pressure. 

4) Sci. Rcpt., Tohoku Imp. Univ.; Io, (1921), 273. 

5) St. E; 44, (1924), rr5. 

6) St. E; 47, (1927), 309. 

7) Mit. Kaiser Wilhelm Inst. Eisenforsch ; ro, (1928), 23. 

8) Japanese J. I. S. I; rS, (1929), 662. 

'l) "Gakmhi" The3is, Deet. Min. Met., Kyoto Imp. Hnil·.; (1q28). 

ro) J. Amm. Foun<lrymen's Assn; 33, (1926), 574. 

II) Trans. Amm. Soc. St. Treat; II, (1927), 691. 
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Chapter I. Influence of various gases upon graphitization 

taking place during solidification of cast iron. 

§ 1. Sample. 

Two kinds of materials were used in the present investigation. After 

these materials were melted and cast into iron mould, the ingots were 

crushed to pieces of the size about 2 to 8 m.m. in diameter to be taken as 

the sample for the present experiments. The composition of these samples 

is given in Table III. 

Table III 

Composition. Method or Preparation 
Sample. (%) Kind of Material. of 

No. Sample; 
C Si Mn p s 

~~~ 

A-I 4.01 0.003 0.031 0.007 0.007 
Pure cast iron supplied After remelting in kryptol 
by Kenjiho Iron \Vorks. furnace, cast in iron mould. 

A-II 3.80 0.004 0,029 0008 0.007 Ditto. Ditto. 

A-III 3.95 0.005 0.034 0.009 0.007 Ditto. After remelting in oil for-
nace, cast in iron mould. 

Supplied by a factory After remelting in kryptol B 3.54 0.70 0.56 0.53 0,13 manufacturing chilled 
roll. furnace, cast in iron mould. 

§ 2. Method of investigation. 

Figs. 2 and 3 show the apparatus used in the present experiments. 

In these figures, M represents a silit furnace used for melting of the 

sample, and T porcelain tube about 1,000 m. m. long and g m. m. in 

inner diameter, in which the sample was melted in the current of gas. 

The experiments were carried out in the following manner. 

A porcelain boat containing about 25 grams of the S3.mple was taken 

into the tube T at the middle of the melting furnace. After the inner 

space of the tube T was completely replaced by the gas wanted, the 

temperature of the sample was raised at a constant rate-20°C per min.-in 

the gaseous current of a constant flow-about 25 C. C. per min.-up to a 

predetermined melting temperature. As soon as the predetermined time 

elapsed at this temperature, the tube T was drawn in the furnace to the 

left direction in tlwse figurC's as quickly as possible to make the molten 



1-firosh; 5,'mva1n11ra 

Fi g- . 2. 

Fig-. 3 . 

.\I.: :.\ Lcl ting f11r11a cC'. 

ll: l( f-;!llbLi ng fnrn :icc. 

J> : Pn·ht•atin~ f11111:ic-v . 

T: }.kl Ling t11lir·. 

S: Sa11ml e. 

C,, C, : Thc11n u-coupk,, 

I 

irun coul at tlw middle ol' tlw furnan, K. The cuoling- r,Lte c) i' thl, mol t<·n 

sample could h<' fiiwly regulat.-<l by alijusting· the tr>mperature nf tlw fur

nace R. The furnace P was ust,d to pn,lw:Lt th<" rig-ht half of thC' tuhc

h0fnn, it was broug ht to the left. 

Both Ci and C-2 are' pwcious rn0tals thern1n-rnupl<' S which w<>r0 us0d 

fnr the m castirC'rn011t nf tlw te mp0rat urc' nf tlw s:u npk and tlw forn ,H·c I{ 

rC'spcctin,,ty. The g-ascs to be usC'd in t lw pres0nt investigation w0n· 

purifiC'cl and dri ed with special ca re rdC'rring tn the foll owing publications: 

J.. Yanino; l-:landbuch cl. Pracparativc-11 Cl1 0111i0 (, 92 , ), L. :'.\{ns0r ; Di0 

R 0inclars tdlung vnn trasC'n (, 9 20 ) . 
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After the sample had cooled to the room temperature, it was broken 

and its fracture was first studied. A microscopical study of the specimen 

was then carried out in order to examine the quantity of cemcntitc and 

graphite and also the modes of formation of graphite in the specimen. 

§ 3. Experiment. 

(i) Experiment on the cooling rate of the specimen just necessary 

for making it into mottled cast iron. 

(a) Result of experiment. 

When the fracture of the specimen which melts in one kind of gas 

and solidifies under the different cooling rate in the same gas is examined, 

the following phenomena are observed. 

The fracture will become white if the cooling rate is too great. It 

will be mottled with many white specks in the gray colored ground if the 

cooling rate is not so great. As the cooling rate is small, the whole area 

of the fracture begins to be tinted gray, but, in this case also, it is mottled 

with many specks of faint color in the deep gray colored ground. We 

can observe microscopically free cementite remaining undecomposed in these 

specks of faint color. In the present experiments, the author tried to 

confirm the temperature of the furnace R, just necessary for obtaining 

such critical cooling rate of the specimen in various gases. When cooling 

rate is more small, the whole area of the fracture becomes deep gray at 

last. 

The important results are picked up among many and summarized 

in Table IV. 

(b) Macroscopical study of fracture. 

Photos. 1 to 2 5 show the typical fractures of the specimens. General 

survey of these fractures leads us to the recognition of the fact that, in 

all ca.5t>S, the quantity of free cementite remaining undecomposed (white specks 

in fracture) is greater in the interior of the specimens than in their outer 

layer; in other words, the graphitization generally proceeded more favou

rably in the outer layer of the specimens than in their interior. This 

phenomenon, moreover, occurred more remarkably in the specimens which 

were melted in hydrogen or in ammonia (refer to Photos. 1, 2, 10, 12, 18, 

zo to 22, 1 3, 24 and etc.) than those melted in air, carbon oxides or in 



Experiment. Specimen. 
No. No. 

I A-I-I 

2 
" 

2 

3 " 3 

4 " 4 

Experiment. Specimen. 
No. No. 

5 A-II-I 

6 
" 

2 

7 " 3 

8 
" 4 

9 " 5 
IO 

" 
6 

II 
" 7 

12 
" 

8 

13 " 9 

14 " 
Io 

15 " 
II 

16 
" 

12 

I 7(4) 
" 

13 
18'.4) 

" 
14 

{
Sample A-I. 
Melting furnace : M-I. 

Table IV-1. 

Melting temperature: 1,300°C. } 
Melting time 3') min. at 1,300°C. 

Kind of Temp. of Photo. of Photo. of 
Furn. (R). Fracture. Fracture. Structure. 

Gas. (OC) No. No. 

Air(l) Furnace Gray. 37 cooling. 
Nz Ditto. Ditto. 38 

Outer part : Gray; Interior: 
Hz Ditto. \Vhite. 1,2 39, 4o 

Vacuo<2) Ditto. Gray. 43 

Table IV-2. 

{
Sample : A-II. 
Melting furnace: M-II. 

Melting temperature: 1,250°C. } 
Melting time 10 miu. at r ,250°C. 

Kind of Temp. ot Photo, 01 Pnoto. of 
Furn.(R). Fracture. Fracture. Structure. Gas. (oC) No. No. 

Air(l) 320 Mottled (with white specks). 3 
Air<1) 400 Gray. 44 
C0,(2> 340 Mottled (with white specks). 4 
C0,(2> 35° Mottled (with no white specks). 5 45 

co 450 Mottled (with white specks). 6 
co 4jo Gray (with small white specks). 7 46 
N2 45° Mottled (with gray outer layer r m.m. thick.) 8 

N2 47° Mottled (with no white specks). 9 47 
H, 900 white. 

H, 1,050 Outer part: 1,130<3) 
Gray ; Interior: \Vhite. Io 

H, (4 Am.) Gray. 

H, Furnace Ditto. 48,49 cooling II 

Air 400 Ditto. 

x. 500 Ditto. 

Remark.. 

(1) :Melted in T, one of ends of 
which was opened to atlTIOS· 

pheric air. 
(2) Almost O m. m. in a common 

mercury manometer. 

Remarks. 

(I) Melted in T,oneof ends of which 
wa, openc'<i to atmospheric air. 

(2) Sample was heated in sta.(;nant 
CO2 filled up in T. After its 
temperature was raised to 
I ,250°C, the gas was passed fot 
10 rnin. 

(3) Cooled in R, in which 4 
amperes passed. 

(4) Specimen A-ll-9 was remelted. 

N 
(.n 

°' 



Experiment 
No. 

19 
20 
21 
22(2) 

Experiment 
No. 

23 

24 

25 

26 

27 

28 

29 

30(0) 

31 

32 

33 

34 
35(4) 

36(3) 

37 

38 

39 
40(5) 

l e.t1ng {
Sample 
MI. f 

Specimen. Kind of Temp. of 
Furn. (R). No. Gas. (Co) 

A-lll-r H, 8jo 

" 
2 NH3 Ditto. 

" 3 NH3 890 

" 4 Air'.1) 300 

Specimen Kind of Melting 

:No. Gas. Temperature. 
(OC) 

B-l AirCl) I,Zjo 

" 
2 CO,(") Ditto. 

" 3 co Ditto. 

" 4 "'• Ditto. 

" 5 H, Ditto. 

" 
6 H2 Ditto. 

" 7 H, Ditto. 

" 
8 AirCI) Ditto. 

" 9 H, 1,250 

,, Io H, Ditto. 

,, I I H, Ditto. 

,, 12 H, Ditto. 

" 13 H, Ditto. 

,, 14 N, Ditto. 

" 15 :NH• Ditto. 

"16 :NH, Ditto. 

" 17 NH3 Ditto. 

"18 Ajr(l) 1,270 

urnace: 
A-III. 
M II -

Table IV-3 
Melting temper.iture: 1,25o~C. 
M lf t' e mg: une : Io mm. a r,250 

Photo. of .Photo. of 
Fracture. Fracture. Structure. Remarks. 

No, No. 
·- --------- . ·----

O,1ter Gray; Interior: White. part: 12 
(1) Melted in T, one of ends of which \Vbite. 

was opened to atmospheric air. Outer part: Gray; Interior: \Vhite. 13 50 (2) Specimen A-III-1 was remelted. Gray. 

Table IV-4 

{
Sample : B. } 
Melting furnace: M-Il. 

Melting Temp. of Photo. of .Photo. of 
Time. FL1rn, (R). Fracture Fracture. Structure. Remarks. 
(min.) (OC) :No. No. 

----- -~-- --

IO Room temperature Mottled (with no white specks). 14 51 (l) (2) Same as 

Ditto. Ditto. Mottled (with white specks). 15 52 
before. 

Ditto. Ditto. Mottled (with no white specks). 16 53 
(3) Specimen B-

5 was re-
Ditto. Ditto. Ditto. I7 54 melted. 

Ditto. 900 \Vhite. (4) Specimen B-

Ditto. Gray cvit)1 small white specks\ 18 8 ·was re-
93° Ill mtenor 1 • 55 melted. 

Ditto. 950 Gray. (5) Specimen B-
Ditto. Room temperature Ditto. 15 was re-

0 930 Mottled (with no white specks). 19 
meited. 

5 Ditto. Gra cvit? sm.all white specks) 
Y m mtenor . 20 

30 Ditto. Outer part: Gray; Interior : White. 21 

60 Ditto. \Vhite (with thin gray outer). 22 layer 
0 Ditto. Mottled (with no white specks). 23 

Ditto. Room temperature Ditto. 

IO 900 White. 

Ditto. 920 Gray (with white specks). 24 56 

Ditto. 95° Gray. 25 

Ditto. Room temperature Ditto. 

I\) 

CJl ...., 



Hiroshi Sawamura 

nitrogen (refer to Photos. 3, 4, 6, 8, 14, 15 and etc.). It is also interesting 

to note that in the specimens which solidified in hydrogen at the cooling 

rate just neces5ary for the production of the specimens having deep gray 

colored fracture, specks of the very fine grained fracture appeared locally 

in their interior surrounded by the coarse grained fracture as shown in 

Photos. 1 1 and 36. 

(c) Microscopical study of the structure of the specimen. 

The typical structure of the specimens is shown in Photos. 37-56 

in which Photos. 37 to 43, 44 to 49, 50, 51 to 56 show the structure of 

Specimen A-I, A-II, A-IU and B respectively, and Photos. 37 to 40 and 

43 show the structure of the specimens made in Experiment I to 4. 

From these photographs, it is found that eutectic graphites will 

dcvc•lope in the specimens melted in nitrogen or in air, and also that, in 

the specimen melted in vacuo, all the graphites develope in eutectic form 

between austenite dendrites as shown by Piwowarsky, and Bardcnheuer 

and Zeyen. Photos. 39 and 40 show the structure of the part of gray and 

white fracture in Photos. 1 and 2 respectively. The former is the structure 

of common gray cast iron and the part of white fracture is found to consist 

of ledeburites. 

Comparing the degree of graphitization occun·ing in Specimen A-I-1 

to A-I-4, we can recognize the fact that it is greatest in Specimen A-l-4 

(melted in vacuo) which has a moderate quantity of free ferrite instead of 

free cementite, and also that it is smallest in Specimen A-I-3 (mdted in 
hydrogen) which has a large quantity of ledeburite:. 

Photos. 41 and 42 respectively show the structure of the part of 

the coarse grained and fine grained fracture in Photo. 36. The former is 

almost the same as the structure shown in Photo. 39, and only very fine 

graphites are found to develope in the latter. In the specimens made by 

1rn~lting Sample A-II, A-III and B, eutectic graphites also were always 

produced irrespective of the kind of gas used. Photos. 44 to 47 and 50 

show the structure of the part of the specimens in which eutectic and 

large flaky graphites exist together. Photos. 48 and 49 respectively show 

the structure of the part of the coarse grained and fine grained fracture 

in Photo. 1 1 , 
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(d) Conclusion. 

From the data obtained in the present experiments, the temperature 

of the fLlrnacc R necessary for obtaining the critical cooling rate of the 

sample at which it solidifies to mottled st:ite having no white specks in 

its fncture is determined on the s::tmple melted in various kinds of atmos

phere as summ'lrized in Table V and graphically shown in Fig. 4. In the 

present experiments, the graphitintion in pure cast iron proceeded most favou

rably in vacuo, less favourably in air and carbon dioxide, and least favourably 

in carbon monoxide and nitrogen. In hydrogen and ammonia, it proceeded 

with great diffir.ulty. Th0 unfavourable influence of hydrogen and ammonia, 

Table V. 

{
Melting temp(erature: (For SampleA-II, r,25o•c)} 

" For Sample B, 1,2;0°C 
Melting tirne : 10 min. 

Kind of Kind of Critical Temp. of Furn. (R) just nece,sary for ·the Production of Mottled Cast 

Sample. Gas Iron with no \Vhite Specks in its Fracture. 
(OC) 

Vacuo 300* 

Air 35° 

A-U co. 35° 

co 470 

"N, 470 

H, 1,100 

"NH:, I ,150( +) 

Air Room temper.,tme 

co. Ditto. 

n co Ditto. 

"N, Ditto. 

H, 950 

"NH, 950 

* Estimated from the <lat,, given in Table IV-1. 

(+) Table IV-3. 
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moreover, was more remarkable on Sample B having a moderate quantity 

of various impurities than on pure cast iron. 

oc 
1,200 

r,roo 

1,000 

900 

800 

iOO 

600 

500 

400 

300 

200 

roo 

-

-

-
,... 

""" 

-

- .\J 
~ \J 

... 
\) -~ c:::,C\i 

~~ \.) 

- ~ 
' ,... 

""" 

,... 

l 
I 
I 
I 
I 
I 

Specimen : A-II 
Melting temperature: r,250°C 
Melting time : ro min. 

Fig. 4 

~ 
~ 

~ l 

! -~ I 

" I 
I , 

CY 
'-' 

' 
8 
' 
B 

r,270°C 
ro min. 

J: ~ ~ 

~ 

' 

It is also evident that the graphitization even in pure ca5t iron does 

not necessarily require the presence of carbon oxides in the iron, because 

the iron graphitizes even when it is melted in hydrogen, if it is slowly 

cooled. If the fact that pure cast iron graphitizes even in hydrogen is due 

to the action of carbon oxides which may be originally contained in the 

iron, it will be impossible to obtain the result giwn in Experiment 1 8. 
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(ii) Experiment on the absorption velocity of some gases in molten 

cast iron. 

According to Sieverts02
\ the relation between the quantity of hy

drogen (m) saturated in iron at a constant temperature and its pressure (p) 

is expressed by the following formula : 

m=KVp 
where 

K is a constant. 

If this law approximately holds on the various gases contained in 

cast iron, when the atmosphere of A-gas in contact with molten cast iron 

containing a large quantity of A-gas is changed by that of B-gas, A-gas 

contained in the iron will be gradually replaced by B-gas, because, in this 

case, the p:lrtial pressure of B-g-as in the atmosphere is far greater than 

that of A-gas which is practically negligible. In the present experiments, 

after Sample B was melted in hydrogen, the atmosphere was then replaced 

with nitrogen or carbon monoxide, or vice versa, in order to know the 

influence of such tre:itment upon the graphitization in the iron and then 

to get some hint concerning the present problem. Sample B was found 

in the previous experiments (refer to Table IV) to become gray cast iron 

when it solidifi,es in nitrogen or in carbon monoxide in the funn.ce R of 

300°C, but to become white cast iron when it solidifies in hydrogen at the 

same cooling rate. The present experiments were carried out by adopting 

these relations. The method of treatment of the sample and the results 

obtained are summarized in Table VJ. 

From these results, it is accepLtble that molten cast iron containing 

a large quantity of hydrogen can easily absorb carbon monoxide, whereas 

nitrogen can be absorbud only with difficulty, and also that molten cast 

iron containing a large quantity of carbon monoxide or nitrogen can easily 

absorb hydrogen. 

As hydrogen thus has this property of being easily absorbed in 

moltf.'n c::i.st iron and as it not only hinders remarkably the graphitization 

m cast iron, but also often makes tlw strudun' nf solidifiiy] cast iron 

12) Z. Elektrochem; 16, (1910), 707, 
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Table VI. 

{
Sample : B. 
Melting furnace: M-II. 

Melting temperature; 1,25o"C} 
Temp. of furn. R 3oo•c 

Expei:iment Photo. of 

No. Method of Treatment, :Fracture. Fracture. 
No. 

41 Melted in N 2 ; 15 1nin. in N 2 at 1,250°c; Cooled in X 2. Gray 26 

42 II ; 75 II· ; 
,, 

Ditto. 27 

43 
Melted in H2; 15 min. in H 2, then 30 min. in N 2 at White 28 1,250°c; Cooled in N 2 

44 II ; 
,, 60 II ; II Ditto. 29 ' 

45 II N2; II x,, 30 II H,; II H, Ditto. 30 

46 II ; II 5 II ; II Ditto. 31 ' 
47 

,, CO; 15 min. in CO at 1,2500c ; II co Gray 

cith no) 48 " H 2 ; 15 min. in H,, then 30 min. in CO at 1,2500C; ,, co Mottled white 32 
,, II II 

specks. 
49 ; 90 . ,, Ditto . 33 ' ' 
50 "CO; II co, 5 II H, • II H, Gray 34 ' 
51 

,, 
; II 30 II ; II White 35 ' 

heterogeneous, some proper means, if possible, are recommended by which 

molten cast iron may not be brought into direct contact with hydrogen 

and the gasc-s which produce hydrogen, or to make this time of contact 

as short as possible during the process of the technical manufacture or 

melting of cast iron as in the blast furnace or in the cupola. 

§ 4 Summary. 

( 1) Molten cast iron was solidified at various cooling rates in dif

ferent kinds of atmosphere-vacuo, air, carbon dioxide, carbon monoxide, 

nitrogen, hydrogen and ammonia, and the influences of these gases upon 

the graphitization in cast iron were compared. 

(2) The graphitization in pure cast iron proceeded more favourably 

in Vi.l.cuo than in air and carbon dioxide. It proceeded more favourably in 

air and carbon dioxide than in carbon monoxide and nitrogen. Hydrogen 

and ammonia Jreatly hindered the graphitization in pure cast iron. 

(3) The graphitization in pure cast iron did not necessarily requirn 

the presence of carbon oxides in molten cast iron. 
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( 4) It was observed that the above relations were almost true and valid 

for the case of cast iron containing a moderate quantity of various impu

rities. 

(5) When cast iron solidifies in various gases, the graphitization 

proceeds more favoura½ly in the outer layer of the iron than in its interior. 

This · new phenomenon occurs more rem:1.rkably in the cast iron melted in 

hydrogen or in ammonia than in the iron melted in air, carbon dioxide, 

carbon monoxide, or in nitrogen. 

( 6) Eutectic graphites are easily produced when cast iron is melted 

in hydrogen or in nitrogen. In the cast iron melted in vacuo, all graphites 

develope in eutectic form between austenite dendrites. 

(7) Molten cast iron containing a large quantity of hydrogen can 

easily absorb carbon monoxide but absorbs nitrogen with difficulty, and 

molten cast iron containing a large quantity of carbon monoxide or nitrogen 

can easily absorb hydrogen. 

Chapter II. Influence of various gases on graphitization 

in white cast iron. 

§ 1. Specimen. 

The cast iron melted in a kryptol furnace was cast in Io or more 

green sand moulds into rods of white cast iron about Io m. m. thick and 

200 m.m. long. The cylindrical dilatometer specimens, 7 .5 m.m. thick and 

80 m.m. long, were then prepared by grinding and cutting these rods. 

The comp:)sition of the specimens is given in Table VII. 

Table VII. 

Specimen Composition. 

No. (%) Kind of Material. 

C Si Mn p s Cu --------
C-I 2.48 1.02 0.019 0.009 0.013 0.051 

(Kenjiho pi.re cast iron)+(armco iron) 
+ (silicon) 

C-II 2,67 1.03 0,012 0.002 0.013 o.o6o Ditto. 

D 2 ,74 1,18 0.320 0.165 0.075 0.151 
Supplied by a factory manufacturing 

black heart malleable cast iron. 

§ 2. l\fothod of investigation. 

In this investigation, a dilatometcr was devised especially for this 
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experiment. I t .is s hown in Figs. 5 a ml (J, in wl1icl 1 T rPpresents a s iliC'a 

tube 9 111. m. in inner dia meter. l. t has a gas inl et near one encl a nd a n 

outlnt near the other encl. Hoth t1 and t~ are two smalle r s ilica tu bes 

having one encl dosed a nd 

a n outc:.: r diameter o f about 

7.5 m.m. The former 

t ub(• is connected with 

T by a thin tlex ible inclia 

rubber tube G. a nd t~ is 

fixed to the onl! e11d of 

the larger tube T by fu

s io n as shown in the fi g ure. 

Th e ('Xpa nsion of tho 

sp<'c inwn Sis transmitted 

tn a mirror , the dctlection 

F ig. 5 . 

of ,,·hich is observed by rnc:.:ans of a scale a nd a tek-scope. 

F ig . 6. 

T 

J-: : FlccLric f 11 r:taCL' . 

T , 11 & t,: S ilica 1,d,cs : 

Ci : (i1111 1 tuhc. 

C: T hcnno-couplc: 
I{: l {ud . 

. \I : 1\1 illor. 

S : Spcci rn cn. 

\V : Fixed , land. 

The specime n w as h eated at a constant ratc - 10°C per minute-to 

a pn'.d c't('rm i11 f'cl tc-m pcratur<' abon! its J\ 1 pnin t, a nd that tc·mpl 'raturf' 11·as 

ke pt consta nt fo r a suffic il ' ll t t ime cornpll' t<'ly t() dcco 111 pos(: frcl, ('(• nw11 t it1·. 

lt was then furn ace cooled or air cooled to room te mperature. A consta ncy 
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of temperature with a maximum variation of 2°C at the annealing tempe

rature could be obtained. The reading of the scale was taken every 10°C 

or 20°C during heating and cooling, and every 10 minutes during the time 

in which the temperature was kept constant. The gas at about I atmos

pheric pressure was passed through the tube T at a constant flow during 

the heat tre.::i.tment. Although it was purified and perfectly dried before 

use with special care, it was inevitable that it should be contaminated with 

a minute amount of nitrogen, coming from the water always used a5 a 

confining liquid of the gas. 

Chemical analysis and microscopical study were also adopted as 

supplementary work of the dilatometer experiments. 

§ 3. Experiment. 

(i) Experiment on the time required to complete the graphitization 

of free cementite in white cast iron. 

(a) Experiment with Specimen C-I. 

The specimens in the cast state were annealed at 97 5°C and those 

in the hardened state at 935°C. In 1927, D. Saito and the autho{13> found 

a new phenomenon, viz., that if white cast iron be hardened it become, 

very unstable. The adoption of the hardened specimens in the present 

experiments is b:tSed on this fact. To prepare the hardened specimens, 

those in the cast state were inserted. into an electric tube furnace of 930°C. 

As soon as the temperature of the specime!_1s was raised to 930°C, they 

were dropped into water of about 1 4 °C. 

The rate of flow of gas passing throug·h the dilatometer during the 

heat treatment was always about 5.2 C.C. per minute. Of cour;;:e, special 

car<.' was taken to replace the total vacant space in the apparatus used in 

thi-; experiment with the gas to be used, wasting its large volume before 

the experiment was startc,-d. 

Experiment z'n vacuo. The author annealed the specimen in vacuo 

of high degree at 97 5°C and tried to find the time required to complete 

the graphitization of free ccmcntitc in this condition. The expcrinwnts 

WPre carried out in the appar,1tn-; as shown in Fig. 7. 

13) Mem. Coll. Eng., Kyoto Imp. Uni,.; 5, (1927), 1. 
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After the specimens were annealed for a predetermined time at 97 5°C, they 

were air . cooled in vacuo, so as to determine whether free cementite 

.f 

Fig. 7 . 

••••••••••••••••••••••• - r----

E 

E=Electric furnace. 
T=Silica tube. 

S=Specimen. 

remained undecomposcd or not, by microscopical study. The changes in 

weight of all specimens used in this experiment, and in quantity of total 

carbon in a specimen were determined before and after the heat treatment 

to check the degree of vacuo. 

The results are summarized in Table VIII. 

Table VIII 

Anneal• \Veight of Specimen. Total Carbon in 
Jtxperi• ing Tirne .. (grams.) SpPCirnen. ( J;) 

ment kept at Remarks. 
No. 9i5°C. Before · After 

Differ• 
Before After 

(hr. min.) Anneal· Anneal• Anneal• Anneal- Differ-

rng ing ence ing ing. ence 
---

A minu'.e quantity of 

52 0 0 4.5328· 4.5320 -o.ooo8 temper carbon was 
produced ,is shown in 
Photo. 57. 

------ ---
A minute quantity of 

53 I 0 5.0157 5-01 54 -0.0003 free cementite remain-
ed nndecomposed as 
shown in Photo. 58. 

-- --- ·- s-----

Free cementitc is 
54 I 30 33.8395 33.8393 -0.0002 2.48 2.49 O.Ol absent a~ shown in 

Photo. 59. 

55 2 0 4-6200 4.61;0 -0.0030 <litto. 
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It was thus found that the time required to complete the graphiti

ution of free cementite in Specimen C-I is about I hour and 30 minutes 

at 975°C in vacuo. 

Influozcr: of lzydrogen. Fig. 8-a shows the graphitization curves of 

the specimen obtained in this experiment. In the figure, the abscissa repre

sents the annealing time elapsed after the arrival of the temperature of the 

Fig. 8. 
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specimen to the predetermined temperature-975°C, and the ordinate the 

expansion of the specimen during annealing, which practically corresponds 

to the amount of free cementite graphitized. 

In hydrogen, the specimen does not expand at all, even if it is 

annealed for 1 o hours. The micrc;1structure of the annealed specimens also 

showed that even a minute amount of temper carbon was not produced 

as shown in Photo. 60, and the outer layer of the specimen was somewhat 

decarburised. 

Influence o.f am1120nza. The results arc shown in Fig. 8-b and given 

in Table IX. 

Experi-
ment 
No. 

56' 

57 

58 

59 
6o 

61 

62 

63 

64 

65 

66' 

67 

68 

69 

70 

iI 
72 

Table IX 

Total Carbon in Specimen Time required 
Kind of Condition of Anne,uing (%) to complete Photo. 

Atmosphere Specimen Tempera- the Giaphiti- of 
Struc.-

in Dilato- before ture. Refore After zation of Free tnre 
meter. Annealing. (OC) Anneal- Anneal- Differ- Cementite. No. 

ing. ing. ence (hr. min.) 

Vacno. As cast. 975 2.48 2-49 +o.oI I 30 

Hz As cast. 975 2-48 2.17 -0.31 Io+<X 6o 

Hz Quenched. 935 Io+<X 

NH3 As cast. 975 2.48 2.29 -0.19 9+<X 61 

NH3 Quenched. 935 ro+°' 
CH, As cast. 975 2.48 2.32 -0.16 ro+<X 6z 

CH, Quenched. 935 Io+<X 
N, 

2.48 63 (Chemically A5 Ca5t, 975 2-39 -0.09 I 50 
prod,1ced.) 

N, 
(Chemically Quenched. 935 I so 
p1oduced.) 

N, As cast. 975 2 0 
(F,om air.) 

o. As c:ist. 975 2+<X 

co As cast. 975 2.48 2.37 -a.II(?) 3 Io 67 

co Quenched. 935 4 0 

co, As cast. 975 2.48 2.04 -o.44 I 30 68 

co, Quenched. 935 I . IO 

Air. As cast. 975 2.48 2.06 -0.42 I 50 69 

Air. Quenched. 935 2 Io 

The influ0ncc of this gas is almost similar to that of hydrogen. 

Injluena of 111dlzrmr'. 'fhe n·sults are shmvp in Figs. 8 c and 9-a 
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and given in Table IX. In Fig. g, the abscissa represents the annealing 

time and the ordinate the expansion of the specimen per 1 o minutes which 

practically corresponds to the amount of free cementite graphitized in this 

time. 

The specimen graphitizes very siowly in methane. 

Infl1tf'nrr: of 111'/rol[f'n. A specimen was annealed in nitrogen chemi

cally produced, and another specimen in this ga-; obtained from air. The 

r<>sults arc shown in Figs. 8-d and g-b, and given in Table IX. 

Tho graphitiz1tion in tht:' specimen proceeds easily in this gas what

fWPr the genesis of the gas may be. 

Influence of oxygen. In this experiment, the author adopted an 

apparatus of similar construction to the dilatometor, for fear of the damage 

done to the dilatometer due to the action of iron oxide produced during 

the heat treatment of the specimen. After the specimen was annealed 

for a predetermined time in the current of oxygen in this apparatus at 

975°C, it was air coolt'd and its structure was studied by the microscope. 

The results are summarized in Table X. 

Table X 

Experiment 
Annealing Time 

kept at 9i 5°C. Remarks. 
Xo. (hr. min.) 

73 I 0 A large quantity of free cementite remained undccompo,ed. 

74 I 30 
A moderate quantity of free cementite remained nndecomposed 

as shown in Photo. 64. 

75 2 0 
A minute :quantity of f1ee cementite remained undecornposed 

in the interior as shown in Photos. 65 and 66. 

The time required to complete the graphitization of free cementite 

was then decided to be about 2 hours in oxygen. 

Influenc(: of rarbon 11101wx1de. The results are shown in Figs. 8-e 

and g-c, and given in Table IX. 

The graphitization of the specimen proceeds with moderate ease in 

this ga-;. 

nitrogen. 

But in this gas, it t;ikes a longer time than in vacltO and in 
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I11fbence of carbon dioxide. The results are shown 111 Figs. 8-f 

an<l g-d, ahd given in Table IX. 

The specimen graphitizes very e:'lsily in this gas. 

1)1;(lurncp of air. The results am shown in Fig. 8-g and 9-e, and 

given in Table IX. 

The specimen also graphitizcs very easily in air. It was, of cmirse, 

distinctly oxidised and decarburisod. 

(b) Experiment with Specimen No. D. 

The method of this experiment is tho same as above mentioned. 

Specimens in the cast st:1.te only were annealed at various temperatures. 

Expa1inrnts ziz 71aruo. From the results summarized -in Table XI, 

Table XI 

Experiment Annealing Time 
kept at 97 5°C. Remarks. 

No. (hr. min.) 

76 
A moderate quantity of free cementite 

0 30 rem'ained undecomposed. 

i7 I 0 
A minute quantity of free cementite 
remained nndecomposed. 

78 I 30 Free cementite is ab;;ent. 

it was confirmed that the graphitization of free cementite at 97 5°C was 

completed in about I hour and 30 minutes in vacuo. 

The specimen was, moreover, annealed at 935°C in the Honda's 

dilatometer, keeping the degree of vacno at 3 m.m. of mercury column. 

The result of this experiment is shown in Figs. 1 o-o and 1 1, and given 

in Table XII. 

0 2 3 4 5 

Fig. IO. 

a 

7 9 IO 
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Table. XII 

Annealing Time required to complete the 
Experiment Kind of Atmosphe,e Graphitization of Fi ee 

No. in Dilatometer. Temperature. Cernentite. (OC) 
(hr. min.) 

79' Vacuo. 9i5 !+IX 

(In a silica tube) 

80 Vacuo. <)35 5 20 

In the Honda's dilatomcter 

81 H, 975 2 50 
82 Hz 935 JO+IX 

83 x, 9i5 I 30 

84 "N2 935 5 0 

85 N"2 895 9 0 

86 co 975 I 30 

87 co 935 4 50 
88 co 895 9 0 

89 CO2 975 I 0 

90 CO2 935 3 30 

91 co, 895 6 30 

92 o, 975 I 0 

93 Air 975 I IO 

94 Steam 975 I 50 

Influcncr of ltydro.t;rn. The specimen was annealed at 975°C and 

935°C. The n~sults are shown in Figs. 10-a and 1 I and given in Table 

XII. 

Influencr: of nitrogen. The 

results are shown in Figs. 1 o-b and 

1 1, and given in Table XII. 

Inff,uf'nce of carbon monoxirk. 

The results are shown in Figs. 1 o-c 

and 1 1, and given in Table XII. 

Inflm·na of fferbon dzoxi'rk. 

The results arc shown in Figs. 1 o-d 

and 1 1, and given in Table XII. 

Inff,uf'nce of oxygen, air and 

stmm. The results are shown in 

Figs. 10-c and 11, and given in Table 

XII. 

Fig. I I. 

C=2.74%, Si=r.18%, 

hr. 12~-------------, 

IO 

4 

2 

880 900 920 940 
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( c) Conclusion. 

Considering the time required to c0mplete the graphitizati0n 0f free 

ccmentite in Specimen C-I annealed in the various kinds of atmosphere, 

we can recognize the fact that it proceeds most favourably in vacu0 and 

carb,n dioxide, in vacuo it:" proceeds a little more favourably tlnn in nitrogen 

and far more favourably than in carbon monoxide, and also that it is 

remarb.bly retarded by hydrogen, ammonia and methane. These relations 

to the specimens in the cast state arc also shown in Fig. 1 2. 
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In regard to the time in question in the various gases, it is shortest 

in carbon dioxide and becomes longf~r in the following· order: in air, nitrogen, 

carbon monoxide, methane, ammonia and in hydrogen. 

We see in the graphitiz::i.tion curves shown in Fig. 8 that the height 

of the curves of the specimens annealed in nitrogen and carbon monoxide 
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is higher than those of the specimens anne1le:i in the oxidizing gases such 

as carbon dioxide and air. This is probably due to the fact that a part of 

free cementite was oxidized by these gases before its graphitiz::ttion begins. 

In the experiments with Specimen D, we have almost the same 

result'l as in those with Specimen C-I as shown in Fig. 12. The graphitiz:1-

tion in this specimen was also complete:i in the shortest time in carbon 

dioxide and in oxygen, in a very short time in vacuo and air. It is 

distinctly interfered with by hydrogen. It is an interesting phenomenon 

that the unfavourable influence of hydrogen is far more distinct in Specimen 

C-I than in Specimen D. 

The influence of some gaseous mixtures consisting of carbon dioxide 

and carbon monoxide, carbon dioxide and nitrogen, carbon dioxide, nitrogen 

and water vapour, or nitrogen and water vapour was also investigated, but 

important data were not obtained. 

(ii) Influence of the quantity of air in contact with white cast iron 

upon the time required to complete the graphitization of free cemcntite 

in it. 

(a) Experimmt with Specimen C-II. 

Fig. 13. 

a 

c,, wsm 

In order to determine tlw 

influence of the quantity of air in 

contact with Specimen C-II upon 

its graphitization, the specimen \\'as 

arnwalcd in the manner a'> shown 

in Fig. 13. In Fig. 13-a, both the 

gas inlet and the outlet of the 

dilatometer devised by the present 

writer are opened to atmospheric 

air in order to make the quantity 

of air to be in contact with the 

spr'cimen infinitive. In Fig. 1 3-b, 

the gas; inlet is closed and the 

gas outlet is connected to a gum 

tube, about 500 m m. long and 

about 3 m.m. in diamet0r, the other 
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end of which is immersed in cone. sulphuric acid. The quantity of air to 

be in contact with the specimen in the dilatometer is greatly limited in 

this condition. In Fig. I 3-c, in the place of the closed gas inlet in Fig. 

1 3-b, a glass bottle is connected to it in an inverted position and the 

capacity of the bottle is changed as required. The graphitiz:1.tion curves 

of the specimen annealed in these conditions are shown in Fig-. 14 and 

the time in question is obtained as given in Tabk XIII. 

Fig. 14. 

(Annealing temperature: 965°C.) 
cm. 

50 I 
f.xp. C/6 -
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, 
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Table XIII. 

{
Specimen : C-IT } 
Annealing temperature: 965°C 

Experiment Method of Capacity of Time required to complt'te the 

No. Annealing. Glass Bottle. Graphitization of Free Cementite. 
(c.c.) (hr. min.) 

95 Fig. 13-a. 0 3 50 

96 
" 

h. 0 9+cr. 

97 ,. c. 1,100 S+cr. 

98 Ditto. 3,600 s+cr. 

99 Ditto. 8,100 4 0 

-- -- -
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From these results, the quantity of air in contact with Specimen 

C-II is found to greatly affect its graphitiZ:1.tion; viz, it hardly graphitize 

even in 8 hours when it is annealed in a minute quantity of air 

notwithstanding that its graphitization is completed in only 4 hours when 

it is annealed in a sufficient quantity of air. It is interesting to note also 

here that the specimen graphitizes very eJ,Sily in vacuo (refer to Table IX). 

(b) Experiment with Specimen D. 

Specimen D was annealed in the manner as shown in Fig. 13-b 

and in air confined in the Honda's dilatometer which was sealed by cone. 

sulphuric acid. The results obtained are shown in Figs. 1 5 and 1 I, and 

summarized in Table XIV. 
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Comparing tll<'se n'sults with those in Table XII, the quantity of 

air in contact with Specimen l) has almost a n0gli1,dhle pffect upon its 

graphitiz:ttion. 

(c) Conclusion. 
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Tab:e XIV. 

(Specimen: D) 

Experiment Method of Annealing Time requi~ed to complete the 
Temperature. Graphitization of Free Cementite. No. Annealing. (OC) (hr. min.) 

IOO Fig. 13-h. 9i5 2 0 

IOI Ditto. 935 5 20 

102 Ditto. 895 IO 0 

Confined air in the 
103 935 5 20 

Hond.i's dilatometer.l 

From the results obtained in the present experiments, a new pheno

menon is found in the fact that the influence of the quantity of air in 

contact with white cast iron upon its graphitization is greatly dependent 

upon its composition; viz., the influence is very great on white cast iron 

containing a minute quantity of impurities excepting siLcon, but almost 

negligible on white cast iron containing a moderate quantity of various 

impurities. 

§4. Summary. 

( 1) A dilatometer was newly devised for the present investigation 

in which the specimen can be annealed in any gaseous atmosphere. 

(2) The int-lncncc· of various gases upon the time required to complete 

the graphitization of free cementite in white cast iron containing a minute 

quantity of impurities excepting silicon was measured at a constant tempe

rature. 

The graphitiution in the specimen 1s completed in the shortest time 

m vacuo and carbon dioxide. It is completed in a somewhat longer time 

in air, nitrogen 6r in carbon monoxide than in vacuo or in carbon dioxide 

and it is remarkably retarded by hydrogen, amrnona or by methane. These 

relations are similar to those obtained in the graphitintion in pure cast 

iron taking place during its solidification in various kinds of atmosphere 

(mmp::tr<' Fig. 4 and Fig. 12). 

(3) The influence of various gases upon tlw graphitintion m whit<~ 

cast iron having the composition as adopted in the manufacture of black 
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heart malieable cast iron was also measured and the results obtained were 

almost the same as those obtained on white cast iron containing a minute 

quantity of impurities excepting silicon. 

(4) The influence of the quantity of air in contact with white cas 

iron upon its graphitization was measured and an interesting new pheno

menon was found in the fact that it greatly depends upon the composition 

of white cast iron. 

Chapter Ill. Some theoretical considerations on the influence of 

various gases upon graphitization. 

In regard to the theory on the mechanism of graphitization in cast 

iron, it has not yet been throughly propounded, although works have been 

devotPd to it up to the present. The present writer, however, bdieves~11> 

that a grPat part of graphites in ca-;t iron is producC'd by decomposition 

of cementite. If this be so, the graphitintion in cast iron depends upon 

the stability of cementite. Profs. Honda and Murakami(1r,) published an 

opinion that graphites in pnre cast iron are not produced by direct 

decomposition of cementite, but by its decomposition under the catalytic 

action of carbon oxides. According to them, the graphitization did not 

occur in pure cast iron which was melted in vacuo, hydrogH1 and nitrogen. 

This fact is 0110 of the strong grounds supporting their theory. But the 

results obtained in the present investigation differ greatly from those 

obtained by them and can not be explained by their theory; viz , the 

graphitization in pure cast iron proceeds ,·ery favourably in vacuo; it proceeds 

also in nitrogen with alm'.)st same ease as in carbon monoxide; it, moreover, 

does not necessarily require the presence of carbon oxides in cast iron. 

Now, the present writer puts forth the following hypothesis in order 

to explain the results obtained in the present investigation : 

( 1) Various gases arc containe:l in cementite produced during the 

solidification of pure cast iron as long as it is not melted in vacuo. 

(2) Ccmcntite containing no gas is more unstable than that con

taining carbon dioxide, carbon monoxick, nitrogcn or hydrogcn. 

14) l\Iem. Coll. Eng., Kyoto Imp. Univ.; 4, (1926), 159. 

15) Sci. Rept., Tohokn Imp. Univ.; 10. 11921), 273. 
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(3) The stability of cementite containing gases depends on the 

quantity and the kind of the gases which it contains; viz., as the quantity 

of the contained gases increases in cementite, its stability increases and 

reaches a maximum when it is saturated with these gases ; the stability 

of cementite saturated with carbon dioxide, carbon monoxide or nitrogen 

is a little greater, and that s1.turated with hydrogen is far greater than 

that of cementite containing no gas. 

The results shown in Fig. 4 can be easily understood by the above 

hypothesis. The results of Experiment 31 to 34 are considered to be due 

to the fact that it requires a rather long time before molten cast iron is 

s::tturated by hydrogen. The present writer further proceeds to explain the 

phenomenon that the graphitization in cast iron containing gas occurs 

more rem1.rkably in the outer part of the iron than in its interior. 

It is a known fact that the excess of the gas contained in cast 

iron is liberated out of the iron when it solidifies and also that the 

solidification of cast iron proceeds from its outer surface into its interior. 

Then, when cast iron begins to solidify, the excess of the gas existing in 

the outer part of the iron is first liberated out and the excess of gas 

existing in its interior remains until last. In this case, the gas existing in 

the outer part of cast iron can be easily liberated out of the iron, but the 

escape of the gas from its interior, on the other hand, is difficult, because 

the interior is enveloped by the crust of solid or viscous mixture consisting 

of solid and melt when it begins to solidify. The interior thus solidifies 

under the pressure of the gas greater than atmospheric pressure. Then, 

the quantity of the gas contained in cementite produced during solidifica

tion of cast iron is greater in the interior than in the outer part which 

solidifies under about I atmospheric pressure of the gas. Consequently, 

cementite produced in the interior of ca.st iron is more stable than that 

produced in its outer p1.rt. The fact that this phenomenon occurs more 

remarkably in cast iron melted in hydrogen or in ammonia than in the 

iron nwlted in air, carbon dioxide, carbon monoxide or in nitrogPn is 

probably due to the difference of the effect of these gases upon the stability 

of cementite. 

The solubility of carbon oxides in molten cast iron decreases as the 
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temperature rises as shown in Fig. 1. Now, in Fig. 16, assume that curves 

AB and RS show the relation between the temperature and the solubility 

of these gases in pure cast iron having eutectic composition in solid and 

molten state re'.pectively and also that RB is the quantity of these gases 

to be absorbed in the iron during melting or to be liberated out of the iron 

during solidification. If cast iron s1turated with these gases at any 

temperature T" lower than 1;' cools at too quick a rate to absorb these 

gases, the total quantity of these gases in the iron remains almost practically 

constant until the temperature drops to its solidifying temperature when 

the quantity of these gases corresponding to BV is liberated out of the 

iron giving the above mentioned phenomenon. As readily seen from Fig. 
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16, the lower the temperature T", the greater the quantity of these gases 

to be liberated from the iron during solidification. Then, as T" is low, 

the difference between the quantity of these gases contained in cementite 

produced in the outer part of cast iron and that in its interior becomes 

greater. Hence, it is acceptable that the lower the melting t0mperature of 

cast iron, the more remarkably occurs the phenomenon in question. 

The cast iron containing various impurities, of course, can not be 

treated as pure cast iron. In this case. the stability of cementite probably 

depends greatly upon the quantity and also the kind of the element 

contained in it06). According to the results shown in Fig. 4, however, 

the influence of various gases upon the stability of cementite produced 

in Specimen B may be almost similar to the case of Specimen' A. 

Various gases are also contained in cementite in white cast iron, as 

long as it does not solidify in vacuo. When white cast iron is annealed 

in vacuo, it has to graphitize easily, because all gases are aspirated out 

of cementite. When white cast iron is annealed in a special gas ,this gas 

will replace the gases contained in cementite and the quantity and the kind 

of gas absorbed in cementite shall greatly affect its graphitization. 

The present writer wishes to confirm his consideration above mentioned 

and also to make it more complete by further investigation. 

Chapter IV. Some practical problems concerning 

the present investigation. 

5 1. So called '' Umgekehrter Hartguss." 

According to the experiences in German foundry practice, so called 

"Umgekehrter Hartguss" is liable to be produced in the following cases: 

( 1) \¥hen scrap with much rust is used as a charge. 

(2) When charge with much sulphtir is used. 

(3) When ~elting temperature is low. 

(4) When molten bath of the first tap is used. 

(5) When thin casting is made. 

It is certain that this kind of casting is not produced owing to the 

16) Mem. Coll. Eng., Kyoto Imp. Univ., 4, (1926), 159. 
17) St. E; 41, (1921), 569, 719. 
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S8gregation of the impurities contained in it. After Bardenheucr (17), 

when cast iron having so called " critical composition " is cast, only the 

outer part of the casting is. often converted to gray cast iron under the 

impinging action of some material in the mould in contact with the casting. 

The author found in the present investigation that the gas contained 

m cast iron plays a principal role in the production of " Umgekehrter 

Hartguss ". It is also readily recognized from the results of the present 

investigation that when cast iron having so called " critical composition " 

is melted at low temperature, or when molten cast iron contains a great 

quantity of carbon oxides owing to the use of rusty scrap as a charge, 

" Umgekehrter Hartguss " is liable to be produced. When molten cast 

iron contains a great quantity of hydrogen, the tendency for the production 

of this kind of casting is, of course, to be enlarged. 

As casting is thick, the difference between the cooling rate of its 

outer part and that of its interior becomes greater when it is cast. In 

other words, the thicker the casting, the greater is the tr,ndency that the 

graphitintion proceeds more favourably in the interior than in the outer part 

of the casting. Hence, it is evident that "Umgekehrter Hartguss" is liable 

to be produced in thin casting. 

·5 2. On the formation of the fine grained fracture surrounded by 

the coarse grained fracture in pig iron. 

In the fracture of pig iron, we often observeCtS) the fine grained part 

surrounded by the coarse grained part. This phenomenon also has not 

heen fully explained. It was found by the present writer that molten cast 

iron containing a great quantity of hydrogen often produces such fracture 

after solidification. Hence, the present writer believes that the influence of 

hydrogen absorbed in molten cast iron in blast furnace is one of the princi

pal causes producing pig iron giving such a fracture. 

5 3. Summary. 

( 1) From the results of the present investigation; it is concluded 

that so c:illed " U mgekehrter Hartguss " is produced under the action of 

the gases contained in it. 

18) Taguma: Japanese J. I. S. I; II, (1925), 697. 
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( 2) The formation of the fine graitwd fracture in pig iron is probably 

due in some cases to the influence of the hydrogen absorbed in molten 

cast iron. 
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