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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Aもst誓acも

　　　To　ascertain　the　growth　theory　of　irreversible　graphite　migratlon　again，　two　spheroidal

graphlte　irons　of　coarse　aRd　flne　graphite　nodules　with　the　same　molten　lroR　were　heated

cyclically　in　still　air　and　the　relation　between　the　growth　charac£eristics　and　the　change　of

graphite　phase　of　different　size　of　graphite　nodule　were　lnvestigated．　Furthermore，　the

effect　of　the　size　of　graphite　nodules　on　the　heat－resistance　of　spheroidal　graphite　iron　was

considered　theoretlcally．

　　　The　results　obtained　were　summarized　as　follows　：
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　’

　1）　The　growth　theory　of　irreversible　graphlte　migration　became　evideRt　again　from　the

quantitative　evidence　on　the　redistrlbueion　of　graphite　fo｝lowed　by　groweh．

2）　Growth　characteristic　of　spheroidal　graphite　iron　with　the　same　chemical　corr｝position

significant｝y　depended　upon　the　nodule　size　aRd　the　growth－rate　of　coarse　graphite　iron　that

was　generally　greater．

3）　lt　became　clear　by　the　theory　ef　irreversible　graphite　migration　that　the　heat－resistance

of　spheroidal　graphite　iyon　could　be　effectlvely　increased　by　reducing　the　size　of　graphite

nodu｝es．

亙．蔓ntroduction

　　　When　the　cast　iron　is　subjected　to　repeated　heatiRg　above　critical　tempesatures，　per－

manent　increase　in　volume　occurs　and　the　mechanical　properties　become　brittle　and　the　iron

sometimes　behaves　like　a　piece　of　chalk　on　being　cut．　This　pltenomenon　has　been　lmowR　as

the　growth　of　cast　ironi）　and　occurs　in　all　grey　cast　iron　and　its　magRitude　depends　upon　the

temperature，　the　time　held　at　temperature　or　the　length　and　number　of　heating　cycles，　and

the　nature　of　the　atmosphere　or　medium　surrounding　the　iron．

　　　There　have　been　many　attempts　to　explain　the　growth　phenomenon　from　the　beginniRg

of　the　twentieth　century　and　it　has　been　attributed　to　oxidation2＞，　graphitization3），　crackiRg‘｝

and　others，　though　Ro　theory　has　been　successfully　established　on　the　growth　mechaRism　in

cast　iron．　But　among　these　theories，　oxidatioR　and　cracking　were　in　lead　from　the　observa－

tion　of　microstructures　of　grown　cast　irons　and　£he　measurements　of　dilatometric　curves．

　　　These　two　theories　insist　that　causes　of　growth　were　due　te　the　internal　oxidation　by

oxidizing　atmospheres　penetrating　into　the　iron　along　flake　graphite　with　cracking　or

bursting　occurring　arouRd　graphite　flal〈es　due　to　stresses　caused　by　velume　chaRges　resulting
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from　heating　and　cooling　through　the　critica！　temperature，　and　they　were　also　applied　to　the

spheroidai　graphite　cast　iron　which　was　invented　in　the　middle　of　the　twentieth　century5＞，　but

there　were　no　adequate　explanations　for　iower　growth－yate　of　spheroidal　graphite　iron6｝．

　　　Nagaoka　has　induced　a　new　growth　rpechanism’一8）　due　to　irreversible　migration　of

graphite　from　the　observation　of　graphite　structures　and　the　peculiarity　6f　dilatornetric

curves　during　repeated　heatings．

　　　AccordiRg　to　his　growth　rnechanism，　cast　iron　grows　with　the　formation　of　cavities　and

redistribution　of　graphite　remaining　in　it　because　of　the　irreversible　diffusion　of　carbon

occurring　in　the　dissolution　and　separation　of　graphite　during　heating　and　cooling．　Therefore

the　redistribution　of　graphite　observed　ln　gtown　cast　iron　is　powerful　evidence　supporting　the

theory．

　　　To　establish　the　theory　of　irreversib1e　migration　of　graphite，　many　attemptsgdii5）　were

made　by　the　observation　of　grown　cast　iron　by　optical　microscope　and　scanning　electron

microscope．　The　direct　observation　and　XMA　analysis　of　fracture　of　grown　cast　iroR　by

scanniRg　electron　microscope，　the　quantitative　analysis　of　graphite　phase　of　grown　cast　iron

by　particle　analyzer　and　so　on，　and　the　results　obtained　by　these　experiments　e＄tablished　the

basis　of　the　theory　aRd　also　set　forth　the　prospect　to　explain　various　and　complex　growth

phenomena　consistently・i6）

　　　In　this　paper，　the　growth　tendency　and　the　change　of　graphite　phase　of　two　spheroidal

graphite　ca＄t　iron　of　coarse　and　fine　gi‘aphite　nodules　with　the　same　molten　iron　were

aRalyzed　iR　detaii　to　reevaluate　the　validity　of　fundamental　growth　mechanism　by　irrever－

sible　migration　graphite　aRd　to　show　that　the　sites　of　redistribution　of　graphite　and　its

amouRt　depend　on　the　size　of　graphite　nodules　from　the　standpoint　of　the　irreversibility　of

diffusion　mechanism　in　the　dissoiution　and　redistribution　of　graphite．

　　　Furthermore，　the　eva！uatioR　of　heaFresistance　for　spheroidal　graphite　cast　iron　which　is

unsusceptible　to　oxidation　was　investigated　from　the　standpoint　of　size　of　graphite　nodules．

lk　Experimental　Procedure

　　　Two　specimeRs　for　the　grewth　test　with　coarse　and　fine　graphite　nodules　were　produced

by　pouring　a　Mg－treated　spheroidal　graphite　molten　iron　into　a　keei　block　sand　mould　and

a　metal　mould　for　a　bar　to　vary　cooling　rates．　Table　1　shows　the　chernical　cemposition　of

the　spheroidal　graphite　cast　irons　and　Photo　1　shows　the　microstructures　of　graphite　nodules

in　the　irons　as－cast　and　ferritized　by　Figure　1．　The　ferritized　structure　is　the・standard　from

which　graphite　phase　changes　by　the　growth．　The　number　of　graphite　nodules　measured　by

particie　anaiyzer　was　85　nodu｝es／mrn2　in　the　coarse　graphite　sand　rnould　iroR　and　657

nedules／mm2　in　the　fine　graphite　inetai　mould　iron．　The　size　of　growth　test　piece　is　23　mm

in　dia．　and　i96　rnm　in　length　which　was　machined　from　the　center　of　ferritized　iron．　At

Table　1　Chemical　Compositions　of　Spheroidal　Graphite　Cast　lron　（O／o）

T．C
G．C　　　Si　　　Mn　　　　　　　　　　　…　　　　f

P　　l　S　　l　Mg　　　｝

3．62 2．62 2．40
　　　　　　　　　　　　　　　　　l　　　　　　　　　　i
n．56　　　　　　0．G23　　　i　　O．0／4　　｝　　G．038　　　｝



　　　　　　　　　　　　　　On　the　Relation　between　Growth　Characteristic　and　Graphite　Nodule

　　　　　　　　　　　　　　　　　　　　　　　　　　Sige　of　Spheroidal　Graphite　Cast　lron

each　end　of　the　test　piece，　a

stainless　steel　bar　of　3　mm　in

dia．　and　10　mm　in　length　was

embedded　as　much　as　7　mm　to

ascertein　the　standard　of　the

measurement　by　a　micro－
Meteri7）．

　　　　The　test　pieces　were　grown

up　to　80／o　linearly　by　repeated

heating　in　an　electrically－heated

muffle　furnace　held　at　950“C　for

30　min　and　cooling　for　30　min　in

still　air．

　　　The　analysis　of　the　grown

graphite　phase　was　done　quanti－

tatively　by　particle　analyzeri5）

（Luzex　450）　at　the　center　of　the

iron　which　was　not　affected　by

the　outer　oxidizing　atmos－

phere’2）．　Optical　measuring

fields　with　particle　analyzer

were　1，250×100　pt　m2　in　the　fine

graphite　iron　and　5，000　x　lOO

”m2　in　the　coarse　graphite　iron

and　30　fields　were　measured．

The　magnifications　of　the　ob－

jective　lens　were　×20　and　×10

respectively．
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Photo　1
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Microstructures　of　Spheroidal　Graphite　Cast　lrons．

　gsooc　pmt　a　r　s　e　Iron

li　i　E8．QL，

Room

　　　　　1XKKOg

　　　　　l

Temperature

鋳。．

4 10h 4h 50h

　　9000c

　　li

∠一
　　l　l

FIine　工ron

＼む・。。

RoOm　田e囮pera七ure

Fig．　1

4h15h

Ferritizing　Method　of　Spheroidal　Graphite　Cast　lron．

　　　　　　　　　　　　　The　items　of　the　measurements　were　the　total　number　of　graphite　nodules，　the

number　of　graphite　nodules　in　various　sizes　and　the　fractional　area　of　graphite　phase．

　　　　　　　　　　　　　　　　III．　Experimental　Results　and　Considerations

III－1）　Growth　Curve

　　　　Figure　2　shows　the　linear　growth　of　coarse　and　fine　graphite　iron　by　the　test．　Both　irons

grew　with　the　number　of　heatings，　but　up　to　40　heating　cycles　or　30／o　growth，　the　fine　graphite

iron　grew　more　than　the　coarse　graphite　iron，　and　after　40　cycles　the　curves　showed　an

inversion　in　the　growth　of　the　two　irons．　Finally　an　80／o　linear　growth　was　reached　after　87

cyclds　i’n　the　coarse　graphite　iron　and　after　109　cycles　in　the　fine　graphite　iron．　The　average

growth－rate　for　5　cycles　obtained　with　the　test　showed　that　the　rate　for　fine　graphite　iron　was

almost　constant　at　O．071％／cycle　although　it　was　comparatively　great　at　the　early　stage，

while　the　rate　for　coarse　graphite　iron　increased　continuously　from　O．044％／cycle　for　5－10

cycles　to　O．1240／o／Cycle　at　60　heating　cycles　and　then　it　decreased．　But　it　was　noticeable　that



12 Makoto　SoHMA

の

Φ

ρ

1

碍
P
o

o
Φ
tn

①

＜

①

日
。

あ
0　1

＼

ロ
1

9

o

重0

　　8

　　6

h

P
o4
0

田2
fi

口

　　o

一一一
@ Coar6e　工ron

　　　　　Flne工ron

　　　　　　　　　A

U　／xl　　　　　A、ノ
tk　　　　1
、　　　　ノ

　t

－t．一一1一一．一M．J．；

しノ　ク7i
　　　　　f＞〈x　i

　　　　一
　　ノ！Linear
　’

／
／
／

／

　　　x“N　／

　　　　　　　　　　v

　　　　　　　　Average

GrowthGrowth－Rate

　　　　　　O　20　40　60　60　100
　　　　　　　　　Heating　Cyele，　cycle

Fig．2　Linear　Growth　Curve　of　Spheroidal　Graphite

　　　　　　Cast　lron．

carbon　from　mother　graphite　nodules　to　the　matrix　was　inhibited　gradually

this　was　attributed　to　the　decrease　in　the　new　sites　of　redistribution　of　graphite　in　the　matrix．

III－2）　The　changes　of　microstructure　of　spheroidal　graphite　cast　irons　followed　by

　　　　　　　growth

　　　Both　ferritized　matrixes　of　cast　iron　became　pearlitic　after　one　heating　up　to　950eC，　and

the　ferritic　amount　increased　with　the　growth　as　shown　in　Photo　2．

　　　In　the　coarse　graphite　iron　fluffy　graphite　grown　from　the　sides　of　the　mother　graphite，

globular　graphite　appearing　in　the　matrix　apart　from　the　mother　graphite　and　the　enlarge－

ment　of　the　mother　graphite　were　observed　opticallyi2）．　Similar　features　were　also　observed

in　the　fine　graphite　iron，　but　it　appeared　that　the　number　of　globular　graphites　redistributed

in　the　matrix　decreased．　The　tendency　of　enlargement　of　graphite　nodules　was　remarkable

compared　to　the　coarse　graphite　iron．　Further　it　was　noteworthy　that　the・effect　of　oxidation

was　not　found　in　the　center　of　both　irons　even　after　8％　growthi3）．

　　　　　　　　　　　　　Growth　2SZozr　1　Growth　4％　1　GroWth　8％

・滞『

at　80／o　linear　growth，　the　rate　of

growth　of　coarse　graphite　iron　was

greater　than　that　of　the　fine　graphite

iron．

　　　The　cause　of　the　rapid　decrease

of　the　growth　rate　of　coarse　iron

after　6％　growth　was　considered　as

follows；graphites・　connect　with

each　other　and　the　inner　structure　of

graphite　becoplies　porous　due　to　the

irreversible　migration　of　graphite　by

repeated　heatings．　Namely　the

whole　structure　of　spheroidal　gra－

phite　iron　becomes　porous　such　as　in

sintered　iron　and　the　migration　of

　　　　　　　　　　　　　　　i2）．　Furthermore

鎌・・ 雛

謎

欝＿

Photo　2　Changes　of　Microstructure　of　Spheroidal　Graphite　Cast　lrons　followed　by　Growth．



III－3）

On　the　Relation　between　Growth　Characteristic　and　Graphite　Nodule
　　　　　　　　　　　Size　pf　Spheroidal　Graphite　Cast　lron

The　changes　of　Rumber　and　the　frac－

tional　area　of　tke　graphite　phase　fol－

lowed　by　growth

　　　Figi3re　3　shows　the　changes　of　the　number

and　the　fractional　area　of　graphlte　phase　followed

by　growth．　The　number　of　graphite　nodules　per

rr｝m2　was　obtained　by　dividiRg　the　total　graphite

nodules　by　the　total　area　in　30　fields，　and　the

fractional　area　of　graphite　phase　had　aR　average

of　30　fields．

　　　The　number　of　graphite　nodules　increased

with　the　growth，　but　a　big　difference　could　be

seen　between　both　cast　iron　by　the　increasing

teRdency．　Narnely　the　number　of　graphite　no－

dules　increased　almost　continuously　with　the

growth　in　the　coarse　graphite　cast　iron　and　at　aR

80／o　growth　it　reached　about　twice　the　growth　of

OO／o　growth，　while　an　increasing　tendency　was
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inhibited　above　a　2％　growth　in　fine　graphite　iron　aRd　was　about　1．4　times　that　of　OO／．　growth

after　80／o　growth．　Therefore，　the　relative　increasing　tendency　of　graphite　nodules　was

greater圭n　the　coarse圭ro鍛．

　　　　The　value　of　the　fractlonal　area　itself　was　greater　in　the　coarse　iron　and　increased　with

the　growth．　The　iRcreasing　teRdency　was　remarkable　above　40／o　growth，　but　the　relative

increasiRg　tendency　was　greater　in　the　fine　cast　iron．　Namely　it　reached　about　three　times

that　of　the　OO／o　gyowth　after　an　8％　growth，　while　it　was　about　two　times　of　that　in　the　coarse

iron．　Furtherrnore，　the鍛oticeable　fact　was　that　there　was　almost　a　Iinear　re正at至on　betwee鍛

　the　growth　tendeRcy　and　changes　of　the　fractional　area　of　graphite　in　both　graphite　irons　up

to　4－60／o　growth．

　　　　The　cause　of　the　incyease　in　graphite　phase　in　the　center　of　spheroidal　graphite　irons

which　was　not　affected　by　the　oxidizing　atmosphere　was　attributed　to　the　redistribution　of

i　graphite　in　the　iso｝ated　sites　far　from　the　mother　graphites　because　the　amount　of　graphite

precipitated　in　the　iron　was　thought　to　be　constant　before　and　after　the　heating　aRd　cooliRg

and　there　was　no　outer　supply　of　carbon．　The　decrease　at　the　latter　stage　of　growth　was

considered　as　the　vanishing　or　merging　of　fine　graphite　nodules．　Thus　it　can　be　considered，

though　lndirectly，　that　the　rneasured　graphite　phase　partly　contains　some　cavities　which　were

　optically　indistiRguishable．　Consequently　i．t　is　concluded　tkat　there　are　some　cavities　present

that　were　equivalent　to　the　increment　of　the　fractional　area　of　graphite　followed　by　growth

and　the　increment，corresponding　to　the　amount　of　growth．

Ifl－4）　The　changes　in　the　distribution　of　tke　nedule　size　of　graphite　follewed　by　growth

　　　　Figure　4　shows　tke　changes　in　the　distribution　of　the　nodule　size　of　graphite　in　the　coarse

aRd　fine　graphke　irons　followed　by　grow£h　with　histograms　in　relation　of　number－ratio　and
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size　of　graphite　nodules．

　　　The　number－ratio　of　every　10＃m　in　nodule　size　was　shown　in　the　coarse　graphite　iron．

In　the　distribution　of　OO／o　growth，　the　number－ratie　of　3e－40　ptm　of　graphite　nodule　was　at　its

maximum，　and　the　type　showed　a　close　to　norma｝　distrib“tion　in　which　the　peak　declined

somewhat　to　the　left．

　　　The　size　distributieR　of　graphite　nodules　changed　remarkably　with　the　increase　in

growth．　Namely，　number　of　graphite　nodule　below　10ym　increased　rernarkably　and　it

reached　about　6　times　that　of　OO／o　growth　at　80／o　growth．

　　　But　the　increasing　tendency　was　iRhibited　with　nodule　size　and　it　became　constant　over

40　pt　m．　The　maximum　size　of　graphite　nodule　in　a　OO／o　growth　was　11e　ptm，　but　it　enlarged

to　170　pt　m　in　an　80／o　growth．　Therefore，　the　histogram　pattern　was　continuously　deformed

with　the　growth　from　the　OO／o　growth　iron　pattern　deformed　somewhat　to　a　continuous

diStrlbution　at　an　80／o　growth　followed　by　a　number　of　less　than　IO＃m　graphite　size　while

increasing　the　maxirr｝um　size　of　graphite　nodules，　namely　J－type　distributioni8＞．　The　number

－ratio　beiow　10＃rn　at　an　80／o　growth　reached　about　3　times　that　of　OO／o　growth．

　　　The　number－ratio　of　every　2”m　was　shown　in　the　fine　graphite　iron．　At　OO／o　growth，

graphite　nodules　below　i2ptm　are　800／o　of　the　total　nodules　and　the　number　of　8－10　ptm

graphite　nodule　was　the　maximum．

　　　The　graphite　size　distribution　was　also　a　nearly　normal　distribution　with　a　graphite　size

of　less　than　30＃rr｝．　The　ratio　of　fine　nodules　below　10＃m　decreased　untii　a　4％　growth　in

contrastto　coarse　iron　and　became　aimost　constant　after　the　40／o　growth．　On　the　other　hand，
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Rumber－ratio　above　10＃m　increased　until　a　4－60／o　growth　and　became　saturated．

　　　The　maximurn　size　of　graphite　nodules　which　was　3e　ptm　at　a　OO／o　growth　enlarged　to　50

＃m　at　an　80／o　growth．

　　　That　is　to　say　the　histogram　pattern　deformed　to　a　flatness　by　the　decrease　from　fine　to

medium　size　and　by　the　remarkable　enlargement　of　the　maximurn　size　of　graphite　nodules．

　　　The　remarkable　differences　between　the　coarse　and　fine　graphite　irons　were　observed

clearly　in　the　changes　of　both　graphite　size　distribution．　Namely，　the　fiRe　particles　of

graphite　iR　the　coarse　lron　increased　with　the　growth，　whereas　they　decreased　in　fine　iron　and

the　tendency　of　the　enlargement　of　the　maximum　graphite　nodule　was　remarkable．　Figure

5　shows　the　results　arranged　to　clarily　these　phenomena，　in　which　the　cumulative　relative

frequency　was　shown　iB　the　graphite　size　below　10　＃m　and　greater　graphite　size　of　both　irons．

　　　It　was　clear｝y　observed　iR　the　Figure　5　that　the　cumulative　relative　frequency　of　graphite

below　10　ptm　increased　with　the　growth　iR　the　coarse　iroR　and　became　saturated　in　the　latter

stage　of　growth，　whereas　the　frequency　decreased　in　fine　iron．　IR　contrast，　the　increasing

tendency　of　the　cumu｝ative　relative　frequency　on　the　side　of　greater　graphite　size　was

remarkable　ln　fine　iron　compared　to　coarse　iron．

　　　Figure　6　shows　the　cumulative　relative　frequency　illustrated　in　a　log－probabi｝ity　gt’aphi9），

frorn　which　the　changes　of　graphite　phase　in　both　iroRs　also　could　be　understood　clearly　as

shown　in　Figure　4．
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III－5）　The　changes　of　various　properties　of　ireRs　followed　by　growth

　　　Figure　7　and　8　show　the　chaRges　of　various　propertles　of　irons　followed　by　growth．　The

．tensile　strength　of　coarse　iron　ferritized　which　was　57．2　kgf／mm2　decreased　contiRuously　with

the　growth　and　fell　to　49．6　kgf／mm2　at　an　80／o　growth．　The　Brinell　hardness　number

decreased　with　a　simiiar　tendency　of　tensile　strength．　The　specific　gravity　which　was　7．1　at

a　OO／e　grow£h　fell　to　6．1　at　an　80／o　growth．　On　the　other　hand　the　properties　of　the　fine　iron
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also　showed　a　similar　tendency．　A　remarkable　fact　was　that　both　irons　retained　their

mechanical　property　of　about　FCD　50　although　their　inner　structure　became　porous　linearly

after　grown　an　80／．20）．

夏V　亙）iscussion

　　　　The　coarse　and　fine　spheroidai　graphite　cast　irons　with　the　same　molten　iron　were

prepared　for　the　growth　test，　but　the　growth　characteristic　significaRtly　depended　on　the

nodule　size　and　the　growth　of　coarse　iron　was　generally　greater．

　　　　The　average　growth－rate　of　the　fine　iron　was　almost　constant　except　at　the　early　stage

of　growth，　but　that　of　the　coarse　iron　gradually　increased　with　the　growth　and　reached　about

2times　of　that　of　the　fine　iron　at　its　maximum．　Furthermore，　the　increasing　tendency　of　the

number　of　graphite　nodules　and　the　ratio　of　fine　nodulues　ln　the　pattern　of　graphite　distribu－

tion　were　remarkable．　ln　con£rast，　the　tendency　of　enlargement　of　graphite　nodules　was

remarkable　in　the　fine　iron　compared　to　the　coarse　iron．　But　tkere　was　a　common　result

thatthe　increasing　tendency　of　fractional　area　of　graphite　iR　both　iroRs　was　about　2　times

that　of　the　linear　growth　and　corr¢sponded　to　the　two－dlmensioRal　growth．

　　　From　the　standpoiRt　of　the　growth　theory　of　irreverslb｝e　graphite　migration8），　the

differences　of　growth　tendency　by　size　of　graphite　nodules　were　mainly　attributed　’to　the

diffusion　distance　of　carbon　which　was　dissolved　into　the　austenitic　matrix　on　heaeing．

Namely，　as　a　part　of　carbon　which　dissolved　into　the　austenite　on　heating　was　redistributed

around　the　mother　graphite　and　other　parts　were　redistributed　in　the　austenitic　matrix　at　a

considerable　distance　from　the　mother　graphite，　and　if　the　graphite　nodule　is　coarse　and　the

distance　between　graphite　Rodules　is　long，　the　graphite　is　redistributed　at　an　independent　site

in　the　matrix　and　growth　is　promoted　with　the　increase　in　the　Rumber　of　graphite　nodules　as

shown　in　Figure　9．　This　iR　fact　is　the　growth　mechanism　of　the　coarse　spheroidal　graphite

cast　iron．　Tke　reason　why　the　growth－rate　was　lowered　in　the　latter　stage　of　growth　was
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attributed　to　the　porous　tendency　of　graphite

nodule’ ≠獅п@the　decrease　in　the　new　sites　iR

which　graphite　could　redistributed．　On　the

other　hand，　as　many　fine　graphite　nodules　are

distributed　closely　in　the　fine　iron，　redistribu－

tion　of　graphite　occurs　mainly　wi£h　nuclei　a£

the　surface　of　pre－existing　graphite　nodules，

namely　the　mother　graphite　and　the
morpho｝ogy　of　redistribution　of　graphite　results

in　an　enlargement　of　graphite　nodules．　ln　such

a　case　low　growth　is　seen．　The　reason　for　the

greater　growth－rate　at　the　eariy　stage　as　com－

pared　with　the　coarse　iron　was　attributed　to　the

larger　amount　of　dissolution　of　carbon　since　the

surface　area　of　graphite　nodule　was　greater

than　the　coarse　iron　and　furthermore，　there

were　more　sites　in　the　matrlx　where　carbon

could　be　redistributed　in　isolated　fashion．

　　　　Nagaol〈a　has　suggested　a
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　　　　　　tion　of　Graphite　in　Coarse　lron　and

　　　　　　Fine　lron．

　　　　　　　　　　　　　　　　　　　　　　　　　　new　growth　mechanism　of　cast　iron，　namely　the　growth

mechanism　due　to　the　irreversible　graphite　migration　and　he　explained　various　complicated

growth　phenornena　consistentiy　with　it　after　theoretical　and　experimental　substaRtiation9－i5），

and　the　validity　of　the　growth　theory　were　further　clarified　from　the　results　of　the　present

investigation．　Furthermore，　it　also　became　clear　that　the　size　of　graphite　nodules　was　very

important　to　the　heat－resistance　of　spheroidal　graphite　iron　which　was　unsusceptible　to

oxidatlon，　namely　the　finer　the　size　of　graphite　nodule　the　greater　the　heat－resis£aRce．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　V．　Conclusions

　　　To　reascertain　the　growth　theory　of　irreversible　graphite　migrati’on，　two　spheroidal

graphite　irons　of　coarse　and　fine　graphite　nodules　with　the　same　molten　state　were　heated

cyclically　in　sti｝1　air　and　the　relation　between　the　growth　characteristics　and　the　graphite

phase　were　iRvestigated．　Furthermore，　the　effect　of　the　size　of　graphite　nodules　on　the　heat

－resistance　of　spheroidal　graphite　iron　was　considered　from　the　standpoint　of　the　size　of

graphite　nodules．

　　　The　results　obtained　were　summarized　as　follows　：
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　’

1）　The　growth　theory　of　irreversib｝e　graphite　migraition　was　reconfirrned　to　be　satisfactory

from　the　res磁s　obtained　regarding　the　measurement　of　fractional　areas　and　the　number　of

graphite　nodules　iR　grown　spheroidal　graphite　iron．

2）　Growth　characteristlcs　of　spheroida｝　graphite　iron　with　the　same　chemical　composition

significantly　depended　on　the　nodule　size　of　graphite　and　the　growth－rate　of　coarse　graphite

iron　was　generally　greater　than　that　of　fine　graphi，te　iron．

3）　Growth　characteristics　of　the　coarse　graphite　iron　were　seen　in　the　number　of　graphite
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nodules　and　the　ratio　of　fiRe　nodules　iR　the　pattern　of　graphite　distribution　that　increased

remarkably．

4）　Growth　characteristics　of　fine　graphite　iron　were　such　that　the　ratio　of　fine　nodules

decreased　and　the　enlargement　of　graphite　noduies　was　remarkable．

5）　From　the　standpoint　of　the　growth　theory　of　irreversible　graphite　migratioR，　the　diffe－

rence　of　the　growth　tendency　between　the　coarse　and　fine　graphite　iron　was　mainly　attributed

to　the　fact　that　the　distance　of　carbon　diffusion　in　the　austenitic　matrix　during　the　redistribu－

tion　of　graphite　which　was　long　in　coarse　graphite　iron　and　short　in　fine　graphite　iren．

6）　lt　became　clear　from　the　s£andpoint　of　the　growth　theory　of　irreversible　graphite

migration　thatthe　finer　the　size　of　graphite　nodules　were　the　greater　the　heat一　resistance　’ 盾

spheroidal　graphite　cast　iron　was．
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