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Novel Carburization Phenomenon for Steel and its Practical Use

MORIZONO, Yasuhiro
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1073-1273

A pure iron plate was embedded in mixtures of iron and graphite powders and
then held in the temperature range of 1073-1273 K in the atmosphere. After the heat treatment, the
plate had metallic luster and a pearlite structure was observed in the vicinity of the iron surface.

This indicates that carbon atoms resulting from the graphite powder diffused into the plate. In
this process, the addition of iron powder to graphite powder is indispensable. Therefore, when the
plate was heat-treated in only graphite powder, carburization did not occur and an oxide film was
formed on the iron surface. In addition, the amount of carbon diffused into the plate was
significantly affected by the size of iron powder.



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBIA Y DY =

RIRIL, SREASEHT I D IEM R EE(LIETH D, TEMTIL, AF T a vl
R ERAE L THELND T ADOH TR 2 ML, TOREEHOREREZNEIES, [HAR
BRI EFIZ 72> TWD, ZOHE, FrEDRIKFHRU @R - BERFRRET A2 LERH 5720
BhRA OB S 10 OB 2 £ L b TR LR T USR5, HEiEHLORE TR T
Me—, “1 AH D0 F/hay MIHIGTE 20 TR L LTHERS WD, Fiz, BRILRE
DEIFEY & L TBEEDOH DKBHANBETHZ ELETH D,

LIAT, Bx DI NV—T1%, SR Z28HE T 774 ML DIRABHICHDIAL, K5
HHCEREIINE - R 2 Z L C, BIRHBNRET 5 Z L 2B LTV 5, IBRAH OB
BT 2 2MA 5720, TAIFTHEFNICHEHBERMLEZSHA THLRRAETH S,

BRICHDIAT E WV D BEIL, HL 0B ITbns TEIRKRKR] 24 A= 385, [FEIKRR)]
T, REIRE 2D ARRITIKEE AN 7 L7 EORERIZINZ, EHICZORAEMETMA N AT
Bz BE L2 ER 6720, L, xR LZRREE, RERLEROER G RE
THY, FEABEEBEORMES HRICHA LIRGHEANT, TOFE F KRG THIEL - (REF
T5) 1L, WARRTEIIENHELWE IS “1lH D0y Moxtd 2R RAEE” 252
TN H D, LNLENRD, $8- 77774 MEEKWZE D L2 IREBENDILETE 5
RN ? E Vot i b ERIR E ZAITRERATH S, ZNNHALNIRBRVER
n, KiEzEREHRE L TRMEEF-> THATIZ ST LW EEZ S,

2. WHEOHEM

AREZED HINE, 8- & 77 7 7 A4 M a AR LT 2IRGICHF 2 DA R, KK ThE
THZEICK-TRZ D, TP ~DORFOILHEG AL, HLWIRRENRE L ToOfMAEZH
Rtz eThd, BB, REQITESEBOFEENRRAIRTHDIZD, [BRRIK] &) AFREAT
L7z, EARATHATER & HAX, LFo@EY Th o,

(1) 8/ 277774 MEGEIE & IMBATRIR RO 27
KRBTV EZTERVEME T T 7 74 MNP ORDIEEM Z M- T, MEHIZEHIR K
ATV, RBILBICRIETER 7T 7 7 4 MEAEIG /2 5 MR OB 2 A LT,

(2) ko
RIFE « JEAR - IRFBBOBLIND 6 HOBFMZERL, ThZhEWMLIZy 7774 Mz
it > THESRA 2 SIR K L,  IRFBILHUT ST T Rk DR B A~ T2,

(3) &Ky~ U —fEI DB AR

FRROMBEED—2E LT, 8- 77774 NEEHVPEZEE Y, $HAHEM O HL
M2 BT Z RN BT oD, 77774 MHOREZMALZEEIIZZDOL 5722 &N
L&Az, Z ORI OF 0 28 %2 & F 2 0EE (LT, $~ V —Eik) 2%
D2 LICEoCehETE D, LOLERND, 87 VU —fEROEANICfHE- T, REOILHEN
BT 5 Z ENfEthEND, £ 2 THRIZETIE, BEKOMEZRE L CTEDESIC L8~
U —fEk & WS ORI IR T 728, ZEEk- 7T 7 7 A4 MEEWIIHEOIAA TRAF TRIR
L, Mgk SNA/R—F 4 N~DOEEBZFAE LT, S5, BELKRoRbYIZr7 7
74 h—bEERALESEICOWT OB LT,

3. WL HE

(1) 877774 MEAEIEG & IMEGRFHS O

HEAT & LT 10 mm X 10 mm X 3 mm DK E XOHEH (0.003 mass% C) & A iz, &k
EHIZRT L TRIRGLEDI RO H D Cu - & 2hi L7, 10 mmXx10 mm D 1 @D & % it K
FEHECH2000 £ THFEE L CHH- X FEEAREL, BIRENDIHEEZ —DIZRE L7z, X 1@IiZRxd
Er1E, ThEaT7AIFROHBOIKICE S, TOENLHROI—R=18 (£ 1 Ok
A) L7 T 774 MRERIBEASDLEEHERLN 10 mL 2B )hSETEL L, B, #he s
774 MHYOEISIL, AL T0:10, 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:30D 8
nEL, BEXRFICHREZY Yy PLTHLHRIELZBEMGL, 1273KIZ 3.6ks fREFL 725, =iEF
TIHFm LTz, ZORFOIBEESE LT, Kah, EF (N2) 7a—H, GakzEx (80 %Nz+
20 %02) 7 —1, 90 %N2+10 %0 H A7 m—r, BE2edio 5 fEZER Lz, Bohzik
Bl & R IE SR B2, SEM #1523, EPMA 43#r, XRD flEicft L7,

(2) g
B L LT 10 mm X 10 mm X 3 mm DK X S Ofli#kik (0.003 mass% C) Z A iz, X 1(b)
WRT X 90D, BVABLZAE D RO Bt & 285 ST DIcHiski 2 IR CaA %, T2 TR



F 1 ARWZETHEN L7288

A B C D E F
Grain size (pm) <10 <10 <70 100-200 <50 <150
Shape Spherical Flaky
C content (mass%) | <003 [0.75-0.90] 1.00 -]

EICEE, ZOENOEHM 15g 77774 M 1.5g M
LRDIREW 16.5g & ¥ v 7 L bnst, HiRicEs
L7z, 728, £ 1IRT X902, SICIZRiE 10 um LA
TERRDO I —R =84 2 (A, B), 3 v hE'—
= TROERBERIRE &2 2 FE (C, D), AiRoflisk
¥y & BRSNS (E, F) OFF 6 MikEa H -, Mgk & RA
MM ATl 2B ICE Y FLTOLFIREZRLAL,
KEH, 1073K £721% 1173 K (T 3.6 ks f1FF L7=#%, =ik
F T LTz, O 7-alk 2 /MBS, L MEREl 4%,
SEM #1225, EPMA o#ricfit Uiz, &7, BULBEERIHK Ok
MHZOWT b [RIERICEEAM L 7=,

(3) By~ U —HEik OB AT

HEM E LT 10 mmX10 mm X3 mm O KE XDk
M (0.008mass% C) ZH\=, 10mmXx10 mm ® 2 2D
AR BRI L, i S g7 gicz R X
FHE LT, LT, ZOELVHMEROESZZEL I[N
TEOYn%E 187 ) —fERoES ] &Lz, £/,
JBLI-#OIRDbVIZ, TEDEEDTST 774 F—1 %
R L7, K 1ICHBN OB 2 ERAIoRT, h—=R
=K (R1OBK A E7T7774 MHE 55 DIk
I TRY &Y, 20/ 1 mL Z2HRo/EIzEW-, *
DL/ T 774 b — N TBo MR AE S, &
512/ 7 mL ORAH Z#E, HRcEE L, ZhiE
SAFICE Y PLTHBHREEBREKBL, K&H, 10783K £7-
L1173 KIZ 3.6 ks RFEF L7121, | ETHHE L, HB56
N7 B2 A EEB5%, SEM 8122, EPMA 43#7, XRD
HECHE LT,

4. WrIERLE

(1) 8/ 77774 MEAEIG & INETRHK O
Bl VI 7 74 Mk 55 TIREADOEIZHRAM
ST, K&H, 1273K, 3.6 ks OB Z i U 7= fligktk D
Wi Rk 2 X 2@~ 728, FHRREEIC O W TR
HOWREWMEZRELRZWEFEITHo 72, REHTOROGEER
L, 77774 MODNLIRENPIEHRT DI ETEL -
T4 FThole, EEOHITIE, FROEBEALZ A &
TNERY T Y =T A MBS MEE (2R 2R
LEREINE, 7, 2b)1% N2 7 o — i TR I B
HLEHBATHY, =T MIRORR2 5T, ZTORE
EIZIEBRRICE DA BBk 7274 FHER
N, MEZEETSE, =T 1 MIKRKTOEE
WCEZL AL TWDH LI Tholz, ZomEEREEmN D
PEE 1000 pm, 0§ 1890 pum OFEBETREM L, & 77 7
74 MEEHIG CEE LA REZM 3 1ITRd, KRaFTm
ALT-BE, 77774 oA (0:10) TR ST,
FHIIIBILE SR ST, LavL, 8oLtk )
TIZONTA—T A NOmEEEEBHEM L7z, Ne 7 2 —IZ
BWTHHEBEAOBMMN R LR, TOMETKEAF O
e UL Y N =V/ESoy

IMBGEIHR OB Z S LIZHHET 5700, BEFTHE
W ZIT 572, ZOHAIT L= 4 MERDSTER S,
ZOHEEEAIEL Ne 7 0 — DA o T2, 2D Z LI,
777 7 A MBSk~ D R & O PEEE A EFLIRRE T o
Nl L 2RBT 5, —J, ARZER (80 %N2+20 %02)
Z7u— LN IELIZGAICE, KRR OLE &Rk

Alumina crucible

(a)
Powder
mixture
Pure iron
(b)
Paper Pure iron
©

Tron powder-free area
(Papers and
graphite sheets)

X1 HHENOET

s w  500pum

2 (@K&AHEIZDON: 7
02— CERIR R L 7o i
FIAR D W i LR

100
[ Air
I N, flow

3
s

Area fraction of pearlite (%)
e &= )
e S s ]
Ry
T

0:10 2:8 4:6 6:4

Iron : Graphite (Volume ratio)
3 MEEHIZA LT N—F A
NOERE SRS T T T 7
A MEAEIEOBR



RAERNGE LN, LLARD D, 90 %N2+10 %02 H A 24 L2 BA I3/ —F A FOfEE
EIANKEATOHBEL Y BBV T DL 2R L, 2NODOMREERET DL, BELEGTHR
RO, —BRLIRFED X D 25 E N LI RFBILHE bITbNn-720, K 3 X572
ARSI L AENRNELT-EEZLND,

(2) $iyoE#

X 4(a) & (b)iX, &k A CRifR/s « BRI - (KERSE) L8k C Chifgd - ERIR - mik#E) @ SEM
BHEThD, PRI C BREWVD, ZOHFITITMO2HEBIRS > TEY, RRIZIELD
ERAONZ, L EMHLTKRET, 1173 K, 3.6 ks DS TEULIE L 72354 Ofligkt o
Wrimi Rk 2 X 4() & (@ITrRT, WTFNOHAICLREMITIC =T 4 "R I, T7hb
H, 77774 MYICER LI RFEDMEPITHER L2 Z &2 b, LaL, KEHH 500 pm
DOHFPACBIT D /3—F 4 FOEBEEE 2 L2 R, 865 C 2> 72881380 A DA D
¥oBilctEEotn, —F, 8 C LM E (KR - FR) oA ZRE LA, =T
A FOAERICE LWEZR O hoTz,

SDNEESTEE C 20k L, 50 um f2E ORI %2 b S8 TIRIRZ R AT, ZOREE,
gk D /R—F 4 FEIZK 4DITHERTEBITEAD L, 2o CiE, F—LETEEIN
R— MO KR TH S, Z D=8, SERRRICBWTIIBH ORI ERE LV b RO EE
NRKENWEEZEZDLND,

(3) #ky—7 U —fHEik D& AZh T

X 5@)iE, #7777 4 MEGWmEM > TKREAF, 1073 K, 3.6 ks OEVLE Z it L 721% D
WS OWrEMCH D, TEEMICERT D L, BRAWOESMANRLN D, —77, X 501X
FEIE L7 (B 7 ) —fER) OE S % 3mm & L CRERICEVLEL L 7254 Th Y, REOHRY
HWLNEL ThoTz, WTHOLEIZEW TS, IREMICE ENDRBEDHMEPT LR LTZZ &
\Z& -~ T, REFTIZII =T 4 "B, 22T, REEE2 S 500 umx500 pm DO
FANIZEBIT 55— F A4 SNOmfEE&EEHE Lz, TORE, X 5) T 19 %, X 50) Tk
13 % &ENAETTZ, UL, IBREMDLOREBEOBEFNEE 7 ) —fHikc L - CTHES N2
EMFREEZEZBND, ZDOXHI =T 4 FOEEESGOKRTIE, MEAVEEE 1173K & LT
etk 7 ) —fHikE LTI 77414 by— b EEHLEZGAICOMR I N,

BHRNR IR T DIRA D DRIERA~DIRFEOIEHICIE, EFRROMZERE (1) 1ZRT X1,
—FLIRFBDO X D KM EN L TITONDREE L, BEMIRRE CESZMIICITDOILDRED 2 D)
EZOND, BICHREZRE LT, BE LIROBEDOSEITICE (& 1 ok A) ZHtAiA
I, ZHETE RBRICEVLE U7 fE 58, MigkRICAE U2 3= T 4 FORBEESNENT 52 & %
R LTz, T72bb, BULBLIC L > CREXBEE O RWREDOH®NE 77 7 74 MyicimL, X
DK 7 V —fEIROALE (AT IR, RIRAESI DO +45 7afifetr & 3Bl A A — X 72 By L
MM TX 5,

(4) ZDMOWFZER R
EROBFZERE (1) [RT XIS, SMRRICBWNTCIIEE 77 7 74 MNEAK S OEE:
7R IRFBIL B E L D720, BEZLEFRTHIRRDAREIZAR S, ZHEFHATIUL, RO 1L
IRFEDOFEEMA D ENTE, =R =a2— T LDH
BN D L EERFEINC/R S, £72, FRAE (3) (2BE LT,
YR DBERERG LTSI T AV T Es - 79 7 74 MES
BICPTE BRI L T bR R T2, Z ORGSR, IREH
WEBDOFEBHAUT “RIR” D “BiR” 1B bT 52 L &%k
Wiz, T72bb, 8- 77774 My TAITHOREE
BEFSHEDH LT, BRIRBLG - FURBLG % B XA EL S
Tond Lo s,

i 100 pm
Ve nioal, | onssaiaag atgeat X5 1073 KIZ 3.6 ks {&Ff
| steel B 0t L L Steel N0 Soo g L 7= O Higk A O Wr ik
X4 (a), (b) 88 A &K C D SEM 5 & ek )
(0, (@ & A L8 CEZNENHWZY B LIRS

B ORI D 7 i 7 (2) 0 mm, (b) 3 mm



5 5 0 3

Y. Morizono, T. Yamamuro and S. Tsurekawa 61

Novel Solid Carburizing Method for Steel Using a Mixture of Iron and Graphite Powders 2021

IS1J International 2798-2804
DOI

10.2355/isijinternational . ISIJINT-2021-196

Y. Morizono, T. Yamamuro and S. Tsurekawa 60

Surface Modification of Ferritic Stainless Steel by Heating in lIron, Graphite and Alumina 2020

Powders.

IS1J International 2044-2050
DOl

10.2355/isijinternational . ISIJINT-2019-772

Y. Morizono, T. Yamamuro and S. Tsurekawa 61

Surface Modification of Molybdenum by Iron-Powder Pack Treatment 2020

Materials Transactions 2002-2007
DOI

10.2320/matertrans.MT-M2020177

10 0 0

2021 169

2021




2021 168

2021
2021 168

2021
2019

2019
2019 165

2019




2020

166

2020

2020

166

2020




