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Fig. 8. "l‘emperature. distribution of gas,
wall and ingot along the furnace.
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STUDIES ON CEMENTITE CRACKS OF HIGH CARBON STEEL (I)

Synopsis:

Toshikazu Uesugi

This investigation deals with the causes of cavities which are occasionally observed at
the centre of the rolled high-carbon bearing steel.

Conclusions are as follows:

(1) When some pressed or hammered billets are cooled down, very fine cracks, the

width of which are less than 1/10x, are formed in Acm cementite.

These ‘“Acm cementite

cracks’ are considered to be caused by the super-saturated hydrogen contained in the
billets (hydrogen content are above 3°Ccc/100) at the temp of below 200°C.

(2) These ““Acm cementite cracks’ grow to cavities durmg rolling process. -

(3) These ““Acm cementite cracks” can be observed in the form of macro-hair-cracks
by etching of HCI, but cannot be observed by etching of oxidizing solutions like HN03 and

ammonium persulphate.

(4) These “Acm cementite cracks’> cannot be observed in the form of flakes on
fractured surface as far as the billets are simply cooled down.
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Table 1. Chemical composition of bearing steel.
) Chemical composition, 9%
Specification of steel ) — u - - , 1
’ ‘ C ' Si | Man ;, P,S Cr Cu Ni
B \’ n N ﬁ S
SUJ-2 0795~1°100*15~0*35] <0°50 = <0030 <'1'30~1'6OE <0730 <0°25

Specimens for hydrogen

" content test

1, 70°C, 30mn etch.

&5,

T EHiZL.

HWWRA, ABRIGERN TN,
C M cavities (FERMERRCESZ I RED

HE T,

0-5~3mm D § OBFHEANCEEL T s

BEAEmT, 20O cavities » 50 {5 TE
£243L, ARREBRET, ERMANOEIMNICL

2 LI ERY oB el

CFE LT, SERES2 L Tuv5. T2, Fig. t
IZ7R9 & 9 75 cavities OFEL T A8 %2, N2 —
T L T cavities DEFME:ZREL 124, HEEHS

1°3 TRELKEE INZODS,

BHELEDS 2°0 122 B &,

BB TH A ER 2 2L THEE LAY, Sl
b5 205 DI EIRIE B ERERERET 5 E & bNnic.

7T, —JOHRER & b EESM ST ARSET
BUCHNT, ROBCERZE(LS T, MW cavities

OHBERILE < 7 v RERIC L D THFHET 5 LI,

("))

FHERRE U TEEZANAKBEEE2HMDLIT.

uthen air cool

- cavitis . py WES 5 LTtz
ig. 1. Cavities appeared in 125mm N - e g
a VRERHT - = yjacd b) :
rolled bars of bearing steel. (a) il : EREIOHE, HREARRT (b) &
Table 2. Relation between the hydrogen content and cavities in rolled bars of bearing steel.
Heat Melting Casting | I t No’ Ingot heat | Billet forging Billet cooling
No. furnace method ! ngo : | treatment | machine conditions
{ | . )
Basic arc Bottom No. i1~No. 9/ — ' Hydraulic !700°C x 4h, then f'ce cool
1 ! | No.10~No. Il — ' i Ash-cool in pit
furnace | casting | No. 12 : — ! press ~ Cool in pit
' No. 1~No. 9 — : % 700°C x 4h, then f'ce
2 ” 4 | No.10~No. 11 — i ” Ash-cool in pit cool
1 No. 12 f 4 Cool in pit
No. 1~No. 9 % *7oo°c><4h then f'ce cool
3 4 4 i No. 10~No. 11 — ” . Ash- cool in pit
No. 12 — 4 i Cool in pit
o e [ — . - - —_— :=F‘-,___._. —— oL - - J
Direct ' . p } . .
4 E 7 casting | No. 1~No. 12 ‘ ( 4 ‘ Ash-cool in pl‘t
Basic high p ~ : . y | P
5 i freq. furnace g No. 1~No. 12 g I‘ . i’
Basic arc . Botton . . ; . .
6 furnace casting No. 1~No. 12 Air hammer ! Cool in pit
: -5 © 1100°C %X 7h Hydraulic o
7 . 7 y No. 1~No. 12 then fce co'ol press Ash-cool in pit
: f : o i
v 17 @ No i~No.i2 |0 C x4h, - . Cool in pit
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BERHR : SSOkg BUARUGISE (c) EME: THE, LE

¥k (d) SaBERplE: v —% 2 (1100°C jm) 3

PBEL, LWBE () SIS AES VR,
2SN~ (155mmERCEMN) () SABA%K
f: 700°C 1T 4D ERISEITA, o PAKERS, BI0
¥y PRIGHE.

smaEEE g% Table 2 IKRLIHS, Al bE

50 IEIRL e
(a) WEESIOLE, #RUEOMmMcHD &,

EHED T, EEOIMTcib 53, I
TVRTHFOTINT—THF2TE, I LIEHE? Y
—% U U TR RS OILE R T2 T 5, SHHOLED
IKFEEDHY 3:0cc/100 g B EOES I ML ERIT
cavities 41, KZEMH 2-6cc/100g HIFORIT
WFELZ. - ‘

(b) BA—BET, SIFOLHEE>ZBLI AL
X oT, SMKERENR X LZEL, i Teavities D
FEH chitEAEN 5. chik, Table 2 @ No. 1
No. 2, No. 3CHHBRZRIN TS, T2, Sz v
3 UTE, SR ORECHERELULOEIL Table2
® No. 8 ZRTMLEAMOKERRE L, DT ca-
vities 2FRAEL T 3. LN 6L b, EESEMCEREDN
% cavities OERIIMMBOEREZFTSL DS, &

L A4RE OBk MBI cmd- <2 Th 3. bbb

Dia of ‘ .
Macrostructure of |, H; in rolled
rogﬁi bar rolled bars * ! bars cc/100g
$os | Good No. 1 1°54
s Cavities appeared No. 10 3+70
Z ” ‘No.12 450
4 Good No. 1 1-98
” ” ‘| No.10  2+58
” Cavities appeared No. 12 345
v R Good No. 1 179
S s _ - :
7 Cavities appeared
No. 2 cavities appeared. .
¢$ 105 | Other good No. 2 354
$90 No. 10 cavities ~No.i10 . 312
appeared. Other good No. 6 2°54
$H95 ’ Cavities appeared - No. 7 344
n
V ~ Good No. 1 1+38
1 -
i !
0 iy ¢ No. 1 3+12
$105 } Cavities appeared 3434

J;No. 9

BB TE L ORBEHTEL TN T, ZNAEHEE
72 DT cavities %435 DTRZLL, WIHE
FHEFRKED I DAELORBEERL T 5, T2
BTN A SN T A7KERY, EHERSRR S
EEEMER 375U, SHERC cavities 2ETHITH DS B
DEELBNB.

11 mﬁwmiiéu%ﬁﬁﬁn,vanﬁ
#&, BXUBRRSIEHRNCHEDLNS
cavities &DBfR \

WM CASLOREDFEST S L3N, RO~
o AT ABIR I O TRk L EAL NS
T IEEDEET 5 T, MORNE 28R 5
BickoT, B ZOEEGBDHHDUITHS. 356
¢, Cavities OERMKEZEOESEBMEEICIZIDET
g, —E¥REAHIL EKEROM 2 FNEL T
FABIKETNIE, cavities 2EUBVDITHB.
ZCTCHEDRPFERETHIIDEDXOINE EBRPIT>
7z. .
(1) E—E@OTE ss0ke MOEWTMLH, 75 5.
o T UREMEL 7o 155mm R GBS
4.0) Z7nEh Table 327 D—Fl% K3 in S BUE
21707T, SRAWLIBOKEESR 4°10~1"56¢cc/100g
LRI, , o

g EICEEL 128 & b Fig. 2 1T/RdIR<, KR
DPTEE, BRIEDHEBRN, M ftE~ 2 2, 60°
W2y nEE, BRGEERBRA 2@ YR Y, BERIE 1004
~125mmd¢ WHEHEL T, Fig. 1 ZRTINL, HwIRL00
mmi3El H BT, SFAHERTEICISIT 5 cavities DR
Wzt L, ALIBL DKESHHR 2B OHL .
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Fig. 2. Positions of test pieces in billets.
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Table 2. Results obtained by examination of bllets .(bearing steel)
] ] ] ! . _
Heat Ingot Ingot - | Billet H, in : Tensile stren
heat treat ! heat treat billets ’f{g/mmf_,
No. No. . ‘ : cc/lOOg | (at20°C)
No. 1! — Sand-cool 2Ch 2°54 92-3
No. 2 — 4 1Ch 2°74 83°9
" No. 3 —_ 4 5h 3-Ct 506
Air cool to 400°C . e
A ‘ No. 4 o thereafter sand cool 20h 3¢9 oone
No. 5 — p 2098 - 4944
No. 6 — Air cool to room temp. 410 ' 50+C
" No. 7 750°C x 20h, fce cool 4 313 ‘ 545
No. 8 Repeat Nu. 7 operation ” 156 1006
No. 1 — i Sand-cool 20h -2°75 825
No. 2 — o Air-cool to room temp. 4-02 382
B Air-cool to 300°C,. reheated . .
No. 3 - to 900°C, then sand cool 20h 2:20 546
No. 4 Ditto, A Nos " Air-cool to room temp. 1*75 93+C
: Air-cool to 300°C, reheat . .
No. 1 T : to 900°C, then sand-cool 1790
: Air-cool to 200°C, reheated . . o
C No. 2 . - to 900°C, then sand-cool . 2t16
No. 3° o Air-cool to 100°C, reheated 193 _
’ i to 900°C, then sand-cool ‘ .
1 | Air-cool to 20°C, reheated . .
{ No. 4 ! - to 900°C, then sand-cool 2:01

(a) 10% EREET > L KiATE, %, Smn o -

B2, T eHEBREERTNEER, YY) BTV~
HET XD, 100 fF, 600 fETRBOFEERITOIZ. 3

5T, SEEFLEBE DB B LT 2 ADEES BRI

20mmd 150mml bk ki LT, Fig. 3 XRd
W< AL T, 1100°C TB IR 270, HEL S O
WA bLN B cavities 2T|EL -,

(a) 1RRBIKEZ2BHE LT, Fig. 3 (a) ORE
EEBRIRCHE DT, ZEE B L.

(b) oD | A | KEGKEL ST Fig. 3(b)
DBEBRNTIRT AN L7z

60T J/100°C
!
£50°C b
i r [y =
J0ma l Idon 30mn 273} 0o | Jbmn
(ay (6
Fig. 3. Heating curves for tensile test

at 1160°C.

(2) KEBERO—flz Table 3
BT XD TROFHDRE = 72070z
(a) %3 Table 3 MAF »—~UOEREEL YA
BT, EAEFIRNIHDLERKERENNY 2'8cc/100g M O

WCRUIIHE, A

R cavities 240, ChHUTOKERE O BT
cavities 2FELEL TV, it Table 2 O
FREELEA—TH 3. Ursicgphic cavities Hsph
BHUSWIBIRIS L, BHER T e L, REEEEOEMT
RIS s nBENEOREHGRES NI %
72, 100 f&, 600 fE TR O & 7 e B2 iil T A4
FREBBRE SNV, TbL, @M CAEAES
BOIRMEERTRELE A RIEIREL TWENDTH
.. .
(b) "2 5iz Table 3 PAF » — 2 TINT, W
T cavities OR4L 1283k OFULIBAKFERE I3 0cc/
100g LI EC, BiRIEENIZ 55'0kg/mm? FTH3
a3, SABT cavities DI LSO B © /K #1013
3'0cc/100g LU FTH H, EiRHEEIE 80kg /100mm?
PETHB. 62T, FhT cavities ORE3 5154
2 SR TR TAE » OB EEKIEHBEFUKIED 1
DITEBEITHEZERZHLNTDHS.

(¢)  Ub 2 EiEIEES 80kg/ mm? I FOZE D
BklE &, 55kg/mm? LIF O $ OO BKE% it %
T IIMEEED 2 L, N 55kg/mme RO
ORI ERRBHLEB shighoiz. $4bh5, &
RICHMERRIEYS B ELTE, NP I T
BHLESNLOTHB.
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Macro-structure of billets High temp. tensile test: (ét' 1100°C) H. i led
e - —— ——IMacrostructure 'b;flsn rolled
(NH,)S:0+ Heat in H; . . of rolled bars \
ctoh _ HNO; etch Stream Heat in air i , cc/100 g
— No hair crack good ) good ) good 242
. v . 7 4 4 2°69
-, 4 cavities cavities cavities 2-82
— v 4 4 7. ' 296
_ - 2 Ty - Ty T Ty Ty 2.88
_ W _ u #” e 3-8
- 4 cavities 4 ‘ V4 :’ 294 -
— 4 good good ' good ! 1+36
No hair crack . & V] S _ o
v 7 . cavities, cavities — —
. : & o ” — .
v 4 good good — —
. < _ i )
L — y o J 4 . —
— — s F v — ' —
— — ~ cavities cavities — —
— — | N N — —
i

(d)
FRINEL, IKEKMFR IO IR 222D 53, &iREIER

MBJY T cavities OFET BBANE, WMHPLIBTYL

EE-/‘:, Table 3 @Aa‘—_,‘,_:/(y:.;‘p\[‘\,c’ %ﬁ

< cavities JFAEL TV 5. Fig. 4 wEREERAED

FHEIZEDNIZ
PIRicER bl

cavities (DFE%, Fig. 5 a3
cavities O—@FlZzRLU 7z

Fig. 5. Cavies appeared inside test pieces '

subjected to tensile test at 1100°C.

DT, E@ﬁﬁﬁ@:ﬁgvitieg PIEEIT BTN, B
DR 081 0L 12 EIRE HERER T O/ E O cavities 2
OEETHCECEOT, RIFUEANAL & b hC.
SR A el . .
(e) Table 3 ®B. C 7 » — v ORBREFRICI
T, BB LTS 2 —B 200°C LIFEZews 1o,
fTBiAKSRL TKEE» 30cc/I0gBIFIRL TS, &
REEEREIC cavities 2435 C & X b, FEEEHD
cavities DEFREMAAVKEOERMELL 32 0T
ISV EDHABRTH 5 -

Fig. 4. Cavities appeared at surfaces of
1100°C-tensile test pieces.
(noted by X marks)

T OPFIRICIEE b NI cavities (BRI FETREH
BT, BMREANOIIMNIILIINRA, REELE
M OFRDIICFLE T B cavities LR — D .3DTh
5. L dEEC cavities OFsEL 055, M
4. cavities MFAEL Tis b, FEIT cavities .OF
£ LRVBERATICE cavities 12FAL T
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COHZ,ABC F 0~ 3, ERATHRACHER
L, 650°C T 30mmn, 1100°C T 2Cmn %ﬁﬂi@k%é@
TSR HRER &, KERHH TR, 1100°C T 30
m™mn JKFERMS @Tﬁr’éiiﬁé'l%a’%"r&%i, cavities MK
EXBU TAEOENDNCE» S EMREINED L E
Tdb.

(f) BEXD), 8T cavities OFET 3 0DH,
PBEEAKIROT- DI, RREIIOMEEETIRHELES
NISWVAIE D ORINRIEDS, SHAE%HIRE, 200°C BIFi
BNTHELTOWE LD ELEHULEBOINIDTHS.

Cavities OFRZIBRR{LYRA

(1) $MAHtHmE: 7 o B, GEmEL e sy
VEET VO — L TEENE, 100 £%, 600 fSTHREL T3
S DR b M UBz Db, TheHEE (1:1)
OFEEIYET 70°C T 30mn HEhd 3 &, HES R
T cavities 2FEL A X D DREpic DA Fig. 6
KIRT AL, SBREES Hi 4 2 EEIN LR Tt
LEBIREx 3> CTHELTCEE.

BIREEREE I cavities ZPEULLOEHME L O
Y mElBhTi, 2R OBEENEIFEL shONi. #
L T, cavities acop%%ﬂz@;ﬁ%‘&@g%%ﬁbfcwa

I11.

7‘

70°C, 30mn etch.
Hair cracks appeared by HCI1
etching.

X1, (1/2) Hel 1:1,
Fig. 6.

Z & HSHE & H T i DT DT, cm%ﬂncomfﬁﬁﬁ
AT ke,

EENOFHEL LER Y2, EENhPEIRBECHIDS
LT, 29 U BE7 03— CEEE, 100 5Tkess
5 &, Fig. 7 XR$IAL, C OBENIIIBIRBE 2 5H)
G AE Acem ZERTHTH U 2R IR B0 i8> THR4E
UTW3 T Egols.

T LT, WBRERACE»EENTE £ 1 BBHEL, cnds
cavities DFEEBARL T 5 EHEEL T, KONk
KB LT, ChoOBReHETsT LTI, -

|MEPLRE v BUIERE, e Acm ZgE
SREBiingl (RRsEER2TAE, SCidL
TWTHBRIRILE AR L, SRS FERRE DB HIRT

i S

X 100(1/2) p1cra1 etch.
Hair cracks appeared by
HCI etching.

Fig. 7.

Bric g fBIRERACEISET R U T2 0T, @RSHEDHE
WRERALE & cavities OBEGRZ FE 3 ATk .

Z T, HBRETEENOREEL ZHSEAPDE S D
OF[ERAE 2, Al ZRERE FO 700°C TEEEOT, &R
BEREICEHPFREIR, COBHEEFTHTHL T
T EBIRPRA LB & DBBER P SBEL 12

BRORES >, £ 1) VBV~ SEH X b EIRE
L& % BeiTEEl 3, 300 fETHRET 5 &, Fig.

8 IRT I BARPRRILITHBROTREL T30

T2z L, RRKIEHORFARIMCERZZ L TREL
BH T3 bz,

X300, (2/3) Sodium pidrate etch.
Fig. 8. Cracks appeared inside of 700°C
tensile pieces. (noted by arrows)

fEDT, 100 £, 600 {ETRERHE IR #vhDR
Bahs, S OMRKRICHARICTEST 5 L FHRIENIZOT
HWEERAITEENORELIEBEOFLEE bEnh L
123> OFFE%®, 5000 fEOETHHMEGE TRSZICEBIRE
LB O THREL T2 E T A, Fig. 9 iWRTIAL, B
WAL BRI BBV N DB FE L T 5 D2 HERT 5
WEH|DT.

C®%ﬁﬁﬂ%¢£%$bfw\aﬁﬁ¢%%m,m

/100 BIFO 3 OT, HEETIE S — T 4 MESRICH

UTELL TRMICEELTE D, Lbi—Do0s8—
54 MERRPEET 5 BREILEDS, TO&ZDITYD
THDLFICHEE SN TV BIBSMHE SN,
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X 5,000, (2/3) picral etch
Fig. 9. ‘‘Acm cementite cracks’ of
bearing steel.
(noted by arrow)

g%, Acm BRTHTHT 2 BRREAEA, B
FUKFEOILDHFHET S 1/100 LITFO L OEEINEH
PIED THRLUIZOT, Feihns “BRERICEEE’
EWERT A C LT LI, B

7KZEE 3°0cc/100g LIF T, HMEREZNC L > TEEN
BFRERT, O THIRFRRALNT cavities 2£ U
W ORDE L hEIh LT 2 7 eill®, S000fFD
BTFR#ETRHREL 1225, 2RO “BRERICDEZ
P RH U807z, Fig. 10 1, 5 O#%%5000
BETHRELIE, BRRICSHPCRE» ORBPFEEL
T3 OTRIWD EELDNT-EFRZBELIZLDOTH
B0, MBRBCHFCZBBIIEER T, S~ T4 b
BRRABOMZED TN ARBE b7z,

(2) “SERRICEZY OH D8 T HEE TH e
T5 &, HMERIESE RN S v s rEEINZREL,
L OBUNBEEDIN S DI v 7 nBENEB ISV &

1, g, €2 ) LB~ AETEMT S L,

RIACHEZL OH S SRS, <o =EEh

BFEL TRV, COBSRIE BardenheuerD i

LT3, HERIIESAR, FEBOKEPHTIID

L DREROKESE B L BRLT, BRI

H HERL, (NPHEOETNZZ2L 7T, ZO#b
%%éﬂkbfv&n%%m%@@mﬁéé@f@b,
FEEBOKERLHS ROEEDEAE, “ERRH

. X 5,000, (2/3) picral etch
Fig. 10. Microstructure of billets with
low-hydrogen content.

(bearing steel)

BE BEELTS, CNREALEVLDS, v27ad
N LU TREUE SNZZNIZHTHS.

Iv. & 15

BRI Y v — L BEREO FEAE SR D S cavities
DFHETIENHSZDT, CADBERICOWTHEERFT
DILFER, ROBERVHLPITE DN

(1) Frpsuigne<—8hL I EEsEmA %
BT AEE, 200°C LIFIR W TEBATRIKE OKEEN
30cc/100g BlEk) dizw, Acm ZERETHTH L 728818
RicEFiTy 1/10x BT “§BRECHER »FHEE

(2) T OEWRHITTET 5 “BRIICHBE” H3E
W& soT, EIESMIT cavities DR 3 C & 2
shiclLic. o ': .
(3) - LD PBRRCHBE IEBREANC L b < 2
nEEN L TRIEBLUE S Y, B, BIR7 e %
OBk DEANET 1, <7 R BN & U CRiLIES
LY. ' . o . .

S (4) @ EBHILIE S OBBTE TR, ORI
TH PSS L THD 5 C & HE. (1831.8 57
: B
-1) P. ABardenheuer: Stahl und Eiéen, 1937,
57, p. 593

— 25 —



