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The Embrittlement of Blackheart Malleable Iron

Synopsis:

Nobuhisa Tsutsumi and Tsutomu TAKEUGHI

With the view of investigating the behavior of embrittlement of blackheart malleable iron, Charpy im—

pact tests were carried out for series of specimens.

The influences of phosphorus and/or nitrogen content,

quenching temperature, holding time, and cooling rate were studied on the brittleness of these irons. Micro
hardness test was also carried out on the ferrite grain interiors and its boundaries of irons subjected to a vari—

ety of treatments.

Various kinds of surface analyzers such as IMA, ESCA, and AES are utilized for the analysis of the grain
boundary fracture surfaces of the embrittled blackheart malleable iron.

The results obtained are as follows.

(1) Phosphorus has a close relationship to the embrittlement of blackheart malleable iron, while nitrogen

appears not to give rise to brittle fracture.

(2) Holding at 450°C results in the embrittlement of the iron.

(3) The reversibility between brittle and ductile fracture is confirmed on the impact values.

(4) Quenching from 650°C before 450°C. embrittling treatment retards the appearance of brittle frac—
ture in the iron having higher content of phosphorus.

(5) Micro hardness test shows that an embrittled iron has a little increment of hardness at grain boun—
dary, compared with that of grain interior of the same iron.

(6) The remarkable segregation of phosphorus in the grain boundary of the embrittled iron is recog—

nized by means of IMA, ESCA, and AES analyses.
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Fig. 1. Heat treatment curve for malleablizing.
Table 1. Chemical composition of specimens(%) .
No. C Si Mn P S N

1 2.33|1.120.27 | 0.016 | 0.021 | 0.0068
2 2.3211.0810.27 | 0.017| 0.020 | 0.0102
3 2.3211.10]0.27 | 0.017 | 0.020 | 0.0157
4 2.30 | 1.12]0.27 | 0.192} 0.022 | 0.0070
5 2.3211.12]10.27 | 0.172 | 0.021 | 0.0116
6 2.2511.08|0.27 | 0.190 | 0.022 | 0.0143
7 2.3011.09]0.26 | 0.500| 0.022 | 0.0078
8 2.2611.0810.26 0.490 | 0.023 { 0.0127
9 2.27 11.08]0.26 | 0.460 | 0.023 | 0.0162

Table 2. Chemical composition of specimens (9%).

No. C Si Mn P S
10 2.41 1.34 0.38 0.026 | 0.127
11 2:41 1.35 0.38 0.156 | 0.127
12 2.40 1.33 0.38 0.199 | 0.128
13 2.38 1.34 0.38 0.431 | 0.127

Table 3. Chemical composition of specimens.

No. C Si ' Mn p s
14 2.49 | 1.42 | 0.41 | 0.029 ] 0.1%0
15 2.51 | 1.41 | 0.41 | 0.173 | 0.130
16 2.52 | 1.42 | 0.41 | 0.418 | 0.130
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Fig. 2(a). Effect of quenching temperature on
charpy impact value of blackheart
malleable iron containing a smaller
amount of nitrogen.
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Fig. 2(b). Effect of quenching temperature on
charpy impact value of blackheart
malleable iron containing a larger
amount of nitrogen.
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Fig. 4. Effect of quenching temperature on charpy
impact value of blackheart malleable iron
containing 0.1739,P. (held for 10h at each
temperature)
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Fig. 5(a). Effect of holding temperature and
time on charpy impact value of bla-
ckheart malleable iron containing
0.1739, P after held for 10h at 650°C.
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Fig. 5(b). Effect of holding temperature and
time on charpy impact value of bla-
ckheart malleable iron containing
0.1739,P after held for 10h at 450°C.

— 110 —

<



ELHBEHF®ROBER > T 791

€

g20 T T T ]
2 JasAmn| —0 o
<151 o, Holding at 650°C
81

g *a—10 hr holding at 300°C

0-'1~0

(83

g

= 0.5

z K Holding at 450C

= o} ° o
2ol | x | | | |
© 0 2 4 6 8 10

Holding time  (hr)

Fig. 5(c). Effect of holding temperature and time
on charpy impact value of blackheart
malleable iron containing 0.173 9, P
after held for 10h at 300°C.
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Fig. 6. Excess hardening at grain boundaries.

Table 4. The difference of micro vickerse hardness value between at grain boundaries and

grain interior.

Grain boundary | Grain interior Difference t

Heat treatment Hyg Hyp AHy —Hyp—Hyy value
As annealed 175.0 171.1 +3.9 1.940
450°C 10h W.Q). 175.9 167.3 +8.6 4.3547%%
650°C 10h W.Q. 182.9 180.6 +2.3 1.0954
450°C 10h W.Q.+650°C0.5h W.Q. 173.3 171.7 +1.6 0.6975
450°C 10h W.Q.+650°C5h W.Q. 178.5 178.3 +0.2 0.1211
450°C10h W.Q.+650°C10h W.Q. 183.9 181.9 +2.0 0.6553
650°C 10h W.Q.+450°C0.5h W.Q. 172.0 170.7 +1.3 1.1986
650°C 10h W.Q.+4450°C5h W.Q. 179.5 173.3 +6.2 3.8919%*
650°C 10h W.Q.+4450°C10h W.Q. 176.4 170.4 +6.0 4.1507

**  significant (1%) t value : calculated with statistacal z-test
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Fig. 7. Effect of phosphorus content on charpy
impact value at high temperatures.
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(b) 450 °C W.Q.
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Photo. 2. Fractographic observation by means of SEM.

(a) ductile (b) brittle (c) semi-brittle
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Fig. 8. Variation of IMA phosphorus peak height
on fracture surface with quenching tempe-
rature. Each specimen contains 0.1739,P
and held for 10h at each temperature.
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bt ESCA of#iERic k> bR RmmE i P
BT LT\W5b 2 BB,

3.6.4 AES 3iffsE

SIHWAE ST X AWHESTZRAAIe. TOFRER, iE
MR OBE I P ¥ — 2 13380 s o s, B
ARt oOWmEIC P i sz, L LRSS Paskai
Eneovy, BEEETch 2 EhTHY, X5PY
— Db bbb —ETH, FEALDMOAE T
3P €~ 2 3D BRI 0. ZhITFDE — AR
0pd ThHicd, IMA, ESCA OBEITHE L C—HE
DWW LEENE L AI WD TR VW L&
bhs. L LEAEROFHETTIEIDRDY, HBH W
X P ORE LS FRBIC X 5O EH LTV, »
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Fig. 9(a). ESCA analysis of P and S on brittle
fracture surface of specimen No. 14.
(water quenched from 450°C after 10h
holding)
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Fig. 9(b). ESCA analysis of P and S on ductile
fracture surface of specimen No. 14.
(water quenched from 650°C after 10
h holding)

Fhiz LT REmE L PBFET 2 2 LB3END D
niz. PY—2s%23di- AR S Sk Ro—4l% Fig. 10
R, Tnds, BERT1X0.156% P & &7F T 5 Uk No.
11 % 450°C/1000°C {f#F%Kkd Lz b 0B XUR UK
BoOESHOEEDLDTH D’

4. & ®

BRSO EL X ETEEIONDE
RV, (b2, RRHEE, RIS X0 OIRE S
SOGHIEETHH. AERTIE, EFTERSELLT
PENZ LB, TOMRPEIFLILTEELT
WAHS, NIZAEEBROFHAN TIEL OREBRD LI
oot —J, BOEBHHKICIZZ~3%0C Ly 1.5
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Fig. 10. Auger spectrum of fracture surfaces of
specimen No. 11 containing 0.156%P.

%D Si BEHIHNTWT, Si OBEWIEEMRILIHRRL D
DFNE VS RERDH DL VIV, C13T = 74 MCEE
FT2LOLIIME LRFL LTHH LTS, FED
BEEOKREWEBRDLNEPOLIEH LTERZED
To D CAREBROHPE TlZ Zh bDILE & itk >
WCIRBAREIC LB o, X i, Bz X 55
FHEEDZLIA Z W 0.15~0.2% P et icoW T #k
I X AEEIC OWTRREIT o720 EREBERT
1% 300°C THTEBEMIUT T 5 2 LD LN,
ZDZ EiE, 300°C FHETHEENIMET 5 2 LT
LCw5b. BLUAERHGROMRLIE, Fig. 32503l 50
X S IALIRE 2 D OWENEEICE L EEIh, /i
W X 5w Ni-Cr §iis & O 2 S B BIR L
JE bR HW~1) L 3B DT\, MLIRED HOGH
BERKTH D1 EMLBFE L.

L72232C, & L 300°CHREiIs v 5 i b »3,
450°C iz B 524N X D /ST NIEHSEETEER
AET5C L bELLND. L LAERTIISHIC &
WOBERER AT DO TWHRDIT, TDHRITOIVWTIX
L BHBIREZHLERTHA LTV E .

bk, EPEOANHMIZ DWW T DOEERTIX 650 35 XU,
450°C JUEE ORI S A D B D T L AEID
St MEEstElo 650°C s Bl X bR,
0.5h FEEOEE TEHTEK SN S0, i 650°C
T X B ek o 450°C fifbicix ShEED
B A2 T 5 2 LB LMDk, 22T,
s E ¥ O3kl Fig. 3 WREh % X5, 0.5h
THalbd e b b D, Btz 710°C 2 SR &
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B LW BEBS O RE®EIZD W 795

NTW5B72, 650°C A% d DI T Tt dh H1RE
DRALPAECTWHRDEEZDNS. ZDZ L3N
BEDECIANIGEEDE L DL D EE L LN 650
°C M THE S EHRAEV, 450°C ALEiz X U fE(k
DIEFTT 523, IREMRN 72 DI LS OFHE DN E
ZEBRERLTWED TRV, EBbRS. Ik 300
°C T3 Rl 2 BoOREHC T S EBEOZELITR
B SN 07D, THITETRD X 5 BB KRG
HENNIWZ LITX b EEZLN, COBEECRITS
SO LWERPILETHS.

WETE 30T O Rds S P R L e FeET5 2 &
DD L8 DThs, L OFEREE, SRR X 0L
DIFFTEIE L I oW CIIAREROHFAN TR T 5
ZEXTERY. LELERL2EDXSICELFDE
HERTZENTES. Thbb,

(1) PRRFCIEECECECEETS EBbh 5
2, AES OFER2 513, H 50 EPMA 47 Clisk
RTERVEEOEFIZEIESE, Lird X bd T
KR OREETIAET BRI S B 5.

(2) 650°C TixP KR, LAEBICINETS. —F
450°C TIX7 = 54 MRRICFLELTWT, A%tk
FRHETLTORERL25INS. FRER CEE
ZEET 5 ERBFET S

(3) 450°C iz T PR RTIFIE S 553, 450°C
7 B OWHELBE T IC B U7 5 2D fE bR E RS
BAEC, ZODEHEENKTH ST EWRELTS.

BUE, MM OBER LI ORIz 3% < OffifE%
PHPZTWDED, FERITIIC X 320~ 1L < 0
INTWE. BESORERE» SIIWECHEET S PoE
BILBHEETH 5720 ICHB IR TE RV, RHEEHk
DREtED B S PERITNIC LD L ZABKEVDLD L
Ezbhb. L LEBSGIEER X525 Fig. 3
KRTXOCHLPTHD, ASRBOE BRI X
DL L WZ &, S5 IR S OENRBRIERE
DI LAIRITIIOE D B DT WD T &2 5, FEhiR
W OISR I L Z A T 510 5 0 O O 54
bEENRET 5O TREVW R LEZ LN, &<
CATREFFITIE Si 259 1.3% GFIhTwv5izd,
WENRE I XA HEIT BT Si M S s % B
LTVWBD TRV EEZEZDNEDT, SHOERT
Si BRI LTV 2B, ILKEED
B POEE(LERE 2 &0 EitofaeHciB o EE
ZITR5 2 LT X VLTV EZ V.

5. %
%&ﬂ%%%@%%momfiﬁéﬁﬁok%%,o
FotswmzBe.

(1) PRELWEREHSKOKBOBNILESTETH

il

5.
(2) NEAEBROFHT CIIMELICIZHE L.
(3) P0.5% &H T NIEBUEL BIfR MRk
wObhb.

(4) 0.2%P EHHAKNL 450°C 2 HOLAKIT LD
WAL L, ZDBHEEXOWAEENKTH 513 Xtz
L.

(5) 0.29%P &HFENT 650°C 2 b0&a%I LD
MR BT 5.

(6) 0.29% P &KL 450°C 1w 517 B {RHH R
PR & EDITHIEPETT 5.

(7) 450°C ki & v fifk L7z 3tEHE 650°C 7k%
X D EMEZEIE L, 650°C &z & %Mt 450
CCAWIEVIELT B, THbbELE X R LT
WEEEER D B T LD S

(8) MALARCIIRROF PR L D T 7 niEx
m<s SHIMILEUR O L, EHEE O MRILIC BHE
5.

(9) IMA, ESCA, AES S¥Tic kb, KSRtk
H R PRI LTW5 Z L7 7.

B8, RBCAHEC D7 0 B ORI E Vi
KEE LI (BR)EIRTE, ESCA 547k X O° AES 547
AT S WE U (FR) B B/EAT 35 X OV H ANE 22
i (k) OB E < L U g
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