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Effect of Nonmetallic Inclusions on Impact Property of Steels

Tetsuya SAITO and Jky UCHIYAMA

Synopsis:

In order to study the relationship between FeO type inclusions and impact property of steels, 30-kgm
U-notched charpy impact test of specimens with different oxygen content was carried out. The frac-
ture surfaces obtained by this test were observed with an electron microscope by two-steps carbon
replica technique or directly with a scanning electron microscope and the profiles of these fracture
surfaces were observed with an optical microscope. A quantitative estimation was made on the degree
of effect of FeO type inclusions on impact property of steels, on the basis of the relationship between
absorbed energy in impact test and the number of inclusious associated with the fracture surface.

Some of the results obtained are as follows:

1) Impact property becomes worse with an increase in inclusion content. But the effect of inclusion
content on absorbed energy in brittle fracture range can not be recognized.

2) FeO type inclusions seem, in some cases, to act as barriers to the propagation of cleavage crack.

3) The degree of effect of FeO type inlusions on impact fracture increases with an increace in

grain size of specimen.

(Received July 2, 1970)
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Table 1. Chemical composition of specimens (wt%) .

c | si | Mn S P Al N | o  Reimarks

. .. | . N . . B ) .‘ L .. ‘, Oé(:n 'iﬁélted énd enriched oxy-
SP101 | 0:005| 0004 |- 0-002 | 0-004 [ 0-002 | 0-004 |:0-0038 |:0-19 gen content by adding Fe;O5 -
SP1ill1| 0005 n.d. 0-003 | 0-006| 0-001| 0-002|0-0045 | 0-11 Open melted

. . . . . Melted under Ar atmosphere
SP116| 0006 | n.d. n.d. | 0:006 | n.d. 0-008 | 00042 ' 0°064 | ' 1" 1dcd a small amount of Al
108V | 0-006 | 0:006 | 0:001| 0-004 | 0-002 | 0-003 | 0-0014 | 0-004 | Vacuum melted and deoxidized

with carbon

SP301 | 0004 | n.d. 0-003| 0-006 | 0-001 | 0-602} 0:0045 | 0-11 | Open melted and annealed*

. . . . . . . Open melted, 109, pre-strained
SP 303 | 0005 | n.d. 0-003 | 0°006 | 0°001 | 0-004 | 0-0055 | 0-11 and annealed*®

* 850°Cx1hbr
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Fig.' 1. Dimensions (mm) and directions of
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BEEAERUTHS. Fih, nil, KX UTS
TOWTHIDE DEITRD SNE V. WOES T E
MowBLTE, L REZEEHTHESR 108V oxh
LHFELLERD, APOBREEOMECERT DO
EEZONS. SrhORERIT, RRTRET L, RAE
DERELSD T ENRHELSVbIT WS R, FERO
FHAVE 108V 2 < NI T NCEBIRU LB ES S
FLCKD, BROBARTOETIFR—&GcdHs L
WX KD, L2, WlOBEROMBRICIS &V
S5 EiE, MPONERDORDEVICIBEELS 5.
Photo. 1 iz, FFHEIRDONEMOSFIRITE R L7z
Fig. 24z SP1 &) —xXoosbklic vyt JIS g (JIS
G 0555) & XoC#lE L EwomiizEs UTS, &
DE IO EORHREZR L. UTS izownwtid, &£
BEENONERETIUT L AEE L, ok
X MO RFNEREOEME & DICAEBMITETL,
X OBITETOEERLEVREST S, &
KOWTIREZL OEABATH 5.
3.2 HEHIFAR

T RERE I 2T A5 BE-TIN < v ¥ —
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Table 2. Mechanical properties and grain size of specimens.

Elongation Reduction UTS K-value* o
(;2 ) (%) (kg/mm?) n-value* (kg/mm?) Grain size (p)
SP 101 29-3 63-3 265 0-29 51-9 108
SP1I11 28-9 536 28-2 0-33 57-8 111
SP 116 30-6 -59-6 28-7 0-35 60°6 109
108V 44-6 809 255 0-39 567 107
SP 301 30-7 . 631 279 0-30 543 74
SP 303 28-3 581 268 0-31 53-2 175

* n and K are respectively the strain-hardening coefficient and the strength coefficient defined by the equation g=K¢n
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(a) SP 101 (b) SP 111 (c) SP116

(d) 108V (e) SP301 (f) SP 303

Photo. 1. Distribution of inclusions in samples.
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2. Effect of area proportion of inclusions in

SP1

series specimens on tensile properties
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Fig. 3. Relationship between absorbed energy by U-notch charpy impact test and test
temperature for SP 1 series specimens.
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"Fig. 4. Relationship between absorbed energy by U-notch charpy impac;: test and
: “test” temperature for SP 3 series specimens.
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Fig. 6. E-value as a function of absorbed energy

determined by charpy impact test fcr SP
1 series specimens. E=N,/N,, where N,

Fig. 5. Effect of area proportion of inclusions in
specimen on temperatures at which absorb-
ed energy was 4 and 8 kgm/cm? and
on absorbed energy at room temperature

and 100°C. is number of inclusions associated with

fracture surface on fracture profile and

DN, EF2ML FERICLTXEREHRLADDOT N, is number of inclusions in area of 10
H%. SP303 DiFHIX, SP30l T E-fERIRIN -2mm? near the fracture surface.

RN —DEMOMEE dE/dA Brls Y KTHBHZ L
a5, SP30L 3 XUt SP303 iz kUi, Bl DREET bbb FeO RANEWME ((2) RbD N)

(2) Inclusions assosiated with ductile fracture surface (SP 101, absorbed energy=8'9kgm/cm?, at 30°C)
(b) Inclusions associated with brittle fracture surface (SP 101, absorbed energy=18-5kgm/cm?, at 100°C)

Photo. 2. Inclusions on fracture profile,
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impact test for

WEL V. L7eAs 0T, BRI = G v F — DEFRD
Fix dE/dA DR THB Lk, F—RBT 0¥ —%
¥ BRIV T SP 301 e SP303 iE S A%, B
W EBEDH BNEMDE ((2) RFD N)RFWIZ &
ERLTVS. L LR QBRI LcA2T FeO R
NEMRIPKE B s3I VT, 20X 5%
ZFETBILERTERWTHAS. EVHD, N
DM A ST b (2) R No Ak TH S
CEE OB AR, Fhob i WEEHT ST, BT & B
CELTWAAMERE (2) RO M) BEMRE BT
555, ThOTRIENE LT L b HAIBIRC R
BBTHD, LEBRDOTIOES KHENDRDRE B
BT OV T DI BALTIE, ObEHEETHZ L
T5.
3. = =
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Photo. 3 iz, REEE 100°C T, FHEMFIX VI
HL7: SP 10l omEOEEREFHMETERZ Y.
hr b, pEmiideigyle dimple pattern TH 9, 4
EWOREALERLTORFITFETHZ L3b»r 5.
#-Photo. 3 2 X 7% Photo. 2 (2) 5 bbb X 517,
dimple PICHEST HNEMIFTNEERBEELTE ST,
NEW EFMSEORATIILELTVS. T LT, Th

fracture surface (SP 101, absorbed ener-
gy=18'5kgm/cm2, at 100°C).

LoV MV, IEHEROWMMAE LI o TR EL
B0, BELTHBBI WD/ EFILbNS. LichED
T, PR WO, AMEMRLROFEERL LT
DL T, ERMOFEE VI BIEEZ ESLTRRDIZ
BCIEEEBXFETTDAS. Tivbh, NEDHF
HTDHE, SHEPICE W EROFENES D, v
TEMDOENE D EINOLDERDEENRL VRS L
5. rhvd x, ATEWE &SRO BRI o R AER
Bt ¢ MRELONS (Fig. 2 XU Fig.
3HM). TOXSUREHEA»DL, BRED 2 {HR X K A
wxt Uitk o MM OB RE WV E LT A
EMORERDH PN TIVEEZLNSM, RERT
EED LN, LY, nff, KfEQO L DEZD
i RET S0 h Livikv.

Photo. 4 (a), (b) V%354I EMERIR D FRIAZ:
RTRECoOMmEihFHME A O OB FHEME L 7Y
HEEEZTRT. WHE biT dimple pattern 2550 X 5
wEB N5, 7%k Photo. 4 (b) DR WERIKERIZ L
FY HEMDBEETS DL EDNAENEDNTHSE. Th
REEO EEREFIRMEET B Photo. 3 55\ 13 HiH
7 a7 7 1)V Photo. 2 (2) 356 1A% X5 iTdimple
WICHAE T D ANEMIE & o THIE L2 VW IREETHTE
LTWwbZe2Rdd0ThHs.

—7, REBBEZTYT W< &, #HEME Photo. 51
7”3 X 5T, dimple pattern DIEM:FHEEIRS & fEdd
RIS & DNEEE L7cIREBIC s 5. RS E ch g o e
S 7 ER 41T v river marking 332 S0, BAG pICA~
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(a) 108 V, absorbed energy=29'7 kgm/cm? at-20°C
(b) SP 101, absorbed energy==65kgm/cm? at 60°C

Photo. 4. Dimple pattern on ductile surface.
Electron micrograph using two-
steps carbon replica.

XPETH B, T OES TOBREOETHMIE, KH
TRT ISR CH Y, FBNETHmERE]HE
FRIOEHSBHFELTE D, HOBRREAINHFELT
Wi Z bbb,

Photo. 6 12 i3 it B IR DR B CH BT 2 1T
7507 FRER F ORE DR Z EERTE TIHMET EC X
DTR LTz, gkhOEEERASEINT S & MBI MRR
CEDRVWOPLRABWEL L L vbhTVwaD. %
T L7ehds &, REBROXS e GHEE0 AT
VI, HYRRAWEL T L EB8FREINS. LrL,
AEBELTY 7y FEy MEIZX D, TEHORE
2ol T A, WEO T D OFRGHI~ Z BAEEIIT
X530THBT L RRDLNIz. FFEHERTADE
43 ¥E river marking BSEFELTE D, FEREIDD
X bbb, E7BTTRTESGMC b river marking 23R
bi, RO A~FHECB O-REFEECHSE. 5T

Arrows show the direction of cleavage crack propagation (PS
303, absorbed energy=7°2kgm/cm? at 20°C)

Photo. 5. Scanning electron micrograph of fracture
surface mixed of cleavage and tear rupture.

. ) ‘ - . 201

N .. . .,

A and B: cleavage fracture surface. C : grain boundary fracture
surface, D : tear rupture, arrows : the direction of crack propaga-
tion (SP 101, absorbed energy=0-9kgm/cm? at —20°C)

Photo. 6. Scanning electron micrograph of brittle
fracture surface.

TS 2 Oo0EICIEIENT VWS CDER4 T featureless
THY, LGB RETH S, SHWCDTRL
#4533 tear rupture i k% dimple pattern 2SR5
5. XS EEso dimple Itk Th, FORERC
RAERHSRD SN, NEDIFE L X 5 CBROFE
A E X UEBCE B2 LT Wb T EMBHfESNS.
EERFEDPORIMMIBHOETAREZRLT V5.
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(a) Relationship between inclusion and river markings (SP303, absorbed energy=1'9kgm/cm? at —10°C)
(b) Relationship between inclusion, tongues and river markings (SP 101, absorbed energy=3-0Okgm/cm? at —30°C)

Two-steps carbon replica.

Photo. 7. Inclusions on cleavage fracture surfaces.

Photo. 7 (a), (b) V&~ X BIEIC# > 7= Mt ik im0 4%
B 73 river marking ¥ X (8 tongue :A\EEW & DB
FRERT. £ < D4, river marking DETHE LI
BOTNEHBROETHMINEDC I OTELEALY
REShRWX5THS. LrLkss, Photo. 7 (a)
WRT X 51T river marking 23 EMOEIEOHE )ik
RIgNEZAEWA S &T541IE, river marking
B OETHZ ZBXT MEWIT 2EDHRB IS &
BIOC LMD, (BHONSWREIBR). F2%42 0
river marking J3EEWIT [0 TIHRAVAS AEEEE D
¥ & 1 Ro river marking izgf—Xh< L% 5. Fig.
8iI bR Lz & RAMITTR LA OTHS. river
marking ¥ crack front Tt L CELOHMIC £F5.
L72%32°C, crack front OFIIEric SBMTRLA X
SuMrE D, E7KENT crack front OEFTHEZT
LTws. Figdhdh, crack front BRAEWIC BHET 5
< NEMOEFH TRABHOEHEE, NEW» S+
SN EZARBTBHENER]RT, BB E
BB . Sl Eb~ZPIRED crack front HiA7E
WL T 5 & X DEESET TS 2Lhb FERT,
subcrack BNEMIC X OTHDOEEE HiEXh b D L
E+5%E %2 50%. Photo. 8 13 REBRTEHIEI N FD
FITH%. —F crack front 34 4EH % 088 L7 481213,
cleavage step OIS L, UM oOT 320X —8
E~SHEBROERBIIH LA s 2 dE LN
5. Tiehb, MEMICRLES, AMEmz~=Ean
DEBCH LT ERD IS 200 F 0L FhshEr
bOLEBEZLNEDT, NENONZHBIEET
T LEHRMNLEEY, ZORENL—BENCHLESDT
CIXRETHAS.

crack propagation

Direction of

River marking

Fig. 8. Schematic diagram of crack front
and river markings, of which direction
is changed by an inclusion.

e Mol - e
; -

_ - . L — S

Photo. 8. Cleavage crack stopped by an inclusion.
Arrow shows the end of cleavage crack.
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Photo. 9. Cleavage crack stopped by Neumann
band. Arrow shows the intersection of

cleavage crack and Neumann band.

FeO HZNEWME 72514 FDMEFE/ A= NUR
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Fig. 9. E/Ey-value as a function of absorbed
energy determined by charpy impact
test for SP 1 series specimens.
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Fig. 10. Relationship between f-value and oxygen
content in SP | series specimens, where f=
d(E/E,) /dA.
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Fig. 11 E/E,-value as a function of absorbed
energy determined by charpy impact
test for SP 3 series specimens.
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Fig. 12. Effect of grain size on the f-value.
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