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Ideritification of Nonmetallic Inclusions Causing Sand Marks.

(Studies on nonmetallic inclusions, especially sand marks in steel—I)

Zenichiro Taxao, Takaaki SIMOSE,
Kiichi NARITA and Atsushi MivamMoTo

Synopsis:

It is one of the problems unsolved for a long time in steel making to make a sound ingot *
preventing the occurrence of sand marks which are a defect in forged or rolled steels.

First of all, the nature of sand marks, namely their type, their distribution and their
constituent, should be known in order to solve the problem and then the ‘‘origin’’ of the
sand marks would be’ really grasped in ‘consequence. :

The authors, therefore, studied the type and the constituent of sand marks in various
kinds of forged or rolled steels by optical microscopy, etching test, electron-diffraction refie-
ction method and chemical analysis. It was recognized that there was a close relation between
the type of sand marks observed by optical microscopy and its constituents, and moreover
between the conditions of austenite-grain refining as Well as deox1dat10n and the type of sand

marks. .
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HORREE (PR MR E L BEERE LT, —Ai% (1) EESLBRDEE

I Ahi s — T HIUEERANTIE KRG & L TRIEHLN T R I 55 ) T R A T S LA IR I B B
TWIBERE . L LABLRIRWINEN TH2TH BT WIET, 7ok 273 F (ALOs), ~iwv
CFDOSAIRRE, HBHIREOVWLAIR I D TR EFITHEN >4 b (FeAl,O,, F4&=7 (TiO2), A x+4

HEMRBONED E RIS CEFE LMV ZEz s X (FeTiO3), b7 £ =7 4 (TiN) HBVIIERET
ETOT, LOXSRBEFIRITOFEzRETLH L W3R E ORI LA T b BB C T
BTERV. FEBANEDO S LRIRMBLZEIC I >T BT 5.

BDLND LD, F TS DV IIRAEG R (2) TEEIRLIE

L ET XD TRE SN SBEEDOIEEENEDZ ERAN VRS OIREET T I NI I —RicH 5
FEMEFRLTEH D, THEEIMMOEEE T
ELLLVWENED 2H0 &L Tiibh T
5.

—ATRHEE JER TV B ﬁm&&%ux
& RS BAENOBLEC L STETHLDT
5. EREHPINENOFECL>TEIS
REEDOHITIHE (L73WIE) & vbh T
WHRENHD. X BRI A B REE
BDI I E, AT SR EREC Ers L
D (K TRIASFAL OB R THE T DT W)
EIRESER T O (HEIAT, TREM, & 5%,
Wi, A BRELTCADBAWE X
DX HRIBAMZ X DTER T 5RMET—RRIT
BT AT L DRBKRE <, HHHLITHE
DALEW F 73 2 NI X DT T & 7oK Ba &R
ENBELDTH5. dHLbAAMIMEW»H LT
B RERITE DS DTV, AF T
BB D VIZEEM OUTHIREICERD b S IE

EBNEWIT L > TE U BRI IR OR%
WMEEHBLT, TR DWTERIES Z LT
2. | .

B PIIREITLAE D — 27§ & Photo. 1
DEEDTHD, EX 0'lmmBEOCLDOHL g B
1I0mmEELNLLETET S Db H B D3, (a) Distribution of sand marks on the finishing surface of forging )

. steel No. 4 (SF50), x2 (3/5)
— R XS RZT LN 5T 0°2~2mm 2  (b) Crystalline-type sand marks in Cr-Mo steel No. 21 (SCM21),

. ) X200 (3/5)
EDodDhiLv. ﬁ’b B O E % Eﬁflﬂf)’(% T (c) Cr}(r)gta(tél/iél)e-type sand marks in forging steel No. 4 (SF50),
e _ x4 )
%ﬁ%‘%—;‘é & Photo. 1(a)~(h) IC/RL7z &K 51T (d) Cct)lxoxapgsgged-type sand marks in forging steel No. 4 (SF50),
o — X
EMoBERA S CEERABMRIC X > THRIORN (e) Complicated-type sand marks in forging steel No. 4 (SF50),

- PN x100 (3/5)
ﬁﬁ% *',__o‘j:ﬂﬁﬁf‘;#ﬁ;brﬂgb 5h 5. {‘ﬁ)j@i¢ (f) Complicated-type sand marks in carbon steel for machine

-t construction No. 9 (850C), %75 (3/5)
ED Fﬂﬁlﬁ% s HTE "gﬁ e 'FAZ,;E}S’“G)&)& (g) Amorphous-type sand marks in Cr-Mo steel No. 21 (SCM21),

~ x100 (3/5)
BRPLEXD L, KA L BRRHIA (h) Vaciln\tI ho‘illowFtoy pe s?a;i ?%rks with micro-cracks in forging
TEREOEL TERT BT LRI TER. £ steel No. 4 (SES0), 100 (3/5)

N Photo. 1. Distribution of sand marks on the finishing
LCARTRDHE T ONFCRDLN LI 4 surface and optical-microscopic types of sand marks

EAEDORET LOERE» S, —[HEET in forged or rolled steels.
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(Si02), (RIRMEEEBRIE, T kAR EERM B B VI (L

Wi EP S AWHBTINTET 5.
(3) IRAERTHE - . ,
FEEROFEEBAEN & RN EOBREBRIESEN
TEWE LI BT, —RICHL LN HEEZ O/
Db DOBE V. FERCV ZIERHEE A O A IRAER T
B, BAPTHEREE I RERRBIED b b5
BEAV I D o

LML LCHES RS, 0K 5B E Rkl T
ZRBTEE L HETH T L L.

M DRMED—DTH B DX S LD EREREIE
L, WD IRVIEERAE DL 5T LidH < H» 5K
EOR 0L L EEL—BETHD. ZOMERMERT S
WERBIE, ESHMCRET AMEOREL LTI L
DEFESEHECL, BROARZIBETZ LT
EEZDND. XTI TEELREBEAEM LD
NAMRORAR T EREZBAS,C L L S5 L3, B
FEOTAES X O MIC DWW TR 2 R o5 & L3 IR

(4) Ze{RBIRHIE BER RS ORER B Ly, = b ICHIE LR E Lo
WM EEIMIT B S, WENBCEETSESENE  RibH» 5, REMERFER O (Cr-Mo) #l 21 &

WHE—F T E DY, BiE L kb L TEREE

U KR 78 35 B IS R IE D RER D3 IE & A RIS 72T
HTEHHBH. LoLihb2HRcEETs s, 0
ZER O NEEDIC I IEE BT ORI BB /N X v
HEDAEELIFEL TV EOBEDLNE. DX
SRR —RFEEGEIROIEEBENEM»H SV 0Wp
HIEGRBIMIEI I Z DT WER D 5. SHR—RIF
BN EDCIERBICTERLLE DN 2D 5D
P, ZOREEY L HETS LA TEEOREBNED
DHFELTED, £ XDMREE L TIRERATE T
B, LD TIOESHII v - 459 % 7LD
Wb AREMIIEEBNEDOFECRET SO TH
D, RIEVWMIEEE LTHIEIN 5 XX HHEOLDTH
5. EREEBENEWOFET X2 THHIRIT T & 5

Table I.

(Melting: 101t basic electric furnace. Ingot making :

(SCM21) &HRE LT, WIESEFERICHIES ()
SRR T Iob b EISESE S TILEME, (D) B
X ORI, Gi)EMo KR EORE &

CRRET Lo RBAEES | BT E TR MMM IR

T HEED % WML DWW, *OFRE, FE/s b Ui
R R K 2 & OBIMRZ EE BT L i R 2 b~ 5.

IL. &8 & ¥

PEEM & L (1) HEBEAE B0 A — 27 F
4 PEESIRIETIREFIE LT Al 2Nl Cr-Mo £
215 (SCM21), HRFEMEE (SAE1040), (2)
CaSi, TRiEEL, F—XFF4 b BEELREFERME L
CV#HPEML7 Cr-Mo $8 21 .58 (SCM21), Ni-Cr-
Mo %0 (SNCM 6 % X(f SAE 4340) 33 X% (3) 4

Details of deoxidation, austenite-grain refining and ingot-making.

bottom-teeming procedure)

Cr-Mo steel | Medium-C |[Cr-Mo steellNi-Cr-Mo steel |y _~.__ s A
Steel No. 21 steel . No. 21 No. 6 : NES%I'E%&;;%I Nl(ngMA?S)d}gteel
(SCM 21) (SAE 1040)] (SCM 21) (SNCM 6) ik , :

Tapping temp. 1630~1620°C * 1620°C 1630°C 1610°C 1635°C 1615°C
Deoxidation Al 220~270 | Al 220g/t. |CaSi,800g/t.] CaSi» 800g/t CaSi; 800g/h CaSi, 800g/t.
and austenite- g/t.* Additionin| V 0°1% V 0'19% V 0°19% V 019
grain refining | Addition in ladle Additonin | Addition in Addition in Addition in

ladle ' furnace furnace ’ furnace furnace
[ Al 50g/h
| addition in
| ladle
i T
Teeming temp. ,1568~1552°C *{! 248~ 1560~ 1550~1545°C | 1555~1550°C | 1552~1547°C
o 1543°C 1550°C
‘ Ist bottom plate(lst bottom plateilst bottom plate
Teeming time | 3'50''~5'45' | 408" . 500" 425" 405" 345"
eeming time ; ; 2nd bottom platel2nd bottom plate(2nd bottom plate
i { 3’46” 3!50” 3140”
Ingot 3°5¢t° 2°5t 3°0t 1°0¢t 1°0t 1°6t
Forging ratio 14~57 14~15 14~57 8~13 7~8 11

Note.

in numerous charges.

The (*) marked figures given in the table indicate the average concerned
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Table 2. Chemical composition of specimens (%).
Deoxidation 1 . . i :
Steel and austenite| C Mn | Si | P S | Cu Ni ! Cr Mo v Al
grain refining ! o n
_ ~ * * ; * *® % ¥ * * *
Cr N sieet | B 220270 fou16™ loves” o221 0+016 | 0v01] 016" lor09” 094" lo-23” | _ | o-013
(SCM 21) 2dd. in ladle ~Q*17I~Q*75~0 29;\«0'023 ~0°029 ~O'28;;~O‘lv5~1‘06‘,~0'28 ~0*019
Mediums-C i } | |
steel M0e/t. Nowar o072 023 0018 0°008 017 | 0707 {0710 ] — | — | o-018
_(SAE 1040) _ : | | ; |
Cr-Mo steel [CaSi, 800g/t, ;
No. 21 V 0°19, add.| 0°18 | 0°67 | 0°26 0-0l11 0°012 { 0°19 | 0°11 | 0°93 | 0*21 | 0°106{<<0*00!
(SCM 21) lin furnace |
Ni-Cr-Mo | CaSi. 800g/t,| ~ ] 1 -
steel No.é6 V 0°19%, add.| 0°42 | 0*90 | 0°22 i 0019 0°008 { 0°06 | 070 ' 0*54 { 0*24 | 0°100/<<0*001
(SNCM 6) | in furnace . ! | ] .
Ni-Cr-Mo |CaSi, 800g/t, | - i i “ : :
steel V 0°19%, 2dd.| 0°40 | 0°72 | 0°34 | 0-011 | 0007 | 0*10 | 1°86 | o 88 | 0-24 | 0:097|<0°001
(SAE 4340) | in furnace i | : .
CaSi, 800g/t, I
Ni-Cr-Mo |V 0°19%, add. *
steel in furnace; 0*40 | 0°67 | 030 0-009 0008 { O*10 | 1°87 | 0°87 | 0*27 | 0*096, 0006
(SAE 4340) | Al  50g/t, * .
add. in ladle ‘
Note. The (*) marked figures given in the table indicate the range of chemical

ElEEAIE LT AL 2 FHvy,
BAILLTVE

FAv 7.

composition in the examined specimens.

A=A FA bR
oL f= Ni-Cr-Mo 41 (SAE4340) %
INLOPREMOBERS T U A —2F 4 M

1956) iTHEHL L THUME D EXEL D IR 7 & U RASUR
BB E B T,

M S 7o EER & A X D Bl

Ba LR AR L4t T & NI — AR B2 F S ik & Table | &

X U 2 l’;/]\“?-.

IIT. £ B & 8

aTEd D E 7® L 2ttt o v T JIS #: (G 0556,

UTHIEEL, JCFBRRER I X > TROMEZ g L
E 5 I B REERL S N TR FREHTIC X oﬂ}mﬁ:
BBk DERFER B T vy, b THHED(LEE ST &R
I fE R D AT AR B

(1) SRS A

a) BiEARIES & Uit — 25 F 4 b EESRR R L L

T Al ZEhnt 72455844, 37bbH Cr-Mo §i
215 (SCM21) SBEMICED SN HWER VT
N FEGRIRDIEEBNEMD 50575 D5 MR
Wits, ks X CEERROFEEBNERD
& 5578 D AR b I BERIK OIEE:

NENDOHB P LI DFRERRBHETHY, &

«)

E4 35 X ONRAE TURMIE OO 56 2 IRV Mo B &
VS, TEMAEWBIEORE @ M ik S
Vv Al ZEEINU o ES (SAE 1040) &
MITFRD B S BHEE KRS B35 SR T o
9, BAEYS X OCRERRBREOREEAITIE

HiTHTw.

(a)
(b)
(c)
(d)

Photo.

Crystalline-type sand mark in Cr-Mo steel No. 21 (SCM21)
Complicated-type sand mark in Cr-Mo steel No. 21 (S8CM21)
Amorphous-type sand mark in Cr-Mo steel No. 21 (SCM21)

Crystalline-type sand mark in medium-carbon steel {SAE1040)

%400 (3/5)

2. Sand marks found in forged or rolled Cr-Mo
steel No.21 (SCM21) and medium-carbon steel (SAE
© 1040) containing the aluminum which had been added

as deoxidizer and austenite-grain refiner.

T b ORPHEDRIERY I S EETAR
$&WbRE% Photo. 2 125k

b) CaSi: THEEL, #—RFF4 FeESLEr
EFEEAL LCVERML A, Thbb
Cr-Mo £ 21 & (SCM21), Ni-Cr-Mo 3
(SNCM 6 35 X ("SAE4340) 3854380 b
LW ERE Al 2L 2EMc@Bd b5
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(a).(b) Complicated-type sand mark in Cr-Mo steel No. 21
(SCM21) X100 (3/5)
(c) Comlicated-type sand mark in Ni-Cr-Mo steel No. 6 (SNCM 6)
X400 (3/5)
(d) Amorphous-type sand mark in Ni- Cr Mo steel (SAE4340)
%100 (3/5)

Photo. 3. Sand marks found in forged or rolled Cr-Mo
steel No. 21 (SCM21) and Ni-Cr-Mo steels (SNCM 6
and SAE4340) that had been added with the vanadium
as austenite-grain refiner, and the calcium silicide as
deoxidizer.

Z ¥ 5 (ALODs), 54 ¥F A4 b (Al:O;-Si0;)*
A (MnO-Si0;, Fe0-Si0;) 7t &, % 7zfiik
fEEuVIAE(SIO), a5 4 A (AlOs), R
¥~ % 4 b (3MnO- Al;03-3Si0s), 7 V=7 5
1> (3Fe0-AlL05-38i0:), a1~ =354 k
(2MnO-2A1;0;-5Si03, 2Fe0 - 2A1,0,- 5Si05) *
7 EvH A b (AlLO;-SiO2)*, i?u#F
(2MnO-Si0;) /& & 0)\1\'3‘.%73»1 H5HEE2
ns.

c) CaSi XU Al THiEEL, #+—2FF
4 MERMEEEA L LTV aRnLE  Ni-
Cr-Mo §ij (SAE4340) $#hEH KB LN 5
eV B3 E@sz ‘J.\bnbfgflﬁﬂ‘ﬁkﬁtﬂﬁ'éﬁ}rl
DHIL LA Al ZFHIML i@ oh s
BT L <\ Tk D, Photo.4 iwRLLESIT
R, BEAS IOCRERBIE» SR 2T
WHZ EERTET S. A

DL b D &GERANCERD B B EPIE D EERAR
%mf%,ﬁiﬁ%ocﬁéﬁh%%%bf&

_ ' = Table 5 D3~ 5 MR T. -
& g@ N »

(2) WIEROIEESH I L USRI
BRI 0 BRERM X D PNERPRER A EI L, JeEAmEE T
B L TR ETRERIC X 0 bV, (LRSI 5 NCE

(1) 2y (3)
(1) Equant grains . WSt e s i olcERA B~ 5.
Corandum: 41,04 | L a) SUHBERERE  E4EAS Sicgiok Bio-
%ﬁﬂﬁ%ﬁ%@%ﬁ%? | | den RF.A % EL vy NTHEES, FEEDD < EMR
0 2AL, 04 5010, X F VAT DG ELIICHBEIRICH D, EEER L0
andalusite: A1;03-SiO; ) . iz =t sl -~ .
tephroite:2MnO-SiO; . Cob, 120 oA TIMRHABEEEIDON T VY

(2) Lathlike, platelike

mullite:3A1,03-2Si0, ' ' ) WCHEEE A5 3 5. Bioden R. F. A %55 DiX

kyanite: Al,03-Si0O;

(.3) Columnar . ﬁ%m‘#‘bCE&ﬁ%K®3E$EﬁE%ﬁ>LH&?5 @%Fjﬁ < Yie-»)

quartz:Si0O;

corundum: Al; O3 . ThsH. FEELEERICEES LTAMRRORERIE

kyanite: A1,03-8i0;
pyroxene:MnO-Si0Q., FeO:SiO;

Fig. 1. Crystallization form of non-metallic
inclusions.

BOE L R AER RiC L Photo. 3 IC/R L& 9 ic\V
NHRER EAERUPFETD D, RHAEDHEITIEE A

TEDHLNA. TS OMEED 5 b ARSI BN
METH Y, AEMEORERIREERRE TR, BikEx
ERkOFERRIEEEBNEDSITH L T35, T T5
RO & T DMK & ORI ERLBROIH Z &
MM SN T W5, BEEREER T 5 5k 3%k
DT L < AlO; SiO: B XU (Fe,Mn)O ThsE¢
g, P. F. Kerr O43ED XD Fig. 1 WWRLAXS
ARSIV 2 5 4 b (3A1:04-25i02), #4 ¥4 b
(ALO3-SiO)*7 & Th b, HIRFEHRIAE (Si0y), o

*
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N. L. Bowen, J.W. Greic: J. Am. Cer. Soc.,
7(1924)p. 238 i X hid, Al03-SiOx FRiTis
TREFEI L 2 N ie i WEAFT TR ALO;:
SiO: %I 5 L& WX ERL BV, A. B.
Peck: J. Am. Cer. Soc.,. 8 (1925) p.407,

J. W. Gree: Am. J. Sci., 11 (1926) 5,p. 1
w X hid, sillimanite (Al,03-SiO:) HESR#
TN TAREEETH b, mullite (3A1:03-25i0s)
a3 5. 212 J. F. Scmairer, K. Yacu: -
Am. J. Sci., Bowen Volume, (1952) p. 471,
R. B. Svow: J. Am. Cer. Soc., 26 (1943)

p- 11 2 X fif iron-cordierite (2FeQ-2A1,0;3-
5S8i0:), mangan-cordierite (2MnO-2A1.03-
58i0:) 13§ 1200°C T mullite(3A1:03-2Si03)
THBTEENDNTNS
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Crystalline-type sand mark in

Ni-Cr-Mo steel (SAE4340)

%400

3/5)

Complicated-type sand mark in
Ni-Cr-Mo steel (SAE4340)
. %400 (3/5)
Photo. 4. Sand marks found in forged or rolled Ni-Cr-Mo steel (SAE4340) that had been added
with vanadium as austenite-grain refiner as well as the calcium silicide and aluminum

as deoxidizer.

Amorphous-type sand mark in

Ni-Cr-Mo steel (SAE4340)

%100 (3/5)

Table 3. Results of chemical and spectroscopic analyses of sand mark
portions and sound portions.

Steel sangpemg.frks Analysis | Al(%) [Si(%)[Mn(%) |Fe(%) | Ca | Mg Al/Si
. Chemical 0069 |.0°045) 0+021 0r0ol10 153
{Complicated Spectroscopic| + + + -+ + -+ - -
Cr-Mo steel No. 21 .
M 21 . Chemical 0°088 | 0*038| 0°008 | 0°013 2+32
Al 220~2708/t, Chemical 0°010 | 0°035| ©-028 | 0°016 0°29
add. in ladle emica * : o . 0° *
. Amorphous Spectroscopic + ++ + + + - - :
Sound " Chemical 0005 [0°0002] 0°0000 | 0-0005 |
portion |Spectroscopic, + + — =+ — —
. Chemical 0°017 | 0°039] 0°031 0-018 044
Complicated . _
. Cr-Mo steel No. 21 Spectrqscoplc ++ ++ ++ + —
(SCM 21) ) -
CaSi 800¢g/t Chemlcal 0°*007 0027 0+022 0°010 026
aV12 O.l%g/ Amorphous Spectroscopic + ++ ++ + — -
add. in furnace :
Sound Chemical 0°0004 |0°0014| 0°0012 0-008
portion |Spectroscopic + + + + — -

Results of spectroscopic analyses of sand mark portions and sound portions.
1. Ni-Cr-Mo steel (SAE 4340), CaSi; 800g/t, V 0°i% add. in furnace, Al 50 g/t add. in ladle.
Complicated, Al (++), Si (++), Mn (+), Fe (+), Ca, Mg,V (—); crystalline, Al (++),

Si (++), Mn (+), Fe (+), Ca,Mg,V (—); amorphous, Al (+), Si (++), Mn (++),

Fe (+), Ca,Mg,V (—); sound portion, Al (+), Si (£), Mn (), Fe (&), Ca,Mg,V (—).
2. Ni-Cr-Mo steel (SAE 4340), CaSi: 800g/t, V 0*1% add. in furnace.
Complicated, Al (++), Si (++), Mn (++), Fe (+), Ca,Mg,V (—); amorphous, Al (1),
Si (++), Mn (++), Fe (+), Ca,Mg,V (—); sound portion, Al (£), Si (£), Mn (&4),
Fe (:t)r CasMg,V (—)' A

3. Ni-Cr-Mo-steel No.6 (SNCM 6 ), CaSi; 800g/t, V 0°1% and. in furnace. -

Complicated, Al (+), Si (++), Mn (++), Fe (&), Ca,Mg,V (—); amorphous, Al (&),
sound portion, Al (+), Si (£), Mn (%),

Si (++), Mn (++), Fe (£), Ca,Mg,V (—);

Fe (i): Ca,Mg,V (—)'
4, Medium C steel (SAE 1040), Al 220 g/t add. in ladle.
Complicated Al (++), Si (++), Mn (+), Fe (+), Ca,Mg,V (—); crystalline, Al (++),

Si (++), Mn (%), Fe (+) Ca,Mg,V (—); amorphous, Al (£), Si (++), Mn (++),

Fe (+), Ca,Mg,V (—); sound portion, Al (), Si (&), Mn (+), Fe (%), Ca,Mg,V ().
Note. - Samples for chemical analysis were taken and weighed about 1 gram of sand mark portion
and about 2 grams of sound portion, while for spectroscopic analysis they were taken and
weighed about 100 milligrams and about 2 grams respectively.
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Table 4. Identification of non-metallic inclusions in sand marks by etching test.
Deoxidation
and . . Identification of
Steels austenite-grain Etching reactions inclusions
refining
Cr-Mo steel Al 220~270g/t Undeformed crystals: There is virtually iUncleformed crystals:
No. 21 add. in ladle | DO reaction with 10% alc. nitric acid, | Corundum a-AlLQ,
(SCM 21) boiling aq. sodium picrate, 10% aq. | hercynite FeAl:O4
’ chromic acid, 5% alc. hydrochloric acid } alumino-silicates
Cr-Mo steel| CaSi» 800g/t, A 1o 200 'hyd norin ang | (for example, mullite
No. 21 V 0°1% add. and generally 20% aq. hydrofluoricacid, . 3A1,04-2Si0; spessar-
(SCM21) | in furnace but some crystalline inclusions are = tite 3MnO-A1,0;-
. ; attacked slowly by 20% aq- hydroﬁuonc & 3SiQ;, almandite
© . CaSi; 800g/t, acid. i 3Fe0-A1:03-3Si0;
& Ni-Cr-Mo | V 0°1% add. . . . . . | ete.)
2 steel in furnace, Elongated 1.nc!us101.15. no reaction vfnth l
o (SAE 4340)| Al 50g/t add. | 10% alc. nitric acid, boiling aq. sodium |Elongated inclusions:
5&’» in ladle picrate and 10% chromic acid. Some Silica SiO,
2 : . ilicates are attacked by 5% alc. iron-mangano-
= Ni-Cr-Mo | CaSi, 800g/t, | > e
g steel Vaole% a%d/dt hydrochloric acid, but others show no silicates.
s (SAE 4340) in furnace reaction. However, inclusions are vir- :
C g tually attacked by 20% aq. hydrofiuoric
Ni-Cr-Mo CaSi, 800g/t, acid.
steel No. 6 V 0°19% add.
(SNCM 6) | in furnace
Cr-Mo steel] -
Al 220~ .
& No. 21 add. ?n ?;g%ét Crystalline inclusions, undeformed cryst- Corudum a-Al>04
ey (SCM21) ! _ als: There is virtually no reaction with o ite FeALO
@ Ni-Cr-Mo ! %asc;§1a/§300a%/(;» 10% ale. nitric acid, boiling aq. sodium ercynite FeAlO,
= steel in furngce, * | picrate, 10% aq. chrqxpxc acid, 5% alc. Alumino-silicates.
8 |(SAE 4340) | Al s0g/t add. | hydrochloric acid and 20% aq.
2 in ladle hydrofluoric acid.
= T
O Medium C Al 220g/t
steel add. in ladle
(SAE1040) ’ ,
Cr-Mo steel
No. 21 ;&(%dzzior;\«fzg]ge/t Elongated inclusions: »
(SCM 21) : There is no reaction with 10% alc. Silica SiO,
Cr-Mo steel] CaSi; 800g/t, | nitric acid, boiling aq. sodium picrate | .
No. 21 YV 0'1% add. | an4 109 aq. chromic acid. Some sili- | ' or7 Mangano-
Q (SCM 21) in furnace .
o, — cates are attacked by 5% alc. hydro- silicates
z CaSiz 800g/t, chloric acid, but others show - : .
" Ni-Cr-Mo | V 0°1% add. | | e > St no reac- |
3 steel in furnace, tion. Hoyvever, inclusions are virtually .
S (SAE 4340)| Al 50g/t add. attacked by 20% aq. hydrofluoric acid. ‘
& in ladle o
§ Ni-Cr-Mo | CaSi: 800g/t, |
< steel V 0°1% add.’ i
_(ASE 4340)! in furnace
Ni-Cr-Mo | CaSi; 800g/t, :
steel No. 6 V 0°19% add. ':
(SNCM 6 )| in furnace t
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ELTVERFRMLI Cr-Mo £9 21 & (SCM2t), Ni-

—_— 26 —
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Crystalline-type sand mark Complicated-type sand Complicated-type sand Complicated-type sand

in Cr-Mo steel No. 21 mark in Cr-Mo steel mark in Cr-Mo steel mark in Cr-Mo steel
(SCM21),Al1:227g/t No. 21(SCM21) Al:2656¢/t - No. 21(§CM21) No. 21(SCM21),

-CaSi,:800g/t,V:0°1% CaSig:SOOg/t,V:O'l%)

Comp]icaie&l-type sand Crystalline-type sand Complicated-type  sand Crystalline-type sand

mark in Ni-Cr-Mo steel mark in Ni-Cr-Mo steel mark in Ni-Cr-Mo steel mark in medium-carbon
(SAE4340), (SAE4340). CaSi,:800g/t, (SAE4340) CaSi»:800g/t, steel(SAE1040) Al:220g/t
CaSi,:800g/t,V:0.1% Al:50g/t,V:0.1% . Al:50g/t, V:0°1%

35

. Photo. 5. Electron-diffraction reflectlon patterns obtained Wlth non-metallic
inclusions in sand marks.

3

30 25 20 ’5 10 Létti;:e distance (A)

: . Crystalline type sand mark (SCM21 Al:227g/t) T
Lo ol @-Al;05 cf. Photo. 12-1

Complicated type sand mark (SCM21, Al:265g/t)
[ I [ o FeAl;0, cf. Photo. 12-2

' Complicated type sand mark (SCM21,CaSi,:800g/t,V:0°'1%)
b IJ I Ll l[lln a-Al:03 cf. Photo. 12-3

Complicated type sand mark (SCM21,CaSi,:800g/t,V: 0 19%)
|| T «-Al,05 cf. Photo. 12-4

Complicated type sand mark (SAE4340,CaSi»:800g/t,V:0:1%)
Il e b uewy  @-Al03,3(Mn,Fe)O-Al:03-38{0; cf. Photo. 12-5

Crystalline type sand mark (SAE4340,CaSi,:800g/t, Al:50g/t, V:0°1%)

[ Ll @-Al;Os cf. Photo. 12-6

- Complicated type sand mark (SAE4M0,CaSi:800g/t, Al:50g/t, V:0'1%)
| T | | Lot den | a-Al1203,3(Mn,Fe)0-Al1;03-35102 cf. Photo

Complicated type sand mark(SAE4340,CaSi;: 800g/t Al: SOg/t V 0°19%)

| L1 b gy *A1203,3(Mn, Fe)0- Al;03-3Si0;

) Complicated type sand mark (SNCM6 CaS12 800g/t,V:0-1%)
H |||| 1y a-Al:Ox

Crystalline type sand mark (SAE1040, A1:220g/t)
L Mol dis, e ALONFeRED ek Photo. 12:8

Complicated type sand mark (SAE1040, A1:220g/t) =
l I .t [ 1 Ly a'Ale3

[ 1 I I . | Reference. corundum a-Al:O3
| H oo

l | l | | L Reference. hercynite FeAl; Oy
L b 1l ’

I o Referen;:e. spessartite 3MnO- Al,03-35i0;
| Ll | ].1.' | |.|“u!.

Reference. almandine 3FeO-A1,03-3Si0;

|- IL TS l.l;l |.!|.|.|1!”u[

I - Reference ferrite a-Fe-
L !

Fig. 2. Lattice distances of non-metallic'inclusions in sand marks obtained by an

electron-diffraction reflection method.

Cr-Mo frﬁ (SNCM 6 L U8 SAE4340) s R®A ERIBDHLNIL. L LS,

T B WHED

LD h3,

FEFBRBE IR EIRRRIC b S D DERITEHD 3. Al ZifhnU7ciibfds X o8 Al & VETRL 78
WREDFLRR TS b UM *%m&%mu;tﬁ%‘:ﬂfﬂtt &V ORRTINL F b & RAET 2R OTAR EIT
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Table 5. Type, characteristic and occurrence tendency of sand marks.
Deoxidation ;
and + Types \Occurrence Identification of
Steels! austenite = of, Characteristics ;
grain marks | - tendency inclusions in sand marks
| refining : !
10~50p¢  greyish white~grey Undeformed crystals:
2 undeformed crystals are included Al O3, MO-AL:O3;(M:Fe,Mn)
] in dark grey~blackish grey in- alumino-ilicates.
2 clusions elongated plastically along Man Elongated inclusions:
G, | the longitudinal direction during ¥ silica (SiOz)
g forging or rolling. iron-, mangano-silicates
O The length of sand marks is
: 0°5~5mm, but rarely 10mm.
Al .Q::: 10~50u greyish white~grey cry- Al:O;,
: = stals form strings stretched along Relati\'rely MO-A1:03(M:Fe,Mn)
220~270g/t % the direction of forging or rolling. few alumino-silicates.
= > The length of sand marks is
™~ added ) 0*1~5mm, rarely 10mm.
=
8 in ladle @ Light grey~blackish grey. glassy » o
~ 3 inclusions ' elongated plastically Silica (8iOg)
— 2, along the longitudinal direction ; | iron-, mangano-silicates.
[Q\] — . g1 Few
. o during or rolling. . X
zo E The length of sand marks is
D < | 0*1~0*5Smm.
8 R
7] 5~50u grey~dark grey, platelike Undeformed crystals:
o 9 or columnar crystals crystallized Al:O3, MO-A1:0;4
= " out of pale grey~grey inclusions 3MO-Al,0;-3Si0:(M:Fe, Mn)
4 E elongatefi plastically along the Many alumino-silicates.
| &) CaSi, 800g/t E. !ongitudlrilal direction during forg- Elplpga(tse.dolglclusmns.
ing or rolling. silica(SiO.
V o019 8 The length of sand marks is iron-, mangano-silicates.
o 0*i~2mm.
added in , . .
| 2 | e Sactiontly el o S oona” Silica(SiO,)
b=y ed plastically along the longitu- . ilica(SiO;
furnace —g dinal directon during forging or ?e%atlvely . iron-, mangano-
5 rolling. silicates.
g The length of sand marks is
< 0*1~1mm.
2~30u grey~dark grey, rarely "|[Undeformed crystals:
- yellow-brownish grey undeformed |, AlyO3, MO-Al,04
8 crystals are .inglu,d’ed in‘greyisl'_l Relativelv 3M07A12Q§738102(M:Fe, Mn)}
5. whrtgwgrey inciusions elongated | ~ ‘fe‘\;v‘ * | 2lumino-silicates.
~ |CaSi, 800g/t :-a p}astu;ally algng the‘ longltudlpal Elopgatefi inclusions:
S Vo 019 £ direction during forging o-r«rolhn'g _sII1ca(S1Oz) .
=N dded o The length of sand marks is iron-, mangano-silicates.
Al adae © | 02~0"5mm, -
m mn
< | furnace, l‘ T
B AL 50g/t o 2~20p colo;less'\agrey, rarely '\ ALOs,
~ | added in g yellow-bx_‘owmsh grey crystals ‘SMO “A1,04-38i05, (M: Fe,Mn)
o ' ladle = form strings stre:tched along the Many | alumion.silicates.
oo < direction of forging or rolling. ;
- | B The length of sand -marks is l
-
S | S | 0°1~03mm. |
1 I} -
L? ; @ 'Greyisll1 White(fi\_«gxiey glalslsy inlclu- i
= o sions elongated plastically along P .
z = | the longitudinal direction during Few i Silica(SiO») ilcat
g forging or rolling. i iron-, ma‘ngano-s1 cates.
g The length of sand marks is j
< O*i~5mm. }
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'Deoxidation i
and Types Occurrence Identification of
Steels ' austenite s;ﬁd ' Characteristics
¢ grain- marks . tendency inclusions in sand marks
refining
e 2~30p grey~dark grey, plate- Undeformed crystals:
? . = | like or columnar crystallized out ‘ AlxO3, MO-Al,0;3,
Q 8 ' | of greyish whitq««grey inclusions 3M0—.A1203T38i02(M:Fe, Mn)y
@ § elongated plastically along Fhe Many alumino-silicates.
‘< CaSi, 800g/t| & longitudinal direction during E199gateq inclusions:
%) V019 g forging or rolling. . silica (5i0g) L
dded 2 Q The length of sand marks is iron-, mangano-silicates.
© added 1n | O | gej~2mm.
g furnace i S
w .
» | Greyish white~grey glassy inclu- a1s .
§ - 2 | sions elongated plastically along ‘isll_loli_ (?;Ca);) ano-silicat
s € | the longitudinal direction during Few ’ gano-silicates
Q 5 forging or rolling. e '
o g. The  length of sand marksis
< O l~Zmm. :
§ } 5~100x grey~dark grey, plate- v Undeformed crystals:
5 54 like or columnar crystals crystal- Al:O3, MO-A1L0;,
z P lized out of palegrey~grey 3MO-Al1;0;3-3Si0:(M: Fe, Mn)
<) 2 inclusions elongated plastically Man- alumino-silicates.
- "g. along the longitudirlxlal direction ¥ Elongated inclusions:
. oo during forging or rolling. silica (8i0;)
2 1033120??8/5“ 8 The length of sand marks is iron-,mangano-silicates. - .
-  added in 07l~2mm. ;
%;’ furnace w Pale greyv~grey glassy inclusions i (Si0s)
° 3 ‘elongated plastically along the Few islfolga malna2 ano-silicat
= 5 | longitudinal direction during for- o= o gano-silicates.
L b ging or rolling. .
Q & " The length of sand marks is
2 < 0*1~2mm -
2~20p greyish white~grey unde- Undeformed crystals:
= formed crystals are. included in . Al:O3, MO-Al,03(M:Fe, Mn)
8 | grey~dark grey inclusions elon- |. . alumino-silicates.
=y s gated plastically along-thelongitu- Rarel Elongated inclusions:
g = | dinal direction during forging or ¥ silica (SiOs)
- g ralling. ' iron-, mangano-silicates.
) o The length of sand marks is
3 o 0*i~imm. .
= & 2~20p greyish white~grey crys-
3 Al 220/t E tals form strin Aly0s
g ; = gs stretched along .
Z ?;i(ﬂzd m = the direction of forging or rolling. Many %1?1;}28;1(&&2:’ Mn)
g 4 The length of sand marks is ’ :
L 8 0°1~0*5Smm.
§ | °
é ! @ Light grey, rarely pale purply o )
3 by grey glassy inclusions elongated Silia (Si03)
Bl —g plastically along the longitudinal Rarel iron-, mangano-silicates.
§ ! 5 direction during forging or rolling. ¥
! & The length of sand marks is
< O*l~1lmm.

Remarks: (The details of these conclusions will be described in the 3rd and the 4th reports on this studies successively.)
The occurrence tendency of the sand marks is more remarkable in the steel containing aluminum than in that vanadi-
um. (Ingot: 1~3°5t, forging or rolling ratio: 7°5~57) '

1.

Steel containing aluminum: (1) The occurrence tendency of the sand marks is a little more remarkable in the top--
teemed steel ingot than in the bottom-teemed. (2) In the top-teemed steel ingot, sand marks arc rich in the top
part of the steel ingot and relatively poor in the middle and the bottom parts of it. In the bottom-teemed steel
ingot, they are rich in the top and bottom parts and relatively poor in the middle part. (3) No difference has been
found between top-and bottom-teeming procedures in the type of the sand marks and in the non-metallic inclusions
which constitute them.

Steel containing vanadium: (1) The occurrence tendency of the sand marks are more remarkable in the bottom-
teemed steel ingot than in the top-teemed. (2) In the top-teemed steel ingot, sand marks are rich in the top part
of the steel ingot and relatively poor in the middle and the bottom parts of it. In the bottom-teemed steel ingot,
they are rich in the top and the bottom parts and relatively poor in the middle part. (3) No difference:has been
found between top-and bottom-teeming procedures in the type of sand marks and in the non-metallic inclusions
which constitute them.
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Influence of the Machined Surface Layer on Hardness

of the Surface of Hardened Steel.

Synopsis:

- Yutaka ARAKIDA and Tsuruo SHIBAZAKI

When the steel surface was finished by mechanical process, for example, turning, grinding
and mechanical polishing, its surface is covered by the layer in which the physical and.

mechanical properties differ from those in mother material.
machined-surface-layer .

(X3

this layer in terms of the

The authors tentatively called
Although it is said that the influence

of this layer on mechanical strength of a material is of no negligible amount, but many ques-
tions are still left unsolved. Especially in previous studies, only discussions on the influence
of residual stress in the surface layer were described, and no attention was paid to the work

- hardening and other factors.

This paper presented the results of an investigation into the influence of the machined-

surface-layer on hardness of the surface of hardened steel.

Distribution of the half-value

breadth of X-ray diffraction patterns on the ground surface layer was obtained with small

specimens heat-treated under various conditions.
the surface layer of Sendzimir rolls finished by some mechanical process.

studies were as follows:

Then, hardness tests were carried out on
The results of these
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