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The Melting of Wear-Resisting Ductile Cast Iron..
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A study was made to determine the adequate amount of nickel, chromium and molybdenurn,
enough to obtain the desired. hardness in as-cast state in accordance W1th the wall thlckness

of the product
‘ Expenmental variables were as follows:
Nickel percent : 0, 140, 2° o '
Chromium percent : 0°5, 1
Molybdenum percent : O° 5 10

.Sample size : 30, 45, 60 mm in dram

- Molds : green, dry

To simplify the experiment a * latm—square i de31gn was applied and the results obtained

were as follows.

(1 ) Bainitic structure was obtamed when 2% nickel,

' had been added.

% chromium and 1%, molybdenum

(2) The mixed structure of eutectlc cement1te and bainite was obtained in the low-silicon
range (1°5% Si) when each content of mckel chromium and molybdenum was 19, respectively.

(3) From the conclusions mentioned “above, the following expérimental formula to deter-.
‘mine nickel, chromium and molybd’enuin-amount required for 300~600 Brinell hardness-;

number was developed:

Dry mold-:----Hp=114*4X—682XY +178*7(Y +Z) +9* 9
Green mold-----: Hp=352X+195° OY+58 2XY+195° SZ—IO o,

where X nickel %,
Y =chromium %, and
Z‘=molybdenum %.
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Table 1.- Design of éxperiments.

i~ : -
Item ' Conteénts : ' , Note
. To establish the manufacturing standard
Purpese of wear-resisting D.C.I.
Characteristics Brinell hardness number of ductile cast iron
Chemical composition C - Si Mn P S Yawata nodular ﬁig
of raw material 436 1482 0°35 0-075 0°020 No. 1043
: "Chemical composition C k Si Mn P S
of molten iron .. 3°4~3°8| 2°3~2°5 |0°35~0*45 <0°1° <0°0t
Factorial effect - Ni N‘fof/”o N2i1:oz/° Ny=20% Number of time
i and level Cr C1=0'5%  C,=1"0% : 36
Mo M;=0°'5% M:=1'0% . ‘
. » S Sl=30mm $ Sy=45mm §
Sample size S,;—60mm §
- _ T ‘Ti=green sand mold
: Mold . Ty=dry sand mold

Table 2. Results of experiments.

N ‘ " Matrix. structure : B. H. N.
- . Marks : : : i
Ex. : i
| 30§ 45§ 60 § 30§ 45§ 60 §
13 N,;C:M, (green) P. F P. F P. F 321 302 321
17 N;C:M, (dry) . - P. C P. C P. C 341 321 T 311
1 N,C:M,; (7) P P P 293 293 285
4 N;C:M; (green) ‘P. C P. C P. C 341 316 302
15 N;C:M, (green) P. C P. C P 311 321 311
16 N2C2M2 (dry) P.C |.P. C P. C 341 341 341
8 N.C:M; ( 7 ) P. C P. C P. C 302 311 302
2 N2C2M1 (green) -P. C P. C P. C 341 36 321
14 " N3CiM; (green) B B B *477 415 444
18 N3;C:M. (dry) - v B B B. P *495 444 *461
12 NsCiM; ( 7 ) P. C P P 341 331 321
6 NngMl (green) M. B B P *KEDT *555 341

Note: (1) Symbols P, 'F, C, B and E C indicate pearlite, ferrite, cementite, bainite
and eutectic cementlte, respectively.

(2) * Measured with a standard steel ball
(3 ) *k Measured by Vickers H. N. and cohverted into B.H.N.

Table 3. Original table.

'S, R S. ‘ S,

N1 N, ‘ Ns N1 N2 N3 Nl : N2 N3 ‘

cilci|cifca|ci|ea|Ci|ca|Ci|Ca|Ci|Ca|Ci|Cs|Ci]CsfCi]|Ce

M 993 | 341 | 302 | 341 | 341 | 627 | 293 | 316 | 311 | 316 | 331 | 555 | 285 | 302 | 302 | 321 | 321 | 341
1D | W D W |D {W |D W | D W D |W |D |W | D W | D w

M, | 320 341 |'ait |34l | 477 | 495 | 302 | 321 | 321| 341 | 415 | 444 | 321 | 311 311 | 341 | 444 | 461
: 'w| p{w|D|W|D|W|D|W,D|W|D | |W D |W | D/W D
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Table 4. Analysis table of variance.

. Factorial effect S. 'S ' f. v F
N 117,167 2 58,5835 **42+0
'S 9,254 2 4,627 33 001\ 6°51
C 20,258 1 20,258 *¥14+5 Fi (0.05)=3.74
M 4,011 1 4,011 28 _
. T 7,168 1 7,168 *51 oy .
S XN 9,051 4 2,262°8 16 ri (oog)_5.5¢
SxC 5,203 2 2,601°5 18 Aot ) 3010
S XM 4,543 2 2,271°5 16
S xT 3,435 2 1,717°5 12 0°01\ 5°04
NxC 21,990 2 10,995 *x78 Fi (0.05>=3.11
NxM 1,097 2 548°5 0°3
(Error 19,490 14 1,392°1
yA !
(Total) 222,667. 35
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Téble 5. Comparis on of effect on Low-Si,
: S bsz '533
No Marks S e - %
; v B.H.N |Structure| B.H.N [Structure B.H.N |Structure
15 - ' Q: 311 | P. C | 32 | P.C 3t | P
L-g5 [(Green) N2 Gy Mz (Py) |1 g7, 495 | EC. B| 477 |EC. B| 4. |EC. B.
16 : o Q; 341 P. C 341 | P.C | saf P. C
L-te (D9 Ne © Mo (P)\y g0, | 477 | BG. B| 361 |EC. B| ath | & 9
- ' S g Q: | 302 P. C 311 P. C " 302 P. C
L-g |Prv) Ne Gy M‘-‘ (Ps) L-Si Q: 1363 P. C 311 P. C 321 P. C
2 SO o Q| a1 P. C 316 | P.C 321 P. C
Lz ((Greem) No G M: (P |1 g, 477 EC 495 EC | 514 | EC

-

Note: P: pearlite, F: ferrite, C: cementite, B: bainite, EC: entectic cementite

COBE SS=22,463 f=15 V=1,497 .
1) SR ot
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‘%”l;fable 6. Analysis table of variance.
Factorial effect S. S f \' e F,
S 594 2 297 02
Q 86,040 . - | - 1 86, 040 Hhk57 0 g
P - 32,549 3 10, 849 ok 7.3
SxQ 278 2 139 oL R o-oo5)_11-06
Sx P 749 6 124 1510%01 )= 868
PxQ 19, 533 "3 6,511 -
: . 3 . —Ee
(Errlgf) 2,180 6 363 F 3 (0°01) =542
Z T oon oa
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Table 7. Mechanical properties of Ni.

No. Tensi; /Sg;’;gth Elongﬂztwn‘ Brinell hgrdness v Strgcture of matrix
6 69°1 - oc - 331 Pearlite + cementite -
12 685 0°5" 311 . Pearlite + cementite
14 75°0 0-5C 388 __ All bainite
18 : 62°3 0c 375 Bainite + pearlite cementite

— 50 —



BAEPRHZETHHH BIHF LTV

MEERE 5 7 4 4 VS OWM | | o795

EATH 5 .

b. le%éf@%ﬁ%ﬁK%ML,%@Nif&
—F 4 R

c.Cr@m%m @zt%~cﬁéf&é

d. Ni & Cr OZTIER L fElr® 5% THATS
5. Cr @ %BiE Ni 0~1% TikdE b Hobhis
23, Ni 2% TRERENDDDISL.

e. FOMOTTERIZERL T X WEEIC/IX L.

2. Size WAEROHMTHS 30~60mm § DI
TIEAERL .

O EVEEAREIE 30 5 T s 2> LV as, Sizefd]
BAVNE WO TE O BRSARA RIS NI D&
E2LND. GEETBRAIL)

3. SBIOWIBOBRIIRIRE S % THEETH D75,
SR D95% DIEFRFLTIE & % D £ A0 BT,

4. Mo DEHE

a. Mo 0'5~1% 0 2 K#ETHHBTEE. &
i Mo 0°5% & 1% & CIEEICENRTD LRI E
WA ETHS.

b. Mo 0% % AT 3 k¥ & U-iBaiE MR
fEliRsR 0°5% THHT, %ﬁ%%m&&AEOTéé.

5. Low Si o4&

a. Ni 19 TiFexo 4 I\&:f\ >4 b DEE
HMIERD. Led>T St OBRIEERCKRTH 5.

b. High Si & Low Si 0&kZELTHLEED
LB
PHPOTVE)ZHEES (Cr, Mo) FiRDENE
THDLLERTLTWDEMBL T X

c. BlLEmTOES (P) & Si & (Q) LOiEE
P X QPMERZE TRETHIEER/TH 50, ZHiEsi
%DFRNE Cr, Mo% ICEDTZ M5 &\ 5 BT
URTHHITNED, 2hiciy C% ONT v xOEE
%%5%FAihTwT&W%k%%K&%&V@Tﬁ
FET -7 |

6. u%%%iﬂ®ﬁﬁ%ﬁﬁkowfﬁfbﬁ%%
%Lﬁﬁm#%tl<~ﬁbtﬁ%%ﬁ, EleN—F 4
PRTNVT P4 MEOWTIRETFHMSEC X > ThE
2L, RO & KR L T o e TED .

7. KREBRREREEBERCEAT L @ﬁ%kié'

D= RS DF —vT 0y 228 L, +OBHE
B2 L 2ok BRI3 900~400°C iz 3513 5 FHdEE:
8:3°C /mn Th-7z. ' o

8. LEEYT W v 2iC X 5BRABROBEL, ~N—F

4 MO b D THEES = 75kg /mm?, {H0R=0°5%,

Hp=388 THEEED 7 D PIFEES L Bbii-.

9 FMLIRIBIC IV TRBNA =54 b, 22y
&4&%;&&—%4%@%@@¢HCPM0f&ﬁ4
VSR O EEFERIR O BTV, MBI N—F 4 b

RO S OBFRDEN, DWTRALZ 4K, 18=F 4

MEBIE D, 7294 FEEDLOBRRETHS. &
BB ROBE DI PRI AE L, R ORIKE

SRV —RRIC A L7 D b O THEEME VB TV

U7t o THE 50kg ORIGER D BEFEC S \» TIE, ~
—~F A4 MEBIOD DIIEBED D. C. L itk L 4~5 £z
DIEFEE 2 3% 2 & 22 L 7.

VIII. %

EHEA A L TELN SRR

MEEFEY: D. C. L. 283510, REBRETCO
RO TIC FRRS R BRI L.

(1) Ni2%, Mo 1%, Cr 1% D& &EE~—F4

MEBZ1ES.

(2) Low Si (1 5%MRE) <1 Ni 1%, Mo 1%,
Cr 1% @&%ki‘\?mt%’ vEA N EXR—F 1 DR
Mz Es. :

L7z D THIZEHOI MR » 5, 7' R VEEEE300~600
&%5&%%&1«,&,Mo® EREEZRETHD

%&aﬁﬁkiof;h&ﬁﬁmLO%@%%ﬁ%w

il

.t.

Hp=114*4X —68"2XY _
+178‘7(Y+Z)+9-9..........\.....‘...g’iiﬁ’}__@_
Hp=35"2X+195'0Y +58°2X Y
+195°3Z —10°0 -coeeeee-
7‘:?51/ X: Ni%, Y: Cr%, Z: Mo%
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