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INVESTIGATION ON CAST IRON HAVING REFINED GRAPHITE
PRODUCED BY MELTING CAST IRON COVERING WITH SLAG
CONTAINING TiO, (IX)

(Investigat‘iﬂnlon the Net Structuare and the Estimation of Micro-

Hardness of S-H Cast Iron.)

Hiroshi Sczzé@;mm Dy. Eng, and Masatoshi Tsuda

SynOpSLS

"The fracture surface as well as the polished- surface of S-H cast iron shows a net struc-

ture having a boundary line of light gray color.

The microstructure proved that the

boundary-line portion was a group of austenite dendrite and that the mesh of net (meshy
portion) was consisted of,eutectic graphite structure. :

Both the micro-hardnesses of boundary-line and meshy portions were estimated. The re-
sults proved that the hardness of boundary-line portion.was about 1.5~2*7 times of meshy

portion.

The authors preSumed that one of the major reasoas of the greater wear-resistance of S-H
cast iron was based upon the following characteristics:

1. The existence of a unique net structure of S-H cast iron.

2. The presence of a boundary-line portion of greater hardness in the matrix of eutectic

graphite structure of lower hardness.

3. The fine and uniform distribution of fine TiC particles in S-H cast iron casting.
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Table .

Chemical composmon of S-H cast iron specimens.

> v
Specimen Composmon (%) i Eutectic graphite

' ‘ i structure®*
No. | T.C Si Mn P s Ti Others -
G-1° | 377 | 1°54 | 061 | 0-160| 0031 | 0°580 R i A
G—2* | 358 | 2006 | @77 | 0+129 | 0037 | 0-398 = ; A
G—3 ; 3°08 | 238, 063 ] — — 0-210 — :' A
G—4 | 3°50 | 2+36 | 063" — — 0330 - — [ A
G—5, | 355 | 2+48 |°1-08_| 0°085 | 0+029 | 0240 g_ﬁ:g:igg 8 —o gg% o .
G—6 334 | 2017 7| 1°087[ 0°110 | 0°032| 07132 |y = ST had A
G—7 | 3'91-- 1zd8 | 1-06 — — 0°303 | - - ; A
G—8 |:'3'88° | 1-48 | 0°93.) . — — 0°410 — ! A
G—9*  "3°82 | 1'50 | 0°-87 — — 0+324 — | A
G—10 ' 374 1749 . | 0-85 — — 0326 — A
G—11 | 3766 1°52 | 0°99 — — 0+323 — A
G—12 | 3'62 | 149 | 085 | — — 0179 | — R A
G—13 340 272 1+08 — — 0361 e 2 A
G—14 | 324 | 310 | 1707 | — — | o261 — { A
G—i15 | 385 | 1°79 | 0-e2 — — 0359 - @ A
G—16 | 3°39 | 182 | 0°63. | — — 0166 — i A
G—I7% | 2984 = 1°13 3’ 078 | 02601 0°060 | — | - | F.
G—18 ! 346 . 176 .%. 0°03 — — i F *

0-028

1y

0°016 :

" Specimens used inthe examination of net structure.

... ¥ The method of expression for the eutectic graphite structure is exactly the same as that

. adopted in the preceeding experiments.
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Fig. 2. Relationship between micro-vickers
hardness and brinell hardness number.
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Table 2. Results obtained by micro-vickers.
Specimen hihcro hardness value i p AI—f/EH
T AH (Austemte dendmte) j EH (Eutectxc graphlte structure) b
——— e e e (X/Y)

No. AH Avcrage tCﬁl%u(l:}l(t)edi EH Average EC?I]cBu%ai};ad
G—1 263, 270, 283 | 272 222 | 149, 159, 163° 157 . 107 201
G—2 302, 304, 318 | 308 258 207, 207, 216 212 .1 162 16
G—3 325, 326, 327 326 276 219, 220, 22i 220 170 1*6
G—4 365, 370, 374 370 320 196, 199, 204 200 150 2*1
G—>5 360 370 380 370 320 238, 240, 245 . 241 191 17
G—eo 365, 365, 370, 514%* 1 367 317 256, 260, 260 258 ° 208 “1°5
G—7 345, 348, 351 l 348 298 221, 224, 229 225 175 1*7
G—8 352, 370 377 689F* ¢ 360 310 222, 226, 228 225 175 18
G—9 401, 413, 417 , 410 360 285, 236, 237 236 186 1+9
G—10 342, 345, 348 i 345 295 225, 238, 240 . 234 184 1°6
G—11 ., 383 383 383 | 383 333 225, 235, 238 233 183 18
G—12 342, 354, 357 351 301 213, 221, 227 221 171 18
G—13 333, 342, 354 343 293 240, 240, 240 240 190 1°5
G—14 363, 373, 383 373 323 220, 228, 236 228 178 1*8

. G—15° 349, 350, 361 353 303 169, 173, 192 178 128 24
G—16 363, 367, 370 367 317 160 165, 174 166 116 27
G—17* 260, 268, 268 (Average 265) -
G—18% j 268, 271,. 276 (Average 272) PR

* Common gray cast iron, values measured on the pearlite matrn(-

**  Omitted in the calculation of average value.

Table 3. Influence of carbon content upon the microhardness of S:ﬁ cast iron specimen.
| Composition . . EH (Eutectic graphite struc-
B S| CoOhngl B AH (Austenite dendrite) raes AH/EH
@ o condi- | . | T
Q5 ; . . Avera- Calculat- Avera- |Calculat-
\t B
UQ).‘E 1on ': T.C Si Ti AH ge led HB(X)I EH ge ed HB(Y) (X/Y)
‘Sant_:l R ‘ f | ‘ { A
95 casting | 398 | 1°58 | 033 245,253, 262 253 203 [|153,162,163 |. 159 | 109 . 19
96 ! 4 13°93 1 153 | 0°29 1251, 261,270 261 211 133, 144, 144~ ©140 | 90 | 2°3
97 # | 3'56| 157 | 0°23 {253,253, 260 255 205 |[151, 155, 156 154 104 | 20
98 ! #  13°53 | 1*61 | 0°25 1245, 264, 264 258 208 146, 147, 147 147 97 i 2*1 -
99 i 4 . 3°10 ¢ 1*60 | 0° 15 309 311,314 311 261 172,173, 174 173 123 ] 2-1
100 j 4 2°90 | 1°65 | 0*13 366 366,374 369 319 219,221,232 - 224 174 1-8
104 cooling : 3*94 | 1*62 | 0°28 ‘306 317,319 1 314 264 213,221, 221 ~ 218 168 16
105 v { 388 162 | 0°27 ‘325 330, 336 i 330 280 151,156,158, 249%* 156 106 . 26
107 v : 3°37 | 1°65 | 0°23 327,322,336 325 275 194 210, 213 206 156 ; 1*8
” |
109 v 2°91 | 165 0‘17 336 336,336, 387**H 336 286 146, 149, 152 149 99 | .29
. 1
*  Omitted in the caICulatlon of average value. -
“” 7 (v) #EE (i) RV TON T X S LRAE
. b2 : P y . 2 2 '3
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‘Influence of Si, Mn, P, S, Cu, Nj,

Cr, Mo, W, Sn, Al’

Table 4. Co,s V and. As upon
o the micro-vickers hardness of S-H cast ‘ron specxmens
Speci- Composition (%) AH (Austenite dendrite) EH (Eutectic graphite structure) | AH/EH
men | . : i ! ) !
: ) e 4 lated |- X/Y)
No. TC Si -’ Ti Others . AH Average CaI_lﬁ‘aﬂ?}t{ed - EH Av’eAra’ge‘ Czi_ll%ﬂ?‘%d
12+ | 3.4 2.5, — . — 256, 264, 264 260 210 151, 154, 155 | 153 103 2.0
111 3.38 2.34 0:14 —_ 256, 266, 266 . 261 L 211 141, 153, 159 T 151 101 2.1
114* 3.4 2.0 —_ —_ 233, 237, 240 237 187 150, 155, 159 155 105 1,8
113 3.60 1.77 0.22- — 274, 290, 297 287 237. 152, 158, 167 159 109 2.2
116 3.4° 1.5 = — 235, 254, 276 255 205 158, 158, 166 161 111 1.8
115 3.64 1.27 | -0.12 — 228, 245, 262 248 198 141, 144, 146 144 - 94 2.1
123 3:20 1.61 0.03 |Mn: 1.36 336, 348, 348 344 294 - 193, -198, 205 199 - 149 2.0°
125 | 3.78 1.40 0.11 1.08 336, 336, 342 338 288" 213, 216, 216 215 165 1.7
127 | 3.28 1.50 0.12- 0.59 | 317,322,325,433** 321 271 194, 194, 203. 197 147 1.8
‘129 3.46 1.52 0.19 0.18 249 253, 258 253 203 149, 153, 156 153 103 2.0
141 | 2.97 | 1.69 | 0.08 | P: 0.751 | 299, 319 313 | 263 127, 126, 139’ 134 84 3.1
143 2.94 1.68 0.13 0.251 | 292,257 302,357** 297 247 121, 135, 155 137 87. 2.8
145 3.05 1.45 0.09 - 0.014 285 292 306 294 244 153, 156, 159 156. |. 106 - 2.3
158 | 293 | 1.46 | 0.10 | S: 0.110 | 285,290,297,357*+ 201 241 | 194, 208, 207 £03 153 1.6
161 3.05 1.45 0.09,- 0.054 | 285,292,306.327** 294 244 153, 156, 159 156 103 2.3
160 2.99- 1.42 0.11. 0.046 | 285,290,292,322%* 289 239 144, 153, 163 . 153 . 103 - _2.3
‘170 | 2.8¢ | 1.57 | 0.03 |cCu:1.86 | 370, 373, =80 374 | 3: 142, 145, 148 145 95. 3.4
172 3.27 1.51 0.2 + 1.19 325, 342, 345 337 287 140, 142, 148 143 .93 3.1
174 3.00 1.48 0.11 0.61 283, 290, 302 288 1228 164, 171, 171 169 119 2.0
176 . 3.05 1.45 0.09 tr. 285,287,292.579**; 288 238 153, 156, 159 156 106 1._5
186 3.00 | 1.68 | 0.08 |Ni: 1.97 | 304, 309, 314" 307 - 257" 142, 152, 155 150 100 2.6
183 3.18 1.66 0.16 0.89 274, 285, 287 282 - 332 160, 166, 171 165 115 2.0
197* 2.9 1.7 — Cr: 0.25 325, 325, 325 325 275 189, 193, 194 192 142 1.9
196 2.89 1.54 0.05 0.24 319, 322, 325 322 272 182, 193, 199 191 . 141 1.9
202 .2.91 1.60 | 0.04 | Mo:1.03 | 373, 333, 394" 383 333 202,203,206, 287+%| 204 | T 154 2.2
T 204 | 3.16 1.64 0.12 0.54 333, 342, 342 339 289 163, 171, 171 . 168 .- 118 2.4
210 |. 2,97 | 1.63 0.03 | W: 0.95 345, 357, 366° . 356 - 306 149, 149; 151 150 100 3.1
212 2.96 1.68 0.03 0.44 311, 311, 327 316 266 130, 146, 151 L 142 92 2.9
218 2.98 1.60 0.04 | Sn: 0.82 345, 351, 357 351 301 251, 253, 262 255 205 1.5
220 3.23 1.53 0.22 0.37 306, 309, 311 309 259 192,- 209, 219 207 157 1.6
200« | 2.9 | 1.7 —  |Al: 2.0 285, 290, 304 - 293 . 243 141, 142, 151 145 - 95 2.6
2:8 2.96 | 1.82 0.02° 1.38° | 305,310,319,370%* 311 261 - 131, 142, 153 142 92 2.8 .
234 3.36 1.60 0.05 |Co: 2.02 224, 224, 224 224 174 124, 125, 126 © 125 - 75 2.3
236 3.18 1.64 0.05 0.99 242, 262, 262 255 205 135, 136, 139 136 86 2.4
246 2,93 1.66 0.04 | V:.0.150 302, 309, 209 307 257 152, 1£8, 159 156 106 2.4
1248 3.04 1.67 0.08 0.087 279, 285,7285 283 233 151, 158, 163 ‘ 159 109 ,.2.1
260 2.95 1.62 0.05 | As: 1.01 297, 202, 304 201 251 198, 198, 203 199 149 1.7
262 2.82 1.63 0.02 0.36 290, 290, 309 296 246 190, 202, 203 198 - 148 1.7
*: Approximate per cent.
**. Omitted in the calculation of average value.
Table 5. ‘Influence of measured position upon micro—viékers hardness
o (Dia of specimen is 30 mm)
AH (Austenite dendrite) EH (Eutectic graphite structure)
Specimen .
|
No. Near to CenterlNear to mid-|Near to outsi-| Average |Near to center Near to mlddlelNear to outsi-| Average
layer (OR) dle layer (RQ)| de (QP) layer ( AR layer (RQ) l de (QP)
G— 357 ] - 360 372 ] 363 ' 239 236 [ 225 233
G—10 340 . 344 351 . l 345 l 226 229 230 - 228
G—12 341 344 375 | 353 : 231 -219 209 22Q
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INFL-’UENCE__' OF THE CHEMICAL COMP.OSIT-ION OF

CAST STEEL ON HOT-TEARING TENDENCY: (I1)

Susumu Oki

‘Synopsis:

.In the report I, the author has descrxbed the influence of C, Si, Mn, P and S. In the pre-
sent report, he complements the first report with some additional experimental data, and then
describes the influence of Cu and Al. . . .

First, another method of testing the hot-tearing tendency is explained. -This method, which

“the author c¢dlls test of ““C’’ type, is used in the present study together with two methods
already described in report I. : ’

The results obtained are briefly summarized as follows: -

(1) Increase in carbon does not increase hot-tearing tendency in the test of “C”’ type,
while it increases hot-tearing tendency decidedly in the test of A" type, the influence of
carbon on hot-tearing tendency seems to vary, as some other investigators pointed out, with
varying types of casting tested. A

(2) It is quite sure’ that increasing copper content to 1°5% does not increése hot-tearing
tendency in the wide range of sulphur content of 0-01~0"06%. - .

(3) Increasing aluminium up to 1% does not affect the hot- tearmg tendency of low sulphur
steel containing about 0°01% sulphur. . -

(4) In high-suiphur steel containing about 0°03% Sulphur addmon of 0°1~0°2% alumlmum
decreases the hot-tearing tendency.
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