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The Effects of Phosphorus and Boron Additions on the Formation
of Compacted Vermicular Graphite Structure

Heung-1l Park*,

Myung-Ho Kim**, Young-Hong Kim**

Abstract

The effects of phosphorus and boron additions and isothermal holding time on the residual magn-

esium and sulfur content, and on the resultant graphite structure of cast irons were investigated.

The effective recovery ratio of magnesium showed that adding phosphorus to the melt retarded

the fading rate of magnesium but adding boron accelerated it. However, the residual sulfur content

was found to be decreased with isothermal holding time at the begining, and then to be increased

again with holding time by resulfurization. The Mg-Equivalent for producing compacted vermicular

graphite structure was found to be increased with the addition of phosphorus, whereas to be dec-

reased with the addition of boron.
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Table 1.

Holding Chemical composition Grophits
time(min) C Si Mn P S B Mg [morphology
0 4.05 1. 64 0.67  0.0319 0. 0066 - 0.0327 N
1 4. 00 1. 64 0.86 0.0315 0. 004 - 0.0303 N
2 4. 04 1.62 0.66 0.0323 0. 0064 - 0.0315 N
3 3.9 1.61 0.65 0.0321 0.0040 - 0.0217 N
4 £.00 1. 62 0.68 0.0327 0.0051 - 0.0265 N
) 4.00 1. 61 0.65 0.0308 0. 0032 - 0.0247 N
6 3.9 1. 63 0.67 0.0327 0.0042 - 0.0242 N
7 39U L60  0.63 00280 00009 - 0.U206 N
8 399 160 0.66 00319 0.0017 - 0.0208 N
9 3.99 1.61 0.66 00315 @ 0017 - 0.0169 N
10 4.07 1. 59 .66 0,0327 0.0U25 - 0.0173 N+CV
3 3.9 1.61 0.66 0.0330 00023 - 0.0179 N+CV
12 4. 03 1.58 0.66 0.0317 0.0014 - 0.0135 N+CV
13 3.99 1L 0.65 0.0312 0.0018 - 0.0144 N+CV
M 403 L6l 0.66 003 00022 - 00126 CV
15 4.01 1.59 0.65 0. 0318 0. 001 - 40123 CV
16 4. 03 1. 58 0.67 0.0326 0.0033 - 0.0124 CV
17 3.94 1.58 Q.65 00315 0.4 - 0.0z CV
18 3.94 1. 58 0.64 0,0308 0.0011 - 0.0097 CV
19 4.03 1. 58 0.67 0.0342 0.0027 - 0.0092 CV
20 4.06 1.58 0.67 0.0346 0, 0036 - 0. 0084 CV
& N : nodular graphite
CV @ compacted vermicular graphite
F : fiake graphite
Haat C(Base meit Contsining 0.2%P and 0.035%8B)
Holding Chemical composition Graphite
tme{min) Si Mn P S 8 Mg |morphology
Q 3.63 .65 0.66 G 1618 0.0192 0.0324 Q. 0455 N
1 3.67 .59 0.65 0.1600 0.0170 0.0319 . 0313 N
2 3.63 .62 Q.66 0Q.1651 0.0129 0Q.032 0.4270 N
3 - - - - - - - N
4 3.5 1. 61 0.65 0.1623 0.0071 00318 00172 N+CV
5 3.51 LS9  0.63 0.1518 00054 0.0307 00148 CV
6 3.63 L60  0.67 01632 00040 0.0318 0.0Iv] CV
7 3.62 1.58  0.66 0.1602 0.0044 00318 00099 CV
B 3.4 Lo 0.64 01528 0.0040 Q. 0310 U LOH? CV
9 3.70 1. 56 0.68 0.1619 00048 0.0326 0.0072 CV
10 352 .60  0.66 0. 1649 0.0051 0, 0318 00068 CV
11 3.58 1.59 Q.66 0.1690 0.0045 0.0312 0.0057 CV
12 3.57 1.5  0.65 0. 1620 0.0039 0.0317 Q.0045 CV
13 3.55 1.5 0.65 01615 0.0044 00320 0.0041 F
14 3.59 .60 0.66 0.1660 0.0057 0.0317 0.0036 F
15 3.5 .59 0.66 0.1558 0.0056 0.0324 0.0032 F
16 3.55 1.5  0.67 0. 1640 0.0067 0.0320 0.0029 F
17 3.51 .59 0.66 0.1586 0.0074 0.0323 0.0026 F
18 3. 49 1L.57  0.65 0.1577 0.0078 00314 0.0024 F
19 3132 1.55 0,62 01377 00050 0.0308 0.0022 ¥
20 3.52 1. 58 0.65 0.1601 0.0104 0.0321 0.0021 F
s N : nodular graphne
CV @ compacled vermicular graphite
F . flake graphite

Chemical analysis of specimens, wt.%

Heal B{Base meit comaining 0.2%P)

Holding Chemical composition Graphite
time( min} € Si Mn P S B Mg [morphology
0 374 1. 61 0.70 0. 1744 0.0110 - 0.0365 N
1 3. 64 L8 0.66 0.1588 0.0119 - 0.0336 N
2 3.68 1.59 0.68 0. 1684 0.0105 - 0.0305 N
3 3.66 1. 58 0.67 0.1626 0,009 - 0.0265 N
| 3.70 1. 57 0.67 0. 1695 0.0085 - 0.0251 N
5 3. 67 1. 58 0.70  0.1610 0.0045 - 0.0198 N
6 3.68 1. 57 0.68 0.1698 ©.0035 - 0.0172 N
7 3. 74 1. 57 0.69 0.1694 0.0037 - 0.0167 N
8 3.71 1. 58 0.68 0.1648 0.0023 - 0.0153 N
9 3.68 1. 56 0.67 0.1678 0.0031 - 0.0154 N
10 - - - - - - - N
11 3.61 .55 0.66 01549 0.0012 - 0.0117 N
12 3.73 1. 56 0.68 0.1618 0.0029 - 0.0110 N+CV
13 3.52 1. 57 0.67 0.1625 0.0019 - 0.0096 CV
14 J. 66 1.56 0.67 0.1683 0. 0032 - 0.009%6 CV
15 3.62 LSS 0.68 0.1624 0.0026 - 0.0078 CV
16 3.62 1. 56 0.67 0.1661 0.0029 - 0.0076¢ CV
7 3.64 1.4 0.67 01633 0.0030 - 0.0066 CV
18 3. 60 1. 53 0.68 0.1658 0.0029 - 0.0054 CV
19 .67 L34 Q.68 0.1623 0 0041 - 6.0050 CV
20 3. 6b 1.4 0.67 0.1695 0.0050 - 0.0048 CV
Heat D(Base meit containing 0.035%8B)
Holding Chemical composition Graphite
ume(miny  C Si Mn P S 8 Mg |morphology
0 3.7% L8  0.66 0.0377 0.0190 0.0323 0.03% N
1 3.70 1. 68 0.67 0.0391 0.0221 0.0324 0.0371 N+CV
2 3.7 .68  0.66° 00333 0.0132 00318 0.0240 N+CV
3 K] 1. 69 0.66 0.0391 0.0187 0.0333 0.0253 N+CV
4 3.70 1. 66 0.66 0.0384 0.0096 0.0328 0.0128 CV
5 3. 61 l.68 0.66 0.038§ 0.0093 0.0324 0.0130 CV
6 .72 1. 66 0.67 0.0385 0.0092 0.0329 0.0086 CV
7 3. 72 l.64 0.66 0.0389 0.0070 0.0326 0.0066 CV
8 3.68 L6565 0.65 0.0370 0.0061 0.0324 0.0047 F
9 3 1. td 0.67 0.0383 0.0063 0.0328 0.0036 F
10 3.70 1. 65 0.66 00377 0.0081 0.0327 0.0036 F
1 3. 68 1. 64 0.65 0.0383 0.0073 0.0328 0.0028 F
12 370 1. 64 0.67 00387 00075 0032 0.0025 F
13 35 1. 64 0.65 0.0334 0.0067 0.0323 0.0023 F
14 - - - - - - ~ F
15 3.64 1.63 0.66 0.038¢ 0.0112 0.0329 0.0022 F
16 3. 66 1. 63 0.66 0.0362 0.0082 00329 0.0021 F
17 3.59 1. 63 0.66 0.0367 00117 00326 00021 F
18 3. 63 1. 61 0.65 0.0387 0.0127 0.0322 00020 F
19 3. 61 1.63 0.66 00384 0.0135 0.0328 0.0021 F
20 3. 66 1. 6} 0.68 00397 0.0156 0.0334 00020 F
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