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Table 1 Metallographic Microstructure of Samples with Ghosting Structure
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Table 2 Microhardness analysis of samples with ghosting structure (kg/mm*)
BOAHF LS W RFAL MEM HM FHAE
FmX 295 283 275 284
KB B A Bk A 4406 )
TR X 246 232 235 237
- FX 248 233 220 233
JLRER A 7T 4029
T X 215 203 200 206
B i 290 310 285 306 298
Jo KA AR F 4039
TENK 205 239 241 28
R FimX 270 264 276 253 266
JLRHERER Y 4047 ) .
X 207 211 224 207 212
_ TEIX 309 259 264 2717
Jo KA FREKES 4052
KFMIX 259 228 220 235
X 282 233 295 270
TL KRR FE 4058
EEMIX 203 176 245 208
FNX 251 262 275 245 258
JLKERAR 4063
EEONIX 215 212 192 220 235
- X 238 248 196 228
TURARBREL 3 4068 . -
TEM X 113 120 131 121

* WA , 2 T 4F R FIE A % 20g, F TSR FERAT 4 10g,
MRS EE 0T UE 73 A R (E Y L
VA (R BF i, B AU B R 121 - 294kg/mm’,
T 7 7 20 4 ) S AR B 3 F 228 - 305kg/mm?® 2 fH] .
2.4 BHRBESIH
A B H AR E A R SRS R
TERIERSENEN, EBEIARAESTE JTKHE

BRI T 4030 ZE A IR ISR R EREE B 3 1, K
HER 7 4059 K B 4R 4406 55 6 H A I
il , e AE SRR 2 A M il 0 X SR SR AN
JEF- IR LV 5 AT 2 BT o T, B R I 3 3.
RIERW AROALAGBETRELEREROA
MBS RS 105 4G.

RI BAPHBETE

Table 3 Phosphors content in ancient iron artifacts (wt%)
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Table 4 SEM — EDS Analysis Results of Ghosting Structure and Its Neighboring Areas (W/%)
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Investigation of ghosting structure in the iron and steel artifacts

CHEN Jian - 1i', HAN Ru - bin* , Minec Imamura!
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117 Jonai - Sho, Sakura - shi, Chiba, 285~ 8502, Japan) .
(% Institute of History Metallurgy & Materials , University of Science and Technology of Beijing ,
Beijing 100083)

Abstract: Among all the ancient Chinese iron and steel artifacts that have been examined, more than 40 samples have
ghosting structure, which is a significant phenomenum worth to study deeply for that it is seldom appeared in modemn ma-
terial. In order 10 research the reason that caused this kind of microstructure, 14 samples were selected and investigated
by using metallographic, micro — hardness test, SEM — EDS and chemical analysis. These artifacts were excavated from
Beijing, Liaoning, Shanxi, Shandong and Sichuan provinces. The dates of the making of these artifacts were varied from
8th century BC to 14th century AD. The metallographic analyses show that these artifacts were made by bloomery iron,
puddling steel and decarburized steel and there were three kinds of microstructures: feather, block, reticular and crystal
shaped ghosting structure. The chemical analyses indicate that the phosphorus content of samples with ghosting structures
were 10 times higher than those samples without ghosting structure, and phosphorus content of areas having ghosting
structure were 2 — 3 times higher than the areas without ghosting structure for the same sample. The micro - hardness test
shows the similar condition: the micro — hardness of ghosting structure is higher than that of neighborhoods without ghost-
ing structure. All the facts show that the structures were cansed by phosphorus segregation during the smelting and forging
process. Due to the chemical characters of phosphorus, it is very difficult to be reduced in the process of iron smelting
and forging in the ancient times. In case of high phosphorus content ores, fuels or other materials were used to produce
iron and steel, phosphorus segregated in the boundary of austenite grain, and in the succedent processes the high phos-
phorus areas were kept still, the ghosting structures were then appeared.
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