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Fig. 1 Left view and top view of copper wire
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(b)400 CAR1% 30 min; (¢) 400 ‘CA-IE 120 min; (d) 600 °CA-R 30 min; (e) 800 ‘CAR:VR 30 min
Fig. 2 Macroscopic morphology images of copper wires with cross-sectional areas of 2.5, 4, 6 mm” under different heat treatment
processes in anoxic atmosphere : (a) Original sample; (h)400 °C-30 min; (¢)400 ‘C—120 min; (d) 600 ‘C-30 min;
(e) 800 ‘C-30 min
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Fig. 3 Microstructure and grain diameter distribution of copper wires with a cross-sectional area of 4 mm’ without insulation layer held at

different temperatures for 60 min in anoxic atmosphere : (a,e) Original state; (b, £)400 °C; (¢, g) 600 °C; (d, h)800 C

i AR R AR T AR ST A ) S AHZH 2, Y
k1400 “CHF, 4 T2 BRI Y A A ZH 2 A A5l
600 “CH 4 FHAL L b 53 A A /b s () 22 5y, IR 3
F800 “CHF, AxAHLHZUN A K& KA S5 L A
REB USRI ZE . SR 400 CHY, {4
AR/ D, Sk R, RSFHN N, i
600 “CHIH T4k 4 AHZH AU fiokL ELAR 5 400 “CHY 1Y
BEAR A 2255 /N 0 JE DR AT RE R A e A T RS AT
50

Joo MREETHE E 800 CHE, KRN EL, B
ESIER IR TS ST TR S 2 N

4 R AL Z A 1 4 mm i S AEZ AR
SAHLL 800 “CALBRAN IR 1] 5 1) 4 FH AL SURN Stk B
B, A PRI R e, Sk AR & A B
W, E4Ca) B, SO0REHE Y 30 min b,
HeMHAN Z 250G A0, TEA D 81285
B, RARTE 11~14 o 1B P ARORE T o LU il K



MRS BLKIGRSE N  S Ao SU AR IR 5T

2026 4555 11

—~
o
N
B
S

B4 /%
- = N
S u S O

S W
T

0 5 10 15 20 25 30 35 40
AR/ um

2h

ER )
- = N
S U S G

S W
T

0 10 20 30 40
FifE/um

K4 #EFY 4 mm’ 19 IC4 5020 RAAE 2 EUUR T 48 800 “CARIRAL F S PR TRAS RIS 5] (4 4 A2 ZURN ok BLAR A3 A

Fig. 4 Metallographic structure and grain diameter distribution of copper wires with a cross-sectional area of 4 mm” without insulation

layer under isothermal treatment at 800 °C in anoxic atmosphere for different time: (a, ¢)30 min; (b, d) 120 min
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Fig. 5 Trend of average grain diameter of metallographic organization of copper wire cross section with (a) temperature and (b) time
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Fig. 6 Microstructure and grain diameter distribution of copper wires with a cross-sectional area of 4 mm’ without insulation layer held at

800 °C for 60 min in different atmospheres: (a, ¢) Oxygen deficiency; (b, d) Oxygen enrichment
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Fig. 11 (a~c)SEM and (al~c1) surface sweep of 2# sample
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Fig. 12 (a~c)SEM, (d) surface sweep and (e) dol pattern image of 3# sample
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Fig. 13 Metallographic structure of cross-section of copper wire after overcurrent fault: (a~d) 1# sample; (e~h) 2# sample; (i~1) 3# sample
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Microscopic Characteristics of Copper Conductors in Fire Scenarios

BAI Xintan', ZHAO Dandan', FENG Peizhong'*, ZHANG Baojing', WANG Xiaohong'

(1. School of Materials Science and Physics, China University of Mining and Technology, Xuzhou 221116, China;
2. Jiangsu Key Laboratory for Clean Utilization of Carbon Resources, Xuzhou 221116, China)

Abstract: To prevent fire incidents, investigating fire traces and identifying the cause of the fire is a primary task in fire forensic evidence
identification. Analysis of microscopic characteristics of copper conductors after a fire is an effective method for this purpose. This study
simulated the temperature, time, and atmospheric conditions of a fire environment, generating fires caused by overcurrent faults, to
investigate surface morphology, cross-sectional grain shape, and size of copper conductors after a fire. As the temperature increased and
duration extended, oxidation degree of the copper conductor deepened, and grains continuously grew, exhibiting an axial shape. At 400 °C,
the grain size was 7~11 wm. At 600 ‘C, it increased to 8~14 pwm. At 800 ‘C, it reached 13~17 pm. During the grain growth process, a
large number of twins appeared due to low stacking fault energy. Average grain size of copper conductors was directly proportional to both
annealing temperature and time, with temperature having a more significant impact. Linear fitting results showed that activation energy
for grain boundary migration during grain growth was 0.68 kJ/mol. Under actual overcurrent fault conditions, the failure copper conductor
formed molten beads and dendrites at the fracture site, indicating that an excessive current in the circuit caused the conductor to overheat,
ultimately leading to fracture, with abnormal grain growth occurring near fracture zone.

Key words: fire; copper conductor; microstructure; grain size
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