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Abstract: In this paper, the effects of high temperature service process on the microstructure and mechanical properties of
welded joints were studied in a section of HP40NDb hydrogen reformer tubes that have been in service for about 7 years. The
characteristics of microstructure and the morphology and distribution of precipitated phases in different regions were observed
and analyzed. The properties such as hardness, strength and impact toughness of each region were determined. The results
showed that only a small amount of carbides were precipitated out from the deposited metal, lots of carbides were precipitated

in the base metal and aggregated on the austenite grain boundary to form a network chain; the tensile strength of the joints

only declined a little, but its elongation and impact toughness had been seriously reduced.
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Table 1 Chemical composition of the furnace tube material( @ /%)

Element C Si Mn S P Cr Ni Nb Fe

Content 0327 <2.00 <2.00 <0.03 <0.03 47 327 06~
onten 045 . . U3 . 27 37 15 al.

xR2 IWPEWHENFEERE
Table 2 Mechanical properties of the furnace tube material

T/(C) R,/ (MPa) R,/ (MPa) A/ (%)

20 =245 =441 =8
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Fig. 1 Tensile specimen (mm)
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Fig. 2 Diagram of hardness test position
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Fig. 3  Optical microstructure of furnace tube welded joints: (a) welded joints, (b) base metal, (c) heat affected zone, (d) weld center
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Table 3 EDS analysis results of different areas in the furnace tube

welded joints( w/%)

ot € G N Fe  Nb s el
phase
A 5.2 79.1 5.0 10.2 0.2 0.3 M,;C¢
B 1.6 3.5 45.8 5.3 33.0 10.8 G
C 1.2 20.7 356  40.6 0.3 1.6 Austenite
D 5.7 80.8 5.1 8.0 0.3 0.1 M,;C¢
E 1.1 2.8 49.7 4.9 29.7  11.8 G
F 1.1 220 373 38.2 0.3 1.1 Austenite
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Fig.4 Image of different areas in the furnace tube welded joints

(BSE): (a) base metal, (b) weld center
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Fig. 5 Tensile test stress strain curves of BM and WZ specimen
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Fig. 6 Fracture position of tensile specimen of welded joint
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Table 4 Tensile test results at room temperature

Specimen R ,/MPa R, /MPa A/ %
BM 287 435 1
Wz 285 429 1
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Fig. 7 Hardness distribution curve of the welded joint in fig. 2
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Table 5 Impact toughness test results

Specimen A/
Wz 4.35(4.09 ,4.51 4.44)
BM 1.91(1.76 .2.24 [1.72)
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Table 6 EDS analysis results of impact fracture ( w/%)

Point C Cr Ni Fe Nb Si
G 5.1 43.2 22.0 26.6 1.6 1.5
H 5.5 79.3 5.2 8.1 0.7 1.2
1 10.0 37.5 17.0 11.1 9.9 4.9
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Fig. 8 SEM images of the fracture morphology of impact specimen: (a, b) weld impact specimen, (¢, d) base metal impact specimen
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Research Progress on Electromagnetic Wave Absorption

Properties of Carbon Materials

HUANG Julong, ZHOU Liang, CHEN Meng, LIANG Mengyan
(School of Materials Science and Engineering, Chang’an University, Xi’an 710061, China)

Abstract: With the rapid development of radar detection technology and increasing impact of electromagnetic radiation pol-
lution, the research and development of new microwave absorption materials have become the hotspot in each country. A sin-
gle absorbent has the disadvantages of narrow absorption bandwidth and weak absorption intensity, which cannot meet the re-
quirements of wide bandwidth, thin thickness, light weight and strong absorption of the new microwave absorption materials.
Carbon materials have the advantages of light weight and excellent microwave absorption properties. Carbon composites
exhibit excellent microwave absorption properties by virtue of two-component, multi-component composites with other absorb-
ent components, or the structure design of composites. In this paper, the application and development of carbon materials in
microwave absorption field are reviewed from five aspects: carbon black, carbon fiber, carbon nanotube, graphene and other
carbon materials. The recent research progress of the electromagnetic wave absorption properties of carbon materials was sum-
marized and analyzed, and the shortcomings of the current research and the direction of further research were put forward.
Key words: electromagnetic wave absorption mechanism; carbon materials; electromagnetic wave; composites; electro-
magnetic wave absorption properties
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