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Tissue Sticking Behaviors on the Surfaces of 304 Stainless Steel and Tungsten Electrodes

in Electrosurgical Unit Under a Coagulation Mode

FU He-lin, HAO Ru-fei, ZHENG Jing, ZHOU Zhong-rong

(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, Southwest Jiaotong University, Chengdu
610031)

Abstract: In this paper, the tissue sticking behaviors on 304 stainless steel and tungsten active electrodes under a coagulation
mode were investigated and compared to explore the effect of the melting point of electrodes using a self-designed
electrosurgical unit testing device. Ex vivo porcine liver was used as a tissue sample. The results show that due to low melting
point, 304 stainless steel electrode surface changes from smooth to uneven as a result of micro-melting during the cutting test,
and the element Fe in 304 stainless steel is found to diffuse into the stuck tissue. The binding strength of the stuck tissue is
more than 4.11 MPa. For the tungsten electrode with a high melting point, neither obvious changes in the surface morphology
nor the diffusion of element W into the stuck tissue upon electrode occurres during the cutting process. The binding strength of
the stuck tissue-tungsten electrode interface is about 1.65 MPa. Additionly, the bigger the surface roughness of tungsten
electrode samples is, the higher the binding strength of the stuck tissue-tungsten electrode interface is. Thus, it can be inferred
that the surface roughening of 304 stainless steel electrode due to micro-melting contributes to the high binding strength of the
stuck tissue on its surface. To utilize electrode materials with high melting point can help prevent the electrode surface from
micro-melting, and alleviate the tissue sticking upon electrode surface.
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Table 1 Surface parameters of two active electrodes

Active electrode

Parameters
304 Tungsten
Size/mm’ 20%2x0.5 20%2x0.5
RMS roughness/um 0.107 0.112
Water contact angle/(°) 68.3 65.9
Melting point/‘C 1 440 3380
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Fig. 1 Electrosurgical unit testing device
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Fig. 2 Cross section morphologies of the active electrode before and after cutting test
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Fig. 4 EDS line scanning spectra of Fe and W elements in the interfaces of stuck tissue and active electrodes
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Table 2 Critical tensile force, energy dissipation and binding
strength of two active electrodes in tensile testing

Active electrode 304 Tungsten
Critical tensile force / N 65.8£17.7 26.4+7.6
Energy dissipation / (10° J-mm™) 1.31+0.27  0.16+0.024
Binding strength / MPa 4.11£1.12 1.65+0.48
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Fig. 6 Three-dimensional morphologies and surface roughness of the electrode subjected to different surface treatments
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