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Preparation of Modified Phosphate Adhesive for Connection of Stainless Steel and Its
Interface Reaction Mechanism

HUO Shaohua, LI Xiangcheng, CHEN Ping‘an, ZHU Yingli, ZHU Boquan
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: A novel phosphate binder was prepared with homemade aluminum dihydrogen phosphate as a matrix and nano-Al,O;, Si
powder and low-temperature fused glass powder (Zn—B-Si—Al-R) as fillers to enhance the high-temperature resistance of phosphate
adhesives. The interface reaction mechanism was analyzed. The results show that the high-temperature tensile strength of the adhesive
is 5.28 MPa at 500 ‘C, and the mass loss is only 7.8% when the additions of Fe,O3, ZrO, and CuO are 5% (in mass), 10% and 15%,
respectively. From room temperature to 500 ‘C, the coefficient of thermal expansion of the adhesive matches well with the stainless
steel substrate, and the difference is less than 1.5x107° K™'. Meanwhile, the discrepancy of electric potentials promotes the ions
exchange of Fe and Cu, forming the composition gradient layer at the interface, which effectively relieves the thermal stress caused by
thermal mismatch and improves the bond strength of the adhesive at a high temperature.
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Table 1 Filler composition

Mass fraction/%

Sample No.
ALO; Sipowder Glass powder Fe,0O; ZrO, CuO
A 35 20 30 0 10 5
B 30 20 30 5 0 15
C 35 20 30 5 10 0
D 20 20 30 5 10 15

K1 ik Box A

Fig. 1 Schematic diagram of the tensile experiment device
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Fig.2 Diagram of thermodynamic dominance region of A1-P—O-H system
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Fig. 4 Microstructures and EDS spectra of the adhesive after heat treatment
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(a) Microstructure

(b) EDS line scan analysis
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Fig. 5 Microstructure and EDS line scan analysis of spample D at the bonding interface
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Fig. 6 Schematic diagram of the electrochemical reaction
mechanism at the bonding interface
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Fig. 7 Thermogravimetry (TG) and differential scanning calorimetry (DSC) diagrams of samples
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