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Effects of Chromium-Aluminum-Phosphate Sealing Treatments on Corrosion Resistance
of Thermal Sprayed WC-12Co Coatings
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Abstract: The sealant was prepared with the chromium-aluminum-phosphate and the Cr,O; powder. The chromium-
aluminum-phosphate sealants were used to seal the thermal sprayed WC-12Co coatings. XRD, SEM, EDS and TG-DSC were
used to examine the phases, surface morphologies, curing characteristics and heat resistance of the WC-12Co coatings with
and without chromium-aluminum-phosphate sealant, respectively. Potentiodynamic polarization electrochemical test and
thermal shock experiment were also used to examine the corrosion resistance and thermal shock resistance of the WC-12Co
coatings with and without chromium-aluminum-phosphate films. The results show that the curing temperature is about 250 °C
and the sealant has excellent heat resistance below 700 “C. Besides, the chromium-aluminum-phosphate could fill into the
pores, reducing the porosity of the coating. The WC-12Co coatings after sealant treatment show higher corrosion potential and
smaller corrosion current density, indicating the improved corrosion resistance. After thermal cycling for 100 times under
450 °C, the spalling areas of the sealant layer with Cr,0O5 powder were smaller than that of the sealant without Cr,0; filler,
which showed better thermal shock resistance for the sealant layer with Cr,05; powder.
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Table 1 Deposition parameters for WC-12Co coating by HVOF

Deposition parameters Values
Spraying powder WC-12Co
Oxygen flow / (L-min™") 814
Kerosene flow / (L-h™) 23.1
Powder feed rate / (g'min™") 45x2
Distance / mm 340

1.2 HFLTeHI& R EFLAE
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ik, ic NEFLF ACP, BEJS LA 3500 HAY
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ACP-C, PREHFLAI A RS I3 2,
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Table 2 Composition of two chromium-aluminum-phosphate

sealants
Sealants Composition
ACP Chromium-aluminum-phosphate+C,HsO

ACP-C Chromium-aluminum-phosphate+C,HzO+Cr,05

Horb, WL RS BRGSO B S By AR
AT PR,
AI(OH); +3H3PO4 — AI(H,PO4); +6H,0 (1)
Al(H,PO4); — [(H2PO4) AI(HPO,)]” +H™  (2)
4CrO3+12[(H,PO4) Al (HPO4)] ™ +12H* +3CH30H
— 4Cr** + 12[(H,PO,4) AL(HPO4)| ™+
3HCOOH +9H,0 3)
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Fig.1 Schematic diagram of curing process
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Table 3 EDS analysis of unsealed, ACP-sealed coating and ACP-

C-sealed coating (al%)
No. C (¢} W Co P Al Cr
1 72.1 7.7 18.4 1.8

2 41.1 37.0 18.1 3.9
3 432 45.8 2.3 07 62 1.1 0.7
4 49.2 22.9 233 25 21
5 43.9 45.6 1.5 69 1.1 1.0
6 15.5 61.8 13 51 1.0 153
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Table 4 Tafel polarisation data of the coatings before and after
sealing in 3.5% NaCl solution

Samples Epu!/V Lo/ (10°A-cm™)
Unsealed coating —0.601 28.320
ACP-sealed coating —0.484 8.499
ACP-C-sealed coating —0.485 9.888
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