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Ablation property of tungsten nozzle produced by
plasma spray forming
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(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Hunan Metallurgy Material Research Institute, Changsha 410014, China)

Abstract: The tungsten nozzle with inner diameter of 8 mm, length of 30 mm and wall thickness of 16.5 mm was
produced by plasma spray forming (PSF) and hot isostatic pressing (HIPing). The resistance of thermal shock and
ablation property of tungsten throat was investigated by firing test on a small solid rocket motor (SRM). The results show
that a lamellar structure consisting of vertical columnar grains is found in PSF deposits with relative density of 85.6%.
After two-step HIPing, the relative density of deposits remaining lamellar structure increases to 96.7%. After firing
testing, the specimen has entire form and no breaks, which indicates that tungsten nozzle has good resistance to thermal
shock and ablation. The line ablation rate of throat is only 4 pm/s. From results of scanning electron microscopy (SEM)
and X-ray diffractometer (XRD), the ablation of throat is the most serious for combinative results of mechanical
denudation, melt ablation and thermochemistry ablation. The second serious ablation is convergence part, the ablation
behaviors of which are mechanical denudation and melt ablation. While the ablation content of dilation part is the
slightest for only thermochemistry ablation taking place.
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Table 1 Experimental parameters of ground run test

Ablation Ablation Ablation Propellant flame
time/s  pressure/MPa temperature/C  speed/(m's ')
3.86 11.63 2 657 1 000—1 500
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Fig.1 SEM images of PSF tungsten nozzle: (a) Cross section;

(b) Surface layer
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Fig.2 SEM images of PSF deposits after two-step HIPing: (a)

Cross section; (b) Internal surface; (c¢) EDS analysis of dark

grey phase
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Table 2 Densities of different positions of nozzle

Position Density/%
Convergence part 96.7
Throat part 96.3
Dilation part 97.1
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Fig.3 Cross-section drawing of tungsten nozzle
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Fig.4 Ablation morphologies of convergence
part and EDS spectrum of tungsten nozzle:
(a) Entrance; (b) Micro-cracks on entrance
part; (c) Back end; (d) White fine particles on
ablation surface; (e) EDS analysis of white fine

particles
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Fig.5 Ablation morphologies of throat of tungsten nozzle: (a) Fluvial groove morphology; (b) Accidental ablation surface;
(c) Erosive concave in high magnification image; (d) White fine lamellar structure in high magnification image

Bl 6 Mkt HB bt it BB
Fig.6 Ablation morphologies of dilation part of tungsten nozzle: (a) Panorama; (b) Groove and concave in local region; (¢) Slippy
spherical particle in local region; (d) High magnification image of white single fine particle
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Fig.7 XRD pattern of inner surface of ablation nozzle
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