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Deformation and fracture mechanism in a paraffin droplet during
solidification and adhesion process
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Motoki Sakaguchi

A model experiment using paraffin wax was carried out to simulate thermal spraying of thermal
barrier coatings. In the experiment, a molten paraffin droplet was dropped onto a 430 stainless
steel substrate, and the strain at the substrate back surface was measured by using a bi-axial
strain gauge. During the solidification and cooling process of the paraffin splat, tensile
quenching strain was developed at the substrate back surface. Effects of substrate pre-set
temperature, drop height, and paraffin material on quenching strain were investigated. Various
cracking, debonding, and delamination behaviors occurred depending on the experimental conditions.
A finite element analysis was conducted to calculate splat stress and interfacial stresses as
driving forces for cracking and debonding. The calculated splat stress provided a reasonable
explanation for the cracking behaviors observed in splats. Based on the numerical investigation,
the development of quenching strain and resultant fracture behavior were discussed considering
the effects of experimental conditions and paraffin material properties, including melting points,
Young' s moduli, and thermal expansion coefficients. Findings from a series of experiments and

analyses can provide important guidance for optimizing thermal spraying processes.
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candle wax HNP-9
Melting point (°C) 60 758
Kinematic viscosity (mm?s) - 7.041
Young’s modulus 2
Tensile strength 3
Coefficient of thermal expansion (10%/K) 239 176

22 il TIHROSAT.
candle wax HNP-9
Drop height (mm) 50 100
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Substrate pre-set temperature (°C) SEIREED
14
=12 I - = — HNP-9
e b
©) - i» { - — Candle
= 1.0 & ~Ls
©® L N
:;‘ 0.8 F ‘{—i\
06} N
- v R
%’004 - v N
Soz2f W n
o 71 R N
> 0.0 | L et
1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70
Temperature (°C)

2 INTT 4 DY TR,

5
= - - & — HNP-9
Sdreo - o — Candle
=R N
ﬁ)"’_\\} -{‘
g 3 - A
£af N
e %
21k
5 | !\ S
= » S
0 k. ] ] ] L~ -9 2 =

0 10 20 30 40 50 60 70
Temperature (°C)

B3 T T 5 R

2.3 UVIHDAIEAZE

ARFGETIE, Wl NT 7 ¢ OFEE - BEAE RS TR
T HEHOTH (5) OUEEZHE LTS, L
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#3 20 FIAODI A ClRtlE L7 BIBIAROIIERE R

Paraffin material candle wax HNP-9

Drop height (mm) 50 100 50 100

Size (mm) a b h a b h a b h a b h
20 | 21 | 55| 053 | 16 | 59 | 043 | 20 | 50 | 052 | 18 | 53 | 046
15 23 | 56| 051 | 18| 56| 044 | 22 | 53 | 051 | 22 | 54 | 045
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0o [ 22 | 52| o050 | 18] 51| 043 | 21 ] 50| 058 | 21 53] o048
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X Cragking . Debonding ' De?am?natlon\ 2nd splat
A Partial debonding A Partial delamination | " prwewnnn

@ Full debonding @ Full delamination
Material: candle wax Substrate Material: HNP-9 Substrate
Drop height, H (mm) 100 50 Drop height, / (mm) 100 50
Number of droplets 1st 211:1 31*:1 1st 2nd 31'd Number of droplets lst 2nd 3rd 151 2nd 3rd
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XI9 %9 O 116, 21, 3 M T Lok Ui e # X110 HNP-O OIS 17, 29, 3 i T L7=#glcd: Uy
B, RS U 7Rl B SRR 5 D EIA DS 804 ). FIEVE U7 REIA SR R - b DG Y 80 % T
TED b OEESREE HED b0EseRREL L. 6% & OZ I LD L OE5eHEEL L.
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