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ABSTRACT

This thesis focuses on the basic research for the prevention of
corrosion and erosion of propellers as a part of small boats. The
study is designed to illuminate the characteristics of cavitation
erosion—corrosion of the thermal sprayed layers after spraying the
corrosion resistance materials on the surface of substrates of high
strength brass alloy(52.3%Cu-42.3%7n), besides the characteristics of
fracture of the sprayed coating layers by Acoustic Emission(AE) are
investigated. This study also examined the capabilities of corrosion
resistance and how corrosion resistance operates by developing a
screw propeller corrosion removing unit with blasting method.

The first work was investigated some specimens immersed in the
solution of 35% NaCl for 500 to 1,000 hours, after spraying
Amdry625, Cro0Os. SUS316, Zn, and Al on the substrates of the high
strength brass alloy(52.3%Cu-42.3%7n) in order to research the
surface damage and weight loss of corrosion—coated materials after
experimenting with 3.5% NaCl solution for 210 minutes, using the
self-made cavitation unit which generates electromagnetic waves.

The volume of corrosion with substrates and spray-coated
specimens’s cavitation shows an increase in proportional to the
numbers of both test hours and corrosion hours. Regardless of the
number of corrosion hours, the corrosion caused by cavitation on
Amdry625-sprayed and SUS316-sprayed coating specimens is less
than that of Al-sprayed, Zn-sprayed, Cr:Os-sprayed specimens.

The second work was to examine the characteristics of cracks and
exfoliation of the coated layers of the substrates of the high strength
brass alloy(52.3%6Cu-42.3%Zn) sprayed with Zn, Al, and Amdry625

during extension test of the 500 hour-immersed specimen in



non—corrosion specimen and 3.5% NaCl liquid, using acoustic emission
unit.

The cracks and exfoliation, a kind of plastic deformation occurred
in between plasma sprayed coating layers, tend to occur less than the
rate of 1% to 2.5% of deformation while the early stage of extension,
however Amdry625-sprayed specimen shows a tendency of occurring
in the rate of 5% to 20% due to the substrate’s corrosion. The
Zn-sprayed specimen has less occurrence in case of shorter length of
corrosion, contrary to the Al-sprayed specimen. Al-sprayed and
Zn-sprayed specimens show the characteristics of cracks, while
Amdry625-sprayed specimen shows the characteristics of exfoliation.
The coating layers of the Zn-sprayed specimen is considered to be
cracked along with extension, however the coating layers of
Am-sprayed specimen is considered to be exfoliated due to the fact
that Am-sprayed specimen has less softness than substrates. Among
immersed specimens, Zn and Al specimens functioned as sacrificial
anodes that resulted in non-corrosion on the surface of the
substrates. On the other hand, Am specimens resulted in corrosion on
the surface of the substrates since it have no function as sacrificial
anodes.

The last one was make the device to remove corrosion on the
surface of the propeller adopted the principle of blasting in order to
enhance counter—-corrosion ability, as a finish work to facilitate the
removal of any corrosion on the corroded propeller. With the test for
corrosion removal on the surface of the propeller and the test for
better counter—corrosion capability, the study examined accordingly
the characteristics of the weight loss of the propeller, surface
roughness, corrosion potentials, and cavitation erosion. The use of air
pressure and sensor helps the automatic transportation of the nozzles

easier. And they developed a device of corrosion removal by adopting

_10_



the principle of blasting that sprays particles with air on the
substrates while letting the propeller do a rotary motion. The test
resulted in complete removal of corrosion rusts on the propellers for
fishing boats by the automatic transportation of the nozzless. It also
shows that the specimens blasted by the developed device have
improved in solidity and surface roughness, and the specimens blasted
for 20 seconds, regardless of media, show the low level of corrosion
potentials. Therefore, corrosion resistance of high strength brass alloy
propeller for small ship was proven to be improved when using the

developed device.

_11_
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Table 191 ehdl FEFFY 588 24 F(CwH okde H¥ol 976%

23 Yw A Mn, Fe, Ni, Al 5& FA8 Jez dfwo] 9ok

Table 1 Chemical compositions of brass alloy

Compositions Cu Zn Sn Ni Fe Mn Al

wt.(%) 55.3 423 0.4 0.1 0.7 0.5 0.5
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Table 2. Blasting conditions

Blasting Air Grit Nozzle Surface
Type Pressure Mesh Type Roughness
Direct 6.8-7.0kg/c -14+30 3

pressure : (# 24) Boron 7 Ra 7.82-7.99

Table 3 Chemical compositions of Amdry625
Compositions Ni Cr, , Mo Fe Co
wt.(%) 66.5 215 85, , 3 0.5
Table 4. Test specimens
Specimens Coating Corrosion times in 3.5%
notification materials NaCl(hours)

AM 0
AMS500 Amdry625 500
AM1000 1000
Cromia 0
Cromiab00 Cr203 500
Cromial000 1000
Al 0
A1500 Al 500
Al11000 1000
Zn 0
Zn500 Zn 500
Zn1000 1000
SUS 0
SUS500 SUS 316 500
SUS1000 1000
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Table 5. Spray conditions of materials

(a) Amdry625 and Cr20s

Gas Gas Spray|Spray
Coating| Coating pressure| flow | Set .
method| system Nozzle| ™ (psi) | (ft'/h) amp Volts Il(’ill/SI"I:'l r/?ltq? N
Ar | 1o | Ar | Ho &
Plasmal METCO | 732B | 75 {50 | 75|50 | 500 | 70 55 38
Spray 9MC
System|\SYSTEM| 7305 | 75 | 50 | 75 | 50 [49-510(62-68| 100 | 53
(b) SUS316 and Zn
Coating | Coating Wire Set Volts Spray dist| Out put
method system size amp m/m (Lbs/Hr)
60 -
SArC PRAXAIR 1.6 240 26-30 250 29
pray 1 Bp 400
System 1.6% 240 22-26 250 50
(c) Al
Lighting Flow Out
Coating | Coating | Wire pr(esss,ﬁre rrer;%tgg S(%I;E}Ey put
method | system | size m/m (Lbs/
Oxy |Acety| Air | Oxy |Acety| Air Hr)
Flame METCO
Spray 14E 320 | 30 15 70 | 45 42 53 200 45
System |SYSTEM
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Fig. 5 Cavitation erosion experimental apparatus
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(a) Non - corrosion

(b) 500 hours corrosion

(c) 1000 hours corrosion

Fig. 19 Damaged surface of Amdry625 coating specimens

after cavitation erosion test
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(a) Non — corrosion

(b) 500 hours corrosion

(c) 1000 hours corrosion

Fig. 20 Damaged surface of Cr:O3 coating specimens

after cavitation erosion test
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(a) Non - corrosion

(b) 500 hours corrosion

S04 = A

s

(c) 1000 hours corrosion

Fig. 21 Damaged surface of Zn coating specimens

after cavitation erosion test
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(a) Non - corrosion

(c) 1000 hours corrosion

Fig. 22 Damaged surface of Al coating specimens

after cavitation erosion test
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(a) Non - corrosion

(b) 500 hours corrosion

(C) 1000 hours corrosion

Fig. 23 Damaged surface of SUS316 coating specimens

after cavitation erosion test
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Weight loss(g)

Fig. 24 Weight loss under cavitation at 0, 500, and 1000 hours (Amdry625)

Weight loss(g)

Fig. 25 Curmulative weight loss under cavitation at 0, 500, and 1000 hours (Amdry625)
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Fig. 26 Weight loss under cavitation at 0, 500, and 1000 hours (Cr203)
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Fig. 27 Cumulative weight loss under cavitation at 0, 500, and 1000 hours (Cr:Os)
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Fig. 32 Weight loss under cavitation at 0, 500, and 1000 hours (SUS 316)
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Table 6. Test specimens

Specimens Coating Corrosion times in 3.5%

notification materials NaCl(hours)
SUB 0
SUB500 SUBstrate 500
SUB1000 1000
AM 0
AMS500 Amdry625 500
AM1000 1000
Al 0
Al1500 Al 500
Al11000 1000
Zn 0
Zn500 7n 500
Zn1000 1000
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RS Coating part

35

Fig. 34 The shape and dimension of test specimen ( unit : mm )
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Fig. 35 Schematic diagram of tensile and AE test

_48_




Signal Detection and

measurement
’ glectronics

gy S
L'H- g
N Preamplifier )
Applied _| Applied
stress Acoustic | Stress
h EMmisSSion *
" stress
wawve

Fig. 36 Basic principle of AE method
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Fig. 37 Schematic AE signals corresponding to one AE Event
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Cumulative count and energy
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- ——

Load direction

Fig. 41 Surface crack of coating layer after tensile testing
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(c) Zn1000
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Load direction

Fig. 45 Surface crack of Zn coating layer after tensile testing
according to corrosion time
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Fig. 49 Surface crack of Al coating layer after tensile testing
according to corrosion time
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Fig. 53 Surface crack of Am625 coating layer after tensile testing
according to corrosion time
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Fig. 56 Boron nozzle and blast gun

Table 7 Comparison of nozzle life time

Material Nozzle life time
Steel nozzle 40 mins
Ceramic nozzle 4 hours
Tungsten carbide nozzle 1,000 hours
Boron carbide nozzle 3,500 hours
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Fig. 58 Air cylinder attached proximity sensor and controller

_90_



(a) Front side (b) Inside

(c) Reverse side (d) Filter

Fig. 59 Corrosion removing apparatus
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Table 8 Blasting conditions

Blasting type |Air pressure Grit mesh Nozzle type| Distance

) Alumina : #48
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system Emery : #80

Suction pressure
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4
Blast Gun

Fig. 60 The test specimen for blasting
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Fig. 62 Schematic diagram of polarization test

Fig. 63 Specimen for polarization test
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(b) After 8 min
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(c) After 14 min

(d) After 20 min

Fig. 65 Profile variation of a propeller by various blasting times

- 100 -



(a) Before blasting

(b) After blasting

Fig. 66 Profiles of a propeller before and after of corrosion removing test
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Table 9 Change of specimens roughness after surface polishing
and grinding
Blasting Grinding
Media Emery Alumina(ALO,) Media Aluminum
Blasting number of
time(sec) 10 | 20 | 30 | 10 | 20 | 30 revolutions(rpm) 1430
Rmax[m] 35.0 | 385|355 |44.2 | 457 | 46 Rimaxl ] 48.3
R, [ym] 2052771 28 | 38 | 345|375 R,[ym] 39.5
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Table 10 Hardness [Hv]

Blasting Grinding
Media Emery Alumina(AlOs3) Media Alggliiél;m
Blasting number of
time(sec) 1020 | 30 1 10} 20 | 30 revolutions(rpm) 1430
Hardness | 325 | 277 | 314 | 414 | 380 | 295 Hardness 223
Table 11 Weight loss [g]
Media Emery Alumina(AlxOs)
Blasting
time(sec) 10 20 30 10 20 30
Before blasting| 299159 | 29.5901 | 29.6992 | 29.9077 | 29.9475 | 29.7059
After blasting | 29.7749 | 29.3757 | 29.3622 | 29.8499 | 29.8013 | 29.4711
Weight loss 0.1410 0.2144 0.3370 0.0578 0.1462 0.2348
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Alumina(AlLO; )

10
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30

Emery
20

Blasting

10
-327|-430| -362 | -389|-410| -389

densities(Icorr) obtained by the blasting and grinding methods
9458 1.14 | 1.10 [0.76 | 0.71 | 1.64

Icorrx10° (A/cm

Media
Ecor (mV/SCE)

Table 12 Comparison corrosion potentials(Ecor)

Blasting time(sec)
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Fig. 67 Polarization curves to various blasting times (Emery)

0.8 -
1 —=— Blasting 10sec
_ 969 | ——Blasting 20sec z
% 04 Blasting 30sec
o 4
9 0.2
g 4
w 0.0 =4
] 0.2 ] //”//
5 024 ol
§ 4] I
o 044 — =
o ]
0.6 |
0.8 -
T T T T T T T
8 7 ] 5 4 3 2 1

Current Density, log I (Alcm?)

Fig. 68 Polarization curves to various blasting times (ALOs)
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(a) Before cavitation erosion test

(b) After cavitation erosion test

Fig. 70 Photographs of a tested cavitation erosion specimen
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Weight loss(g)

0.04 T T T T T T T T T T
—m— Grinding
0.03 —e— Blasting(ALLO, 20sec) 4
Blasting(Emery 20sec)
0.02 .
0.01
0.00 <
-0.01 : . . . . .

T T T T
0 30 60 90 120 150
Test time, t(min)
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Fig. 71 Weight loss after cavitation erosion test
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