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ABSTRACT : The best way to prevent the corrosion of piston rod is a selection of quality of the
material and method of construction which minimize the porosity. The high velocity oxy fuel HVOF)
method, which generates lower porosity than existing plasma spray, was applied to ceramic
laminated bond layer. Porosity percentage fell to bellow 2%, lower than that of plasma spray at 7%.
Coating material of ceramic—coated main layer was selected as the Cr,04 affiliation material, which
is more dense than Al,O5 affiliation. To fill up the pores formed after the coating process, we sealed
the bond layer and main layer. Sealing process was performed twice, once after the coating and once
after the grinding. Upon the anti—corrosion test on the sealed sample and on the non—sealed sample,
it is confirmed that the sealed sample was not corroded for 1,000 hours while the non—sealed

sample was corroded within 48 hours.

Key words : hydraulic cylinder, ceramic coating, porosity, HVOF, sealing
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Fig. 1 Hydraulic cylinder.
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Table 1 Detailed specification of ceramic coating
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Description Specification & environment condition
Surface thickness 300 ¢ (total layer thickness)
Specification Surface finish Ra 0.1 ~0.3m
Surface hardness 900 ~ 1,000 Hv

Ambient temperature

—15C up to +50C

Relative humidity

100% (splash zone)

Environment condition

Atmosphere

Extremely salty and corrosive

The hydraulic cylinder assembly will be directly exposed to seawater, sun, rain, ice,
wind, storm and thunder. The rod will be partly submerged(seawater) and partly in the
splash zone for long periods.
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Fig. 3 Detachment of ceramic coating.
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Fig. 4 Structure of coating layer.
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(b) Porosity of ceramic coating layer

Fig. 5 SEM image of coating layer.
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Table 2 Comparison of bond layer coating methods *

CE5A - 43

Plasma - spraying

HVOF(high velocity oxy fuel) spraying

Porosity 1~3% Porosity under 1%
Flame temperature Electricity 10,000C Flame temperature Flame 2,000C
Particle velocity 300~400 [m/s] Particle velocity 1,200 ~ 2,100 [m/s]
Bond strength 5~7 [kgf/mm?’] Bond strength 10 [kaf/mm?]
Ferrous and non ferrous ompositions.
’ All compositions . WC and CrC—metal bonded
Coating types one can imagine Coating types compositons.
No ceramic coatings
When the coating has to be as much
Supplies corrosion resistant as possible. No or Supplies To spray WC or Cr—compositions as
PP little interference with the atmosphere PP hard and as dense as possible.
during spraying.
S5 IECE FAFUAAA vuks A= A0 0.5 ~7.0%011, 215 FA A $
g Rlolt, Zebant SAk= ARSI 7L B st 0.5~2.0%% 7159 YAgEANAN 2E5EAF
g YA, WA, uiaA, dA71d s, A7 AAE] s B 5k st dy 2w 2
Ao 5o 940 TS Ag S ook T 4 Fo] A 5ol FrE 3 v Trhe] A o] Q)
HEE sS4 hEEe] 29 enh o] debdl el R4 EA du Ad % 9
150°C oJU| & Ao]¥]7] wjol K= Ao % I8 ofof st 7|3 S HAR sk 2UEHEA Y
o] 7hs3ie}, #€ Afeaisnt

Z5EAY] g EFel BHogE JP-5000%
APHol 9lom A AAAFEIE dhgtgo] 13
bar®] 18 AEIE £5 2100 m/so] o8 EZE
T TE2e5Y AESE 7Y 9 71 oUAE o]
L3t} ou] o] FE5 FoluAl 9§ &AL
ANEE At (soften) E 7FEAID O 2N 3] XD
sty Huks PAAAT = A ES AP
A714zolth, LA 9] H8g& == 900 m/so) o
2 3] w27] wEol 7] FelA e AR AT
Frolr A9 Abshy WA Fo B44Wstrt A2
o, zHo] Zsta AHsk v =2 A IS
AL F QU

Al T8 L Fe=egA T frd sk i o]
2EZTO] HF A A AR 8]
Fof I Aty iS AFEE H o= 73S

2

fd

5282 H

o] T8 Fute glo] AL HA FAE 7
°! 9

ok o2 HAs] FANE 718 E gLl
& WQ) o] EelElofof sk 1 o] v
2 AFF) 2AEGAPEE 2§ S,
Table 2= Zekxbgatel 25410 542
vl st on, Eekzok gAke] B9 719 £A7}

-

3.2 Mt TE xA HE

71 Mgty 782 kst u)E ) AkslE gke] 7}
2 BHE Ak By Es Agsgith 7€ A
stdFulE AL 78 AL A7) 7] el
Zet2vbgAL Al IR O] A S & P = v
A A o7 7] g AN =) =3 75 A7)}
= 871 3t o5 Bty flske] 7' A4 Sl
A7y 7vea 71E BAE HAasE ¢ gle AdE
HESISIT

ZetAukgAbe] AREE = B A7) = fAF
kol QlojA - F Q3 elxjolt}, YAk 7]
7} & AT, &8 oA 7E wo] ety £
I Q3 A|Zto] Wo] @ FE B It F 7)o upe}
st 718 7k kol A Fojof St ¢
2747 FYFY A% 9&S 7] yEolth
vl A} Z717F o &S Aol A &
§ YA 7t sty Aol ok SARE S
o] 3k wj Lol Wio}l 82 g&o] AA AstEt
SAEE 1A 4 37]E= 140 ~ 325 mesh
(0.10 ~ 0.04 mm)©o]t}. Bato] Q7] Ex| ok

THE PLANT JOURNAL Vol.6 No.4 December 2010 7




fetAeT Az

Table 3 Comparison of ceramic coating material

Table 4 Salt spray test condition

Description AlLO; Cr.03 Description Condition
Coating method Plasma Plasma Control P!D control
Power supply Single phase 220V, three—phase 380V
Melting point(C) over 1,850 over 2,500 Max. temperature 150C
Powder size over 40.m under 40m Humidity 20% ~ 95%
Thickness per one ok i TSalt solluti.on NaCl 5+1%, H,O 95%
h : est solution _
path coating specific gravity 1.0268 ~ 1.0413
Porosity 2~4% 1~2% Air spray PH 6.5~ 7.2 (at 25C)
Price 40,000/Kg 100,000 kg Temperature of tank | 35=2C
- 2
Coating color aray black Sprayed pressgre 0.7 ~ 1.8 kg/cm
Sprayed capacity 0.5~3.0m
HardneSS(HV) 700~900 900~1 ,100 Nozzle diameter 0.508mm
Heating ratio 2.7°C/min
Size 1.57m(W) X 1.445m (D) X 2.06m (H)
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(a) Before corrosion test

Fig. 6 Corrosion test of none sealed sample.
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(b) Test result after 24hours

(a) Before corrosion test (b) Test result after 1,000hours

Fig. 7 Corrosion test of sealed sample.
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(a) Cr,05—coated piston rod

(b) Al,03—coated piston rod

Fig. 8 Test result after 25 days in submerged condition.

THE PLANT JOURNAL Vol.6 No.4 December 2010 69




(a) Cr,04—coated piston rod

(b) Al,O3—coated piston rod

Fig. 9 Penetration test result after 25 days in submerged condition.
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