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Abstract Graphite-Ni composite powders were synthesized by mechanical alloying(MA) and spray dry-
ing(SD). Fabricated powders as well as commercial graphite-Ni powders were thermally sprayed on mild steel
substrates using high velocity oxygen fuel (HVOF) thermal spray process and flame thermal spray process. The
effects of several process parameters on related properties in thermally sprayed coatings have been investigated
and correlated with microstructures in this study. The results indicated that the desired properties can be obtained
when commercial powders were applied using HVOF process, while coating properties in case of MA powder
application were inferior to those in HVOF process in so far. However, it is suggested that property enhancement
can be obtained if the fraction of hexagonal graphite phase can be increased in mechanically alloyed powders.

Keywords : Thermal-spray coating, Graphite-Ni powder, Mechanical alloying, Friction.

LM 8 A} Zel| Hgt

QA7) A= T QIeh, el

JEA FATHE FRAHOE obd U B4

I A g glew, g4}
A}l Sulzer-Metco
ABEka gl 3A s
I 38x 9 MRE 4 Tl

2}57?} %719] %713 7le](synchronizer ring) 2 Az
o ywo] mlwAe] 2TEE PECT B4 o
z e —%‘Q ofge® Az B Alel] vt

Heg3l7] 93] MoA Bate] 84} ZES

2 2] Az
SollA graphite-Ni E3H22
wlelo] Algke u} glo}d
& ZA vn]sle
FHa %S EMsta 7 wEEE AAsed oY

z‘s}i ,\l‘;} E‘i‘% Mo?ﬂ %/‘}ZHE %’%3 Zﬂiﬂ]ﬁ}

TEI—L ‘;{M Fﬁﬂl 7]3«] 7H“’—J°l @E‘Eb— ‘31'4. A
71 e d#es Asnrh AdHes At
o &% 9 Juis S4e] 953 JBjEle)EA) £

*Corresponding Author :

[Tel : +82-43-841-5385; E-mail :

<o) LS walth aejule|E Bake 2 3.e0)
A BAR A5 U] ael], T A 2elM e &
ARE ARBRTL glem of7lel] HAEt uieleizl T8
3 Aot S Nio] AREIL glon], JF- oAt

scur@chungju.ac.kr]



Graphite-Ni| £29] A= P EA}

NeEe] ZAEY Cu 2% I7ET ek

S} T ssteAy, B = 9 S (spray
gun) F5oll wel 1 FHxAo] FA P Hom,
gub o2 WukrAlS F7) 3] $lslds FH A
g5 I AUzAE dE Hlo] EdHoleia
el Qloht® w3k HVOF, Eeh=wl &-Ak(plasma
thermal spray), 4 34 $Al(flame thermal spray),
Fd (fusing) 5 FAHT 2 XY 3] 2x,
S5 4R vjlAEE, 84} 2$17], power, 7k wl
T, AE A &= 5] &4 24 Wl we}
2 EAo] A J3FE W] wjFelle? B d7el &
FHeAE TR 27 F6 MY LAPPUS
olv] AgPE B AAsich £ A7l VIE
Az 2A A4 azluhe] EA Fql Ni-25graphite
Hah(Sulzer-Metco 307NS series)2} EAEE, 4=
FE, s FAH, diA 2 @A 9
2 Ni-graphite %+%¢] 7|43 a3l £5 A=
Y whg S o438 AR B LS A Es}ed
EAE ¥4 - vluslgdd 71AA deEs 3
W7 A e wiEAe] AR sS4
e U3 dg 5 sle Alad At
7V871€9] shtEA, HEs T8A, £
%20 E, vIAA AB 5o vEy A
g Alzrt 7besieo. e B =k 7
AX 3l ot FAE aelule]EA &AL E
S HVOF, % 3 44 55 <8314, 9=
F, A 5o FAHSE 2l A o
+, A BM@&Ed, AR E, AR Al
Ak olell Z7pe) A W FA Wl wE:
AE v, FAEkH.

£
£

X o W rlo [
>

al

Table 1. Thermal spray process parameters used
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AHE Telube| EA B &% 999 wi%®] Ni-
25graphite ¥(Metco 307NS series)?] EAI(Y%E,
U=BE, FAHS FAPAAL #Hu)7d (Hitachi S-2400)
3} FolA Y% HA7)(Horiba LS 300)3 AR8-3led
FAsEr Al B AlZ2e] d3keR £ 99.8%
o]Ake] 200 meshi® Ni-20graphite ¥2-&- 482]719]
E3o) s E3REEE A Z3}93L, attrition mill
S olgste] 4847 RE] Z1AA grEske} B
Z S ol83le] SAM 1 S AlEsisd.
7144 33t FA-L Szegavari type®] oA o
EgelE AMER] Ar 2917 slellA Hdf sisx
400 rpm22 10047k F3F AAIEIE) o 3]
Fa AQleke. 50 g0 2 BT, A Smme} X2
o} E& AMslglem £ i FAM:=
10: 12 3kdet.

A 1w JAA Ea3 2Elsbel EA £}
2uk& HVOF(Tafa model JP-5000), ¥ 34 &
AHMetco type SP-II) 52 34S o83, & |
3} zro] dAmdg, SAAY 5 FTHHTE Delsled
Lxlslgich. FEA, BAle BHAS yle $3o) 2
=7] 48 grit blasting373-S AAIBHA.2H EAPH]
588 SUEAT)7] Ak, 3 2=, 454t
o vAERE, A} B97], 7k widhe, AW 3
45 5o 44 271 HeE RS FHH 3 =
A& AHEsIdEh. SARAE gt At Z)A A
H7+E 94, rotor-on-disk A9 FAIRFEAIY,
ASTM C6330) o3t HAG=AIE F i =AE
Hv)yE AAE T, A 2 22348 S8, xA 3]

Parameters Processes

HVOF Flame Thermal Spray
Oxygen Pressure (psi) 150 30
Oxygen Flow (scth) 1400 1400
Fuel Pressure (psi) 434 434
Fuel Flow (gph) 5.0,5.2,55,58 5.0
Spray Distance (mm) 380 80, 100, 120, 140, 160
Spray Angle (degree) 90 90
Specimen Moving Rate (BA/sec) 1000 500
Acetylene (psi) - 30
Argon (psi) - 30
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Fig. 1. SEM micrograph of Ni-graphite powders; (a) Ni-25graphite powders (Metco 307NS), (b) Mechanically alloyed and

spray dried (MASD) Ni-20graphite powders.
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Fig. 2. SEM micrographs of HVOF thermal sprayed sections using 307NS powders; (a) fuel flow 5.0 gph, (b) fuel flow 5.2

gph, (c) fuel flow 5.5 gph, (d) fuel flow 5.8 gph.
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Fig. 3. SEM micrographs of flame thermal sprayed sections using 307NS powders; (a) spray distance 80 mm, (b) spray dis-
tance 100 mm, (c) spray distance 120 mm, (d) spray distance 140 mm, (e) spray distance 160 mm.
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Fig. 4. SEM Micrographs of flame thermal sprayed sections using MA and spray dried Ni-20graphite powders; (a) spray
distance 80 mm, (b) spray distance 100 mm, (c) spray distance 120 mm, (d) spray distance 140 mm, (e) spray distance 160

mm.
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Fig. 5. XRD patterns of HVOF thermal sprayed Ni-75
graphite coating (307NS); (a) fuel flow 5.0 gph, (b) fuel
flow 5.2 gph, (c) fuel flow 5.5 gph, (d) fuel flow 5.8 gph.
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Fig. 6. XRD patterns of flame thermal sprayed Ni-75
graphite coating (307NS); (a) spray distance 80 mm, (b)
spray distance 100 mm, (c) spray distance 120 mm, (d)
spray distance 140 mm, (e) spray distance 160 mm.
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Fig. 7. XRD patterns of flame thermal sprayed coating
using MA and spray dried Ni-20graphite powders; (a)
spray distance 80 mm, (b) spray distance 100 mm, (c)

'spray distance 120 mm, (d) spray distance 140 mm, (e)
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Table 2. Microhardness (Hv) measurement results on various thermal sprayed coatings

Ni-25 graphite (Metco 307 NS)

Ni-25 graphite (Metco 307 NS)

Ni-20 graphite (MASD)

HVOF Flame Thermal Spray Flame Thermal Spray
Fuel Ratio Spray Distance Average Spray Distance Average
(gph) Average Hv (mm) Hv (mm) Hv
5.0 204.8 160 270.8 160 1733
52 219.7 140 109.9 140 228.4
5.5 2225 120 149 120 199.5
5.8 396.5 100 226 100 226.2
80 136.7 80 156
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Fig. 8. Adhesive strength as a function of fuel flow rate in
HVOF thermal sprayed 307 NS powder coatings.
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Fig. 9. Adhesive strength as a function of spray distance in
flame thermal sprayed 307 NS powder coatings.
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Fig. 10. Adhesive strength as a function of spray distance in
flame thermal sprayed MA & spray dried powder coatings.
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Fig. 11. Specific wear loss as a function of fuel flow rate
(gph) in HVOF thermal sprayed 307 NS powder coatings.
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Fig. 12. Specific wear loss as a function of spray distance in
flame thermal sprayed 307 NS powder coatings.
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Fig. 13. Specific wear loss as a function of spray distance in
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Table 3. Surface roughness measurement results on various thermal sprayed coatings

Parameter Variables

Powder Process Fuel flow Spray distance Ra(pm) Rz(pm)
(gph) (mm)

5 8.38 3495

307 NS 5.2 948 38.04
(Ni-25graphite) HVOF 5.5 16.17 60.55
5.8 16.63 60.10

160 11.86 48.66

307 NS fl ™ | 140 14.41 5791
(Ni-25graphite) amgpra; o 120 998 4754
100 11.5 14.1

80 11.69 48.42

160 24.04 76.4

MASD - ™ | 140 21.54 34.81
(Ni-20graphite) amgpra; i 120 2243 902
100 17.17 78.04

80 20.21 79.06
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+ 25graphite)?] HVOFEARS] 79 dRsgke] Z715t
4% hexagonalT-322] 1zlu}o|E. ARE-go] Z7]319)
I eiR BA, HA7E, A=) stEgler, &
HEEE TR 944 2o

2. Z2ejglol EA AR Eah(Metco 307 NS; 75Ni
+ 25graphite)?] 21 8-Ak9] 739- Ni A5} hexagonal
Zrefulo| B Aol ERIES] gl &AbA=7) AR
o] w}e} hexagonal 722 zldle]E Ale| rhom-
bohedral 422 Ea=1, ole} 3 =tk T8

g EXol n|Xx A 4e] o3 145

°J8k Ni peak®] o5& &l& 4 Ut o= &
At F71el wet ‘:‘]’&EJ]' AL, Bt & 5
Tule] gkl o) Ahiztel A Feld wi 2
48 927 iR FHHNAS. A=l Ft
o whE AANT= Z H3} 3%, hexagonal
aetstel B 2ol o) wjulr EAE ohi Zki
HAdes & .

3. 7]74]3‘3 a3t 9 27 7xd e 3984t
9] A9oll=, 8 Ak 2 Nis} rhombohedralide]
23=o] gl A& oFe] hexagonal I1Elule]E A}
o] ¥3&¥o] 9l2™, hexgonal IEld}o]E ARR-g-2
SAARZE ARl et AAb grasiaoh 28y
307NS FHe] 319 gAte] Aol el 44
7} ARl we} AEsr) defs AL =4 ‘Jr
A ggledl, ol 71AA 8 49 B4
Niz} zelslo| Eo] 24} Balzz]o) 7% Ela=gcl HH—F_'r
o7 HMHYT wak LAlA=o] Ax H3}
HAAZE FT gukr EX| T8 -\l' h T_?ﬂ‘f
T AeE AAEH.
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